TRANSGENI C PLANTS COVPRI SI NG CONSTRUCTS ENCODI NG PHOSPHCENOLPYRUVATE
CARBOXYKI NASE ANDY OR PYRUVATE ORTHO PHOSPHATE DI KI NASE The present

i nventi orwoebatm®s6280 geneti c constructs used in the preparaiB20m/56321
transgenic plants. The constructs can have the ability to cause

remobi lisation of nitrogen during |eaf senescence, such that nitrogen can
be transported fromthe | eaves to other regions of the plant. The invention

ext ends rh R B8ltsS blANSEAE MR WidtsSHEpeRNSHb Nod¥dut At he

transgeni ¢ pl ant saEaRRRERhYE SN BE pvRYRNE ORrRIpEOsSBlrAt ik hsget hods of
produci ng transgenic plants, and to nethods of increasing the rate of

nitrogen renobilisation in senescent plants. The invention also relates to
har vest edl'lp pieschtdavestior orlatex ammpkretiobatocteeedsn thhatefraséobetn

transfornmed with the genetic constructs nd t.o snoking arti,cles conprising
SUch har VEGEEREIS{ davebnstass elneseefte il B RkedeBphyRafien of

devel opmentrogedk H0AnMMERehR & lssc W NLREGQo M SEANBE tiBEEHeEd ErodNthe
structural changes prior to cell death. Physiological and genetic studies

i ndi céat e lthas teenkesceasmsicd the iplaghl Yhe égengioedxpeobbaosplamheellsr ogr essi on of
a leaf through senescence is visibly marked by the |l oss, of chlor.ophyll and
consequert*{EPiy W&,EWﬁﬁéﬂnF%%ﬂ?t%X%Fbﬁ¥%%%?gF%%éé%ﬂﬁﬁ§68?&¥ﬁ%'?B? .

chl or opl agt&ntiohesde6kRa%H MEtheVELS pebdl@df tahlRmaPPhts, 16036 acdiBbiSt i ¢ Of
this devel opnental stage, can be neasured, e.g. by solvent extraction and

spect r ophtiomersing the agarcd merpgeoremybidisahiromopingbdene ohrgnt Thet er. A
decreased | eaf chl orophyl| .1evel in copparison with an earlier |ga

chi or ophy TSRS T S08racn HEr MR BB ane CHPensaaB g ogr o (ider
const ant 1LRAYLH RhsfdAAICRERSHhE 8RRSEEeRGR ruVh apllaknifiih £8icldi cat e t hat
senescence i s associated with changes in gene expression. The |l evels of

MRNAs  encodiprdsipg otdi harviesredIplad leavephot osynt hesi s decrease during
senescence, whilst nmRNA | evel s of genes encodi ng proteins thought to be
involved in the senescence increase. Senescence is a highly organi sed

process regylsat&dedt 9anasskBOWNL Sl SERBHEARCariNS SAGLR TR cRNERILSACS) -
Leaf senescence involves the degradation of proteins, nucleic acids and
distinct metabolic and structural changes prior to cell death. Physiological and
15 genetic 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 dectreasing levels of leaf chlorophyll, characteristic of this
developmental stage, can be measured, e.g. by solvent extraction and
20  spectrophotometric 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.

25 Molecular studies indicate that senescence is associated with changes in gene
expression. The levels of mRNAs encoding proteins involved in photosynthesis
decrease during senescence, whilst mRNA 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

30 (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



menbr anes, and the subsequent transport of the nutrients resulting from
this degradation to other regions of the plant, such as the devel opi ng
seeds, | empesinnsd2er age organs. One probl em of plant sempesamB0®/056321 hat
many useful mnerals and nutrients that are present in senescent |eaves
will remain in the leaves, and will be effectively lost as the |eaves die.
For exanple, nitrogen, which can be in the formof am ne groups on am no
acids, present in the senescent |eaves, will go to waste, if it is not
renoved ftooedyiny. | @avesobFhepeploneserencargads Agptmamogenulremebilbi sation in
pl ants, es eciall¥ when the¥ becone senescent lcoul.d.ha]%/)e [ ort&nt
appl i cat TBh8IHFEY BT BrodfiietTiaRt SCRFIEET {72V ni YILGEHY &M 1F58d 2P om | eaves
can be tganspertas dPidshes YRURGESs dieayes casmprl hidseddhedavelopt ng seed.

I ncreasing the efficiency of nitrogen exit from senescent |eaves could

t her ef oréegotmmtf ahing graepeasemine rogenpapplip the seeedsntanavepownee parts

of the plant, and thereby increase cr ield and nitrogen use efficiency.
This s %ﬁ%ﬁ?Fy@éF§é¥ﬁéﬁ¥8V %£¥Hﬂﬁ¥ﬁ%ﬂﬁgxﬁorld popul ation is increasing but
crop yields are not increasing sufficiently to neet denmand. One potenti al
target crop is Brassica napus (oil seed rape), which has poor nitrogen

ef fi ci enEhedteet mepmomgmitnoggenemehidivitions at ponts, ceproiadiyeviatn teeyt i ssue.

Anot her target crop i t, as the ot?ntial benefits of .i ncreasing grain

is mh§%>, |
prot ei n REIPENTETG & gr W T N QAP BT BRARPTCBHO BhE™ HEP BRAY A ect's nutriti ve

val ue of pifieatitrOstin ASOHiA&IEABhNRSv AN @inbUsESHARY h@kslehscmar ket val ue.
For exanple, increased grain protein content results in i'ncreased bread

vol uffe. lakew,asarclhid thetdevelppimg sesals d naidasiogehe cénobndy statitogessultd be very
useful in the tobacio indu%tm¥ b%cause it is. known that resigyal ni trogen
in tobact8™ FAGRSESAYFT b s ST e TSP HED 05GP AT XEEAPRES™ The enzymes
phosphoeqelip¥hdly8lLoGasRAXMKIhE 33 | PEPGereBY iddekise [cESp dield ndt9] and
pyruvat e orthophosphate di ki nase (PPDK) [EC 2.7.9.1] are known. PPDK is

present ifrogon spetfkaeypt ehiandcleutar yotueble gl vilengbaserliiedopwlatien s of
sequence qant§rt'aréﬁ§ttw§ture betM@en.bactgrfa and hi gher Ela S
(Pocal yKS "Bt 418 PEoOUP BrOE AERTSE Y T8t 78571 1 76 8) T 1A BH 2 y e
cat abyseﬁo&}aﬁalrﬁy%%& %hgl 8 MQ;569%IMI @1EQQ @be PWHIMALEs bOof Ritfbgen
phosphoenol pyruvate (PEP) (Carroll et al.,
efficiency due to poor nitrogen remobilisation from vegetative tissue. Another
target crop 1s 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
20  grain 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.

25 The enzymes phosphoenolpyruvate carboxykinase (PEPCK, or PCK) [EC
4.1.1.49] and pyruvate orthophosphate dikinase (PPDK) [EC 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 + Pi



1990, Federation of European Bi ochem cal Societies, 274, 178-180; Hatch &
Sl ack, 1968, Biochem cal Journal, 106, 141-146), in the follow ng reaction:
Pyr uvat e woPRbto/083@@3= PEP + PPi + AMP. |In both C3 and C4pplrasg2e10/dshe21 PPDK
gene has an unusual structure, with two transcripts resulting fromthe sanme
gene. The longer transcript encodes ajchloroplastic protein, with the first
exon encoding a chloroplast transit peptide, while the shorter transcri pt

is transcribed froma separate pronoter within the first intron of the
| onger tt+akBRr+dLP anlPi hefdflbr bn badks3tand (4 phntsexon PERYSdieng hkhen

chloroplast transit peptide. This.shorter transcript genergtes a cytosolic
Sof or m GTSBBLREL S SGRHE RN S A el BSOITEaT - TR 8aEF oo C3
and C4 HayRkiba c8RsfdseSchlanshliaRi tlorsh Swithahé &na. oXBRasRBasnol pyruvate

car boxyki nase (PCK) catal yses a reversible reaction between ADP, carbon

di oxi de drdrqios proetiglepyidevahide the fhormrATR sarigt oxadwadetadf®mian t he
follo 'Q% reaction; oxaloacgt?te.+ ATPi; PEP + ADP + .CCR2. PEK Qas been
shown t 0" B&4T BEEHP G RV HE 6§ S0 Uor YetedoBserd i sGEPPage 6T Bicant
tissues.|adihese filekbusiecdeyphOPhIsegdsst thddsGRRRlcandisr@eter I n plants,
PCK appears in tissues in which there is increased netabolism of

ni t r ogenoussceiptpomtds:s aTdyeoialigamiors elonB8biuctles sensenrberrohaglesrat i ¢
constructs, in.which genes  encodi t he enzynes, PCK and/ PPDK wer e pl aced
Ot her e Poter REE trader w he LB YISt T3 Y BHORES 746 ot er i e what

effect, if any, overexpression of these genes had on nitrogen

remobi lisation in senescent |eaves. According to a first aspect of the
i nvetit i odibosphereoipsripraoy tdbdxpkigesrei(d<conalysasct resorsprle seavgioa

senescence- specific onot er. .operably |linked to at |east e godi ng
sequencef“&ﬁ?%%ﬂ%ht%%éggg%oyg%g?d8 8%%5F§8 fPH@fﬁgéPﬁal%ﬁgfﬁﬁoenolpyruvate
car boxyknasg c(REKh B hNb{ I aRE Qn: RkhIbiad @OF tATpphoppirat ey dipki nase ( PPDK)
activity. According to a second aspect of the invention, there is provided

a genet i €Oco¥ilk hes beomphiwinig ba proamstiethoperadl of ddllalodd vidlearngeast one
codi ng seguence, whi,ch encqgdes ,at | east one | ypepti de havjn
ohosphodrat Byt dvue: st BoRgr e AR S BRI S indFo R mdaas.

or t hpphosERals dikinndsged RRPKIh there is increased metabolism of nitrogenous

compounds.

The inventors constructed a number of genetic constructs, in which genes
encoding the enzymes PCK and/or PPDK were placed either alone or together
20 under 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 (PCK) activity and/or pyruvate orthophosphate dikinase (PPDK)

activity.

According to a second aspect of the invention, there is provided a genetic
30  construct comprising a promoter operably linked to at least one coding sequence,

which encodes at least one polypeptide having phosphoenolpyruvate



activity. The inventors believed that the two enzynes PCK and PPDK may pl ay
arole in the interconversion of various am no acids during renobilisation
of nitrogwo 2btoavd2eaves duri ng senescence. Al though thepcmaB2hovesoste not

wi sh to be bound by hypothesis, a specul ative bi ochem cal pat hway
illustrating how PCK and PPDK may affgct Nitrogen renobilisation is
illustrated in Figure 18. They therefore considered that stimulating

over - expression of these two enzynes in a plant, either independently or

si mul t anecbstykingarPhll) senest end @ycoultd opthaphasploite dikinaskg PPERSDI | i sat i on
of nltro;gctt As a result of their studies, the inventors surprisingly found
t hat con ?ﬂgts according to the invention, encoding PCK and/ or PPDK,
resulted in increased rates of nitrogen renobi | i sation from senescent

| eaves. The inventors hypothesise that nitrogen nmay be being noved from
senescenth¢ eavesots betipecd dramtlof tarrenoyraed A Kt imd ReDfouamgeplaparek iof the

pl ant th as the ﬁlant seeds. Furth gn he anento%s al so observed an
i ncr €ase" AR A R?C€W398a%€%T?%8“§F Hpnéfg%Pﬁl?&ﬂ?%ﬁ’5%??%§bonds to an
i ncreasefrhh GRAR el HoncWi@Re t RRESLENZWRS c MR):E dB RS VB XIPEEHS Bbuind
senescent | eaves. The inventors believe therefore that constructs according
to the imvenrdatbesinid $pdselausebivchiemiteapreparasirennphow Rekmegeni ¢ pl ant,

whi ch hi bit increased ra es of  ni e bilisation

't om sensBE iy slres Xiftaret raiorieraas bt & et He ot er it ne
genetic GRRSHIUESSsi@fred R fdtinSlla @y 580N RASREC b e RE 0CRRARIE i0h | nduci ng
RNA pol ynerase to bind to, and start transcri bing, the at |east one coding

regi 6n aﬁeoﬁwn@eth@cammhﬁﬁﬂommEMb@hypabt@@@ngavnﬂge@GKaaddﬁdn7PPDK
activity. . The pronoter resqn in the construct of the second aspect nay be

const i t UG8 * dﬁn5%ﬂg¥l PG IVETO8F M i ssue- specific. Exanples of suitable
pronmoters include the cauliflower nosaic virus 35S pronoter (full or

truncated), the rubisco pronoter,the pea plastocyanin pronoter, the
nopal i neAsynﬁhJétsef ﬁ?e@nﬁtléxes thieenedr torsophptibinglybfoginddhagcprsemstser, t he hi gh
ut enin ronDter din,promoter, the hordein

T et ortegPRdiR o Soan o By Sk e B AR D R TR asgie Dot e

the secondsasPeelofRYeMBbAisation 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

20  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.

25 'The 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 polypeptide having PCK and/or PPDK activity.

30  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,



senescence-specific pronoter. A "senescence-specific pronoter” (SAG can be
a pronoter, which is associated with controlling the expression of a
senescencwoasamwi@Bed gene. Hence, the pronoter can restriradBewpseRsi on of
a codi ng sequence (i.e. a gene) to which it is operably |inked
substantially exclusively in senescing tissue. Therefore, a
senescence-specific pronoter can be a pronoter capable of preferentially
pronoti ng gene expression in a plant tissue in a devel opnentally-regul at ed
manner sthelperirdtstesypngs pi@nowt, te3loppliot eymrhesdprignotegi tbn cbboopsyll

subst ant | ILé onl y when tEe |, ant ti§sue.is qndeﬂ?oiqg senescence. It wll
be appr e¢iatBd! OMfadbeNER POIESTH 0¥ LR AT RE° Pﬁﬁrﬁﬁé¥t§ of the
plant, syehi@srdd6iR] GRrMmdraaMesSondidr BPthd PathhB pYomgar parts of the

pl ants, such as the seeds. One exanple of a plant which is known to express
nuner ous senescenceassoci ated genes is L rabidopsis. Hence, the pronoter in
a constr.uct according to.tﬁf first or .second aspect nggbbe isolated froma
senescenta RESBLIARATGEAE TN T ST Q6 PLS RCOBEFSPEMB Paf. (The Pl ant
Journal,“%gg§ncgﬁpe§ﬁ8 e4aht&onduct ed a detail ed study of SAGs and their
pronoters using L rabiébpsis as a nodel. The genetic construct nmay conprise
a pronoter fromany of the SAGs disclosed in this paper. For exanple, a

sui tabl e, pronoter na sel ect ed a group consi sti.ng. of SAd ,2, SAG
5 A o SRttt PEa e PG AR DafRe SO R S

f ragnent yiihebadhollidy fcardhedsRIn0PDL 8 s8dR e SAG cidedM@nSAB cndepihent ers. In
one enbodi nent, the pronoter is a SAM 2 pronoter, which wll be known to

t he #ki | pednatecha cisanct axpressfamet ¢ onding\sagiente (oe. agéneagmevitich fras eof (Gan

& Amasi no, 1997, .Pl.ant Physi ol o .113: 313-319). The sequence encodin
the eaci ot adra Eb B Rl i e MRS R T T e
TCCAGACCL@AI bl d A H@%%@%MMMI@J@BH@U&M&WTA
AAATTAGT TTCATTACGT TTCGATAAAAAAATGATTAGT TTATCATAGCTTAATTATAGCATTG

ATTTCTAAXTPTIGRETICREGAOCACCATITA PIRET CF R MGG EIPTFOTMARCATITAGAAGA
ACCCATAACAATGTACGTTCAAATTAATT. ACAATATTT GITTTATATA CT.
GTTTTTTT?M%W%@T%&%K&?%RM@%&A%@?%%%%

75 only 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-

20  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
Avrabidopsis. Gepstein ef al. (The Plant Journal, 2003, 36, 629-642) conducted a
detailed study of SAGs and their promoters using Arabidopsis 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 SAG12, SAG13, SAG101, SAG21 and SAG1S, or a functional

variant or a functional fragment thereof.

Preferred promoters are SAG12 and SAG13 promoters. In one embodiment, the
30  promoter is 2 SAG12 promoter, which will be known to the skilled technician, or

a functional variant or a fragment thereof (Gan & Amasino, 1997, Plant



GATCAATGATGTATATATATGAACTCAGT TGTTATACAAGAAATGAAAATGCTATTTAAATACA
GATCATGAAGT GTTAAAAAGT GTCAGAATATGACAT GAAGCGT TTTGTCCTACCGGGTATTCGA
GTTATAGGWOGEANSTET CAAGAATATTTTGGGCCATACTAGT TATAT TTGGCCHEARERENT50321
TTGCAAAGAGACGAGGAAGAAAGAT TGGGT CAAGT TAACAAAACAGAGACACTCGTATTAGTTG
GTACTTTGGTAGCAAGT CGATTTATTTGCCAGTAAAAACT TGGTACACAACT GACAACT CGTAT
CGTTATTAGTTTGTACTTGGTACCTTTGGT TCAA GTTGATATAGTTAAATCAGTTGTG
TTCATGAGGTGATTGTGATTTAATTTGT TGACTAGGGCGATTCCTTCACATCACAATAACAAAG
TTTTATA@H}?STGII?FQ’W ﬂﬂﬁA?M@AWﬁHG@Q@@ﬁW@@EA@WGﬁR‘gXBFWA@@@@@@R ris
TTTTTCCCT TATT TACTCCAGTTGACAATTATAAGTTT
ATAACGTT A G%Af Mﬁ%@c@% A%WWTAT@GTAGTGTGTT
GTGTAAGAAAACTAACTATATCACTATAATAAAATAATTCTAATCATTATATTTGTAAATATGC
AGTTATTTGTCAATTTTGAATTTAGTATTTTAGACGT TATCACT TCAGCCAAATATGATTTGGA
TTTAAGT CEARSATCCART T G T ACET A P CT T G EE RS TAATGAT T AT ICAA TAFFA LT TA
TTATAT TATECERRACT A N EE T ACAH T AT AT T CPAT TS TAA PEAEAEK PEACERTEATAI TG
GAGAT TCA FAGATER AT G TECHARACHICAT T GARCKTARAETT T T HGEARATEATAT G
CGATTTATREHACAAAR AT G ACES T AT GAAGTEE AT G TG AR LR TATGATH S T T
ATCAAATTABS ERAAT T CSTe AR T CATI T IACTE | £ T AT PGAT PAAC T P P AAC TP ERLT AT
GAAT GGT T T T EF AR T AR ACAGA AT ES TR GA T EEARACTE AT TP EATF AT AR ACAEAN CA
AAGAKGA TR e T T R ST QAT T AET P T CAT CE R RS RACET AEX T ACEFRETAEKGA
AGAAAAATARACATET AECSTAAC FACETF A ACAT T AAARIATT T T T L AARTAATFTACTT
TACTCATGEHAGAT-FEF WWWW?%W?&WWM?%@TG
AATTAAT TARATAACEANATATA FET AT C A A CA T EA TN ACACK TAT A C FICEARRATT A T
CTUATA@W@?K@WWW%’EE@&@@Wﬁéﬁ%ﬁ'@ﬁéﬂ%ﬁ’%ﬁ(}TG

AAATCT T ACRARRCT ART T AR R ARARAT TAACTARAR TEE CACCARACT
AACAAGA&%&F%;%Z\WF@R%W@A%& FCARRCAT CAACATEAT

TTAGTTATGTAT! TGIAGTLCAT TACTTGT AARACAA : %ﬁ S
%C:I‘r TCA ce, et Eﬁé % GC
S GTCAATTTT P TAG CTATGATTTGGA

TTTAAGTCCAAAATGCAATTTCGTACGTATCCCTCTTGTCGTCTAATGATTATTTCAATATTTC
TTATATTATCCCTAACTACAGAGCTACATTTATATTGTATTCTAATGACAGGGAAACCTTCATA
GAGATTCAGATAGATGAAATTGGTGGGAAACATCATTGAACAGGAAACTTTTAGCAAATCATAT
CGATTTATCTACAAAAGAATACGTAGCGTAATGAAGTCCACTTGTTGTGAATGACTATGATTTG
25 ATCAAATTAGTTAATTTTGTCGAATCATTTTTCTTTTTGATTTGATTAAGCTTTTAACTTGCAC
GAATGGTTCTCTTGTGAATAAACAGAATCTTTGAATTCAAACTATTTGATTAGTGAAAAGACAA
AAGAAGATTCCTIGTTTTTATGTGATTAGTGATTTTGATGCATGAAAGGTACCTACGTACTACA
AGAAAAATAAACATGTACGTAACTACGTATCAGCATGTAAAAGTATTTTTTTCCAAATAATTTA
TACTCATGATAGATTTTTITTTTTTTGAAATGTCAATTAAAAATGCTTTCTTAAATATTAATTTT
30 AATTAATTAAATAAGGAAATATATTTATGCAAAACATCATCAACACATATCCAACTTCGAAAAT
CTCTATAGTACACAAGTAGAGAAATTAAATTTTACTAGATACAAACTTCCTAATCATCAAATAT
AAATGTTTACAAAACTAATTAAACCCACCACTAAAATTAACTAAAAATCCGAGCAAAGTGAGTG
AACAAGACTTGATTTCAGGTTGATGTAGGACTAAAATGACTACGTATCAAACATCAACGATCAT
TTAGTTATGTATGAATGAATGTAGTCATTACTTGTAAAACAAAAATGCTTTGATTTGGATCAAT
35 CACTTCATGTGAACATTAGCAATTACATCAACCTTATTTTCACTATAAAACCCCATCTCAGTAC
CCTTCTGAAGTAATCAAATTAAGAGCAAAAGTCATTTAACTTAGG

SEQ ID NO:16

Therefore, the promoter in the construct of the invention may comprise a

40  nucleotide sequence substantially as set out in SEQ ID No.16, or a functional
variant or functional fragment thereof. The SAG12 promoter sequence may be
obtained from Arabidopsis 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 SAG12, it

45 will be appreciated that the promoter may comprise each of the bases 1-2093 of SEQ



Therefore, the pronoter in the construct of the invention may conprise a
nucl eoti de sequence substantially as set out in SEQ ID No. 16, or a
f unct i onalvovari@nd2zor functional fragnent thereof. The BAGGBE20vB0R2Ler
sequence may be obtai ned fromrabi dopsis thaliana, as described in US
5,689,042. This pronoter sequence can-be seen in each of the genetic
constructs in accordance with the invention, as shown in Figure 3. In
enbodi ments where the pronoter is SAGL2, it will be appreciated that the
pr onot er [rNe: Conpeoveer daottiaf! v4anbagdsndtHi @09 3rag BEQ Dtidoprbéroteowever ,
functi onal \%ri ants .or %uncti onal fra%rr%; s .of the pronoter may al so be
1 t

used in TAEGEAS 1EIdBART FERTE GINSEHS POHUR " f unct i onal vari ant or

functional fragnent of a pronoter"” can be a derivative or a portion of the
pronoter that is functionally sufficient to initiate expression of any
codi ng régifonctidrad vigamperfabkiiohilfkemnetiariet pronFecr’ eganpt e, derivagndodi ment s
where_the gronnter .S based on SA 2,.thﬁ sh%lled technician will

appr e el PRATOSRO IO REIUST A bE Trior e T Y HAC OIS PSFT8hs of t he
SAQ 2 DoOITRL QIdiBYediSn HRAUL bRG b SUEHlrdh. YoM dastiid lin N tiate gene
expression in the construct. Functional variants and functional fragnments
of the prohedierentayhioee thegaionyotedentdséd ed YGasdsbsskipdwheltieianorillnot

transcriptase will bind a.putatjve pr. ter.region, and then lead to the
transcrif Brf‘)ﬂa’i‘ffthlf’hgﬁggogit)%ozrlgd?%g? mdgfl@%% Cﬁotlh@’b‘g?) ipd)étlﬁ%f’ﬁ PCcK and/ or

PPDK act$ NG Y- prOMRENRL] Belr¥quisdE RubMpeddioQakly il anfisicandef ragments may be
exam ned by conducting nutagenesis on the pronoter, when associated with a

codi g regirenjomindthasessiing whet her or not gene expression may occur. The
genetic construct of the first aspect nmay be capabl e of causing, during
senescence, expression of at |east one pol ypeptide exhibiting PCK activity

and/ or PRXt¢taeilIWHiMs adDBIRTIOR L frabhengemetd };}roﬁwﬂ&trﬁ&’}pﬁe FRYiCaeRIfdege at
| east one codi ng sequence, which encodes (i) a phosphoenol pyruvate

car boxykhnasesiPektheo pr aof trnstiipmsd willddadin 2 petafiveapmemtettrhgrraind and/ or

(i1) a pyruyate aorthophosphate, di ki.nase. (PPDK), or a functio vari ant or
[ r agnont YERLPEGT PASTRESEPPURAnT RoPHe BTG bbe EHE PP e
deve}opeghdof RPDK Arivaenali:6a6 Qs LLUCES cHESE dar PRl VPRt ddes By Ng ei t her
PCK and/or PPDK activities,

examined by conducting mutagenesis on the promoter, when associated with a coding

region, and assessing whether or not gene expression may occut.

The genetic construct of the first aspect may be capable of causing, during

20  senescence, 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



and these are shown in Figures 3. In a first enbodi nrent of the genetic
construct according to the first aspect, the pronoter may induce expression
of a codiwg weguense encodi ng a pol ypeptide exhibiting PCEGEbiMisb321 Thi s
is referred to herein as a "PCK construct”, and is shown in Figure 3.

Hence, in the first enbodinent, the ggnetic construct mayconprise the
senescence-specific pronoter and a codi ng sequence encodi ng a

phosphoenol pyruvat e car boxyki nase (PCK), or a functional variant or

f r agment carherigofhe sEhesqgenetpecitonstmaottr amdy: aotingnepdeca epoddipept i de havi ng
PPDK activit%. Iqra secondbenggdinﬁ@gyéf thg.construct according to the
first asPEEPOFRRPRFOMET 1 P RAYI TG % SF &ENOROTH VAR BP ng 8B kence
encodi ngharfRA! YiReptddeceuhidhdd Mgy RPPKaasdel yﬁ@%pegmesmvang ePbgyed to herein
as a "PPDK construct", and is shown in Figure 3. 1n the second enbodi nent,

t he genetatoitgonstruct may conprise the senescence-specific pronoter and a
codiqg sequence encodi ng a pyruvate orthophosphate di ki nase (PPDK), or a
functional variant or fragnent thereof. The genetic construct may not

encode appkyReRtdrliSo Nawind & PCKca&dth it ¥ coddthBred tHer Bhsepfidi mept of the
construct according to the first aspect, the pronoter may induce expression

of a si ngloenaedimy iseeisenecehoodf agodingoleypepte aeodiiy bpoiyngpiddt h PCK

activity and PP ivity. . This is referred.to as " PCK/ PPDK,,const r uct
T VRETORPd AR THRS GEHER © Bt Fue: PRRYS CORPrTSe 1
senescengehsRaGhIFiSuRI DN Bl ARENA GO ING cSEHEBES RN NG (o)
phosphoenol pyruvat e carboxyki nase (PCK), or a functional variant or

f r agffent carerigothe sendsaentg-spyaitiv atemotdr hrogdhosphag ecqlickicaaseo{iPPBK) , or a

functional variant or fra t th The.construct.of the third
bboai nanre s Bhtestiosih SRRt B3 ot SRR er g i Rty 1 e.
bot h PCKhandb PRt @M@bh&ra&%y} h¥t ed@RlcPCKo 6 pEbiNE: RBGhOPORY be
positioned on the 3' side of the PPDK-coding région. However, preferably

t he PCK-asoditig region is positioned on the 5 side of the PPDK-coding
region. In a fourth enbodi ment of the construct according to the first
aspect, the

75 In 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 1”. In the third embodiment, the genetic construct
may comprise the senescence-specific promoter and a coding sequence encoding

20 (1) phosphoenolpyruvate carboxykinase (PCK), or a functional variant or
fragment thereof, and (ii) pyruvate orthophosphate dikinase (PPDK), or a
tunctional 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

25 the 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
30  polypeptide, 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



pronoter may induce expression of (i) a first codi ng sequence encoding a
first pol ypeptide, which exhibits PCK activity, and (ii) a second coding
sequence woeoti/g2a second pol ypeptide, which exhibits PeDiGB20td0s032y. This
is referred to as a "PCK/ PPDK construct 2". Hence, in the fourth

enbodi ment, thegenetic construct may gonprise at |east one
senescence-specific pronoter and (i) a first coding sequence encodi ng PCK,
or a functional variant of fragment thereof, and (ii) a second codi ng

sequencegartiogiongrPRDKaY cpmarifentichenale seanchamice opedifiagmemoterrarde@f , i . e.
two transgripts.are encoded, one each enz . As described in Exanple
6t he | DUBHESR S SR EoF L et Pb DT v ERet g s Fnaf PREREE pPOK.

host cel{het@fJand¥ii)td @aRSHACOUNG Wqhbn&l ¢hRUidPPDRCK COoNsictvatl’ or the
"PPDK construct”) caused an increase in nitrogen remobilisation in

senescentatjagavedraghant eengof,d.c. theyrahoomiers tahatnedvie dPORe damdeRPDK si ngl e
constructs resulted in an increase in vegetative growh. As described in
Exanp{e €“Y'lfe inventors have found that sinultaneously overexpressing both
PCK and PPDK in a host cell (e.g. by transformng with both the "PCK
construct” and the "PPDK construct") is surprisingly effective at inducing
ni t r ogenAs dapdsibedgatti-ompla 6s dresrentort dave soundetiae overi-t yogeningraighdye

t ranspor 0 f _senescent, ] eayes, for exanple as tran rt am no acids.
Sut 1 abl e FatapBPIS B RGeSty G A e SHATor adhdr agi ne.
Fur t her nofRcrub o HRMEOUSKY c QRN RLESST NIl sand nRPG¥edur i ng senescence
may al so increase growh rate, which may result in an increase in

vegetat i seenaribsattion iRensescenhieavonstyneernofret theyffpnsd thapbetPGayndonpri se a
codi ng slg]?ﬁgcie y\/ni chtencodesl bpot h PCK and. PPDK Qr.a fut ctional variant or
f ragment ) Sl R M Al o é‘iﬁﬁ%"’d‘i LAt HAY FHETEORS et of the second

aspect conprises a codi ng sequence which encodes both PCK and PPDK, or a
functional variant or fragnent thereof. The two enzynes nmay be encoded as a

si ngl e pob ypeythedeénHavinmge udic motniirs pavofousl thao sipollyareptildescr-one havi ng
PCK act | g)!ptrgssla'n% (gtlillenghaegd Pﬁiﬁ'ﬁ‘?’n Eﬁlgs(t g‘e(ilt Ze\./gi.%'transforming with both
15 the “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
20  may 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.

25 It will be appreciated that the construct of the second aspect comprises a coding
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 PCK activity and the
other having PPDK activity.

30
The phosphoenolpyruvate carboxykinase (PCK) or a functional variant or

fragment thereof, and the pyruvate orthophosphate dikinase (PPDK) or a



The phosphoenol pyruvat e carboxyki nase (PCK) or a functional variant or
fragnment thereof, and the pyruvate orthophosphate dikinase (PPDK) or

af unct i onab 20awd9a628 or fragment thereof, may each be dericvamB2broosvany

sui tabl e source, such as a plant. The codi ng sequence of each enzyne nmay be
derived froma suitable plant source,yfor exanple fromL rabidopsis.
Therefore, the coding sequence, which encodes the pol ypeptide havi ng PCK
activity, may be derived fromL rabidopsis. Furthernore, the coding
sequencetungipotl enieotes ftagemepoklygrept, intey dratihegd PRBOK faemi anytspitahley be

derived fromL rabidopsis . ..Zea spp., FElaveria spp., ,or,Cl eqnme spp.
The codi 7 SeqtshAs 2 T aH s ST RBRGH Y Sat Ford KA SoRsER et i vi Ly,
nmy be dﬁamvgguiimgrELan& @thiggﬁsrsexghﬁlé Bldd _ZERSPBNS THek@Ved itBe t rinervi a,

Fl averia bidentis, Flaveria brownie or C eonme gynandra. There are believed
to be thewbngerpsnie whichkrakpdevathegdilyrypiicle IRCKg FHK geivow ;2Plk sequence
(inc one,.enbodi nent of . L rabi dopsi s

hosphacidinsth i oms 4 By RO e B ST e BE e P A5 TERRT b o

17, as f@h ide having PPDK activity, may be derived from _Arabidopsis spp., Zea spp.,
ATGT CGGC%%@ ﬁCGGAAA ACTAA GA GGGITTAGITTCCCT. KAAC%A . ’
TGAT GCCGAAGHT ANCCACCHEEACIRCIARAGAEACSTAGECGAGTICT GECACGABEATAGREE de
AOCACAOCA AR AR AR T G T 00O T COCACCACA T AR
AGATTCAGLT, CAAT G AT HHE R STUL AL DI DI NS T TAT TCATACGT TA
CTTTTGTTTATAACATACT TTATATCGAAT TAAGGAAGATTAT TTTCGTGTCCGATCAT

TTTCATGGAAAAAGTGTICTTTTAGCTAAATATATGGTGTAGTATTAAATATTTCTGACGTGATA
TACACT CTT TTTT TTACTATTTCIT TTAATT T, TITGITTT .
oA L A AT D AR T A e N AT R R A CA A

TAATACTTIHABY g#@ﬁg%%ﬁ?@ e Hﬁﬁ%ﬁé@“@% AAL TRHSATRAANTIGT
GAAACAGT GCATCGT TAGCATCGT TAACGAGAGAGT CAGGACCAAAGGT GGTGAGAGGAGATCC
GGCCGAGAAGAAGACOIATEETPECARETAGTCCBBOETACBSTEAGCSEECAACATTCARTATATC
TTTW GTGATAGCTCCTTGAAGT TTACTCACGTCCTCTACAATC

TTT ECTAGAATCOGAATCTGAATATTGATAAATGT TTCTGCA
ACCAGT TTGATAGATTTGGT TTGTGATTTTGI TGT TTGTAGAGCT TTATGAGCAAGCTATTAAG

ATGTCGGCCGGTAACGGAAATGCTACTAACGGTGACGGAGGGTTTAGTTTCCCTAAAGGACCGG
TGATGCCGAAGATAACGACCGGAGCAGCAAAGAGAGGTAGCGGAGTCTGCCACGACGATAGTGG
TCCGACGGTGAATGCCACAACCATCGATGAGCTTCATTCGTTACAGAAGAAACGTTCTGCTCCT
ACCACACCGATCAACCAAAACGCCGCCGCTGCTTTTGCCGCCGTCTCCGAGGAGGAGCGTCAGA
20 AGATTCAGCTTCAATCTATCAGGTCCTTATAATAACTTCACATATACAGATTATTCATACGTTA
CTTTTGTTTATAACATACTTTATATCGAATTAAGGAAGATTATTGCGTTTTCGTGTCCGATCAT
TTTCATGGAAAAAGTGTCTTTTAGCTAAATATATGGTGTAGTATTAAATATTTCTGACGTGATA
TACACTAAACTTGAAAATTTTCAATTACTATTTCTTCCTTTAATTCGGCAATATAATTTGTTTT
TGTTTATTTTTGGATTAGACATTTATGGACAAGTTAATGCGCTATTGTGACTATTACCAGAAAA
25 TAATACTTTAATGTACATGACACGTGTTTAAAACGACACGTGGAAACTAATTTTGATTAATTGT
GAAACAGTGCATCGTTAGCATCGTTAACGAGAGAGTCAGGACCAAAGGTGGTGAGAGGAGATCC
GGCGGAGAAGAAGACCGATGGTTCAACTACTCCGGCGTACGCTCACGGCCAACATCATTCTATC
TTTTCTCCGGCTACTGGTGCTGTCAGTGATAGCTCCTTGAAGTTTACTCACGTCCTCTACAATC
TTTCGCCTGCAGGTCAACAAATAAACCTAGAATCCGAATCTGAATATTGATAAATGTTTCTGCA
30 ACGAGTTTGATAGATTTGGTTTGTGATTTTGTTGTTTGTAGAGCTTTATGAGCAAGCTATTAAG
TATGAGAAAGGTTCGTTTATCACTTCTAATGGAGCTTTGGCGACGCTTTCTGGTGCTAAGACTG
GTCGTGCTCCCAGAGATAAGCGTGTTGTTAGAGATGCTACTACTGAGGATGAGCTTTGGTGGGG
AAAGTGAGTATTCCTAATCTCGATTTTGATTGATGGAGTTTTTGGGTTTATGCTCTGTTTTCGT
TTATTGATTTTGGAGTTTGATTTTGATTTTAGGGGTTCGCCGAATATCGAAATGGATGAACATA
35 CTTTCATGGTGAACAGAGAAAGAGCTGTTGATTACTTGAATTCCTTGGAAAAGGTATTAAATTT
TGAAAACTTTAATCAATGTTGTTGAGTGTAGAACTTTTGATCTAAGTTTATGAAATTTCTGTTG
TTGTTGGGGTTTTTAGGTCTTTGTCAATGACCAATACTTAAACTGGGATCCAGAGAACAGAATC
AAAGTCAGGATTGTCTCAGCTAGAGCTTACCATTCATTGTTTATGCACAACATGTAAGTAAAAT
CATTATTGACTCCTTGTATGTCAATCCATTATTGTGGGTGAAAGAAAACAACAAATTAGTAACT
40 GGGGAGGGTGTCAGGTGTATCCGACCAACTCAGGAGGAGCTTGAGAGCTTTGGTACTCCGGATT
TTACTATATACAATGCTGGGCAGTTTCCATGTAATCGTTACACTCATTACATGACTTCGTCCAC
TAGCGTAGACCTTAATCTGGCTAGGAGGGAAATGGTTATACTTGGTACTCAGTATGCTGGGGAA
ATGAAGAAGGGTCTITTTCAGTGTGATGCATTACCTTATGCCTAAGCGTCGTATTCTCTCCCTTC



TATGAGAAAGGT TCGT TTATCACTTCTAATGGAGCT TTGECGACGCTTTCTGGTGCTAAGACTG
GICGTGCTCCCAGAGATAAGCGTGI TGT TAGAGATGCTACTACT GAGGATGAGCT TTGGT GGGG
AAAGT GAGIWO RC0T0AARETCGATTTTGAT TGATGGAGT TTTTGGGT TTATGCT CPET/GBRE61050321
TTATTGATTTTGGAGI TTGATTTTGATTTTAGGGGT TCGCCGAATATCGAAATGGATGAACATA
CTTTCATGGTGAACAGAGAAAGAGCTGTTGATTACT_WATTCCTTGGAAAAGGTATTAAATTT
TGAAAACTTTAATCAATGTI TGTTGAGTGTAGAACTTTTGATCTAAGI TTATGAAATTTCTGI TG
TTGITGGEGEGT TTTTAGGTICTTTGI CAATGACCAATACT TAAACTGGGATCCAGAGAACAGAATC
AAAGT CAGRICIGRET CABFAGACET F AP CAT P GT T T ITICEACARCATAS TAAGTABRARTAGT
CATTAT T GAETECT P EFATEBICAA FCEAT TAIGICTEEET CANNGAAAREAAEA AT TAGEAACTA TA
GGGGAGGGIRSTCACEFET A e I GACE AR ET A EAGER T T CACGACETHF T CETACTCEGEAT ARG
TTACT AT AT AR P T e AG T T PEE AT AT EEFF AR CAPFAEATEHET FECHECACTGT
TAGCGT ACAREET PART EF 8 2 TACAACHEA N EET T AT AT EE T ACT CAT EF CET BRI TC
AT GAAGAABS ST T A G A T A TR P E A T B A G T AT RS FEEETA AT CTGGATGC
AAT AT G B ACK T A Cr e e I P AT T P ACGEPAFAGC T TTTTGAGAAARAR
AGAGACACGTACEAACT AT B G T T X B T CERAEC RN BATARAT CAAXR T GAT AEARTAT T T
WTTAU%%&&&&W@W&%@%%?%QWﬁWTT
ATTGRTGATTGIGT T T T T 1 Gl P RC T A TR AT AT T T AT ACCEEERAACAREEET G C
CTACT GATCACAACRET AT T AT F A EA T A FEACE AT PSP GEAETEAGACTASTEF T C 2 C
GAACAT T AT BT T AT AT ARGT ST G CGAT BT T T TR CAGRAGGAGOCT AT AT C T

T%ﬁ%ﬁ%@ﬂ%@&ﬁﬁ%ﬁ%ﬁ&%@%ﬁ%ﬁm
ACATAAA % A .AVA RAR ea‘ tt" ,1," TAT

GA\T € (.‘ TAAC AA AAAA.AA“&%E AT
AEAGENG ? “ff fi, g Lo
CTTTCATTCTGHTG on Aac em T PR CAC
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r\i{eier:Guiyele AAGGUA] Av ‘6 eﬁee‘gﬁ‘t‘ f‘ [GGAT

LA i%!mm Wenﬁ Chxd e 3 CAACATAL

ATAGGTTG oy e% A eé}wa : .{ me’u :{%e {‘ LTI

CCAGCTTTCATARTGT TCOAT CLCACKAAC) fw GARGICH

AAGGT GCTACTEGT TCRET X -'.‘J‘f CACTEG é‘,‘f '?" Sfee “ CTICTAT . -
25 GAGATTCTCGCTGCTGGTCCTATCTTTTAG

SEQ ID No:17

The cDNA sequence (exons only) encoding the Arabidopsis phosphoenolpyruvate
carboxykinase (PCK) is provided herein as SEQ ID No:18, as follows:

30
ATGTCGGCCGGTAACGGAAATGCTACTAACGGTGACGGAGGGTTTAGTTTCCCTAAAGGA
CCGGTGATGCCGAAGATAACGACCGGAGCAGCAAAGAGAGGTAGCGGAGTCTGCCACGAC
GATAGTGGTCCGACGGTGAATGCCACAACCATCGATGAGCTTCATTCGTTACAGAAGAAA
CGTTCTGCTCCTACCACACCGATCAACCAAAACGCCGCCGCTGCTTTTGCCGCCGTCTCC
35 GAGGAGGAGCGTCAGAAGATTCAGCTTCAATCTATCAGTGCATCGTTAGCATCGTTAACG
AGAGAGTCAGGACCAAAGGTGGTGAGAGGAGATCCGGCGGAGAAGAAGACCGATGGTTICA
ACTACTCCGGCGTACGCTCACGGCCAACATCATTCTATCTTITTCTCCGGCTACTGGTGCT
GTCAGTGATAGCTCCTTGAAGTTTACTCACGTCCTCTACAATCTTTCGCCTGCAGAGCTT
TATGAGCAAGCTATTAAGTATGAGAAAGGTTCGTTTATCACTTCTAATGGAGCTTTGGCG
40 ACGCTTTCTGGTGCTAAGACTGGTCGTGCTCCCAGAGATAAGCGTGTTGTTAGAGATGCT
ACTACTGAGGATGAGCTTTGGTGGGGAAAGGGTTCGCCGAATATCGAAATGGATGAACAT
ACTTTCATGGTGAACAGAGAAAGAGCTGTTGATTACTTGAATTCCTTGGAAAAGGTCTTT
GTCAATGACCAATACTTAAACTGGGATCCAGAGAACAGAATCAAAGTCAGGATTGTCTCA
GCTAGAGCTTACCATTCATTGTTTATGCACAACATGTGTATCCGACCAACTCAGGAGGAG
45 CTTGAGAGCTTTGGTACTCCGGATTTTACTATATACAATGCTGGGCAGTTTCCATGTAAT
CGTTACACTCATTACATGACTTCGTCCACTAGCGTAGACCTTAATCTGGCTAGGAGGGAA
ATGGTTATACTTGGTACTCAGTATGCTGGGGAAATGAAGAAGGGTCTTTTCAGTGTGATG
CATTACCTTATGCCTAAGCGTCGTATTCTICTCCCTTCATTCTGGATGCAATATGGGAAAA
GATGGAGATGTTGCTCTICTTCTTTGGACTTTCAGGTACCGGGAAGACAACGCTGTCTACT
50 GATCACAACAGGTATCTITATTGGAGATGATGAGCATTGTTGGACTGAGACTGGTGTTTCG
AACATTGAGGGTGGGTGCTATGCTAAGTGTGTTGATCTTTCGAGGGAGAAGGAGCCTGAT



GGAAAT CGATACAACAAAACGCT GCCTTGTAACACATGT TTGTAGGCTATTAACATGATCTGTA
ATGTTTTATTTCCTGCAGT TATGGT GT TGGAAACAGAAT CAAGCT GGCATACACTAGAAAGATC
ATCGAT GCARDGEATID GAEGCAGT CTCTTGAAGGCAAACT ACAAGAAAACCGAAATCTITEREAT050321
TTGAAAT CCCAACT GAGAT CGAAGGGAT ACCT TCAGAGAT CT TGGACCCCGT CAACT COGTAAG
TTTCTGCAAATCTGTATAATGTAATTGCT TAAGT GAT,GATGAACAATTTTTTGT TGATTTGGGT
TTAATGAAAATGCAGT GGT CTGATAAGAAGGCACACAAAGATACT CTGGT GAAACT GGGAGGTC
TGTTCAAGAAGAACT TCGAGGT TTTTGCTAACCATAAGAT TGGTGTGATGGTAAGCTTACGGAG
@@TTUWWTﬂ@SE@WW)G@YA%%G%W% CEeERBRAS onl y)
encodi n&@%@%%@%@%ﬁé@ﬁﬁé@ﬁ@ﬁgﬁ%%@%% FPEKRFATS provi ded
her ei n a%A@$R§ﬁq§QQ§AAE§CG§§Aﬁ8ﬁp6§E GTTGGTCCACACC GACAAATG GATACTT
AT GT CGRCH ST A SAAATCE T ACTAREEST GACECAG ST TN ICEETARAGGACAAALC
CCGGPGATR X A G TAACGACCEGREEACEAR A GA A e XX AT CTESCAEGGREA TCARG
GAT AGT G SRS ERATAEEACAABEAT ECAT CACE T AT IS P ACAGRAGAAA CCCACA
CGT TCT GRS A ACACEEA T EARCERA B A e S I S CAEEEFETEEC TCGTC
GAGGAGGA B A AGAT FEACE P FEART EF AT CAGT EX AT S IR AT OGS EARCGA T ACACT
AGAGAGT CABE ARG PG FEAGACEAGAT e CACAN R CCRAT B TER A AARCC
ACTALT e ACEE R ACEEAEAACAT EAT T EF A ET T I T A ST ACTEATAEF T TCGAC
GT CAGT GAT AT e T ARG E FACT EAC T T CF A AT E T T B C R CAGABES F P C CAGGT

T AT GAGCAACCT AT T ARGTAT GAGARACET TEETTT AT CACT T T AN CSNEEPIT AGCTTA
ACGCTTTCI B AAGACTEETEET EE T EEEAGAGRT AAGCGT GTTGTTAGAGATGCT

ACTACT GAGGAT GAGCT TTGGT GGGGAAAGGGT TCGCCGAATAT CGAAAT GGATGANERT D No:18
ACTTJ.CATGGT GAACAGAGAAAGAGCT GT TGATTACT TGAATTCCTTGGAAAAGGTCTTT
GTCAATGACCAATACTTAAACT GGGAT CCAGAGAACAGAAT CAAAGT CAGGATTGTCTCA

GCCTAGACCT dACOAEICATT G dThA TSSGAGARCA T SHGIARDACGACCAATD GAGIRAGARY PCK
CTTGAGAGCTTTGGTACTCCGGATTTTA ATATACAATGCT %AGT TCCATGTAAT
CGTTACACGEEAIT AGAY CACPT ACCETACACTEETS AT EEsAn SEQ 1D

e e R T Aot

20 The polypeptide sequence of Arabidopsis PCK is provided herein as SEQ 1D
No:19, follows:

MSAGNGNATNGDGGESFPKGPVMPKITTGAAKRGSGVCHDDSGPTVNATTIDELHSLQKK
RSAPTTPINQNAAAAFAAVSEEERQKIQLOSISASLASLTRESGPKVVRGDPAEKKTDGS

25 TTPAYAHGQHHSIFSPATGAVSDSSLKEFTHVLYNLSPAELYEQATKYEKGSFITSNGALA
TLSGAKTGRAPRDKRVVRDATTEDELWWGKGSPNIEMDEHTFMVNRERAVDYLNSLEKVE
VNDQYLNWDPENRIKVRIVSARAYHSLFMHNMCIRPTQEELESEGTPDEFTIYNAGQFPCN
RYTHYMTSSTSVDLNLARREMVILGTQYAGEMKKGLESVMHY LMPKRRILSLHSGCNMGK
DGDVALFFGLSGTGKTTLSTDHNRYLIGDDEHCWTETGVSNIEGGCYAKCVDLSREKEPD

30 IWNAIKFGTVLENVVEDEHTREVDYSDKSVTENTRAAYPIEFIPNAKIPCVGPHPTNVIL
LACDAFGVLPPVSKLNLAQTMYHFISGYTALVAGTEDGIKEPTATFSACEFGAAFIMLHPT
KYAAMLAEKMKSQGATGWLVNTGWSGGSYGVGNRIKLAYTRKIIDATIHSGSLLKANYKKT
EIFGFEIPTEIEGIPSEILDPVNSWSDKKAHKDTLVKLGGLEFKKNFEVFANHKIGVMVSL
RRRESLLVLSFE

35 SEQ ID No:19

Accordingly, the polypeptide 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
Arabidopsis is believed to have at least two forms of PPDK, a chloroplastic form

and a cytosolic form, both of which are encoded by the same gene with minor splicing



GATGGAGATGTITGCTCTCTTCTTTGGACT TTCAGGTACCGEGAAGACAACGCTGT CTACT
GATCACAACAGGTATCTTATTCGGAGATGATGAGCATTGT TGGACTGAGACTGGTGT TTCG
AACATTGAGG 6D 823 AT GCTAAGT GTGT TGATCT T TCGAGCGAGAAGCGAGCEE & B2 0 (011SAACGCTATC
AAGT TTGGAACAGT TTTGGAAAATGT TGTGT TTGATGAGCACACC

AGAGAAGT GGATTACTCTGATAAATCTGI TACAGAGAACACACGT GCTGCCTACCCAATT

GAGT TCATTCCAAATGCGAAAATACCT TGT GT TGGT CCACACCCGACAAATGTGATACTT
CTGECTTGTGATGCCTTTGGT GI TCT CCCACCT GT GAGCAAGCTGAATCTGGECACAAACC

ATGT. ACCA@E@AT@@T@EﬁA@A@'@ﬁ@E@BET@F@W@G@@&TW@Fm DNA

GAGCCAACAGCAACATT GCTTGCTTT GCAGCT TTCAT TGCA )
MGTAT@&@E?*AGW CAREAT @éﬁ@a@ %@é%@%@w
AACACT e %W GRGET, [@M@@%Tﬁ%qb
AGAAAGA TCGAT T%M%CT ACAAGAAAACC No=20,

GAAAT CT TaRGBNTFF GAAAT CCCAACT GAGAT CGAAGGGATACCTTCAGAGATCTTGGAC
CCCGTCAACTCCTGGTCTGATAAGAAGGCACACAAAGATACTCT GGT GAAACT GGEGAGGT

CTGT
CoCATATICTE %ﬁff%‘?ﬁ% %e GAQ%%EQ;SE@%%M g
sequence,c i 6l €Acodes £ pol ypept M&AA HnfBsGomyr 1 se @

nucl ei ¢ AGi gH@ﬂ? Qﬁ%ﬂa&é ﬁéT@%Gﬁ? C SEQ ID
No. 18, ©f f%Tc%Rg cﬁ&é&b GfﬁTTr%gﬂgg AAA_%%% ﬂ¥%¢¥g§£i§f
sequencer i, 1abh dops| & REK 8 RL-oM @z&ﬂdﬂfﬁ% Eé% Mcetdend@ | 0
MSAGNGNAT NG o~ FEKGEAVNRKI - & 4 LAAKE CERLISGER YA ¥ coe
RSAPTTP'@%@*@%ﬁﬁ%@f%@%%%@%@fhQ@@ﬁf%ﬁ@hﬁgé1%%%%%%§%¥%@Efﬁ¥%@$ TTTCGTT
TTPAYAHQQ%#@%ﬂ@%Eﬁﬂ£¥%§ﬂ¥€§ﬁﬁEE@%%@QQA@%&E@&@%@Ndﬁ%@%@ﬁ%ﬁﬂéﬂ&%ﬁ%ﬁTTTCGGT
TL SGAKT GRARRRK RY Y RDAN Ik WK SN EVRERH E-MUINRERAY N NS LEKME - YINEX YL NVDPENR
KVRI VSARMHAS S MENVGT + R RQEER K DG PRk A o + YNAGRRERENA A A n AR CTTTTCCTCTAG
RY THYMT SRk N ARRENMI T QY ACEM I SGEr SY MY NRKRIRK b S HSENMGK r BEMAL FFGL
SGICKT T dAINRY ko S RAHGWEEA §VRNI A cE e AR SREKE PR 7o ccanacanTa
| WNAI KFGIMEMNYY I DEFT RV SRKEYAENTRAAYPE & AN RNk cTaGTT T
20 AAATCCACAATTCACCTTCACCATAAAGAATTCATGTATTAGAGATGGTATGACAAGAACTGGT
TGAATTTGATGACATTTGTTTGCTATTGTTTTGGTTAAGTAAAAGTTTTGTTAAAAAGGAAAAT
AGCATCGGTAGTGGCAGATAGCAAGTGTGTGAGT GAGATCAGATATGGTTGACACATCTATGAC
GAGTCATCGCAACGAAACTTCTTTAATTTTGGTCAATTATATTACAATTTAGCATTTCGAGGTT
GGAATTTTGGAATGATCTCTTGATAAGATAATAATGTATT TTTGATGACGTATCCATCAAAACT
25 ATAAATGATTTATATTAAATATGAAATTTCGACTGTATACAAGTTTTTATATTATAAAATTATT
CGATGTACATATGATCATAATAACTTTACTATATATATAGATACGTATATGTGTTCT TAAACTT
GCACAAACATTTCTGCAATCTAAACCTCAATCAAAACAAACAAACAAAAAACCATGATGCAGCG
AGTATTCACCTTTGGAAAAGGAAGAAGCGAAGGCAACAAGGGCATGAAGTCCTTGGTATGTTAC
CAATACCATCATCATGATCATATCAATTCATTAATAATTTAGTGTTTGCTATTTTCAAGAACCA
50 TTTATCAAAAATGTTAATTGTTGTTGTGTATGAAGTTGGGAGGGAAAGGAGCCAACCTGGCGGA
GATGGCTAGCATAGGCTTGTCGGTGCCGCCGGGGCTAACCATATCGACGGAGGCTTGTCAGCAG
TATCAGATCGCCGGCAAAAAGCTTCCAGAAGGTTTATGGGAAGAGATCTTAGAAGGT CTTAGCT
TCATCGAACGTGACATTGGAGCTTCCCTCGCTGATCCCTCCAAGCCACTCCTCCTCTCTGTTCG
CTCCGGCGCCGCCGTAAGTTAAT TATAACT TTTTTTCTTGACTATTTTTATT TTAAGGATTTTT
35 TCTAATGTTAAATTTCTGTTTTTTTTTCTTTCTATGTTTTCTTTAATCTTTTGAAGATTTTTTG
ACGCAGATTTTGACTTGTTAGATTTCTTTTATTGAAGT TGAGATCCAAATATTTTTTTGGTTAT
TTTGCCATTTGGCCGTTTTTGGAAGAGT TTAAAATGTACTAGATAGAAAATGAATAAGT TTTGT
GGCTATTGAAAGACCTAATGATTTTGGTATTCAAACTATAACGTAGAAAATGAAGATCTTTCGT
TTATCTATTTTTAAAACAGAACTACATTGACTTGTCTTTGATCGATATTTTGCATTGTAGATCT
40 CAATGCCTGGTATGATGGACACTGTACTTAACCTTGGCTTGAACGACCAAGTCGTCGTTGGTCT
GGCCGCAAAAAGCGGAGAGCGTTTTGCTTACGATTCGTTCCGGCGTTTTCTTGATATGT TTGGT
GATGTTGTAAGTCCTCTGTTTTTCAATACTATTTCAGGTAACTTGCATGACAAGAAAATTCTTT
GACCTACCTTATAATTGTTTTCTTGATCAATAAAAGGTGATGGGAATTCCACACGCCAAGTTTG
AAGAGAAGTTAGAGAGAATGAAGGAGAGGAAAGGAGTTAAAAATGACACTGACTTAAGCGCGGC
45  TGATCTCAAGGAATTGGTTGAGCAGTACAAGAGTGTTTACTTAGAGGCCAAGGGTCAAGAGTTT
CCTTCAGGTTTGTTTTGATTCCTACTTGAGGTCAAGTGATAAAAATTAGT TATTAGT TACAAAT
GTTTAAACGGGGTTAATTGCAGATCCAAAGAAGCAATTGGAGCTAGCGATTGAAGCGGTATTCG
ATTCTTGGGATAGCCCGAGAGCGAACAAGTACAGAAGTATTAACCAGATAACTGGATTGAAAGG
AACCGCGGTTAACATTCAGTGTATGGTGTTTGGAAACATGGGGGACACTTCAGGGACTGGTGTT
50 CTCTTCACTAGGAACCCTAGCACAGGAGAGAAGAAGCTTTATGGCGAGTTTCTAGTTAATGCTC
AGGTTTGGCATCTATCACAATGTGTGAATCTCATATCAACAAGTAAGCCCATACTCATTAAATA




LACDAFGVLP PVSKLNLAQTMYH F | SGYTALVAGTE DA KEPTATFSACFGAAFI M.HPT
KYAAMLAEKVKSQGATGAL VNTGASGGSYGVGNRI KLAYTRKI | DAl HSGSLLKANYKKT

El FGFEI PTRgbEE o828 DPVNSWEDKKAHKDT L VKL GALFKKNFEVFANHKI Gy v 8B 26RIs6&2l VL SF
SEQ I D No: 19 Accordingly, the pol ypeptide having PCK activity nmay conprise
an am no acid sequence substantially @s set out in SEQID No: 19, or a
functional variant or fragnent thereof. L rabidopsis is believed to have at
| east two forns of PPDK, a chloroplastic formand a cytosolic form both of
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TTGTAGGACAGAGCATATGGTAACTCCTCCTCTGTACTTGATTTCATGTTTTTGATGATTTAGA
TTGTTTGTATCCAAATGTTTAATGTTGTCTTTIGGTTTGGTTTTTAAGTTCTTTGGAGCAGATAG
GATTAAAGCAGTGAGAAAGATGATAATGGCGGTAACAACAGAGCAAAGGAAAGCTTCTCTCGAC
25 ATCTTGCTTCCTTACCAACGTTCGGATTTCGAAGGGATCTTCCGTGCTATGGATGGTAAATGTT
TTGAGTCGTICTCTCTAAAATGTATCACAACTTAAAACATGCCTAAACCTTTTTATTTTTCTAGG
TTTACCGGTAACAATCCGTTTGTTAGACCCTCCGCTTCACGAGTTTCTCCCGGAAGGCGACTTG
GACAACATTGTACATGAGCTAGCTGAAGAAACTGGTGTGAAAGAAGATGAAGTCTTGTCACGGA
TAGAGAAACTCTCTGAAGTGAATCCAATGCTTGGTTTCCGCGGTTGCAGGTTTCTTACTCTCTT
30 TGTTTCTCICTGTCTICTTTGCACCTGAAGAACAATCTGATGATCGGTAAACTTGTACGTTATAG
GCTCGGAATATCGTATCCAGAGCTAACGGAGATGCAAGCGCGTGCAATTTTTGAAGCTGCAGCG
TCAATGCAGGACCAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTC
AGGAATTGGGTCACCAAGTTGATGTAATTCGTAAAGTTGCAAAGAAAGTATTTGCTGAGAAGGG
TCATACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGCTCATTGCAGAT
35 GAGGTAAATGTAACAAGACACAAAATGTGTTTTAGGCACTTGAAACCATGTTGCTATTTGCTAA
GTAGGAACCTTTTTCTITTTGACAGATTGCGAAAGAGGCGGAGTTTTTCTCGTTCGGGACAAACG
ACTTGACGCAGATGACGTTTGGATACAGTAGAGACGATGTCGGCAAGTTTCTACCGATTTACCT
CGCCAAAGGAATCTTACAGCACGACCCTTTTGAGGTATAATGACTACCATTTCGTTTGCTCTCT
ATCCATAGGATAAAATCTTGATAGCCATTTTTTTGTGTTTGGACCAGGTTCTTGATCAGCAAGG
40 TGTAGGGCAATTGATCAAGATGGCGACAGAAAAAGGACGAGCAGCTAGGCCTAGCCTCAAGGTT
GGGATATGTGGAGAACATGGAGGAGATCCATCTTCTGTGGGATTCTTTGCTGAAGCAGGACTTG
ACTATGTICTCTITGTTCTCCTTTCAGGTAATTGATTAATTTCCAAACCAATAAACACTTTTTTTA
CAACACTATTGTATAACTCAGATTGATGTAATTTTGGGATTTCTGTTGTTGTTGTTGTTGTTGT
TGTTGTTGCAGGGTTCCAATTGCAAGGCTTGCAGCTGCTCAAGTAGTTGTTGCATGA

45

SEQ ID No:20

The cDNA sequence encoding the cytosolic form of the Arabidopsis pyruvate
orthophosphate dikinase (PPDK) is provided herein as SEQ ID No:21, as

50 follows:



AGCATCGGTAGT GGCAGATAGCAAGT GT GTGAGT GAGATCAGATATGGT TGACACATCTATGAC
GAGTCATCGCAACGAAACTTCTTTAATTTTGGTCAATTATATTACAATTTAGCATTTCGAGGT T
GGAATTTTK0A0 (6ADEERET TGATAAGATAATAATGTAT TTTTGATGACGT AT CCAC CATR28{01050321
ATAAATGATTTATATTAAATATGAAAT TTCGACTGTATACAAGT TTTTATATTATAAAATTATT
CGATGTACATATGATCATAATAACTTTACTATATATATAGATACGTATATGTGITCTTAAACTT
GCACAAACATTTCTGCAATCTAAACCT CAATCAAAA CAAACAAAAAACCAT GATGCAGCG
AGTATTCACCTTTGGAAAAGGAAGAAGCGAAGGCAACAAGGGCATGAAGT CCTTGGTATGI TAC
CAATACCATCATCATGATCATATCAATTCATTAATAATTTAGT GITTGCT ATTTTCAAGAACCA
TTTAT AAAAA AA 3 ‘% A AAe‘ ATGAAAGG ee.e A

GCCTAGCA A ~ CAXLE nwwnwtﬂaa A wwuza ‘sAAG
TATCAGA ::.‘7'.,:5@5-; O fgj:;"a%i?(:i Neste ; ﬁggﬂ i ;
TCATC ﬂvgg ?é’ ‘Qt' Ci ‘_' ..‘gfi.ié .95?
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TCTAATGTIAAATLICTG & v TTA C
ACGCAGATITTGACTTGTTAGATLTC -‘“"' f Mﬁr&-& GG TAL T

TTTCCCAT §§%§%§§EEEB§%@@%6 X¥éééﬁi9¥€@§@$¥E¥¥%¥¥¥¥QQ%% TTTGTa
GOCT AT TGAMGACCTAATGAT T L TGGTAT I CAAMACT AT €£6¥3X¥¥¥¥¥§53¥¥Q%WEKEE@%@AG
TTATCTATI AT AMAAGACTACAL EEAGE T 6T 64 1 1 M &I HEGABRGTAGA LG o
CAAT CCCTEX T AT K ANAG T EAGE EACGEE 1 65 A SANIINKANGHGHEGE ReEEE c o
COOCGCAAAAAGEAGAGGT | FaaF TACRAL T oGT T GGG A TATGE L FGSTa
GATGT TCTANGT &7 SRR LER ETGAABAGT ALT & CAGH ARG TEX AT CAANAAAE TG E L c 7
GACCTACGIJATAATCHGIGER G T KA FGAAEAAAASET AT XAATTHGACAGERGARGT | Eor T
AAGAGAAGTJ AGHAGARTGAAGAGAGEAAACCAGT T AAAAA CACAGT GACT AR ERGEEEEE T
TGATCT CAACKAAN AR AR AAGTAGPAGAA AT 6 T 1 A d ACHHECAAACEGAAGARR ER T
CCTTCAGH TA&AIARCHAFIGC FAGE RCAGGE CAAST AT AAAATAAGETIARFGREACABAT TG
GI'TTAAACEE L AT IAATCHEGACA ERCARBCAAREAA A AKX A XAICIHARGGEERTAE ERGT T
AT TCIT G LA ANAGEEAACAACTACACAALT Ad T AACEAGATANGHEA EEGAAAGE A
AACCCCCE AAACATERCAGEGRATFCRGE € 1 CbAACAT (XX AT ACIAGEERAER E TG
CTCTTCAGTACEAACELIAGEACAGEACACAACASCAT d d AT XX UAGITRCTAGT TAATECECC G
GAGGAAGCCGAAGCTTGGCATTCTCAGGGTARAACTGTGATTCTGGTTCGAACTGAGACA
AGCCCTGACGATGTGGGAGGTATGCACGCAGCGGAAGGTATATTGACGGCTAGAGGAGGA
25 ATGACGTCACACGCGGCTGTTGTTGCTCGCGGTTGGGGAAAATGTTGCATTGCTGGTTGT
TCCGAGATTCGTGTCGACGAGAACCACAAGGTTCTATTGATTGGAGATTTGACGATTAAT
GAAGGCGAATGGATCTCAATGAACGGATCAACCGGTGAGGTTATATTAGGGARACAAGCA
TTGGCTCCTCCGGCTTTAAGTCCAGATTTGGAGACTTTCATGTCCTGGGCTGATGCAATC
AGACGTCTCAAGGTTATGGCGAATGCGGATACACCTGAAGACGCCATTGCAGCTAGGARA
30  AACGGAGCTCAAGGAATCGGGCTTTGTAGGACAGAGCATATGATTGTTTGTATCCARATG
TTTAATGTTGTCTTTGGTTTGGTTTTTAAGT TCTTTGGAGCAGATAGGATTARAGCAGTG
AGARAGATGATAATGGCGGTAACAACAGAGCARAGGAAAGCTTCTCTCGACATCTTGCTT
CCTTACCARCGTTCGGATTTCGAAGGGATCTTCCGTGCTATGGATGGTTTACCGGTAACA
ATCCGTTTGTTAGACCCTCCGCTTCACGAGTTTCTCCCGGAAGGCGACTTGGACAACATT
35  GTACATGAGCTAGCTGAAGAAACTGGTGTGAAAGAAGATGAAGTCTTGTCACGGATAGAG
AAACTCTCTGAAGTGAATCCAATGCTTGGTTTCCGCGGTTGCAGGCTCGGAATATCGTAT
CCAGAGCTAACGGAGATGCAAGCGCGTGCAATTTTTGAAGCTGCAGCGTCARTGCAGGAC
CAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTCAGGAATTG
GGTCACCARGTTGATGTAATTCGTAAAGTTGCAAAGARAGTATTTGCTGAGAAGGGTCAT
40  ACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGCTCATTGCAGAT
GAGATTGCGAAAGAGGCGGAGTTTTTCTCGTTCGGGACAAACGACTTGACGCAGATGACG
TTTGGATACAGTAGAGACGATGTCGGCAAGTTTCTACCGATTTACCTCGCCARAGGAATC
TTACAGCACGACCCTTTTGAGGTTCTTGATCAGCAAGGTGTAGGGCAATTGATCAAGATG
GCGACAGARARAGGACGAGCAGCTAGGCCTAGCCTCARGGTTGGGATATGTGGAGAACAT
45  GGAGGAGATCCATCTTCTGTGGGATTCTTTGCTGAAGCAGGACTTGACTATGTCTCTTGT
TCTCCTTTCAGGGTTCCAATTGCAAGGCTTGCAGCTGCTCAAGTAGTTGTTGCATGA

SEQ ID No:21



AGGTTTGGCATCTATCACAATGTGTGAATCTCATATCAACAAGTAAGCCCATACTCATTAAATATTGGTTTTGGEG
ACAGGGAGAGGATGT GGT TGCAGGGATAAGAACACCAGAAGATTTGGATACAA
TGAAGAGATWBAT A TE24GGCT TACGCTGAACT TGT TGAGAACT GCAACAT CT T AGAATMOAS0321
TTACAAAGACATGATGGT TGATACACATAAACAATACTTCAATTAGTCCTCATCAACAATTCTT
TAGTAATTTAAACAAAAT CTCAAATGTGTAT TGCAGGATATTGAATTCACAGTACAAGAAGAGA
GATTGTGGATGCT GCAAT GCAGAGCGGGTAAGCGAA AAAGGCGCCGTGAAGATAGCAGT
TGATATGGTAGGT GAAGGGCTTGT TGAGAAATCTTCTGCTATCAAAAT GGT GGAGCCT CAACAT
CTTGATcﬂ@m@m@@wmmmmmmmf@m@fmmwﬁdmm@t@ate
ATAAACTTGATGIT TT TACT GATT

ACTAATGEH W % % G%ércé?& AAC
CGATGAATARSGET TGGAAATTTTGATTCAGAGGTCAATGAAGGTTTTTTTTTTTTTTTTTTAT
TGATGGATTAGT TTCATGATCCATCGGGGTATCGT GAAAAAGT GGTGGCCAAAGGCTTACCTGC
GTCACCAGGAGCGGCGGTTGGACAGGTTGTGTTCACGGCGGAGGAAGCCGAAGCTTGGCATTCT

CACATATATIS .ﬁ.,.,,._ AR sﬁ,‘} “i ’;%;,,A ‘3:.‘ - i :*.f.g_ ot
ooy ﬁ}‘ %ﬁsi —é{ “i.u 55 ’{333 5?—
CAT ARG A a ‘f SCABG *i"‘::aﬂ:’*‘f‘i- 268 §v &

TGGAGACT@'TT Au ee"g ‘_ '* 3‘*A0¢1u MGG G _
CTTTAACT, TQJJ&A@%EBEEM%EE M&M%“Jﬁ%%% AMCETTATGE -
CGAAT GOUATAGACG TANGACEUAT FOCACET ACCAMAAGHAGLTAAGGAATEOREET. .
TTGTAGCASAGNIATATE AN TEGERE G ST Abd 1 A ﬂA&AJﬁIGIth@B%REE/A%T C
TTGTITGTAT CCARMTCHEEAMECE Eeh &b & &SRt 1 & 6T T 1T ANGII G EEACRAGA EAGT T
GATTAAAGEAGT AN AT FAR TEEPEET AACARCAA AN GE LRG Ea EaeiGra
ATCTTCCTICEAT AN ERGA | L EGANSEAAT T d LT & AIAHA AT A ERT E e
TTGAGT CGIAd EAATARAA T A RGAGAAG T 1 AAMEAT XA AKX TNICATRRERG TAGG
TTTACCCH AN GGGER KGE FAGAGELECEEET & ARG dd & dAAEIIGAC Tec e
GACAACAT el AGRIAGCRACT ROARTABAL T il €0 EAMAGATAAAGRGEERRCACEA T T
TAGAGAAACGT CIF AAGHGAR EFCAATOEE A A T & EEEE XA XA GLRAGTGEGE T T
ACTAGGAACCCTAGCACAGGAGAGAAGAAGCTTTATGGCGAGTTTCTAGTTAATGCTCAG
GTTTGGCATCTATCACAATGTGTGAATCTCATATCAACAAGGATAAGAACACCAGAAGAT
TTGGATACAATGAAGAGATTTATGCCTGAGGCTTACGCTGAACTTGTTGAGAACTGCAAC
25  ATCTTAGAAAGACATTACAAAGACATGATGGATATTGAATTCACAGTACAAGAAGAGAGA
TTGTGGATGCTGCAATGCAGAGCGGGTAAGCGAACGGGTARAGGCGCCGTGAAGATAGCA
GTTGATATGGTAGGTGAAGGGCTTGTTGAGARATCTTCTGCTATCAAAATGGTGGAGCCT
CAACATCTTGATCAACTACTTCACCCACAGTTTCATGATCCATCGGGGTATCGTGARAAAA
GTGGTGGCCAAAGGCTTACCTGCGTCACCAGGAGCGGCGGTTGGACAGGTTGTGTTCACG
30  GCGGAGGAAGCCGAAGCTTGGCATTCTCAGGGTARAACTGTGATTCTGGTTCGAACTGAG
ACAAGCCCTGACGATGTGGGAGGTATGCACGCAGCGGAAGGTATATTGACGGCTAGAGGA
GGAATGACGTCACACGCGGCTGTTGTTGCTCGCGGTTGGGGARAATGTTGCATTGCTGGT
TGTTCCGAGATTCGTGTCGACGAGAACCACAAGGTTCTATTGATTGGAGATTTGACGATT
AATGAAGGCGAATGGATCTCAATGAACGGATCAACCGGTGAGGTTATATTAGGGAAACAA
35  GCATTGGCTCCTCCGGCTTTAAGTCCAGATTTGGAGACTTTCATGTCCTGGGCTGATGCA
ATCAGACGTCTCAAGGTTATGGCGAATGCGGATACACCTGAAGACGCCATTGCAGCTAGG
AAAAACGGAGCTCAAGGAATCGGGCTTTGTAGGACAGAGCATATGATTGTTTGTATCCAA
ATGTTTAATGTTGTCTTTGGTTTGGTTTTTAAGTTCTTTGGAGCAGATAGGATTAAAGCA
GTGAGARAGATGATAATGGCGGTAACAACAGAGCAAAGGAAAGCTTCTCTCGACATCTTG
40 CTTCCTTACCAACGTTCGGATTTCGAAGGGATCTTCCGTGCTATGGATGGTTTACCGGTA
ACAATCCGTTTGTTAGACCCTCCGCTTCACGAGTTTCTCCCGGARGGCGACTTGGACAAC
ATTGTACATGAGCTAGCTGAAGAAACTGGTGTGAAAGAAGATGAAGTCTTGTCACGGATA
GAGAAACTCTCTGAAGTGAATCCAATGCTTGGTTTCCGCGGTTGCAGGCTCGGAATATCG
TATCCAGAGCTAACGGAGATGCAAGCGCGTGCAATTTTTGAAGCTGCAGCGTCAATGCAG
45  GACCAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTCAGGAA
TTGGGTCACCAAGTTGATGTAATTCGTAAAGTTGCAAAGAAAGTATTTGCTGAGAAGGGT
CATACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGCTCATTGCA
GATGAGATTGCGAAAGAGGCGGAGTTTTTCTCGTTCGGGACARACGACTTGACGCAGATG
ACGTTTGGATACAGTAGAGACGATGTCGGCAAGTTTCTACCGATTTACCTCGCCAAAGGA
50 ATCTTACAGCACGACCCTTTTGAGGTTCTTGATCAGCAAGGTGTAGGGCAATTGATCAAG
ATGGCGACAGAARAAGGACGAGCAGCTAGGCCTAGCCTCAAGGTTGGGATATGTGGAGAA




TGITTCTCTCTGICTCTTTGCACCT GAAGAACAAT CTGATGATCGGTAAACTTGTACGT TATAG
GCTCGGAATATCGTATCCAGAGCT AACGGAGAT GCAAGCGCGT GCAATTTTTGAAGCT GCAGCG
TCAAT CCAGEOGEAASsRET TACT GTCATTCCTGAGATTATGGT TCCACT TGT AGBAAGH20101950321
AGGAAT TGGGT CACCAAGT TGATGTAATTCGTAAAGT TGCAAAGAAAGT AT TTGCT GAGAAGEG
TCATACCGT GAGCTACAAGGT TGGGACAATGATTGAGAT CCCTCGAGCCGCGCTCATTGCAGAT
GAGGTAAATGTAACAAGACACAAAATGTIGITTTA CTTGAAACCATGTTGCTATTTGCTAA
GITAGGAACCTTTTTCT TTTGACAGATTGCGAAAGAGECAGAGT TTTTCT CGT TCGEGACAAACG
ACT TGACCLAGATFGACGFT FGBATACAGFAGARGATTAT GT'ECLEANE TACCEATTTACETCT
CGCCAAACERT T ACAGEACCACCETTT T CASET AT AR NI K FTEGIT TGETETET GA

ATCCATAGGATAAAATCTTGATAGCCATTTTTTTGIGI TTGGACCAGGT TCTTGATCAGCAAGG
TGTAGGGCAAT TGATCAAGAT GCCGACAGAAAAAGGACGAGCAGCTAGGCCTA % 29
GCGATATGT GGAGAACAT GGAGGAGATCCATCT TCTGTGGGATTCTTTGCT GAA TG”

ACTATGTCTCTTGTTCTCCTTTCAGGTAATTGAT TAATTTCCAAACCAATAAACACTTTTTTTA
CAACACTATTGTATAACTCAGATTGATGTAATTTTGGGATTTCTGTTGTTGTTGTTGTTGTTGT
THTHT@@@@Q@MET@@%@WM@WW@A@T@@@@AM@DE No: 20 The

cDNA sequence encoding. the cytosoljc formo abi dopsi.s

o t hophabaET o H B RECE® (RBONg RO Eaur o herarAl g Sea 1oy Rb 1D as
fol | ows: REGAT &ET@Q@@TWC&%%&MM EGAAG
TCCTTGTTGGGAC GGAGCCAACCT GGCGGAGAT GGCTAGCATAGGCTTGTCGGT
CCGCCGGEBETAMRCCAT AT CGACGGAGGCT TGT CAGCAGT AT CAGATCGCCGGCAAAAAG
CTTCCAGAAGGT TTATGGGAAGAGATCTTAGAAGGTCTTAGCTTCATCGAACGTGACATT
GGAGCTTCCCTCGCTGATCCCTCCAAGCCACTCCTCCTCTCTGT TCCGCT

ATCT CAATW ed Gf AT d %k'%'d%m%rowded
GTTGGTCT GAGCGTTTTGCTTACGATTCGIT TTTCTT
GATAT GT TG PGATS T PG T AT CEHAA T PECASACGCCAAGT TTGAAGAGAAGT TAGAG
AGAAT GAAGGAGAGGAAAGGAGT TAAAAAT GACACT GACT TAAGCGCGGCTGATCTCAAG
GAATTGGTTGAGCAGTACAAGAGT GTTTACT TAGAGGCCAAGGGTCAAGAGTTTCCTTCA
GAT THEEARCTAGRRAT T CAAGEEGTATT COATTOTIGRGATAGROOEO T AGKK
15 LPEGLWEEILEGLSFIERDIGASLADPSKPLLLSVRSGAAISMPGMMDTVLNLGLNDQVV
VGLAAKSGERFAYDSFRRFLDMEFGDVVMGIPHAKFEEKLERMKERKGVKNDTDLSAADLK
ELVEQYKSVYLEAKGQEFPSDPKKQLELAIEAVFDSWDSPRANKYRSINQITGLKGTAVN
IQCMVEGNMGDTSGTGVLFTRNPSTGEKKLYGEFLVNAQVWHLSQCVNLISTRIRTPEDL
DTMKRFMPEAYAELVENCNILERHYKDMMDIEFTVQEERLWMLOQCRAGKRTGKGAVKIAV
20 DMVGEGLVEKSSATKMVEPQHLDQLLHPQFHDPSGYREKVVAKGLPASPGAAVGQVVETA
FEEAFEAWHSQGKTVILVRTETSPDDVGGMHAAEGILTARGGMT SHAAVVARGWGKCCIAGC
SEIRVDENHKVLLIGDLTINEGEWISMNGSTGEVILGKQALAPPALSPDLETEFMSWADAT
RRLKVMANADTPEDATAARKNGAQGIGLCRTEHMIVCIQOMENVVEFGLVEFKEFFGADRIKAYV
REKMIMAVTTEQRKASLDILLPYQRSDFEGIFRAMDGLPVTIRLLDPPLHEFLPEGDLDNI
25 VHELAEETGVKEDEVLSRIEKLSEVNPMLGFRGCRLGISYPELTEMOQARATFEAAASMQOD
QGVTVIPEIMVPLVGTPQELGHQVDVIRKVAKKVFAEKGHTVSYKVGTMIEIPRAATLIAD
EIAKEAEFFSFGTNDLTOMTEFGYSRDDVGKFLPIYLAKGILOQHDPFEVLDOQQOGVGQLIKM
ATEKGRAARPSLKVGICGEHGGDPSSVGFFAEAGLDYVSCSPFRVPIARLAAAQVVVA

30 SEQ ID No:23

The polypeptide sequence of the chloroplastic form of Arabidopsis PPDK is
provided herein as SEQ 1D No:24, as follows:

35 MTSMIVKTTPELFKGNGVFRTDHLGENRMVSRSNRLGDGSNREFPRTGTIHCQRLSIAKTG
LHRETKARAILSPVSDPAASIAQKRVETFGKGRSEGNKGMKSLLGGKGANLAEMASIGLS
VPPGLTISTEACQQYQIAGKKLPEGLWEEILEGLSFIERDIGASLADPSKPLLLSVRSGA
AISMPGMMDTVLNLGLNDQVVVGLAAKSGERFAYDSFRRFLDMEGDVVMGIPHAKFEEKL
ERMKERKGVKNDTDLSAADLKELVEQYKSVYLEAKGQEFPSDPKKQLELATEAVEDSWDS

40 PRANKYRSINQITGLKGTAVNIQCMVEGNMGDTSGTGVLETRNPSTGEKKLYGEFLVNAQ
VWHLSQCVNLISTRIRTPEDLDTMKRFMPEAYAELVENCNILERHYKDMMDIEFTVQEER
LWMLQCRAGKRTGKGAVKIAVDMVGEGLVEKSSAIKMVEPQHLDQLLHPQFHDPSGYREK



AGAGCGAACAAGTACAGAAGTATTAACCAGATAACT GGATTGAAAGGAACCGCGGT TAAC
ATTCAGTGTATGGTGT TTCGGAAACAT GGEEGACACT TCAGCGACTGGTGT TCTCTTCACT
AGGAACCCTWOCMOASE#AGAGAAGAAGCT TTATGECGAGT TTCTAGT TAATGCT CAGEGB2010/050321
TGGCATCTATCACAATGI GTGAATCTCATATCAACAAGGATAAGAACACCAGAAGATTTG
GATACAATGAAGAGATTTATGCCTGAGGCT TACGCT GRACT TGT TGAGAACTGCAACATC
TTAGAAAGACAT TACAAAGACAT GATGGATATTGAAT TCACAGT ACAAGAAGAGAGATTG
TGGATGCTGCAAT GCAGAGCGEGT AAGCGAACGEGT AAAGGECGECCGT GAAGATAGCAGT T

GATAT GGTAGHT GARGCBEEF VG RVGACAARFET T EF O AT CAMRRT G TOEAGEEFEAR L LTARG
CAT CT T AT A PAC FROAGECACAGT T CAT AT CEAT O ST AT T CANNRAGEEY 1 LGKO

GGCCAANBECTTACCTGEGTCA

MIVCIQ

AGCCCT GAE T SEAGH T ATEEAE G AGESEA A T AR A TN EAGREEABEA CRLGIS
ATGACGT CACACEHS AT GF TGP G pORCTET T EEBE S A A T B AR Y EEETFER VFAEKG
TCCGAGATT BT G ECACGACRACCACRAES T F EF AT TEAT T KA T GACEN PRAAT L YLAKG
GAAGGCGART N T CAR RGN R EA T A RS T R S T T AT AT I S SRR EAABEACLDY VS
TTGGCT CC R PP RAAGT CCABAT TTGGAGACT TTCATGT CCTGGGCTGATGCAATC
AGACHET CTCAAGGT TATGGCGAAT GCGGATACACCT GAAGACGCCATTGCAGCTAGRARALD No:24
AACGGAGCT CAAGGAAT CGGGCT TTGTAGGACAGAGCATATGATTGT TTGTATCCAAATG
ITTTAATGITGICTTTGGTTTGGT TTTTAAGT TCTTTGGAGCAGATAGGATTAAAGCAGT G
AGAAAGATEATAATGGCERT AAGAACAGAGHAAA BEIARGETTGT GTRGAGAFSIT G T ino acid
CCTTACCAACGTTCGGATTTCGAAGGGAT CTTCCGT GCTAT GGATGGT TTACCGGTAACA
ATCCGT T TG TAGACEEreoaeihT eacanat i CHEOAEENAGan SFREHACAR AT T 2

AAACTCT LT AT CEART G G TR T R CEAR AT AT

CCAGAGCTAACHEAGATSCAARRHRAGTGCAN TR THEAAGGEEGCAGRGTIOAAT GEAGEAPPDK, it
CAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTCAGGAATTG
CETANAGT TOSARACARAGT, A’#’ﬁ%@r@@@mw in one

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

25 liposome or a virus particle. Alternatively, a purified nucleic acid molecule (e.g. histone-
tree 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

30  invention 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.

Hence, in a third aspect, there is provided a recombinant vector comprising the

35 genetic construct according to the first or second aspect.



TTTGGATACAGTAGAGACGATGTCGECAAGT TTCTACCGATTTACCTCGCCAAAGGAATC
TTACAGCACGACCCTTTTGAGGT TCTTGATCAGCAAGGT GTAGGGCAATTGATCAAGATG
GCGACAGAARAARBASTAGCAGCT AGGCCT AGCCT CAAGGT TGCGATAT GT GLAGRATASB2010/050321
GGAGGAGATCCATCTTCTGTGGGATTCTTTGCTGAAGCAGGACT TGACTATGTCTCTTGT
TCTCCTTTCAGGSGT TCCAATTGCAAGCCT TGCAGCTGGTCAAGTAGT TGTTGCATGA SEQ |'D No: 21The
cDNA sequence encoding the chloroplastic formof the rabidopsis pyruvate
ort hophosphat e di ki nase (PPDK) is provided herein as SEQ I D No: 22, as
foll ows: ATGACAAGTATGATCGT GAAGACAACGCCGGAGCTCTTCAAAGGAAATGGAGT GTTCCGT

ACGGAT CTCGGA CCGAAT TA ATCAAA A%%TGGA CA
AACCGTTT K BA

TTGCAT g%@g;c@m@ GTGNCEGA] FGG of the
ATAGCCCAAAAGCGA! CACCT TTGGAAAA GAAGCGAA! CAAGGGCATG

AAGT CCT TIGTaGaBAGEEMAAGHAGERANC RNGRATECTTACCA TAGGEIFETeician will
GT GCCECCEEEECT AACCATATCGACGGA TGT CAGCAGTATCAGAT

AAGCTTCCRBAAES PRATSEARINEAT %WY types
ATTGGAGQTH&@QT&@%%T@Q%E@% @ﬁh*re@a@m inary
GCCATCTCAATGCCTGGTATGAT ACTTAACCTTGGCTTGAACGA GIC

GICaGr TW@WNA@@W&@@MI@@T POCTTVESTT COBERCETHT Wirefaciens.

g 'é?ézQT TTGGTGATGL GATGC—BAA&TW T!@A%%ever .

CCAAT Tt Ha EABACALGHEE BN T YD b AR GEKAE GINPECS (7. A.
TCAGAT GAAGCAATTGGAGCTAGCGATTGAAGCGGTATTCGATTT. SGATACC

AACATTGA@@ TGGTGTTTGGAAACATGGGGGACACTTCAGGGACTGGTGTTCTCTTC
ACTAGGAA B A GAGAGAAGAAGCT TTATGGCGAGT TTCTAGT TAATGCTCAG
GITTGGCATCTATCACAATGTGTGAATCTCATATCAACAAGGATAAGAACACCAGAAGAT
TTGGATACAATGAAGAGAT TTATGCCT GAGGCT TACGCTGAACT TGTTGAGAACT GCAAC
AT CTTAGARAGATNTINA CAAAGATATIGATBEA TATTGAATTheADAGTAGAAGMEAGA@Adition 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

20  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.c. to enable selection of cells that
have been transfected ot transformed, and to enable the selection of cells

25 harbouring 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. Hence, 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).



TTGIGGATGCT GCAAT GCAGAGCGEGT AAGCGAACGEGT AAAGGECGCCGT GAAGATAGCA
GITGATATGGTAGGT GAAGCECTTGT TGAGAAATCTTCTGCTATCAAAAT GGTGGAGCCT
CAACATCT MO RCAASTART TCACCCACAGT TTCATGATCCAT CGEGGT AT CGT GRéAAEB2010/050321
GTI'GGT GGCCAAAGGCT TACCT GCGT CACCAGGAGCGEECGGT TGGACAGGT TGTGTTCACG
GCGGAGGAAGCCGAAGCT TGECAT TCTCAGGGTAAAALCTGTGATTCTGGT TCGAACTGAG
ACAAGCCCT GACGAT GTGEGAGGT AT GCACGCA GGTATATTGACGGCTAGAGGA
GGAATGACGT CACACGCGECTGT TGT TGCT CACAEGT TGEGGAAAATGT TGCATTGCTGGET

TGT TCCGAGMIT OIET G CEAUHAGMARCAGARCETIICTATTEAT TICGAGKTITCAGGATTch as

AATGAA TGGATCTCAATGAA CAACCGGTGAGGTTATAT CAA
GCATT ﬁﬁ%@ﬁ@%‘%ﬁ’%ﬁ&&%ﬁ%%é@f EEpnycin

ATCAGA / T ARG GHERAT AGRCCT (GAAGARELCAT S AFeince t
AAAAAC%%T%&%AATCGGGCTTTGTA CAGAGCATATGATTGITTGTATCCAA - 0

ATGTTTAATIGRPGROT T GBTARFIGTITTITAAET TeTair BeAGCAGATAGEAT TAXAGRA tively;
GTGA TGAT GA GCTTCTCTCGACATCTTG
CTTCW%?%‘?%% PP FACEEGTA
ACAAT CCGIiLdGhR @@@QST%@%@B, 5d QIW{ E%%GA@@ FP).
ATTGTACATGAGCTAGCT GAAGAAACT GGT GTGAAAGAAGATGAAGT CTTGTCACGGATA

GAGAAACT OTCTGANGTERAA TCCAAT GOTIT GBI F CEGOGEI BRAGECT OBEAATATCEOt be a
TATCCAGAGCTAACGGAGAT GCCECaGT T TTT.TGAAGCT GCAGCGT I )
mmedﬁé?ﬁ&f@f&f&ﬁ?&%&m%@% %f’r‘%ﬁ%éﬂﬂ&f’é%@a@% may ot
TTGGGTCAGCAAGT HGAT GTANTHOGT TREAMAGAMAGTATT S ECTIAGAAGEET
CATACCGTGAGCTACAAGGT TGGGACAATGATTGAGATCCCTCGAGCCGECCECTCATTGCA

GAT GAGA TR ERGANACEEBRAGTTIMT CTOGT T COREAOAAACGACKTIHACGCAGHIE: second
ACGTTTGGATACAGT AGAGACGATGT GITTCTA JTTTA GGA d th
ATCTTACACCASIASCET Ty BRCES @&‘Pé)&&fﬁ)&‘%%r%\ FPCRF LK@ the

ATGGCGA NEOCREANGGTT GECARAT G GEAGAAGATGRAGGAGATCCA
TCTTCTGITGGGATTCTTTGCTGAAGCA CTTGACT ATGT CTCT

TGTTCTCCERMAGEETICIAATITERAAGEEY TETAGTTEERGEACTAGTIGPTGOATGA: SEQ.1 D No: 22
Accordi ngly, the codi ng sequence, which encodes a pol ypeptide havi ng PPDK

75 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

20 then be ligated into a suitable vector for cloning purposes, for example the pCR4 Blunt-
TOPO vector (Invitrogen). Vectors harbouring the PCR products may be grown up in
a suitable host, such as E. /. E. coli 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.

25
E. ¢oli colonies carrying TOPO-cDNA (PCK or PPDK) or TOPO-gDNA (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

30  promoter, for example 2 SAG promoter, such as a pBNP plasmid. The resultant
PPDK constructs were named BNP-PPDKcDNA and BNP-PPDKgDNA, and the
resultant PCK constructs were named pALBNP1 (cDNA) and pALBNP2 (gDNA).



activity, may conprise a nucleic acid sequence substantially as set out in
SEQ ID No:20, SEQID No.2 1 or SEQ ID No. 22, or a functional variant or
fragnment wbenaafze23he pol ypepti de sequence of the cyt oselirGE010m050821

rabi dopsis PPDK is provided herein as SEQ I D No: 23, as foll ows:
MVQRVFTFGKGRSEGNKGVKSL L GGKGANLAENASI G, SVPPALTI STEACQQYQ AGKK

LPEG_VEEI LEGLSFI ERDI GASLADPSKPLLLSVR: | SMPGVIVDTVLNL GLNDQWV

VAL AAKSCERFAYDSFRRFL DMFGDVWMSE PHAKFEEKL ERMKERKGVKNDTDL SAADLK
ELVEQYKSVYLEAKGQEFPSDPKKQLELAI EAVFDSWDSPRANKYRSI NQ TGLKGTAVN

| QCMVF TSGTGVLFTRNPSTGEKKLYGEEFLV LS NLI, STRI RTPEDL
OVKRENPERD A AERER T BRI B P DL B D CCHAGH S R UATRGS set out
DWGEG VR KMWEPQHL DQL L HPQFHDPSGYREKVVAKGL PASPGAAVGVWFTA EEAEAVHSQGKT VI

LVRTETSPDD EG LTARGGMI SHAAVWARGWEKCCI AGC
SEI RVDENHKVLLI GDLTI NEGEW SMNGSTGEVI LGKQALAPPAL SPDLETFMSWADAI  RRLKVMANADT

PEDA N GLCRTEHM . VCl FGLVFKFFGADRI . KAV .
RO VT EGERASE BT YGRS EC) FRAVD BV R LEPLPEFL PEGRLE:reton of
VHEL AEETIRYKEREM Rk SEVINM G REGRLEN? YE L H EMIRRAIREAA nding
QGVTVI PEI WPLVGTPQEL GHQVDVI RKVAKKVFAEKGHTVSYKVGTM El PRAALI A

El AKEAEFESRETNDLTOVT PEHSRDDVGEKPL PIY LK G ldonDRREAL DOOGVEDL h #dv INEFEKGRAARP

SLKVG CGEHGGDPS . SVGFFAE (?szc SPFRVYP | AR AAAMA .SES | g No: 23 The
pol ypept 120 SEHUERLE Bf HEOL AP BIPSSI Wst I RN AN o 12D HBFdBISF SSPPDK i s

provi ded,hef & ferasySEQ-dab dNRv2R o fasC KOlndoWe PPDK in plant leaves after the
MI'SM VKT TPEL FKGNGVFRT DHL GENRMVSRSNRL GDGSNRFPRTGTI H SI AKTG

L HRETKARAI iSSP AAS) ACKRVIET F GKGRSEGNKGVKSL L GGKGANLAEMASI GLS VPPGLT
| STEACQQYQ | AGKKLPEG_VEEE | LEG_SFI ERDI GASLADPSKPLLLSVRSGA
Al SMPGVVDTVLNL GLNDQVWWGELAAKSGERFAYDSFRRFLDMFGCDVWMAE PHAKFEEKL

ERWERKW@T@'—%& %M@%%&%@%Mﬁ%kﬁé%&%%ﬁon of
PRANKYRSI NQ TALKGTAVNI GNMGDTSGT GVLFTRNPST GEKKL YGEFLVNAQ
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 2 method of increasing the growth rate of a
20  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.

25 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
tirst 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.

30



VWHLSQCVNL | STRI RTPEDLDTMKRFMPEAYAELVENCNI LERHYKDWMVDI EFTVQEER

LVWL QCRAGKRT GKGAVKI AVDMWGEGLVEKSSAI KMWEPQHL DQL L HPQFHDPSGYREKVVAKGL PASPGAAVG
QVVFTAEEAEAWHNISHGRY! LVRTETS PDDVGGVHAAEG LTARG GV SHAAYNARGWE£0X21] AGCSE
| RVDENHKVLL | GDLT | NEGEW SMNGST GEVI LGKQ ALAP PALS PDLET FMSWADAI
RRLKVMANADT PEDAI AARKNGAQE GLCRTEHM, VCI Q

MFNVWWFGLVFKFFGADRI KAVRKM MAVTTEQRKASLDI LLPYQRSDFEG FRAVDGLPV Tl RLLDPPLHE
FLPEGDLDNI VHELAEET GVKE DEVLSRI EKLSEVNPMLGFRGCRLA S

YPEL TEMJARA FEAMASNRIDOGY TR PEI WLV GTRORICBHINDVE RIQVEKIKE ABKG ruct

HTVSYKVGTM EI.PRAAL] ADEI AKEAEFFSFGTNDL TOMTEFGYSRDDVGKFLPI YLAKG, I L DPFEVL
DOV RIRTEROTANRBS RVE T EHEHREDRE 'SV EEFRENEE B VE TCSPRRTRR ARAQVA
SEQ I D h{(pl'eaﬂira%gggi ngly, the polypeptide having PPDK activity may conprise
an am no acid sequence substantially as set out in SEQ ID No:23 or SEQ ID
No. 24, or a functional variant or fragnment thereof. Since highest PPDK

abundan was,, observed al t ,exclusively.in cell lines harbouring genom c
DNA encobl o PREK, "% P 4Bpsars tALE MTitTand hay heE A B8 T ve ef fect on
PPDK expé:8384s8l): b BURMnd /dr @PO RTROLFRRLY i A& peRASHY MGLcRY2cCONPri se the
cDNA of the genes encoding either PPDK and/or PCE. Genetic constructs of

t he i nvemtiongmasropen remobidsftogrminofengpceax pragssitbn cclhosehe esvenhli ch may be

suitable for expression of the at |east one,caodi ng sequence in a host cell.
The genetPECBALEPTRESOLREIS TRV ON ey B T4t Poified PR t0°hoRost cel |

W thout bt el REcthACON BRI @R shBc@sYarctak boBPPAKNSA@NGEPPDRE GENREI C
construct, which may be a nucleic acid nolecule, may be incorporated within

a | i posomprovsead virus particle. Alternatively, a purified nucleic acid
nol ecul e (e.g. histonefree DNA, or naked DNA) nmay be inserted directly into
a host cell by suitable neans, e.g. direct endocytotic uptake. The genetic

const r uctoMB¥hnkise | thenRAvead ndiynRcthys bt @ we@ dhe Mk ambeaimsubirast (e.g. a
pl ant) by transfection, infection, mcroinjection, cell fusion, protoplast

f usi on ogensakcostirecthamntbarftnempeciicethalCliletgnstyenetily. Admstruets of t he
Fnvent i of MR, B&1 LI IQAYEAT Fhl ERh Yk 8o OB af8lA: SiShRg A parti ¢l e gun.
15 construct 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 the 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 ate
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.

25 The cell may be transtormed 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-plasmid
vector carried by Agrobacterium by procedures known in the art, for example as
described in EP-A-0116718 and EP-A-0270822. A further method may be to

30  transform 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.



Al ternatively, the genetic construct may be harboured within a reconbi nant
vector, for expression in a suitable host cell. Hence, in a third aspect,
there i s woQuid®ds2a r econbi nant vector conprising the geggtdB0ma3eianuct
according to the first or second aspect. The reconbi nant vector may be a
plasm d, cosmd or phage. Such reconbj;nant vectors are highly useful for
transform ng host cells with the genetic construct of the invention, and
for replicating the expression cassette therein. The skilled technician

wi || appreciate that genetic constructs of the invention may be conbi ned

with ma Hﬁgegtof bacﬁgone vectgrdfor exgreszion purgoseﬁ% The .backbone

vector niyABEERIBRIEY WEetoPTOTEr &l HHBPEN S UieCR ATE FSpfTEREe i n bot h
E . col tcandugr sasliRhi Mht Unef RCIRDAd kPkcteXaR! @ct@ fUbtaRk eo viect or may
be a pBIN plasm d, such as pBIN19. However, a preferred backbone vector is

BNPI  380d0QI0&pectwhi ch is based on pBINPLUS (F. A. van Engelen et al.
Tragggenic Research (1995) 4, 288-290), and which harbours the SAA 2
pronot er. Reconbi nant vectors may include a variety of other functiona

el ement sThd (@ Eidni OPlah P 26N ARLOThE leidlBh Gsp@t SENEHC R & ha BTG @k efd
pronoter), and%%he gf Igast one codfﬁ%ﬁseaﬁence (encodi ng PCK and/ or PPDK)

For i nstiangl, stdleay Bownti spant The plort maybb&rdesi grbed (Glscbd tdrad. it
aut ononmously replicates in the cytosol of the host cell. In this case,
el ements which induce or regulate DNA replication may be required in the

reconbi naRtkhMeShalplePbt 8hARIh¥Eb Mn st RBFBEORDHINRALLMELIREL RV Rehdesi gned
such that it integrates into the genone of a host cell. In this case, DNA

sequéncelanvibyi Rorl¢avadr a3 drgevesbn.nlbgpdantomay lec dr/7iy” hioprdhbgeus
reconbing%ionégﬁre envi saged. The reconbi nant vect or nag conpri se DNA

|
Codi ng 1 BF GBS EAT TR BECHERY RS PAAERISCEHHT & MEFRSF RO Bl oni ng

process,ﬁkﬁqmnggcgnﬁgﬁﬁj§§ég@kh@@u@ﬁaggkgg,that have been transfected or
transforned, and to enabl e the selection of cells harbouring vectors

i ncorporating heterol ogous DNA. The vector may al so conprise DNA invol ved
with regul ati ng expression,of the coding sequence, or for targeting the
expr essod BBy PR H0t B HERe e B4 bt BTAE HE HELY (BN L REEct he
chl oy 0opl@gtudeHBASBIank B MBELIQT0 QS 1ad Qv Hibh 41 ASNT6E OBNpRIIRIdSEcal, | east
one additional elenment selected froma group consisting of: a selectable
mar ker geggelant, mandrake, deadly nightshade (belladonna), capsicum (paprika, chilli

peppet), potato and tobacco. One example of a suitable genus of Solanaceae is

Nicotiana. A suitable species of Nicotiana may be referred to as tobacco plant, or

simply tobacco. Various methods for transforming plants with the genetic

20  construct 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 ftollows. Nicotiana tabacum is
transformed using the method of leaft disk co-cultivation essentially as described
25 by Horsch ez 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% Domestos™ 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
Agrobacterinm suspension, containing the appropriate binary vectors (according to
30  the 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 + 2uM BAP + 0.2uM NAA plates, which may then be incubated for 2



(e.g. an antibiotic resistance gene); a polypeptide term nation signal; and
a protein targeting sequence (e.g. a chloroplast transit peptide).Exanpl es
of suit ablve 20mwdees23genes i nclude antibiotic resistance gemgs281030223 t hose
conferring resistance to Kananycin, Ceneticin ((418) and Hygronycin
(npt-11, hyg-B); herbicide resistance,genes, such as those conferring

resi stance to phosphinothricin and sul phonam de based herbici des {bar and
sul respectively; EP-A-242246, EP-A- 0249637); and screenabl e markers such
as bet aglaysun oné gasech(1@B21.97668may|hecirdrstased andlageseenl.$ Hudtescente protein

(GFP). T gene e controlled. secqn ro (whi ch may
not be ab?éﬁ?@g[?\ée@gw‘ggesdlpﬁ?%ﬂ%qtgg)“?%mﬁ?la?qiigj\ﬂgn éﬁﬁﬁéﬁ/w in cells,
whi ch ey, Q@Y THRLdiBE hiy bherserdred heloeRysiablh QWM IThHRE ns&ligst | on of
cells or tissue containing the marker at an age of devel opnent of the

S
pl ant. Sutdrabiveclseddradt piuothst ewe vegakst the 1p¢f)c§cﬁdtsema§z)be nopafdrnal eyt hase gene

of grobacterium and t pronot er deriv fromthe gene whj encqdes the

35S caulf T%\ﬁé’f‘lt%lélgiltrzsevi%ﬂssu(:@? Ibét@ﬁ?é%]?fﬁ?pn%gﬁf r‘f’ltf&%@o& r suitable
second pAIRLLLNIBYO0 BEy US8HamTHe. YAk 104 ahad) PB RS s QF rgenabiegonst ruct s
of the invention may be prepared using the cloning procedure illustrated in

Fi gure lmedhint hverpywoeveiymas isbedtsapptal, ltheysmaTihe egevodiasd arvdstDNA ver si ons
of the genes e ijjg PCK and PPDK may b |ified fromthe genaom c or
cDNA ter?ﬁ%f%%%@qlécﬁsﬁgﬁoﬁ@ S%WLE%PEC Witﬁé@?mﬁ/éﬁ%ﬁ%%cmﬁ&e ﬁggoﬁé_nexam' ned
usi ng agarosey gelRlseGHEPRNPE 8SBS, subhssPOR sPrRdUcd StoBy  ttien be |igat ed
into a sui tabYe vector for cloning purposes, for exanple the pCR4 Bl unt-

TOPO Wy ecaprrotinmat iy rdogeeRs. AVWetachugthsa Bbbwet hythedaPERnpr bdtrenstenmgyl be gr own
up in a S §%l(3:%§ host, such as tE c&lt. ﬁ .~Col t cql otni es ma% ttgen be

scr eened hy> FOR USRS S0 TR i #BY €00l PRCerEd RO BT 2547 HE ERow ng ¢ he
correct ﬁl?u)@itpgﬂsgg}r&pg)yg{glgliglg%tre@g{&l@gn may be sequenced using suitable
priners. . coli colonies carrying TOPO cDNA (PCK or PPDK) or TOPO gDNA

(PCK or PPDK) may be cultured to produce a suitable anobunt of each plasm d,
whi ch thlen be urti fied. Thg&l asm ds may then b(i di g)est el?dl tfo rel ease a
DNA f r aghfehf TBRESAT Ty SBDR 1BV PR, * RINER™ PRI ERE R B CI0n8E ™ it '6"™E vect or
har bour i ihg tearSBEAiRNI A RICOOREELE o fIRr cigXanplec@ SAG pronpter, such as a pBNP
pl asm d. The resul tant

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:-

25 ) transforming a plant cell with the genetic construct according to the first

or second aspect, or the vector according to the third aspect; and

1) regenerating a plant from the transformed cell.

In an eleventh aspect, there is provided a method of producing a transgenic plant
30  having a higher growth rate than a corresponding wild-type plant cultured under
the same conditions, the method comprising the steps of:-

1) transforming a plant cell with the genetic construct according to the first



PPDK constructs were nanmed BNP- PPDKCDNA and BNP- PPDKgDNA, and the resultant
PCK constructs were nanmed pALBNPI (cDNA) and pALBNP2 (gDNA). Enbodi nents of

t he vect owoaocmamwdi2ag to the third aspect may be subst antcaldBorssé®i out in
Figures 3. In a fourth aspect, there is provided a nethod of increasing the
concentration of PCK and/ or PPDK in_%§Leaf of a test plant to above that of
the correspondi ng concentration of PCK and/or PPDK in a wld-type plant

cul tured under the sane conditions, the nethod conprising altering plant

met abol i smydcnnt hepeassor Plearectarmcaotiing ¢o ithefleabetpekcsvalds of PCK and/ or PPDK
in plant.|eaves after thg %g%tia ion of |eaf ipnescence. In a fifth aspect,

there i s'proVicE AT RBE I P FégthﬁT?qﬂfﬁ oncentration of nitrogen in

the | eaves of a test plant to below that of the correspondi ng concentration
of nitrogen in a wild-type plant cultured under the sanme conditions, the
met hod clorgperiablyngndlat e tage quls in thavetedisslsi asppiding he thektveptiamtdotrotachi eve

increased | evel s of andlor PP in plant | eaves after the inhitiation of
| ot bondypgiEate Pie hEUTRPRORseer M Haf BARS oy FoRd e nGa e

i ncreasi g h @ ods @\ rfs@ttﬁan@forﬁlihg%e EHs@BIan@, &@erﬁ@lyti&el&@és[ _Gﬁﬂlhond' ng
growh rate of a wild-type plant cultured under the sane conditions, the

met hod ciwensiingoadttweatiaighplfast omescahdlabpsenti or theevecewtofphharthirtio achi eve

i ncreased | ev of PCK and/or PPDK .in plant |eaves af the jnitiation of
oot oerBEEEcEe REERGHS o CASH i HIbAG RSP OBE PSR hCts GBE AN ARt ant

| eaves, andhpliantl i9e@vtdd Atigducial &iS8kePHm bRt AR EXARL &St ThCedTet hods of
the fourth, fifth or sixth aspects nay conprise transformng a test plant

cel | 76ni t Heacqénietfirefecmdsthrugte megurddiaight eenthernfdi letensh asparond aspect, or a
vect or accordin% t%.the third aégect.hThe(%enetic construct or the vector
may be i HTORCEATRIBE RESE AR B4y TUrPb e heshsYt Ha sevent h
aspect, hRefoh Sudf Ak heeh 2Ciehhd PPIPKI St BYef BeH-1@eRat IForCRAaipldGhe accor di ng
to the first or second aspect, or the reconbi nant vector according to the

t hi rd asgecplanTheydel tranphgrived wighl thntfitse¢hbodgnetietithy gptgiscormrricobser ved
that overexpressing bothy POK and/or, PPD 3,host, Sell, |38yt Rrisi naly
15 second 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

20 may 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 leat. 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
In a twelfth aspect of the invention, there is provided a harvested leaf containing

a lower level of nitrogen than the corresponding level of nitrogen in a harvested



i nduci ng nitrogen renobilisation in senescent |eaves, the cell of the
sevent h aspect may conprise one or nore constructs of the first or second
aspect, owoaom/mre28ore vectors of the third aspect, suclkectriE20aishs2PCK
and/ or PPDK are overexpressed. For exanple, the host cell nay be
transformed with the first enbodi ment,.of the genetic construct of the first
aspect (i.e. the PCK construct) only. Alternatively, the host cell nay be
transforned with the second enbodi nrent of the genetic construct of the
second adspleket iftam atvhidd-PRBKPleonstlturet undnt the amapotdigpneodiiment , t he

host cel | be transformed with the first and secgnd .enbodi nents of the
genet o WENETOgE GrAEHERT et HOBERt Pk CRAEE BOTT FERTIIEPER ar e
expressegddict By MRS nctighd accBindostiheebhthndelald@hRgbdrel y be transformed
with the third or fourth enbodi ments of the construct of the first aspect

(i.e. PCK/PPDK constructs 1 or Z), such that both PCK and PPDK are

express in.the host cell. It is.alsp envisaged,that .the host cell nay be
Cr Bne or el e O R PEEe: PGt fhabeBab R Hepbec TN Eicodes both POK
and PPDKeonlh@siag nlicr -Rerdceanst RLaRbht i fidie 208000 ColeRBS MRt or the
vector according to the invention, using known techni ques. Suitable neans

for i ntrobigbimgtanhes genbld ef domstsimgthei qungentretitoet ngeddennaysenpsdeate use of
a disarmpd Ti -plasm d vector carried by grobacterium by procedures known in
the art, “f61” exanpl e as described in EP-A-O | 671 8 and EP- A-0270822. A

further nethod may be to transforma plant protoplast, which involves first

removing the cell wall and introducing the nucleic acid, and then reform ng
t he el | Niwabgen-FThlactd arizicor wed indhde miypcthénviheclythowntiogem a pl ant. 1 n an

i ghth t, there i ided a t [ | ant. i Si t h ti
const r uctOREEBPETRG 15 e 1S SPoudEBAE SRR 51 tHE VBEPH accor di ng

to the thilfde@SRGEL thelAdhd FANBYSHN. CSRIPNEMBEHR! GHRG hey Eh@peikght h aspect
may include the Brassicaceae fam |y, such as Brassica spp.. The plant may

be Br asstiobacerapbeifesi fremed muape) tobRrerd plent, exadnpnesy lofvetheansgeni ¢ pl ant s

accordiqg tg t he, ei.ght h a§ ect inc%ude éhetf%ﬂi%%tPoalesﬁdsuchta§ Triticeae
Spp The %IELS R{mﬁ%yl ea g?riet CC(i?rlﬁsgtﬁ.ﬁ' ac(c\% lgg) O c St Ofr SEeCO aspec O

15 the invention, or a 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

20 heat-not-burn products.

It 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

25 variants or functional fragments thereof. The terms “substantially the amino
acid/polynucleotide/polypeptide sequence”, “functional vatriant” and “functional
tragment”, 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 I No.17 (which

30  encodes one embodiment of PCK enzyme), or 40% identity with the polypeptide
identified as SEQ ID No.19 (i.e. one embodiment of PCK enzyme), or 40% identity
with the gene identified as SEQ ID No.21 (which encodes one embodiment of PPDK



I ncreasing the grain protein content in wheat may result in increased

vol unme of food products conprising wheat, such as bread. Further exanples
of suitabie 2btoansgeni ¢ pl ants according to the eighth agpeaisonelswsie t he
Sol anaceae fam |y of plants which include, for exanple jinmson weed,

eggpl ant, mandr ake, deadly night shad_%g(bel | adonna), capsicum (papri ka,
chilli pepper), potato and tobacco. e exanple of a suitable genus of

Sol anaceae is N cotiana. A suitable species of N cotiana may be referred to
as t obacowypkawrt 406ridgititpiithttebpelgpeptidardantiscdret HldQd T dio. Br(ansier m ng

plants with the ge Lc construct of the first or second aspect, or vector
of the t%?l?%‘}llggﬁ'g%éﬁlg]r%eenﬁm and can be used in the present invention.
For exanpl e, tobacco may be transformed as follows. N cotiana tabacumis

transformed using the nmethod of |eaf disk co-cultivation essentially as
descri bedmiyo #od/golyretlearide/pShperitl s2@rncds22eh 1 33 endOi@Btity Thechyioungest two

expanded | eaves be taken from 7 ek, 9] d tobacco plants and may be

Sur T aoe BEGR 11808 Rogstonaar SEriery or P i ROT o0 AHAT WESHEd BT  nes

W th st erdol & ndissillinhdr@ rdBlBEy-ords@@fth il §h0s sER¥nBEIdeRtityUS hRgosHaUMber 6 cork
borer and placed in the grobacterium suspension, containing the appropriate

bi nary vegtowss (oot diingse ontisrged. Mrefatabhnhe dnoinoappr oxi mat el y two mi nut es.
The di scs. be gently blotted between t eets of sterile.filter paper.
Ten di skERYIBEFTalo SR st Boat Ry ipn B hAmATS ot es

whi ch mayqhhRes Q@erkéﬁpﬂépﬁlb%jsptfe%ratagﬁﬁ’l@ask 90%“@6&&%%&1 FRRTbrcRIHIGS afTRY be
transferred to plates of LS + 3% sucrose + 2nM BAP + 0.2 nM NAA

supplenelntse82%i itlentBGvgr inoet pfederalply anldast 86 gldntkarrany oiare piieakly scs may be

transferred optq fresh plates of abov jumafter 2 weeks. After a
further Eooadeng it naet Bire Biedicahay Cob orr MGTAY Fed I & SFEPBS cont ai ni ng
LS + 3% 1sue 00SSddn Ry BN BABT SunRkerRES ReWdtd 130 my/ 1 cl af oran and 100
ng/ 1 kananycin. The | eaf disks nmay be transferred onto fresh medi umevery

two weeks. As shoots appear, they may be excised and transferred to jars of
LS +3% s g3 AumpLarEOLed W oD 200, LA o) sl crn T shaks L L ae
weekss  AftImBolhbidl PEndddbide aksytpadotnt scciBY: Rertih el rad
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 3D comparison; and (ii) the parameters used by the
alignment method, for example, local vs global alignment, the pair-score matrix used
(e.g. BLOSUMG2, 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; (if) the length of alignment; (iit) 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.



to LS + 3% sucrose (no antibiotics) and rooted. Once the plants are rooted
they may be transferred to soil in the greenhouse. In a ninth aspect, there
i s provi deo 2100092628 propagati on product obtai nabl e frompthaB220mNSHR2Mi C

pl ant according to the eighth aspect. A "plant propagation product” may be
any plant nmatter taken froma plant fygomwhich further plants nmay be
produced. Suitably, the plant propagation product may be a seed. In a tenth
aspect of the invention, there is provided a nethod of producing a
transgeni c plant which renmobilises nitrogen at a higher rate than a

correspondi ng. wi.l d-type .pl ant cul tured ynder the sanme c [tions, the

ot hod ooy L OF G Bisd M 1 S ERAERSEM o SR e PN MR e
geneti C GQRSIHUGpra&EOr e Hphfir bhgfie hisdnn@ine SRGPNH ASRANE (I Ishe c¥ect or
according to the third aspect; and ii) regenerating a plant fromthe

t r ansf orsaed9¥eNucldmAdds Besewht P2, 46 ped680; themgsis el ol FeNualeired didd of

pr oduci at S i ant havi a higher growth .rate than

Correspo ﬁ?ﬁﬁﬁ%%Pgg?%%gﬁkﬁéﬁyf%ﬁfgg%ﬁéb ‘ﬁﬁ?ﬁgﬁgnggﬂﬁa%%WEﬁ¥ﬁ% s, the
net hod CORRASHNINAR REERSnQfwith thk iAFARSHIUILPE pAr ARt featibsiit h the
genetic construct according to the firstor second aspect, or the vector

accor di ngay be thiwllpwiridbrdahéctlignaadtsi (3p Crgedendti d 54, planixtdnsom t he
transf orped, cel Pr rably, . and advant ageously, the t hods, according to
the T nveltiHbh 0 harT ST orieay R CRIG T EeE TR Tiebst pl ant
that is gemers) edenfibebeiallyo.2t el MBLRCHS GREP TS ©NAARS PO6EINNG the test
plant, and preferably its [eaves, with the genetic construct of the first

or sécondigaspect ENG?GH\Re- veend G APDiNle—thi Flibsaspided in thhertivilldbatrers have
observed,t hat O¥Fr-ex ressiqg both(fCK and PPDK %n a.hoPt cell is effective
at i nductiy™ MY PEFERSTEREDI 1T SX0F 87 PINCERHETEEAY A CRUBET SRS, it is
preferreggﬁgﬁhtthe nmet hods of the tenth and el eventh aspect conprise
transformng the test plant with one or nore constructs of the invention
such that both PCK and PPDK are over-expressed. For exanple, the test plant

may be tﬁa?sfqrne Wi.t h %he first. enbodhnent of the genetic construct
reterably, calculation of petrcentage identities between two amino

15 acid/polynucleotide/polypeptide sequences is then calculated from such an alignment
as (N/T)*100, where N is the number of positions at which the sequences shate 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

20 ClustalW program using a suitable set of parameters, for example, as set out above; and
(i1) inserting the values of N and T into the following formula:- Sequence Identity =

N/ T)*100.

Alternative methods for identifying similar sequences will be known to those skilled in

25 theart. 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 45°C followed by at least one wash in 0.2x SSC/0.1%

30  SDS at approximately 20-65°C. 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.



of the first aspect of the invention (i.e. the PCK construct) and in
addition the second enbodi nent of the construct of the first aspect (i.e.

t he PPDK wonstwmed2y. Hence, transformation of these twopcorcs010058321esul t

i n overexpression of both enzynes. Alternatively, the test plant may be
transformed with the third or fourth gnbodi nents of the construct of the
first aspect of the invention, each of which encode PCK and PPDK.
Alternatively, the test plant nay be transforned with the construct of the
second aspect of the invention, which encodes both PCK and PPDK. The

i nvent or hav$F%Qserved at a plant |leaf of, a testlglant whi ch has been

transf or Heg" é%}fg%cmif SYENGHT CP el Cod e bt AT PRREH A A PRERBShi bi t s

I ncr easeguldbO 41 RhieRRIHHSA IRBNHRRMARENON%aLRIh S 8NERGRAGE such that
t he concentration of nitrogen decreases in that |eaf. Furthernore, they

obser vederandédhideads etoi providg e fadtipealgromtthegoe . Sublablhouglotideyariane not bound

by hypothesis, .inventors bel.ieve that the decr in njtrogen

concent rE TR AV FRE TER0ESA ey Phac TR e s ! Frodih PEs, and
hence crop s¥hehshind fidwihel ht beReRESth R HroNRiddWERh QRngd. ltehe: i s provided a
harvested | eaf containing a |ower |evel of nitrogen than the correspondi ng

| evel of suitkble ogants areghdrarbegiogddheddgoua kededtidsracquanictdbutyppeppismgtallcul t ur ed
under the sane cquitions,hmgerein &Qﬁileaf i S harwg &ed fn§f1th€

tr ansgen? > BRaR OlaseBFaind OB A et Gt freaupur IOty BHEGOEEE ) e et hod
accor di nghch@e hhemiRMR Qfth 6lsRV@ALIA ASREGE bidpRydcdl BiddcBRRLH daspsiet of the
invention, there is provided a snoking articlée conprising nitrogen-reduced

t obatto wbt asnedtftenm pradutantotsebatcoclpingnttor wkirgple soeBnbnipelacapabl e of
decreasing the,concentration of nitragen in senescent |eaves. ..
N 1 ogor PEaUCLE ToBRED: Ei R rrRie TP Ba BT Sk Ghe R E¢/BGen
Concentrﬁihﬁ@&mﬁnﬁﬁﬁﬁgﬁﬁ@ﬁqkmﬁ,Eﬂ%éﬁ@ﬂﬁ@ﬂhﬂﬁz@Q@%ﬂﬂk&ﬁﬂkﬁﬂﬂbﬂné w | d-type
plant cultured under the sanme conditions. Such a snoking article may
conpr i setrywoplvasndoywisned! fia privanawtrebaminp ebide owlyleantine, Wireetingmy have been
transforned. with a ene&igqconst uct accgfg%n 410 tEe first. or second
aspect oFEHE: FROBREF R By d g obigros bR g Estnem i s dapil

15 lysine, 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.

20 All 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

whete at least some of such features and/or steps are mutually exclusive.

25 For a better understanding of the invention, and to show how embodiments of the
same may be carried into etfect, 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, BNDP-
PPDKcDNA and BNP-PPDKgDNA, in which: (a) PCR amplification of cDNA and

30  genomic DNA forms of the cytosolic isoform of Arabidopsis PPDK; (b) Insertion into

the cloning vector pCR 4Blunt-TOPO; (c) Restriction endonuclease digestion of the

cloning vector (on left) to release PPDK, and the target SAG12-containing vector



As used herein, the term"snoking article" can include snokeabl e products,
such as rolling tobacco, cigarettes, cigars and cigarillos whet her based on
t obacco, wokamp7edsri vatives, expanded tobacco, reconstiptwtaBsotonzes2eo or

t obacco substitutes and al so heat-not-burn products. It will be appreciated
that the invention extends to any nucfeic acid or peptide or variant,
derivative or anal ogue thereof, which conprises substantially the am no

acid or nucleic acid sequences of any of the sequences referred to herein,
i ncl udi ngBRUneith efvall 20d Brahil Soorightsr(dl Lignadn 6 BigiENne pBaPeofl.anThe ter ns

"substantially the am aci d/ pol ynucl epti de/ pol ypepti de seguence"

Funot | oAl P A P Fee R RENEr e ane e oY B e SSRER L hat has
at | east . ARMSEAUBNGHTIT LAMBAAY; Whd R CRBs@WBRtroduced into Arabidopsis

aci d/ pol ynucl eoti de/ pol ypepti de sequences of any one of the sequences

r ef er r edecdotyphadradimbiafidyy Exehvplre40%6irgdntanstprmitidn;t he gene identified as

SEQ | .17 i ch encodes i of enzyne)., or. 40% identity
Wi th jJtD hgﬁ ﬁe%ﬁ%ﬁ?‘wa glei RlEen ﬁcg‘ge%ﬁﬁ%%%?edé%? Cé).ngt('ilh(?éloélrﬁgodi ment of
PCK enzyi®lessioh vEQ%ed deddidoyrowhd bt 0ene Figdenti fsi.aghlasumbe itk Moy 21
(whi ch encodes one enbodi nent of PPDKenzyne), or 40%identity with the

pol ypept PleKi-gmetlingicdtN dsor SEON ADraNan28e( inte pCRABIdpddd T a1 uofg 2PDK
enzynme). A 'nochgﬁgol%$ucleotide/polypeptide sequences with a sequence
i dentity " W eat%¥r than 65% nore preferably greater than 70% even

nore prefign@l,khok e atalladhhapBraYeodndinstihé SAMPe-oheferabliggeesties than
80% sequence identity to any of the sequences referred to is al so

envi gagedblePrehsriapkyhattivd laniseos &P NApol gINA) sotd ideppetedpeit pEPsequence

or ot or ity it et PG00 fane g MhePE ore BPSYerRaP S A Feast | 020

i dent i t yinpBMeRdTRIcHINRLEHhablyI ld K2R8ke RS Yoduititih L¥etoR VR AR8oPr ef er abl y
at least 97% identity, even nore preferably at l'east 98% i dentity and, nopst

pr ef er abipbadimeetsf 90 édam ity with any of the sequences referred to
herein. The skilled technician wll. i how to. cal. cul t he

per cent agET deTErE P b SIRERR CE Na TR Rel A BBy NI Eat Pabrpeh et | de
sequencesy Wb sief. $0GeaPPIIRLDN RecPRAGaRt a0 sentd hyd Hetween two am no
aci d/ pol ynucl eoti de/ pol ypepti de sequences, an alignnent of the two

sequencelPiRisgDNiy el lipes prespawadielobol | owed by cal cul ation of the
Figure 5 shows the quantification of PPDK abundance in wild-type, APPDK and five

independent SAG72-PPDKgDNA lines from week five onwards;

Figure 6 shows the selection of SAG72-PPDK (cDNA and gDNA) in (b) K326 and in
20 (c) 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 Arabidopsis thaliana, i.e. wild-

type, APPDK and $AG72-PPDKgDNA against time;

Figure 9 shows the Arabidopsis reproductive tissue mass at week nine;
25 Tigure 10 shows the total plant fresh mass (i.e. rosette plus reproductive tissue) of wild-

type and $AG72-PPDgDNA plants from weeks three to nine after sowing;

Figure 11 shows the Nitrogen content in leaves of wild-type, APPDK and S AG72-

PPDKgDN A plants at week seven;

Figure 12 shows the Nitrogen content of individual seeds of wild-type, APPDK and
30  SAGT12-PPDK plants;

Figure 13 shows the total free amino acid content in the leaves of wild-type, APPDIK

and SAGT2-PPDKgDNA Arabidopsis cell lines;



sequence identity value. The percentage identity for two sequences nmay take
di fferent val ues depending on:- (i) the nmethod used to align the sequences,
for exanpwe,20fdaesdal W BLAST, FASTA, Snith-Waternman (i mpcerasbansis
different prograns), or structural alignment from 3D conparison; and (ii)
the paraneters used by the alignnment yyet hod, for exanple, |ocal vs gl obal
alignnent, the pair-score matrix used (e.g. BLOSUM62, PAM250, Gonnet etc.),
and gap-penalty, e.g. functional form and constants. Having nmade the

al i gnmenlfiguteHdrsbowars chanmng ndis§ devagiots webpscaofelldames ubmt dopy perldertcagd i dentity

bet ween eguen ) xampl y divide the nunber of

i dentiti @%&@) &t%t‘?élgﬁw&?ﬁ% %%@ééﬁ@%&e; (ii) the length of
al i gnmentipuiei 15 shBes MR aREBn bnBRAMNBNEBUS (dh%ecd R LRBTDEL @fhyRoN- gap
positions; or (iv) the nunber of equival enced positions excluding

over hangsild-Bet GérgBNe), G 08 hndE1 /PPN ateet\ChaPPPYs dees age i dentity is

I t rongl h d d . _Therefore, [ f
s the FROHOH FHaMSdGuanae NISHT B GRE ey Caxpane s b Bubiresy ARTIENCES
chance. HaRG 8hol highet lev@€ oBPOKEGHALAR ih RREK Y REUALLIH LS Wk dnrmplLrof protein
or DNA sequences 1s a conplex process. The popul ar nultiple alignnment

pr ogr am @k @l 2AptoTeeerpson et al ., 1994, Nucl eic Acids Research, 22,

4673-4680; T son et al.,.1997, i C i ds. Research, 24, A4876-4882) is
A bref er HEEARUTT S dgbsar Ty b PSS as PER R e S B oA
accor danggihtdad e rdaMe Rtk OfmSiHEd abtsRaramet ers for Custal Wmay be as
follows: For DNA alignnents: Gap Open Penalty = 15.0, Gap Extension Penalty

= 6. 66, Rigdravhd showvsa [pderlitey biddrengedtreitvat inglereingghaGaipro@pen Penal ty =

10.0, G tensi on Penalty =0 an rix = (onpet. .For and Protein
al i gnmne@%&ﬁwy Bt e Bl R P B e R PR ROE S art w11 be
awar e t h@fnshbriMBYndLiNEHBSARNY ahPoNdnint.hese and ot her parameters for

opti mal sequence alignnment. Preferably, calculation of percentage

identities between two am no aci d/ pol ynucl eoti de/ pol ypepti de sequences is

then calcul ated fromsuch an alignnment as (N T)* 100, where N is the nunber

of posit whi ch the sequences share an identical residue, and T is

the total nunber of positions conpared including gaps but excl uding

over hangs. Hence, a nost preferred nethod for cal cul ati ng percent age
Example 1 - The generation of SAG12 promotet Arabidgpsis PPDK plant

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 PCKin 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 not PCK. However, in yet another embodiment, the
constructs may encode PCK or a functional variant or fragment thereof, and
25 PPDK or a functional variant or fragment thereof. Firstly, genomic DNA for the

Arabidopsis thaliana PPDK gene was isolated, as described below.

Isolation of genomic DNA

Genomic DNA (gDNA) from Arabidopsis 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 1.



identity between two sequences conprises (i) preparing a sequence alignnent

using the Clustal Wprogramusing a suitable set of paraneters,
as set ouwvoabov®ye2and (ii)
followi ng fornul a: -
identifying simlar sequences wl |
For exanpl e,

18, 20,

string
or
follo

20- 650K

21, 22,

Sequence ldentity

a substantially simlar
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Isolation of RNA and synthesis of cDNA

Total RNA was extracted from 7 day old Ambidopsis 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 TriPure 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 ul RNA

Secure (Ambion) preheated to 60 °C for 10 minutes. The sample was centrifuged at

4°C for 5 minutes at 13,000 rpm and the supernatant transferred to a clean 1.5 ml

microcentrifuge tube to remove contaminating debris.



Al'l of the features described herein (including any acconpanyi ng cl ai ns,
abstract and drawi ngs), and/or all of the steps of any nethod or process so
di scl osedyomay/des2sonbi ned with any of the above aspect $CIrGB20/050321

conbi nati on, except comnbi nations where at | east sonme of such features
and/or steps are mutually exclusive. for a better understanding of the

i nvention, and to show how enbodi nents of the sanme nmay be carried into
effect, reference will now be nade, by way of exanple, to the acconpanyi ng
Fi gur es, QuantighpredpuritFiog dreR N Aswowsictdnainedopeog oiphosedetfiorlythyealdhoni ng of t he

genetic constru , P A and BNP;PPDKgDNA, .in which: (a) PCR

arbi 1 CREBRE Bro0 RN SR REHCE “DRA 1P i SR B G R of o1 m of

r abi dopsingn BPRGId §Pdind NSEIKTAR01M:P) ddhe &1 OpbRdovERibRko BBl unt - TOPQ, (c)
Restriction endonucl ease digestion of the cloning vector (on left) to

rel ease PROKoPlaridmtise TharRpst\ BAGIR-csemirad nising ageosogg BromhidaresisApri | and

DA 1+ st £° bt BEULBEBY. PUSEFT ePomgisadn Jel ABE SrGRSE Rl of constructs.
W0 DTk a0 BRI 20016} B0NA0 U0 iy @G Bolei 0 AT B0iigDS

ecotype Col unbia O by AgrobacteriumnmeAt transformation; Figure 2a shows
t he pl astdd THIR4s BINONE-FERO Rivadafple hHéer@ofis votkdng orncefitrgiqmr essi on vectors

according to t ihyention,.and Figure.2b is .a tabl u i §ing that
Aoo. onca it R BT S e e ear o Pe T e BT e UGG an Apr i |
and BanHipdiggstrer GiOnBe) dmahQwsst Ast pliasniid BNR s aidings hhe SAD 2
pronmoter, and Figure 3b 1s a table sunmmarising that PPDK inserts (cDNA or

gDNAYO wek P Tisnpiiddbidéd o ibiod 40BNRgmsiddridpy 0.01 sinbroBaopHiendi ljesas] 7 &hd t hat PCK
i nserts Lch@LA or ODNAY .were introduced into pBNP using X bal and Sacl

di gests,"'F& d'flfeirﬁgle%l?}'ect ors according to enmbodi nents of the invention;
Figure 4 shows the selection of transgenic SAGL 2- PPDK Arabi dopsis thaliana
cell lines by Western blot. SAA 2-PPDK cDNA cell lines are shown on top,
and SAdQ ReereppidsgiDiance RN A jtpegnthesese showh e lpouorrredyunieg 5 u.gRows, t he

quantifigcatign o DK abupdan [ i | d- e, PDK and f ] i.ndependent
30 2 PPORGBRRAT LS ProRudR 1 Db 1 it MR ALY
15 buffer (Promega), 0.4 mM dN'IPs (Bioline), 40 units Recombinant RNasin
Ribonuclease Inhibitor (Promega), 200 units MMLV Reverse Transcriptase (Promega)
and nuclease-free water to a final volume of 25 ul. The sample was incubated at 42 °C

for 1 hour.

20  Amplification of Arabidopsis PPDIK

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
(AtCytFWD-Aprl. SEQ ID No. 1) containing the 42AI restriction site and a reverse
primer (AtCytREV-BazHI. SEQ 1D No. 2) containing the BawI restriction site,which
25 are shown in Table 1. The PCR reaction mixture contained 1 x HF butfer (NEB),
2 mM magnesium chloride (MgCl>, NEB), 0.5 mM dNTPs (Bioline), 100 ng template
(cDNA or genomic DNA), 0.5 uM each primer and 1 unit Phusion High-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 °C
30 for 10 seconds, 55 °C for 30 seconds and 72 °C for 2 minutes, with a final extension

step of 72 °C for 5 minutes.



Figure 6 shows the selection of SAGL 2- PPDK (cDNA and gDNA) in (b) K326 and
in (c) Burley 2 1 tobacco lines; Figure 7 shows the overexpression of PPDK
in ripe lweven/mhc26326 t obacco; Figure 8 shows photos ofrcrasbicasosi
various cell lines of Arabidopsis thaliana, i.e. wldtype, DPPDK and

SAGU- PPDKgDNA agai nst time; Figure 9 shows the Arabidopsis reproductive

ti ssue mass at week nine; Figure 10 shows the total plant fresh mass (i.e.
rosette plus reproductive tissue) of wldtype and SAG 12- PPDgDNA pl ant s
from weekRscd thee® X .0 anil g Mo tod rrsidiprig PPighadebetn ishaseds prdpardd, itrvogen cont ent

in | f wild-type, DPPDK and SAGL2-, PPDK lLants_at k ;
i gur e, 13°QRBNLCEH N OgER EORLERC BE ThATUPaUAM dORIEBF T d- 1 ype,

DPPDK angio@AGL BrcRiRKARIdeaomid 0N e 1ok s STOMS i@ lit Qbddenf b£8, AN aci d
content in the |l eaves of wld-type, DPPDK and SAGL 2- PPDKgDNA Arabi dopsi s

cel | |inBBPKivgue 8is¢ditsthowsnashencs erdhcad§ gl pramiosusn & pBadteecest In | i nes,
zero copy = w |l d-type DNA), O, &8 and GO (cDNA) are SAGL2- PPDK
I!nes5; F%/r&ﬁrrté) ﬂvgr?%giﬁépﬁéég%ré‘ﬁgﬁjﬁ%{é%en content of various tobacco cell
lines, z PCRQ%hﬁcwdr%ﬁ&WAa@ﬂg}%QQNﬁ)Dhﬁ RSB rapds ey are
SAGL2-PPDK lines; Figure 16 are the results of Western blotting for

PCK/ PPDKAd@utse AR evting pimessiconasishowlhigrhBeiH bestristiof sREGK especial ly in
week 7 which .co r4el §t4e3s g/vl th activi t%’g t he SAGL2 pronoter; Figure 17
shows t HATCERPE edAgnDED BEAHCBERPSHEPPDK i n transformed plants | eads to

an i ncreas endeRidnaaRf dEniARSSctGOPPRUBL A0 GPO TRt PPDKARKIWGYE e 18 shows a
post ul at ed bi ochem cal pathway indicating that nitrogen renobilisation my

occuro t heguglre®@KthearpdtiRPDKAd épenldenite iflortivalttberpeoted feguenrcansport ami no
Se1 95 0okt 08 A LB ARG ERTES a0
SAG 2 PREK. and REK.eKPression vectors were generated, as shown in
(d) Ligation into BNP and agarose gel showing DNA fragments produced by restriction
endonuclease digestion of constructs with A1l and BamHI. Expected band sizes were
75 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 Arabidgpsis ecotype Columbia 0 by Agrobacterinm-
mediated transformation. Constructs were sequenced across ligation sites. The gene
nptll encodes neomycin phosphotransferase, conferring kanamycin resistance in plants.
20 LB and RB: left and right borders respectively of T-DNA; nos Pro: nopaline synthase
promoter; 7os t: nopaline synthase terminator; SAGT2 Pro: promoter of Arabidopsis

SAGT2 gene.

Referring to Figure 1, the generation of the constructs will now be described in detail

25 below:

Cloning into the pCR4 Blunt-"TOPO vector

PCR products were examined using agarose gel electrophoresis using 1 % (w/v)
agarose, 0.5 ug ml™! 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,



Figure 3, and then analysed for their ability to increase the expression of
PPDK and PCK in transforned plants. In one enbodi nent, the constructs may
encode PGKoanioefeacti onal variant or fragnent thereof, pamdB20to/RPRK. | n
anot her enbodi nent, the constructs may encode PPDK or a functional variant
or fragment thereof and not PCK. Howgver, in yet another enbodinment, the
constructs nmay encode PCK or a functional variant or fragnent thereof, and

PPDK or a functional variant or fragment thereof. Firstly, genomc DNA f or
the L raMﬂf@tplsE@ordtaﬂmsaré@ PRk el WaS % solabednoplsendeblor i(Bedabel ow.

caot ype CHFCRUTE D RES. 43 EFaetet Py ot T noie LEFPT Re' BRERL) Slant M n

Kit (Q agen) accordl ng to the recomrended protocol. Genom c DNA was used as

a tenplate for PCR reactions as described bel ow using priner sequences
sunmmar i ZEe PHDEdDbTAlbimlbter A.kb prd d'erPlﬁéH@nee@ P56} bandort bt kRNArand

syntheS|s ract oId rabi dopsi s
cotyl “edon¥! eéﬁﬁ}ngf]?? ﬁé@&@%@? uﬁgfafn&nﬁgja @]ﬁgf@ém Bifise-free
equi pmentecodhdnd@l P%tot&uaﬁs W Rt APEEN LIS MOmVREEr Blaegg; dm’er@eetbyl
pyr ocar bonat e (DE Sigma- Al drich). 1 m DEPC was ded per 1 litre water,

t he m xtberatay fsmph‘rsed’@%zemdugqurn ligaté¢d frdurtierod) 1na¢1dlem(elh4 Blnocl aved. RNA

was extr usi n Tri Pu e Isaolatign Reagent, (,Roche 00 ti ssue was
bround | FOPEu TR bya S e R R R bEby TR st o Sol ati on

Reagent @gddrs ( Qn% WRerdnetRRRE e G0RN QliReRhidbQfi@WRY DITBEERMA pel | et was
resuspended in f m RNA Secure (Anbion) preheat ed’'to 60 OC for 10 m nutes.
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supernatant tr erred.to a1l m roc ntr e 1Q renove
Cone o aPh gt A28 bR n P et T el et € FeR LRl e

spect r ophetkorEt 10 %&h BMctQW@ﬁ@n@QBDE@gHQBa&B S?e@@t Ee&gact??@xdl {Mani atis et
al ., 1982, Mol ecu clonin oratory manual . Cold Spring Harbor
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E. coli colonies were screened by PCR using 1 x NHa buffer (Bioline), 2.5 mM MgCl>
(Bioline), 0.5 mM dNTPs (Bioline), 0.3 uM each primer (AtCytEF'WD-AvrII and
AtCytREV-BamHI), i.e. SEQ ID No’s 1 & 2, and 0.5 units BioTaq NA Polymerase
20  (Bioline). 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
72 °C for 4 minutes 30 seconds, with a final extension step of 72 °C for 5 minutes. PCR
products were examined using 1 % (w/v) agarose gel electrophotesis as above.
Colonies containing the desired insert were grown overnight in a shaking incubator at
25 37 °Cin 5 ml LB broth containing 50 ug ml™! kanamycin. Plasmid DNA was extracted
using the QIAPrep Spin Miniprep Kit (Qiagen) according to the recommended
protocol. DNA was digested with 10 units BawHI (NEB1) in 1 x BamHI Buffer at
37 °C for 1 hour. Digests were examined using 1 % (w/v) agarose gel electrophoresis as
above. Inserts in plasmids showing the correct restriction enzyme digest pattern were
30  sequenced using the primers AtCytFWD-A42AI (SEQ ID No.1) , AtPPDKSeql1 (SEQ
ID No. 3), AtPPDKSeql2 (SEQ ID No. 4), AtPPDKSeqR1 (SEQ ID No. 5),
AtPPDKSeqR2 (SEQ ID No. 6) and AtCytREV-BazHI (SEQ 1D No.2), shown in



0.5 x TBE as running buffer. RNA sanple buffer at 4x working concentration
contained 0.002 % (W v) ethidiumbromde (Sigma-Aldrich), 2x TBE (2x

Tri s- Bor ave20te@bAs2Buf fer (2 x TBE) contai ned 180 nmM Tri ecid@p20io@Bosev bori c
acid and 8 mM EDTA pH 8.3, 13 % Ficoll 400 (Sigma-Aldrich), 0.01 %
bronophenol blue and 7 Murea (FicheryScientific). Reverse transcription of
RNA to synthesise cDNA was perforned using 2 ng RNA, 1 ng digo dT(15)
primer (Roche), 1 x Mol oney Mirine Leukaem a Virus (MWV) buffer (Pronega),
0.4 nmv dNatfs 1,(Bingl 4 3¥8) DXNO. Aimilyzsr Reerdiel ibiesysteRNa SeqreREdsonere kedgsed imhi bi t or
(Pr orrega%., E%OO un'bts MWLV Reverse Transcriptase (Pronmega) and nucl ease-free
vat er t oo R AHES GEPERES 25 M . The sanple was incubated at 42 OC for 1
hour. Anplification of Arabidopsis PPDK The genom ¢ and cDNA versions of

t he gene encoding the cytosolic isoformof PPDK were anplified fromthe
genoni ¢ '‘blhesc DhAsttustrpb et egmby TRGRO UYIngcRN /b pod E P H6)-PRENCLIANGy e F\Be JW | .

SEQ | . 1) containing t Avrll restriction site and a reverse priner
( At Q/{DRE’@‘%t&%ﬁE%%ﬁ%W%) contai ning the BanHl restriction site, which
are shown in Table 1. The PCR reaction mxture contained 1 x HF buffer

(NEB), 2 nM magnesium chloride (Myd 2, NEB), 0.5 nM dNTPs (Bioline), 100 ng
t enpl at ek f g B ), 0.5 mMeach prinmer and 1 unit Phusion

Techne. THEPHAICYaI ot TR I FrTR04D " BEHaL UE ke oA goBF8E BE for 30 -
seconds, schelckawaddiied3Roenek 83 (PR, 9 KA 07-cdfhaineeRNER kLR Qbsrhiar 30

seconds and 72 OC for 2 mnutes, with a final extension step of 72 OC for 5
m nutles. BNE@33E0YDINA bandl gDNAINSPLIAS 4bi dopsilsndeRDKt hadravegmic

i sol ate repared. . it t hen.used to .generate waripus,canstructs, using
the pr ot SESTERALES: & 2hrimah rogis TRt LT M e Hhel Bion ZhGTGaOM ¢ DNA T or s
of the Cdéh?zﬁ@ T@POGQDPMT@)@TOP@QD@Q@we& RePKo Wc@lafe%efﬂl LR L-he

senescence-i nduced SAGL2 pronoter in a pBNP vector, in order to overexpress

PPDK dur¢angpisiepé8 permeld kaganyyRCH harmiulfui watdro meobatediteraighit gendwkiogDNA f or ms
of cytoselic, i sof or mofy Arahidapsi.s, PPOK, usi ng, A5 e GoRpi,ng Al and
15 according to the recommended protocol. The pBNP1380000001 vector was purified

tfrom a 100 ml culture containing 50 ug ml~! kanamycin using the Plasmid Midi Kit.

These plasmids were then subjected to digestion by the restriction enzymes A1l and
BamHI. Digest reactions were incubated overnight at 37 °C and contained either 2 pg

20 DNA (BNP) or 4 ug DNA (TOPO-PPDKcDNA and TOPO-PPDKgDNA), 1 x
Butfer 2, 10 units A»AI and 10 units BawHI. 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) agatose, 0.5 x TBE and 25 uM

25 crystal violet (Hopkin and Williams) subjected to electrophoresis at 50 V for
approximately 2 hours using crystal violet sample buffer (250 pM crystal violet (Hopkin
and Williams) and 30 % (w/v) sucrose (Fisher Scientific)), and 0.5 x TBE containing 25
uM crystal violet as running buffer. Gel band extraction using the QIAQuick 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 I (Bioline) using 1 %

agarose gel electrophoresis using ethidium bromide.



generating 2.4 and 4.3 kb products respectively. (b) Insertion into cloning
vector pCR 4Bl unt-TOPO. The PPDK inserts were sequenced in their entirety,
and f oundwbaotmmoretenti cal to expected sequences. (c) ReUmigH20mMs0321
endonucl ease di gestion of cloning vector and destination vector pBNP with
Avrll and BanH . (d) Ligation into BNP and agarose gel show ng DNA
fragments produced by restriction endonucl ease di gestion of constructs with
April and BanH . 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

i ntroduced i nto Arabidopsis ecot | unbi a a ummedi at ed

t r ansf or HHE FOHE 53 f}zﬁg?@ﬁ&%@%&gﬂgﬁﬁ%ﬁ%’ﬁ2%?@}’? %&fﬁ%ﬁg@i& The gene
npt | | em%aﬂ%ner@@ 1 the PROsPhOLA 2BSIBIASRA BMEK ki ghds@mm&tr@até@m stance
in plants. LB and - left and right borders respectively of T-DNA; nos

Pro: nop@lpraeens ilg@ttmge apy omtta@lltnatlngé“ QPO baggaine rdwsynt\lagec t er mi nat or ;

SAGL2_ Pr om)t Referrin igure 1, the
generatllglh El;‘ égnifl?]ﬁ’??%c TV?S W%%&%&ff%@(ﬁte r%ea%@éﬁlﬁ l ow. O oning
into t hefr:%@ﬁﬁuﬂ UEHD&HHB@)N&SSE%n BERePMRANS L8 d WEE R28XABESh1 MBI NY cagar ose
gel el ectrophoresis using 1 % (wv) agarose, 0.5 ng m 1 ethidium brom de

(Si gnma- Aﬂod B a;lmluneﬂ thign8nactiTBE] 2Qamis! &g IWenisusnsigerided ciations wePNA sanpl e

buf f er Sa | e Buffe rkln c ratlon ont aj. ned ,50 mM

o by Ry R e e oK Al et PG B s TR e B0 o6

gl ycer 0|B@Mn@l@5 o), PLUTRRIENG e ) @Bl R A BINC Y asaquE%ng ect ed
to el ectrophoresis at 80V usi ng 0.5 x TBE as runni ng buffer PDK cDNA

band’®f BRiggiddoreagithns N@r@PDkbag@h@\rﬁrmgwméﬁcﬁnde . udekty weseorpulihriived usi ng
the Q AQyi.ck Pgllge{]llg déf ti.on e{%t%&q gt according fo the recomended
pr ot ocol ° G {45 T S0 YRR ArBF OTOGy G H8 Uk er ( BOH
Laboratory Supplies). PCR products were ligated (blunt-end) into the pCR4
Bl unt- TOPO vector (Tnvitrogen) according to the recomended protocol. The
cl oni ng Feasioroed £2okiwerarsnsteraavsdrop ddidhgantent&0ing] S0saglmbl bmamycef f i ci ency
brba E . “andl) 1|ncubated overnight at 37 °C. E. c/i colonies were screened by PCR using 1 x NH4
15 bufter, 2.5 mM MgCl, 0.5 mM dNTPs, 0.3 uM each primer (AtPPDKexon15FWD
(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 tor 30 seconds, 55 °C for 30
seconds and 72 °C for 3 minutes, with a final extension step of 72 °C for 5 minutes.
20 PCR products wetre examined using 1 % (w/v) agatose gel electrophotesis as above.
Colonies containing the desired insert were grown overnight in a shaking incubator at
37 °C in 5 ml LB broth containing 50 ug ml~! kanamycin. Plasmid DNA was extracted
using the QIAPrep Spin Miniprep Kit according to the recommended protocol. DNA
was digested with 10 units BazHI and 10 units S7#1 in 1 x BamHI Buffer and at 37 °C
25 for 1 hour before being subjected to 1 % (w/v) agarose gel electrophoresis as above.
One colony each resulting from the cDNA and genomic DNA ligations showing the

correct restriction enzyme digest pattern were selected and sequenced using the primer

BNP-SAG12FWD (SEQ ID No. 9), shown in Table 1, as described above.

30  These constructs were named BNP-PPDKcDNA and BNP-PPDKgDNA, and are
llustrated in Figures 3a and 3b.



(I'nvitrogen) follow ng the reconmended procedure. Transfornmed E . coli
cells were grown at 37 OC overnight on Luria-Bertani (LB) agar (Luria

Bert ani Bwot2biofdeBs28r ot h) contained 10 g | 1 Bact o- Trypt ece/qdEBD)o/0sb32g | 1
Bact o- Yeast Extract (Oxoid) and 85 nM sodium chloride (Fisher Scientific).
The pH was adjusted to 7.0 with 10 M odi um hydroxi de prior to autoclaving.
LB agar was nade by adding 1.5 %(w/v% agar (BD) to LB broth containing 50
ng mM 1 kananycin (Melford Laboratories). E . coli colonies were screened
by PCR ukkampld 2x Tt onnfidton of Bilimbilape) /paifins v NNCPPIHK D Ndednd BNF- mvi dNTPs
(Bioli nw each prinmer (AtCyt FWD-Avrll and At Cyt REV-BanHl ), i.e. SEQ
I D No's ; d 0.5 units BioTaq NA Pol ynerase (Bioline). Thernal
cycling bR hPh M i O VI3ND 1-RALasdematdall b9 RIcet-8Po@fioP8siRE for 5

m nutes, followed by 30 cycles of 95 OC for 30 seconds, 55 OC for 30
seconds tndolfgvioCplemids: BNRURISKZD NACoddENPMAINKgDN hahowrtehguon st ep of

72 0C fo m nut es. . pr,oduct s . wer.e exam ne sing 1 % (wv) agarose gel
el ect5rop%éﬁ%gﬁegarﬁgo%BE%CB&?F Eﬁ?%@esﬁ%%etddfl%&p?% desired insert were grown
overnight in a shaking incubator at 37 OCin 5 m LB broth containing 50 ng

m 1 kananmycin. Plasm d DNA was extracted using the Q APrep Spin M niprep
Kit (Q agenfoaunumtditntytboraive wa codagride dulprrot ofclof bradNaowasin gest ed wit h

10 units,BanmH, (NEBI) j.n 1 x | Buff 7 OC for .1 hour. Digests were
exarni _rledzﬁe.?;@‘grlu_g1 . a%)](c?ﬁ/ @}g%d%gg;_{ééqw%?t? toﬁ) oV oggcaég%t’v@gy “nserts in
pl asm dsg@hawion. 4.« Hdagatd hﬁﬁ% bk EE)?QIEH&BB ofingest pattern were
sequenced using the priners AACYtFWD-*"w | (SEQ ID No.l) , At PPDKSeqFl (SEQ

| D N¢. 3jpectiePrDiSeyFLy(SEQ df DONI wye coxtrPRPKSerf00@SEQ! b Drilges, S

At PPDKSegR2 (SEQ. I D No, 6).and. (SEQ I . h inTable 1. using a 3730
ONA Anal 3 DR RGBTSR B oL S ey st a0 alPeashpaeol sldEare (1 bi s
Bi 0sCi engenkinclNeserGaNSH Uil £sUBERIIATEE rCRQRRAKEONY and: PO PPOKGDNA,
and are illustrated in Figures 2a and 2b. oni ng of pBNP constructs PPDK

was | i gatoddwidbp 10 nd 2BNBin238D 00 godrobGelly yereabtiorted inde 50 wheliquorst r ol of t he

senescenges i nduced%%trs(grrlt%t er SA . 2. '{h@ ﬁéG%%—cont atiini ni n gack one
pl asni d, TBRET“SBHbHEEOL 8" BASEGT S pB RPLUSCERLORIOR ¥R BHGEMEN et al .
Tr anggensng a BioRad Gene Pulser. Plasmid DNA (200 ng) was added to 50 ul Agrobacterinm

cells as above in a pre-chilled electroporation cuvette (Gene Pulser Cuvette, 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 uI¥ capacitance and
1 ml SOC (Super Optimal Broth, Catabolite Repression contained 20 g/1 Bacto-

20  Tryptone, 5 g/1 Bacto-Yeast Extract, 85 mM 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 °C for 2 hours before being

25 transferred onto LB agar containing 50 ug ml™! kanamycin and 50 pg ml™! rifampicin.

After incubation at 30 °C for 2 days, colonies were screened by PCR and then by
restriction enzyme digestion. Colonies positive for the PCR screen and showing the
expected restriction digest pattern were inoculated into 5 ml LB broth containing

30 50 pl mlI™! kanamycin and 50 pl ml™! rifampicin and incubated in a shaking incubator at

30 °C overnight. The following day, 600 ul of this culture was used to inoculate 500 ml



Research (1995) 4, 288-290), and is illustrated in Figure 3a. First, E .
coli colonies carrying TOPO cDNA or TOPO gDNA were used to inoculate 25 i
LB br ot h wonvaymireeg 50 ng m  lkananyci n. These cul t ur es poergs20Tvmsbat ed
overnight in a shaking 37 OC i ncubator and plasm d DNA was extracted using
the Plasmid Mdi Kit (Q agen) accordifgg to the recommended protocol. The
pBNPlI 380000001 vector was purified froma 100 m culture containing 50 ng
m 1 kananycin using the Plasmd Mdi Kit. These plasm ds were then

subj ect eldB bootliagebtvcpmndinculbpsed wst shiaking arcvbnwy ped) Apfar|30dmwarBaatbiie. Di gest
reacti ons . ver e i-ncybat ed overnight at 37 OC and contained either 2 ng DNA
(BNP) or’S %rﬁseérfﬁf%@l@%oﬂﬁWcDNA and TOPO PPDKgDNA), 1 x Buffer 2, 10 units
vrll and 10 units BanH . Sanpl es were separated by crystal violet agarose
gel electrophoresis (Rand, 1996, Crystal violet can be used to visualize
DNA banddrduringlagel wet estd oplora sippimnd 4t wedkapldowdl conemiaigweref i ci ency.

El sevi er Trends ,Journal s Techni cal, Tiips.Onli,ne.) usjing 0.8 %,(w v) agarose,
o 2y ST R R Bpa et ot R A L e DaBr ey £

el ect r ophQE@SsidS:bate @Qre\éehﬁffuga@p;tqwtfﬁ%% ek m_gutlas)w §,OQ4)S%'; N e Y-ell géuevsj ol et
sanpl e buffer (250 mM crystal violet (Hopkin and WITians) and 30 % (w v)
sucr ose 1eRisphededSoi2ennilfsieelje) 5 Yandr@e BHighel BEicotfit)aphiting (@5v)ravdddrgsteal  vi ol et
as runni b r | ban tracti on usi t he AQui ck | Extraction
Kit (Q aﬁ‘g’fﬁ“u];%?épéﬁ%ec{agleg)hEfapgc%ﬁﬁgﬁﬁﬁﬁseg?%fh&%l@ Skﬁ%nﬂ‘%régﬁt 0o extract the
14. 4 Kb BNRoxiRafiki RROKIGENAARR 1icdideh L BBRK, GRPaicrONAIA SRSt S.

Fragments were inspected and quantified relative to HyperLadder | (Bioline)
usi n¢ 1 pagamnosemgbtecelight foophoresifolloyingghist pls werdreowindétdihe to t he
simlar si zei of ﬁhe.rgeno%ic DNA fra%gant (4.4 kb) and the TOPO backbone
(3.9 kb)IOTREEYID LG AL SHS L BRA fragnent was phosphat ase-treated to
prevent ligation to any contam nati ng TOPO backbone. Shrinp Al kal i ne
Phosphat ase (SAP, 1 unit, Roche) was added to 1 ng gel -extracted genom c
rrdqetion of tran iehdvapieprry hakdnon Buf fer (Roche) and the reaction
i ncubat e§I

t. 37 OCfor ‘ m nut es then ipactiyvated at. for 10 m nutes.
oAt orSseR il gasuahs Balh Sisae e iy STREm At SEniBuihe. genon o DA
fragmentBMﬁé?nﬁemcc@Ji%ﬁoqqarﬁ%’n bl 246%) IPIne MEdbat 12019, IriXplhd@at i on buffer
(NEB) and 1 unit T4 | i gase (NEB). Ligation reactions were incubated

over ni ghthoatind §1th® tarrdsiftame wigedravo torsees fod salf-pdiizatge fhe stahwess

selected as above and T2 lines showing a 3:1 resistant:non-resistant ratio were chosen as

carrying a single copy of the transgene. These plants were again self-pollinated and
selected as above. T2 lines that produced 100 % resistant offspring (I'3) were chosen as
20  being homozygous and were used for all experiments. Mendelian genetics was used to
select T2 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 SAG72-PPDKcDNA and $A4G72-PPDKgDNA.

25 HExample 3 - Transformation of Nicotiana tabacu with BNP-PPDKcDNA and BNP-
PPDKgDNA.

Electrocompetent Agrobacterinm tumefaciens strain LBA4404 was transformed by
electroporation as described in Example 2 using the plasmids BNP, BNP-PPDKcDNA
and BNPPPDKgDNA. Following electroporation, 1 ml LB broth was added to

30  electroporated cells, which were then incubated in a shaking incubator at 28 °C for
2 hours before being transferred onto LB agar containing 50 pg ml™! kanamycin and

100 ug ml™! spectinomycin (Sigma-Aldrich). After incubation at 28 °C for 2 days one



DH5 E . coli (Invitrogen) according to the recommended protocol.
Transfornmed E . coli were transferred onto LB agar containing 50 ng m 1
kananyci nwendiooesbat ed overnight at 37 OC. E . coli colpomiceowarses2scr eened
by PCR using 1 x NH4 buffer, 2.5 mMMCd 2, 0.5 nM dNTPs, 0.3 nmM each pri nmer
(At PPDKexonl 5SFWD (SEQ I'D No. 7) and BiPnost REV (SEQ ID No. 8), shown in
Table 1, and 0.5 units BioTag DNA Pol ynerase. Thermal cycling was perforned
with an initial denaturation step of 95 0OC for 5 mnutes, followed by 30
cycl es ofol@%y @G Ysod t@Mosdemridan! 158 boghfcontaBings et ppndd 'dadaigci0ed or 3

mnutes, Wth a final extensji.on step of 72 0C for, 5. m.nutes. P roduct s
were. oxall e FRETTOT (i Uy SuBFoSas G PErLn T JBRSPEST L RE EBbve,
Col oni esf anfagd, PAshid e A&k tedhdBAIt :rIRER] 19F QURiCAVEEMIvaRtdibdr anghaki ng

i ncubator at 37 0OCin 5 mM LB broth containing 50 ng m "1 kananyci n.

Pl asm d PNA andtgreextsrued edingsilag S0mel Ik ARtk goSpiningdbhipmep kkntmeacor di ng to
the recomended protocol. DNA .was digested wth,10 ynits.BamH and 10 units
st 4 n S g B pominal B 68 R et M Bt b, ect ed o
1 % (W v)g /agar@aenhgel el ectrophoresis as above. One col ony each resulting

fromthe cDNA and genomic DNA |igations showing the correct restriction
enzyne di gest pattern were sel ected and sequenced using the priner

BNP- SAGL2F | D No. .. Shown, i able 1, descri bed above. These
oot ook st Bt ke THERADRA K330 SR BBt B e e TPt g i n
Fi gures BacaRdrSbcBX@MBhES etk Erdagﬂ@ﬁft%ﬁ@%@me@ﬁn 8‘\%@/@}3%@5&@%&1@“3 with
BNP- PPDKcDNA and BNPPPDKgDNA Lgrobacteri um tunefaci ens strain GV3101-R was

t r angf orlnleathifiP cataststsy syyd Panniinotes bsfomgbeihg rifedd iowienidy @htdldivdger. BNP- PPDKc DNA,

and BNP- PP .. shown in F qure e pr rati gn of .. ch -has, been
R Syt A b R i gl oA KT L P

cul t ur es, k#0101 lileRMR LRGeS T X8 discslwére fladibIgdcd Jndb MR- b&H) . grown
at 30 OC and with an optical density at 600 nmof 0.4 to 0.6, neasured

usi ng anMBppetidorcbnBirophd gt b drengyevinopptiot @el)end 0Q7ItMr es of 500 M were
centrifuged.at 4000 g for,. 15 m.nutes, the supernatant dis d and the
col | 5 1 LRUPEMIRITHA60 (NS Vor B0 s RS eEie ORI EREr St ot (TG
Cent 74 f ugRt.i1QAf &RE &8 USRERSIsRAWRH Bclt @R AIS theRinNgks ARRe Rbn@inyicer ol
followed by 10 M and finally 2 ml glycerol. Cells were aliquoted into 50
m al i qudilsug ml™! clarofan (Roussel Laboratoties) (non-cocultivated controls) or 500 pg ml™

clarofan and 100 pg ml™! kanamycin. 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 uM BAP, 500 pg ml™!

20  clarofan and 100 pg ml~! kanamycin. After 2 weeks shoots were transferred to 150 ml

jars with LS medium containing 0.5 uM BAP, 500 pg ml~! clarofan and no kanamycin.

After a subsequent 3 weeks, the dominant shoot was transferred to LS medium
containing 250 pg ml~! clarofan and no BAP or kanamycin. After another 3 weeks

25 shoots were further cleaned by transferring the shoot tip to LS medium with no
antibiotics or BAP. When sufficient roots had generated, plants were transferred to soil

in greenhouses.

Selection of transgenic Nicotiana tabacum

30  Quantitative PCR (Q-PCR) was used to quantity transgene copy number in TO and T1
plants. Where possible, single insert TO and homozygous T'1 plants were chosen for

analysis. For transgene detection, primers BNP-1271F (SEQ ID No. 10) and BNP-



flash frozen in liquid nitrogen and stored at -80 OC. El ectroporation was
performed using a BioRad Gene Pul ser. Plasm d DNA (200 ng) was added to 50
m Lgr obawdeniowwvesl | s as above in a pre-chilled el ectr eporctmmseizvet t e
(CGene Pul ser Cuvette, BioRad) and the cells were incubated on ice for 5
mnutes. The cuvette was subjected tog el ectroporation using a pulse of 2.5
nV, 400 ohmresi stance and 25 nF capacitance and 1 nl SOC ( Super Opti nal

Broth, Catabolite Repression contained 20 g/1 Bacto- Tryptone, 5 g/1
Bact o- YeESHRERERad? N85 ks odéduns slivivor indEsblahdingd5e Wi/ pdtddBiAum chl ori de.

10 M sodi dr,ox| djust to pH 7.0.prior to autoclaving.
Bef or e S@g‘? egﬁé?l?elx%ﬁﬁé%?sx? mﬁﬁoﬁ?&? was " egjd%%lefjér?gatoft&lﬁélpﬂioncent ration
of 10 mMrandest ghi iln%‘ergill#%}%@catﬁ(ﬁ, $higlerSRkent | S4ray repeD addad) 101 Ridjcnal
concentration of 20 mMM The cells were incubated in a shaking incubator at
30 0C fo#lO6R (it B0 Bed. dipwbei usgd tand ks EAMET OHH\R A-BbdlsarprebniNaini-ng 50 g ni

1k i 1rif icin. Aft i bat i t,.30 OC f 2

daye T oot QERHP S8 dPLufutrety TRER g b sy BeERs Cebintonzy e

di gest | orciopRIIANRSaRRRL b Ok Ay PER. SShREN. A GhaMDg, Bhceupect od
S

restriction digest pattern were inoculated into 5 ml LB broth containing 50
mM m 1 Redaimy@)0f) aldnS0clhRepvrts12F, 26 &rdil b iReactive ixewbatedained dxshaki ng

i ncubat at 0C overni .o he foll.ow y, 600.m, of this culture was
P s N S A M O g e LT g T B

[ ncu_bat Orfe_a@&on's?’@oxoﬁ‘Ni)Qa"rld@@td@z@ %Ei&e@seir@r&oBé‘s@) RAd Hﬁ&@xin@itel} b ﬁJor SRk Ng.

Ar abi dopsis plants were uséd for floral dipping at 4 weeks ofgd. Al |

constd uch¥N wemeplate ansfaxdriedmi lptfoiswid wingype DicatyyPent@ding i @Qigeen)

A bact eri uf I d d.ab tr d at 4 0C
for 25 itk e b MR ThRA Pt e T bl e e Pesed Fufsdan o WHg Ty
Steri| e B YRSHCIRSP(IERSRSH (SEHIRAIb|GknS Pkt QMG k@Rl -85 96 Si | wet t

L-77 (CSi Specialties). Plants were imrersed in the cell suspension for
appr oxi n#it 6l o110 mieowadollowehbyéhticesag?b d€ifonl 5 pebodenndding. wovered in

clingfilmand kept away, fromdirect |i f 4 hours.. Foll owi ng this,
ol ants virBts S e B ie N e g sloR ol i S eh Pl oot ou.
Sel egdi on of transgenic Arabi dopsis thaliana Seed fromtransfornmed plants

was selected on 50 ng m 1 kananycin (Dufecha Biochenme) according to
Har ri sonF@tovahg rage@@@jon iRltamte dvitttroefsrangform@d TP geptraties K326 and Burley

21 tobacco, quantitative PCR (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 nprIl

20  transgene, encoding neomycin phosphotransferase. This gene was present between the
lett and right borders of the T-DNA transferred into the plant genome in constructs
pBNP, BNP-PPDKcDNA and BNP-PPDKgDNA. Plants transformed with pBNP
only served as empty vector controls, to ensure that regeneration through tissue culture
was consistent between plants transformed with the empty vector and those

25 transformed with the vectors containing PPDK coding sequence. Following
regeneration and Q-PCR checks to confirm that successful transformation had

occurred, these plants were discarded.

For each construct ($AG72-PPDKcDNA and $AG72-PPDKgDDNA) and each cultivar
30 (K326 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



showi ng anti biotic resistance were grown to seed and self-pollinated. The
seed was sel ected as above and T2 |ines showing a 3:1

resi st antwo@otwmsé2st ant rati o were chosen as carryi ng apsirgg2e10m3p3zi1of the
transgene. These plants were again self-pollinated and sel ected as above.
T2 lines that produced 100 %resistant, offspring (T3) were chosen as being
honozygous and were used for all experinents. Mendelian genetics was used
to select T2 generation plants that were honobzygous for the transgene, and
cont ai negpa neimigl posstansgerelecopy Thdsk plenistdepertentingicdghéd tharsed was
honobzygous |ines were selected each for plants transfornmed with SAG

12- PPDKcBNA™Shd SAG 12- PPDKQONA. Exanpl e 3 - Transformation of Nicotiana
tabacum wi t h BNP- PPDKcD NA and BNPPPDKgDNA. El ectroconpet ent Agrobacterium
tumef aci ens strain LBA4404 was transforned by el ectroporation as descri bed
i n Exanpfer @clusilenged e pphaddiadspBnPyeRNPoPPBRE Q-RARaweh

Fol | ow | ect ti 1 m LB broth dded to. el ect ted cells,
whi o el OREA PRaY S P A RaKkI T FRURAE BP BT GE RO e s
bef ore bgifdg ¢ baRefRhS. ath QRO T BaREakoGQHRlAL 083 M (Hnsderkanaayci n and

100 ng m 1 spectinonycin (Sigma-Al c’!ri ch). After incubation at 28 0C for 2
days onesbktwdyHwasvarsedas 0ot doewd msebB0o mtle¢tBomaygowantsaiing fg Sotyng - 1

k ' d 1 m 1 ti i n. . Thi | t i ncubat ed i
shaki g | hedsar or i Posnak B ghyas Mapdsinta Seruelid “Bhur S i and " °
anal ysedyhdeskerd iR 18RI rich &%@bm@%ﬁ%gﬁe Shdidd, @nd@Ro used to

my

i noculate 50 m LB broth contai ning 50 kananycin and 100 ng m 1
spectd novpelify. thT kdlectionlof e oxpeotéicomahe d2ignnaasdrakl megessagulvathorvat 28 0C
overnight. Nicotiana tabacum cultivars Burley 2 1 and K326 re grown from
ceed and A GNGEGE SaVeeI i U FiErS® Gl LieoITE Bl Rft s and
sterili sgdepcddSninbyidde SRORILAM bR t@iﬁs%%r@%fiy aerestesil fuethed0 M nut es
before being rinsed in sterile distilled water. A nunber 6 cork borer was
used to pwasimcheaf di scs, which were then placed into 25 m of grobacterium
culture for 2 mnutes. Leaf discs were then placed undersi de down onto M5
medi um contai ning 2.2 nmM 6-benzyl am nopuri ne (BAP) and 0.27 nM

a- napht hgl gReageth Ge@rhtndNOMfichRES 6f PPDK BIARAGR bindoGhQMBsrpom at 22 0C
for two days. Leaf discs were then transferred to selective M5 nedium as

above captzBni ng 500 ng m 1 clarofan (Roussel Laboratories)
(non-cocultivated controls) or 500 ng M 1

Protein extraction

Avrabidopsis leat tissue (100 mg) was ground under liquid nitrogen in a 1.5 ml

20  microcentrifuge tube using a micropestle and 400 ul 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
Polyacrylamide gel electrophoresis
Proteins were separated by polyacrylamide gel electrophoresis (PAGE) in a resolving
gel containing 10 % (v/v) acrylamide (37.5:1 acryl:bis actyl, Severn Biotech Ltd), 50 %
(v/v) Immunoblot Resolving Buffer (see Section 2.10), 0.05 % (w/v) ammonium

30  peroxodisulphate (APS, 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 %



clarofan and 100 ng m 1 kanamycin. Leaf discs were transferred to fresh
sel ective M5 nedium as above every 14 days for 6 weeks. Callus and shoot

cl unps wewe 2tvan7é2enoved from di scs and pl aced onto LS wedigBromasbziini ng
0.5 MM BAP, 500 ng mM 1 clarofan and 100 ng m 1 kanamycin. After 2 weeks
shoots were transferred to 150 m jars with LS nediumcontaining 0.5 nM
BAP, 500 ng ml 1 clarofan and no kananycin. After a subsequent 3 weeks, the
dom nant shoot was transferred to LS nmedium containing 250 ng m 1 cl ar of an
and no HAF’VQ)APISalnétﬁ}ylc‘i/ot(V/AleéMEeIhdﬂh@ropk%@masmd@tmed\enéOfpgrtbthbr cl eaned

b transferr n shoot to medi o] BAP. When
e A S e R L N S R Rt Sh L

gr eenhougeg ol 87 amiisess, of7 HraRRaapiR 60BN ARaR Kabhiue) B@R).@Q PCR) was
used to quantify transgene coEy nunber in T Cand Tl plants.” Wiere possi bl e,

singl e i hser/t) rogedhehortdeygulnmhnghlarRennieg buiGtrg@ M gricehal, gebs  For

o 20y R 6 el e ST o Faund 5 20etRE O 37 AARA GBI Tad probe

BNP1291TWi{2EQ | D No. 12) was used, annealing to the nptll transgene. For
internal quantitation, primers Nt Cyc-184F (SEQ ID No. 13) and Nt Cyc- 3 16R
(SEQ I D No. 14) were used, and the FAM TAMARA-| abel | ed probe Nt Cyc- 267T

SEQ I D No. .15 used,. anneal i to the en enous, gene encodi n
Cycloph ﬁ?lﬂhcaé%ﬁ?wr&f%F«f%&ﬂws{%@e@%aﬁ e Br B Bor Mot hod
Bubner  &(Bakifwi e84 anfliandecSkd italﬁg@%ﬁ@ Ge@)deaﬁgé B Prol@Ra%hihon

m xtures contained 1 x Universal Master (ABI), 9 MM each priner, 0.2
mM eéch ihetreo Sdsitifty) sepadiag ¢o t@etcmrolmsncﬂadrprsml@oaﬁ%bl Ntr@ylg Hirmi mers and

pr obes) d approximately 500 n enom ¢ DNA tenplate extracted from | eaf
tissue u@p%egaﬁgaf_)ﬁ%e s?%Y&tﬁPeﬂ/%?}?' Kit (Q agen) according to the
recommended protocol. Thermal cycling was perforned in a 7900HT Fast

Real - Ti me PCR System (Applied Biosystens) with an initial denaturation step
of 95 Odnimpndlffordmiysies, fol |l owed by 40 cycles of 95 OC for 15 seconds and

60 OC f ta were d usin D sof tware
(Appli od 6 Ry B eriey EO Bt PO NG cHRREP S DR T £ 00 A ar RDP ey
trangf or qEmcke UBRRMALhBANKIZEI @ BUT §@YicR) L;slr{gth%%ﬁ Ex@uantiélt Bldcve PCR
(QPCR) was used to select plants carrying 'a single copy

Paper (Bio-Rad) and Immunoblot Transfer Buffer (48 mM Tris-HCI, 39 mM glycine,

1.3 mM SDS and 20 % (v/v) methanol (Fisher Scientific))in a Semi-Dry Blotter (Bio-

Rad) at 15V for 1 hout. Ponceau Stain (0.5 % (w/v) Ponceau S (Fluka) and 1 % (w/v)

glacial acetic acid (Fisher Scientific)) was applied to the membrane after blotting to

20  verity 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 (TWEEN 20, Sigma-Aldrich) in phosphate buffered saline (PBS: 1.5 mM

25 potassium dihydrogen orthophosphate (IKH2PO4, AnalaR), 8.1 mM disodium
hydrogen orthophosphate, 2.7 mM potassium chloride and 137 mM 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 2 1:10,000 dilution of rabbit anti-PPDIK 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



of the transgene. Single-insert plants were selected to reduce the
possibility of transgene silencing. Q PCR was perforned using

ol i gonuclwotote®7628npl enentary to the nptll transgene, ecocabog/03e2mycin
phosphot ransferase. This gene was present between the left and right
borders of the T-DNA transferred intg,the plant genone in constructs pBNP,
BNP- PPDKCDNA and BNP- PPDKgDNA. Pl ants transformed with pBNP only served as
enpty vector controls, to ensure that regeneration through tissue culture
was consligridnetidernepntphadisingnan¥iordedomiltriche Serptayidiect or and t hose

eaoner ol TR Mk o S EHORRS EB “CaP P Ei et QB EBEN I o0 PRASYOrHat i on had

occurred@fsﬂﬁﬁﬁesmaa}mrﬁpmesn@inﬁ%ame@ v/Forwaack ponst ruct (SAG 12- PPDKcDNA
and SAG 12- PPDKgONA) and each tivar (K326 and Burley 21), six plants

were selected. It was not possible to sel ect onIy si ngl ei nsert plants SO

wh | ant t
owest coblyTiamser <Boger e ia S iy S R BerFiob & NS #5011 § nat ed
and the §eodNEShHMNERA:mENceR0k 56l @EhRshTd @ahﬁxﬁﬁl; PdfinOfh&Rr | Ng wer e

grown and Q PCR was repeated to sel ec% honmpzygous pl ants. Use of honpzygous
pl ant s stroutdthgeteghe eccotaiirded prasbcelhe transgene in future generations. For
each T Qparent, four offspring carrying the transgene were sel ected.
However, it was not always possible to sel ect honbzygous of fspring for

every T Rp@#filto P\@ﬁé@ tPeraniRlw i AR RMREST WasshHigha: bhamg wo, plants
with | owner copy nunbers were selected to reduce the possibility of

t r angyendr@didendidigrs cahdned lsoWeeesi pt. | Frptdiheas ettectaddnorofieahorozydgot es from

cul i var Rourb 1 e o ke i R SR PRAGRT Fof SR epenaent. 11 nes

wer e sel pepreDWA lah@V\érIdrﬁBi%Gf%H%o%QMnBHl@SP%aigsfs% sélkedt 1fnds BfREsseXxperi nents.
Exanmpl e 4 - tection and quantification of rotein in transforned L

r abi dopslilighqyllamt@fli?rmﬂél Reamnhigatt insaive PIIAkI (@0 ps) was eafl 28 & posigvd 100 ng) was
ground under d nitrqgen in a. ocentri.fu using a
ni cr opestd"E 5#&%0” %nOéggge%gg E%Wll%@fﬂeeqr IJ(P <£%tf1%trﬁlamg?mg%%>'
15 SAGT12-PPDKgDNA plants were expressing higher levels of PPDK than $A4G72-
PPDKcDNA. All subsequent analysis was performed on the five SAG72-PPDKgDNA

lines.

PPDK was undetectable in wild-type and APPDK plants, was detectable at low levels
20 in some $AGT2-PPDKcDNA plants, and was detectable in all $.4G72-PPDKgDNA
lines. In three of these lines, much higher amounts of PPDK were detected compared
to wild-type or $.4G72-PPDKcDNA lines. Therefore, the presence of introns appears
to have a positive effect on PPDK expression levels, and the $.AG72-PPDKgDNA lines
were selected for use in all further experiments.
25
Immunoblots against PPDK were performed on wild-type, APPDK and $A4G72-
PPDKgDNA plants in order to determine the onset and extent of PPDK accumulation
in $4G72-PPDKgDNA plants.

30  Referring to Figure 5, there is shown the quantification of PPDK abundance in wild-
type, APPDK and five independent $A4G72-PPDKgDNA lines from week five

onwards. PPDK abundance was calculated as a percentage of wild-type for each time-



Phosphate Buffer (plus Protease Inhibitor Cocktail (PIC, Sigma)) was added.
Protein concentration was determ ned by Bradford assay (Jones et al., 1989,
Jour nal okoQbmmise@B Ecol ogy, 15, 979-992) using Bi o- Rad pEras2in/AsRay
Reagent (Bi o-Rad) according to the recommended protocol. Polyacryl am de gel
el ectrophoresis Proteins were separatgd by polyacryl am de gel

el ectrophoresis (PAGE) in a resolving gel containing 10 % (v/v) acryl am de
(37.5:1 acrylLbis acryl, Severn Biotech Ltd), 50 % (v/v) | munobl ot

Resol vi nepiBufrbmrvdese&vSactinorD &2 28)sho@nGs niafiwt Wesamime Hingrrapes.oxodi sul phat e

APS, Anal d % N tet t hyl et hyl enedi ami TEMED,
(Sever n a%? %‘X?E]P%%E&? ﬁgé&#@%% hf%?éﬁ{e;%%%ae m‘?%rggrr ellg?#e%?lggg gibove, 50
% (v/Vv) PPOUNARINGLn St BeKEMGrBUES 18twedh Q8 oUOW W) AR ARInOAN GV AVF\Y  TEMED.

El ectrophoresis was performed on 20 ng total protein extracted using 1 x
| mmunobl 477 &dfpl e pBuPilet). (66 sighifichatlyHifteren0tyld iy vy ©8 231 (p 0. 7 v SDS,

0.7 b- apt oet hanol Laboratory Supplies) and 0.05 % (w v)
bro phe(g@(ﬁﬁﬁﬁﬁ?%@d Iﬁ#&ﬁggl ot Running buffer (25 mM Tris-HCO, 0.29 nmM
gl ycine (Fisher Scientific) and 3.5 mM SDS at a current of 70 mA for 1 hour

30 mnutes. Duplicate gels were run sinultaneously. One was used for
i mmunobl Botamavgrsiestrided gpirblett theweharadstasldt vankdy idtervsle doma tlytaivagad usi ng

Gel Code Bl ue Safe Protei.n gp{@lgdsﬂélerno Sci#gntifi ct)é.acglgrdi n@ to the

r ecomen@eiTprETSAFT ST Dy g FidCHEAIB G ATOWRS a8 1S 185 st ai ned
gels. | %ﬂQ@ée@tﬁv@'@ﬁW&lssccEﬁEh%gﬁa{ he WHERee DRk rhQriniARLAINR! REulgnal ysi s
were transferred onto a Protan BA83 Cellulose Nitrate Menbrane (Schieicher

and 8thual inyrepssiingpreeiotabanddcerla-STHGE& PBPEEDPap eltan(BposeRat PPEMd | nunobl ot

T f Buffer. (48 mM Tris-HO , 39 _.nM,ql i Ly L. mM SD! d 20 % (v/
T ehenelaceenafliot 88 B Phietar e RaTt P PEIS odi B s TRRsERa R 120 T o) 4
hour . PORGGaSHaN, PLI bith i BoRe@au S (Flukahramsic bW v) of aci a

acetic acid (Fisher Scientific)) was applied to the nenbrane after blotting
to verify protein transfer, and the nenbrane was then rinsed in distilled
wat er. Bl ock ng, bLerr fo%CPPDKfJﬁPBJIqulle%panal ysSi S was ﬂg}dgpfreg& each day

using 1 pmet o allow quanfification © rotein eXtracts was timiz

75 Ditferent amounts of recombinant maize PPDK protein were subjected to SDS-PAGE
and immunoblot analysis. Band intensity was calculated using AlphaFase imaging
software and a standard curve constructed. The regression line was calculated using
SigmaPlot 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

20 least 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

25 recombinant maize PPDK protein for at least four biological replicates for each line at
each time-point. The analysis showed that PPDK abundance in $A4G72-PPDKgDNA
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
SAGT12-PPDKgDNA line, and the mean taken of these values to quantify PPDK

30 accumulation over the senescence period in each SAG72-PPDKgDNA line. This
allowed the SAG72-PPDKgDNA lines to be ordered according to increasing PPDK

abundance, as shown in Figure 5.



(wv) dried skimed m |k powder (Marvel) and 0.1 % (v/v) pol yoxyethyl ene
sorbitan nonol aurate (TWEEN 20, Sigma-Aldrich) in phosphate buffered saline
(PBS: 1. 5voldhpaioacsi um di hydr ogen ort hophosphat e ( KH2PO#cT/AABRIBR)S0328. 1 MM
di sodi um hydr ogen orthophosphate, 2.7 nM potassium chl oride and 137 mM
sodi um chl ori de. Hydrochloric acid wgs used to adjust to pH 7.4. Menbranes
were incubated in blocking buffer at roomtenperature on a shaker for 1
hour. Primary hybridisation was perfornmed using a 1:10,000 dilution of
rabbit anti-PPDK anti body (Chris Chastain, Mnnesota State University)

foll OWEde'b%/ 3 WaSheii 1%l)f 5 m'lnute . each in.bl ocki n% l?uffer. Secl%nda({y

hybr i di sEEFOOREY PRIFE 8BRS Iy Sa “TOB00™ A PET B 6> BEhREJAHTT Rabbi t
Bi ot i nyl @tigg\Wied £ dAnhbRedY &Rtk hel deuagdibymaiywasbasd as above.

Tertiaryhybridi sation was performed using a 1:1000 dilution dilution of

St r ept avérdiyme aBivatyi RYP&L e dewosilsle pRagfiohylRed oxibdakek, Gonjsingsn (t&E Heal t hcar e)
fol l owed by. 3.washes of 5 m nutes each.in.PBS cgntaining 0.1 & v) TWEEN
20, | VhnbPAEEI ey B THORSY PAB ST S D De T e R B ddKon was
per f or megbLusHHROPMBHL) el whi SRR U CREM bl ReREENERmReAYENK (ERhanced
Luninol , Perkin Elmér) according to the reconmrended protocol. Referring to

Fi gur e 4thetheébalyiwed hompuslydage PEDIY) alstaofs RIlaRsggnilless SAGhbSpRPPK  on

Ar abi d ' hal i. i by .\ Protein S.e ted from
Cear 11 oStie (PG nddle. BT R cepd s Rt 7ol SrpBRSkE P bpoxe DN A
and SAGLZrmibBRPKGONA IR @Btces indR 2 @UITESK R of Ol RIBANARIMIM anat ¥ekis ho sel ect
| i nes expressing higher |evels of PPDK. Reconbinant mai ze PPDK (30 ng) was

used/fas minpostitsiafer conngoin inPPDOhiats pnateddeitieltt wigh Amci-RIPIUK eytpeodyr  PPDK

nmut ant pl ants (DPP . SA - PPDKgONA pl ants were expressing higher |evels
of PPDK % atﬁe%%éfﬁ?%%&dé@%\]%&a All subsequent analysis was perforned on the
five SAG 12- PPDKgDNA |ines. PPDK was undetectable in wld-type and DPPDK

plants, was detectable at low | evels in some SAG 12- PPDKcDNA pl ants, and
was det edtrabsiegly,nnzitivateABPIA RROKgDMAatddhees détacteiile eelyot vetydew ldvielhes, nuch

N gher ATt O, FEO Yers et coled Somared (o W o ype o1, ShGL
posi 14 vescatdcesde. N5 HPDK eI ASSNNad i€\ RbSndiANGn tREiI A Goihe 1 RBRKGIIN A | nes
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 $A4G72-PPDKgDNA plants, increased abundance of
20 enzymatically active PPDK is present in $4G72-PPDK plants at least during early

stages of senescence.

Example 5 - Detection and quantification of PPDK protein in transtormed N.Zabacumw

plants
25 N.tabacum leat tissue (100 mg) was ground under liquid nitrogen in a 1.5 ml

microcentrifuge tube using a micropestle and 400 ul extraction buffer (Overcoat Buffer

(PIC)) 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.



were selected for use in all further experinments. |mmunobl ots agai nst PPDK
were performed on wild-type, DPPDK and SAGL2- PPDKgDNA plants in order to
det er mi newbheipses and extent of PPDK accunul ation in BSAEGE2RRBKDNA
plants. Referring to Figure 5, there is shown the quantification of PPDK
abundance in w | dtype, DPPDK and five-i ndependent SAGL 2- PPDKgDNA |i nes
fromweek five onwards. PPDK abundance was cal cul ated as a percentage of
wi |l d-type for each tinmepoint fromweeks five to nine. Data are shown as
mean of InheseolflpwagtinstdHdknteae pErtomwredyar lsafsrowioeraraSEN fr@AGI28-2PRDKg DNA

i nes ar rr d in order of increasi PPDK abundance. The differences
bet ween GENBLY pec WISHEOrdariseo liaT g NEA® e sicnentat o' 2 o) 601y
Li nes sijgpifaieant the dilf fesoent sbeesWidedwhy RRIVAET B tBb2va3 sbRhat (hnlR%)c and G
6.1 (p = 0.004). Proteins were extracted from|eaf tissue harvested at

weekl y ilivtee il lglfasoRP Dy deinderdesotils! Ivi identitsdkandadther lirgowiisng ded®PDK was

det in | ts in.wild- | k fiv ds,
Cont 11 i W CEHES Ra BrED 1hErEaeER PP PAnAeT 1 e SPVRAGR | ncr ease
i n prot ghnhrRbunAaNEePpKEDSHGIARZ-BRADKGEANA Bl ®BNhE in RS $1AD-RIRACRQaUmTUl at i on

was al so observed at week five, but PPDK abundance is higher than in the
wi | d- t yplere (NdOPEDRupeot bplantaldPlaEt wey adndintamyowtiate’ I-RPDREDR pliast s. A

nmet hod t I uantification of PPDK.in |eaf,protein e ts was al so
ORI TR ST iy R N R SR S T A S e/

subj ect e@hd &u@@@éspe%%f@ﬂ%i({%a@me?m%H@c' Mailﬁghemidwﬁ%&ﬁcﬁ WS

cal cul at ed usi ng Al phaEase i nagi ng software and a standard curve

constd uctsed forflefurtbgr asliorSihdeagwas PERIKc dbvmdetceusisngpsSivgdralPiaot  sof t war e
whi ch was subsequen cal cul ate PPDK .anpounts in plant .l eaf
sanpl es.© uﬁlé’gg ?%M%%r@fﬁ g@;{) g@t T 1 RS tggltr}n%%?{}}avleta RaEVh&dedsary to

i ncl ude @ﬁpbg@@gxﬁr&fg%, standards on every imunoblot to allow true
conpari son between different i mmunoblots. This technique for quantification
of PPDK abundance in different extracts was used to sel ect and conpare

di ff nic Li .. PPDK t ei b ted b
et or enchetBTEA RAGH CESuarag: BF S CEOHDmARe et T R Bt G Tor a
| easis f oanr (oBh@o0Bic6ak f51RRIst cates for each line at each tine-point. The

anal ysi s showed that PPDK abundance in SAG 12- PPDKgONA
(b) 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 PPDK (50 pg) was used as a

20  positive control. One representative immunoblot is shown, with one offspring from
each parental TO plant. Plants from parental lines $AG72-PPDKgDNA G4, G8 and
G10 and from SAG72-PPDKcDNA 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 $AG72-PPDKgDNA G3, G7, G15 and G23 were used for all

25 subsequent analysis.

Immunoblots against PPDK were performed on wild-type, zero copy (negative
segregant), $.4G72-PPDKgDNA K326 $AGT2-PPDKcDNA K326 and $AG72-
PPDKgDDNA Burley 21 tobacco to determine the onset of expression of PPDK and to
30  quantify 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.



was higher than in wild-type fromweek five onwards. PPDK abundance was

cal cul ated as a percentage of wld-type at each tine-point fromweek five
onwar ds fwo 208097634G 12- PPDKgONA | i ne, and the nean takeotafB2bhweses2ral ues
to quantify PPDK accunul ati on over the senescence period in each SAG

12- PPDKgONA line. This allowed the SAG 12- PPDKGONA |ines to be ordered
according to increasing PPDK abundance, as shown in Figure 5.Since proteins
whi ch accumul ate in high anounts in transgenic plants may be subjected to

i nactivation, the increased protein abundance does not necessarily inply

i ncreas nzyne .activity. .PPDK i s reversibl. rylated in.the dark,
oour oy oRCERTRATE iRk ¥ Dl o et peony Hde BE RN B e Pre U
phosphorybag ghad&). SANKeHuRERKe (Rhesaha=PRBK) imaLhobRIDsResd {How et ecti on
of the inactive form of PPDK, whereas the antibody used previously

(Fmti - P@D@ea;melfé@ttgolﬁﬁm rﬁ@gawaf@wr@tom@ph@nﬁlfamﬂ bjﬂlogiﬁaltreil(c@tmst ain Et .
., 2002, P Physi 128, 1368-13 T i PPDK i
fas vaed 6 i dEt T Hah FUA ST PSR GV ST D e it LU POREtthr ce woeks Lo

ni ne weeksndtd 8Y ordeMbNdereRind PPDIROK @S dR! PREMificRinkch BbiwteMictdbraftsi - PPDK

anti body and then stripped and reprobed. Surprisingly, inactivated PPDK
( phos phowsteatsed) usies At est(HIT @99midy —at, preilpwiteseingicentywliffdeeny pe pl ant s

in a nunber of i nobl ot nd Q rin I st of senescence.
In SAG 1?-%%@@@%%?”8?%@0&@&@6%&9%@ t‘g)e(}o?’§3 fsd éiﬁsﬁ%—@@@?'i vated, PPDK
was detected at higher |evels. However, at time-points soon after onset of
i ncreased PPDK abundance, very little or no inactivated PPDK was detected
despit e PPGK dtyoddmecesdigheoinad! d@RBIKes Phede-tyreslitts isdiggestthatHDkhi | e some
PPDK i nactivation coul d occur in SAG.12-PPDKgON.A pl ant i.ncreased
=bundance "o USp R eal TG RO T DeTORBKITE ) BobHL A Th A 9 BB pl ants at
| east d%éﬂ%ﬂxﬁ%ﬂ'l@%&%ﬂﬁ& 19D EQRERERIRE Qas FXGRRhE: 2 olddPetLed hed wand
gquantification of PPDK protein in transformed N tabacum plants N.tabacum

| eaf tiswueh higber thy) invasd-groukntuddere Wisqliodhighdar rbgedrnca oaPRDE im
m crocentrifuge tube using a mcropestle 121;@ 4 OH'EF extracti,gn buffer
(Over cont - BATEr <t B e e e R cheet PPSnEaRt FE S AP ned by
Br adfor dy@&sa¥d GhQ8&ieextracted 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 $4G72 promoter

20  was successful for K326 tobacco.

Example 6 - Phenotypic analysis of transtormed Arabidopsis plants

Analysis of _Arabidopsis plant growth

25 Referring to Figure 8, it is clearly shown that the overexpression of PPDKgDNA in
Avrabidopsis thaliana generates plants with larger rosettes.  Wild-type, APPDK and
SAGT12-PPDKgDNA plants were photographed at three, five, seven and nine weeks
after sowing. SAG72-PPDKgDNA plants were larger than wild-type. There was no
discernable difference between PPDK plants and wild-type plants.

30
Fresh masses of rosette and reproductive tissue were determined using a Mettler

Toledo AB104-S balance to the nearest 0.1 mg. Dry mass of rosette tissue was



al ., 1989) using Bio-Rad Protein Assay Reagent (Bio-Rad) according to the
recomrended protocol. Proteins were separated by pol yacryl am de gel

el ect r ophwoesi®e(d84GE) as described in Exanple 4. Proteipas/on20/m@ohysed
and PPDK protein quantified by inmunobl ot as described for Exanple

4. 1 munobl ot s agai nst PPDK were perfopnmed on | eaf protein extracted from
K326 and Burley 2 1 Tl generation tobacco | eaves induced to senesce by
det achnent and incubation in the dark at 30 OC. Senescence was induced in
thi s waydsegntihat fromaasgémifeeckd dres! aviertight yhngsin RRDIKdabured Mebisoul d be
identified d other line ]gi scarded, before plants reached maturity. In
K326 pl a eg%e%gﬁﬁkt%\ﬁf n&%rte%ttszor 8% n hi gh abundance in three SAG 12- PPDKgONA
lines (G4, GB and A O and in one SAGL 2-PPDKcDNA Iine (CO. In Burley 2 1
pl ants, PPDK was abundant in four SAG 12-PPDKgONA lines (&3, G/, d 5 and
@&23), buRefmaimgriotignre8ahereiinslagvhihghepiodndamceswmsmiss aK826k hinpesy The four

| i nes_ each for K326 Bur | 2 t.hat had,hi.ghe PDK abundance were
used T orSRF FEPaPRHET ISy Do odingh Sat HRGE TRl duHes Sl ser ved

al nost  exghdiskpeliNctve oA rhass PRBKY NA I JBeS dsdub (ARRERASlideNalvel Ntrons have a
positive effect on PPDK expression. Referring to Figure 6, there is shown

t he sel etewvonand signGt) RaPPERh4BXBluandreBasane pt hree biobmtrebreblicress; Faor f ol | ows:
(b) PPDK i nobl o el ect. tr i . lines. Senescence was induced
in gr egrﬁjﬁr% 85 8¢ g@mﬁm?fﬂ? mﬁﬁ@@ﬁ% Sﬁﬁr@ﬁfraﬁﬁ‘?ﬁﬁaé’&eriﬁcubati on at
30 C fPHnEﬂ%Bﬁ&‘% PRYK: 2HUAh&INDIRS c S6 ARG @0 ABE psdbhecled utife ARLaDI ot
analysis to select |ines expressing higher |evels of PPDK Reconbi nant

Ri 2&) PRIOK= BB62nd)= s —Use ) all 44655 RENE DSt linoh we@neegnibmnds ent at i ve

i mrunobl i s sho Wi one spr.i ng_f ar a lant. Plants
from par%ﬁf‘éﬂm fq Wﬁ@ Wgﬁ@?f—&PMS&E T@gdagngﬂgbépén(g&or br%zé% 2- PPDKc DNA
l'ine O Quer e used =f @03 Whasbgagueint naNAs¥RikesS lindsSitPRiKed PPORODI ot to

sel ect transgenic Burley 2 1 lines, as for K326 in section (b). Plants from

par ent al aHuindegre $A@E et 20 PPRKGIONA ra3od@tive@ssB: raad. R8odeatiee tised 2for al |
subsequent anal ysi s | ot s agai nst, PPDK . were perf.or.ped .on wld-type,

oo o G AR SS WA S e nT 95 B A Ho PO DA, Kam6

and BAGl&fferent for wild-type, APPDK or SAG12-PPDKgDNA plants when tested using
ANOVA (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

20  between 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, S.A4G72-PPDKgDNA plants were
tound to have significantly higher mass than wild-type.

25
Referring to Figure 10, there is shown total plant fresh mass (rosette plus reproductive
tissue) of wild-type and SAG72-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 $.A4G72-

30  PPDKgDNA. Error bars show one SEM. Wild-type and $.AG72-PPDKgDNA total
plant masses were compared using a student’s t-test at each timepoint. Rosette mass

was significantly higher in §AG72-PPDKgDN.A plants at week nine (p = 0.032).



PPDKgONA Burley 2 1 tobacco to determ ne the onset of expression of PPDK
and to quantify the degree of PPDK overexpression in the transforned

pl ants. Rvoteiom®7émre extracted from K326 wil d-type andptrasbovesestipl ant

| eaves one (ol dest) to eight (young) of three nonth old plants and

i mmunobl ot s agai nst PPDK were perfornmed. Referring to Figure 7, there is
shown the overexpression of PPDK in ripe | eaves of K326 tobacco. PPDK
abundance was cal cul ated fromimunobl ots. Data are shown as nean of 10

bi ol ogical replicates for zero copy plants, and four biological replicates
for eachrsggf%Z-PPDK |ine. Error bars sho 6{ﬂ;cangSEl\/l SAGL2- PPDK Lines are
ar r anged” FnGFEREFS §FS PMHCYEHLTARGPBPOR At COFRESBITYEP dhcE B6t ween
genot ypes 1gD &rdBstr g M&ike ANPR (ddepeRicAP9.4H0-PPIEKIINA 10084d - Li nes
significantly different to zero copy plants were QO (p = 0.006), &8 (p =
0.003) andre@edrpgte Ay 0063 A ®@PPKespbostdaldd haduhiaicevab pbatrdelasifeaves of
w ld-type plants, .indicating.,that. PPDK i urally upr | at ed during
senesconERtfit Stk tomaS nafingt s ith b sh BB e Tetehel R TR ERSy e K926
plants, REHaBLURdANSS MRSmalssRdhh APPDI PIekdeRd %@M&%igr@ﬂi@nﬂ%s nmuch hi gher
than in wild-type plants. There was al so hi gher abundance of PPDK in
younger digascastaovild-taegiotned |ines with hi ghest PPDK abundance.

| mmunobl ots were performed on protein extracted from'ripe' |eaves of zero
copy plants (negative segregants) and transforned plants. Ripe | eaves are

t hose atD@mhﬁﬁMg§ﬁ@p%@d@k%ggﬂggagm@@%ﬂ n the | ater stages of senescence.
PPDK abundance was quantiTi ed. abundance was higher in ripe | eaves of
al | foourSirfide peadétie tosetrsior drednlingidyy womiag edings mere ledpysuplhakeets.

Over expr ion of PPDK durj senescence using the SAGL2 pronoter was
successfﬁf%?%Pﬁﬁ§§§: 8%3%8%&gé§§ﬁﬁﬁQ?QK?W%ﬂ%H%?V%?%£§WSF9 is of transformed
Ar abi dppﬁﬁo‘%og}laflﬂhg (RN ARk 2 NiRR THRSHScPh@NGS EE QM BaRekeykdng to Figure
8, it is clearly shown that the overexpressi on of PPDKgDNA in Arabi dopsis

t hal i anausgrenlenatbsofpraniSatgnrhldstrgerofidsdht, esd thw dudtaty pez oDPRDRAND SAGL

2- PPDKgDNA pl ant e photographed at three, five, seven and ni ne weeks

af ter sdﬁfﬁﬁaagﬁéﬁ&g&@@ UDNA pl ants were larger than wild-type. There was

no discernabl e difference between PPDK plants and wild-type plants. Fresh

masses of rosette and reproductive tissue were determ ned using a Mettler
Rosette surface area was increased in SAG72-PPDKgDNA plants following onset of

PPDK overexpression. While surface area was significantly larger in $A4G72-
PPDKgDN.A 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 $AG72-PPDKgDNA plants compared to
wild-type. Surface area in APPDK plants was not significantly different to wild-type

plants.

Determination of Chlorophyll concentration
25 Chlorophyll content was measured in relative units using a CCM-200 hand-held

chlorophyll meter (Opti-Sciences).

Fluorescence measurement of Arabidopsis

The FV / FM ratio was measured using a2 Hansatech FMS2 fluorometer. Leaves were
30  dark adapted using leaf clips, provided by the manufacturer, overnight prior to
measurement. To determine whether onset of senescence was altered in $.A4G72-

PPDKgDNA or APPDK plants trelative to wild-type plants, FV / FM ratios wete



Tol edo AB104-S bal ance to the nearest 0.1 ng. Dry nass of rosette tissue
wasdet erm ned from sanples freeze dried overni ght using an Edwards Super
Mbdul yo Rweesm/dongeer to the nearest 0.1 ng. Referring tecFigpwms/®Bo3zihere is
shown the reproductive tissue mass at week nine. A 5 dose response to PPDK
was observed, with lines with higher PPDK abundance having higher
reproductive tissue nmass. Tot al repro&ucti ve tissue (stens, cauline |eaves,
flowers and siliques) was wei ghed. Values are neans of three biological
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0.031, G5.4 p =0 p = 0.000, 2.3 p =0.001, Gl6.1 p =
0. 001). ahhiophylheontergglddtecterb \ah 5 wemehsum@sowphlrmcgh@ﬁ fiPDfovabundance

tendgid to rll(axe hi herb qpro uctive tissue §§ ﬁgﬁroductlv tﬁ ssue as
per cent age " ?VCBI SHTTE PESHNOHS!S SWRSTHFSEY L M Farisg WCS s not

si gni fi cantihy 14%idl rsgcft_t;fjpppxggszA MR?AP@BR%aﬁHs ISAGIEM-RRRKGINA pl ant s
when tested using A 44, df = 6, 767, data not shown).
However , attteek p‘r\@p@mdwobﬁeqﬁembpiegl@w& lnd@a@mgélaen@mgapfpmﬁ@erftsag@cwet ot al

pl ant mass S unch t hat a,who bi gger
Brd t hat SrebosrEe il e Bn e bel et degetae IR a1 BB ) 920
was unc h@E&s@Qﬂﬁéﬁ%%%hﬁ%‘a@ﬂ%nfxxﬁlﬁst?pé@c&w&eeﬁ%%h'ﬁ %’dh@ﬂhh%tﬁréﬂ%n dssue mass were

al so neasured in PDK plants, and were not significantly different to

Wi | d4t y pehotReysdtetie achwtyrmsls: lms sagsoiveasamed, and as for total pl ant fresh
mass and reproductive tissue mass, SAGL 2- PPDKgDNA plants were found to
have significantly higher mass than wild-type. 5 Referring to Figure 10,
there i snghowh betal plant fresh mass (rosette plus reproductive tissue) of
wi | d-type and SAGL 2- PPDgDNA plants from weeks three to nine after sow ng.
Dat a ar elistvovnr mgog@amné?d;}fsismsefeeem dﬂi@bﬁlsé@ arrEéWiirdaﬁe}serfModWCb Hreeype, and 15

bi ol th t h dept |, f
SL\‘G’&?' O st B G Ba S B B ST o B S eAaE 2 prDKgDNA
totals pl ﬁ&bg&@&%@%m‘gﬁfn@ @pm&%&ﬁlm&m@%&@t@ébﬂj tegupAtN gach

ti mepoi nt osette nmass
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
Avrabidopsis wild-type, SAGT2-PPDKgDN.A and APPDK plants over a timecourse from

20  three to nine weeks after sowing,.

Referring to Figure 11, there is shown the nitrogen content in leaves of wild-type,
APPDK and §AG72-PPDKgDNA plants at week seven. Data are shown as mean of
eight biological replicates for wild-type and APPDK and four biological replicates for
25 each SAGT12-PPDKgDNA line. Error bars are one SEM. $AG72-PPDKgDN A lines are
arranged in order of increasing PPDK abundance. The difference between genotypes
was tested using ANOVA (IF = 6.047, df = 6, p = 0.000). APPDK plants and all
SAG12-PPDKgDNA 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, G12.3 p = 0.007, G16.1 p = 0.0006).
30
Leaf nitrogen was significantly lower in all five independent $.4G72-PPDKgDN A lines

compared to wild-type from week seven onwards, supporting the hypothesis that



was significantly higher in SAG 12- PPDKgDNA plants at week nine (p =
0.032).The difference was not significant prior to onset of PPDK

over expr ewei20m/@u3t o the SAGL2 pronpter at week five. Ach/devm/isosiependent
SAGL 2- PPDKgDNA |ines had increased rosette dry nmass. A dose response to
PPDK abundance was observed as for reproductive tissue mass, with |ines

wi th hi gher PPDK content having higher nass. Rosette dry nass was al so
measured in DPPDK plants, and was not significantly different to wld-type
pl ant s. iBetceyimg RBDKorbwoilangeabirdgpsiescdnsatogdrehboee affeden@pof atwganea of t he

rosette was,determ sanpling a.single mature |lea ual ly leaf 10,
det er mi nﬁeﬁlé)bﬂﬁén?fhslgﬁgﬁb‘%%%es%ﬁfangﬁ&mét?’ H%ﬁléed\ﬁﬁgiegk F%éré%‘f&g@'s above and
phot ogr aphibrRGINE JiLad, v dNAshde Raf LHRE delfiPecamidiacay@nhaacefsed he | eaf was
measured using | mgeJ software (National Institutes of Health), and the

sur f ace BPieK dfuntiecewhdlhengagsiablealecrhisuh daé ditfagom wikitls coRdderttebetad f ace

ar ea S Ecr.eas%tlﬁ in SAGL 2- PF?DKg‘DNA Cp(iant s follow ng opset of. PPDK

over expr&sSf BAC i @ SOY FARE P 45" Wad™ S (G ¥ P RAMTY I %ﬁ%é?sﬂaf?%‘&elz-

PPDKg DNA, {2l Sidd aM\@gQSp&@qh%cglﬁ%yg{megy weeks eight and nine surface
area was not significantly different fromw ld-type. This |arge decrease in

surface area could be due to increased renobilisation of nutrients in SAGL
2- PPDKgDNA pl ants conpared to wild-type. Surface area in DPPDK plants was
not significantly different to wild-type plants. Determ nation of

Chl or ophg(hillzmg%;%&k@&dml orophyll content was neasured in relative

units using a and- hel d chl orophyl|l neter (Opti-Sciences).

Fl uottesclewoddumb asd messe pnd oftrofrmbiatopsiee Timasurud in fekl ol wild-tyyees Srigalsur ed

using a F or ter. Leaves were dark adapted using | eaf
clips, pﬁ%gﬁeﬁ?ﬁpﬁﬁﬁf@@%ﬁﬁ%@@over ni ght prior to neasurenent. To
det erm ne whet her onset of senescence was altered in SAGL2- PPDKgDNA or

DPPDK plants relative to wild-type plants, FV / FMratios wereneasured. FV
I FM i s Refewigitmitigirof 2,tthere dushomumhe fnfti egca wogteof offindivekykteedof wildand

of sencaebna P 1aRry ket HEPKE bt Dol Mt Bl B 6 sencscence,
bef oje anidesdd Add? of the $AG12-PPDKgDNA plants. Data are shown as mean of eight
biological replicates for wild-type and APPDK and four biological replicates for each
SAGT12-PPDKgDNA line. Error bars are one SEM. $AG72-PPDKgDN A lines are
arranged in order of increasing PPDK abundance. Difference between genotypes was
tested using ANOVA (IF = 6.704, df = 6, p = 0.000). Lines significantly ditferent to
20 wild-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 $AAG72-PPDKgDNA 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. Total seed harvested from each
25 plant was also weighed, and there was no significant difference between wild-type and
SAGT12-PPDKgDNA plants, so increased seed size in $.4G72-PPDK plants did not

compromise total seed harvest.

Free Amino Acid content of Arabidopsis leaf tissue

30  Leaf tissue (100 mg) was ground under liquid nitrogen in a 1.5 ml microcentrifuge tube
using 2 micropestle (Eppendorf) and 300 ul sterile deionised water was added. Samples

were subjected to centrifugation at 13,000 rpm at 4 °C for 5 minutes. Protein



chl orophyl|l content is detected. FV / FM was neasured over a timecourse
fromfour weeks (when | eaves becone | arge enough to neasure FV/ FM to

ni ne weekwoahtoamw7@ewi ng. In wild-type, SAG 12- PPDKgDNA eod/diRpbiospiants, FV
/ FM was maxi mal at week seven and subsequently declined, indicating that
timng of onset of senescence was the,sanme in all three genotypes. However,
in SAGL 2- PPDKgDNA plants FV / FMwas significantly higher than wld-type
at week eight, indicating prolonged photo synthetic activity in the later

st ages oforseresioence. deNirtirsgdy BradfoetiessTy Jeue dt ok, 1B rogeBiadkddysi s was

freeze i ed using, an Edwards, Super. Modyl yo Freez er. abi.dopsi s | eaf
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1l Nitrogen Analyzer (El enentar Analysensystene GrbH) was used fgo measur e

ni t r ogenKegdhherwmeasxacpendoetvale rasbmdrandeg piipsolusindesthere resceramdaded

settings. tic acid.(Si - rnich) was used as, a_ stand .._Leaf

nitr gerimc@sﬁglg%m%?uﬁégéwggﬁlﬂﬁﬂ[gi’rba%‘ftélgpsélpgfw 1“(15:%{S 9“6@‘?“%%@%—%&9% and
DPPDK pl aft ) %yg{ragragg %@}%@@Jﬁgm three to nine weeks after sow ng.
Referring to Figure 11, there is shown the nitrogen content in | eaves of

w | d-type, DPPDK and SAGL 2- PPDKgDNA pl ants at week seven. Data are shown

as nean of eight biological, replicates for wild-type and DP nd four

B ol ogt IR 176 AP Bl R 4B R D PRk SR P ey PO b e e one SEM
SAGU' PP |Tﬂaﬁi@/ﬂ\@s/@ﬂ8@@ﬂﬁﬁdimo®h@§ﬁ/mﬂ SCr 9 . PP Abpmidance. The
di fference between genotypes was tested using ANOVA (F = 6.047, df = 6, p =

0. 000) . DPPDK /phants canthngPhe8a@ne) RPROKYDNAthimveg meetenagd gmif Yocant | y

diff t il d. t DPP ,,=. 0..004 .4 = 0. 000, .4 = 0. 000,
Qo 5 oM/ e bREHEERT By v et e B i Bl PhRsn ons
SI 0N F1 CARL hiod OMBEorhitedivhs 4c¥en hHAREDEBRLISAGLLRRRKGRNA | i nes conpar ed to

w | d-type fromweek seven onwards, supporting the hypothesis thatincreasing
PPDK abutedemoendedt inrthe sefest KitdBhevahchesnRands vefré reilend yn o snpplredgen

renobi | i zati on. . PPDK, expressi on a LV peaked at week six in SAQ 2-
PPDKg B?l%sﬁtsgf,w%ﬁ%éﬁp%ﬁl 8%53[556%52&&%%{:?%}{(1@ ay occurred between
i ncreased PPDK abundance and a neasurabl e decrease in |eaf nitrogen, which

could be attributed
Total free amino acid content was measured in leaves of wild-type, $AG72-

PPDKgDN.A and APPDK Arabidopsis plants over a timecourse from weeks three to

nine after sowing,

20 Referring to Figure 13, there is shown the total free amino acid content is increased in
leaves of Arabidopsis overexpressing PPDK. Data are shown as mean of six biological
replicates for wild-type and APPDK and four biological replicates for each S AG72-
PPDKgDNA line. Error bars are one SEM. $AGT72-PPDKgDNA lines are arranged in
order of increasing PPDK abundance. All five $4G72-PPDKgDN.A lines have higher

25 total amino acid content than the wild-type, but variation is high and the difference was

not significant when tested using ANOVA (IF = 1.314, df = 6, p = 0.289).

In SAG72-PPDKgDNA 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

30  becomes significantly lower than wild-type, and one week after maximum PPDK
abundance in leaves of $AG72-PPDKgDN.A plants. The increase occurred in all five
independent $AG72-PPDKgDNA lines, although variation was high and the differences



to the tinme taken to convert protein amno acids to transport am no acids
(asparagi ne and glutam ne) and transport themout of the leaf. Analysis of
Ar abi dopswe 2®ad74d28di vi dual seed mass and nitrogen cont egtr/omom/oseRsured in
seed of wild-type, SAGL2- PPDKgDNA and AWK A a/iana plants. Referring to
Figure 12, there is shown the nitrogep content of individual seed of

w | dt ype, DPPDK and SA Gl2- PPDK pl ant's. There were significant increases in
seed nitrogen content of the SAGL 2- PPDKgDNA pl ants. Data are shown as nean
of ei ghtbdtwodroigdyalual leph iasdtleswildtypaivede hytegrafcinDAPDK naredsef soggestsi ol ogi cal
replicates for. each SAGL 2- PP.QKI%DNA line. Error bars are one SEM, SAGL

2- PPDKgDNA' 11 HESMEr OB BIRG 86 RIOOYHER S6F11F AL BX&IHEFPRIR “BtAddce.

Differ e%@oﬁ%ﬂ%&rgmﬁﬁﬁo%ﬁs E%Errﬁﬂatgﬁh&% NSQA [ FaFe & ofQte 28fHs= 6, p =
0.000). Lines significantly different to wild-type were G19.2 (p = 0.000),
Gl2. 3 ( pwere@o085hifigrdly@iBereni(ip APRDEQMHnts omparedvce Willitglwer PPDK abundance
tend to have higher seed nitrogen mass. Hence, individual seed mass was
increased in all five independent SAGL 2-PPDKgDNA lines relative to the

W | d-typenngid: Anfoseids eSIRansEe: 101 RpMiabundantce Masuehagd ¥gdesswii th pl ant s
wi t h hi gher 'PPDK abundance havi ng hi gher 'seed mass. Total seed harvested

f r om eachpgtenigewdsorl gec smingheis. GhePEDkaB Nad pingnirhispantandindf er ence

bet ween wi | d-type and GJ PP | ants, so increased seed,size in SA
a5 Ponri SRS el Guronane B i B a Tk sEE W LT RS At
cont ent %Ah@%%hﬁe& gafll ﬁxieﬁﬁ@&aehééﬁtj%é $21PPDK§@Z\D?!J)iné&@§ﬂQ)th nd under
liquid nitrogen in a 1.5 mM mcrocentrifuge tube using a mcropestle

( Eppé&hdovdriptiamer2a8D@h mhd shedifferendes lomvemdndiaiden] ivgs 2ad tedvildBampivese wer e

subj ected to Cfentrii.ﬁjﬁ%gf“ on at,.13, 000 .r%? at. 4 0l for 5 rri.gut es. .

Pr ot ei ncSHEER 4T o readt WHLY BY B AG DI G dESA™MEI GHESOBIMEI™ | 1989)
using Bi QA@Q-@M@MAM IReQGEeH: of ﬁ!aﬁ’sﬂ%@@?mi%@%@iﬂg!dweag&. Ahe recomrended

protocol. Sanples were prepared for amino acid anal ysis using the EZfaast
Anmi no AchrdpSedtopl & testtilnggitthis Phagrotvehe g utanerdid neparagindierodegimrended

protocol. Sapples were resu }%en‘%ﬁd in 10 nMiammni um f o%errgt e}(lBDH
| abor at orYSUPBITRE HRICEOODS G 1 S SPFTTRY WRPSITTERE BPWEGIt ra gr ade
met hanol 1h6Raflehded 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.

Fxample 7 - Phenotvpic analysis of transformed tobacco plants

20

Analysis of tobacco leaf nitrogen content

Leaf nitrogen content was measured in ripe leaves of negative segregant and SAG72-
PPDK K326 tobacco. Ripe leaves are those ready for harvesting for tobacco
production. Leaf nitrogen content of $.:4G72-PPDK plants was lower than that of

25 negative segregant plants, for some of the four independent $.4G72-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

30  imply that nitrogen remobilisation was not increased. In time-courses of senescing
SAGT12-PPDKgDN.A Arabidgpsis plants, leat nitrogen content was significantly lower

than wild-type, but by late senescence the difference was much smaller. It is therefore



Sanmpl es were then subjected to Iiquid chromat ography-nmass spectronetry
(LGM5) using a Q Trap LC/ Ms/ M5 (Applied Biosystens/ MDS SCIEX) with an

EZf aast 250 261089820m AAA- M5 col utm ( Phenonenex) and 10 wdiragsmmesos2fior mat e
in 50 % (v/v) sterile distilled water and 50 % (v/v) ultra grade nethanol
as the nobil e phase. The nmass spectropeter was used in positive ion node
with conditions as recommended in the EZfaast Kit (Phenbnenex). Results
were anal ysed in the supplied Anal yst software (Applied Biosystens/ NDS
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and the difference was not significant when tested usi ng ANOVA (F = 1.314,
df = 6, ynesc b281©9achmnnt9A@1n gﬂMAklpﬂsamtt?é)OCt otr ghret dew. Ehisnpbowed d

content was signifi,cant her than in |.ants. at week seven,
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2- PPDKgDNA pl ants. The increase occurred inall five independent SAGL

2- PPDKg DMtk it mestlapad it droe ghpresstanapatemsaveish ideglelagardsenérsentief f er encesbet ween

i ndividual lines and the wild-type were not significant. This increase
suggests that at this tinme-point am no acid production occurs at a greater
rate tham RB2OGHAEI (RARBTIEC §AN cOREHT incRAGIFOIANHA hREHES oR&GURehat e during
the leaf. Total free ami no acids were not signifi cantly different in DPPDK
pl ants ciompgrted segreginit glanygrend 1frr5a4r@7p?oPlPD5nnlamos dbe dwrr¢agt wranlndatedhas

d d. t tal f
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si gnid i capbkyinbicabeme tdagmhst %Mﬂgﬁiﬁgm sHaB8 BaRthaVBe aﬁxee%g @ eight. The
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increase occurred in all five independent SAGL ' 2- PP es, al though
plants, but no other $4G72-PPDK line showed a significant dlfference to negative

segregant plants. Overexpression of PPDK 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 S$:AG72-PPDK lines, and there was no significant difference

between genotypes in the degree of increase following induction of senescence.

Analysis of tobacco seed

25 Individual seed mass was measured in K326 tobacco, and was significantly higher in
SAGT12-PPDKgDNA and $AGT12-PPDKeDNA 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 $.4G72-PPDKgDNA and SAGT2-
PPDKeDNA plants.

30
Referring to Figure 14, there is shown that the seed size is increased in $AG72-PPDK

K326 tobacco. Individual seed mass in K326 zero copy (plants which are negative



variation was high and the differences between individual lines and the
wld-type were not significant. Therefore, in addition to an increase in
total frewoaniomer@si d content in SAGL ' 2- PPDKgDNA pl ant #cTide2omasbant of
transport am no acids increases as a proportion of the total. Again, this
suggests that glutam ne and asparaging production exceed the export
capacity of the leaf at these tinepoints, supporting the hypothesis that

i ncreased PPDK abundance during senescence increases the efficiency of
am no aciegdregmite forgbavet(siZolVVK emdithend H4GHE- Potnplentornwveof catouknsar t - ami no

acids. In DPPDK .plants, no significant diffe e to.the wild-type was
obser vedpﬁmﬁ(i%r%gg’fopn%?ﬂffvggyn% ARPLOSIIASY ﬁﬁ(ﬁb;?’fg‘fl'g?%ﬁret 5&6’37&% pl ant's
Anal ysi smefn bONAGIER ol BRkpIatds F8LIr6 0BhEPhnk 8 fBLE HiOGRRCRPBLEEGR MRS
nmeasured in ripe | eaves of negative segregant and SAGL2- PPDK K326 tobacco.
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nitrogen content of - PP l.ant s, was Lower tha hat gative
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| eaves VBPBKSRGk. rhe MBASHME HetdenNchbQPENy GO MR usHNERAGWESE | £aMES are at
the stage at which they woul d be harvésted for tobacco production. However,

t he factdfthdtp Eheped)weised sigrtifiendy tlftearerice zete dopablanit wagém ¢ontddlb) i n ri pe

| eaves do n sarily inply that nitrogen renobilisation was not
i ncr easeadl%sqwoépl _rT@%@gLr ses of senescing SAGL 2- PPDKgDNA Ar abi dopsi s plants,

| eaf nitrogen content was significantly lower than wild-type, but by late
senescence the difference was nuch smaller. It is thereforepossible that a
di f f & entlee parcé¢razde mirogeogentaont esstl way highsatwaelldoeuindesadenteyA¢h2-

senescen hat .t ' decreases..by the tinme |eaf nitrogen
content WERKARSE| Rk M A UL IED ST Batsa e A Sl g et deeBhtEnt Antno
acid contgRtviies RISl Jor BRUWAR sl@auesohioKd4R stabacempkimguced to
senesce by detachnment and incubation 1n darkness at 30 OC for three days.

Thi s al | owWet1CdApEPKsENsd pntye nade bet ween the sanme | eaves before and
after induction of senescence. Induction of senescence by |eaf detachnent
and dark incubation shows greatest overlap of gene expression patterns with

age- je! aR@erFRNEIGRAE 5, if 1§ K326 sHRRAEGPsccll AiBdocaRbARNARISrEARY BNt | NCreased
ol Tow nnglGr;g—ljl)(I:)tDllg 12352 tosb?lgcg)s. CTeI?eCr?lass of nitrogen in individual seed of K326 zero
g

copy and SAG72-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 $.4G72-PPDK line. Error bars are one SEM.

20 $AGT2-PPDK lines are arranged in order of increasing PPDK abundance in ripe leaves.
Mass of nitrogen in individual seed is higher in §.4G72-PPDK plants. The ditferences
between genotypes were tested using ANOVA (IF = 7.807, df = 4, p = 0.001). Lines

significantly different to zero copy plants were G8 (p = 0.000) and C10 (p = 0.000).

25 'This suggests that nitrogen supply to seeds was increased in $A4G72-PPDKgDNA and
SAGT12-PPDKeDN.A K326 tobacco plants. In K326 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.



in negative segregant plants and in SA Gl2-PPDK plants. The increase was
cal cul ated as a percentage of total am no acid content before induction of
senescencwo 2bm09EAG12- PPDKlIine C O the increase was sipgmids0mnishizisnal | er
than that in negative segregant plants, but no other SAGL 2-PPDK |ine
showed a significant difference to negative segregant plants.

Over expressi on of PPDK during senescence therefore appeared to have little
effect on total am no acid content follow ng induction of dark-induced
senescenesunTnansporiG ehPREKdei 2 1Pgragb amdividudncedampar(Bigiire)4d) eodt ent  al so

i ncreased in K326 tobag];:@.fol Lfgvm ng i hduct i on of senescence, but the
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increase follow ng induction of senescence. Analysis of tobacco seed
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The At PCK coding sequence was first isolated from Arabidopsis cDNA, and the
genomic sequence was isolated from Arabidopsis genomic DNA using PCR, as
described in Example 1 in relation to PPDK. However, PCR primers were designed

20 including the start and stop codons of the Arabidopsis thaliana (At) PCK gene, and also
included an Xbal restriction site in the forward primer, AtPCK-Xba IFOR (SEQ ID
No.25), and a Sac restriction site in the reverse primer, AtPCK-Sac IREV (SEQ 1D
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 1. The PCR reaction mixture contained 1 x HF buffer (NEB),
2 mM magnesium chloride (NEB), 0.5 mM dNTPs (Bioline), 100 ng of template
(cDNA or genomic DNA), 0.5 uM each primer and 1 unit Phusion High-Fidelity DNA

30  Polymerase (NEB). Thermal cycling was performed using a Techne Thermal Cycler
with an initial denaturation step of 98°C for 30 s, followed by 35 cycles of 98°C for

10's, 60°C for 30 s and an extension time of 72°C for 2 min 30 s for the coding region



Referring to Figure 15, it is clearly showm that seed nitrogen content is
i ncreased in SAGL 2- PPDK K326 tobacco. The nass of nitrogen in individual
seed of KBdGomawas280py and SAG 12- PPDK pl ants, was cal cecatasofwosos2seed
mass and seed nitrogen content data. Data are shown as nean of 10

bi ol ogi cal replicates for zero copy plants, and four biological replicates
for each SAGL 2-PPDK |ine. Error bars are one SEM SAGL 2-PPDK |ines are
arranged in order of increasing PPDK abundance in ripe |eaves. Mass of
ni t r ogenaridyt inddW s thrgthe gerednic slonie ghler lastyteAGrdlZe PPl pknsion aTHE C
differ ences bet ween genotypes were tested using ANOVA (F = 7.807, df =
= 0.001) .OrLPﬁIBg' significantly different to zero copy plants were &8 (p
0.000) and A O (p = 0.000). This suggests that nitrogen supply to seeds was
i ncreased in SAGL 2- PPDKgDNA and SAGL 2- PPDKcDNA K326 tobacco plants. In
K326 pl abhese PARdpoduete sppoliskintao? PPbkndves thbsalingstquetercldNatahdhidgher PPDK
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PPDK.  An, 4 RENEQRSCuse af IIRNSROfTe ARLRRICAPLGHGORLIBRLSs RErcSEREREINGolaaves woul d
therefore be ‘expected, as for Arabi dopsis SAGL 2- PPDKgDNA pl ants. " However,

i n Aftabi oRsisingaind pomesi/ HPEGAKon i FWRs(ShthEd Med2f) ndattif-&-Pac IRdnéscent

| moubat i S0 H0 o AH¢BLPo e SRR GG EutE e SRR G MR oae R ucea and

age-r el aled SQNCSCEALA! B £ {IRKinoiNQLRIPGESBESINCLEULT 1.BGrdR cbhgidiQbaeco
| eaves were unlikely to be analagous to those in the Arabi dopsis | eaves.

Exanpl e & sl Gaeynatdion of Arabi dopsi s pl ants over-expressi ng PCK and PPDK
Over - expressi on of Arabidopsis PCK (At4g37870.1) during senescence was
achi eved by fusing the coding region and genom c clone of PCK to the
senesc eneigsAYIONIAY 80 QI8RE ulids Q}&A@Agaep%mi%rewﬁma%hitmd 380000001
bi nary vector, which was transformed into Arabi dopsis thaliana, as

descri bedsdrnsifssangst esalysed by 2 Bequential enzyme restriction digest. This was carried out

by digesting 1 pg of DNA with 10 units of Xbal and 1 x Xbal buffer at 37°C for 2 h
and then adding 10 units of Sacl and 1 x Sad Buffer at 37°C overnight. Plasmid DNA

4, p

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 AtPCK 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
25 inoculate 25 ml of LB broth containing 50 ug ml~! kanamycin. The cultures were left
shaking overnight at 37 ° C and the plasmid DNA was purified using the QIAfilter
plasmid midi kit (Qiagen Ltd). The pBNP vector was purified in an identical fashion
but from 100 ml of culture containing 50 pg ml! kanamycin. The same sequential
enzyme digest as described above was performed on all puritied plasmid DNA. 3 ug of
30  DNA was digested for the plasmids containing the coding region and genomic clone
and 1 ug of DNA for the pBNDP vector. Samples were separated by crystal violet gel

electrophoresis and the products were puritied using the Qiaquick Gel Extraction kit



The At PCK codi ng sequence was first isolated from Arabi dopsis cDNA and
t he genom ¢ sequence was isolated from Arabi dopsis genom ¢ DNA usi ng PCR
as descriwedoiomokeanple 1 in relation to PPDK. However, pPEERE0i0M30R1Wer €
designed including the start and stop codons of the Arabidopsis thaliana
(At) PCK gene, and also included an Xpal restriction site in the forward
primer, AtPCK-Xba IFOR (SEQ ID No.25), and a Sad restriction site in the
reverse priner, AtPCK-Sac IREV (SEQ ID No.26), as shown in Table 1, in
order t oQiagsinllitthatldetl hd lSubESguoenpr piglact wes wfatedheitlyelhelinerthosplvaasBNPI

380000001 vector, -which is illustrated in Figure,3a.. The cDNA an enom ¢
oAt ot psd bR bl e R ER s e BRI i Sl R t o Bxarm ¢
1. The RER fe¥HNP@RMXEMELXEANS Al edsd, DibHEy butfasy ONEB)E 4 cBIM nmagnesi um
chloride (NEB), 0.5 mMd s (Bioline), 100 ng of tenplate (cDNA or genonic

DNA) , 0. Semivtagsfohmpd iminbr2 drid the ligaiipn PrggpoandHpgiit F ahddriesyv@ilscPerdegner ase
(NEB), Th | cycl i S for LN echne Thermal Cycler with an
i nitial Wgﬁgﬁwgél%hag%aéﬁ&%cﬂﬁ&@%ﬁggﬂﬁ%ﬁ owed by 35 cycles of 98C for
10 s, 600C for 30 s and an extension time of 72C for 2 min 30 s for the

coding regionand 4 mn 30 s for the genomc clone. The last step involved a
final exPleysiddANat wzGtfaoted f@nmihe. cofimisecoR@RIipg duutsised wsurt tedg the a 2 kb

band for e cQdi .sequence..(c a 3.5 kb band.,for th nomn ¢

sequence b ER LT P o PGP A S P DA Qe Re || gat ed
(bl unt - eng)nitsroxaAne spERd oBlsntind @ngﬁ_quer QJW'G E&Qﬂelﬂ)rx%?%’aﬂit@g to t he
recomrended protocol, as for PPDK described in Exanple 1. Thé plasm d was

t hen’a r asdddenedh iohtls dadbyeameyudsict red ereenDiFly wEuowkiinseslih she pBNEnyci n (50
nmg mM 1) was u .eﬂ gs 1 selective antibiotic, Posé.tive colonies were
2o oot e Byt Eng e ey C He P Pl B A PR RS bR FRETD. No. 25) and
At PCK- Sagld-REVind S eh&dﬂ@sir?gﬁﬂqewpisgmMQQ%&QSEQ%FWN@)QTE&G genom c

S

clone. Positive colonies were grown overnight in a shaking incubator at 37C
in 5 m wshudBeborhalpdtvaingithg BEdidigprogram. Kanampsiusts Rnasmddv@NA was

wore. andf YRSy 8PS SO A B L LN et Gt P S WBS car 1 ed
ggtc %rdlgigﬁétjbﬂg 1 ng of DNA with 10 units of Xbal and 1 x Xbal buffer at

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
20  against the PCK amino acid sequence. The sequences were (1)
DEHCWTETGVSNIEG (SEQ ID No.27), and (if) 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

25 levels of PCK protein.

SAG12-PCK-PPDK 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

30  rosette mass, as shown in Figure 17.



and then adding 10 units of Sad and 1 x Sad Buffer at 37C overnight.

Plasm d DNA containing the correct inserts was sequenced using At PCK-Xba

| FOR/ At PGKoSam/doREY. Sequence was anal yzed usi ng Bi oEdi ecaraB2bivmsaesepl i fi ed
At PCK codi ng sequence and genoni ¢ sequence were verified using BLASTX. In
order to ligate the AtPCK coding regi@n and genomc clone into the pBNP
vector shown in Figure 3a, E . coli colonies representing each of the two
pl asm ds were used to inoculate 25 m of LB broth containing 50 ng m 1
kanamny ci finalfhelthelughtbs imeneots efa nstakhrig heviesuridghy hapotd2si€ JBigdra he pl asni d

DNA was purified using,th Afilter plasmd mdi Kj \ Ltd). The
pBNP vect &t S\lx%gpeﬁﬁf%tlfvlgé)doﬁ?%ﬁalipcféﬁ‘f]?sgg usfrﬁgﬂ%ﬁwbﬁ{j% %%grr? %@(% M*of cul ture
cont ai nie[}ge&@qi@;g)g@}l rdmbBNAAIGHN. The same sequential enzyme digest as
descri bed above was perfornmed on all purified plasmd DNA. 3 ng of DNA was

di gested for the plasm ds containing the coding region and genom c clone
and 1 C pBNP vector. Sanples were separated by crystal
vi ol et efectroptot _St T the products were purified using the
Q aqui ckrelnextdReHsOR clith QAN ddsddemdhricd 4. fakd (1RBME KRV £&d pPrpgoduct
was treated with alkaline phosphatase to prevent self-ligation and the
codi ng reggloroandugenbnive iolfogerei heeplted eimer¢dsgatreds phngrogr pBNP vect or
usi ng Xba /%&i}r digests. Li braﬁey effi%i inc%/ DH5 aE.coli cells ¥\ere
transf or MBS W T O2 HP o EHE T 1 GEEY SR redctT Bif et DR V8 e8I oni es were
scr eened, dyRCR W15i g oM IPEH A J-ROBo ANE : AL PEK SAC 1hREYp yRIASWHnDNA was
extracted fromthe colonies containing the desired i nserg using the Q Aprep
Spi n’M nfihgrepnkintes(\FragernrekgiesaartinDitAcwast Subseqlénthyendpgestedowi t h 10
units of ;Xbal, 15 units of, Sad and 1 x Xbal. Buffer at 37 C f h, Two
Separ at e OTEhioaR EER 1B RE Uy CelUBHED BRGee e Berd L Ketilibnce
i nsert ippbewRENFMeak&ted WhbGBSPOYRIDODDE LeAEF Bt cRXREUIRH: BR]E 12 CLi on
enzyne di gest pattern, were selected and sequenced using the BNP-SAGL2FWD
primer (I8E@a®tBr.No.9). The sequence was anal yzed using the Bi oEdit program
The constructs generated were named pALBNPlI (codi ng sequence) and pALBNP2
(genom ¢ sequence), as shown in Figure 3b. Five honpzygous single insert
|'i negs werge genelARLR e QY &2 8XRIESS 1181 (hREGOWaSe v@/didd pdt hr ough
i mmunobl otting as described in Exanple 3, using a PCK specific

downstream (i.e. the 3’ end) of the PPDK-encoding gDNA fragment of BNP-

PPDKgDNA using an Xbal/Sacl 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 PCK-encoding gDNA fragment of pALBNP2
using an AprI1/BamHI digest. Again, the SAG12 was responsible for expression
of both the PPDK gene and the PCK gene.

25



anti body. A polyclonal antiserumwas raised in rabbit using synthetic

pepti des designed agai nst the PCK am no acid sequence. The sequences were
(i) DEHCOWBRGMENIEE (SEQ I D NO 27), and (ii) CVDLSREKEPPCWEEB20 032D

No. 28), which were chemi cally synthesised and then coupled to keyhole

| i npet haenocyani n before being co-injected into rabbits. The results
obt ai ned using the antibody are illustrated in Figure 16, which shows that
transforned plants had el evated | evels of PCK protein. SAGL2- PCK- PPDK cel

| ines were generated by crossing single SAGL2-PCK transformants (3)1 and
(19)4 mjéﬂﬁasstrong SAGL2- PPDK over-expressing line. Analysis of the plants
havi ng d level s of both PCK and PPDK showed i ncreased rosette nass,
as showni.in FAgUhetd éofitAaltlapmp sidongbh dsbén denyRBIMY S0l 1BObpWaBly 10 be
bound by hypothesis, Figure 18 shows a specul ative bi ochem cal pathway

i 11 ustr atilreg tocaw [EEK oandoRPRISeqrynesf ddeh preadsgenlaashons Pplyacpidde PCK/ PPDK

doubl t ts.Th t bser ved when t f dint
oL ant’ (B TR GRS R R 6 L ORSE R & Shol R G Sl fed |

increaSaﬂih@§@§@@5uﬁ@&ﬁﬁ@@QPPBﬁgbkhbﬁ@tiOn from senescent | eaves, and al so
an increase in the amount of vegetative plant growth (which corresponds to
an increase in crop yield), when these enzynes were over-expressed in

senesceny |eayes, TIhe |nventors theretore 9§%j%€£%iﬁnﬁéfgugec£s ) Joubl e
constructs in whi€h® FRETHENSS"BHESH hl and’ REFE DI e ted i nt o

r BNP1300QQRRAd s¢idake tigich @AkH s AflcdshenSNeld prideaeing The first double
construct was nade by Iigating_the(%DNA encodi ng PCK downstream (i.e. the

3" effd) wiosrhecmPpKiwntoeirhgxgDnRef (Padprsstivey ~BNRPPDRGDNAhephagplate Xbal /
Sad di gestion, the. SAD 2 pronpter in the plasm d was responsible for
expressi%%ngfeS%FQ%QﬁgnﬁﬁbK gene and the PCK gene. The second doubl e
construct was nmade by ligating the gDNA encodi ng PPDK i mmedi atel y
dommstrg?n1of t he PCK-encodi ng gDNA fragnent of pALBNP2

A genetic construct according to claim 2, wherein the promoter 1s a
senescence-specific promoter.
15
4. A genetic construct according to any preceding claim, wherein the

promoter is isolated from a senescence-associated gene in Arabidopsis.

5. A genetic construct according to any preceding claim, wherein the
20  promoter is selected from a group consisting of: SAG12, SAG13, SAG101,

SAG21 and SAG18, or a functional variant or fragment thereof.

6. A genetic construct according to any preceding claim, wherein the

promoter is a SAG12 promoter, or a functional variant or fragment thereof.

25
7. A genetic construct according to any preceding claim, wherein the
promoter comprises a nucleotide sequence substantially as set out in SEQ 1D
No.16, or a functional variant or fragment thereof.

30 8. A genetic construct according to claim 1, wherein the at least one coding

sequence encodes (i) a phosphoenolpyruvate carboxykinase (PCK), or a



using an Avrll/BanmH digest. Again, the SAGL2 was responsible for
expression of both the PPDK gene and the PCK gene.Clains 1. A genetic
const r uctwoQomwivsé28g a senescence-speci fic pronoter opewralbigB2bionsestit o at

| east one codi ng sequence, which encodes at | east one pol ypeptide having
phosphoenol pyruvat e carboxyki nase (PGK) activity and/or pyruvate

ort hophosphat e di ki nase (PPDK) activity. 2. A genetic construct conprising
a pronoter operably linked to at | east one codi ng sequence, which encodes
at | eastfuogopdl wpept pdéragaeinnghqhos phdénmol(ipyr paree catiphyikphatse ( PCK)

tivity and hophosphat e di ki PDK). activity. 3. A geneti
const rucd RS e C o R AR SRR H THE B OEter (s o genetic

senescence-specific pronoter. 4. A genetic construct according to any
preceding claim wherein the pronoter is isolated froma .
senescente- asdgehatiedogenetiancoEbigiopsispresediag gbnet wdhecanshe gedingccor di ng

t di | ,ai in the. t i | ect. f.
conai i Tguoree SAuIT stk S ubdPell RERE P o RS § et B

variant ap,gypgrent thereof. 6. A genetic construct according to any
preceding claim wherein the pronoter is a SAD 2 pronoter, or a functiona
variant or fragment thereof. 7. A genetic construct according to any

di | ai wh inth t i ) l.eot.id !
0 et 1, 1 oA, MAEESLD LS PR T ROURLLSRS B Ruchenticp posence

fragnentsdyner@ofvhiéh eAe@RIGhE poRPRBEAYGhLYIRE FANOKNG i ayClsalcmivld fWhigrei n the
at | east one codi ng sequence encodes (i) a phosphoeno?pyruvate

car boxy kilnazdp ((PER), Zcarptaf blneticapal ov &reantppor fragment thereof, and/or
(ii) a pyruvate orthophosphate di ki nase (PPDK), or a functional variant or
fragment thereof. 9. A genetic construct according to any preceding claim

wherein the cRdicABHS CHHENLR ac¥hidel, RNEQASS cEagRAiMDaRtde thavhaigPCK
activity, is derived fromrabidopsis. 10. A genetic construct according to
any precediages neiigh epdrateeithe ph@p@p’dﬁ@@avmg PCK activity, comprises a

nucleic acid sequence substantially as set out in SEQ ID No:17 or SEQ 1D

15 No.18, or a functional variant or fragment thereof.

12. 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.

20
13. 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.

25
14. 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.

30
15. A genetic construct according to claim 1, wherein the construct encodes

PCK or a functional variant or fragment thereof, and not PPDK.



sequence, which encodes the pol ypeptide having PPDK activity, is derived
fromL rabi dopsis spp., Zea spp., Flaveria spp., or Ceone spp.. 11. A
geneti c cwoprowte2accordi ng to any precedi ng clai m wherercE08/05050 ng
sequence, which encodes the pol ypeptide having PCK activity, conprises a
nucl ei c acid sequence substantially gs set out in SEQID No: 17 or SEQID
No. 18, or a functional variant or fragnent thereof. 12. A genetic
construct according to any preceding claim wherein the pol ypeptide having
PCK activity conprises an am no acid sequence substantially as set out in
SEQ I D % 19, or a functional varianHror fraﬁnent thereof. 13. A genetic
const r uct® accOrdPAYC AR FEUSHINY R dy “HREFRIAS tRR ARG Yequence,
whi ch enepd@s oA a RRhMRER vega ey Age RERKIAELI VALY nof PO Ses a nucl ei ¢ 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 fragnment thereof. 14. A genetic construct

according to an r.ecedi ng cl ai wherein th ol ypepti de having PPDK

2cti vty onph BRI ROR G “SeT e MotUEnce S bSHAM o by e Babout in SEQ

| D No: 23 fstr3EReALd R P24 o1 O fud cfibRALIeNAL oV BhbARht HerbbRIABMPIOREr eof . 15.
A genetic construct according to claim1, wherein the construct encodes PCK

or a funet? dpaltiopal vamnter ffagmprerthetehér eof , and not PPDK. 16. A genetic
construct according to claim1, wherein the construct encodes PPDK or a
functional variant or fragnent thereof, and not PCK 17. A genetic

const r uctg accQrdéEbiAnaRYctBR o Rbr&ldi B okndde cHRGERIACEORILORSIAUCT
encodes PCK or a functional variant or fragnment thereof, and PPDK or a

f unctd onere vaclkims 1 oe 1f7r agnent thereof. 18. A reconbi nant vector conprising
the genetic construct according to any one of clains 1 to 17. 19. A
reconbi nant vector substantially as illustrated in Figure 3. 20. A nethod

of increpsi NgAt-BEBBRRGANLEALE Qb Rfin U ANHLAF FPRKFigra 3l eaf of a test
pl ant to above that of the corresponding concentration of PCK and/ or PPDK

in awld-type plant cultured under the sane conditions, the nethod
20. A method of increasing the concentration of PCK and/or PPDK in a leaf

15 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.

20 21. 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.

25
22. 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

30  of leaf senescence.



conprising altering plant netabolismin the test plant to achieve increased
| evel s of PCK and/or PPDK in plant | eaves after the initiation of |eaf
senescencwo 28ib/09%20et hod of decreasi ng the concentrati orcofcBiweEgen i n t he
| eaves of a test plant to below that of the correspondi ng concentration of
nitrogen in a wldtype plant cultured,under the sane conditions, the method
conprising altering plant netabolismin the test plant to achieve increased
| evel s of PCK and/or PPDK in plant |eaves after the initiation of |eaf
senescent®. 22 mghwdtasoardofig imeneast ng clares gPaAa whreatie tbe nethedt pl ant

conpared to thetporfes ondgqﬁégromﬁh,&ate of a m@ld-tﬁgﬁ. | ant cul tured
under t & SBIFESCEHATTTOHS, “THE et hod"compt i sTHY a1 1'5%ﬁPéﬂ¥oﬁ%tabolism
in the testaipkanty o, achbedoldes @asde: Hawel SoodliRG9, and/ or PPDK in pl ant

| eaves after the initiation of |eaf senescence.23. A nethod according to

any one of clainms 20-22, wherein the nethod conprises transformng a test

pl ant _ce Wwith a netic,.construct accprdi o any .one of clains 1-17, or
a vec%origccoédPﬁ@%séw8?¥%%gt%ﬁ%ﬁﬂ?i§%8gngfggﬁ%&§&“%ﬂptﬁ?ﬁ%?ﬁ% accor di ng
to any ofgnefis&lialiksid01R3 coth@ktidntdrep Rt HOPEDIPIH 8RSHILACISASI g t he
concentration of PCK and PPDK in the plant | eaves to above that of the

cor r espordivegheoncdst satdspnndingROK canda RRDKE PAIE hed WHALIKyipehpvakt cul tured
under the same co di&%oqi. %5. A cel l,. conprising the genetic construct
accor di NPt &4y MHE D4 AP AT G 4Ot t he reconbi nant vector accor di ng
to either claim18 or claim19. 26. A transgenic plant conprising the
genetic construct according to any one of clains 1 to 17, or the

r ecoftbi ndnt vackeBroaguoinl Hy gacdctchestrettaicapidngro ehpione D9 cladms 1A
transgeni c. pl ant according to claimz26, wherein the plant. is,fromthe

Br ass. caeb T AT PSP AR IRAS BT L VpI 56 SO e el 3m 26, wher ei n
the plant is fromthe Poales famly. 29. A transgenic plant according to

claim26, wherein the plant is fromthe Sol anaceae famly.
A transgenic plant comprising the genetic construct according to any one

of claims 1 to 17, or the recombinant vector according to either claim 18 or

75 claim 19.

27. A transgenic plant according to claim 26, wherein the plant is from the

Brassicaceae family.

20 28. A transgenic plant according to claim 26, wherein the plant is from the

Poales tamily.

29. A transgenic plant according to claim 26, wherein the plant is from the
Solanaceae family.

25
30. A plant propagation product obtainable from the transgenic plant

according to any one of claims 26 to 29.

31. A plant propagation product according to claim 30, wherein the plant

30  propagation product is a seed.



30. A plant propagati on product obtainable fromthe transgenic plant
according to any one of clains 26 to 29. 31. A plant propagation product
accor di ngvoeonlmirérs30, wherein the plant propagation preduasn/@sieeed. 32.
A nmet hod of producing a transgenic plant which renobilises nitrogen at a

hi gher rate than a corresponding wild=type plant cultured under the sane
conditions, the nethod conprising the steps of:- i) transform ng a pl ant
cell with the genetic construct according to any one of clains 1-17, or the
vect or atkor divngethodeiftfreduchgiansartsgenic plont whidhireinobdigenertatgangpta pl ant

fromthe transfornmed cell. 33. A nmethod of producing, a transgenic plant
naving 2 RIGHErs BrEuk K PEiRS Ein 0carT BOBBRAN NG i e E)pe B ant cul tur ed
under t he,RRIEnS RELidiRas combeismtinedigRRi sing the steps of:- i)
transformng a plant cell with the tgenetl c construct according to any one

of claing 1-17ansdprming avelenorelhwetdridic mgntioc eprdierct ekadndbngl® o1y 4% and i)
regenerating a plant fromthe transfornmed cell. . A haryested | eaf
Cont & i o i e Peis SO PGURs AR RETeor B5Aghiihg | ovel “of

ni trogen;) n ar_e?_@ﬁé&@ﬁﬁgg ieafrrbaken f4Qm@ tdrtype plant cul tured under

t he sanme conditions, wherein the leaf is harvested fromthe transgenic

pl ant according to any one of clains 26-29, or produced by the nethod

according, to either .claim.32 or claim33. 35. A snmpking article conprising
ni tr ogenth eduSett TBOaH d OBy ARG T EOR £ HUTIHI™S DBLUEY T SH i ch mit an
i s capabihgnof cHeGheadindoviheysopeant fialdam@t: Mid LR%eRoddrisgNascent | eaves.
36. A snoking article according to claim 35, wherein the snoking article is

made’d r omethoivhecwopobingithedteps o-a nmut ant t obacco pl ant whi ch has been

(ransTor e 414 e Aeche SRR et Becordlng .0 ann.one ol shel ™ 1 o

of claims 1-17, or the vector according to either claims 18 or 19; and

1) regenerating a plant from the transformed cell.

15 34. A harvested leaf containing a lower level of nitrogen than the
corresponding level of nitrogen in a harvested leaf taken from a wild-type plant
cultured under the same conditions, whetein the leaf is harvested from the
transgenic plant according to any one of claims 26-29, or produced by the

method according to either claim 32 or claim 33.

20
35. 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.

25 36. A smoking article according to claim 35, 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 17, or

the vector according to either claim 18 or claim 19.



