TRANSGENI C PLANTS COWPRI SI NG CONSTRUCTS ENCODI NG PHOSPHOENCLPYRUVATE
CARBOXYKI NASE AND/ OR PYRUVATE ORTHOPHOSPHATE DI KI NASE The present invention
relates to genetic constructs used in the preparation of transgenic plants.
The construghsyiaMhave the ability to cause renobilisgfign,of. niLtogen
during | eaf senescence, such that nitrogen can be transporte {fon1the

5l eaves to other regions of the plant. The invention extends to plant cells
transforned with such constructs, and 'to the transgenic plants thensel ves.

The i nventhaicahS0pf Ahrat 88rdQ R LHQdS .plants, and
to nethods Of | NCIcARSHAGABE Aii@]“cg %%fiir g%%pﬁ@ﬁi mgﬁ%g' M senescent
pl ants. The invention also relates to harvested plant | eaves, for exanple

t obacco Ieaves t hat tohave been transformed with the genetic constructs,
and to snnkfﬁd”éﬁﬁﬂ6Pé§“%%ﬁﬁ@$%?h@i§8&ﬁoﬁé¥ve§ﬁeﬁ”bﬂédﬁqPe@WeSOiLeaf
Senescencetk§u@x@@ﬁﬁﬁu0flQhﬁﬂhjﬂﬁV@LPPﬂ%Q%cQMﬁhﬂgc%@hﬂ H%nghgggégiundergo
di stinct netabolic and structural changes prior to cel

Physi ol ogi cafrogadd Lmn@deﬁewecmcadwé thatdiigage tandte tseneseehbem gica hi ghly
regul at e [ess f th ence is visibly
mar ked Eﬁ ? 3%1§§2“bpgﬂﬁ’§?%§§ ﬁﬂi C?%ﬁ%%&ﬁéﬁﬁgagpigﬁ né%lmhlch results
fromthe dnsaséenmuymdﬂumheoﬂhhmmophasmgu.ﬂhegdecpea&hmgmhemel51ﬂf | eaf
chIorophyII chara tertst c of | gl devel opment al . Eﬁg $an be asur ed,
e.g. by sol'VERFCBLPPAERIGHAC AHAMSOSHIEPT oo tli’)%f’?mé 2307 SAEHEDOGr by a
chl or ophyl lofcententy met-ee of Aidgeheasedilikaal, whlaeephydidnd exgl in conmparison
with an earlier. | eaf chlorophyll I evel recorded for the same plant,
preferably1@W6%H”GH8eFQ&@h%ﬁ&ﬁf“&%ﬁ&ﬁfﬁdﬁ@ o ekl e's PaEndsrehcdat

25Mol ecyl any,$t H@Lneéqdmlnﬁet\%uﬁ hat &@@@@&eﬂ%@u S PRSQcl ket L h changes in
gene expression. The | evels of gths encodi ng proteins Tnvolved in

phot osynt hesimprigeereds badartihglagelvescsence, whilst rilliNA | evel s of genes
encodi ng proteins thought to be involved in the senescence increase.
Senescence is a highly organi sed process regul ated by genes known as
Senescence lAsSaoiated: Ganessd of |SAts)evclopafens émescehd thavalsvueslctdue

degr adat i on, of ot ucleic,acids and ne the subsequent

transport 6¥“¥ﬁgﬁﬁﬁfPP%ﬁf SRt aﬁﬁgfﬂgﬁﬁ‘ﬁﬁ§Hgéﬁ?a3$ﬁ“8 23! Hther regions
of the pl aRtucisUchiiasintiRercdevel-apicogesieedsghl) MBS Ofrocs&kornage organs. One
probl em of pl ant senescence is that many useful mnerals and nutrients that

are presentrPHcsEHedcelst! theansdssepicengeafraisiPly matie hedoédess odnd will be
ef fecti vel ¥, )08 @S S nkd gﬁ¥§tﬁ\‘idﬂb@m rFerlnc%xl%[m!squﬁ'tflé 045 flem G 6an be in

t he form of anlne gr oups no ac¢ids, present In the senescent |eaves,
will go 5teh Mmeweﬂ~|ﬂh¢tunshncnkwenDMEdfﬂﬂ@mwﬁymn@qreameecoﬁﬂefefore

| ncr easi ngc]cl tl(fﬁghq'llrs?a e ("lll at'llf,’(i)‘»rllll I( é ?b SShverst cR%qctiorll Yo nnen they becone
senescent, cou ant “appl v cat Pons Th oduction. Firstly,

ni t r ogem rewnhmhheemnﬁﬂonkheavan@anbbechhﬁﬂ@g@hﬂﬁﬁxﬁ@uﬁhe,younger | eaves
as well as the d 0 | ncreasin e efficiency of nitrogen exit
fron1senes@éﬂf*?gi §PE%%?Hﬁ%hEQéTEWBPB6PgﬁF bﬁﬂ&mhﬁéfﬁéﬁe”ﬁPPngen supply
to seeds andcyQUAGRR fPAHS 0 + Ahe, pl emsm enﬂw; heILRYniRGr 8AJRiLLOP Yield
and nitrogen use eff|C|ency his is clearl y a val uabl e goal when the world

popul at i on'1EcqticEBESERG- but crop yields are not increasing sufficiently to
nmeet demand. One 15potential target crop is Brass/ca napus (oil seed rape),
whi ch has poor nitrogen

Molecular studics indicate that senescence is associated with changes in gene

expression. The levels of mRNAs encoding proteins invoelved in photosynthesis
decrease during senescence, whilst mRNA levels of genes encoding proteins
thought to be involved in the senescence increase. Senescence is 2 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 subseguent transport of the nutrients resulting from this

degradation to other regions of the plant, such as the developing seeds, leaves or



efficiency due to poor nitrogen renobilisation fromvegetative tissue.

Anot her target crop is wheat, as the potential benefits of increasing grain
protein content are great. Grain protein content not only affects nutritive
val ue of whggt,, Rk, 2l so determ nes grain usage and th%&ﬁw@hﬁuﬂ%ﬁw t val ue.
For exanpl e, |ncreased 20grain protein content results in incr FE3L%d bread
volunme. Also, an ability to increase nitrogen renobilisation could be very
useful in the tobacco industry becauséit is known that residual ni t rogen
in tobacco | eaves contributes to the formation of nitrosam nes. The enzynes
phosphoencﬂtplytguwabes c@mb@xyibltjhmafs;@r(tl?ﬁﬂle&,nwns {?@K)mbﬁﬁsﬂullmﬂméhm 1 and
pyrovate othqﬁno§ 1 |KLpase (PP % . ; E r PDK i s
present in"Bot birokaqr qb“t RSN SURAFOI@Les \5‘ d‘“i“é‘“ BHEeIVES FRY t er s of
sequence awmdl HeesfTdcaryly sk uctherenketinwednroagh el aivandn higheeapham s

(Pocal yko ?t al 1990, Biochem stry, 29,10757- 10765) The enzyne catal yses
t he rever§ﬂb|%”“?6“ﬁﬁ6§ﬁﬁbﬁy?%f@6ﬁ’EH“@VVﬂV&ﬂ%‘?b“ﬁb%ﬁﬂbh6§ﬁhﬂéh&?pyruvate
(PEP) (Largakdsi@tr ks noi 3890veF8IG &l LRk, Eur opean Bi ochem cal Soci eti es,
274, 178-180; Hatch & Sl ack, 1968, 'Bi'ochenical journal, 106, 141-146), in
the follow ng reaction: Pyruvate 4. Pi 3 + ATI? = PEP 4- PPi + AMP. In
both C3 anﬁhh%op% AU, B ntdlﬁnf’g%gg eNng: ﬁénﬂﬁhl%”usu Al gAY YELUNG, W th two
transcrlpts resu t|ng e sane gene er transcrl t encodes a
chIoropIasUmemphgmeLﬂn Mmﬁ®hnhﬁnﬁmm@htaxﬂmmam&odmngaauEMLommplast transit
pepti de, WQ t ter. tqﬁnscrlpt |s]transcr|b d fron1a Sseparate
promot er W f“nl}hmt’ﬁ’é“? i‘r“é(f PHHE B SV EhE™ SnGEFPPFEA LR IO EHd t her ef or e

| acks the itiviests @x08s enchdingidshecd hlRropnashc brransi:t npﬁﬁidg@ﬁu{f[h' s shorter
transcrlpt enerates a cytosolic isoformof PPDK. This gene structure has
been reporf%ﬂ“ﬁﬁ”ﬁﬁﬁ %““?F%ﬂ‘16%0&ﬁﬂPﬁﬁnFﬁUéﬁﬂéqéﬁéEPéﬁl“ﬁﬁ&‘%&abldop5|s

t hal i ana. sl@PhgﬁﬂhQ%QQ|py{QMQB@pHﬁ{QQ&WK%@@@§m&PQK&oB@&%ﬁX&@S a reversible
reacti on bet ween "ADP, carbon di oxi de and Hosphoenol pyruvate to form ATP
and axal odgepatressciofiiipreyf o [HipiRichigtly eaetiinoly: gookehoatetatdd pATRREP + ADP
4-- C2. R( t t ofclsofa
w de range C“n%%ﬁqgﬁ?g) qéﬂ“%ﬁé@ﬁ“ﬁ%'$91 “1e%3ﬂ81“ ““’dcﬁqnttﬁéchones and
roots. An pﬂant&pu$5RGKvadpeanﬁn@Mr@nbaﬂesu@nwmh&dhsmbefennggnncreased
mstabollsmﬂp1 nltgo enous conpound ] The inventors constructed a nunber of
genetic const'Flicts’’ ﬁmﬁhP8H¥§8h8§°@HﬁﬁﬁWﬁngﬁ%q%ﬁQVnﬁﬁuPC ROHKA/ or PPDK
wer e pl aceghgei &:ﬂ?ns &heneaOmhe {HogekiEFcdBUsIBhclchen € 9t Mlo1@h canphemoter, to
determ ne what effect, If any, over- ression of these genes had on

ni trogen rEBETIFaI ﬁ“ﬂ%c%%ﬁ@gﬁéﬁ¥”W@§ Sﬂ“%&W6W@Pﬁ@{N@L@-PP?st aspect of
the inventjQne.dNere gl%npfs‘?w AL, cg(ﬁn%fh FLLC\QIﬂRt E—‘HPE\Q(;I Hprzhé (l
senescence-specific pronnter operably linked to at [‘east ‘one coding 25
sequente, &t ehoEhcotes tatsdleasinconechbieppeptinte hhvrngﬂph@Sphoenolpyruvate
carboxyki nRsey CHGH ARLMINEIIRL MIUNELS TN RhosERL 0 | dnase
provi ded acgenetiic k3ennkicrreduatanprdesiingolacps tantsatonoparadloyhki nked to at

| east one codln ie uence,
formatic 110&.'11}11:1(,5

25 The enzymes phosphoenolpyruvate carboxykinase (PHEPCK, or PCK) [EC
4.1.3.49] and pyruvate orthophosphate dikinase (PPDK) [1C 2.7.9.11 are known.
PPDK s 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 (PHEP) (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



whi ch encodes at | east one pol ypepti de havi ng phosphoenol pyruvate WO
2010/ 097623WPC 82010/ 050321 4 - carboxyki nase (PCK) activity and pyruvate
ort hophosphat e di ki nase (PPDK) activity. The inventors believed that the
two enzynes,BGK a0, PPDK may play a tole in 5the |nterqqu§ﬁﬁhﬁﬂmgﬁ vari ous
am no aci ds Jurlng remobi | i sation of nitrogen from| eaves
senescence. Although the inventors do _not wi sh to be bound by hypotheS|s a
specul ati ve bi ochem cal pat hway iIIusﬁfating how PCK and PPDK nmay affect
Ni trogen renobilisation is illustrated in Figure 18. They therefore
consi der ed*t/kbit %ﬂﬂﬂh1éﬂﬁngAbHEHﬂexphé§skdnﬁbﬁhnhe§e1ﬂﬁbhenzymBsamn a
i npl ant, her, .ndependent | sinmult scence coul d
play a rol e]ilisﬁq}t Umrugn“o\ 1?1} %‘s‘gf’ﬁ%"n’“B{‘” "(ﬁ{]]o;ger(‘f”y% ngt"ég’u‘f eﬂ% PHEi r
st udi es, thamcﬂpe&mﬂﬁ& sUiipfdpsisaghyotb@und htthatireerst cueisn@agcording to the
i nvention, g PCK and/ or ﬁﬁEK resulted . in |ncreased 15rates of
ni trogen r g b"Vs ﬁ?%ﬁ?ﬁ? fn &R ’éh?“?éﬁV@?”ﬁThéqPﬁﬁéﬁt6V§“HypotheS|se
that ni trogen-rey: e el ntinmmy ad: 5o senLcent dq%@é&ﬁﬁ Aidy dhedhQrm of am no
acids to the younger parts of the plant such as the p ant seeds.
Fur t her nor&ckstthe firyiveng éﬂ@xhllﬂsﬁkofbgewed wmsitmepeds & inshchigramount  of
vegetati ve,planb. Qrantl LWl fc SOILESBAPIBK AN, RCLERRE. WA, ELgP Vi el d),
when these enzynes were over--expressed In senes%ent | eaves. e inventors
bel i eve t hepefiod & thiat, tonsbrudt(s Reaar dpag:st ot Hedidwenti/onawi | | be usef ul
in the preparation of a transgenic plant, which may be able to exhibit
increased rates of nitrogen renobilisation fromsenescent | eaves and/or an
i ncreased Riophbe InQMeuv£5$heungﬂﬁt@H;kpchh?wganetmQhﬁﬂﬂ&ﬁﬁﬂ@tS of the
first or second may . be capabl e of inducing RNA polynerase to bind
to, and st3f ?“T?Sﬁ@cF?BPHg‘°¥4kﬁ%&PWé8§?U6W§”%Bﬁ?Hg“?%@?bﬁqéﬁcoding t he at
| east one pahipaptd ﬂ)ethh%]l(RQJ]HP%C'L;[)(‘QA\Q[@%PP% aoxtmwtm . Theppronot er
present in the construct of the second ect may be constitutive,
non- const i ¢4ei VEX lyps ?tﬂﬁssersrfebi» Pl %clltexa neswdfof sl et widgronst er s
' nclude t e Ganlitia) mm&% YV Y OB les (lll b oY it Gt ed) L he
rubi sco pronn astoc fonnter the nopal 'ne Synt hase
pronot &r, REE ﬁphifm o*ph*y%klbs mllxizlulclh)nindt ngnpmmitle{m slhen bi ghogolecul ar wei ght
glutenin pr.onot er, the a, pgliadin pronoter, the hordein pronoter or the
patann pr o8& “The promoter present in the construct of the second aspect
may be a senescence specific pronoter. A "senescence-specific pronoter”
( SAG cannp pronoter, which is associated with controlling the
expr essi o Bfmé“s@ﬁe‘-"s’@e%c‘é“ésslﬁti’ibét BHEGEHE COMBFRSES: 11 W& HrishBt er can
restrict expr@ssiioneOfns PoM NI SEPWENE. kd pBeePeilBRPGInk @y \MLCQ Rt s
operably |inked substantially exclusively |n senescing tissué. Therefore, a
senescé&hcergpetdicfioatpt ohopermean thecwrpronvraciicapabive. oferpref erential |y
Promoti NG ABAC,EXREBASL Bfhdshaft ! @ftbold RUS 1,8, AeVSl.oRAPRLalY y-Tegul at ed
manner such' that expression o bro teln-cod I ng region GCCUF S
substantially 15only when the plant ti ssue i s undergoi ng senescence. It
will be apprec .at ed Eh
ceording to a tirst aspect of the invention, there is provided a genetic construct
comprising & senescence-specific promoter operably linked to at least one coding
25 sequence, which encodes at least one polypeptide having phosphoenolpyruvate
carboxykinase (PCI) 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

b

which encodes at least one polypeptide having phosphoenolpyruvate



senescence tends to occur in the older parts of the plant, such as the

ol der leaves, and not in the younger parts of the plants, such as the
seeds. One exanple of a plant which is known to express nunerous
senescence- i genes i s Arabidopsis. Hence, the pr dn a
construct é@???ﬁ%ﬁésgo the first or second aspect may bﬁ;ﬁgg%g@%ﬁg?ron1a
senescence-associ ated gene in Arabidopsis. Gepstein et al. (The Pl ant
Journal, 2003, 36, 629-642) conduct ed % det ai | ed study of SAGs and their
pronoters using A rabidopsis as a nodel. The genetic construct may conprise
a pronot er cfrbomkanye GICKhe tSAGndipsoivesadtliaphdspltand ikpape(PP1Pdy exanpl e, a
suitabl e promoter may be selected froma group consisting of SAGA 2, SAG

3, SACH OF*@A&Y21 and SAG4 8, or a functional variant or a functional
fragnment thereof. Preferred pronoters are SAG 12 and SAGL3 pronoters. In
one enbodi pent, the 30pronoter is a SAGL2 pronoter, which will be known to
the skil | edlt EeKAT%T Arlicves TRt flnictd oiarey Afamtd BEPK mraghentoltsr eof ( Gan
& Ama_5| RO, (k9 Qilrc Bl @Rton & \l?lh?i)[)ﬁ!; ohagy aci(%Lﬁhtjn%]rgﬁ)%%gikati(;w@f %ggﬁquence
encodi ng the SAGL2 pronoter is referred to herein as SE() ID'No. 16, as
foll ows: TOGAGACES dGATT ST FATTMAGAC IPEABACKANAIAGT AGANTS (GISFGAT T GT TAAAAT

TTA 5 AAATTAGI TTCATTACGITTOGA A TAGITTATLCATAGCTTAATTATAGCATTG
AT TaT AT B A AT e L A o ek R A e
CATAACAAT GFROGT 1Ty CRAATIAAT T ANAATAATAT: TTTOCAAGTT FioArT ATACGAAACT T
GTTTTTTTTA_ATG,AAAAQAGTTJQ@TAQT.TGATTATHGAAT‘TAQUAGAT, \ATACTCAATATAT
GATCAATGAT CF AT A AP AT GR AT BN P T T RAC AR CAN AT EANRNFEET AT FRARFACA 10
GATCATGAAGH 2 al ¢ ItRAAANDEGH  CAGRAT AR e T GAAGKE Y-E;e;[a;;c@]_ce@@ulﬁ)m ATT CCGA
OTT ATAGGT T T GGAT CTCTCAAGAATATTT TGGGCCATACTAGT TATATT TGGGC TTAAGC GT T
T TGCAAAGAACHAGGARBANNEAT MO G EAAGT TAACAAAACAGAGACAC T CGTATTAGTIT G G
TACTTT GGTAGCAAGT CGAT TTAT TTGCCAGTAAAAAC TT GGTACACAACTGACAACT CGTAT
CGTTATt | ' AGTTI GTACTTGGTACCTTTGGT TCAAGAAAAAGT TGATATAGT TAAATCAGTTGTG 15
TTCATGAGGTGAT TGTFGAT TFAATTTGFTGACTAGEESGATTCOEFOACAT ONCAATAACAAAG

TTTTTOOCTGIACARGARTCATAT AT AL TAFTIAT ATACT GCAGHT CACKAT P AT RAGEET

ATAACG! 7 T ThIACAATTAJchTAAR DACLGATICEGAAGA T CCAACANFATEETIAGTIEGT TCTTT

GTGTAAGAAA@%TA_ CTAT; T_CACTATAATA@TAATTCTA@CATTATATTLGTAAATA&_ 20
AGTTATTT GTEAR T AN P A AT T AGABES T CA PO A RATA T B AT T HEEN T TTAAGT
CCAAAAT CCAATa nlih o GEBAGGTIATy (b il Sab 1GIF (GERabAATL oA TAT A kGAATATT T C

TTATATTATCCCTAACTACAGAGCTACAT TTATATTGTATTCTAATGACA CCTTCAT A
GAGAT T CAGATAEAT GRAN TG GEGAAACAT B T TENACACGARACT T TAGCANATGATATVE

CGATTTATCT ‘ _ , ACTTGTTGIGA TGATTTG 25
N
TC TTGF GAATARACAGANTY (CEXESGUAT sTGAAAT TATTs. THAT TAGTGARAAGACAA
AAGAAGATTCOTTGTTTTTATGIGAT TAGT GATTTTGATGCATGAAAGGT A CTACA
AGAAAAATAA) 8&% "1% AR TAGSTAT "BAGE AT BYARAK Aﬁ”(:“%ﬁ%r;r T C CAAATAAT TT
A TACTCATGATAGATFT BT 7T TERGAAATGRGAA 1 AMMAATICCT FNIGTT AMATATT AATTAT 30
AATTAAT TAAATAAGGAAATATATT TAT GCAAAACATCAT GAACACATATCCAACT. T CGAAAAT

T T AT AGT ACKCANGT ACACARAT TAD Ae 19 AT ACHT ACARRCTFCCTARTCAT ANAT AT
AAATGTTTACAAAACTAAT TAAACC CAC CACTAAAATTAACTAAAAATCCGAGCAAAGT GAGT G
AACAAGAC T TGAT TT CAGGTTGATGTAGGAC TAAAATGACTAC GTAT CAAACATCAACGAT CAT T

TAGTTATGTATGAATOAKT GTACTCAT TAGT  TISTAAAACARAAAT Gt fct TEATT TOBATCAAT 35

TGAAGT AATOAT TAACKBCKARAGT AT PRAGH TAGY S0 BRG TS Tatef ore, the

pronot er imngbhencengtthaaticssf orfelpelvbaventhon: REY «@0hprillSes acid@nucl eot i de
sequence substantially as set out in SE() ID No.16, or a functional variant
or functional fragment: thereof. The SAQ 2 pronoter sequence may be
obt ai ned from Ant hi dopsi s thaliana, as described in US 5,689, 042. This
promot &t sEUBIER R LR B GINSBRETPIGNE FHE g dniet @7 dEOPEERE VN

accor dancen(y}‘uﬁ(hlsrtilﬂﬁi\lcn&eﬂgsh9—@1)(:@1?(':.Sjggyig])_l.'c@()FbLgHW)ﬁ: Iﬁmloremﬁ mhodimpt s where

the pronoter 1s SAG 12, it 45 w ppreci ated that the pronoter may
conpri se exehflofct hesdasioss 1220931 Ghlj pr W R2E1)| the rubisco promoter,
0/ 097623PCT/ (3B2010/ 050321 - -




| D No: 16. However, functional variants or functional fragnents of the
pronmoter may al so be used in the genetic constructs of the invention, A
"functional variant or functional fragnment of a pronoter" can be a
Qeriyative.@8503m98£§ion of the pronoter that is functhgﬂﬁhbx(ﬁy&JLcient to
initiate expression of any coding region that is operably ('Pnkeather et o.
For exanple, in enbodi nents where the pronoter is based on SAGL2, the
skilled technician will appreciate t hat SEQ I D Nod 6 may be nodified, or
that only portions of the SA GlL2 pronoter may be required, such that it
woul d sti | theiprei piaateygenerexpresse onpilmetsherheenstmwedr, thieuhdtirbpmdl vari ant s

and functional. fragnents of the prompter nay be readily identified by
assessi ng VE@PH@Pg F”ﬂ%%”fL&h@@ﬁﬁ%?ggﬁ VFFTt%FﬁBHWB”H“%ﬁt Ki%é" pr oot er
regi on, angidihepohead, tie lidieeihnansotd P ivpnpahid Peosedi.ng region into the
pol ypepti de havi ng PCK 15and/or PPDK activity. Alternatively, such
functional variants and fragnents may be exam ned by conducting nutagenesis
on the prompt @rum(wa_e,m-e@tsn%@&mt&yqsm&h)f%@9&4099 2§ RQ1 ARy Hand assessing

whet her or not gene expression may occur. The genetic construct of the
first aspegtcitaycchweedpatbeost. causi ng, during 20senescence, expression of
at | east one pol ypeptide exhibiting PCK activity and/or PPDK activity.
Therefore, the genetic construct may conprise at | east one codi hg sequence,
whi ch encodéscick)crac-phasipheenolpy Gkl exc ar boxykbnasehicPCK)ssoofted

functi onal yﬁriant.or_f;g ment t‘ePQOLuJaQQLQT-ngL,Q qyfuyaéq

or t hophos phiat SV RITHASE CBBORP™ 06r Sao P GHEET SHEET FhrTHnt  gif Plgment
thereofo @ZbnAB:desGEihatiestibe dExamplRSeqtdee iy entansohare, deyvel oped a
range of genetic_constructs based on polypeptides hayin% ei ther PCK and/ or
PPDK act i VPR &8Y iald whesatylrexshowplyiin sEregtpesssie [Hicklpics &t enbodi ment  of
the geneti &‘:n@&@z@te[s%Eifi@%@Q}ﬂagle@gaﬁ B ta@#orﬁ]b{"éQﬁgp:@ﬁ@@lcﬁre{clf&ﬁjaﬂ_lsso pronoter may
i nduce expression of a codi ng sequence encoding a pol ypeptide exhibiting
PCK act i vipymoThggeiseypeeiomad atfoatgrseiningsderclopaknednstglerd, and is shown
In Figure &, [80G8 tillnpcél)qgssfdx1r(§i’tfi ?@89@%@&%1‘1 r 'iﬂ%n%’é‘a%h‘ GpsonRigMct may - - 8
conpri se the senescence-specific pronnfer and é’codlng sequencé encodi ng a
phosphoenobpy nlivatie: dathdxykisnasergoRGencoena. flundll bonghreviarddahit or

fragment thereof. The genetic construct nay nat encode a ppl ypeptide having
PPDR. act | VIO o G Cabghtmeitboul rent 61 tiee onbericte Beebrding to the

first aspeetvestha 5 ameiefouiBy fRdUFeLEXRLES Sl @MhsAhe &@9di Ng sequence ,
encodi ng a pol ypeptide exhibiting PPDK activity. This is referred to herein

as a "PPDK construct”, and is shown in Figure 3. In the second enbodi nment,
the genet 16n€ 9\%@1’1{"81" a TRY + GRIHR 3k %ﬁo&ﬂ“r‘o %@@%?&&Hﬁ&bﬁp%ﬂé&c@r onoter and a

codi ng sequence encodi ng a pyruvate orthophosphate dikinase (PPDK), or a
funct i #halasyatitahgerss if ragient. ttherceohe pTdreogemet centousteweding®y not
encode a lec )ﬁ;)ﬁplt‘lsg& nt!la\‘/, ){Ilg JF;W _caigrgllm}{:ldtfyo'r1]s'155|cQesgegcgl—arsgoc%qugc! %eirqt of the.
construct according to the first aspect. tHE pronvter nay i nduce expression
of a singleértading (spguenee/ éncodiang]arpd] JPBpbé deoext) bidduagdbot h PCK
activity apd PPDK activity. This is referred to as a "PCK/ PPDK construct
1" Int hépcm%@#d“iélms%aﬁ%m%d THE PGRRBLT t L Bhst UMy BEHPr 'S8 t he
senescencexsPeCEfstrubl QRPLEH ARG BrmRHENGoSeINeNGR: SRERUI RWsed in

25 this paper. For example, a suitable promoter may be selected from a group

congisting of SAG12, SAG13, SAGIO, SAG21 and SAG18, or 2 functional

variant or a functional fragment thereof.

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

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



20(i1) phosphoenol pyruvat e carboxyki nase (PCK), or a functional variant or
fragnment thereof, and (ii) pyruvate orthophosphate dikinase (PPDK), or a
functional variant or fragnent thereof. The construct of the third

enbodi nent a single transcript exhibiting dual i.e.
bot h PCK an%é&%&ggggyrmtr c activity. The PCK-coding reﬁgr%ﬁ% (}y{kﬁ%
positioned on the 3' side of 25the PPDK-codi ng region. However, preferably
t he PCK-coding region is positioned of the 5 side of the PPDK-codi ng
region. In a fourth enbodi ment of the construct according to the first
aspect, thehprdnmt éi 3:ney- ?ilﬁblu"ﬁlea l@)bmeesicorn ofcofling the BACEIR jgodiong isequence

encoding a_firs Opol yR h| bits PCK activity, and (ii) a
second codf“rqm“ Guenge™ e %ﬂgé\hwé’é cf’“bol ypepti de, which exhibits PPDK

activity. Thrs |s referred to as a "PCK/PPDK construct 2". Hence, in the

f h enb
sgﬁetsce;ce8 %%I ﬁéé 11% ‘Zt"Cru ggf §§%@§§St;{§g}qgl ng PCK,
aX

or a funct}, ;&9@ ng

sequence ep TEQQEP %fac@frc@z&f'f‘ﬁ%tr'rg CX%EA.@L’%CQJKG Iﬁ"i‘ﬂm

two transcetplig:af S RRgRNe&r1ONe ak:oF:RRGH ;R BREY B A O AS ﬂﬁ%ﬁh r'n Exanple
6, the i nV@M&mﬁcﬂmﬁ@nB@A‘ﬂl@chk@ﬁcz\_@v@@T@T@bﬁﬁ@!}xlﬂ%@tﬂaﬁ@ETW@AQATR&W in a
host cebl ¢er@rchystgransioursngostrbr@ideherrddre rrROKceansidetticar the

"PPDK construantyrrmesed: @aoshnereaser¢ascobtxogenTsemobetdcatkornsim

senescent tEavescARUChherAmreGATIteyT f2o0uerd Ak dreta At hen RCKC aod APPREN IS ngl e
const r uct sCTPAESAINEEThACALGITGARE  BaYECEa-RrégoerEtiCEBAGBRE NGATRSCHeSTYT bed I n
Exanpl e 8, C@?ﬁe‘rrh@ww@fﬂrﬁaé%ccrrduﬁarmramar&mm%mrrwwememssi ng

bot h PCEK aﬁ“éF“ﬁ@WCiAﬁTQTW§FA%@TIGT§%A AGﬁ CEATARSTHrARAG  WIATRABDAAY 15t he

" PCK C°”StF%é@@ﬁﬁﬁgﬁgﬁgﬁﬁw T%C%Qr\ ?T@C ﬁ g%@%%fﬁqf\/e at

i nduci ng n may

IGA cC BT T

be < ansot ] 6 6 %r@r@mar% rﬁr ag m r% kb, oo
acids. ,ui %rﬁ G]r}\ar agi ne.

Fur e or 6, SUALLLARGOUSTL VST SRR 880 R Kk Ae hifigrgenescence
20may al soy iﬂ%ﬁ@ﬁ&%cghmg&a&@é@mc i“.@ AWMrz{ﬁ%%hrd&A@BGAAH%%@éﬂA' n

veget at i ves Q@ ki HeREEh 2 aRE: GRREEE MG A0t A8 cEL K &ir a8 REGH A TBYGONPr | Se a

codi ng sequeneeswixchrenpodessheihr K ande BRPRsrafraant snei-opedrevari ant  or

fragment tienreaftradShhrwddrcbeampprecicatedrdéi@trcihenrconstraactrefact he second

aspect CONHATSESATAITGTC/RTSRELERGEC WA TeroodesThutar TREKGandcRRPBK, or a

f unct i onal AARACEMICOT T TagABATGAThe e TT TThEI AOM CRAYOATRSC TRy TheTrncoded as a

singl e pol APepeir e Ravi NG Caudl TEeT PUGAGEATETAdS T WOT IO Y PEPRTaes; "2one havi ng

Pet act | vi A TaAECATREAST e THEVT ivg APPDK 24T fAIAY GO B0 CTI AQ R ATTANTTTT
ARTTAATTAAATAAGGARATATATTTATGCARAACATCATCAACACATATCCAACTTCGAARRT

CTCTATAGTACACAAGTAGAGAAATTAAATTTTACTAGATACAAACTTCCTAATCATCAAATAT

AAATGTTTACAAAACTAATTAAACCCACCACTAAAATTAACTAAAAATCCGAGCARAGTIGAGTG

AACAAGACTTGATTTCAGGTTGATGTAGGACTAAAATGACTACGTATCAAACATCAACGATCAT

TTAGTTATGTATGAATGAATGTAGTCATTACTTGTARAACAAARATGCTTTGATTTGGATCAAT

35 CACTTCATGTGAACATTAGCAATTACATCAACCTTATTTTCACTATARAACCCCATCTCAGTAC
CCTTCTGAAGTAATCAAATTAAGAGCAARAAGTCATTTAACTTAGG

SEQ 1D NO:16

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

40 nucleotide sequence substantially as set out in SHQ 1D No.16, or a functional
variant or functional fragment thereof. The SAGI2 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 SIEQ



functional variant or fragnment thereof, may each be derived from any

sui tabl e source, such as a plant. The codi ng sequence of each enzyne may be
derived froma suitable plant source, for exanple from Arabi dopsis.
Therefore, §he,qrdiRg sequence, which encodes the pol ypgRiddehaykpg PCK
activity, may be 5 derived fromArabitlopsis. Furthernore, the coding
sequence, which encodes the pol ypeptide having PPDK activity, may be
derived from Arabi (| apses spp., Zea sp., Hareria sp., or Geone spp.. The
codi ng sequence, which encodes the pol ypeptide having Pl I DK activity, may
be deri ved!P Nemo6. Apabivdopsigava/aioniag: Zootiemy siagFeayed the pramervi a,

T larefia Vv bro I nangdra.. 10 There are believed to be
t hree gene!s;!a gﬁﬁﬁfﬁﬁ?'gﬁﬁcgﬁdg%cnpﬂgcﬁ h lnv(’n‘m(f)lrric DNA seguence

(i ncluding introns and exons) encodlng one enbodlnent of Arabi dopsis

h hoenol py.r uv r boxyki n P rovi her ei n EQ | D No:
?-705250?0? \O\;\gryct%%% \%%qumyilﬁnct?bsneﬂ gx qg%)cm of qpn%moqc%d' mr(? i)% a de?i%qus\ (,Q No

ATGT CEEEOGT ANIENAAR TR AT ANCHRT GAGKEN G TIIRGE AT LGGHA
TGATGCCGAAGATAACGACCGGAGCAGCAAAGAGAGGTAGCGGAGTCTGCCACGACGA AGTGG

TCCGACGGT GAXTECCATRACEAT A TEAGC T CAT FeE P ACAGRAGRNATT FETGCTCCT
ACCACACCGAT,(A %Wm%% Gl ETTECRGHERAIE CORA GRACEAGEGT CAGR 2

AGATT CAGCT AR T T AT AT T R T AR AT T CACAT AT ACACAT AT T CATRCA T A
CTTTTGTTTATAACATACTT BATATCONATT AAGBAAGAT AT TEUST PRNOSTECGCCATIRAT T T
TCAT%I TPAGC TAAATATATGGT AT TAAATAT. TT GACGTGATA
TACACTAAA "F‘rbﬂ,&ﬂA’AA W T@E&Aﬂﬁﬂcﬁﬁ T GT TTAT TT
TTGGAT /T AGAGAET T AT 1IGGAGAAGT:. TAAT GOGCTATT GT GAC TATTAC CAGAAAA 25
TAATACTTTAATGTACATGACACGT GTTTAAAACGACACGT GGAAACTAATTTTGATTAATTGT

GAAACAGT GCATCGTTAGCAT CGTTAACGAGAGAGH CAGGACCAAAGGT GGTGAGAGGAGATCC
GGCCGAGAAGAANGAGH AT T AR EAR T ACET CORIANCAT CAT TIQTAFC
TTTTCTCOGCCTACTGIT CCTGT CAGTGATAG CCTTGAA TACTCACGTCCTCTACAATC
TTTOGCCTGCAD ATTEAPRRATCTTROTEIA 30

ACGAGT TTGATAGATT, T TGLTGET GLTATHAAG

T ATGAGAAAGGTT (G }qﬂ IQ%AT“I Tk g@é%%%&@g&é o T r'@’r gﬁé\ TGCTAA GACT
G GT CGTGC’JﬁdB@GNBNGAGTM@C@IU@WCET%H@A@@&T@TA@M@N GAGGATs GACCTTT GO 1'

0000 AAAGTGAG Al AYA‘ CGATTI " PGAI " | GATGGAGTY 1P ﬁ ‘CTG PTI Tl cGT
c\fzmmf.d f)v conducting mutagenesis on the promoter, when %50(:1’11(,( with a2 codin

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

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

20 senescence, expression of at least one polypeptide exhibiting PCIC activity
and/or PPDIC activity. Therefore, the genetic construct may comprise at least
one coding sequence, which encodes (i) a phosphocenolpyruvate carboxykinase
(PCK), or a functional variant or fragment thereof, and/or (i) a pyruavate
orthophosphate dikinase (PPDK), or a functional variant or fragment thereof,

25 As described in the Bixamples, the inventors have developed a range of genetic
constructs based on polypeptides having either PCK and/or PPDIC 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 hercin as 2 “PCK construct”, and is

shown in Pigure 3. Hence, in the first embodiment, the genetic construct may



TT ATTGATTTTGGAGITTGATTTTGATTTTAGGGEGT TCGCCGAATATCGAAATGGATGAACAT A 35
CTTTCATGGT GAACAGAGAAAGAGCCTGT TGATTACTTGAATTCCr TGGAAAAGGTATTAAATTT
TGAAAACTTTAATCAATGTI TGTTGAGT GTAGAACTTTTGATCTAAGT TTATGAAATTTCTGI TG
TTGITGEEGTTLLT, TGTCAATGACCAATACTTAAACT GGGAT CCAGAGAX . G TCAG
GATT GI CT @ﬂ@%ﬂ'TAC CAT"P CAT TG T TTAT G CACAAW&%T
CATTATTGACTCCTTGI ATGICAATCCATTATTGT GAAAGAAAACAACAAATTAGTAACT 40
GGGGAGGEGT GI'CAGGT GTATCCGACCAACT CAGGAGGAGCT TGAGAGCTTTGGTACTCCGGATT

| TACTATATACAATGCTGGGCAGI TTCCATGTAATCGT TACACTCATTACATGACI TCGTCCAC
TAGCGT AGACGT R AAFCTCESTACEACEBANNT SEITATAGHT:CEIAGT CAGHATRTCTGBEEAA

ATCMGYCHICTIT SAREL BT ST TAT S GLOPLATTCTCT oor T

AGGTATAGT AGAGACAGTACCAAG FATGS T GTh ok GoGTd GAFGNT: [ GGAAGGAAGRATIC AAAT CAAAT
GATACAATA CAATTACTGCTGAACTGACTTGAGAACTGCTTGCCI CTTTGTTGAGT TTAGCGGGTGAATTGAG
ATTGATGATTEEGT | TTTGTTTTCTATGAATGATGATTI TAGGTACCGGGAAGACAACGCTGT 5
CTACTGATCACAACAGGTATCTTATTGGAGATGATGAGCATTGT TGGACTGAGACTGGTG r TG
GAACATTGAGGGTGGGTGCTATGCTAAGT GTGTTGATCI TTCGAGGGAGAAGGAGCCTGATATC T
GGAACGCTATEAAG P EnheAnCACTT AGARACACAGTACCTMTOGRA TSRS I LT GAGAAAAAA

GAT CAGCACKCAACACH ST TAGH P CATARRYCT I ACACCT RAAERAT T G TATE T 10 |

CTTTCAr | CTORTEGECCPOACAATTAACAGAATGATEATT THECEATT.CTCTNT RGERFGEAGAG

AACACACGTGCT \T GTTCATT TACCTTGTGTTGGTCCAC
ACCCGACAAA‘FG%éccr A‘g’f ' XCCTETGAGERASCT

GAAT CT GECALAAAGEAT T ARG Td- Q‘XIE@AG;T Gl ACACT ALK LAA I GAAA T AA
AAGTOT TTATTTTGCACA CGT CT TCAT TTT GCATAACCAAAGATGT GCAACATAT 15
ATAGGTTGCTOEEREAS \CACCARCATTER CACET TECT R ISET
GCAGCTTTCATAATGTT IW&T%AT%%M&%IW@TCAC
AAGGTGCTACT GG_T TGECT CAACACTGGTTGGTCTGGT TATATGTCCTTCTAT
GGAAAT CGATACAMNCAAAACGCTGCCTTGTAACACATGTTTGTAGGCTATTAACATGATCTGTA AT GT
TTTATTTCCT GCAGT TAT GGTGTTGGAAACAGAATCAAGCT GGCATACACTAGAAAGAT C 20
ATCGATGCAATCCATTCGGGCAGTCTCI TGAAGGCAAACTACAAGAAAACCGAAATCTTTGRAT
TTGAAATCCOAACTBACGATICEAACBGA TACCT TCAGAGATET R CEGACCOLGET GARCT CEBGTAAG
TTTCTGOAAATCTGTATAATGTAATTGCCTTAAGTGATGAT CAATTTTTTGT TGATTTGGGT T

T AAT GAAAAT SRR R CPEAT ARBARE A ACACARAGATRET S &P ACTEGGAGGT C
TGTTCAAGAAGMQH@GAQ@IT@TQ@TM@Q&TAA%}Hwmeemmmmmma<25
GAGATTCT GC?’ CITTTAG, SEQ I D No: 17 The DNA sequence (exons only)
encodi ng t’ﬁe" Aldb ]dolalé %mb‘ﬁE%Lplhoéﬁdﬁb)‘fll"lui/%}f“B"‘(‘:‘é%ﬁb)%%bﬂé:éié Cepﬂwcn s

provi ded hﬁlgi IRInT: 5&(,5&@51@5&‘91(:;&{%@@(: Eﬁe . &\Aﬁm@@c&f TECrLfG ACCGAAAT CC
TAC TAACGGT éGAC

CGGAGCAGCA(AA@@@&@@nv?m@@@@wrh@mﬁ(c@&@%MA@Tmﬂb@mww GAAT GC CACAAC

oo el T @%&W Lpltte HlGsE PASRAAT

functmmi variant or fragment thercof. The construct of the third embodiment

may encode a single transcript exhibiting dual activity, i.e. both PCK and PPDIC
enzymatic activity. The PCK-coding region may be positioned on the 37 side of
25 the PPDK-coding region. However, preferably the PCK-coding region is

positioned on the 5’ side of the PPDIK- coding region,

In a fourth embodiment of the construct according to the first aspect, the

promoter may induce expression of (B) a first coding sequence encoding a first
30 polypeptide, which exhibits PCK activity, and (i) a second coding sequence

encoding a second polypeptide, which exhibits PPDIC activity., This is referred

to as a “PCK/PPDK construct 27, Hence, in the fourth embodiment, the



35 GAGGAGGAGC GI' CAGAAGATT CAGCTTCAATC TATC AGIGCAT CGI' TAGCA TC GI' TAACG
AGAGAGT CAGGACCAAAGGTGGT GAGAGGAGAT CCGGECGCGAGAAGAAGACCGA TGGITCA ACTACT CCGG
CGTAC G CT CACGGCCAACA T CAT TOT A Tux TT I CTCCGECTAC T GGTGCT G TCA

GTGATAGCT Ol f@AGT TTACTCACGTCC TCTACAATCTTT CGCCT Wgﬁ; o
TATGAGCAAGCTA TTAAGTATGAGAAAGG TTCCTTTATCACTTCTAATGCA 20°Ac ac

1"I'T C GGTCCTAAGACTGGTCGT GC T CCCAGAGATAAGCGTIGIT GI' TAGAGATGG T AC

| ALTGAGGATGAGCTTT GGT GGGGAAAGGGTT CGCC GAATATCGAAAT GGAT GAACAT AC T
TTCATGGT GAACAGAGAAAGACCT GITGAT TACL"T GAAr T CUT" GGAAAAGGIC TTT GTCAAT
GACCAATACT £TRAACT GBGAT "OTAGABAACAGAAT CAAAGTCAGGATFe@ic OTE: AciGEIIABAGCT

1 TeaTACTC, GBS Y TAE TR ATALAT T XA T T AT kT Car | o

TACACTCATTA@MGA@J(E @r@@x@dwﬁﬁmﬁamwm M@&A@@@AA AT GGTT
ATACT T GGTACT CA( SAAAT  GAAGAAGGGTCL” éé;T GAT G CATT
ACC TTATGCUIKAE %,%CFW*“F” SO BRI CFPEATC FEP fA
GATGGAGATGIT,@GT CT CT | OTT TGGACT TTGAGGT ACCGGGAAGACAACGCT Cr CTAC T 50
GATC ACAACAGGTAT CT TAT T GGAGAT GAT GAGCAT TGT TGGACTGAGACTGGT CT TIC G
AACATTGAGGGT GGG GCTATGCTAAGTGTGTTGATCTI TCGAGGGAGAAGGAGGCTGAT 12 -

ATOT GGAA * TG T GGAAA PGAGAAGTGGAT
TACTSTGA% ?%%Amwoﬁ IW%GHS%E%T TI%T%%%QE AR

GAGTT%TTOHAMF@REMAAM@CW@K@H@@T@@&@&@@@MMT&@AMT

CATCAGT GOTT ACAETGO T COT T CACAGAG, AT CarAT TaRG  —- » AR T

GAGCCAACAGSAACAT: CTCAGIR T GO T TFGEF OTAGDETT GAT ART OF TIOCATSTGAEAL and
AAGTATGCA “OT TAGOT GAGAAGAT GAAGT OACAAGGTOCTACTGOTT CGTO
AACACTGOTT l‘rtﬁ%@dl\w RTEETEr TEARARCABAAT CAREET “EECRTACACT
AGAAAGAT CATCGATGCAAT CCATTCOGGCAGT CTCTTGAAGGCAAACTACAAGAAAACC 10
GAAATCTTTOGAT TTGAAATCCCAACT GAGAT OGAAGGGATACCT TCAGAGATCTTGGAC
COOGT CAACTOCTHES T T GRT AMEARGEC AT AGATATT OTESTEANAC FOBEAGST over-

GGAGA
T

15 the “PCK construct” and the “PPDIK construct™) is surprisingly effective at
inducing aitrogen 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.
Fusthermore, simultancously 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 fisst aspect may comprise 2 coding
sequence which encodes both PCIC and PPDI, or a functional variant or

fragment thereof,

25 Towill be appreciated that the construct of the second aspect comprises a coding
sequence which encodes both PCIK and PP, or a functional variant or
fragment thereof, The two enzymes may be encoded as a single polypepeide
having dual activity, or as two polypeptides, one having PCK activity and the
other having PPDIK activity.

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

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



Accordi ngly, the coding sequence, which encodes the pol ypeptide having PCK
activity, may conprise a nucleic acid sequence substantially as set out in
SEC? ID No 17 or SEQ ID No.18, or a functional variant or fragnent

t her eof . epti de sequence of Arab idopsis LS. vi ded herein
as SE() 1D WAS'E%HB#(X? | ows: MBSAGNGNATNGDGGESEPKGEVMPKI N$ %{Q&Eﬁg{%
DDSGPTVNATT | DELH STOKE RSAPTTPI NONAAAAFAAVSEEER(K QLQS SAELASLTRE SG
PKWRGDPAEKKI DOS 25 T TPAYAFI GOHHS I 1ESPATGAVSDSSLEFTHVLYNLS
PAELYEQAI EYERGS F TSNGALA
I LSGAKTG?ARE:DKRNVRIEAIH%EBEMW@SM<ENBEHFE&MERH&RM[DYLLNSI&E}(VEW>]L
VNDQYLNWDPENRI KVRI VVSA| YHSL ELE S CT PDFT | PCN
RYTHYMTSSTSUBE R ARREMAF %TE BEE EREPS PSRN
DGDVAL FFGL SGHGEKT] TLQSTQHNRY\JGJILJ]@IPEI_MEIWSNI E@WYMCVDQSREKEE@ 30 1
WNAI KEGTVLENVWEDEHTREVDYS DESVTENTRAAY P | EF PNAKI PCVOPHPTEVI L
L ACDAFGVL PEN/SRE NISROTIMY MR L SEerA SVAGPEDEF KEETRTESACEGASEY . P be
KYAAML AEKVESQATONL VINT EWBEESIEVONR| KLAYTRIS; .| DAL HSGSLIKANYKKT  ET, FGFE!PTE
| ECl . PEE | LDPVNSI NSDKKAHEDTI NKLOGLI'FEENFEV” FANHE G\/I\NSL PPR FSLLVL SF
35SEQ | D Noelyreptieduraizngilylc qth@l)p@hydap&dlec%ézvxrrnglfﬂ@l’éf’attfﬁv/t’nyiﬁﬁay
conprise a aci stantial l D No: 19,
or a funct :ﬂgﬁ{aﬂa 351r(|31a€1/ quﬁ?ra&n%n? Y hérdot ¥ %ﬁ mui( E%( &}h(fl_:rl(aéiﬁs at the
5' end of thengBRBIghativing, misBde t{m\tdaiehdammﬁamﬂmn //‘Eh@;mgeimﬂmja, BMNA-sequence
(including intro encodi n th for of Ar abi dopsi s pyruvare
ort hophospﬁé{f’é"’drf(i" 2’6;3 bP@Kﬁ"”f’ TBEGVT % H’”‘ﬁ@' "é‘i “as SEQ I D No: 20, as
fol | owsy ATGACAAGT ATGATCGT GAAGACAACGCCGGAGCTOTTCAAAGGAAAI GGAGTGT TCCGTACGG
ATCATCTOGGAGAAAACCGAAT GGTTAGT CGATCAAACCOGCTAGGT GATGGATCAAACCGTTT
CCCTAGAACCESTACKATECATT W@@GMFM@@MM@@AM@A@@@GT( FCOATCETEAG
ACGAAGCECT Cﬁé\g;@g‘é} ol %ﬁ%} FCANAAGCGEAA 10 COTT
TCCAT T TCAATCATT!';&%CQ%TQET TI CACCAT T1 TTAT O-CI;IQCT TT TTE%TACG TTT
TGITr I AT G&ﬂfw@rw GAOSH BAGATH O (T GABAGANARET ATGACCRATY ICAThHiGBGERC GAACC
ATCTAGCA ( @_‘FIC;@ CC%H’)ATAACCCT ACCGGT TATAGAATACAAAACAGGT TACGC
CATTGTGACA GAY GTGAGACGATTAATTATTTGATGTTGATTGGTTTCGIT ACT CT
| GTI TAAACAAT CGAACGGT T CAAACT AATACACACATGT GAT GT GAGAT GATT TCGGT 15
AGTAATAC u} Aeu :’e;% ARA ARAGTA A TTT ﬁ‘é
AACATGA‘A AA‘ “e| ] ’AAAA ( "AAAAAAAAA ""A*
ATTCATTAGOHS ;;,} g b %,,.,,,, 'ﬁ ot
GTCAGACTCTIGE TR NEPEREY
GAATAT »6T Qt\@é&%ﬁe@@&AMTMTJ&TH@@@MW%Fﬂﬁm%EAQMGT T T20
AAAT CCACAAT T THGRAGET A TheAREA TAAAGARE k- ST (GEAT A TAGAGAT T FoT ATCAGRAGAHNC T GGT
TGAAT TTGATCAGATcATERCTACEITAT AR AT TG LEAAGIAMAGTA TR 1T GIFRABAAAGCAAAAT
AGCAT CCGT ACHIECTALATAGEANGTGTGLOAGTEAGAT CAGATA EETT GACGACATCTATGAC 1GAGT CAT
CGCAACGAAACTT TIET T T GLAATAG AL RGEIOSART ATGIARATACAAR 1 THABG CCATT ACTEGAGGT T
GGAATTT® TGERATFCEATAZ TTCRTA TRAT ANCTIAAL ANTGFAZ CAT CEEARGAR. TGACSTATATTAT CAAAACT
25 ATAAATGATAFATATAT CRANSTATGANKTT CTOGRCT GFATACAAGTG TEE TERATARCTATAAAAT TAT
T CGATGTACATATEATERTAATANCFCT T ERETAT AT AT A ACSTATATETETFCTTANNCT T
&A%M%T?Wﬁ%%ﬁ@ﬁﬁ@%ﬂ%@%@@%ﬂ%@?@w

ALV :

¥ AT AAT ARTT ERAG
ee ee AR "g '&Fa' "'M coce .\

G { eeee Vﬁw Aqe
S R ALGEGAAGA ‘i éue

CAAAAGET | F A
TCATCGAACQ&@%@AH%%I@%X%@IWMW WJ@@I@E S @Hﬁiﬁw
Cl AAGT ATAA T AEALGE TET AL RS ALACA AT A T EAn AATE TEANCGAT T TT
T 35 TCTAATGTEAAATTTFTCIGR CTFrdataArF oA CTRTGTATGR T LA FOT AT IAATETITTIGAAGATT T
T TTG ACGOAGATTATTGACTCTMCTAGATICICETE TAT AT CANGE TG CAGATECANRMATATATT TTI GGT
TAT TI TGOCA A @RQ ICCTTC T TG GAAGAGT TETALAATGRACT AGATAGANAATGAATAAGT TT
TGT G GCTATT:COAARTRGOGTRATR TCATAC CRE CEETAT G EANRGE AT AACGEAGNAAATGARGATCT TT
CG T | TATCTRTT T RKAAACACHEACTACAT TCATH PGTCT TT AT CCAT AT TS TCATEGTAGATCT 411
CAAT GCCT GG AT CATERACACT CIACT TANCET T OB CrEAACEACCART CETORTTEEFETAAG
GCCGCAAAAXELS A EEET T T/ CEF . FACEATT & BT AT CEaeETT - CrOT ' GAFATST TT GG T
GATGa GACCTACCI " TATAAMG1" 1" 1" r er TGATCAATAAAAGGE GAl GGGAAr f CCACACGCCAAG " PTG
AAGAGAAGT TAGAGAGAATGAAGGAGAG GAAAGGAG TTAAAAAT GACACT GACTTAAGC GC GG C
-15 T GATCTCAAGGAAL"1 GGT TGAGCAGTACAAGAGT GT T TACTTAGAGGC CAAGGGT
CAAGAGTT T CCT TCAGGT TTGT TT TGAT TCCTACT TGAGGTCAAGTGATAAAAAT TAGT
TAr TAGTTACAAAT
GTTTAAACGGGA | CAATTGCAGATCCAAAGAAGCAAT TGGAGCTAGOGAT TGAAGOGGTATTCG
ATTOT TGGGATAGCCCGAGAGOGAACAAGT ACAGAAGT ATTAACCAGATAACT GGATTGAAAGG  AACCGCGGT

.r_r—




- 14 - TTGGT TT TGGGACAGGGAGAGGAT GIGGTTGCAGGGATAAGAACACCAGAAGAT TTGGATACAA
TGAAGAGATTTATGCCTGAGECTTACGCTGAACTTGT TGAGAACTGCAACATCTTAGAAAGACA
TTACAAAGACATGATGGT TGATACACATAAACAATACTTCAATTAGTCCTCATCAACAATTC, TT TAG TAAT
TTAAACAAAAT. % (@GTATT GCAGGATAT T GAAT TCACAG TAW” :
GATTGTGGAT GAGCGGEGTAAGCGAACGEGTAAAGGECGECCGT GAA

TGATATGGTAGGT GAAGGECTI GT'I GAGAAATCI TCT ATCAAAATGGT GGAGCCTCAACAT
CTTGATCAACTACT TCACCCACAGGT ACAAACT CAAATATTCATCTTCTTCTTTTTTCATAGTC
ATAAACTTGATGT TGAAACCAAAAI " PCGAAAC FTACTGGTAATGATTGVCACTTGAACAAGA ACT
AATGGGTT TAAGAGGE! §CPAGDETGARFA! @\WC@W@@PGF CTGATAGGTAAC 10
CGATGAATA eLITY GAACETFTPET T ERF RIS TIATAT T GATGGAT
TAGIT T CA?AWP@WGW@@W t W%@W@G
GTCACCAGGAGELECCHT THEACAGET @?ﬁ%@ﬁ%&% AT

CTALT ?g A AR B .
CAGGGT ¥ve ﬂ jec: 2R ?; e
CAGCGGAAGGTATATTC ""?‘AA AR rabasize
TT}Q@I A '.gu 2 '.%@ A %‘e‘m gh ?f :f
GGATTCGATTHP@@%@H J@E%M,T%@J AGAAGA L TG E G AMAGEEA

CAGGTTGTAT T GAT o GAGAT I GACGATFAAT CAAGEGART: oA GEGAATGARG A oa
GGAT CAACCGEL GAGBETATAT TAKEAMEANSEAT TG FOCT COERRTATAAGT CEAGAT dac

| GGAGACT " TOATGTEET BEGETCATIGTAATCAGACGTOTCAANGE 1GTTIATGACTTICTERTE 20
OT TTAACT T GFAT GATATTTITRAAAGHET CTANCTCAAATGTTOGATIGACCCATAAGBTPATG: A
CGAAT GCGGATACAUC T GAAGACEOOATTGCABCFAGGHAA GECE
TTGA%&%WFAWW@AW¥WWW¢WR@W
TTGTTTGTATECARATET T AR P ETTGTCT I TSI TSI TARG T TET I CCAGTRCATAG C
MTTAM&A@&’F@KWWWM@&WWWWW@%

e AR

:%ﬁﬁqé&eiﬁgﬁhﬁgiag

TAGAGAAACT 61 GG T A e T ”mvﬂ ACCI T CLIAGICTET 1 30
TGTTTCTCTCTGHEREE LTGEAGE] GARGAAGAA LT GAT GAL LR ABAGITGTAXGTTATAG,
GCTCGGAAT AT AEHA T CCACACET AACTAGATHEEAAGCCCCGT GCAAT TTTTGAAGOT GCAGCG

TCAATGCAGGACCAAGGT GTTACTGT CATTCCTGAGAT TATGGT TCCACT TGTAGHARCTOGT G 17
AGGAAT TGGGTCACCAAMGAT GTAATTCGTAAAGT TGCAAAGAAAGTATTTGCTGAGAAGGG T CATACCGT
GAGCTACAAGGT TOGGACAAT GAT T GAGATC CC TCGAGCCGCGCTCATTGCAGAT 35

GTAGGAACCTT T T T A T A A AT T R T L ACAREA

ACT T GACGCAGATT GAGEEFT AT ACAGTACAGACGATGICEBCRASH T CTACGGAT T TACCT
CGCCAAA TCT TACAGCACGACCCI TTTGAGGTATAATGACTACCATTTCGITI GCT CT CcT

ATCCATA , GG
GTAGGGCAAT,. ; GGTT
GGGATATGT

ACTATGICT CEF d ﬁHﬁE@@HE@&@i@%ﬁ@A\H MTREQ%%&MM%@E Jad Tzfc/é

QAACACE AT Th ATAAECACAT G K 7GR AAT T # A Art@aedl b dc k- ek At Al th At rir GT T

GI' TGITGI TEEAKIFTRCCAAT A CLAAGSE L EXACASHICT c CAAGIAGERGE ECCAT A 4% ,S1EQ | D

No: 20 The eONAseguencecencodicngchhes cytosokvcr foroncet:cthecAr@bicdopsi s

pyruvat e oﬁrmmmhatecmddAMS"EAchcs cprovided Theceracas:cSkirp | D

No: 21, as BTG OWSCTATTAAGTATGAGAAAGGTYCGTTTATCACTTCTAATGGAGCT IWFGCQ

ATGAT GEAGCEAGTATTCACTT T@@%&A@G&A@KM&S@M@@@M@AA%@MTW@A TGC

TCCTTGTI GC@AWW@GF@@@@@N@&WAW@@@T@AN Ai

MM#&?MW?W gL
@@WR%WWWWG@%#% TeTCA

sAGGAG
GTAAT
35 Mg lf“GAA

CATATGT! TCTLATOME ARG LG 10
AT ARG AR T T AT CACACT AT T AT AT LT ARG cmc Y
GAATTGET T GACEAGHAGABEAGTGHATAGE T ACAGOCAACERT CAAAGELEQET T6A Ty mea
GAT CCAAAGARCCAN T FRGGAGCT A CEGAT LGAAE G TA T CeGATT I I ECATAGEE L S CTGA T
AGAGCGAACAAGTACAGAAGTATTAACCAGATAACTEONETGAAAGGAACCGECGEGETTAAC
ATTCAGIGTATGGTGIT TTCGAAACATGEGEEGACACTTCAGEGACI GGTGITA CTTCACT 15
AGGAACCCTAGCCACAGGAGAGAAGAAGCTTTATGGCCGAGI TTCTAGI TAATCGCTCAGGETT
TGECATCTATCACAATGTGTGAATCTCATATCAACAAGGATAAGAACACCAGAAGATTTG
GATACAATGAAGAGATTTATGCCTGAGECTTACEOTGAACTTGTTGAGAACT GCAACATCC
TTAGAAAGACATTACAAAGACATGATGGATATTGAATTCACAGTACAAGAAGAGAGATTG
TGGATGCTGCAAT GCAGAGCGEET AAGCGAACGGGJ AAAGGCGCCGT GAAGATAGCAGT T 20




35 GTACATGAGCTAGCTGAAGAAACT GGTGTGAAAGAAGAT GAAGTOTTGTOACGGATAGAG
AAACTCTCTGAAGT GAATCCAATGCT TGGT TTCOGOGGT TGCAGGCT CGGAATATCGTAT
CCAGAGCT AACGGAGAT GCAAGCGCGT GCAATTTTTGAAGCT GCAGOGT CAATGCAGGAC
CAAGGTGTTA TCGTGAGATTATGGTTCCACTTGT AGGAACT CCTCAGGAA]
GGTCACCAAGC@%’AA@CGTAAAGTTGCAAAGAAAGTATH GCTGAGAA@@?"&%”S‘B 2
ACCGTGAGCT ACAAGGT T GGGACAAT GATTGAGAT CCCT CGAGCOGOGCT CATI GCAGAT
GAGATTGOGAAAGAGGOGGAGTT! * FI CTCGTT CGACTTGACGCAGATGACG
TTTGGATACAGT AGAGACGAT CTGGGCAAGTI TCTACCGAT TTACCT CGOCAAAGGAATO
TTACAGCACEﬁ@ffﬁﬁﬁ4?ﬁ3&@@#ﬁ@ﬁﬁ?3@f@ﬁ@ﬁﬁ@ﬁ?§ﬁ9$A@Eiﬁ?@?ﬁﬁgﬂT@%ﬁ@?ﬁqgQALC
GCGACAGAAAM@W@%WAW CCAPTT

GGAGGAGATCEA ﬁ@ I‘ACTT
TOTG:TT'[CA: AT _ cce *- G gﬁg AG ¢ The cDNA
sequence engodi &&.( FRILE b@ rﬁ, 'T (5 ﬁr@(ﬁ% te

or thophos pligt s, A@ﬂ&nm%c
fol | ows: 5aAT

ACGGATCATC}I;

T@AAACC
W&TGGAC
mﬁA@Im@@mW@mGAGGT
ATACIZCCAAAA@EGK@M'R’EGAM TCOEGARAACEANGAA GECCATAGIGTAAGT CC T T
AANGEEA . AGATTGECTAG CATAGGCTI GTC
GT GCCGCGII—?GCT AACCATATCGACGGACISCT TGTCAGCAGTATCAGATCGCCGSCAARD No:18
CEQCAGAAGGT | TATGGGAAGAGAI CTTAGAAGGTClI TAGCTPCATCGAAC:; GTGAC AT T GGAGCT
CTGATCCCTCCAAGC CACTCCTCCT CTCTGIT COOor ccaaeece
GCCATU@AIG@@M@MAMMIW@IM@HM@@TGG@TT@%WGE@ PS¢

GTCGTTGGTCTGGCOGCAAAAAGOGGAGAG TTGCTTACGAI " ECGTTCCGGCGTT] T CT TGATATGT
T _TGGTGATGITGTEAT AT FOCAS ST TGRRGRGHAGT A out in STQ 1D
GAGAGAAT GARGGAGH ORGT 5 TAACAEGACACTIACTL GATCTC AAGGAATTGGT

TGAGCAGTACAAGAGTGT T TACT TAGAGGCCAAGGGTCAAGAGTT TCCT
TCAGATCCAAAGAAGCAATTGGAGCTAGC GATTGAAGCGGTA T TCGAT TOT TG GGATAGC 20

AACATTW%@A&E&? el g@%ﬁ%@@%%m

ACTAGGAACCESACCATIRGEAGAGAAGAACCT TTATGGECGAGI TTCTAGT  TAATGCTCAG

MSAGNGNATNGDGGFSFPRKGPVMPRITTGAAKRGSGVCHDDSGPTVNATTIDELHSLOKK
RSAPTTPINQNAAAAFAAVIEEERQKIQLOSISASLASLTRESGPRVVRGDPAEKKTDGS

2% TTPAYAHGOHHSIFSPATGAVSDSSLEKFTHVLYNLSPAELYEQATIKYEKGSFITSNGALA
TLSGAKTGRAPRDEKRVVRDATTERDELWWGKGSENIEMDEHT FMVNRERAVDY LNSLERKVE
VNDQYLNWDPENRIKVRIVSARAYHSLEMHNMCIRPTIQEELESFGTPDETIYNAGQFEPCN
RYTHYMTSSTSVDLNLARREMVILGTOYAGEMKKGLESVMHY LMPKRRILSLHSGUONMGK
DGDVALEFFGLSGTGKTTLSTDHNRYLIGDDEHCWTETGVSNIEGGCYAKCVDLSREKERPD

30 IWNAIKEGTVLENVVEDEHTREVRDY SDKSVTENTRAAYPIETIPNAKIPCVGPHPTNVIL
LACDAFGVLEPPVSELNLAQTMYHFISGY TALVAGTEDGIKEPTATFSACFGAAFTIMLHPT
RYAAMLAERMESQGATGWLVNTGWSGGSYGVONRIKLAY TREIIDATIHSGSLLEANYRET
EIFGFEIPTEIEGIPSETLDPVNSWSDEKAHKDT LVRLGGLFRENFEVFANHKIGVMVST
RRRFSLLVLSE

35 SEQ ID No:19

Accordingly, the polypeptide having PCK activity may comprise an amino acid
sequence substantially as set out in SEQ 11D No:19, or a functional variant or
fragment thereof,

40
Arabidopsis is believed 1o have at least two forms of PP, a chloroplastic form

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



G " TTGECATCTATCACAATGT GTGAATCTCATATCAACAAGGATAAGAACACCAGAAGAT
TTGGATACAATGAAGAGATT TATGCCTGAGGCTTACGCTGAACTTGTTGAGAACTGCAAC 25
ATCTTAGAAAGACATTACAAAGACATGATGCGATATTGAATI CACAGTACAAGAAGAGAGA

TTGTGGATGOT GCGGGTAAGCGAACGGGT AAAGGCGCOGTGAA
TGATATGGTA%%@? TGT TGAGAAATCT TCTGCTATCAAAATGG%%%&TCT
TGATCAACTACTTCAOCCACAGTr r CAT GATCCAT ATCGTGAAAAA
GTGGTGGCCAAAGGOTTACCT GOGT CACCAGGA TGGACAGGTTGTGTI CACG 30

GCGGAGGAAGCCGAAGCTTGGCATTCTCA(XBGTAAAACTGTGATTCTGGTTCGAACTGAG
ACAAGCCCT GAGEAT G FERGACETATEEASE
GGAATGACGTCACA TGTTGCT TGTTGCAT

TGTTOOOAGATICETE ”b@" éﬁOGGT b‘r’A@&&r' éﬁk ‘r’i‘lcé@;ﬁ‘i‘”
AATGAAGGCGANTGRA T GHEANTBAAGEGATGARCOBGTCAGGTIATATTAGSSAAAIAA G50,
GCATTGGCTCCTCQGGCTTTAAGT CCAGATTI | GGAGACTI " ECATGTCCTGGGCTGATGCA

ATCAGACGT CTCANGETT ATGECGAATGOGC: ATACACCT GAAGACGCCATTGCAGCTAGG

AAAAACGEAGCT CAAGGAAT CGGGCTTT GTAGGACAGAGCATATGATTGTTTGTATCCAA ATGT TTAATGT
TGTCT TTGGTd: EEETa TR TAAGE X O CFCEAGCAGATAGBAT THANGEAL GTTCOGTACGE

GT GAGAAAGAT GATAAT GIECGET AXCAACAGGEAAACOAAAGCTTCIGTCBAGATCERGCAOMET TC

O 17 ACCAAGET *TEBEATT AT CAABEGATEE CTCOBFGCT AAIGEATCGTC TTATBEGTA:AC
ACAATCCGT THGTRAGACTICCOBCTICATGAGTTCCT CACTT OEACAACAATTAA
TGTACATGAGETAGET GRAGAAACTTAGT G FTGETCACEEATATGAGNAAC TC T CT
GAAG TGAATT Wﬁ%z@@ﬂfﬂ@f@wfr ?f‘ww WTW%&“@T?W( ¢

CCAGAGCT AALES I ACAT e AACEE G EEANT P T+ GARECT (X SRGATA SCARACGE

A%
: J TTCGTT
el

AACATGAACTTATTTAAATTCAAGTATTTTCGAAATTTGTAATAAAAAAAAACTTTTCCTCTAG
ATTCATTAGCCCTACTTTTCGTAGAAACARACTTTAATGTATTCAAAGACCACTTTGCTGCTTAA
GTCAGACTCTTGTGCCACTTGGTAGATCCACCAATGCCACGTTTTGTITATTGTGCCAAAGAATA
CGTGAATATGTCCAAACGGCAATCAAATTCTTGGCGTAAAACACAAAAATTATGATACTAGTTT
20 AAATCCACAATTCACCTTCACCATARAGAATTCATGTATTAGAGATGGTATGACARGAACTGGT
TGAATTTGATGACATTTCGTTTGCTATFGTTTTGGTTAAGTAAAAGTTTTGTTAAAAAGGARAAT
AGCATCGGTAGTGGCAGATAGCAAGTGTGTGAGTGAGATCAGATATGGTTGACACATCTATGAC
GAGTCATCGCAACGAAACTTCTTTAATTTTGGTCAATTATATTACAATTTAGCATTTCGAGGTT
GGAATTTTGGAATGATCTCTTGATAAGATAATAATCTATTTTTGATGACGTATCCATCAAALCT
25  ATAAATGATTTATATTAAATATGAAATTTCGACTGTATACAAGTTTIITATATTATAAAATTATT
CGATGTACATATGATCATAATAACTITACTATATATATAGATACGTATATGTGTTCTTAAACTT
GCACAARACATTTCTGCAATCTARACCTCAATCAAAACAARACAAACAAAARACCATCATGCAGCG
AGTATTCACCT ITTCGAAAAGGAAGAAGCGAAGCCAACAAGGGCATGAAGTCCTTGGTATGTTAC
CAATACCATCATCATGATCATATCAATTCATTAATAATTTAGTGTTTGCTATT TTCAAGAACCA
30 TTTATCAAAAATGTTAATTGTTGTTGTGTATGAAGT TGGGAGGGARAGGAGCCAACCTGGCGGA
GATGGCTAGCATAGGCTTGTCGGTGCCGCCGEGGCTAACCATATCGACGGAGGCTTGTCAGCAG
TATCAGATCGCCGGCAAAAAGCTTCCAGAAGGTTTATGGGAAGAGATCTTAGAAGGTCTTAGCT
TCATCGAACGTGACATTGGAGCTTCCCTCGUTGATCCCTCCAAGCCACTCOTCCTCTCTGTTCG
CTCCGGCGCCELCGTAAGTTAATTATAACTTTTTTTCTTGACTATTTTTATTTTAAGGATTTTT
35 TCTAATGTTAAATTICTGTTTTTTITTCTTICTATGTTITCTTTAATCTTTTGAAGATTTTITTG
ACGCAGATTTTGACTTGTTAGATTTCTTTTATTGAAGTTGAGATCCAAATATTTTTTTGGTTAT
TTTGCCATTTGGCCGTTTTTGCAAGAGT T TAAAATGTACTACGATAGAAAATGAATAAGTTTTIGT
GGUTATTIGARAGACCTAATGATTITCCTATTICAAACTATAACGTAGAARATGAAGATCTTTCGT
TTATCTATTTTTAAAACAGAACTACATTGACTTGTCTTTIGATCGATATTTTIGCATTGTAGATCT
46 CARTGCCTGGTATGATGGACACTGTACTTAACCTTGGCTTGAACGACCAAGTCGTCETTGLTCT
GGCCGCAAAAAGCGGAGAGCETTTTGCTTACGATTCGTTCCGGCEI TITCITGATATGT TTGGT
GATGTTGCTAAGTCCTCTGTTTTTCAATACTAT TTCAGCETAACTTGCATGACAARGARAAT TCTTT
GACCTACCTTATAATTGLITTTCTTGATCAATAAAAGGTGATGGCAATTCCACACGCCAAGTTTG
AAGACGAAGTTAGAGAGAATGAAGGAGAGCAAAGGAGTTAARAATGACACTGACTTAAGCGCGGC
45 TGATCTCAAGGAATTGCGTTGAGCAGTACAAGAGTGTITACTTAGAGGCCAAGGGTCAAGAGTTT
CCTTCAGGTTTGTTTTGATTCCTACTTGAGEGTCAAGTGATAAARATTAGTTAT TAGTTACARAT
GTTTARACGGGGTTAATTGCAGATCCAAAGAAGCAATTGGAGCTAGCGATTGAAGCGGTATTCG
ATTCTIGGGATAGCCCGAGAGCGAACAAGTACAGAAGTATTAACCAGATAACTGGATTGAAAGG
AACCGCGGTTAACATTCAGTGTATGGTGTTTCGARACATGGGGGACACTTCAGGGACTGGTGTT
50 CTCTTCACTAGGARCCCTAGCACAGGAGAGAAGAAGCTTTATGGCCAGTTTCTAGTTAATGCTC
AGGTTTGGCATCTATCACAATGTGTGAATCTCATATCAACAAGTAAGCCCATACTCATTAAATA




CATACCGT GAGCTACAAGGT TGGGACAAT GATTGAGAT CCCTCGAGCCGOGCTCATTGCA GATGAGAT
TGCGAAAGAGGCGGAGT T TT TCTCGT TCGGGACAAACGACTTGACGCAGATG
ACGTPTGGATACAGTAGAGACGATGTCGGCAAGTT TCTACCGAT TTACCTCGCCAAAGGA 50 AT CT TAO
AC CACGACC TCT T GAT CAGCAAGG T GTAGGG CAAT

ATGGCGACAGAM R EAGCAGCT AGGCCTAGCCTCAAGGT TGGGATATGT! &i@%’%&%z‘
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CATGGAGGAGATCCATCTTC GTGGGATI CTTTGCTGAAGCAGGACT TGACTATGTCTCT
TGTTCTCCTTTCAGGGTTCCAATTGCAAGGCT TGCAGCTGCTCAAGTAGTTGTTGCATGA SIR | D No: 22
Accor di negWG@?ﬁgTéﬁﬁﬁ CEREACEICANEH-Cent biles . CaCpolappept icda Thavi ng PPDK
activity, r?ﬁ %ﬁ?T%]@CQTWcéﬁ%c%@ﬁﬁA%Wéﬁ%@@@ﬁ@%wlFﬁMC}f\Aé@A(spet out in
SEQ No: 20, oL P CoF L BT RCA P G2 TAGE TR A ITACT S TvaE “A ARt T or

f ragnent tIWé? oI vheptider : Q§§f%ﬁﬁﬂqAéG%Qﬁln of A

r abi dopsi s ¢ L ?ﬁ

MVORVETEGKC k-5 LPEGLVEE
| LEGLEFI ERL L CACTTGAA A
VGLAAKSGERK2) TSR

S RRALVE G IV L ERIVKE
ELVEQYKSVELEAKGREERSIHKKELElzAl FAVEOSDERRANKY RS NG G K ST AV 1 GM/EGNVG
DTSGTGVLI T1RN ST ERRKE YRS - YNAQAHE SQRMNE - ST rcKTc RE ABhGCTTACC TG
DTMKREMPEAYAELNENGNE d ERENRIMVDE & P QEERLIAANE QCRAGK I (Gt GAVKIGAY A 2001
DM/GEG_VEKSSN&G{WER@EIB@@W%@YMAK@MSW’TMGCACG
EEAEAVHSQGRAMICAAYRTETS T PN - - MMIZSHAAVMARGINBKOC Clr CANGG SE
I RVDENHKVLIET@ZQ_G?ABII&E(EWSRN@S¢@E\QTE%@QEAPPN§8F®BE$EWBW\MAGRREWNADT PE
DAl AARKNGAQ%MTTL@’_\WFEHMWI TCONMENVWEG VEKEFGAPRITKAY CTAAAGTTAGGGETTTAA
RKM NEVTTECRIGEATEF 1P YORSTRACH CERADE) (Y TT R CRPEHERIPEETUION “o5c

VHELAEET E%ﬁr%ﬁ&%ﬁN@M@ﬁé&ﬁ_ COPYRE [ ENEARAT T R ;&gﬂmﬂw PE
| MVPLVC 5 _ﬂ _{\ 'm\* #,g‘ 25 i = - 71%1

AKEAEFFSE 1, ROOVCRET KIEKGRAARP
SLKVG CGEHZ ‘?e‘il* i LAAANINA T30STR A D Rg; 23 The
pol ypepti d@T@ﬁ%%‘ﬁ%A@ d Aﬁ @Ed%lélr@@édrr% Sl G‘%Bék%AgDPDK I's

provi ded h@AﬁﬂﬂAA@éAéﬁGBGA&%dﬂ%GXﬁAAﬁ%%c&@&AN@%@CAéﬁ%CAAAGGAAAGCTEc1CICGAC
nr smlv Ki TPELHIHSENGAATHE BN A GENRAMASRON: 24 Gt 1 o E PRI HGER €X Rk AlHG LHRE
TKARA | LSrENSDoBAASH cAKRY cEFIT EELERSEANKGVKS: drk (RKGANL AEMAS TLES VPPGL T
STEACQQYQ 11 GEKEREGRWEE: d1 1 EGS: AELC c BERDIC TGASLGADPSKE BICCE SVREGARATT G
SVMRGWWDTVI G NEAGCHRDONGE 2K SCERFAY.CBSA FRREL T DIVEGBYVALE A APRAM FEEKEGA
P AGAGAAACTCTCTGAAGTGAATCCAATGCTTGGT T TCCGCGGTTGCAGGTTTCT TACTCTCTT
30 TGTTTCTCTCTGTCTCTTTGCACCTGAAGAACAATCTGATGATCGGTARACTTGTACGT TATAG
GCTCGGAATATCGTATCCAGAGCTAACGGAGATGCAAGCGCETGCAATTTTTGARGCTGCAGCE
TCAATGCAGGACCAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTC
AGGAATTGGGTCACCARGTTGATG TAAT TCGTARAAGTTGCARAGAAAGTATTTGCTGAGAAGGG
TCATACCGTGAGCTACARGGTTGGGACAATGATTGAGATCCCTCCAGCCGCGOTCATTGCAGAT
35 GAGGTARATGTAACAAGACACAAAATGTGTTTTAGGCACTTGARACCATGTTGCTATTTGCTAR
GTAGGAACCTTTTTCTTTTGACAGAT TGCGARAGAGGCGGAGTTT T TCTCOTTCGGOACARACG
ACTTGACGCAGATGACGTTTGGATACAGTAGAGACGATGTCGGCARGT TTCTACCGATT TACCT
COCCARAGGAATCTTACAGCACGACCCT T T TGAGGT AT AATGACTACCAT TTCGTTTGCTCTCT
ATCCATAGGATAAAATCTTGATAGCC AT T T T T TGTG T TTGGACCAGETTCTTGATCAGCARGE
40 TGTAGGGCAATTGATCARGATGGCGACAGARAAAGGACGAGCAGCTAGGCCTAGCCTCAAGGTT
GOGATATCTGGAGAACATGGAGGAGATCCATC TTCTGTGEGATTCTTTGCTGARGCAGGACTTG
ACTATGTCTCTTGTTCTCCTTTCAGG TAAT TGAT TAATTTCCAAACCAATARACACT PTTTTTA
CARCACTATTGTATAAC TCAGATTCATGTART TTTGGGATTTCTGTTGTTGT TG T TG T TGTTGT
TGTTGTTGCAGGETTCCART TGCAAGGCTTGCAGCTGCTCARGTAGTTGT TGCATGA

45
SEQ TD No:20

The cDNA sequence encoding the cytosolic form of the Arabidopsis pyruvate
orthophosphate dikinase (PPDK) is provided herein as SEQ 11D No:21, as

50 follows:



ERVKERKGVKNDT DLSAADLKELVEQ YKSVY LEAKGQE PPSDPKKQLE LA | EAV EDSWDS 40
PRANKYRS | NQ | TGLKGTAVNI QCWEGNMGEDTSGIGVLETRNPSTGEKKL YGEFLVNAQ

WH TSQCVNL STRI RI TE DL DTMKREMP E, AYAE LV ENCIJ | LERHYK DMVDI E FTVQE ER
LWWLQC RAGK, BT AVDWGEGLVEKSSA | KWE PQOM L DQ LH,R ’%ﬁi%

- WAKCGL PASPGA%% TTAI EEAEAVRSQGKTV | | NRTETS PUDVM@@D( i EG
GVITSHAAVWARGWGKCCl AGCSEI RVDENHKVLLI T I NEGEW | SMNGSTGEVI LGKQ

ALAPPAL SPDL ETFVSWADAI RRLKVIVANADTPEDAI AARKNGAQE GLCRTEHM VCI Q

MFNVNI FALVFKFTGADRI KAVRKM MAVTTEQRKASI , DI LLPYQRSDFEG FRAMDGLPY 5 T

| RLLDPPLHE FLPF, G DLDNI VHELAEETGVKEDEVLSRI EKLSEVNPMLGEPRGCRI , G | S

YPELTEWRA&EE@M%&@&QEMT&%WWEA@A%GAPA@E N%?@WCAE@(M@%%%@G

HTVSYKVGT %Echcﬁﬁ%@be&%d AMORERE ¥§W€%@Tb YLAKG |

L QHDPFEVL DREXMEEA I KVAT EKCRAARR SEEN&dﬁ@TEEb@@B&%\A%REAQMW

CSPE' RVPI ARLAAAQYVATOSEQ RN 241 Acoandirogh e 1t1ﬁ@lDth®ﬁMMCdQThaV| ng
PPDK act i vitycamenccconpd i &er @ ranhk noc@sitd csequencessebstantd@ldoycas set out
in SEQ | D NocR23roGCSEQ: T dNa.c24caor cedumettonatc varnkank coradncagoent

t her eof . SEREECHITGNES ECPRDK CAGATARCEr WIS CT 52 0ksEEedCcaspustTTexeirusi vely in
cell 1i nesCh%’ﬁddfllfh@G@@ﬁWﬁTéAWGWWQCPPMGH’i‘t’fGabﬁé@%@'lﬂﬁ&fwi ntrons
may havé a®posiiinereffetirGmn CPPRIB K] §F@>ff‘a€1]ﬂ§\€5§§§ﬁ§€’¥%%ﬁ‘éﬂéﬁbodi ment ,
the constrﬁ W%@ﬁ%‘f‘@%ﬂe@t}\ﬁé@@m TTtAﬁéG %‘F\%@C@ﬁ@éﬁ% %“iCtCH”éFFAPPW

and/ or PCK C g%sz%@s rﬁﬁ? rﬁftiﬁ@ formof an
orcee ettt B R oD B 0 T
may be 1 ntFaaueRd Rt }ﬁ% AE @£ % Ab%%é{ﬁ%h@ Q&ﬁé&a}tﬁ@ ina
vector. Fok,tASiaReenthe |%@@@EH§A@&WAVC'¢§ 6 a X TRBRY A RE: @& NGl ei ¢ acid

mol ecul e, NG JAREOE POLALRE AW ARk B 142k POSOMR QL 28 XA EMS: RaRE Cl e.

Al ter nati vebysr@puhkiéed; dcker er@eikhorebesml &dRcgrchisioneachiee DNA, or
naked DBNA) crayrdomacnsesiethadircecthyadmntoararbostreells rbyrstidahlcasnmeans,

e. g. directrendoeytentcauptcakecadhergenethccconsiguseh Toays e Arntrzoduced
directly iar¢e@eliEsCcofaiost C8Ub}@HCCGECqe T BePiast) Thys T ramst:ect i on,

i nfection, CMFEPGCAFeBEE BMECE@EIE T S OIRALH L OE OPL BSITGHUS A OIGASALRI sti c
bonbardnen{*GC(N%ﬁﬁéﬁiW%GG@éﬁ@w%G@é?r%ﬁM@@%WﬁTTﬁﬁéGQQ’FW&%#\ may be

i nt rodu&edA’B‘i’ﬁféiS“tCIf‘\ AF%@@%%&FT%WG%TH G(é(z f‘t’liGé“lTécgr&?ﬁCT&G%ﬁﬁatl vel y,

t he gene

expr essi onTJC G 1 A? TC‘??C GTG cé\g i A PEEEOr may be a
plasmd che m i sﬁéﬁq% E? 8 %E*@ééfu' for
transfggm &9& tc1 3&7%6 %Ac Gé Ly 11% on, and
for repl i Carihgh @lém&s&@@er@@@m@ “Cher el ﬁ%sé g e ni ci an
Wil 5 appi@clahe chhalr@eneirhec ARSIk acelaidie 1veREAON dTaY;che conbi ned
wi th nany wjmeﬁzc@tacb@@d«h@ﬂ@mw@m@@eﬁww@&@ﬁ@@@Amm@@@@w@cesm@chackbone
vect or mayahe @ hchasyayectose: fokcaxanbec one: aticehacancaplxicgate in both
E. cot &5 angrAgrabadt heardancaehc ot enstcrroGcrexanlasrcaTsuc i@l neect or may be
a pRI N pl asmdcrsuchArascABTNAYGe Howeve e cacprefaecedcbackbrome Twect or i s
BNR138000000%; AR 6 NGGH G Hased Conc prddaNPrUST ¢ ARG GCROvancAPRgicgeshen et ai
Tr ansgeni cC/RESESTERCTADIS)TCLTCRBBEFIFGT TaANC Wi TTHE Ghar BOUT S GdRA@ T TG
GGTCACCAAGTTGATGTAATTCGTAAAGT TGCAAAGAAAGTATTTGCTGAGAAGGGTCAT
40 ACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGCTCATTGCAGAT
GAGATTGCGAARAGAGGCGGAGTITTTCTCETTCEGEACALRACGACTTGACGCAGATGACG
TTTGGATACAGTAGAGACGATGTICGGCAAGTTTCTACCCGATTTACCTCGCCAARAGGAATC
TTACAGCACCACCCTTTTGAGGTTCTTGATCAGCAAGETGTAGGGCAATTGATCAAGATG
GUGACAGAAAANAGGACGAGCAGCTAGGCCTAGCCTCAAGGTTGGGATATGTGGAGARCAT
+5 GGAGGAGATCCATCTTCTGTGGGATTCTTTGCTGAAGCAGGACTTGACTATGTCTCTIGT
TCTCCTTTCAGGGTTCCAATTGCAAGGCTTGCAGCTGCTCAAGTAGTTGTTGCATGA

SEQ 1D No:21



SAGL2 pronoter. Reconbinant vectors may include a variety of other
functional elenents in addition to the pronoter (e.g. a

senescence- associ ated pronoter), and the at | east one coding 15 seguence
(encodi ng Pgﬁy%q9®gg ,PPDK) . For instance, the reconbinaﬂé”yﬁﬁ me%ﬁy be
desi gned suc I't autononously replicates in the cytoso € host
cell. In this case, elenents which |nqgce or regulate DNA replication may
be required in the reconbi nant vector.””Alternatively, the reconbi nant
vector may be designed such that it integrates into the genone of a host
cell. In tHﬂ@ct§§ésc@hmx@@mmdh@e$Lmhkm@ﬂﬁﬂﬂdhmnkﬁn@eﬂedRMn@egm@Mﬂ@n (e.qg.

by honnlogou combi nat.i on) envi sa vector may al so
conpri se DNK“)BF)%’}W?O?]“”%@“ Rg[)ﬁﬂaf Pt ”‘g‘gﬂ“’l &“ g??)g éﬁﬂ’%abl e marker in
t he cl oni ngolpyvacess, i.e. to enable sel ection of cells that have been

transfected or transfornmed, and to enable the selection of cells

25har bouri ng vectors incorporating heterologous DNA. The vector nay al so
conpri se DNAGhonatmed wethcieguattogs@duesst amaiadrhecseding:cgaquence, or
for targetiangcrhen expoessesh paolcypeptt oestosracepst@arpacteofcddreahost cel |,
e.g. the chkoroplasicraHArOCE;TACKe TVEET THCCRR CEhRT A a2d AaS PRECATTBNGTCONPT | Se
at | east on@caAdUIGTICHRALCBMENEIGASEL BTAET ACCOAT AT G OBUR TEOASESTIGTIgCof . a

sel ect abl e AHAFKeF A/ gere CBOT B YACEATARE M GRS CRRST ST EFCA A GRNEYCCrg G

pol ypep?i déAE@i{@ﬂ“rié‘tTGé’ﬁ%?@w“ePIGGA&ﬁ@MaC% FSCECACHEY ﬁGﬁ Té%@]%“é'?rf‘cﬂé??(e g. a
chloro Iasfﬂ‘f?%ﬁ*f%‘fi%&é M AICGA%GAG lpl-8s b WA{ bl-e“frrikeér genes

i ncl ude ant”S ﬁ%gAé(tPc“H“ GBR q"sJeA%CtJ‘rHC FiF (fjé’sL‘letance to
Kananyci n, i AQE T ?g Eée CA é:rcbl ci de

r esi st ance ‘gep qefg 1%4 SeEens r Eestplaoechd. éfé:@]‘ othricin
and Sulphofan AE G mﬁ' %%n‘ o h A%E\t &cimﬁm zypmé - A 242246,
EP- A- 024963#): MA%%@@ picalert=10 %ﬁ?w?x‘é% 288 e B GLHEHE R 1GaS
(GL32197653)¢chAlBidrasec ANt OneanrE M&%ﬁ@ﬂbc@éﬂi@c@cﬁ%ﬁ’dwfﬂ& mar ker
gene may becgontd@iared bynarseeendapsommiancCuwt ohvomy rootcde @ ce
senescenceceassuuicaredspr ot AT olralrthawscexpressiconacas@eldrs, which
may or mayapotThedmesrehes seed cchhecebyc@idronengeadiesrselectiwrafrecel I|'s or
ti ssue conbarmierpadae AfrasKercASRGanyAET @YY 206 Cdev@ omment T i Tad e Apl ant .
Sui t abl e sEEbHE-ErioTBL erSAMIE GIheAPE BivotrdC A6 ARG El ANsa ASYRE Mag e Agene of
Agr obact er FEF e HRdATREA @%ﬁ&iér?Géé?$Wmﬁ6ﬁ?FW@éﬁ%T\ﬁﬁﬁéhCWes t he 35S
caul i f B 6%%1%%9@5\%% %@ﬁﬁ%?%ﬁﬂ&tﬂ@%%%%%ﬁ AR HETCAS4 t abl e
secon FHETV AT G@%Wq{jtgrg%c; ’F"g GCa

constructs G :@éﬁlﬁ

e@ﬂci 2 gi%ﬁ@l@?@a g%gm _
and cDNA VEE éz@(ﬂ% Jeie %E‘E}&&Q} Rya 18 DE, Anpl,

t he gen0”1ﬁc&%@ AE?NP’ﬁi%%@ ¥a Hﬁh@%@%ﬂh TG VBE St ada ;PVOdUCtS
may be exapkpef Mﬁ#l@ﬂcﬁ@@{"@ﬁﬁm@@ﬂ@&@ﬁkﬁ%@@@&@@@ﬁmﬂ*&@iB@BlﬁE@%tS may
20t hen be tigatetdantocassiidcalbeavect Mcdhor el 0 NG RYRPesesscAar exanpl e
t he pCR4 Bhuntzactepasvesi arrdabnvihheogen)hacVect osschanbouk o Adte nPCR
productis nmayabesqgrrowncupcd e asuitt abd erhestacsoednas cErccat teALG ool |

col oni es maycidrambecser@enadcbyArPCR asimgasoTtablaqrrmesSac@ndc nserts in
pl asmi ds Show M AE TCORF @OtTCOCESE T T T TS AENZH ARA TH RS CPaTE B Tt amy be
sequenced UBFTIY BUCTEABT €T PIGGPEESCTTE TP CEBT 6P EG@anE G AR APGRA- cDNA ( PCK
or PP oi”‘ 'GRONA A Wfﬁrmpfm% PhaGeihired "ot priodlidéYa suitabl e

amount “6f &F @ §MGGTW¥C€‘H1T% TRUFT T ed COPAEC BT B WS 2may t hen
be di geste%i( fb; éréﬁgéjiéz’ J‘nét( Eéﬁ‘rdéﬂfﬁ BRI oGt CP “’%I}‘é\ﬁ may then
be 1 oned LRLS.V4 Jfé&@ﬁ%@ %%U'Q.fgqgﬁ J féf WAM{}g'tg a
naned WP_%E&% %ﬂg @g %Gw c)&@%éfé%tmg K RSET ot s ver e
named pALBNRL {+ AA@%%F c ) TGCAARGAAAGTATTTGCTGAGAAGGGT

CATACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGUTCATYTGCA
GATGAGATTGCGAAAGAGGCGGAGTTITTTCTCGTTCGGGACAAACGACTTGACGCAGATG
ACGTTTGGATACAGTAGAGACGATGTCGGCAAGTTICTACCGATTTACCECGCCARAAGGA
50 ATCTTACAGCACCACCCTTTTCGAGGTTCTTGATCAGCAAGGTGTAGGGCAATTGATCAAG
ATGGCGACAGAAARAGGACGAGCAGCTAGGCCTAGCCTCAAGGTTGGGATATUTGGAGAA



- 21 - Enbodinents of the vector according to the third aspect may be
substantially as set out in Figures 3. 5ln a fourth aspect, there is

provi ded a nethod of increasing the concentration of PCK and/or PPDK in a

| eaf of a t i) A;t 0 above that of the correspondi ng,congantd«allon of
pci < and/or PPDK 1n a wild-type plant cultured under the sane conditions,
the nmethod conprising altering plant getabollsntln the test plant to

achi eve increased |l evels of PCK and/or ' PPDK in plant |eaves after the
10initiation of |eaf senescence. In a fifth aspect, there is provided a

met hod of déE&redsis TﬁhéT%%ﬁﬂéﬁFFﬁttHﬁ“dﬁcﬁﬁﬁ%qg%nﬂﬂﬁTﬁh@Tt%ﬁ“@§fof a test
pl ant to béFEWtHatT "6t hET ¢ary éspohei Ny CCAREERT Tt i3RI CRIYT dgGén in a
wild-type plant cultured under the same 15 conditions, the nethod
conprising altering plant nmetabolismin the test plant &@(acﬁneg?zlncreased
| evel s of PCK and/or PPDK in plant |eaves after the initiation o
senescence. In a sixth aspect there is provided a nethod of increasing the
growt h rat est gm conpa hec ondi.ng, h rate of
2 -t ypaeBra e Lo e B R AL h oD RaF IR FRUMREPERY Conr £t ng
altering phanhwne@ebmhpennanudheqhestmphanLMtaummhyevethncﬁeﬁsedtievels of

PCK and/ or ﬁb éF?>6£ r ghe initjatjon of Faf senescence. 2
5" Met hods f t %6 Phal el &Nt A £ By P hYi5iPahe” I'840eY, and pl ant
growt h rateﬁjuﬁre set out in the Exanples. The nethods of the fourth, fifth
or sixth aspects may conprise transformng a test plant cell with a genetic
construét according to the first or second aspect, or a vector according to
the third %9@95 setitRe eanetctef CONSHELEE B tt*e; HERHOF PPBY. pﬁ rbhEpduced
into a host ¢ any sul tabl e means. - sevent h aspect, there
is providehmancePﬂ(QGHWND§Bng~mﬁewgenetlc construct accordlng to the first
or second aspect, or the reconbinant vector according to the third aspect.
5The cell may be a plant cell. As the inventors have observed that over-
expr essi ngMpor T TRCK GaAdE 0t GMPDKGE NG A lrasi sceL b v BG IguspERspoigl yacekf ect i ve at
i nduci g nitFOGgER LL-EADBT | FAGAGHAD RS ISEIeSTEAEAN BERFEEMDT NN E@INDOET t he
sevent h aspect2hvay FEOGNPE T EE LONECBY Viipr el AL RASE PRIBHERGEVERRT B5789 6r second
aspect, or %Wﬁ@?ﬁﬁvﬁéFéﬁ%QﬁﬁﬁﬁﬂfKBQL@tﬁ?%ﬂ%Fng%%%ﬁﬁﬁKY3§&HﬁT?@kﬁGﬂ&Hﬁh PCK
and/ or PPDkQ(an“@-”CtBj\l}fé?Pfé&Hr‘é@ %I’E t’K aNAg P‘“rf%%?é
transfqrne@ ttl neaftt Y%%:N&&g PSVH@E % ﬁ§?§Qﬁ%vl§V the first
aspect (1. gm tK Lrts?é ‘tﬂi&ﬁé “\tt ool oy
e transfog E _ Fuct of the
second aspgﬁtmmmto §A MT Hn@ mm\a&% ?ﬁr '@:%nt the
host cel | mRy: b hrkaRgiofimad, FWb Aer bk L aheh Secendy gRbodiiTRRLSs of the
genet i s congt et ck: bber I s, s@fﬁ]@ﬁ\@ﬂcm‘é@@hct et et ROKr g RBEK ar e
expressed gavtidrgrhostvestdricEhenhostyaaiimayqaldvernnati vetys e abr ansf or med
with the thixdrorrieurtinemrod renbssofl rthearonstrmwetvoboddesdrimkst 20
aspect (i .BTERGHARPEKK constmachss varr2psrsveke dthaty rhorhaRCvand PPDK ar e
expressed in the host cell. It is also envisaged that the host cell may be

transfornmed with the construct of the second aspect, whi d $ bot h PCK
and PPEK S £8594

The polypeptide sequence of the chloroplastic form of Arabedopsrs PP s

provided herein as SEQ 1D INo:24, as follows:

35 MISMIVKITTPELFKGNGVFRTDHLGENRMVSRSNRLGDGSNRFPRTGTIHCORLSIAKTG
LHRETKARAILSPVSDPAASTAQKRVETIFGRKGRSEGNKGMES LLGGKGCANLAEMASIGLS
VPPGLTISTEACQOYQIAGKKLPEGLWEEILEGLSFIERDIGASLADPSKPLLLSVRSGA
AISMPGMMDTVLNLGLNDOVVVGLAAKSGERFAYDSFRRFLDMFGDVVMGIPHAKEFEEKL
ERMKERKGVENDTDLSAADLKELVEQYKSVYLEAKGQEFPSDPEKRQLELATEAVEDSWDS

40 PRANKYRSINQITGLKGTAVNIQCMVEGNMGDTSGTCVLFEFTRNPSTCEKKLYGEFLVNAQ
VWHLESQCVNLISTRIRTPEDLDTMKRFMPEAYAELVENCNILERHYKDMMDIEFTVOEER
LWMLOQCRAGKRTGRGAVKIAVDMVGEGLVEKSSATKMVEPQHLBOQLLHPQFHDPSGYREK



25The cell may be transformed with the genetic construct or the vector
according to the invention, using known techni ques, Suitable neans for

i ntroducing the genetic construct into the host cell nay include use of a
di sarmed Ti wdedgshgdyector carried by Agrohaderierm by FWQéﬁgﬂﬂﬁgs nown in
the art, for exanple as described in EP-A-0116718 and EP—A—027 f

further nethod may be to 30transforn1q pl ant protoplast, which |nvolves
first renoving the cell wall and |ntro%u0|ng the nucleic acid, and then

reforming the cell wall. The transfornmed cell may then be grown into a
plant. - B’Pxﬁ%iﬂ*b&)ﬁmé\vgﬁ‘t’w ASpes eI g Ry IPWW@GHHM%M@%%?GC pl ant
conpri si ng %’ LN o RY BE?#%H GPB Y LSENG T G 4 aspect,

or the vec P %ﬁ?ﬁEﬁ ME L ﬁéﬁRﬁﬁ % @ R £ according
to the el gégg §Q%§. EER Brassi ca
Spp. o AESE Eif Xanpl es of

t ransgem c H@b@ﬂkm@ﬁm@m@gxmmew' tﬁiN%%@@t@ch‘x‘%‘%P‘éaﬁKﬁﬂenﬁ(X am |y

1?0al es, suehuas-eNiingl68aE:, SRR r kDR DL BN vERY ¢ BE: cHiski/6 UM SRR niwheat ) .
IncreaS|ngcbheR@HﬁﬂmlAmﬁgwﬁng content in wheat may result in |ncreased

vol une @f food products conprising wheat, such as breadgycyibhes.2gexanpl es
of suitable transgenic plants according to the eighth aspect 15include the
Sol anaceae fam |y of plants which include, for exanple jinson weed,

eggpl ant, napduake, (de I%iL )ra'dgha‘%ng@&ﬁ@%hh grigqma anéﬁsusl' Gl Chapri ka,

chilli pepper), fato ahd tobacco e exa e genus of
Sol anaceaes¢gehicotudamnagialk suptabh35$ﬁeﬁﬂé§06$oNbbﬁlHéhﬁ)hhwlbe referred to

as t ObaC_COF'Lpnt ﬁonil \%1 At (Ugﬁyrmcn? %,(z:?o [}(h ms:inlaji B?g%)unggmt ( anSf or m ng

plants wt CONSt ruc setnd aspect or
vect or of bvhent:h h]lhd)sﬁﬁqaﬁcﬁr(, y Arel] Km%ﬂ:@ndngﬁg@ﬂoﬁﬁ IUNﬁd,nLdSHnﬁgflEl)lDI\@ﬁ ent
i nvention. For exanple, Racco may be transforned as follows. N collana

i abacum i s* fwﬁé% Fieogs H@}’ @“%*H’é’“ﬁ%e‘t HEG ot PPIgRrexgieskoe dcuf b v aks on

essenti al | ymBsdideSCihic ReciRY: HRr Seprise 8k cBINA (SGL: 8ALS cedfing LRRY- 1231, 1985).
The youngest t wo expanded | eaves may be taken from 7 week old t obacco

pl ants andPRej 496/ ¢Uiface sterilised in 8% Donestosmfor .10 minutes and
washed 6 tines with sterile distilled water. Leaf disks may be cut using a
nunber 6 cork borer and placed in the Agrobaderium suspensi on, containing
t he apg@opﬁka@ﬁ:@knanyxwémhwﬁ&c@ancmndbﬂglﬂmiﬁﬂthéqhmugmsﬁam), for

appr oxi mat el ent y bl ott%d bet ween two

sheets of %?yt}r WGWTQ%FbEB@EkJ¥eﬁ”H §%§*ﬁ%®&wé‘ﬁﬁ“€éd* H'4S 3% sucrose +
2pA4 | AP Qq2piMcNAA Halsat@ls Thwhiehc BByrthen dkentdaaubabed: fobdded 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 vitus particle. Alternatively, 2 purified nucleic acid molecule (e.g. histone-
free DNA, or naked IDNA) may be inserted directly into a host cell by suitable means,
e.g. direct endocytotic uptake. The genetic construct may be introduced ditectly in to
cells of a host subject (e.g. a plant) by transfection, infection, microinjection, cell fusion,
protoplast fusion or ballistic bombardment. Alternatively, genctic constructs of the

J0 invention may be introduced directly into a host cell using a particle gun.
Alternatively, the genctic 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,



- 24 - days in the growh room Discs may be transferred to plates of LS +
3% sucrose + 2i MBAP + 0.2 | ANl NAA supplenented with 500 g/1 claforan and
100 kanamycin. The discs may be transferred onto fresh plates of above
medi um afte{;vozzﬂy(rﬁ,@%sg, After a further two weeks, the Ielaér,@lm%(s(ﬁr@y be
transferred onto 5 plates containing LS + 3% sucrose + 0.5uM B
suppl enented with 500 ng/1 claforan a 100 ng/ | kananycin. The Ieaf di sks
may be transferred onto fresh nedi umevery two weeks. As shoots appear,
they may be excised and transferred to jars of LS +3% sucrose suppl enent ed
with 500 ng/1 claforan. The shoots in jars may be transferred to LS + 3%
sucrose + i fter a further
4 wooks {ho BT PR Reobp e FIL L SIRREh AN FEPeL s B a7
antibioti Cs@ctt&ndcﬂtg@ty&dctumceqmslft&nphgﬂmssaﬁﬁ eith d&tg&dcticheysumayoihhct ransferred
to soil in. th g e{qh inth asg rﬁhelr{? i S 1prow d’?d a pl ant
propagat i off '} sttt GoeRr AL eyt HEGeri'e SHat- A8 i ng to the
ei ghth aspoqtmq& bt @AkicibeRAgatdfen: iRFEUS iy RRYoSnanyidphant ypat ter taken
froma pl ant fromwhich further plants nay be produced. Suitably, the plant
propagat i oftf HEB¥MEE Y iRy Ope A s8R VPR ﬁh%tbt“éh‘t% V4SHBERY BE 2 PH&Yi nvent i on,
there is prQwir %Qt@niﬁitﬁﬁq\/}%} dh %H%%DQ; 1t RS %ﬁﬂh@olﬂhﬁmfz /;Y}ﬁﬁzﬁﬂr
renobi | i ses nitrogen a hi gher rate than a corresponding wl d-type pl ant
cul tured uheerarhle, fwneblomdntm’onwrtl%t-i rrethbdudonpPiisithdlehecsneps of :
25i )transform.n L..cell o} g I Cp..Co > 8GC |ngtothe
fi r)st or glé’oLn] gggcziﬁe))g&\wo(?t r%ém\f\)/tié’(](gpﬁ%l(ic ‘rlacli i bn%(qum{ hlgﬁgtlrﬁﬁr%dﬁggpect and
regenerat i nglmngoicanta/fFxomtlhelitqtanstl@@@eid%ﬁél"]ﬂ) and whithansekevwknt h aspect,
there is p\rﬂ&q ?ed a nmet hod of producing a transgenic plant 30having a
hi gher gro B8 tflan a corresponding wild-type plant cultured under the
sane conditions, the nethod conprising the steps of:- transform ng a pl ant
cell with the gr]enetlc construct according to the first
2010/ 097628FCHNB20 KO O503 P ludoBVaricyof BEH P BEPe gt Tt “tnémth or
according £@ )t<trﬁmth¢ 4, @%R‘é‘&kc q@gegﬁt@gﬁn%as 08 2 qptt@gntmt EQIRd he
t ransf or ned (l: é ferably, nt ageousl y, the nethods according to
t he |n\Iénttconwdo(mo@&‘l@d&frﬂﬁnodﬁ@é’l’t%é ﬁealntﬂhn@rtr&rltqoe%mmotvqcmnmst pl ant
:)Ihg_r[’]tl Saggbcetli&:trgad 'B,t'ch ﬁn ft%?tg)a(.(’)rgousytg]?l&mt%glsn tfic gﬁrt)so ic%hs%)sﬁﬁcg[ nﬂ}?%ﬁfqgef ;[ I‘egt
or second '&Scpelatn,(,m@Iwhﬁdhemmctﬁ)fngﬂfxtcﬁh@/\h&phl’cdtoasmdi:ui[ﬁ}ed imgtent or s have
observed t hat over-exgre Si ng ot h PCK and PPDK in a host cell is effective
e

at i nduci n’ng(Ht‘LE‘P%ﬂj SRCLp! 1}’t| ey, e r N RHE Lo mivd i segigned such that it

integrates into the genome of a host cell. In this case, DNA sequences which favour

20 argeted inteeration {e.g by homologous recombination) are envisaged,
: H ¥ 23 :

The recombinant vector may also comprise IDNA coding for a pene that may be used
as a selectable marker in the cloning process, 1.e. to enable selection of cells that
have been transfected or transformed, and to enabie the selection of cells

25 harbouring vectors incorporating heterologous DNAL 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 celi, 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).



10Hence, it is preferred that the nmethods of the tenth and el eventh aspect
conprise transformng the test plant wwth one or nore constructs of the

i nvention such that both PCK and PPDK are over-expressed. For exanple, the
test plant nsformed with the first enbodlnent tic
construct ogkxﬁgﬁ?%rgt aspect of the invention (i.e. (ﬂga&hggﬁg??uct) and
in addition the Issecond enbodi nent of the construct of the first aspect
(i.e. the PPDK construct). Hence, trafformation of these two constructs
result in over- expression of both enzynes. Alternatively, the test plant
may be traﬂi‘s:ﬁmptm@i”mitﬁpktlhelltchjrcrrd:sdm dztumihkeitrb@distmtgenet stchessconst ruct of
the Tirst tere i 1-2]8 in, ntltc(pfi? C’tdteH mn] PPDK.
AIternatrvefgtcf’ﬂé“%s’t(‘qs Ht( ﬁé?ngntr%ts%orne ’ tHe"¢b st ruct of

t he second (@speeis1of htthdcnvemtqhwxgtn\msah] ﬁfh(h@dﬁ&)rﬁ@tﬁihgga‘{btm BPDK. The

i nventors h?ve obser ved g ggf of . a est nt which has been

t r ansf or med WAH CHASE A r w%rrl bt gues gt htipcice rr PPERIERRi bits 25

i ncreases Hbﬂlztm@«q{eﬁfifﬁn@iﬂwéh b h @B URRR I peenseth of Lbegnescence such that
t he concentration of nitro ecreases in that |eaf. Furthernmore, they
observed aﬁmﬁwepehee@r%ZUngﬂabpﬁe1gr@mkﬁC@aﬂemtﬂWPhﬁugﬁﬂﬂﬁeQUare not bound
by hypotheghs , | yeahons, BELLEYSIANAL, [RGB HBREEESE (AL GBeR. 4
concentration i'n the | eaves may i nduce ncreas in gr rate, and
hence crOpsgmekdcc3ﬁomawa@nembeaf“maweﬂtwhenpameﬁdltybekahmmneultured
under the sane co ndltlons . q in the, I !s h %ested fromthe
transgenrc”ﬁ‘gﬂt Eeliearth Yo hhY nlﬁ%tﬁ”ﬁ SHeet O o *prodiiced by the met hod
accordijng t@utlt\qutrentqtmm LRy ahtdoBEPepment of tHerpland Hufdigentdynaspect :  of
the invention, there is provided a snoking article conpri sing

5ni t r ogen- PEJIUED | BTG B &l e PO AT LBt QB REE S ¢ Rt thewni ch
nutant is gapableqfvdealeasd NG tNBCONGAB] NAI8NLfi1 AL LTPeeN Jifissenescent
| eaves Nitrogen-reduced tobacco can include tobacco in which the nitrogen
concent r at ((edlY strhessypt by aviie agp erles poirdilhep ceot demv pat Pod beresed.wi | d- t ype
pl ant cultured under the sane conditions. Such a snoking article my
conpri se tobacco obtained froma 10 nutant tobacco plant, which may have
been tnansthwﬂebumﬁhhuangenetkouﬁamsMRueuﬁdmdowdﬁngnh@hthephkﬁsﬁn@r second
aspect of the |nvent| or.a ve ﬁgrd ng to t he {q aspect. In

anot her as’eépnmﬁweﬁe‘ 1%?59?&8 189 F”@F@éé?ﬁ s R%oncent rat i on
of PCK andfes gdnRh 4nfl cBON R adrsiOhs @ ttlegctmpt@atrmpo(‘a:bwewutratmgatmt he
correspondlng concentration 150f PCK and/ or_ PPDK in ﬁlant

cul tured utiBiiict Fens@rBerHHert 1 oNS, erpatenpr Kol uefaﬁﬁritﬂettrrgmért érﬂ g pl ant
met abol i sm,i,p, &bl 6 tmptfet!tmtg a&(tttgtfzethm&mmed The el QducREs,,and/ or  PPDK
in plant Ieaves after he init %lon of senescence, mherelﬁlthe nmet hod
conpri ges thrahsiigtading fltﬂhefﬂtle‘s:ruplﬁarrﬂme@ Puim"t‘hf%t cjenee itee [ HsBleuct

accor di ng E&P%ﬂe(?(‘i()lt rg%%ﬂ!% cn§699£91s%§19)%81t11 totlttc tPFHR ¥ gcﬁgc?s mf?tclcor((;\wg 0t he
third 20aspect. aspect, ravi ded a method o decrea5|ng
t he concentﬂawMehwmhudnwnagen}rmMMhEmkeamesumﬂmacmemmtpnﬁﬂﬁuqng belom/that
of the corresgondln ncentra |onio[ nrtrp gen in a.wl $

cul tured uhidere ‘H‘@“geﬂ‘?a EERUT T BAY, H‘é‘“rrét"rfé’a‘“E:‘dfﬁ&‘r’?‘%’““rta"é‘l‘ ‘é ‘i“‘ng pl ant
netabol|sn}ﬁ@”thymeétmﬂk@nkn&qu@@m”eye:tncreased | evel s of 25PCK and/ or
PPDK |n plant | eaves after the initiation of |eaf senescence, wherein the

FL eodi colonies carrying TOPO-cDNA (PCK or PPDK) or TOPO-gDNA (PCK or
PPIDIKY 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 PCEK, which may then be cloned into a vector harbouring a suitable

30 promoter, for example a SAG promoter, such as a pBNP plasmid. The resultant
PPDK constructs were named BNP-PPDIKcDNA and BNP-PPDEKgDNA, and the
resultant PCK constructs were named pALBNPT (¢DNA) and pALBNP2 (pDNA).



met hod conprises transformng the test plant cell with a genetic construct
according to the first or second aspect or the vector according to the
third aspect. In another aspect, there is provided a nmethod of increasing
the grow h test plant conpared to the corres h rate
of a wld- t&%&ﬁgﬁéﬁ?scultured under 30t he sane conditigﬁglq @%uﬂkﬁ
conprising altering plant netabolisnt the test plant to achieve |ncreased
| evel s of PCK and/or PPDK in plant ﬁges after the initiation of |eaf
senescence, wherein the nethod conprises transform ng the test plant cel

Wi th a genetic construct according to the first or second aspect or the
:/ﬁ\(ite(;,[ I gﬁc?g'rﬁaoqgneng of tlec VLa{U(lj 'tca(‘:ol(ﬁ%;zktoﬁ 1C tm?a‘@uét 'Sn%rquieﬁt’htémiﬂﬂ }s btd)éth r educed
t obacco obEHMQeé,fronia mut ant tobacco pl ant, which nutant is capabl e of
decreasing the concentration of nitrogen in senescent |eaves, wherein the
nmet hod conprises transformng the test plant cell wth a genetic construct
accordi ng Bt @ fdhen tiﬁtat 11 $8GANd A2 PRGHoPLT InRRVBE LI cateRhiNgot O the
third aspect. As used herein, the term"snmoking article" can include
smokeabl e BFHduelsr PEIR s lopbpi 4 gt rlopacdove paréthesorebgadissand

ci garillos ywhehheh,baspdia t/QPiafiBikbmtquﬁ‘??gxgﬁJ{ | vl esmdexpgnded tobacco,
reconstituted tobacco or tobacco substit nd al so heat - not - bur n

pr oduct s. imwtaMMtWMbeﬂappweeiabednmhgmi@heuﬁmmentmbn1emheﬁd3Lﬁo any
nucl ei ¢ acj arlan or._anal gue t.her.eof , which
conpri ses Eﬁ‘ ﬂﬁ&”fﬂ“”tﬁ‘ ““%osééﬂgt%r‘”‘ ﬁ2|81hgﬁap BGUEKESE of any of
t he seqmenﬁe&nneh&rtedthﬁt@eiein, i ncluding functional variants or
functional fragnents thereof. The terms "substantially the am no

aci d/ pol ynucl eoti de/ pol ypepti de sequence”, "functional variant" and

15" functi onaj sifMmagpeAL therGaRrREIA SEAURNIGE debRLsiRASh@dod a8 H0% sequence
identity with the amino acid/pol ynucl eoti de/ pol ypepti de sequences of any
one of thetigeguerces lpetert edest plrRerebdowithit cdhapecspomslindentity with the
gene i dent S 7 C nt of PCK
enzyne), o&rJdé(fg o?é)é}nti tj IJ-O){NNPW% ﬁgﬁm{gﬂ}ﬂ%ﬂ C?]?:{I%gtdi %ﬁ’ﬁ 5 g’hﬂgs SEQ I D No. 19
(i.e. ohe enbbdnneﬁtwoﬁhPEKommmyngytumuqmaﬂbmﬂehbhﬁwumntthQﬂhetgene

identified s SE o one f. PPDK

2070/ 007 675BCHT CTE0ION080 S T LI 39 o AT R PIST R0 ol (e n ¢ he
ponpeptidﬁth&ﬂhbﬁtﬁ@ as SEQ 11) No.23 (i.e. One enbodi nent of PPDK
enzyme). Am no acici/pol ynucl eoti de/ pol ypepti de sequences with a sequence
identity which is 5 greater than 65% nore preferably greater than 70%
even nore jprefienallyeongat £hbhak Zﬁ%t W ANGF Bikdch in L, BGRf Bl aBky oreater
than 80% sequence identity to any of the sequences referred to is also
enV|sa@edfLPréﬁéﬂ@ﬁﬂvﬂitWehaWFﬁeﬂaemdmnnbyﬁucm@etideﬁﬂmﬁwpbpt|de sequence
has at t % nor e
prefer abI ;a/(% éttugcffegg{s(%@g %1¥3gﬁt‘iqt1$)?xe@1e’nng%)§?% tgm% ]I;l?g Ieast 92%
identity, @V@hdmmnetﬁneéenﬁhﬁyoatuteastuﬁﬁﬁbLﬂﬁﬂbi?@k.ﬁmeniHﬁbetmreferably
at |east 97%identi even nore.preferably at |east 98%identity and, nost
pref er abl y'&t" 'f E%§?[é9 i YERYTYE yfﬁffﬁﬂéﬁynét the sequences referred to
herein. The skilled technician will appreciate how to calculate the

percentage identity between
Methods for" determining the level of nitrogen in plant leaves, and plant growth

rates, are set out in the Hxamples, The methods of the fourth, fifth or sixth aspeers
may comprise (tansforming a test plant cell with a genetic construct according 1o the
first or second aspect, or a vector according to the third aspect.  The genetic
construct or the vector may be introduced into a host cell by any suitable means.

30



15two am no aci d/ pol ynucl eoti de/ pol ypepti de sequences. In order to

cal cul ate the percentage identity between two am no

aci d/ pol ynucl eoti de/ pol ypepti de sequences, an alignnent of the two
sequences ngﬁ;ﬂﬁqﬁﬁ&mbe prepared, followed by calculatlppwgguﬁpgwgﬁquence
identity val ue e percent age |dent|ty for two sequence$S mma ik

di fferent val ues depending on:- (i) tgﬁ met hod used to align the sequences,
for exanple, 20 Clustal W BLAST, FASTA Snith-Waterman (inplenented in
different progranms), or structural alignment from 31) conparison; and (ii)
t he paraneﬂem§uwseuﬂbycthhAaki@nnﬁhﬁqnethodpﬂﬁogtbmgnwhecohnnak vs gl oba
al i gnrrent t rleldlrr)lg 0 ’LISC fs 5?0 %LOH% a p(,(,l o( L )11'1%'1“/5\!(, 1 ()Ldln Gonnet etc. )
and gap- pefalty Thet TERal RS Cantt SSREPERS ooy ﬁb Ny tade t he

al i gnnent 1mmema«apannany di fferent ways of cal culating percentage identity
bet ween the two sequences. For exanple, one may divide the nunber of
identities by: (i) the length of shortest sequence; (ii) the |ength of

al i gnment ; ki) nxqpex mqamnlc,%ngm BF irSRAUSNERie (s¥ihvcl gy pher of non-gap
positions; or (iv) the nunber of 30 equival enced positions excluding

over hangs. Cﬂﬂﬁt%@?h@ﬁé“”?ﬂﬂﬁﬁwﬂnﬂékap@ﬂébiﬂﬂéd“@%ﬁ%mﬁbﬁééﬁﬁwg@A|dent|ty is
al so_ st rongld|:6ngtD, dERANIANL o The c%t& fre IS, BOQLA BF uR RALLyOf sequences
is, the highe quence I'dentity one may expect to occur by chance. -
28 - 1|encewxxtHmwL$mbéuappr@mmanednbhaUAbh@uaﬁﬁunaManHngnmemtcmt protein

or DNA sequences is process | |t al i gnnment
program (: Pu§ ()lTV\(/((tci"ﬁ’oo?I;ggH1]1°{ AFet “Li@9%q Nﬁ@ﬁ’@#@ pi{}(fi 1JI)§21)E &5f 8}91“ 22,
4673-4680; cdhesrgedon et al ., 1997, Nucleic Acids 5Research, 24, 4.876-4882)
is a preferred way for generating mul tiple alignments of proteins or DNA in
accordance with the invention. Suitable paraneters for Clustal Wnay be as
fol lows: Fop,: DN, @ALTHEARBRLE! AR PER (P‘%ﬁ’@l\{ﬂ)/h chliﬁ-%pemgaﬂm@ﬁ gngicon Penal ty
= 6.66, and Matrix = lIdentity. 'For protein alignnents: Open Penalty =
10.0, Gap m@ﬁg*aﬂiwé@élﬂwyhb@'vsza&d MG cenmawhetnly. Fé‘»UIDM?XV%{hd Protein
10 al i gnrrem hQSE Wﬂ?% BL Ullh‘,{%QQLL%PQII§(TSLC()4i (,-Il;n)%% é[hl ﬁliﬁg élﬂ:[lt(‘he art wil.1
be aware that 1t “be necessary to vary hese ané araneters for
optlnah?seqwewnetafﬂgnngﬂw'umaﬂ9¢ab¢y’Pnahamﬁﬁmﬂanﬂpfhp@nnbntage

dentit bet t ' d/ hi,ot / pol tid [
then cal cuf ALER b CUGR AR "4 Griehre HE (N T 10T WNBFBN s the nunber

of positi oashallinWakChr tﬂlb@;uﬁﬁﬂuﬁ(‘ﬂﬂG@SctSﬁ&h@h&ﬂ ak QQ[lt%bﬁlat}mﬁ@xﬁlldﬂeii and T is
the total nunper of positions conpared |nclud|ng gaps but excl udi ng
over hangs. “MEhER #remspicspiderahy Basurstndde fort <X "é‘tcwgwp’erhfent age

identity bﬁ%M@ﬁHn&M@nﬁQH@ﬁﬂ&ﬁ%{%QﬂEr%ﬁﬁﬁnGL%ﬁBT%R@&%PQuéw%ﬂﬂH?P&e al i gnment
usi ng the 20d ust al gran1u5|ng a suitable set of paraneters, for

exanpl €/ agYﬁéﬁﬁeu?(ﬁﬁBU Fie%ﬁ“@rﬁﬂ<Wﬁ§eWFﬁnQﬂﬂhé WPalluesd 8PN ard T i nt o
the f ol | O:N%r 3‘9(,%5& EHJI ms§?c,qpe] ¢E. '1| 8%%%&] —hq(t N(c, ﬁ()ﬁq’ggﬁ mAk th%r native methods

for ident ng simi ar sequences W se'skilled in 25the
art. For emamﬁbenuawsUbhdanhmakdyfﬁmmL&am'ﬂpﬁhemhmdenSQQMéndermdI be
encoded by a a, ggyence whi ch hybridizes to the sequences shown in SEQ ID
Nos. 16, 17 18"™20, 21, 22, or their conpl enent s under stringent
conditions. By stringent conditions, we nmean the nucl eotide hybridises to
filter-bound DNA or RNA in 3x sodlun1ch|or|de/sod|un1C|trate (SSC) at
appr oxi’rat €y cd5EaY bf MEREE By Bt thagen BRSNS T 1o PSCTESEroTdig

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 Agrobacterinm by procedures known in the art, for example as
described in EP-A-0116718 and HP-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.



30 SDS at approximtely 20-65C. Alternatively, a substantially simlar

pol ypeptide may differ by at least 1, but less than 5, 10, 20, 50 or 100
am no acids fromthe sequences shown in SEQ ID No's. 19, 23 or 24. - 29 -
Due to the deggp of the genetic code, it is clear | eic
aci d sequence cgg[zﬁ%e vari ed or changed w t hout substaﬁ? ﬂ”’ gctrng
the sequence of the protein encoded thereby, to provide a functronal
variant thereof. Suitable nucleotide Vafiants 5are those having a sequence
altered by the substitution of different codons that encode the sane am no
acid within the sequence thus producing a silent change CIher sui tabl e
variants ape tho e g i eotrqe se conpri sing
all, or portios% 5t ’*"I’é%t Ehce, 1”\/’\/}1 ¢ é”@"%ﬂcel’ L) l‘fﬁ’é‘%s‘d%&ﬂ‘t‘ﬁtr on of
different eoslons: &&ratue@c(ode fant @Micoon@eipdcivol thevsiddecedrading ofthsi m | ar

bi ophysi cal properties to the amno acid it substitutes, to produce a
conservatr@é“gﬁﬁhde For exanple small non-polar, hydrophobrc am no acids
i ncl udesgl yci ne, al anine, |eucine, isoleucine, valine, proline, and

met hi oni ne. Large non-pol ar, hydroPhobrc am no aci ds include phenyl al ani ne,
t r ypt ophan Tandranygeosi ment aFherdp arthpeighhatspasti ey aeiuds dimBragdencser i ne,

t hr eoni ne, i Qe n I RARY char ged
(basi c) an{ﬁ%ﬁégr s“ﬂﬁgﬁg”gq&5ﬁ§§?%€g”yﬁggﬁﬁﬁ%mgﬂg”ﬁ?st?‘ %L¥ The
negatively charged (acidic) amno acids include aspartrc acid and glutamc

acid. It therefore be ap DI € i at ed repl aced
Bth an an HEP SO RGY i ST oy Sridr T Opui-at TR wE Bk T ed

t echni ahan WM}A'I\J PdnawiLdhhe JFJH,GJaEQ{ﬁ demselquemesc eneom 4. (\hlesre) am no acids.
20Al | of the features described herein (including any acco yrng cl ai s,
abstract aNe e 4\ tHGEID BIRIFE ORIt §F VhHrd napdseop Jaﬂwﬁét‘ P! process so
di scl 0sed, sy B8 Goubk ABd Wi aNcOfs ihhey above aspects in any

conbi nati on except conbi nat'ions where at |east sone of such features
and/or steps are mutual ly exclusive. 25For a better understanding of the

i nvention, of A ed into

ef fect . Fg’?gﬁ&g“{?&%ﬁ ()?QWL@HPPQ%@H%;&IQH% t‘r&?)u?gg?o Pﬁ urgﬁhclﬂe Ci'Liccorrpanyr ng
Figuresi |nmhhkche%mEnQMﬁeﬁ&ushﬁwﬂmﬁhe&pmohdodéihseﬁmﬁﬁcpbmemek@mrng of the

enetic construct III d P- PP a) PeR
grrpl i :‘r cat f%sﬁﬁ’hglf‘ %ﬁ\‘IA @amﬁr@ ﬁﬁm df()&“%%ﬂf“ctuﬁe(l@i?f iﬁgcﬂh ]é i sof or m of

Ar abi dopsi geitRBKpofad@ind {lﬁﬁt’:&d 0Dk BEOn bR 6 ls0MiING g MEC IS oRER-ABliunt - TOPO,
(c) Restrrctron endonucl ease di estron of the cIonrng vector (on left) to
rel ease Pl {MBRgnd phebicabgees SASK2L6mtai i it rirddedp whacgpplanppp, wit h
April. andg A‘b]réh)( O, {9 dchod G Inlftg@ifo A CH mPPQKth L %c 1?2 and an

agar ose gel ow ng DNA fragnents produced & restriction endonucl ease

di gest i26n efnstonsel detsswirtshcopt dspeandr Bandt of thankir{ ejpcConst ractns

i ntroduced opvi r..ec p | unbia O by . 4grobacieriuminedi at ed
transforna?%g%mlg' Ld%lg j“ﬁrggy ?H%bplasnrd pCR4 BLUNT- TOPO used for the
construction of expressron vectors accordrng to the |nvent|on and Figure
2b is a taple sunnarrsrn et PP odrqg DN@ was inserted into
pCR4 BLUNi I {08645 r‘r‘d’”éfﬁ NTIPCdHE BEma A8if gasts f”éiﬁfr’e(” 4"6Kows the plasmd

PBNL? cont ﬂhrﬂifﬂgn&]hﬁlmgﬂ@ﬁ&ﬂm; Qb dﬂﬂ@oE’u!}WqﬁmsQxdc,ﬁt:;ﬂiy]rg deabhigq
summari sing that PPDK inserts were introduced into pBNP using

Ami | artl Bat Rlorscdicgestssicngnd?t: H&W eéki g‘r%é)r e vepNgsorv gEmAaydter e

i ntroduced canIsQn gﬁ%ﬂqk@{ ngmxi’ X Q“n]q()§'?t(j‘0qh'g'ﬁ§t‘l§d nia ?%Ulsh MG, srarl}/&.@cq:t ors
accor di ng to embodi nent s of the |nvent|on Figure 4 shows the selection of
transgenidnSR@ﬂzwﬂPB%‘AWDrﬂ@psn@crbalWaﬁaJéemmu4wnbsuby;U@sMan bl ot .
SAGlZPPWCt T. Fir! are% Al n?(or’l(%111 21’1 f DNA cel |
lines are $H&WNn Bef 6ﬁrmﬁrdhf EIEhous"th g@én(’ |dé‘|oﬁ*oﬁ PDK abundance
in mﬁId-typeﬂmABBDKmandnﬁbweohn@epemMeﬂﬁn&wﬁﬂabRRaiagDNA(hmnesnghonrmeek

five onmar%
30 the'invention), for approximately two minutes. ‘The discs may be gently blotted

between two sheets of sterile fitter paper. Ten disks may be placed on LS 3%

sucrose + 2uM BAP + 0.2pM NAA plates, which may then be incubated for 2



Figure 6 shows the selection of SAG» 2- PPDK (cDNA and gDNA in (b) K326 and
in 20(e) Burley 21 tobacco lines; Figure 7 shows the overexpression of PPDK
in ripe |leaves of K326 tobacco Fi gure 8 shows photos of rosettes of various

cel | lines @l Aniodlgpsi s thaliana, i.e. wild-type, ,ALLZDK:aN065.P
2- PPDI cgDNA agai nst tinme; Figure 9 shows t he Arabi dop5| s reproductive

ti ssue mass at week nine; Figure 10 s%)ws the total plant fresh mass (i.
rosette plus reproductive tissue) of W [ d-type and SA Gl 2 - PPDPNA pl ants
fromweeks three to nine after sow ng, Figure 11 shows the Nitrogen content
in | eaves 6fysiilthie gippeh ra@PDRIsghth28bA tGhsiZricd PR phm}gDNLSA-I @P/amcgoza*t week

seven, 8\ pl i d eeds of

wi | d-type, NIWFQI-‘L’Q\lfll n% @%8%2\ %EB&&IH%I% &RPE@&%{PE ?L{If:’mq% i H%H‘Lﬁt otal free
am no aci dk@@m}em Tihn dusheniwamesmsfuw loch+ yl]oeh ]ﬂARi?DK'lhﬂd, mBAGE2- PPDKRDNA
Ar abi dopsi s cel | | ings: ure 14“@Q b#\‘IA | & rrgs of . vari ous tobacco
cell lines, zerB %%py ST TN A Wg ?”“ B2y eg AR “FEDNA) are

SAGL2- PPDKplatdaesitamiige .8 +15%s¢mamct4he smeld/mhnIs[qg@em@@m]e;nmm{] ,xiar i ous
t obacco ceII | i nes, zero copy =- Wl|dt>( f DNA), GLO, GBand (:10
(cDNA) ar eCl&/E» 2 BhHK %#elﬂs'?«n'l@wguw%e dirks PABDF gaptiEacdpoedtdrn bl ot ting

for PCK/ PPREEQUBI &y LS SLLIS -.A'Q‘lsilo(l)t'srﬂﬁ_cn%h@:% mqgh%rubeuﬂn% iR especi al Iy
in week 7 which correl ates with activity of 2 pronoter; Figure 17

shows t hat feitpr@slst tbﬁ"/fofutbmthuﬂ@?(maﬂ@dF*PEbKS(i(hmgﬂawéfWﬂrreldmpﬂlhant%smI eads to
an increasg 491 %8@%15?&%%0?9@?‘; s‘?llcm‘%eqo )r%%g/ el fBNG FQF1 gure 18 shows a

post ul ated bi ochem cal  pat hway i ndicatt ng trogen Fénobi |'i sati on may
occur t/hr oughoP@Kicl andx/ci@mﬁ:idepe”mdénmfflwdmz l}Oﬂ}Imfﬁt%TI}h@ Her@nsfefdd am no

d and The i t t f SAG 2
Tromot o AEt oD ek W P T RRE T onSs PGS AeuBPieddhar SaG12

PPDK and Py &xpr.asiien 1y esil Bf SieWesc@hgener at ed, as shown in Figure 3, and
then anal ysed for their ability to increase t he expression of PPDK and 20 P
CK in transformed plants. In one enbodi ment, the constructs may encode PCK

or a funct lxpjﬂﬁlml‘(@{ k@ﬂ%&[ id 1%9%9% ;lli}ﬁ )Ff" ag qﬁﬂﬁi )P&‘LMP%JMI . angt her
enbodi nent, the const ructs enco unctl onal variant or

fragnert t Hertebgenanplani mcom td ﬂilcwﬁév}erw}’qcn yet anot her enbodi nent, the

constructs may encode PCK or a functional variant or fragnent ther eof and

PPDK or a functional variant or fragnment thereof. Firstly, genornic DNA air

t he (711r abi‘gopsiptotdabkgpadRPDkngeneawasahisohatrad;cnasodesgihbednbel ow.

| solation \(x)f](ucglfmt?u y(»:i'mts 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:-

250y transforming a plant cell with the genetic construct according to the first
or second aspect, oy the vector according to the third aspect; and

ii) regencerating 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 ofi-

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



Genom ¢ DNA (gDNA) from And2i dopsi c thaliana ecotype Colunbia 0 was
extracted .30 fromleaves using the DNeasy Plant Mni Kit (Q agen)
according to the reconmended protocol. Genonmic DNA was used as a tenplate

for PCRre i 0355 described bel ow using priner sequ [ItRY,} zed in
Table 1. OBy 653P0 / 6132010/ 050321 © 32 . - Fabl & OV R RGe!

sequences Prinmer Sequence SEC) | D No. ,)A Cyt EWD- Ayal AAT def AGG AR, Alt
(AC CGA GTA yirc ACC 1 AtQ/tREV—BamIr2 AAT GGA Tcc ircAirGc AmM Am Dv:
cm AGC AGC 2 At PPDKexonl 5FWD cer CGC CAA AGG AAT cyr AC 7 Atl | PDKSeqlll .

At | | PDKSeqB2s@pnd GHCTTGr Am v@StAQcCAfirer 1o the @G ¢ 25P@C; ABG GAT AGG AAC ACC 3

ity regenerating a plant from the transformed cell.

Preferably, and advantageously, the methods according to the invention do not
5 compromise the health or fitness of the test plant that is generated. Preterably,
the methods comptise transforming the test plant, and preferably its leaves, with
the genetic construct of the first or second aspect, or the vector of the third
aspect. The inventors have observed that over-expressing both PCIC and PPDK
in a host cell is effective at inducing nitrogen remobilisation in senescent leaves.
10 Hence, it is preferred that the methods of the tenth and eleventh aspect
comptise transforming the test plant with one or more constructs of the
invention such that both PCK and PPDK are over-expressed. For example, the
test plant may be transformed with the first embodiment of the genetic construct
of the first aspect of the invention (i.e. the PCK construct) and in addition the
75 second embodiment of the construet of the first aspect (1.e. the PPDK
construct). Hence, transformation of these two constructs result in over-
expression of hoth 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 PPDIK. 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 2 test plant which has been
transformed with construct(s) which encode both PCK and PPDIC exhibits

25 increases in nitrogen remobilisation upon the onset of senescence suck that the
concentration of nitrogen decreases in that leaf. Funthermore, 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 inveation, there is provided a harvested leaf containing

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



4 At Pl 1DKSegRl ccr cm ATP GCA TCA GCC CAG 5 At PPDKSeqR2 Cell GAG GAG Trc
crA CAA GIG 6 BNP427111 rGc crG err GCGG-GAA TAT C 10 13N13-1291Tv CAG AAA
ACGC GGC CAT Tyr ccA cc A 12 HMB-133411 CCG GCC CM AGT CGA iroA 11

BNP- nost REN CAA GAC CGG (: AA CAG GAT TCA 8 BNP- SAGL2F \ X(D ACC CCA' I ( f

CAG TAC Ca 1(:1;%1{ 3! Qmm a wild-type plant cultured under the same conditions, wherein the leaf
is harvested from the transgenic plant according to the eighth aspect, or produced by

the method according to the tenth or eleventh aspect.

In a thirteenth aspect of the invention, there is provided a smoking article comprising
5 nitrogen-reduced tobacco obtained from a mutant tobacce plant, which mutant is

capable of decreasing the concentration of nitrogen in senescent leaves.

Nitrogen-reduced tobacco can include tobacco in which the nitrogen concentration is
less than the corresponding concentration in a wild-type plant cultured under the
same conditions. Such a smoking article may comprise tobacco obtained from a

10 mitant tobacco plant, which may have been transformed with a genetic construct
according to the first or second aspect of the invention, or a vector according to the

third aspect.

In another aspect, there is provided a method of increasing the concentration of PCK
and/or PPDK in a leaf of a test plant to above that of the corresponding concentration
15 of PCK and/or PPDK in a wild-type plant cultured under the same conditions, the
method comprising altering plant metabolism in the test plant to achieve increased
levels of PCK and/or PPDK in plant leaves after the initiation of leaf senescence,
wherein the method comprises transforming the test plant cell with a genetic
construct according to the first or second aspect or the vector according to the third

20 aspect.

In another aspect, there is provided a method of decreasing the concentration of
nitrogen in the leaves of a test plant to below that of the corresponding concentration
of nitrogen in a wild-type plant cultured under the same conditions, the method
comprising altering plant metabolism in the test plant to achieve increased levels of
25 PCK and/or PPDK in plant leaves after the initiation of leaf senescence, wherein the
method comprises transforming the test plant cell with a genetic construct according

to the first or second aspect or the vector according to the third aspect.

In another aspect, there is provided a method of increasing the growth rate of a test
plant compared o the corresponding growth rate of a wiid-type plant cultured under
30 the same conditions, the method comprising altering plant metahbolism in the test
piant to achieve increased levels of PCK and/or PPDK in plant leaves after the
initiation of leaf senescence, wherein the method comprises transforming the test
plant cell with a genetic construct according to the first or second aspect or the vector

according to the third aspect.



Nt Cyc- 184F en: AM err CCA CCG TGI GAT 13 Nt Cyc-267T Tel' ACG GIG CCA AAT
TCG CCG A 15 Nt Cyc-316R ACC GGT GIG G FT CCT Gii GAA 14 At pcK-xual - FUR

At r r er AGANI EGFCGGCCGGTAACGGAAATG 25 Apdd.CK- Saci - RIN
ATFGAGCTCCTAAAAGATAGGACCAGCAGCG 26 Isol ation of RNA and synthesis of cDNA

5 Total RNAhW@§oiﬁ¥1t£ %@&i&gﬂﬁ(r fﬁ%z%o@ai’he&?’é g %ﬁ@uﬁpg§b§mggﬁtﬂl@%ﬂ§1saw
extractions were ormed on ice using se-free equi pnent, and sol utions

wer e made ué‘r‘ﬁ‘bg@ﬁ/a?@rcef’ FESCRYORAFIPRC &"Og‘t‘”'n?’lmfii‘)ﬁrt@ﬁ%ﬁ"bﬁﬁaf é”k(lﬁEI?@ta“‘ is

Si gma- Al dr i ehpabldofieciobRGs Wassccadelaehtp@arof hitkdgen én wateetent tdaeedyivki L€ thwas
strrred over ni ng tocl ayed.. RNA xtract ed
asi ng - 1hi vkt Ty Poh RBRRRe (AOHRLIER, B A6 £auc RS AR

i qubd nitr oyt fireg mgseaorrﬁﬁsma@ oa ek wgtrlaecorimmto Tirq ifideaspedd! at i on Reagent
added and the recommended protocol followed. The RNA pell et was resuspended

in 20 111 RNQ‘L@@&H&% éﬁ@ﬂe%) erSl&‘HgQ%th% EQn ﬁQ:lLﬁefs%okl:legh%%% qw]-gﬂaassarrpl e

was centri fugled at 49 m nutes at 13, 000 m and e super nat ant

t r ansf er r ed "¢ BPRIOCRERN CIgAS RS, CHEPET %)‘Bje‘ﬁgﬁrl’f”l’oﬁg@ef}l%é’af“éi PeieByeEoc WREE® nat i ng
debris. 33 de11\@.ﬂ1&léﬁ |ek}yarauad tgiaktd, Yeddhstitie:dRMbadsB e telater fiRathtes and also

spect r ophot Quetri (:Dalrrl1 m {akl ng readi ngs at 260 and 280 nm (Mani ati s

etal., 1982, “Nolecu oni ng: a | aboratory manual. Cold Spring Harbor
Laboratory) usi ng an Eppendorf Bi ophot onet er spectrophotoneter. The RNA was
al s@0 exam n&dvitl$kngpagatasagéle iste@tibn epleod £8i sydusildigadd br Yeftwic\oy agar ose

(Melford La@&’lfﬁho%ér% V(J,- & & é\?o IFQI:’ of%@lqgf'l %gm L& s%%%ﬁ%@ﬂg@dthe%gl éo a lﬁiHE as

sanpl e buffer subj ecte ctrop ores s at
runni ng buf Péraudﬂmv@eﬁﬁ@r@cmrffw chtheseanpiraes neeeeshtoeirpiat inshidémnt ai ned

0. 002 % (W Y)nc8bid Gk Am R0 MhHeioh sl fgiéﬁreﬁkéjﬂhb%) ThéferhtdE sﬁQ@fathﬁé}ﬁrtB@r at eEDTA
Buffer (2 Xaz-‘xrlll_xilE acu? H)Oﬂf‘nﬂgleotug 9p{51ypept1-c|1-£ Isgqugg!:é" 'Jfggctﬂ)lnl\q \pa?‘{ain%' aaﬁ%l d and 8 mM
15 ‘functional fragment”, can be a sequence that has at least 40% sequence identity with
the amino acid/ polynucleotide/ polypeptide sequences of any one of the sequences
referred to herein, for example 40% identity with the gene identified as SEQ ID No.17
(which encodes one embodiment of PCK enzyme), or 40% identity with the polypeptide
identified as SEQ ID No.19 {i.e. one embodiment of PCK enzyme), or 40% identity with
20 the gene identified as SEQ 1D No.21 (which encodes one embodiment of PPDK



/0 EDTA pH 8.3, 13 % Ficoll 400 (Sigma-Aldrich), 0.01 % bronophenol bl ue
and 7 Murea (Licher Scientific). Reverse transcription of RNAto

synt hesi se cDNA was performed using 2 pig RNA, 1 pig ()Ego cl TO 5) primer
(Roche), 1 xdWlppeys Mirine Leukaem a Virus (MWV) 15 bpdfegeifipigoa), 0.4
MM dNTPs (Bioline), 40 units Reconbi nant RNasin Ri bonuclease |nhibitor
(Pronega), 200 units MWV Reverse Traascrl pt ase (Pronega) and nucl ease-free
water to a final volume of 25 I A The Sanple was incubated at 42C for 1
hour. 20 Amplification of Arabidopsi sPPDK The genonm c and cDNA versions of
the gene engodichg: f¥ie idptiosdthi the pelpfapring fPPDRs HERéanpk? ficeehef rom t he
genoni ¢ or .CONA t enpat|s by, using a forward primer (AtCytEAVD-Ag/I1.
SEQ I D No. ﬁ cd%tlglgm ng t Xm )CRTl restriction site and a reverse primer
(At Cyt REV-)3a0/ 114. SEQ I D No 2) containing the 13a0/111 restriction

site, which 25are ure c ntained 1 x
E butrer (RB ) PNt s Regih i Snren HE Gretda T et S BER MM ci s
(Bioline), 00r thgn tEAPhate réfeNA AR MG, @M)mn@pj'éwmblm gash i ner and 1
unit Phusion t ugh-Fidelity DNA Poll)én'ergse (NEB). Thermal cycling was

per formed 4siond a\‘:‘lq‘eﬁ’l‘frﬂéeth“@PrfﬁT“‘w ) /Wcﬂwnéhldicﬁi“tf FatYdit uration step
of 98 "C f Qlu3QesREPRIS0 ishal LH’V@QC(DYH@Q’HQ Gheésnah 98 "V .30for 10 seconds,
55 "C for 30 seconds and 72 ' 2 mnutes, wth a final extension step
of 72 "C f evidBohinndeide/; ><ﬁ>1*312‘l11dL *@neecqlheﬂdmw“éi/ndkgtmw@fmme@pdopsu s PPDK
had been is d en, ek ner.at.e,.% u

constructs, t grlg(% /(“Rh!%%é %g%(% L{C\Mﬂq Ethtsmsun/’re}gﬁ%lge B )ﬁl gﬁ%@ﬁ!‘? 1?’he cDNA and
gﬁnom O’ODNJ%“I“ﬁ@E‘VﬁBd@JﬂJtyI; h\enmyctsesmlimdﬂy sdihemr"/@fduﬁma,mrdombh 1PBBlﬁﬂgvere fused to
t he senesc uce a

over expr esT T SEBRRIRT R SenesbaraD o s BRI eal el Eona and
genom ¢ DNAagt 0078 d@finCyiki0a8] df €hd 3 Qfcatdn:ok:-Ar @iedapt h PPDK using primers
containing April and Banzhn restriction sites, generating 2.4 and 4.3 |d)
products respectively. (b) Insertion into cloning vector p(1-32

4Bl unt - TOPQ, . Rk %chﬁl%fft?1%[(ﬁuﬁp§ﬁq!é§l%quc Bczcetnh@: {deBRy bEQkY, and found
to be identical to expect ed sequences ltr| ction endonucl ease

di gest |f€)n b>f0 't;lludnmn@;/l\@é«@vdqeotdndxrbbesbuldwatqlwncwei@tfmqiclpcl)smfbltwlmh ANTI and

BanATE Em%{m% Qe Rleo ngo %ggf D rnuggoud% { po\ﬁ\f AIES gm% ucng‘qmsnt S

produced b res TicC n endonucl ease estron o tTucts W th Awn and
Bankt h. Exggeted diandmwsi s neamensi s q81>d<[b]qand1 20l Hnd(tb b OG[]CII]’th@)lDNA construct,
and 14.8 kb and 4,4 kb for 1t he ‘IgiDNA construct Const (i {?' i ntroduced
into Arabi HOprics ERGY ypEe CHIUMRETATEC By T RGHERA &K i BT B8 S RERS or mat | on.

Const r uct swmrs Qo ROaMe n)ﬁe@) aehassod dsgdtd MBn Sidesucndierogens, @ni / encodes
neonyci n phosphotransferase, conferring kanarrym n resi stance in plants.

20LB add R emlh’\éﬂ?ﬂ Sarfa A5 ght Siet Heﬁ(émﬁeéﬁe&fmwéf v G CTFDNAZ R RS OPr o

nopal i ne . gal-has g %Qﬂpﬁgﬁv'ﬂﬁp&nﬁqﬂq&pgﬁ p’)"gmq&?ﬁ‘qpr%%c@s s%[]] Rator; S AGL 2
Pro: pronoter of A{‘ dopris 29 Referring to Flgurel t he

gener at i oni”gfn“nt»rhemab(mstf (wumusplwlhw wawﬂbé'ﬂd’;esmm, Begairncadetaiix 2ebel ow:
donnjnto eBPSSSﬁﬁ(E' M5 g:()ronnct (,ti(% and gap-penalty, e.g. functional form and

constants.

Having made the alignment, there are many different ways of calculating percentage
identity between the two sequences, FFor example, one may divide the number of
identities by: (i) the length of shortest sequence; (i) the length of alignment; (i) the
mean length of sequence; (iv) the number of non-gap positions; or {iv) the number of
30 equivalenced positions excluding overhangs. Forthermore, it will be appreciated that
percentage identity is also strongly length dependent. Therefore, the shotter 2 pair of

sequences Is, the higher the sequence identity one may expect to occur by chance.



PCR products were exam ned using agarose gel electrophoresis using 1 'Ye
(wv) agarose, 0.5 p.g m)Il ethidiumbromde (Sigma-Aldrich) in 0.5 x TBE.
Sanpl es were 30 suspended in 1 x DNA sanple buffer (DNA Sanple Buffer at 6x

wor ki ng congenii@hi@n contained 50 m Tri s( hydr oxymret hybdygigiseidane
(Tris-HC, WD 2010/097623vcric B 20 10/050321 - 35 -

Laboratories), 60 0/0 glycerol and O. % (W v) br om)phenol bI ue

(Sigma- Al drich) and subjected to el ecttfophoresis at 80V using 0.5 x TBE as
runni ng buffer. The PPDK cDNA band of 2.6 kb and the PPDK genom ¢ DNA band
of 4.4 kb were purified using the QAQick PC,R Purification Kit (Q agen)

according § 0, LG GPSOIIRNARY B10h O Clyc a0t SLULEL US| 00 Jdplecul ar

bi ol ogy grade Wwat e aborator ducts were |igated
(bl unt - end)s1amhrpﬂd\hmq@@RﬂfluB[bwﬂaT@%@wcevd@mmc1(t|mtvgntmé@em)wdé*b@nmongztto t he

ded I f to 50
191 Sube cl OhiRgSKFE REytred 2 6oy 1 FoprRuPed sgn T eTTish gt ho

r ecom’rerslde(liup:ﬁﬁﬁ edurgrs-18pansd plr(,fmldd kay €9kee@iting nneige gfgﬁWﬂmat)f 37 "C
overni ght on Luri a-Bertani agar (Luria_Bertani Broth (LB broth)

cont ai ned Piges% ‘1%&@%“%915%‘6%‘“( By | mvsmgrﬂ UBREPPEEST FOEAREY  ( Oxoi d)

and 85 nM godi,um fé)h)\g‘{ rgEDn&A | %ﬁﬁﬁac&@'@[}l@f)&rﬁ)emiﬂhﬂmlﬁ wasradhdsied to 7.0
with 10 M sodi um hydroxi de prior to autoclaving.” LB g)r was nmade by addi ng
I

1.5 % (W vyerar (&%( BR) Mpgix|“Bldspéy i omeeid niigng®o: b §pet Pendkamamyci n

et bu fer (Bl neg g i) R 5 e TP R Y ferpe "0 T

(B| ol i nfe) Q,nmm liwm(ézﬁbh n),rqndéirAlflAtSGy{ HTI‘hM}sMaI in zhmdammetﬂﬁké Baml41),

I h'l 1t 130 f 1 1 1’ 131 F iﬁ Bl T I%IH)E()“}H] 5 éu[g Onne) Ther rml
cycl i ng vva§ béf?é f‘réb“’?/ﬁ 1t}HO ﬁ’ ‘isiié © bﬂaih?éﬁ h O5TEp 61 tY%5 "C for 5

m nutes, falidnewed by 30 cycles of 95 "C for 30 seconds, 55 C, for 30
seconds and 72C for 4 mnutes 30 seconds, with a final extension step of 72
"V for 5 minutes. PCR products were examined using 1 % (wv) agarose gel

el ectr Opho!f’?c%:ﬁhlﬂ%ﬂ@\hgﬂﬁ% ()f@@llcgzﬂk@%?&ﬁﬂg@{kﬂb&g 1'&»!3‘Qm%5| red insert were grown
overni ght in a shaking incubator at 253 LB broth containing 50

, kg mi-1 kandtnpéinac cmde/émlmimlw bmn@mwh@m @él:ul@mt rfgm ﬁéh@mmpynsm n

M L preh Kt o AR FERQL o Mk /1B SONTRIASH, RpoLgRchy v v
hour. Di gesistiankresidexam ﬁ&dhumtﬂguﬂlbé}/ & p(oMlm)s (@g@hmﬁm@gmm@lmmmmophor esi s
as above. erts in m ds ShOWI_ ! __t1h ect restriction enzyne

di gest : paﬁ%ﬂﬁwépé“g%a@@afaewaea P THEOpI RS REGTTEWER AT ( SEQ | D
No. 1) , At RREMS8REL:( SEQelinNG. coiﬁmsﬁtogg@}ﬁ 1P SEQUBIbe: usth)y ithe

At PPDKSequ (SEQ I D No. 5) At PPDKSeq1 |D No. 6) and At Cyt REV-Bam | |
(SEQ 1 B¥No éJf“] IRERGFRT Hsm;,fl Qeable set of parameters, {01 example, as sct out above; and

(i) inserting the values of N and T into the following formula:- Sequence Identity =

(N/TY*100.

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

25 theart. Tor example, a substantially similar nucleotide sequence will be encoded by a
sequence which hybridizes to the sequences shown in SEQ 11> Nos. 16, 17, 18, 20, 21,
22, or their complements under stringent conditdons, 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 S5C/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 1D No's. 19, 23 or 24,



Table 1, using a 3730 DNA Anal yzer (Applied Biosystens). Sequences were
anal ysed in BioEdit (lbis Biosciences). These constructs were naned
TOPO PPDKcDNA and TOPO PPDKgDNA, and are 5illustrated in Figures 2a and 2b.
Cl oning of RRNR;&EPeLructs PPDK. was ligated into the §®$@§§QQQQQQ1 bi nary
vect or under the control of the senescence i nduced pronoter SAGL2. The
SAGL2- cont ai ni ni ng backbone pl asm d, BNP1380000001, is based on pRI NPLUS
(F. A van Engelen et al. Transgenickﬁ search (1995) 4, 288-290), and is
illustrated in Figure 3a. First, E. coll colonies carrying TOPO cDNA
017TOPO- gDNA were used to inoculate 25 m LB broth containing 50 vg

n - | kanany S ) in.a shaking 37 C
Mncubat o and o aey M R e e A B AL Piee o |

(Q agen) acomddnmgnﬁ@nthegﬂe@ﬂnnmmdedan@hﬂemm&tihepmh&N9138@@@m901 vect or
was purified fr om a a, 100 m gu Igure ontal g) g %Fg i kananyC|n usi ng
the Pl asm § 9T TP TRek BRHOaE s eteh SUBPRatdir s " geet i on by
the restri aid psceNTNER SeqBMLL e BMhL s DisgRSbn bEAGLIONSIWRY @ad dhesthat ed
overnight at 37 'V_and contained either 2 lig 20 DNA (BNP). or 4 p.g DNA

( TOPO- PPDKAPSNATS A PO BIEKDRE)-CeEs Sousoiayingsa silgpy ﬁﬁ*ﬁilét@s ANTI and 10 units
130/ NITT.  SamRl&SriNe! Bc §%@@1€@h&¢o§%]@¥$ﬁ&heo¥! Oécﬁiifmn@&a;{u@%&nﬁ%mqn

el ectrophoresi s (Rand, Crystal “violet can be used to V|suaI|ze DNA
bands duri ny! wgepnebfeefuw@qghoxrleéu e divekdthy tharpbentetiel @nilfrivguefcm @isahy .

El sevier Tre ur nal chni c Ti ] w/ v) agarose,
0.5 x Tre shaibah SHERD SR DS Y PR IS A PR e Sy il d o
eIectromhomeSmsuamuﬁﬂ Nhﬁomuapp@mmnﬁmuemmgz}heumsnﬂsmmglmny@Mal vi ol et

sanpl e bufl 1§ ystq% iole ggh n. ap i h and 30 %
(w v) sucr é‘ - ?fi’écﬁ“é’?m%&‘i‘ egt d%{ o H“b S&“‘TBE“E‘B‘h‘r é“ﬁ‘ ﬂ’d’% i

crystal vi th(eﬁmal&mrdénmgngbulﬁcf ermdﬁqi hobRRshi@XicIBGHd: QR pUSiyRgnihe Q - AQJi ck
CGel Extraction Kit (Q agen) accordi to the recomended protocol was used
to extract USeope 'TMO"I%JBW) ’“2“6“ BrPPDIKiE NS e, BIBIPPDK genoni ¢
DNA fr agrre@\k?@lnc':{sgﬂq%ﬂé t@mfn@sﬁ% %‘%ﬂv@@gmﬂ%@rr@tﬂek ﬁgmﬁe‘zh@%‘nyﬁdé 0

Hyper Ladder” 1 (B ng % agar ose” gel " el ectrophoreS|s usi ng
eth|d|UW1bh@nvdeJmGCMEHv@MUheF%MnWMamW§hzeg1@@dmh@mgen@erCDNA f ragment
]gfagml;m %gqu{l%cn{q}q 911)¥C acic I{( {1 ?hucmnc bc 1;1#31%81&5’ wﬁxfc?%tn?s%fg p%?%(r:n Eg.lf\l ng
ToPo backbbmepqShhmﬂpuAhMabhﬁehﬁu mhaﬂﬂﬁ@m&ﬁﬁﬁ1mhoummhhcﬂomhb) was added
to 1 yg gel - extract@ % enonlg qgéyfra ment ' } x De hosEhoryIatlon Buf f er
(Roche) anifhHg2y BHOOER 4 SEETCALCNZF g r&ﬂr“% "MMAES then inactivated
at 65C for 10 mnutes. Ligation reactions were perforned using either the
cDNA or the genomic DNA fragnment with the digested BNP in a 10:1 nol ar
ratio, 4 xAiPﬁéﬁﬁ@ﬁmbu¢%efXENEByﬂﬁﬁﬁdT&&ﬁYﬁfT@’BNKQNW@Heé’%NEBWd 10Li gati on
reactions werg gnm?a# fﬁﬂ)fqme&gssqmmam%@arm kb ko H§@9\f}1 9ndyi@nsform

| i brary- ef ficl ncy I nvi t roge accordi ng t3 t he reconmended
pr ot ocol . mwdms@bWWEdw®fMwameme&m$amsfemn@dﬂawtowuBcagénmu@wtaln|ng 50
pgkanany0|n]qndﬂlncu ed aver n g Lﬁ - t I cob, col oni es were screened
by PCB. usi'ig- 1" X"“15 Buf'rer’ 35" Al |\)ge’1°§" '“b 5 : M\‘"H\ﬁbs 0.3 1' M each

pri mer (AtPPDKexon 15FWD (SEQ ID No. 7) and BNPnostREV (SEQ | D No. 8),

shown in Tﬁfle 1, and 0. % uni.ts Bi oTag DNA Pol yner ase. Therg? cycling was
per for med WPt AR FHICETARE ing@h AR dFeT o 8¢ éb*‘fefv lysy eneblipens o Wit es,

fol I oned b%ﬂ%Qﬂ’gMﬁl{Q§jL9ﬁni(95rﬁ,CC ERFen30w I ERNASa ROk Gayf (Qr(,\%Qp@QGQQdS and 72C
for 3 minutes, With a final extension step of 72C for 5 m nutes, 20PCR
product s mﬁﬁ@“é%ankﬁeumusmnd”91@6(m/v) agar ose gel electrophore5|s as
above. Col i 0 )nlght in a
haki ng 1 nbbaror ot s g ISR B R ARLR RSS!

kananyci n. PIPDEsBINGY aldNFNREPTEE a4t edviudi: (g PCRen@l JAPmep oSpDhJ/‘Mrrai prep Kit

di toth th 10 t
e | "o TP L8 TR T RO AR T Bt Far A e (4 aaher 1 hour

bef ore be| g cBubpected €0 481ubt- (Do(iw \@ Ragamsengehuceﬂqeatlgc@mhmfeﬁdz s as above.
One col ony each resultln fromth enom ¢ DNA |igations show ng
the correctlOFREYSTULPBIT ﬁ%yhﬁﬂéﬂﬁﬁeﬁ“ﬁ&FF@#H‘ 7 & LBIEERRYERd sequenced
using the primer BNP-SAGL211AVD (SEE?, ID No. 9), shown in Table 1, as
descri bed above,



30 These constructs were naned BNP- PPDKcDNA and BNP- PPDKgDNA, and are
illustrated in Figures 3a and 3b. WO 2010/097623PCl 7G 82010/ 050321 - 38 -
Exanple 2 - Transformation of Anbidosis i/ia/lana with BNP-PPDKcDNA and

| 3NP1PDK DN§vey Agt@hagi eri miumeficions strain G/3101- R y@agg Moﬁ"fﬂ(ﬁ)ﬁﬁ med by
el ectroporation using the follow ng plasm ds: BNP- PPDKCDNA, and

BNP- Pl ?DKgDNA, shown in Figure 53, the,preparation of which has been
described in Exanple 1. El ect rocorrpefenf 4gnbacl eri um was nade from
cultures of LB broth containing 25 ngl: (1rifanpicin (Sigma-Aldrich), grown
at 30 C anaBhitt withirflzdptuiccia! Hens iight): ad) 16@oompt OPDE. intotd N 61d areasur ed usi ng

an Eppendo(f%m?%' %088\%{? %q rﬂ%ﬁt]&%Hh@%%ﬁuﬁfam%ﬁ&o% $150% <,559§ O} were

centrifuge super nat ant | Scaf and the
cells res uscpyended with . /ﬁﬁa)qm BeolIgarkOcpoglsyoear oiuu(ﬂ%mslrmen Behiéptsi fic.

Centri fugatl on res on were.repeated using 250 nl glycerol,
fol | owed by~ 1 “&HaHffné ”%V”ﬁ’”’nrfm&’ftf/@é?%{eImeﬁécl'q s were aliquoted into 50

ul al i quot Sigufd BShody @Z eRshia JarguiicL NIt Iroge Rs@nd: stebedrator 0 ' C.
El ectroporation was pertorned 15 using a Bi oRad Gene Pul scr. Plasm d DNA
(200 ng) \Aﬁ%f’“é‘ﬂlﬂ%dc‘t‘%‘ 8eroplingoshatt eroamnddiguee A5 aBtles PR EISEES1%E hi | | ed

el ectropor @I)D@cnc,rfc!déﬁ%&E@\(AQ%‘}E)‘E’HK@@%QAX@B&)%( 18 9Rad) ﬁﬁlﬁbtubi%g gells were
i ncubated on ice m nut'es. The cuvette was subjected to

el ect ropor efi?’ﬂbﬁlth@wﬁlj,t epiell se of 2 5 nV, 400 ohm resistance and 25 uF

capac! tanc%ﬁﬁédaq shows i%cx;] gn% S%Ni% LthﬁngB%L(%y\lavgga(tr%%gl ’IFI(?rlel I’3%SSI on

cont ai ned g/l act o f rypt acto- tract, ml4 sodi um
chlori de, abhi s2E@wandhpotaREbDiehk (ﬂ)}d@m JIONM) sedi introdieddt oxd pIE\iWas used to

ahl or | de_whesaau Gt R EuftnPrsd SPNE RPN Eeer 11 o gl ucose

(Fi sher ScimewtiidetiGio WRSIPAdEH@ A 402 fdNBles€oB&ADNIALE@Rs Alcorlhd®™  The cell's
were incubated_in a shaking. incubator at 30 cf for 2 hours before bei ng
25t r ansf er FEECEREYP of g iy§a¥o¢ont ai ning 50 ug nl ": 1 kananycin and 50 ug

(1 ril am%hjgilna-ho@t H% LLQE)HQJ@E]"‘IIQ)“{,I@E 3072 @h)ﬁ\’oﬁmgd @Mﬁa/m@ﬂk@ﬂﬁ@s wer e
screened tc)j'}_/;a PCR and th en by restrl ction enzyne digestion. Colonies positive
P

for thes g‘@lﬂlelezriﬂetlnéM§H6vWﬂE<tﬁéﬂ\ewyﬂél@tve&de slestrrérctopomddirgelst pattern were

i nocul at edy), X br ot aj ning 3050 ul m 1 kananycin and 50
p..1ml-1 ngko IglN?Céi]LrﬁE’“Tﬁmu lmtmd"’JiDn a shaking incubator at 30 0C

over ni ght . Figtve 5f sbbivoude rgaddy;tico0d Pﬂ?ﬂ)l@ﬁ])dﬂk‘lhr&cﬁu{vﬂtﬁ}ry@eVM@IDIKGEH fiee | nocul at e
500 m V\DnﬁOIO/ 0976/%3JC15 )yg ?\g/? 0/ 0 0%21 39 - ., broth as above, and
i ncubat ed {HREPSHEK; TAIBROBT Tas o oteck Bre oy h urs before being used
for floral FRiRR MBws the sclection of $.4GT2-PPDK (cIDINA and glINA) in (b) K326 and in
20 () Burley 21 tobacco lines;
Figure 7 shows the overexpression of PPDK in ripe leaves of K326 tobaceo;
Figuse 8 shows photos of rosettes of various cell lines of Arebidopsis thatiana, 1.c. wild-
type, APPDIC and SAGT2-PPDKgDNA against time;
Figure 9 shows the Ambidopsi reproductive tissue mass at wecek nine;
25 TFigure 10 shows the total plant fresh mass (i.e. rosette plus reproduciive tissue) of wild-
type and SAGT2-PPPRgDNA plants from weeks thiee to nine after sowing;
Figure 11 shows the Nitrogen content in leaves of wild-type, APPINIC and $AGT2-
PPDKgIDN A plants at week seven;
Figure 12 shows the Nitrogen content of individual seeds of wild-type, APPDIK and
30 SAGI2.PPDK plants;
Tigure 13 shows the total free amino acid content in the leaves of wild-type, APPDIK

and SAGI2-PPDKgDNA Argbidopsis cell lines;



A mhi dopsis plants were used for floral dipping at 4 weeks old. Al
constructs were 5transfornmed into wild-type ecotype Colunbia 0. Agrobacter
um cul tures prepared as descri bed above were centrifuged at 4 "C for 15

m nut es at and the cell pellets resuspended in 2 le 5 %
sucr ose (Ff@ﬂgggggzentlflc) solution (wv) and 0.05 96 ﬁﬁ%ﬁ%rﬁ§€{%
Specialties). Plants were imersed in,the cell suspension for apprOX|nater
10 seconds with gentle agitation, bef dr'e bei ng covered in dingfilmanti
10kept away fromdirect light for 24 hours. Following this, plants were
returned tﬁgmhé4w0nwahcgﬁd%ﬁhﬂ#égﬁwatdmduse@dnwasuhamw@%ﬁédtyﬁeﬁéction of
transgeni c r rmed plants was sel ected on
50 ugkana @ﬁﬁb ﬁﬂéec a 15 §ﬁﬁﬁf1‘9g1%%® §kquo Harrison et al. (2006),

Pl ant Met hdgs: 22;,}101\9 thd agcﬁ)ha;m&l Shawd ng\»ﬁjnha m)ﬁxtmezdr lesh stanceywere grown to

howi ng a0 sPes LB GH Rt GRp S G P RAdB AR aE "Car ryi no. o

singl e gopyigefe tchee ikansgend. wihese,plhantis: WEKE regal Moselfinpelsl Anat ed and
sel ected as above T2 |ines_t hat produced 100 ()/0 resistant offspring (13)
wer e chosetcagowlpslissiags Robok yisus aRdvater e bisbedrfleres it agkpeef ment s.
andellannggggﬁgzﬂwgﬁuused to select '12 generation plants that were
honbzygous for the transgene, and contained a single transgene copy. Five
independehﬁ?@iﬁ@bEAvﬂh@mNnhnwmzy@oﬁgﬁﬂhne@PRBhengehééw@d dachlcddr pl ants

transfornmed wi.th S AGL2-P PPU i gDNA. 25 Exanple 3
Tr ansf or mat’i on of N ol ‘%“aﬁ‘é‘”“i"é} “’““q R L‘?%G’é PPDKWKA and | | NPPPDKgDNA.

El ect r aconfigtsents sAogg @b@@iuﬂ}dum)riﬁwmu hldQ]h}Swﬁitllhajnmjrllg A3Adddgeas transforned

by el ectroporat.ion as describe u5|n the ds 13NP,

P, PROKG SRR A 23 RBEBERT R T o St R gt ST T L. br ot h v
added to QQ@LQQIﬁﬁg@ﬁggequggh§mumghghmmere then incubated in a shaking

i ncubator at 28 C., for 2 hours before being transferred onto LB agar
cont ai ning 50 ug m.1 kanamycin and 100 lig ml-1 spectinonycin

(Sigma- Al dej.eh).s After incubation at 28 "C for 2 days one - 40 - colony
was used to Tnoculate 50 mM LB broth containing 50 jigkananycin and 100 jig
specti monycin. This culture was incubated in a shaking i ncubator at 28 "C
for 3 days, %PI§§UyH_DQ£{MMOH;?gAC_ . y)restrlctlon enzyne

di gest, anmg" - : ; brot h cont ai ni ng
50 jig ml-thnkianamygicondand 100 jig m----1 spectinonycin. This culture was
i ncubated jn a shaki cub at 28 "C overni ght. Nlcotland t abor : um

cul tivars ‘Biffeey S Qﬁd’!’@ %&&%“@’ﬁ‘dﬁﬂ“ Ficiy SeBdearitetRe rotingest | eaves
wer e exci geg.f 5 o 8 .caeakyel @tnmlamzﬁmgndmak&eIulleg gﬁtsm & 916K/ My Donest os
thi ck 10bl each (Domestos) for 10 minutes before being rinsed in sterile

di sti | {%ed Rdt srtranaformesilinig boyike goberimgas tisedstiacunshericeds Piscs, whi ch
were then orr)lq%ﬁ 1(5nr'“ 9&1%.511 ( iqmgz(?{ﬂ%/c%al\@(dﬁ}! t}i}bﬁﬂ<f Qf q@oﬂ'@““t es. Leaf di scs
were then placed undersid ont o Iumcontaining 2.2 p.M

6- benzylawnﬁm@unwneﬂ@Bﬁﬁwﬁandn@yzﬁmykNNd)Kaphth@ke@@aeemmccaC|d (NAA) .

These wer 0 "C for two
Gl qgjmam q}uu){amc'!{ not 1h( ?mwcvu in yet andther embodiment, the

25 PPDK or a functional variant or fragment thereof. ];‘11'31:1}7, genomic DNA for the

Arabidopsis thatiana PP gene was isolated, as described below.

Isolation of senomic DNA

Genomic DNA {(DNA) from Ambidopiis thaliana ccotype Columbia ( was extracted
30 from leaves using the DNeasy Plant Mini Kit (Qiagen) according to the recommended
protocol. Genomic IDNA was used as a template for PCR reactions as described helow

using primer sequences summarized in Table 1.
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1 litre water, the mixture was stirred overnight in a fume hood, and then autoctaved.

RNA was extracted using ‘TriPure Isolation Reagent (Roche). 200 mg tissue was ground

in liquid nitrogen usin

g a mortar and pesde, 1

ml TriPure Isolation Reagent added and

the recommended protocol followed. The RNA peliet was resuspended in 20 pl RNA

Secure (Ambion) picheated to 60 °C for 10 minuies, The sample was centrifuged at

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

microcentrifuge tube to remove contaminating debris,

HE Id1'r1Y\'1ﬂ)tFH"(JI \\bies zﬁ(rir(%t gycr vector and



25transformed with the vectors contai ning PPDK codi ng sequence. Fol | ow ng
regeneration and Q PCI T checks to confirmthat successful transformation
had occurred, these plants were di scarded. For each construct

( S1GL2- PPDKgNM a3 S" . 4GL2- 11 TI DKgDNA) and each cul tipaleBQ{kkad2p and
Burley 21), six plants were selected. It was not possible to select only
single- insert plants, so where six Sngl e-insert plants were not

avai l abl e, plants with the | owest 0101097623PCT/ GB2010/ 050321 - 42 --
copy nunber possible were selected. "f hese plants were self-pollinated and
the seed walahHy yekitued offby Rdchers ditepted PO WpPAnomettalbfifygpinng were gr own
and Q PCR Y@&néﬁﬁ%i £4 2%@ ﬁ ('trvﬁ% i LMP”{%Q’ QQMSc Rl %BB%T H%@m%‘ﬁn horozygous

pl ants shoul d ensure stabi of fhe transgene in Gt'ure generations. For
each TO parenmta). Gobl¥prof fiEyprdr ﬂlgb@auoryywm% thie nltmdmé@améc)mrﬁisel ect ed.
il DR T R e A A L A A

Wi th | owner uegpys HuRigey manes @A@{BlcEDﬂ)@ducBle)hﬁ@USC»EFBheﬂﬁﬁx‘is Rid ity of

transgene silenc al so, t he sel ection of honobzygotes from
the T2 gengfBii'd ”‘gl"faﬂ&é@%&‘h?&/’?“ﬂ?dt‘ﬁ? %thg cleepprheash e BhYt st - and each

cul tivar foyk myi0dsQGhs lefﬁ,plm@m%pégm@u qn@@s)v<>1f1<rr@@)R&L%§qtﬁ(&dependent l'ines
were selected with | ow ransgene cop¥ unbers for "all further experinents.
75 Exanpl econtaincpdith or vandidguahtirfifcatirondfichppvid 1g¢ 6’%\eﬁ1ﬁ Homater ansf or med
Ar abi dopsi ﬁl)ﬁ'@ﬂ}fﬁ] a O’E“Ef ﬁco ﬁ&%%g%g\i '?“';@2 O%'n?’\/llb%ﬁz adil REHE gvil.OO my) was
ground under (' quid nitrogen in a rﬁ crocentrifuge tube’ usi ng a

m cr opest | iel)a?vidﬂﬂﬁo i3l % Feodiriae (Sigpm- bldfitier 0.0 Potlassiopmokhidsphat @MBuf f er  (pl us
Pr ot ease |I’lh|@l or¢ Coc t(t ail (PIC, Sigma)) was added. Protein concentration
was det er m'fied DY E‘ 'Grd assay (Jones et al., 1989, Journal of Cheni cal
Ecol ogy, 15, 979- 992) usi ng Bi o-Rad Protein Assay Reagent (B| o Rad)
according to the reconme ﬁk%g protocal . 25 Pol yacryl am cl

el ect r opho (é’é’i"ém’PPdlftéPrPrél b & B ﬁ?l%%t%\%wpaﬂrlyaeﬂ}|%ﬁ$aésa&e}ff\

el ect r ophor @sO e FACE)print: MBSO Vivpg lMLQantE%{llpl!(,ﬁ]lgl\;'jQJ ) acryl am de
(37.5:1 acry Iléf’(sL ggypll ,n ISglv(erﬁ) Bi ot e(():rg:?-l Ad), 50 0/0 (S\/{QIM\Q/\))(]/ Y))mmnobl ot

Resol vi'ng IBiifet oy Ogeel BRI BoYine)0dOmigeReeginanvidwsiom 30
per OXOdI S 1 as 8} QT a ) CVEISEe 1 1a1s ‘1(., TOINCOA
N, N, N N tg% ?%%etﬁhgﬁgﬁhmﬁgﬁ%%ﬁ; aﬂ% ?ur‘gw(’gever nré St q_ cﬁ & )The

st acki ng gel nodmsalﬁﬂed"ﬁ& %raimywbcamldef Zfsuablm/@mpﬁzﬁm%r(cwb‘\@c 1 dti6iobl ot

St acki ng E{,quF 0.06 % - 43 - (wyv) APS and 0.1 % (v/v TEMED.

El ect r ophdfes¢nas perfornmed on 20 jig total protein extracted using 1 x

i mmunobl ot Sanple Buffer (66 nM Tris-11Cl1, 10 % (v/v) glycerol, 0.7 inM
SDS, 0.7 M p nexcapt oet hanal IIDH Laboratory Supplies) and 0.05 ,40 (wv)
brom)p?‘(en gationf 4r F4X Running buffer (25 niM Tris 11CL, 0.29 5ni M

ﬁloﬁ?' gg ( FireRefonde hentibNiAC) 0 oB R ;JJﬂé M Bh S ey s G ER R ofppifcmA for 1

were amplified from the genomic or ecDNA templates by PCR using a forward primer
(ACytFWD - A4pAT, STEQ 11 No. 1) containing the Awdl restriction site and a reverse
primer (AMCytREEV-Ba A 11, SHQ T No. 2) containing the Bawli] restricton site,which
25 are shown in Table 1. The PCR reaction mixture contained 1 x HE buffer (NTIB),
2 mM magnesium chloride (MgCla, NEB), 0.5 mM dNTPs (Bioline), 100 ng template
(cDNA or genomic DINA), 0.5 pM each primer and 1 unit Phusion High-Tidelity DNA
Polymerase (NTIB), 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,



m nutes. Duplicate gels were run sinultaneously. One was used for

i munobl ot anal ysis (descri bed hereinafter) and the second stained using
Gel Code Blue Safe Protein Stain to(Fherno Scientific) according to the
recommendedyrQiR6RL; CGel Drying Film (Pronmega) was use];htfgggg(y{,@{z@i ned
gel s. I munobl ot anal ysi s Proteins fromthe gel for I mmunob

analysis were transferred onto a Prota an BA83 IsCel lul ose Nitrate Menbrane
(Schl ei cher and Schuel |) using Protean Extra-Thick Bl ot Paper (Bio-Rad) and
| mmunobl ot Transfer Buffer (48 mM 39 niMglycine, 1.3 mM SDS and 20% (v/ V)
met hanol ( Finshex cB&N/emtd PNl pireliBemilPPDiy LBl loteh éolafBi pRadyd, attwad5 V for 1
hour. Ponc ; V). Ponc ).. an Y. (W v) gl aci al
acetic a0|§%§#ﬁ§hegugéF%H§}¥'L%g%ugb ”“&pﬁ EEE%$UIHMl§suﬁgggﬁéhgfter bl otting
to 20verify%pmdté%mcﬁmﬁhaﬁeﬁﬁoandJNhﬁbﬂﬁmﬁmhﬂemmmschménnnﬁnﬁﬂd@pm distilled

water. Blo n er f.or PPDK |nnu nop anal ysi s fresh each day
usi ng 1 %mﬂbq‘% e e RGOSR R §o e/?(t P\’/‘é}f‘j Hh“r\?@%ﬂ?%}‘ 6 v)

pol yoxyet hylene se ﬁqh{annmnnqL@Mg@h@UﬁEMEEN 20, Sigma-Aldrich) in phosphate
buffered saline (PBS: 1.5 nmM 25potassium. di hy drggen orthoghosphate (Kt

| 2PO4, Anal*aRyR: ﬂs"lpﬁﬁwm»aPgeawmﬂﬁwéncw@m‘% PR SpHEtie somrm ¢hnl | pot assi um
chloride aﬂﬂzbﬂr@%mﬁ}))\'um %g}n'ﬁms(Emn%nlngef‘lwmgcq @Qfﬂlipfc"»&m@(ﬁ{ QLLV\B'S used to

adjust to pH 7 es were | ncubated in blocking buffer at room
tenperaturgimmﬂas%ha%éﬂ3kbmuﬁum®ubpuﬁwﬂnary hybri di sati on was perforned
using a 1: t ant. n (Chris Chastain, 30
M nnesot a é&gggglﬁn§§F§SP§fc?8ﬁ quh] tngEp%hCIFbg%gXHSHﬂfes each in

bl ocki ng buhﬁeﬁxdﬁﬁbmndﬂmyyhybhndﬂsabemmnma&umep&ﬁﬁnﬁﬁmu&hng a 1:1000

dilution o nkey A bbi,t Bi oti.nyl at ed V%ole Ant i. body al thcare)
f ol | owed b&)ggﬁﬁﬁ%ﬁén ?”33‘V§¥*?@PPfWPV”g‘“ﬁ%’m‘hyﬁ?? %%iVéeﬁhgg per f or med
usi ng al : 1000 it utd @p1di | uti on of Streptavidi nBi ounyl at ed Horse Radi sh

Per oxi dase Conplex (CGE Healthcare) followed by 3 washes of 5 m nutes each
in PBS contlalsrtig '01018ME pvd seprorneER 2une BNV berariesr ey e d i enticinded 3
times in disthld&ed ) \ﬂg&ﬁ&n ()f%tngl%c'ts%ily\@%l[pfﬁl 1f]91wmdl'\ )%b]ngby\ﬁﬁgtl/%[ Qrete! ght ni ng

Chem | um nescence ent (Enhanced Luni nol El mer) according to the
reconnéﬁdeﬂﬁ%kbmnbb4kbﬁ@ﬁbxdpmgx@onﬁngmméPuﬂk%h@+@4ibﬁshbmﬁDNﬁe sel ection
of transge&hﬁu(§l4612 PPDK Anbi dopsis iba liana cell lines by Wstern bl ot.
Protein was extracted fromleaf tissue of ei ght week old .4 rabidopsis

wi | d-type, (cﬁPBﬂﬁuctSAﬁlﬂmecﬂ%&W/oﬁﬂdc&ﬂtﬁ(l(‘&ﬂmﬁﬂm'l@g%%w}&h&m s, and

subj ected to,.i | ot an ysis to select |ines ex reSS|n hlgher | evel s
of PPDK. REEHHBT HLN 0%}% O’FP‘TB‘K ‘(%@“Q‘EP@)C"%%“%%%} Big 6%‘5%%“ieve control .
Pl TDK was maﬂ%@mﬁﬁt)m phbdHod-¥REQL, C$Rf%gw5mkllﬂlcangl$cL6 ARRK) . 15
5.41612- PPDKgDNA pl ants were expressin her | evels of PPDK than 14612-
PPDKcDRA. 1P Pﬂ%&’és‘@% a@hltlﬁahawgnfgslmg’cgﬂ fnghJé‘dﬂ@ 91 @: Fepafieviu/base

5. 41GL2- LTED- KN & 1pES: o FERK MBS HRgeectap! ﬁmmgdw S dyipss; and 1 VWPM

pl ant s, detecta evel s’20 1'n so eDNA pl ants, and
was detectbﬁ(éZQnuall S46712- PROKgDNA |ines. Tn three of t hese |ines, nuch
hi gher amounts of | TITDK were detected conpared to wild--type or SA GL

2- PPDKWN A |ines. Therefore, the presence of introns appears

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

25 Delow:

Cloning inio the pCR4A Bluni TORO veetor

PCR products were examined using agarose gel electrophoresis using 1 % (w/v)
aparose, .5 ug ml™" ethidium bromide (Sigma-Aldrich) in (0.5 x TBE. Samples were
30 suspended in 1 x DNA sample buffer (IDNA Sample Buffer at 6x working

concentration contained 50 mM Tiis(hydroxymethyl) aminomethane (1ris-HCl,



to have a positive effect on | TPDK expression |levels, and the SA

Gl2- PPDI CgDN A lines were selected for use in all further experinents. 25
nmunobl ot s agai nst PPDK were perforned on wild-type, APPDK and 5A612-
PPDKgDN A pliaitysidots,@r der to determne the onset and ext@itpBfoRR2K
accuniulath in SA Gl2-PRIVgDN A plants. 30Referring to Figure 5, there is
shown the quantification of PPDK abundgnce in wld-- type, APPDK and five
i ndependent S4012- 1) PDKgDNA | i nes frof week five onwards. PPDK abundance
was cal cul ated as a percentage of wild--type for each - 45 - point from
weeks | i veMeonilméorapaiea, @Fegeﬁ@whﬂﬁéﬁﬁeéﬁW6ﬂbﬂH@@é“ﬁ@&éMﬂ@ﬁemp0|nts 1:

. or bars Sb‘ﬁ%@n@b oo w%f%u& awfli’i?'%% nes. 3¢ ALLangad d.p order of

increa3|ng ance erences between genoty pes were tested
usi ng ANOVA (F 4.775, cif 6, p 0.001). Lines S|gn|f|cantly different to

ot et g HREEpfkG @%ﬁgof e Bk AR i R B W B 2D B o S eeks

t o ni neswepksicafubiap IEAWATIcKARDKPWaSc get Kﬁt(legd:rf) ql:(Q)MsﬁgﬂmuHIS in wld-type
pl ants from week five onwards, confirmng L %t the obser ved ncrease in
transcript wegw% HPOee A cuierising 80 |thﬁ 6t i e e uriefenes BRtsa a1 2

- PPDI CgDN AR E&uug %ep(ﬁ%uPPhmeﬂgﬁHﬁubﬂ&hQﬁdMﬁ§nﬁL%OR@@&%HVed at week
five, but PPDK abun ance is higher than in the w y No PPDK protein

Was det ect EBPPAt vaany (stiageen) ncth@mopbcaﬁ*t»fsmmmdfpétmedutloﬂwq(W\Vlmuant| fication
of PPDK i n, qgﬁmrga#f;t\v% Bﬁjﬁ EuSEn% V@3, s%‘)sc%n n%t Iﬁ]u d])il\sﬁ[})smf ferent anounts

of reconbi nant protein mare subj”ect e AGE and
innunobbotaawahysbéﬂoB@@dunmuemSLmydmﬂﬁxﬁatdﬁh&ﬁedmd$4n@cdﬁhphaiIIase
i magi ng softmere?qu a standard urve]qgnstr cte } lﬁs& n line was

cal cul at ed> 8T AL 'si' gREEPBY 8 A& S Wi EHE WS Ui ’“ﬁ“ uggtivt o

cal cul ate Ha%camlgntlsaqm ‘plypwhe (18] 5 gamphes. VeaiGe . nunablat  det ecti on
| evel s can varé necessary to i nclude at 20l east three st andards on

every i muboBPMbto tuaﬁ %h %{N Fpies Selemya- |]shé il *o\émeehwéﬁf f-erdht!%iMmunobl ot s.

Thi s techm(ﬂz% 0 T AE ggﬂdx kd 9@&&1% pf Bk %@PHH@'@;“&%AQ! sl f @g F;en, extracts
was used to sel ect an npar e di eret trans [i nes. Dﬁprotem

abundarite @ﬁ@1@éﬁdmb@ﬁedﬁbwwﬂ@ﬂgﬁénb@ﬂmewmm@ﬂ% 1@waﬁ@a}ds of

25r econbi nant mai ze PPDK protein for at |east four biological replicates
for each line at each tinme-point. The anal ysis showed that PPDK abundance
in .1 71G12- &} K¥d(ugDee wasnéd iGhRCR tikian] i i hadfct gpeinky, G meiele€lk ve onwar ds.

PPDK abund \N d.a per cent age t each

ti me- poi nt q@ﬁXﬁé@%&ﬂS@gg ﬁﬁ%?%é} UM‘@ Uﬁ”géfgéﬁmé&ﬂbééﬁg A line, and

the nean takgmiof-ihhene ivaiues) horquant iy PREK Bidb.pscurulathon over the
senescence perlod in each $S4G12- PRDICgDNA line, This allowed the SAC 1 2

- PPDKgBN APrafses T bamskoyslingeris redeisuHan hgiaitis wlepa e oS ePer Sabuftance, as
shown in H &Wu?cs?in]lowuﬂlg 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 electrophoresis as above,
Colonies containing the desited insert were grown overnight in a shaking incubator at
25 37°Cin 5 m! LB broth containing 50 wg m!" kanamycin, Plasmid DNA was exvracted
using the QIAPrep Spin Miniprep Kiv (Qlagen) according to the recommended
protocol. DNA was digested with 10 units Bawddl (NEBT) in 1 x Baml4] Butfer 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 AtCytI'WID-Apdl (SEQ 1D No.1y , APPDKSeql*1 (SEQ
I No. 3), AtPPDKSeql'2 (SEQ 1D No. 4), AIPPDKSeqR1 (SEQ 11 No. 5),
APPDKSeqR2 (SEQ ID No. 6) and AtCytREV-BanHI (SEQ 11D No.2), shown in



Since proteins winch accunulate in high anounts in transgenic plants may be
subjected to inactivation, the increased protein abundance does not
necessarily inply increased enzynme activity. PPDK is reversibly

phosphoryl ay@dhgighetcde dark, resulting in its 5 inactivatdofsoffhsidti body
has been rai sed agai nst the phosphoryl ated version of PPDK (Phospho- PPDK),

al l ow ng specific detection of the ina 8t|ve form of PPDK, whereas the

anti body used previously (anti-PPDK) détects PPDK regardl ess of
phosphorylatlon state (Chastain eta]., 2002, Plant Physiol ogy, 128,

1368- 1378) laithé wemei -3|bﬁbl§bhbrbpﬂ)r<uaﬁ‘mpbed§ﬂoma@mﬁ)sédlurmdere@tl lyxdét i vat ed
PPDK over i m three weeks to 10ni ne weeks after sow ng, on
|nnunoblotguhdﬁggggﬁé?gfgsfy wi th anti-PPDK. antibody and then stripped and
r epr obed. Surprrsrngly, i nacti vated PPDK (phosphoryl ated) was detectabl e

only at very low levels in Wi, noblots and
only duringxﬁﬁémpgfg “’%ﬁ&&%‘6?”%§§§H§§?@Hﬁémpfﬁpghﬁﬁﬁgfggrk pl ant s,
dependi ng Dinstfng i FFRrapQk Md act i vat ed, PPDK was detected at higher

| evel s. However, at tine-points soon after onset of increased PPDK
abundance, very little or no inactivated PPDK was detected despite high
abundance pf,,t9tRLERBRK, s1ese results suggest that while some PPDK

i nactivation could occur in , SAGL2- PRO CgDNA pIants i ncreased abundance of
20enzymat i BRPKyvadgitedinppbr NP 138 @980 linproacre uplDrhplcanrkofghe | east dur i ng
early stag . EXa eh Det.ec n i on of PPDK
protein .ng%?§%§?g&ﬁggﬁhﬁﬁﬁégﬁﬁgﬁFa%?%gﬁégﬁﬁrgﬁﬂﬁﬂhng émgll%ggde (100 ny)
was grOﬂndBNﬁﬂﬁKﬁWﬁnundrﬂhimmgﬁﬂﬂﬂd‘hﬂlA5vmﬂhuﬁkcﬁoﬁéhﬁm%ﬁmge tube using a

m cr opesde, and 4 tracti uffe oat Buffer (Pl G) was added.
B ot o - cokcene? aerar s RGekT R Rt B kGt 5t qaEday  CIBRES b ar - 1080)
usi ng Bi o- (Badml?rmiezmaimrsayrﬁeaggn&*\(\ah@nﬁad) inde@RE db AY I BOrbine recommended
protocol. Proteins mere separated by pol yacryl am de gel _el ectrophoresis

. 30( PAGE) @¥rier| et iinERitpll Bos cv Pr‘ ‘6%‘@‘?1?@%1&*%] HRHNSS ETr HirpPDK
protein quﬁ?ﬁf(';fat&)qw){m LR ok x@% cdBReh ugﬁgthfeqfl%gmﬁmh @(JA(QH cn] 1-7 -
| mmunobl ot s agai nst PPDK were perfornmed on protein extracted from K326
and Burf ey'lczmdmtgémer(amr@cmdtd)baewlIElaMéﬁ\ﬂ? ﬁ&@ﬁﬂ@@pltwcmwese@iw det achment
and i ncub ark nesGen S, u way so that
transgenc ?ﬁggbgf¥ﬁﬁﬁg m%?& g%kég uﬁ %3emcdﬁrg qggﬁ “@ﬁﬁﬁéd and ot her
I i nes discarded before plants reached maturity. In K326 pl ants, PPDK was

oo e bR + Dbl B P PRI A e (1O
abundant lmwfmum&i @Laofmmyﬂmnﬁa h ﬁﬁm @r?’( q@d cémaﬂd &43) 2 ubut was not
pr esent |n as :%gﬁnabundance as in our_|ines each for K326

and Bufi eyPD1 ¢ héd%ﬁﬂ&ﬁé§9pﬁﬁiﬁ)§5Uﬁdaﬁbbﬂﬁkpéﬂﬂéﬁé@d”90r aII further

anal ysis. 1%!{@99 N Ghe sk PRRK Ahke danae %ﬁ?m@@%@re}{?ﬁu@{ Wﬁ%srﬁ)% ysively in
SAGL12- PPDKgDNA 1|nes It appears that introns Ve a positive effect on

PPDK expr egsiosngc! dmuﬁa@@em ﬂh!gdﬂé?()ﬁ(gm’é \6>ktr¢1e1pceiwe ushewivqlhbmsel ection of
SAGL2- PPD'%M%& (?ur i ]Bllju,m mrws qn&g aTgllngLfl(Q[%S jum( Eiowlm T3 gr? PPDK
i mmunobl ot 10 &6t Transgent ¢ K326 EHIEER S WAL TS ced in green
| eaves ofjsuxnmeeMumhdr@Lanmsmemdena%hmemb%andﬁdankmmn@mbaiman at 30 C for
three days. Protﬁ Q M§ e“t @Cted ubjected to i nobl ot analysis to
sel ect *11 fEE EXBIELETIG HIGRER ooV rcet 0 HEtiO  RECB DI Natt mai ze Pl 2DK (50
lig) was ri)\aysua ZQOQQ%M Vi§stRIQRMIEQh ! Qnefr1eg9rre§rarrt@tqn Viglel apnabl ot i's
shown, mnth one of %s FIE%( Tom each parental |l ant’. Plants from parental
W

| i nes , SAGng \‘iﬁﬁm@gm&( OB seiebe @ islgr éﬁdmffi«ﬁmielA@QJ PPRReDNIN 45 ne C10
were used for al t sel ect
4N e r)[ al vs%&i‘rb'? @&“’f'@& huz#zl? é?’csf gnd L\%)ic rﬁn%l%”%?@(') Y

t ransgeni i nes, in sectl Plants from
par ent al HwﬂegﬂSﬁ&ﬂzﬁﬁPEKgDNAmQ&otﬁﬂwc@mﬁmamdrﬁ@@ndemeuudeduﬁontaH

25subsgauent ; ARAL YRS 6 kh PPDK cDNA and 4.4 kb PPDK genomic DNA fragments.

Fragments were inspected and quantified relative to HyperLadder 1 (Bioline) using 1 %

agarosc gel electrophoresis using ethidium bromide.



| munol il ots agai nst PPDK were perforned on wild-type, zero copy (negative
segreganfi, S4GL2- 12PDKgDNA K326 SA Gl2 PPDKcDNA K326 and SAG 2 PPD/ CgDNA
Burley 21 tobacco to determ ne the onset of expression of PPDK and to
30quantify Whe,@deei;ee of PPDK overexpression in the transi@iiRasphants.
Proteins were extracted from K326 wild-type and transfornmed plant | eaves
one (oldest) to eight (young) of threg nonth old plants and i munobl ots
agai nst PPDK were performed. - 48 - Referring to Figure 7, there is shown
t he overexpression of PPDK in ripe | eaves of K326 tobacco. PPDK abundance
was cal cul ated fromimiunoblots. Data are shown as nean of 10 bi ol ogi cal
repl i cat espfor, AeRuaoRNs Bt A4S, APHN QUL hLologlsal areplopat es 5 for each
, SAGL2- 13PDK ful tne.1 1I]Erlrort’garé’g’s{ﬁ)(z)w one  SEM ﬂ%&GlZd%PI%blk Ilbnes are arranged
i n order ofackingrdasiknghPRBEI:xabuntamoaic IThé digrfcar engeobgtweencgehot ypes
were tested usin ANOVA (F = 6. 995, . =.4,..p =0.001), .Lines significantly
G freront Lo SRR ok srer ey e B g Ry Mocdippt 25 So%) and- 10
(p = 0. 000 hospRPRBIS ARhundaRe-hwasishighen 10y ol dehckeppresioDNM | d-type
plants, indicating that PPDK is naturally upregul ated during senescence in
tobacco as"WEI!&s! 1t HepaB ydpLts urtcr e “E’f*é’ﬁ‘s‘?b‘i‘lﬁﬁ&“r{@"_é‘ég Brlants, PPDK
abundance 8230 aliSQcshh@hahcivRe@hidsroclBAMESinuARd iWRSH fusHbRigher than in
wil d-type plants. There was al so hi gher abundance of PPDK in younger | eaves
of transf oPyiemid wéz dibthithicgheser bPprecabubddhtesmanimmiihol Sesicder e
15perf_°r meghpn, P1Q} ﬁi(‘)]( 1:?%&)" ﬁQEngﬁlc)Rﬁvggizl '}:'Bglanh %@Xﬁ%fiqm\lﬁ%%%c P%?Z)pl ants
(negative segregants) and transtormed plant's. pe | eaves~are those at a
har vest@abl Bgstoageiciandvar ecilmiddhe ctagthent Bt'ages 20f usdne seerioes: HIPRDK
abundance was quantified. PPDK abundance was higher, in ri | eaves of all
Four 1 ndepandent T hkrar hen i LS e aBar 8 eS Farbe B B ant o
Over expressi on of PPDK during senescence using the SAG 12 pronoter 20was
successful, for K326 tobacco. ar'{pl e 6 Phenotypic _anal ysis of transforned
Ar al ncl opst2eSTpIHi's ey ersiord Apgbhidops FaHPaRe gf gt K 18r ring to
Figure 8, Jd4 ih&b%@é\ﬁdﬁﬁg&fﬁ@\@ﬂﬂ"(t:.hﬁ.tm}}' Hﬁg&yﬁ{?@%s&&%&%mcﬁfugﬁ’ PKGENA 1 n
Anbi dapsi s thaliana generates plants with |arger rosettes. 1 d-type, APPDK
and 146° 12:vZREd inpMIECh] Bhnd! G Bs, Patd grephiae:: 44 TR exonf3IVE) seven and
ni ne weeks«af OW NG puaipeAGh2nL ki 73 Mol re, | . .t han

: sg OW, DINA RN S0 98[¢,
W | d-type.( Th ]?ﬁeN%V\)/a qﬁg B |1'§@§§{§'gb%%éjcdﬁﬁ\%%gg)\%et \?/él}éﬁ ﬁB’BEf pi?altﬁt s and
wi | d-type Bibamng B®N/BRolyMD22010408762BRCT: GE32010/~x0B80321:tid9lcnatdetier m ned from

sanpl es freeze. dried overnight usjng an Edwards Super Mdulyo Freeze Dryer
o The neataet 6L Tt MRt R B GuPe e T e Hhare e

reproduct i deudds 88ME2 MBES 3atinWeekimiaNBal AwdsidRsep LESPANsR steinREl. DK was
observed, \)Ni‘t h lines with hi ?he_r P(I)DDK abundance havi ng hi gher reproductive
ti ssue?rasi<:R Prrdarts MesroHnEeT veng | <slid v ¥rens e c5arThe PeavEvYef | owers and

E i 1'iques) N@@nl‘é@tﬂﬂ%ﬁng Yalugsa s W@@ﬂﬁ(}\@tfl (;){[!thrliglet ipizgllwﬁlgngQubﬁt%pLij cates.
rror
37 °C in 5 mi LB broth containing 50 pg ml™! kanamycin, Plasmid IDNA was extracted

using the QIAPrep Spin Miniprep Kit according to the recommended protocol, DINA
was digested with 10 units Baz3T and 10 unies Sud in 1 x Band AT Buffer and av 37 °C
25 for 1 hour before being subjected w0 1 % (w/v) agarose gel electrophoresis as above.
One colony cach resulting from the ¢DNA and genomic DNA ligations showing the
correct restiiction enzyme digest pattesn were selected and sequenced using the primes

BNP-SAG12FWD (SEQ 11 No. 9), shown in Table 1, as described above.

30 'These constructs were named BNP-PPDIKcDNA and BNP-PPDEKgDNA, and are

Hlustrated in D'igures 3a and 3b.



bars show one SEM Transgenic ,S1.4 G 2 THEWNA [ines are arranged in
order of increasing PPDK abundance. Difference between genotypes was tested
usi ng ANOVA to(F -= 8.062, df - 6, p = 0.001). Al] SA G 2 -PPD i gDNA |ines
wer e signi fw)azr]}{mgﬁgiffer ent to wild type (@.4 p = 0. 03y sR st 0. 000,
G19.2 p = 2.3 p =0.001, Gl6.1 p = 0001) While the trend is not
absol ut e, Ilnes wnth h| gher PPDK abundgance tended to have hi gher
reproductive tissue nass. Reproductivé’tissue as percent age of total plant
fresh mass was al so cal cul ated, but was not S|gn|f|cantly is different for
wi | d-type, & APEK 2 o @A oGhatRn- (PP G DNA Gt s SUeH Pdci A ard KBPAND VA (F =
0.544, df pp 0.767, data not shown). However, the proportion of

repr oduct i veﬁ%gl‘i@sNu}E as a percentage of total plant mass was unchanged,
suggest i ng-Adhtictiwveplaat sias @VAhal & wasabigger bandecitdatatine seug ce

Total  pl ant e PEeH TR A P aoaten g PR et e R B e br ea i n

APPDK pkanshe Fnﬁqjmrne)fr\wﬁchshgnwnl@&nibhymdr\qu@ngeént to wild-type. Rosette
dry mass was al so neasured, and as for total plant fresh mass and
reproductive tissue mass, SA Gl 2 -PRD KgDN A plants were found to have
signifi cant lazu &ogt})%{mmgmmg) i hdad %P8 cuRek s g 0 digiihg 10, there is
shown total plant fresh” mass (rosette plus reproductive tlssue) of

wi | d-type &ndgSAGHRRDEDNG pldinszbrom Hedkand nilem ¢ricdidyesizift er sowi ng.
Data are s a ee.biol o for wild-type, and 15
bi ol ogi cal mr?}ep]?g{z)a?gcsp?’t%rqté%e ar qn] %ﬁa\slfh‘?g:hsg%l ngependent lines) for SA
G 12- 30 PRDRt:cgDNAmdanT Olibars 59@10W\JOIWETLISEM§)LW1J 400 y e 1&nmoinSAs, 6l 2

- PPDI DNA t ot a ant ITHS re co ar.e n dent,' t-test at
coon P g a s RRCER B e gRTPr L aer Tt A Rah ERERL Byt T30 Bro

Kiti, DNA p%@@f&iﬁc)at( dﬂ@ﬁ&mﬂd)rﬂﬁu{@sm3@1{31@32@@;Lmpmﬁ@l mmyle}di] L]S@J’ &nce was not
significant prior to onse PPDK over expression due to the 14C12 pr onot er

at week fi WwHowed by 1 b"ﬂi“rﬂﬂ?é‘b”e%@éﬁt’““ﬂl%@i?"’fﬂpﬁﬁ’l‘KS%fNﬂiq e &19198: i ncr eased

rosette dr M%H%%?»cnﬁn@]ﬁ%ﬁ%n@%ﬂ?%ﬁ@okg PR BK ﬁQHPQIQﬂ%ﬁmV@ﬁ peliserved as for
5reproductive tissue nass, l'ines with higher PPDK content having

hi gher fﬁas@inﬁ%déle&acbixdwwmsé’lfweﬂsl BNSo(2h aguredddad tA@PDIMgWaﬁetfgﬁz and was
not signifiga Siffer t a 5 r f Arab clop
sit |eaf Su?j ascqé%\a ¢inn p1<SeIn1Elgdt(9chI()L(gl qti(%llp%uh&tc @Jm Ef%&v\gsuv uct tglgoﬁnﬂtd)g d by

sanpl i ng aarsli thgtdis mateus@bhedbn iddSoed myhuk@dfhel@yerderarsnbjpdcagot he mass of the

| eaf and of the whole rosette nd phot ogr aphi t he | eaf. al ongside
a rul er. THEUQEPPHYRU PO of %Q qag (}%\i\gé‘] w@&gwgagggvﬂgwmé& and

sof t war e( Naf gnal s Rs tigkibhesrodf, cigabiihRepandnt dausunbace mcea of the whol e
rosette cal cul at ed fromthl s. 15 Rosette surface area was increased in

SAGL2 O1<gbmacpt-any/sPrapiYeui Hyt st YrsoppDch i egred s AWM e sur face
area was Sighidfe! ﬁﬁﬂtshél’mxlnq{}zg%r\u]c Qm@ﬁ@@o adif ) %19 ARLSoakviveeks six and
seven, by weeks ei ght and’nine surface area not significantly different
fromwi | d-Bsfpe. u‘sd,'hlcslcl1m,gsﬂndweclnlea@ke\wsmdé@ﬁrtt)&demmvelawct@udndo%é} 20 due to
:Nlnlczieta)slgg ang rl‘t)c]u:l,j«lzé ]ucg ElhngAgléH{I)%Pigﬁ%daq‘;\%g Jﬂfgtum((mct:gtfon nf@ nﬁ\ddll f?g?g::]tedt E)O
w | d-type @lilaats indd®iel mnak: lJﬁ)[f]lI}@ijl)’lmlflOB(Dlmh&}ll I2 hoandentE B&]ilg)n

25 transferred onto LB agar containing 50 wg ml™! kanamyein and 50 pg ml 1 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 LI broth containing

30 50wl ml? kanamycin and 50 pl ml™! sifampicin and incubated in 4 shaking incubator ac

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



25Chl orophyl I content was nmeasured in relative units using a CCM 200

hand- hel d chl orophyl|l neter (Opti-Sciences). Fluorescence neasurenent of A
rab idops is The EV/ FMratio was neasured using a Hansatech EMS2

f1 uoronet er wolBavesyer e 30dark adapted using |eaf clipserQpRYiges by the
manuf acturer, overnight prior to neasurenent. To determ ne whether onset of
senescence was altered in ,S1/1 Gl2 - .PPDK, gDNA. or APPDK plants rel ative
to wild-type plants, EV / FM rati os mere WO 2010/097623PCT/682010/050321 -
51 neasured. FV/ FMis an estinmate of the quantun1eff|C|encY

Phot osyst efPIrothanebayecior iesbiipein aphotie nRitsiainbi) ‘dcloupdhont biferea usef ul
measur e of ,L:he, Qn@&qhghd§?ﬂ§§cence since decline in photosynthesis occurs
early in senescence a decline in chlorophyll content is detected.
FV / FM was neasured over a tlnecourse fromfour 5 weeks (when | eaves

becone | ar Lo neas ! nine ks after sow ng. In
wil d-type, o éﬁﬁggﬁéﬁ (ﬁNﬁyh” “Kﬁﬂﬁ%” Pl?“{d ﬁ%ﬁﬁﬁ ““um%ﬁé%inal at week

seven and snnb&eqmenttbw degilcico@glpe Calaihbabi. ﬁgaﬁahﬁhwtcblmﬂt&gn@[fm@ﬂ&et of
senescence Wwas same in all three genot wever, in 5/1Gl2- PPDI WN. 4
plants FV. d?"al*—']i’\ﬂdvﬁggv‘s‘l“gﬁF‘f”i“éélﬁ‘t‘ 144 Mok -gtrel ffl%awm(&)(twé g clleeketei ght
lndlcatlnguﬂ&@b@&@%ﬂZﬂﬂﬂh@&ﬂ@&ﬂﬁ@@&%Lg@&&ﬂ%m%MﬁQQumhgnbﬁA?Emﬁéﬁﬁﬁﬁ of
senescence, Nitrogen content Tissue for nltrogen anal ysis was freeze dried
using an EdWeids " S(pesraidissy Slppesseinmiged in ficrdebiwppsios eaf tissue (25
mg) or tob )99\111%%{ 1ble3es (0 : MukLeaenLf ree

wei ghi ng ng "B émentar A %£Eé§§@§%gﬁgﬁgﬁbgj&9 %51 ¢ %f i trogen
Anal yzée¢ (EmenwmﬁawnAmaﬁ#@ahsw&%hne~Eh%hmnmawuyB@du@oAnwasﬂneinltrogen
content as_a pi qu“L > of {%\ i, %h)“,y5|ng t he reconmended settings.
Aspartic aci F@ TEPERIUES "TISEE %s a standard. Leaf nitrogen content
was neasured in Arab|d0p5|s mnld type S1/16112- PPDI CgaNi A and APPDK pl ant s
over a tlng,ourse_fron120three to nine weeks after sowing. Referring to
Figure 11, -gal Apgdibgi deldiden content in | eaves of wild type,
APPDK and &ed HobldaRRPLCRIM ARl Mgty 088knsEMEydRIIRfBde shown as nmean
of eight bi ol ogical repllcates for wld- tgpe and APPDK and four biol ogi cal
repl i cdf esPighcnigagetdingty Hetison pROGON’2aMetbads, 264 &1 pbafss are one

SEM , 51161}/ S @58 A o i ng PPDK
abundance. SfﬁgF g??%%é%@%m QRV%e%%\eﬁéaﬂgggc%gggyggﬂngﬁggﬁﬁ%iNCVVA- 6. 047,
(if =6, pscBeR0B) 'zbcAE’E%DKI‘,,E)hmtshoxasnghailllc%ﬁerPRisMﬁgDNm lecﬂﬁ&o%h@

;I gmof Iogg'nt gg‘g’lﬁfs}cﬂ% c,ecgt))o 1},/“:1%53%‘)211(45\5 glé-y\gz@i%m solbp()]%qt&b}é}{_ 0. 00? % fl

selected as above. T2 lines that produced 100 % resistant offspring (1'3) were chosen as

20 being homozygous and were used for alt experiments. Mendelian genetics was used to
select T2 generation plants that were homozygous for the transgene, and contained 2
single transgene copy. Five independent single-insert homozygous lines were selected

each for plants transformed with SAGT2-PPDKINA and SAGT2-PPDKgDNA.

25 FHxample 3 - Transformation of Nicotiana tebacin with BNP-PPDREKcDNA and BNDP-

PPDISeDINA,
Blectrocompetent Agmobacierinm tunefaciens strain 1.BA4404 was transformed by
electroporation as described in Fxample 2 using the plasmids BNP, BNP-PPDKcDNA
and BNPPPDKeDNA. Following clecttoporation, 1 ml LI hroth 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 ug mi~! kanamycin and

100 wg mi? spectnomycin (Sigma-Aldrich). After incubation at 28 °C for 2 days one



i ncreasi ng PPDK abundance during senescence coul d enhance efficiency of n
rogen renobilization. PPDK expression and activity peaked at week six in
SAG 12- PPDKgDNA pl ants, which suggests that a tine delay occurred between
i ncreased P ﬁﬁgdq§nce and a neasurabl e decrease in |gaf.pifts@den, which
could be attribute to the tine taken to convert protein amno acids to
transport am no acids (asparagine and gl utam ne) and transport them out of
the leaf. Analysis of Arabirlopsis seég 101 ndi vi dual seed nmass and
nitrogen content were neasured in seed of \vild-type, SAGL 2- PPDI cgDNA and
APPDK Al ba/c@lbqum wapd ®. in®edagr ¥ mgl-1 brdeh guma'nimgz P0 ihed e kivsinghiowndt he nit rogen
Ther o ver e 0GR { BBp S FRE OIS e W R BT R Pha
SAGL2- PPDKegDINAyp IPasih & 1R Basak @acsdiomd qaiSysmBBﬂ@ﬁj(‘&brg&H/y:hL alceg)eadl

replicates_fo | d-type and f oyr bi ol ogi cal | i cates for each
5AGL2- PPI N anmﬁ s U G gﬁ&f@ gwéogmmsa@% BIGBAT FT nes. ar o
arranged i Rn®@f@el Af1 iRGHRASHAIT }PPQlﬁu?gb\Uﬂd%%SﬁLdBN}ﬁﬁjﬁgﬁﬁuibﬁ%%en
genotypes was tested u5|ng ANOVA (17 = 6.704, df - 6, p = 0.000). Lines

si gni fi can®PyC averpightent to 20wi | d-type were GL9.2 (p = 0.000), GI2.3 (p =
0.005) and G16.1 (p = 0.002). Lines with higher PPDK abundance tend to have
hi gher seed nitrogen mass. Hence, individual seed nass was increased in al
five i ndepéhdent #«54@1 2+ PRI IbgNA! hahB32( etrapiove fron thd anl Ild-yoypeest and a
epstart iy e A ERE R M
was al so weicghethonands)trther®Emass hefosd ?gzlihgfﬂ[ﬁaﬂffn seiriff @egint @adbetiween wi | d-type

and .1.4612- pl ants,  so i d si S1/ 1 Gl2- PPDK

pl ants di d“‘r‘n‘BfOﬁﬁﬁ’ﬁ? SFSwSHBEhIC Reg H{Lﬂﬁﬁ\?éé‘ﬁm }PP%%%KM’E‘&%GFUZ”C‘Bht ent of
Ar abi zt hp. Us 4beRberkl$sM8e FROLEALL 138UBE LOQ (T8 pRE vanQuAdasndeso! 1 qui d
nitrogen in a 1.5 n nlcrocentrlfuge t ube us a mcro est ki (Eppendorf)

and 300 p. MSspetin eoenoailsad! warery': %Olbﬂdldéﬂj’/%éalﬁﬁl( re subjected to
centrif UQaIL h?gu@!t]cnqé%c%?%n[ me )t ['ﬂ(( we leghc%n in'pglﬂ%grg OE))FI %t%b i(g]q%gent ration

was determ ord assa Jones et a usi ng ad Protein
Assay Reagén@T@Bﬁb%ﬁ&dﬁdﬁ@comdkm@dt@“mhewrMb@nﬂemded&pmoummmhmﬂSanples wer e
prepared fo nal u5|n t he faa Sanpl e
Festing ki 0 BTEhoRERLR RaSePabol 0T (T BO SR HE A Py 81 DL T Canpl es

wer e resusgendachnd 1{)anu519)1 rivh @ATeiRT LAY fliedsred: @uﬁzﬁfﬂﬂcﬁa{bﬁt@t@kwn&m@‘iﬂ ies) in
50 %sterile distilled water and 50 % ultra %rade met hanol (Romi|). Sanpl es
vere then SGHPEEEeiovesvEy dhdarsdtr bratedridpridiried Epattysndtrty (LG M)

usi ng a Q lﬁaﬁx‘%c&%%ﬁ%q&ﬁ%&li%guﬁ' &P&&%&%@Aw&gﬁwm ik Ro@p, F£hi aast 250

x 10 3. AAA- col um ( Phenonenex) anmmoni'um ornate in 50 %
(v/v) g«f erflwéﬁdmgﬂ i100 pdmivakermand- S@U%‘(fwse/)hfuhtwcac grasderesse hdhol as t he

mobi I'e ph ]an WJ;Il-h]eS FBEEm CB?&hm?rHs% &l I%§ U %d n‘h cpipﬁ‘!lgll ﬂ(j ]«;errllalq?c‘%% with

condi ti ons

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

25 shoots were further cleaned by transfesring the shoot tp to 1.8 medium with no
antibiotics or BAP, When sufficient roots had generated, plangs were transferred (o soil

in greenhouses.

Selection of transpenic Nicotiana tabace

30 Quantitative PCR (Q-PCR) was used to quantify transgene copy number in 'T0 and 'T1
plants. Whete possible, single insert T0 and homozygous TT plants were chosen for

analysis. Tor transgene detection, primers BNP-1271TF (SIEQ I No. 10) and BNP-



recommended in the EZf aast Kit (Phenonenex). Results were analysed in the
supplied Anal yst software (Applied Biosystens/ MDS SCI EX). 15 Total free

am no acid content was neasured in | eaves of wld-type, 514Gl2- PRO cgDNA
and APPDK. Atjahifapthr plants over a tinmecourse from V"eﬁﬁﬁ(;hﬂﬁ@ -u%z‘? ni ne
after sowing. 20Referring to Figure 13, there is shown e tota ree am no
acid content is increased in | eaves of4 Ar abi c/ opti c overexpressi ng PPDK.
Data are shown as nmean of six biological replicates for wild-type and APPDK
and four biological replicates for each S. . 4(712- PRDNONA |line. Error bars
are one SENPOHREPROIYDNA! ) ivvesised.@s drovarigedbli i, wxlder Vief IANEYeasi ng PPDK
abundance. . r. 1 | am no acid
cont ent théﬁl{' eng)ﬁjﬁﬁ%,% u?g\lfgﬁ}@tllzoﬂ%u"nﬁ\{%ﬁmli%gg t}l{“ Ig):alﬁfference was
not si gni f|11eamnmﬁezmntce&ﬁ ednustitng PANCAN LT 1T (SL(BIIMNOdH)amﬂS\M@V(Q 289). In

SAGL2- PPDI I)l:?glA . horal free amr id nificantly

hi gher than'i %Q g[)jﬁ\g’pe})pﬁ"“é‘n'fbéd’a‘fld 'ng‘eﬁ”ﬁ}%g?gg%”‘Eﬁﬁtkgé‘f whi ch | eaf
ni trogen copter®ic o beC 0B sb@MinkORBkd YhelcallendiR@Bnddddihype, and one
week after maxi mum Pl ?DK abundance in | eaves of SA 012- PPDNONA pl ants. The
i ncrease o€fhER Ruaiquopiveby Redpagaite ‘SautbebPoy dgoivs Pries & al t hough
variation wag.H (@b‘()/l?'l‘]'uﬁh%lﬂt L4:8r enees 27@9&%‘&"&1 o Rl W4 &')H@aﬁnch ines and the
wi |l d-type were not S|gn|f|can Thi's 1 ncrease suggest s that at this

ti me- poi nt Varicriel Meia Mx 6800 ‘b}mMoedLﬂPis’net "&'kbﬂr&ea}n probe éﬂ*@gt%halmiem no acid
export can_o cids urin X Total free
am no aci dlsw\%e%)rné’f(ﬁggg];?rﬁirﬁ “c%”ﬁcmﬁd ’mq thji p% ant® s“@())”r]rlfjar ed to

wi | d-t ype. BN r@ngpoetiraaml |ﬁ0naleii?djss,L(cglL1u; amlbne,1aﬂdqla$parlag|((aﬁggm\)\ere al so
nmeasured and e res ed as a rcent age of to al free am

SACL - PPDI GBI A S PP HEaGr Lo i G o R eutt Foae S PPN Cant 1 y

hi gher t hamad: Remi tigle Pyae,yﬂbagnpp@ta Imekeﬂg emmna;mdqieegh&] eu(];h@qi dsxcr ease
occurred in all five ind ) nes, alth a

10vari ati of® Via &)1Hpghmaw@ifq“ﬁeuabx‘F(éwe%t:e%‘)“bétf\wzeéh‘vfmrais\?fl@ﬁ%kif Ir(?‘ es and the
w | d-type WeL e, TLa \§é19%ﬂfl)’s&?‘mng, SIS gﬁ”‘ﬁ)%g ?sn@mw@\ﬂ? Juﬂilax std%@)r ease in
total free amno acid content iI'n , A MCgDNA pl a content of
transpdft am no acids increases as a propordon of the t ot aI Again, this
igggglst ; f) -«%{%&H*t g(fnr;lcn nceiLéSé ‘P(Il%liif‘%l%l()f%’tpb,fglg}ycltll()og{(],ncel)ég(%lelg’i%]() 'mnﬁ uplc_‘)f s 15 t hat
i ncreased PPDKacabupﬂﬂﬁt@temdmm(mg)samezscm@e) ~ILM:1I’ Gf&ﬁe&niy qe;fxfglcmoepcy of
amno acid | St er - conv rS| ons | eadi ng t ?W g | on A}Jof transport am no
aci ds. | n APPBRYBEEHt SreREG &1 GRM P Eanelegier fefs H%fe“% BOTRENR] HIPSFBE was
observed. E%mleﬁcawbﬁa%ml GsiaRalighnhSeffded FANSERENRH 4 GR3sMO plants 20
Anal ysi s of tobacco | eaf nltrogen content Leaf nitrogen content was
neasur éd i HUBEPE. dsadies e isEgAriv OISR egahts &Y YSACTPRDIPEI SR Bict obacco
R pe | cavernanebiongiseady. FanRaryeshia.d ok phapacen Al adusiion. |. eaf
ni trogen content” of DK pl ants was n that of 25negat|ve
segr egant 1piBPdHI1§\PJﬁ’d)’DI<s@}PéA@ﬁd 'd3hd’ thlti\g,l)fhﬁ“ep’dmd%mmgﬁm(cmnﬁpplﬂﬂ( | i nes.

e at the Ut 80 s D ShTBREY Rbul el et ea P e SbReEs BB uct  on.
However, the Cf)aﬂ‘ttuttmﬁtwctﬂﬂﬁﬁﬁiH\i\ﬁﬁsﬁ}inﬁd{“ it dllhf,iﬁtf)@ﬂ&::aol nd @afe ni trogen content

inri pe | eaves does pnot necessarily 9 y. that nitrogen renobilisation
was nof’ i nérakeagd wlt tlt(1 ELOBGP & ggtlgolf’ Igléﬁépglgp 2 figgluence. Follbwing

regenceration and Q-PCR checks 1o confirm that successful transformation had

ocecurred, these plants were discarded.

[or each construct ($AGT2-PPDKcDNA and SAGT2-PPDKgIDNA) 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



SAGL 2 -1.31)Dii sDNA Amhi dopsis plants, |eaf nitrogen content was
significantly Iomer than wild-type, but by |ate senescence the difference
was nuch smal | er. is therefore - 55 possible that a difference in |eaf
ni trogen cog&eﬂhmbﬂigobacco occurs earlier in senescencgapsdidfal, t he
di fference decreases by the tine |eaf nitrogen content was neasured.
5Anal ysis of tobacco |eaf am no acid ntent Am no acid content was
measured in mature | eaves of K326 toba i nduced to senesce by detachnent
and incubation in darkness at 30 "C for three days. This all owed
conpar i sonsoiyoub@cnpeleiblsetaveehcechel lsangdieavesclbebbnacdand thf teed vianduct i on
of senesceﬂ%\&udnductlon of senescence by | eaf detachnment and dark

i ncubat i on shows' 10gr eat est overl ap of gene expression patterns wth
age-rel ated senescence. In K326 tobacco, total am no acid content increased
foll ow ng I ductl nescence .i n negative segregant plants and in

, Sl AGL2- M F%ﬁ?@coiﬂ)ﬁ?%wégge%&aﬂfe MR ROAA TR S FEFEniRsEt ot al
anino aei dh@@m}@m«, ]%ﬁom@ bﬂdhh%/??ﬂzs@fmﬁ,eﬁﬂ&ﬂ@@ﬂﬁlﬁ} stABly 0Shl GlgpedSPPDK | i ne
Cl10, the increase was ni fican smal ler than that in negatlve segr egant
pl ants, buf? iﬁbnbwewm P PEPKY P“ﬁ’él: SHORET RESTEAT DE HRTCEHITTEr ence to
negative S@@Jc&gam)wmmt@% Y BLEXRIESSE BNLRL: IRRRL S, AUGEsenesegnce
t heref ore appeared to 'have i fect on total "am no ‘aci’d content
fol |l owi ng Wﬂ@w@nu@ﬁmefmdmrkawnduméﬁleeﬁegceﬁmetwvnéngp@mhkmﬂxﬂmwaC|d
]Sg: Fg\?mmnge| ra]‘npus WEIE 591? mg(g 1.2(]) JEd u%rc] ﬁ“ll’{]’:tp(%t!ﬂeslg&yl(}?%[1[]6‘%?(';153 a:’ékemé) é’trh“rdrqg d’q?ﬁ]oggfﬁo
negati ve Slgméﬂahimﬁﬁdnﬁﬂﬂ&@ﬂ?ﬁ@%s“hnﬁﬁmiangnhHQMEHME&%ﬂQ,$mgﬁ4¢ ycant

di fference_bet ween enot%ges int _g ree oﬂ |ncre?se follomnng i nducti on
of senesceffE&NARRIET Vdgrcl ghhes &g B s P S EER fORESE was nmeasur ed
in K326 t ohags@deAndedase i@ fiGant li¥in Y@@y inbmbers G2 PhkitNgDNA and
.514612- PPDKcDN. --1 plants conpared to negatlve segregant plants, for al
f our i ndeperigementsr ansgeni c |ines. Mass of seed per seed pod was al so
measured, and was significantly higher in 146' 12- PPDKgDNA and S461 2-
PPDKeDI VA pl ants. 30 56 - seglegants for the SA (11 2- PPDK |nsert) and

, 5AGL2-"PPDKxphdnt s Dewasomra i@ oletedl 3\ JAILS titgpaaind wei ghi ng
apprOX|nate Yoo 1000 seed Dat a are shomn as nmean of 10 bi ol ogi cal replicates
for zero cbpy*plants and four biological replicates for each SAGL2- PPDK
line. Error bars are one SEM $S401 2-PPDK |ines are arranged in 5 order of
i ncreasing. PPDK abundance in ripe |eaves. Seed mass is higher in 14Gl PPDK
pl ants. Th ! bet ween genotypes were tested using ANOVA OF =

4.870, df ﬂfrfb:(/ajpu eqﬂﬁQ&Q) 00 Aa;m@ %lgnlumugaﬁlh dhiglhdeh & £t Hfi0 zero copy
plants were GB (p 005) and f 02). éb The percentage nitrogen
cont ent? of ﬂ@é@‘énm&@thvlynémgrlcwm@rw‘f: em’ﬂ?(hdep‘ewﬁeﬁbuf&u 22PPPKg, DATA and
S4G12- PPDI @&5\(4[(, hhﬁg lupwnt&bein%i{nf)?{ §0G8 d}ﬁ(s Sﬂ%ﬁq))s\lﬂfgnl flupgg)ttun However,
mass of nitrogen per s ed was significant er in .Sl 4C12- PPDK: gDNA and
, SAG7 2- 13PDKGDNAo@hamd@unﬂﬁﬂ@ﬁéhmﬂn@'&@yﬁwguﬁea15)b9ﬂomsﬂefearly shown

t hat seed tro

3 t ob Th
mass of ni ”g’e ?ﬂ'%g%n %“ggﬁ% 'lﬁl_ g}gn?&% (R, 1838t obacco. The

according o the zc.(.on*mmnd(,d protocol.

25

Polyacrvlamide gel electrophoresis

Proteins were separated by polyacrylamide gel electrophoresis (PAGT) in a resolving
gel containing 10 % (v/v) acrylamide (37.5:1 acrylbis acryl, Severn Biotech 1id), 50 %
(v/v) Immunoblot Resolving Buffer (sce Section 2.10), 0.05 % (w/v) ammonium

30 peroxodisulphate (APS, AnalaR) and 0.05 % (v/v}
NON,N'Ntetramethylethylenediamine (TEMED, Severn Biotech Ltd). The stacking gel

contained 5 % acrylamide as above, 50 % (v/v) Immunoblot Stacking Buffer, 0.06 %



copy and . SAGl2- PPDK pl ants, was cal cul ated from seed mass and seed
nitrogen content data. Data are shown as nean of 10 bi ol ogical replicates
for zero copy plants, and four biological replicates for each SAGL2- PPDK
l'ine. Errorwoahfmig; one SEM 20 SA G 2-PPD/ C |ines arg@¢EanaR6h,,n order
of increasing PPDK abundance in ripe | eaves. Mass of nitrogen in individual
seed is higher in 34G1l2- PPDK pl ants. Ihe di fferences between genotypes were
tested using ANOVA (17 = 7.807, (If 4, p = 0.001). lines significantly
different to zero copy plants were GB (p 0.000) and G10 (p -- 0.000). This
suggest s t fratv) AP roden Vs (igpl VEMGLS dddsopagesinersaasednddrpn 29 4RP@lL2- PPDY cgDNA

and .V., , , 0 tss, /@ dose
response tg%ﬁﬁg%ggﬁ%gé fgéﬁnﬂlﬁ@gﬁﬁﬁl@ﬁ; ﬁ(il(%erﬁl(?%%alpltbﬁ(j/a%é inripe
| eaves hadgmaw@eﬂ7s@@dDbnd]NhMmmkn@eeﬂnnﬁéﬁ)ﬂhhgheﬁnm&s$m@w1mh@@3per seed

pod, and ipc f n|t e ndi .vi Thij rongly
supports am}%VgFPd gg%ﬂRPHULWFIP%@%H*”%#bBWP%gﬁﬁl&%ﬁﬂgbr% hgé% ncr eased
PPDK cont entM alppeatsht:chadGQanes . ety Witsh: h 0eFeaset) At fogasuswppl y to
seed. WO 2010/ 097623PCT/ G 82010/ 050321 - 57 - In summary, in 34Cl2-PPDK
K326 t obactd{%idi vi dual seed mass (Figure 14) and nitrogen mass per seed
(Figure 15) were both increased, suggesting that nitrogen rempbilisation
was increased by overexpression of PPDK. An increase in transport amn no
aci d cont eRtplpicgshestd my shadivesuso Pt wheref or enbendipeetled, as for .4

rabi dopsi t d‘ﬁsdc"i‘lb‘upﬂuén JPFQRKQIQ% (91(1a“.rtllt,!r§{_( ul_!% (,?(Fddcll% Jue & qf(,aig }Q‘PPS%’H am no acid
content was neasured In na ura f senescent 1 eaves, as 1'n tobacco,
senescemceﬁmmsnwhdumewfmynlmgh)dmtaohmﬁmtuhmduunbﬂbabnmmﬂnhndarkness Si nce
t he proces £S5 th . 9¢cc n dar |nduced and age-rel ated senescence differ,
t he proces@ %n%é SHE“” PRE{8acco | eaves were unlikely to be anal agous

to those in the Anbldoptls Ieaves 10 Exanple 8 CGeneration of Arabidopth
pl ant s over-expr ssing. PCK and Pl ?DK Over-expressi on of. Atabi doptis PCK
(At4937870m¥¥ﬁgﬁiﬂﬁél§€hescence was achi eved by fusing the coding region
and genom ek ANRn@ theRESOE B h QL8R REFERE: AARACH Ialbad, A80en346SA(T 12)

pronmoter within the BﬁP1380000001 bi nary vector, which was 15transforned

into Aﬁb&@bkﬁ@wm Mamhy maéSctﬂle@bcrmbééMm I)Ewlradbdﬂe@ Hxembhigk Bvhe At PCK
codi ng SEqHeN 6( fL fln? ?&m]u%\ @Itfquf&qm{”ﬁ{? nq}%l\ﬁ\lsﬁl&}% (}jcntl(,he genom ¢

sequence wa rom 'hosi sgeno usi N descri bed
in Exanplelﬁﬁnmsbehame@hb@ﬁxPRE&moH@WamekunE@Qqubmmﬁ@nﬁﬂw&mQBdes|gned

20i ncl uding fhe sgart, and stop cod f_the, Arab hal | At) PCK
gene  and S48 1R itddB R SFESDR BL b PP BT LR *Por AR pr i e

At PCK- Nba d; fEQRa((L&EQJJ {:I}Jshuoiac%ﬁ)iﬁc)ﬁ{?}gs :2) sBatkoliBS bkh6ll0Ri& i ®uhdiot he reverse
priner, AtPCK-Sac. | REV (SEQ as shown in Table 1, in order to

facilitht et NP B EEn Oy f’@af‘&”dﬁ%?w‘t“ﬁé“g‘éfﬁé‘] inrifigiledhaaBNP1 380000001
vector, which is illustrated in Figure 3a. 25 The cDNA and genom c DNA
tenplates used for each PCR reaction were prepared according to Exanple I.
The PCR. . lleddétd lorfendociinia< imntlraihﬁredﬂ‘l} 6 WHE rvulf: fesh ¢(NEB)Y, u@lgrmmmgnesi um

ot G, (068 ST L2012, 00 1 1 Lol @0 o "
PO|ynEraseﬂémHﬁﬁﬁLamETHBJ%Dthth(Mﬂ@uﬂﬂﬁﬁ@fmﬁdﬁﬂ&kh@ma(PBSGVlﬂ&fTherﬂa
cycl o5 of BEC BT e BOEBR0 &R B et Kehareh ErHETor 72 fof 2 mn
30 s for tiereedbMeheghaR, 2.7 mM potassium chloride and 137 mM sodium chloride.

Hydrochloric acid was used 1o adjust to pld 7.4, Membranes were incubated in blocking

buffer at room temperature on a shaker for 1 hour, Primary hyhridisation was

performed using a 1:10,000 dilution of rabbit anti-PPDIK antbody (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



WO 2010/ 0976231 TT/ G B2010/ 050321 58 - and 4 min 30 s for the genom c clone.
The last step involved a final extension at 72C for 10 mn. These PCR
products resulted in a 2 kb band for the coding sequence (cDNA) and a 3.5 5
| d) band fokydhey@enem ¢ sequence of PCK, and were PEG prgghiidabed. The
anplified DNA was |igated (blunt-end) into the pCl24 Bl unt-TOPO vect or
(I'nvitrogen) according to the recomended protocol, as for PPM< descri bed
in Exanple 1. The plasm d was then transfornmed into Library Efficiency

Dl - 153( Heal cells. Kanamycin (50 nml-1) was used as the selective

ant i bi ot i c hYPsgRten asgwHerNEssend: $8Y ddtted BytieottonyPPCRinysi ng the priners
At PCK- Xl i ag (F [(c($m1 ch{QNQh %51)0\91@%@ (’A(‘L“IP% @Clltmﬂc)%@nl)éa \gﬁq}l{,sf or both

t he coding region and e genom c cl 0sitive col onies were gr own

over ni ght |0ﬁ3amsuhakndgmﬂ%uioattmmngdll‘BJKWu)erBLhNZt@f 1,13 broth containing 50
ig m: | kanamycin. 15 Plasm d DNA was isolated using the Q Aprep Spin
Mniprep kit (Qagen Ltd) and insert sizes were anal ysed by a sequenti al
enzyne resMedntiimnweicgestrinsdhd gneais deansd \Edcxowhch}’oxﬂir@Qﬁ:t bitgedluspg of DNA

with 10 units of x. Xbal huffer a for h and then adding 10
i tsof ' SR HAd D e B A B7EIRGH HIg PBIAGH DA

cont ai ni ng,dcbLl H%Q{)rlg@ltwgm@@,mcg I,y@gc(ﬁequenced usi ng At PCK- Xba | FOR/ At PCK- Sac
20 | REV. Sequence was anal yzed using BioEdit and the anplified At PCK codi ng
sequence and genom c sequence were verified using BLASTX In order to
ligate thepff.ROS GoALAT, HEA! 00, ANALIGNQRLE (FLARGANEGIIPLPRNP vect or shown
in Figure 3a, E~ col oni es representing eac two plasm ds were
used tdeZSMm/uﬂnatielfr@&crﬂi inef L Bebeothipic Bnttan niang: &Owel ifgnnikatkanamici n. The
cultures were _ay. r,ng h) DNA was
purified uSPhg M‘t{“LO]( ’A”/”V’?' Y s% E:) 2 ‘%Z /1%9{ %)S}&e'ﬁplf%‘?}?me pBNP

vect or WaSPBDRglf}NQQv 4rfls, afd mﬂi@:lﬁtcﬂ &almfuafsm(ﬂnmbms th k@ear 50 Apreafingcul ture
containing 50 lig The sane _sequenti a zyme digest as

descri bed WBGEHas! btﬁ?%ﬂyﬁw%ﬁnamwbgﬁ @ﬁ @mﬂﬁpwm@vb g of 30 DNA
was di QESt&meoDTPPU}@wQJ RS AAScE ANLR- RHOS: 1515131<Qﬁ§lh:ﬂ9;1{n@9(m®91)@4)d genomi ¢

cl one and \éﬁ DNA for the pl 3NI P vector. Sanples were separated by
cryst al’ vi é)ﬂ 2-GBPRgPRE: plaphoresikrresing Mgher oy ddefdiE elrie P {4 i ed using the
Q aqui ck GeppkXbachi o The NP vect or
product was treated w‘?ﬁ&!;ltcw Tmﬁ& wqngu%g?%séé ﬁv?g\%’e%@é DImiljgatl on and
t he codi nglieegi on and genom c clone inserts were I igated into the pBN ?
vector using Xball Sacl. digests. Library efficiency Diil5a Had/ cells were
transformed with 2 ill of the ligation reaction and positive colonies were
scr eenedd5];]Hyl&RﬁﬁuH5d'tﬂgnlﬁI 18%1)@& “Jnﬁ@?’l’@-ﬂd ]Jﬁtlﬁ%sg@ﬁch%\ﬁ loR! 138 d DN. A was
extracte romthe. ¢ e cota|n|ngt e desired insert usin

Q . Apr ép Sﬁl"HmMSﬁﬁ(ﬂrﬁﬁﬂ )%\E’@ Q@‘éﬂmtt“{f)‘ deiperalrng Aats?é {fblsléat}é}hl%y di gest ed

with 10 unides 10hnXbat Lhc,sle%n&knhﬁ& 91@_{}1c$31%0@ﬂg oEPPRORLr Beff £ ah )'t?‘(?c Cfor 2
h.1.1-wo separate
to wild-type or $AGT2-PPDKDNA lines. Therefore, the presence of introns appears

to have a positive effect on PPDIC expression levels, and the $AGT2-PPDKgDINA lines
were selected for use in all further experiments.

25
Immunoblots against PPDIC wesre performed on wild-type, APPDI and $AGT2.
PPDKDNA plants in order to determine the onset and extent of PPDIC accumulation

in $AGT2-PPDKgDNA plants.

50 Referring to Figure 5, there is shown the quantification of PPDIK abundance in wikd-
type, APPDIK and five independent SAGT2-PPDKgINA lines from week five

onwards, PPDI abundance was caleulated as a percentage of wild-type for each time-



10 col oni es each of the coding sequence and the genom c sequence insert in
the pl 3Nl ? vector, which showed the correct expected restriction enzyne
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20~ least three standards on every immunoblot 10 allow true comparison between different

immunoblots. This technique for quantification of PP abundance in different

extracts was used to select and compare different transgenic lines.

PPDIK protein abundance was calculated by reference to the known standards of

25 recombinant maize PPDK protein for at least four biological replicates for cach line at
each time-point, The analysis showed that PPDIK abundance in $AGT2-PPDKgIINA
was higher than in wild-type from week five onwards, PP abundance was calculated
as a pereentage of wild-type at cach time-point from week five onwards for each
SAGT2-PPIKgIDNA line, and the mean taken of these values to quantify PPDIC

30 accumulation over the senescence period in each $AGT2-PPDKgDNA line. This
allowed the SAGT2-PPDKgIDNA lines to be ordered according to increasing PPIIK

abundance, as shown in Figure 5.
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Since proteins which accumulate in high amounts in transgenic plants may be subjected
to inactivation, the increased protein abundance does not necessarily imply increased
enzyme activity, PPDIC is reversibly phosphorylated in the dark, resulting in its
inactivation, An antibody has been raised against the phosphorylated version of PPDIC
(Phospho-PPDI), allowing specific detection of the inactive form of PPDK, whereas
the antibody used previously {ant-PPDK) detects PPDIK regardless of phosphorylation
state (Chastain et al,, 2002, Plant Physiology, 128, 1368-1378). The anti-PhosphoPPDK
antibody was used to detect inactivated PPDK over a time-course from three weeks to
nine weeks after sowing, on immunoblots probed initially with anti-PPDI antibody

and then stripped and reprobed.

Surprisingly, inactivated PPDIC (phosphorylated) was detectable only at very low levels
in wild-type plants in a number of immunoblots, and only during the iater stages of
senescence. In $AGT2-PPDKgIINA plants, depending on the time-point inactivated,
PPDI was detected at higher levels. However, at time-points soon after onset of
increased PPDIK abundance, very little or no inactivated PPDK was detected despite
high abundance of total PPDIC These results suggest that while some PPDK
inactivation could occur in $AGT2-PPDKgIINA plants, increased abundance of
enzymatically active PPDK is present in SAGT2-PPDK plants at least during early

stages of senescence.

Fxample 5 - Detection and quantification of PPDIK protein in transformed N.zgbacon

plants

N.tabacupr leaf tissue (100 mg) was ground under lquid nitrogen ina 1.5 ml
microcentrifuge tube using a micropestle and 400wl extraction buftfer (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
(PAGE) as described in Example 4. Proteins were analysed and PPDIK protein

quantified by immunoblot as described for Example 4.

<130>
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Immunoeblors against PPDK were performed on leaf protein exuracted from K326 and
Burley 21 T1 generation tobacco leaves induced to senesce by detachment and
incubation in the dark at 30 °C. Senescence was induced in this way so that transgenic
lines with highest PPDK abundance could be identified, and other lines discarded,

5 betore plants reached maturity. In K326 plants, PPDK was detected in high abundance
in three SAAGT2-PPDKgDNA lines (G4, G8 and G10) and in one SAGT2-PPDKcDNA
line (C10}, In Butley 21 plants, PPDK was abundant in four SAGT2-PPDKpIDNA lines
{3, G7, G15 and G23), but was not present in as high abundance as in K326 lines.
'The four lines each for K326 and Burley 21 that had highest PPDIC abundance were

70 used for all further analysis. Since highest PPIDK abundance was observed aimost
exchusively in SAGT2-PPDEgIINA lines, it appears that introns have a positive effect

on PPDIK expression.

Referring to Figure 6, there is shown the selection of $AGT2-PPDK K326 and Burley
15 21 tobacco lines, as follows:
() PPDK immunoblot 1o 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 o select lines
expressing higher levels of PPDK. Recombinant maize PP (50 pg) was used as a
20 positive control. One representative immunoblot is shown, with one offspring from
each parental 'T0 plant. Plants from parental lines $AGT2-PPDKgIDINA G4, (68 and
G10 and from SAGT2-PPDKcDINA line C10 were used for all subsequent analysis,
(¢) PPDK immunoblot to select transgenic Burley 21 lines, as for K326 in section (1),
Plants from parental lines SAGT2-PPDKgDNA G3, G7, G15 and G23 were used for all

25 subsequent analysis,

Immunoilets against PPDK were performed on wild-type, zero copy (negative
segregant), SAGT2-PPRDKgDNA K326 SAGT2-PPDEKCDNA K326 and $AGT2.
PPDKgDNA Burley 21 tobacco to determine the onset of expression of PPDIKC 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.
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Referring to Figure 7, there is shown the overexpression of PPDIK in ripe leaves of
K326 tobacco. PPDI abundance was caleulated from immunoblots. Data are shown
as mean of 10 biological replicates for zero copy plants, and four biological replicates

5 foreach $AG72-PPDK line. Jirror bars show one SEM., $A4G72-PPDK lines are
arsanged in order of increasing PPDIK abundance. The difference between genotypes
were tested using ANOVA (7 = 6,995, df = 4, p = 0,001}, Lines significantly different
to zeto copy plants were G10 (p = 0.000), G8 {p = 0.003) and C10 (p = 0.000).

10 PPDK abundance was higher in older leaves of wild-type plants, indicating that PPDIK
is naturally uptegulated dusing senescence in tobacco as well as in Arabidopsis. In the
transformed K326 plants, PPDIC abundance was aiso higher in older leaves, and was
much higher than in wild-type plants. These was also higher abundance of PPDICin
younget leaves of transformed lines with highest PPDIC abundance. Immunoblots were

15 performed on protein extracted from ‘ripe’ leaves of zero copy plants (negative
segregants) and transformed plants, Ripe leaves are those at a harvestable stage, and are
in the later stages of sencscence. PPDK abundance was quantified. PPDK abundance
was higher in ripe leaves of all four independent transformed lines compared 1o zero
copy plants, Overexpression of PPINS during senescence using the $AGT2 promoter

20 was successtul for K326 tobacco.

Iixample 6 - Phenotypic analvsis of transformed Arebidepsis plants

Analysis of Ambidopsis plant growth

25 Referring to Figure 8, it is clearly shown that the overexpression of PPDIgDNA in
Arabidopsis haliana generates plants with larger roscites,  Wild-type, APPDIC and
SACGT2-PPDEgIDN.A plants were photographed at three, five, seven and nine weeks
after sowing, $AGT2-PPDKgDNA plants were larger than witd-type. There was no
discernable difference between PPDIC plants and wild-type plants,

a0
I'resh masses of rosette and reproductive dssue were determined using a Mettler

Toledo AB104-S balance to the nearest 0.1 mg, Dry mass of rosette tissue was
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determined from samples freeze dried overnight using an FEdwards Super Modulyo

Freeze Dryer to the nearest 0.1 mg,

Referring to Figure 9, there is shown the reproductive tissue mass at week nine. A

5 dose tesponse to PPDK was observed, with lines with higher PPDIC abundance having
higher reproductive tissue mass. Total reproductive tssue (stems, cauline leaves,
flowers and siliques) was weighed. Values are means of three biological replicates. Error
bars show one SEM. Transgenic $AGT2-PPDKgIINA lines are arranged in order of
increasing PPDK abundance, Difference between genotypes was tested using ANOVA

10 (F=8.0062 df = 6,p = 0.001). All £4GT12-PPIDKIDNA lines were significanty
different to wild type (G9.4 p = 0.031, G5.4 p = 0.000, G19.2 p = 0.000, G123 p =
0.001, G16.1 p = 0.001), While the trend is not absolute, lines with higher PPIDK
abundance tended to have higher reproductive tssue mass, Reproductive tissue as
percentage of total plant fresh mass was also calculated, but was not significantly

15 different for wild-type, APPDK or SAGT2-PPDKgINA plants when tested using

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 aliocation
20 between vegetative and reproductive tissue was unchanged. Total plant fresh mass and
reproductive tissue mass were also measured in APPDI 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, SAGT2-PPRKg DN A plants were

found to have significantly higher mass than wild-type.

Referring o Figure 10, there is shown total plant fresh mass (rosette plus reproductive
dssue) of wild-type and $A4GT2-PPDglDNA plants from weeks three to nine after
sowing. Data are shown as mean of three hiological replicates for wild-type, and 15
biological replicates (three plants each for five independent lines) for S.A4GT 2

30 PPDKgDDNA. Trror hars show one SEM. Wild-type and SAGT2-PPDKgIDNA total
plant masses were compared using a student’s t-test at cach timepoint. Rosette mass

was significantly higher in $.AGT2-PPDKgDNA plants at week nine (p = 0.032).
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The difference was not significant prior (0 onset of PPDI overexpression due to the
SAGT2 promoter at week five, All five independent $AGT2-PPIDKgIDNA lines had
increased rosetie dry mass, A dose response 1o PPDK abundance was observed as {or
5 reproductive tissue mass, with lines with higher PPDI content having higher mass.
Rosette dry mass was also measured in APPDIK plants, and was not significantly

different 1o wild-type plants.

Determination of Arabidepsis leat surface arca

10 Surface area of the rosette was determined by sampling a single matuze leaf, usually leaf
10, determining the mass of the leaf and of the whole rosette as above and
photographing the leaf alongside a tuler. The surface area of the leaf was measured
using Image] software (National Institutes of Health), and the surface area of the whole
rosette calculated from this.

15
Rosctte surface area was increased in SAGT2-PPDKgIINA plants following onset of
PPDK overexpression. While surface area was significantly larger in $A4G72-
PPDKgIINA 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 SAGT2-PPDKgDNA plants compared to
wild-type. Surface area in APPDK plants was not significantly different to wild-type
plants.

Determination of Chlorophyll concentration

b
i

Chlorophyll content was measured in relative units using a CCM-200 hand-held

chlorophyll meter (Opt-Sciences).

Fluorescence measurement of Awbidopsis

The I'V / FM ratio was measured using a Hansatech T'™S2 fluorometer. Leaves were
30 dark adapted using leaf clips, provided by the manufacturer, overnight prior to
measurement. To detesmine whether onset of senescence was altered in $.A4GT2-

PPIDKgIINA or APPDK plants relative to wild-type plants, I'V / I'M ratios were
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measured. FV / FM is an estimate of the quantem efficiency of Photosystem 11, and
declines when photoinhibition occurs. 1t 1s a useful measure of the onset of senescence,
since decline in photosynthesis occurs early in senescence, before a decline in
chlorophyll content is detected. FV / FM was measured over a imecourse from four
weeks (when Jeaves become large enough to measure FV / FM) to nine weeks after
sowing. In wild-type, SAGT2-PPDKelDNA and APPDK plants, 'V / M was maximal
at week seven and subsequently declined, indicating that timing of onset of senescence
was the same in all three genotypes. However, in SAGT2-PPDKgDNA plants TV / FM
was significantly higher than wild-type at week eight, indicating prolonged

photosynthetic activity in the later stages of senescence.

Nigrogen content

Tissue for nitrogen analysis was freeze dried using an Tidwards Super Modulyo Freeze
Dryer. Arabidopres leaf tissue (25 mg) or tobacco leaf tissue (100 mg) was packaged in
nitrogen-free weighing paper {Elementar Analysensysteme GmbH). A Rapid N 111
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
Avabidopsic wild-type, SAGI2-PPDKgIDNA and APPDK plants over a timecourse from

three to nine weeks after sowing.

Referring to Figure 11, there is shown the nitrogen content in leaves of wild-type,
APPDK and 8.AGT2-PPDKeDN A plants at week seven, Data are shown as mean of
eight biological replicates for wild-type and APPDIK and four biological replicates for
each SAGT2-PPDKgDNA line, Tirror bars are one SEM, SAGT2-PPKgDINA lines are
arranged in order of increasing PPDK abundance, The difference between genotypes

was tested using ANOVA (IF = 6,047 df = 6, p = G.000). APPDIC plants and all

SAGIZ-PPDKgDNA lines were significantly different to wild type (APPDIC p = 0.004,

G944 p = 0000, G54 p = 0.000, G19.2 p = 0.001, G123 p = 0.007, G16.1 p = 0.006).

Leaf nitrogen was significantly lower in all five independent S.AGY2-PPDKgDNA lines

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

<400> 13
P2 al
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5 to the time taken to convert P otein amino acids to Ansport amino acids {2 qspamgmg

and glutamine) and transport them out of the leaf.

Analysis of Arabidopsis seed

/0 Individual seed mass and nitrogen content were measured in seed of wild-type, SAGT2-

PPDKgDNA and APPDK A thationa plants.

Referring to Figure 12, there is shown the nitrogen content of individual seed of wild-
type, APPDIK and SAGT2-PPDK plants. There were significant increases in seed

15 nitrogen content of the SAGT2-PPDKpIDIN.A plants. Data are shown as mean of eight
ological replicates for wild-type and APPDIK and four biological replicates for each
SAGT2-PPDKgDNA line. Frror bars are one SEM. SAGT2-PPDKgDNA lines are
arranged in order of increasing PPDIK abundance. Difference between genotypes was
tested using ANOVA (7 = 6.704, df = 6, p = 0.000). Lines significandy different 10

20 wild-type were GG19.2 (p = 0.000), G12.3 (p = 0.005) and G16.1 (p = 0.002). Lines with
higher PPDK abundance tend to have higher sced nitrogen mass. Hence, individual
seed mass was increased in all five independent SAGT2-PPDKgDNA lines relative to
the wild-type, and 2 dose response to PPDIK abundance was observed, with plants with
higher PPDIK 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
SAGI2-PPDRgIIN A planis, so increased seed size in SAGT2-PPDK plants did not

compromise total seed harvest.

Free Amino Acid content of Ambidapsis leaf tissue

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

were subjected o centrifugation at 13,000 tpm at 4 °C for 5 minutes. Protein
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The mass spectrometer was used In positive fon mode with conditions as
recommended in the 7 faast Kit (Phemonenex), Results were analysed in the supplied
Analyst software (Applied Biosystems/MDS SCIEX).

15
Total free amino acid content was measured in leaves of wild-type, $AGT2-
PPDKeDINA and APPDIC Arabidopsis plants over a timecourse from weeks three to

ning after sowing,

20 Referring to Figure 13, there is shown the total free amino acid content is increased in
leaves of Arabidopsis ovesexpressing PP, Data are shown as mean of six biological
replicates for wild-type and APPDIK and four biological replicates for each $AGT2-
PPDKglONA line, Haror bars are one SHEM. $AGT2-PPDKgIONA lines are arranged in
order of increasing PP abundance. All five SAGT2-PPDRgIIN A Tines 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 (I = 1.314, df = 6, p = 0.289).

In SAGI2-PPDEKIDNA 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 SAGT2-PPDKgDNA plants. The increase occurted in all five

independent $AGT2-PPDKgINA lines, although variation was high and the differences



<210> 17 <211> 3358 <212> DNA eol f-othd-000001.txt <213> Arabi dopsis

t hal i ana <400> 17 atgtcggccg gtaacggaaa tgctactaac ggtgacggag ggtttagttt
ccct aaagga60 ccggt gat gc cgaagat aac gaccggagca gcaaagagag gtagcggagt

ct gccacgaclaéh 9a4/@a9i:90t ¢ cgacggt gaa tgccacaacc at cgat gagertheabbdeat
acagaagaaal80 cgttctgctc ctaccacacc gatcaaccaa aacgccgccg ctgettttgce

cgccgt ct cc240 gaggaggagc gtcagaagat tcggcttcaa tctatcaggt ccttataata
acttcacata300 tacagattat tcatacgtta cttttgttta taacatactt tatatcgaat
t aaggaagat 360 tattgc ttt tcgt tcc a tcattttcat ggaaaaagtg tcttttagct
aaat at at gg&#oreeytrdgidiet mensd H"é GPACE QUL ALATEREt dAdBEESg AMEaTt t t C

aat tact at t 480 o GlUHGLLGA Bl CAALABM@LARELLOht: hdale@tdd ALE ALid QAL L ag
acatttat gg540 acaagttaat gcgct atltgt gact attacc agaaaat aat actttaatgt

acat gacacg@e®t grtccasand sgavdnyicyyacaaviaaduring tydtaf aattldtec gaaacagk g
at cot L ageaqe. L5041 ARGAR A01.0R99,255A0001 0..9190930900 at ccagcaga

gaagaagacc720 gat § act ccggc gtacgcet cac ggecaacatc attctatctt
ttctccggect 780 actggtgctg tcagtgatag ctccttgaag tttactcacg tcctctacaa

tctttcgcecet ca? t caa at aaacc{ gaat aa tct gaa at aaat gt t
t ct gcaacga 0%5“8‘8‘ ’glé]f)éﬁ’ 1Yot tYt At T o tcg PGP @ﬂf TPtatgdgca
agct at t aag26Qrckatb gagaqag: @Lhtgl iRt Incast 1.Ch@at,/ 0gagehlt 9ghsf@aca6ht t C
t ggt gct aagl020 act ggt cgt 9 ct Cccaga at aacht gtt gttagagatg ctactactga
ggat gagct t g gontent was significanty higher than in wild-type plants’ar weeks seven and eight,
The increase occurred in all five independent SAGT2-PPDKgDIN A lines, although
10 variation was high and the differences between individual lines and the wild-type were
not significant. Therefore, in addition to an increase in total free amino acid content in
SAGT2-PPDKgIINA plants, the content of trangport amino acids increases as a
propottion of the total. Again, this suggests that glutamine and asparagine production
exceed the export capacity of the leaf at these imepoints, supporting the hypothesis
15 that increased PPDIK abundance during senescence increases the efficiency of amino
acid inter-conversions leading to the formation of transport amino acids. In APPDIC

plants, no significant difference to the wild-type was observed.

Example 7 - Phenotypic analysis of transformed tobacco plants

20

Analysis of tobacco leaf nitrogen content

Leaf nitr(.)gen content was measured in ripe leaves of neqati\r'e segregant and SAGT2-

production, Leaf nitrogen congent of SAGT2-PPDK plants was lower than that of

25 negative segregant plants, for some of the four independent SAGT2-PPDK lings.

Ripe leaves were used 1o measure leaf nitrogen content since these leaves are ac 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
$AG12-PPDRgDNA Arabidapsis plants, leaf nitrogen content was significantly lower

than wild-type, but by late senescence the difference was much smalles, Tt is therefore



t ggt ggggaa agtgagtatt cctaatctcg attttgattg atggagtttt tgggtttatglldo
ctctgttttc gtttattgat tttggagttt gattttgatt ttaggggttc gccgaatatcl1200
gaaat ggat g aacatacttt catggtgaac agagaaagag ctgttgatta cttgaattccl260
tt ggaaaagg LafdaaRtdt tgaaaacttt aatcaatgtt gttgagtgta gagshiohdaahs20
tctaagttta tgaaatttct gttgttgttg gggtttttag gtctttgtca atgaccaatal380
cttaaactgg gatccagaga acagaatcaa agtcaggatt gtctcagcta gagcttaCcald4o
ttcattgttt atgcacaaca tgtaagtaaa atcattattg actccttgta tgtcaatccal500
ttattgtggg tgaaagaaaa caacaaatta gtaactgggg agggtgtcag gt at ccgal560
ccaact cagg Pagtidgetitagiiigerretn ggtitrerencoygatn hneetatas a«ug‘aa% gct ggg1620
cagtticcal gtaghaollanganl GLLAc aLeact beal wiractaneal, agaseihaa 1680
ct ggct agga gggaaat ggt gt  actcagtatg ctggggaadt gaagaagggt 1740
cttttcagt gntcgatglcatta ccttatgcct aagcgtcgta ttctctccct tcattctggal800
t gcaat at gg gaaaagatgg agatgttgct ctcttctttg gactttcagg tatagtagagl860
acagtaccaa ctatggtgtt gggtgatgat ggaaggaacg at aaatcaaa tgatacaatal920
caattag&gc&%@aaﬁﬁgaﬁkaﬁgag@@ﬁ&g@ﬂ&h@g@tcttt gttgagttta gcgggt gaat 1980
5 eolf-ot 000001.txt tgagattgat gattgtgttt tttgttttct atgaatgatg
attttaggt af\(‘,’é’gfgﬂéfbtjé’é“?@&@* ’é.’é’éb q(jff BRUECEY A e*alé?( T (R ? %t t ggagat
gat gagcat t ;gi.{ 993Gt 9a21A0.AneL gat@t & LLegaacatd @ R990tIegs atel.abgct aag
tgtgttgatc tttcgaggga2l160 gaaggagcct gatatctgga acgctatcaa gtttggaaca
ggt agaaagaf@agvaergattp@m@dc ettt b tmqig?agalaﬁaiaanéeg@a%@@@l gt gat at aac
aat aagat t ¢, 1, 9aL 64! Gl 2780 I6AALALNGY. AR Ok AlibE HBUSAG, GRRACCa0ad
aagtggatta ctctgataa 0
10 greatest ovetlap of gene expression patterns with age-related senescence.

In K326 tobacco, total amino acid content increased following induction of senescence
in negative segregant plants and in $AGT2-PPDK plants, The increase was calculated as
a percentage of total amino acid content before induction of senescence. For SAGT2-
15 PPDK line C10, the increase was significantly smaller than that in negative segregant
plants, but no other $AGT2-PPDK line showed a significant difference to negative
segregant plants. Overexpression of PPDK during senescence therefore appeared to
have little effect on wtal amino acid content following induction of dark-induced
senescence, Transport amine acid {glutamine and asparagine) content also increased in
20 K326 tobacco following induction of senescence, but the increase occurred in both
negative segregant and SAGT2-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
SAGT2-PPIXIINA and SAGT2-PPDKcAINA plants compared to negative segrepant
plants, for all four independent transgenic lines. Mass of seed per seed pod was also
measured, and was significantly higher in $AGT2-PPDKgDNA and $AGT2-
PPDKeIIN.A plants.

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

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

Page



tctgttacag gtaaaacaat tgttatttct ttcattctct tcgtcctcac aattaacaga2400
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tcattccaaa tgcgaaaata ccttgtgttg gtccacaccc gacaaatgtg atacttctgg2520
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agat t ggt gt Ga{ G 3&% 5‘&?@@3&@&“@&%‘%%1&@&1"%@%38‘

18 <211> 20456 4<RLImiNAime LidzinAnab ugRRS! & khﬂéd]ﬁ%nﬁ‘l&l@?@@a% atiieggccy
gt aacggaaa tgctactaac ggt gacggag ggtttagttt ccctaaagga60 ccggt gat gc

cgaagat aac ‘“gfaetbagediygcaaagagag gt agcggagt ctgccacgacl20

10 The percentage nitrogen content of seed was higher for ali four independent SAGT2-
PPDKDNA and SAGT2-PPDKINA lines, but the difference was not significant.
However, mass of nitrogen per seed was significantly higher in SAG72-PPDKgDINA

and $AGT2-PPDKeDN.A plants.

75 Referring to Figure 15, it is clearly shown that seed nitrogen content is increased in
SAGT2-PPDK K326 tobacco. The mass of nitrogen in individual seed of K326 zero
copy and $SAGT2-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 cach $AGT2-PPDK line. Hrror bars are one SEM.

20 $AGI2-PPDK lines are artanged in order of increasing PP abundance in ripe leaves.
Mass of nitrogen in individual seed is higher in SAG72-PPDK plants. The differences
between genotypes were tested using ANOVA (IF = 7807, df = 4, p = 0.001). Lines

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

25 "Fhis sugpests that nitrogen supply to seeds was increased in SAGT2-PPI2KgIDNA and
SAGT2.PPDKAINA K326 tobacco plants, 1n K320 plants, a dose response to PPDIK
was observed. Plants with higher PPIK 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 2 role for PPDK in nitrogen remobilisation,

30 since increased PPDIC content appears to be connected with increased nitrogen supply

to seed.
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gat agt ggt ¢ cgacggt gaa tgccacaacc atcgatgagc ttcattcgtt acagaagaaal80
cgttctgctc ctaccacacc gatcaaccaa aacgccgccg ctgcttttge cgecgtctcc240
gaggaggagc gtcagaagat tcagcttcaa tctatcagtg catcgttagc atcgttaacg300
agagagt cag ¢grfrraaR%gt d99t gagagga gatccggcgg agaagaagac ggatgatd 360
actactccgg cgtacgctca cggccaacat cattctatct tttctccggc tactggtgct420 Page 6
eol f-ot hd-000001. t xt gtcagtgata gctccttgaa gtttactcac gtcctctaca atctttcgcc
t gcagagct t 480 tatgagcaag ctattaagta tgagaaaggt tcgtttatca cttctaatgg
agctttggcg540 acgcetttctg gtgctaagac t ggt cgt gct cccagagata agcgtgttgt
t agagat gct 609 naptrpdt agd s at gadeiotighgtggdyamagegygnese fopyga i dtwaticgaaat
ggat gaacat 660 actt caga 4t _ ccttgga
aaaggtctttggb%u%caaKh%%dg %‘ d%§13ﬁgﬂguf%'émg§”5 %%%ggtgtgaagtcag
gattgtctcaﬁB@ﬂgsﬂa@agem&ma&ﬁﬂnmwamxpg%kmaﬁg@ﬁﬂ(a@caﬁgﬁgﬂauhmmgaccaac

t caggaggag840 ctt ct tt ctcc ttttact atatacaat cagtt
t Ceat ot aat S00°CEPTARARY € T Yae PR gRet Rt Ayt Agad 't/jf"%g(%é’fggc
t aggagggaa96Q, at-ggitaiacyhig glaet 62in0t abge!0gdn §aadt GRag v agegL et t t
cagtgtgat g1020 cattacctta tgcctaagcg tcgtattctc tcccttcatt ctggatgcaa
tatgggaaaaﬁU@@“@éﬁ@@é@&tbﬂv%gﬁﬁﬂﬂtﬁﬁﬂb%¥?gg%%@%m%ﬁﬁggﬁﬁééBBb aagacaac
gct gt ct act 3149,,031 GRGAARAGGH ALGhE_LsiIQIRgALaaL.s apgoatt Bt drggactgagac
tggtgtttcgl200 aacattgagg gtgggtgcta tgctaagtgt gttgatcttt cgagggagaa
ggagcct gat 12b@eatictgascgratidtecdagroctsyggaacageg intthgbaaatgvestygtgt t t ga
t gageacacc) 340, a9R0ARAL99 BULACHCLI% LARRL FLAL! acagagaaca cacgtgetge

ctacccaatt
10

Lixample 8 - Generation of Arabidopiis plants over-expressing PCIK and PPDIS

Over-expression of Arabidopsis PCK (At4g37870.1) during senescence was achieved by
fusing the coding region and genomic clone of PCK to the senescence-associated gene
12 (SAG12) promoter within the BNP1380000001 binary vector, which was

15 ransformed into Arabidapiis thaliana, as described in xamples 1 and 2.

The At PCK coding sequence was first isolated from Arabidopsis cIONA, and the
genomic sequence was isolated from Arabidopris genomic DNA using PCR, as
described in Fxample 1 in relation 1o PPDK. However, PCR primers were designed

20 including the start and stop codons of the Arabidopsis thaliana (At) PCIK gene, and also
included an Xbal restriction site in the forward primer, APPCK-Xba IFOR SEQ 1D
No.25), and a Sad restriction site in the reverse primer, APCK-8ac IREV (SEQ T
N0.20), as shown in Table 1, in order to facilitate the subsequent ligation of the gene
into the BNP1380000001 vector, which is fllustrated in Figare 3a.

25
The ¢IDNA and genomic DNA templates used for cach PCR reaction were prepared
according ro Tixampie 1. The PCR reaction mixture contained 1 x HIT buffer (NIIB),
2 mM magnesium chloride (NEEB), 0.5 mM dNTPs (Bioline), 100 ng of template
(cDNA or genomic DNAY, 0.5 pM cach primer and 1 unit Phusion High-Fidelity DNA

30 Polymerase (NEB). Thermal cycling was performed using a Techne Thermal Cycler
with an Initial denaturaton 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



gagttcattc caaatgcgaa aataccttgt gttggtccac acccgacaaa tgtgatactt 1440
ctggcttgtg atgcctttgg tgttctccca cctgtgagca agctgaatct ggcacaaaccl500
atgtaccact tcatcagtgg ttacactgct ctggttgctg gcacagagga tggtatcaagl560

gagccaacag GRfhdldshs agcttgettt ggtgcagett tcataatgtt gead SheR&ahe 20
aagtatgcag ctatgttagc tgagaagatg aagtcacaag gtgctactgg ttggctcgtcl680

aacactggtt ggtctggtgg cagttat ggt gttggggaca gaat caagct ggcatacact 1740
agaaagat ca tcgatgcaat ccattcgggc agtctcttga aggcaaacta caagaaaaccl800
gaaatctttg gatttgaaat cccaactgag atcgaaggga taccttcaga gatcttggacl860
cccgt caact ot gyt 84 ghvr thaayaeyy G‘h:ne-éﬁaézagaﬁlain@1@@(@9@@89}“%#@9]@ ég"gft 1920
ctgttcaaga agaagitcga gytttttgct aaccataaga ttggtgtgat ggt aagcttalos80
cggaggagat f'ctcgct gct ggtcctatct tttag2015 <210> 19 <211> 671 <212> PRT
<213> Arabi dopsis thaliana <400> 19 Met ser Ala (fly Asn Gy Asn Ala Thr

Asn Ay Asp, G E _Ph_e\_ser‘%Sloql he Pro Lys Gy Pro \\{fﬂ],wbt Pro Lys lle
T Th oy ARG LY 302630 Pag P (BorE EREUO00L D A Gy Ser aly
val Cys sHi &1, AsR1 5 MePehioddt YedRbe APCMRhndAS e Abas - 3o4P#bedThIeHfplilite Asp G u
2 : i

Leu Hs Ser Leu A n Lys Lys Arg Ser Ala Prog 505560 .

DNA was ligated (blunt-end) info the pCR4 Blunt-TOPO vector (Invitrogen)

according to the recommended protocol, as for PPII described in Example 1. The

plasmid was then transformed into Library lifficiency DH5« Fleali cells. Kanamyein (50

g ml™Y) was used as the selective antibiotic. Positive colonies were selected by colony

10 PCR wsing the primers AIPCK-Xba IFOR (SEQ 11D No.25) and AtPCK-Sac IREV
(STQ 1D No.26) for both the coding region and the genomic clone. Positive colonies

were grown overnight in a shaking incubator at 37°C in 5 ml of LB broth containing 50

ug mi~ kanamycin,

15 Plasmid DNA was isolated using the QYAprep Spin Miniprep kit (Qiagen Ltd) and
insert sizes were analysed by a sequential enzyme restriction digest. This was carried out
by digesting 1 ug of DNA with 10 units of Xbal and 1 x Xbal buffer at 37°C for 2 h
and then adding 10 units of Sad and 1 x Sacd Buffer at 37°C overnight. Plasmid DNA
containing the correct inserts was sequenced using AfPCK-Xba 1IFOR/AtPCK-Sac

20 IRTV. Sequence was analyzed using BioTidit and the amplified AtPCK coding

sequence and genomic sequence were verified using BLASTX,

In order to ligate the APCK coding region and genomic clone into the pBNP vector
shown in Figure 3a, F. colf colonies representing each of the two plasmids were used to
25 inoculate 25 ml of 1B broth containing 50 wg ml™! kanamycin, ‘The cultures were left
shaking overnight at 37 ¥ C and the plasmid DNA was purified using the QIAfilter
plasmid midi kit (Qiagen 1id). The pBINE vector was purified in an identical fashion
but from 100 ml of eultare containing 50 ug ml! kanamycin. The same sequential
enzyme digest as described above was performed on all pusified plasmid DNAL 3 ug of
50 DNA was digested for the plasmids containing the coding region and genomic clone
and 1 pg of DNA for the pBNP vector. Samples were separated by crystal violet gel

electrophotesis and the products were purified using the Qlaquick Gel Hxtracton kit



Thr Thr Pro Ile Asn G n Asn Ala Ala Ala Ala Phe Ala Ala Val Ser 65707580
GQu du du Arg Gn Lys Ile Gn Leu Gn Ser Ile Ser Ala Ser Leu 859095 Al a
Ser Leu Thr Arg GQu Ser Gy Pro Lys Val val Arg Gy Asp Pro 100105110 Al a

G u Lys LyswiiYoidebs:E Yy ser Thr Thr Pro Ala Tyr Al a H sp&@ishlndedi25 G n
Hs Hs Ser Ile Phe Ser Pro Ala Thr Ay Ala Val Ser Asp Ser 130135140 Ser

Leu Lys Phe Thr H's Val Leu Tyr Asn Ley Ser Pro Ala G u Leu 145150155160
Tyr Qu Gn Ala Ile Lys Tyr AQu Lys Gy Ser Phe Ile Thr Ser Asn 165170175
Ay Ala Leu Ala Thr Leu Ser Ay Ala Lys Thr Ay Arg Ala Pro Arg 180185190
Asp Lys Ar ¢iradn Mdl T &+AShPANE vPHer Mivdu@vigs pepedavyh siinTpposphpast95200205

Ay Lys Ay, Seletarianol L& & bdblie AR RabbR S 1R08s MBL n¥aly 210215220
Asn Arg Gd ﬁo é?gL A'a @gPOAsp {Tyr L :Uj'tésénqSegf‘ "Leu L('i‘iml’(jl_LSf/sS Val %he(
2252302352400 Yal phAshveasp vEhg XPylr Sdck dighen 1 Trpy ASpicRyd ) Bha EAginceP g 1l e Lys
Val 245250255

were transformed with 2 pl of the ligation reaction and positive colonies were screened

5 by PCR using APCK-Xba IFOR and AtPCK-5ac TREV,

Plasmid IDNA was extracted from the colonies containing the desired insert using the
QIAprep Spin Miniprep kit (Qiagen Ltd) and DNA was subsequently dipested with
10 units of Xéal, 15 uaits of Sad and 1 x Xbal Buffer at 37° C for 2 h. Two separate
16 colonies cach of the coding sequence and the genomic sequence insert in the pBNP
vector, which showed the correct expected restriction enzyme digest pattern, were
selected and sequenced using the BNP-SAG12FWID primer (SEQ 11D No.9). The
sequence was analyzed using the Biolidit program, The constructs generated were
named pALBNDP1 (coding sequence) and pALBNDP2 (genomic sequence), as shown in

15 Tigure 3b.

Five homozygous single insert lines were generated and over-expression of PCK was
verified through immunoblotting as described in Hxample 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)
DEHCWITTETGVSNIEG (SEQ T No.27), and (i} CVDLSREKFEPDIWNA (SHQ 1D
No.28), which were chemically synthesised and then coupled o 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 elevaied

25 levels of PCIK protein,

SAGI2-PCR-PPDK cell lines were generated by crossing single SAGT2-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 [igure 17,



Arg Ile Val Ser Ala Arg Ala Tyr His Ser Leu Phe Met H's Asn Met 260265270
Cys Ile Arg Pro Thr Gn Gu Qu Leu Gu Ser Phe Gy Thr Pro Asp 275280285
Phe Thr Ile Tyr Asn Ala Ay G n Phe Pro Cys Asn Arg Tyr Thr Hi s 290295300
Page 8 eol iy@idigle@RQ001. txt Tyr Met Thr Ser Ser Thr Sepcvak006Hkobga Asn
Lea Ala Arg Arg Ju 305310315320 Met val Ile Lea Ay Thr Gn Tyr Ala Ay
Au Met Lys Lys Ay Lea 325330335 Phe @er Val met H's Tyr Lea Met Pro Lys
Arg Arg Ile Lea Ser Lea 340345350 His Ser Ay QIS Asn I\/Et Gy Lys Asp Ay
Asp Val Al a Lea Phe Pil e 355360365 Gy Lea Ser ?/ Thr y Lys Thr Thr Leu
ser Thr Aspimls. %wuzséﬁ G IPOBTERY TYrVise e P 8o@y %ﬁ"ﬁé%‘lﬁiwwéb Cys Trp
Thr G u Thr, hSi‘\ é/ a YdlculR8le %ﬁﬁﬁ?&?&%ﬁﬂﬁwﬁsﬂu Aﬁm@}%ﬁ)éﬁ(qn)(i sHS1cTyky Al a Lys
Cys Val As er Arg G u 405410415 Pro Asp Ile Trp Asn Ala Ile
Ls Phe O yifrmNvaizet eanGhilsation
5 PCK/PPDK double constructs
The inventors observed that, when transformed into a plant, the PCK and PPDK
single constructs shown in Figure 3 resulted in increased rates of nitrogen
remobilisation from senescent leaves, and also an increase in the amount of
vegetative plant growth {which corresponds to an increase in crop yield), when
70 these enzymes were over-expressed in senescent leaves, The inventors therefore
decided to produce two double constructs in which the genes encoding PCIK and
PPDIC were both inserted into pBNP130000001 under the control of the SAG12
promoter.
15 The first double construct was made by ligating the gDNA encoding PCK
downstream (i.e. the 3" end) of the PPDIK-encoding gDINA fragment of BNDP-
PPDKgDNA using an Xbal/Sec 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 A1/ BamI1 digest. Again, the SAG12 was responsible for expression

of both the PPDK gene and the PCK gene,



420425430 Asn Val Val Phe Asp Qu H's Thr Arg Qu val Asp Tyr Ser Asp Lys
435440445 Ser Val Thr GQu Asn Thr Arg Ala Ala Tyr Pro Ile Gu Phe Ile Pro
450455460 Asn Ala Lys Ile Pro cys Val Gy Pro Hs Pro Thr Asn Val Ile Lea
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Lys 565570575 age eol f-ot hd-000001.txt Leu Ala Tyr Thr Arg Lys lle Ile
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<220>
<223> PCR primer

<400> 3
cttggcettga acgaccaagt c 21

<210> 4

<21l> 21

<212> DNA

<213> Artificial
<220

<223> PCR primer

<400> 4
ggttgcaggg ataggaacac ¢ 21

<210> 5

<211> 21

<212> DNA

<213> Artificial

<220
<223> PCR primer

rPage 1



Leu Lys Ala Asn Tyr Lys Lys Thr Qu Ile Phe Ay Phe Gu Ile Pro 595600605
Thr Qulle Gu @y Ile Pro Ser Qu Ile Leu Asp Pro val Asn Ser 610615620
Trp Ser Asp Lys Lys Ala His Lys Asp Thr Leu Val Lys Leu Ay Gy
625630635640 Leu Phe Lys Lys Asn Phe Qu val Phe Ala Asn Hs Lys Ile Ay
Val 645650655 Met Val Ser Leu Ayor-Argd-AobodhexdSer Leu Leu Val Leu Ser Phe
660664670 <$210> 20 <211> 5753 <212> DNA <213> Arabi dopsi s thaliana <400> 20
at gacgagtRitgatadgegaaagacaacgecg gagetcttca aaggaaatgg agtgttccgie0
acggat catc tcggagaaaa ccgaatggtt agtcgatcaa accggctagg tgatggatcal20
aaccgbtipcc gCt agaaccgg tacaat ccat tgccaacggt taagcatagc aaagaccggt 180
ttgcadzc@tgzagacgaaggc t cgagccata cttagccctg tgtccgatcc ggccgcettcc240

at agﬁiéﬁa él%ﬁt ttccatttca atcattctgg tgtattttca ccataaaatt 300
ttatd t Mttt'aftacg ttttgtttta tgattctgac gtgagattct tgagagaaac360

t at cagggat Cattgggtcg aaccatctag cagctcaatt attatcggtt ataaccctac420
cggt @b &ga Pak auameaca ggttacgcca ttgtgacatt tgctttgtga tcttgtgagad480

cgat tﬁ%)’gafstttgat gttg attggtttcg ttactcttgt ttaaacaatc gaacggttca540

cctgaggagt tectacaagt g 21

<210> 7

<211> 20

<212> DNA

<213> Artificial

<220>
<223> PCR primer

<400> 7
cctcgecaaa ggaatcttac 20

<210> 8

<211l> 21

<212> DNA

<213> Artificial

<220>
<223> PCR primer

<400> 8
caagaccgge aacaggattc a 21

<210> 9

<211> 22

<212> DNA

<213> artificial

<220
<223> PCR primer

<400> 9
accccatctc agtacectitc g 22

<210> 10

<Z211l> 19

<212> DNA

<213> Arviticial

<220
<223> PCR primer

<400> 10
tgcetgettyg ccgaatatc 19

<210> 11
<211> 18
<212> DNA
<213> Artificial
Page 2



aact aat aca
t aaatt at ga
caagtatttt
tttcgtagaa
t gccacttgg
t gt ccaaacg
ccacaxd®ca

cacat gt gat gtgagatcat ttcggtagta
aagtactatt ttgaattaaa ttattgtgga
cgaaatttgt aat aaaaaaa aacttttcct
acaactttaa tgtattcaaa gaccactttg
tagat ccacc aatgccacgl ¢t L0 -baddd .
gcaat caaat tcttggcgta aaacacaaaa
ccttcaccat aaagaattca tgtattagag
t gaatt4igat PFalhtargtt tgctattgtt ttggttaagt
aaat aggat c1-ggt agt ggca gat agcaagt gt gt gagt ga

at accaaat a
aacat gaact
ct agatt cat
ct gctt aagt
tgccaaagaa
att at gat ac
at ggt at gac
aaaagttttg
gat cagat at

gcgt ct ggcc600
tatttaaatt 660
tagccctact 720
cagactcttg780
t acgt gaat a840
tagtttaaat 900
aagaact ggt 960
t t aaaaaggal020
ggtt gacacal080

10 eddccoididgOONRQ4. t Xt tctatgacga gtcatcgcaa cgaaacttct ttaatigtgg

tcaattatat tacaatttagll4O
t aat ta,fttttgatgal200
aat tf%&%ct%ét at acaagt 1260
t aactlltzactonat at at at ag1320
aat ctdgaccAttddat tdaaal380
t ggagaggga agaagcgaagl440
t cat gatgat pcrabataat t 1500
t caaaaat gt taattgttgt1560

gatggﬂFﬁ cléat a

goagtSEeEH 8

tcttagcttc atcgaacgtgl740

cct ctdtlgt t1get ccggegl800
<211> 21

<212>
<213>

DNA
Artificial

<220>
<223> PCR primer

<400> 13

Cctcaaccttc caccgtgtga t©

<210>
<211>
<212>
<213>

<220>
<223> PCR primer

<400> 14
accggtgtge ttcctettga a

14

21

DNA
Artiticial

<210>
<211>
<212>
<213>

<220>
<223>

<400> 15
tctacggtge caaattogec ga

15

22

DNA
Artificial

PCR primer

<Z210>
<211>
<212>
<213>

16
2093
DNA

<400= 16

tcgagacccg attgttattt ttagactgag acaaaaaagt agaatcgttg attgttaaaa
tttaaaatta gtrtcattac gtttcgataa aaaaatgatt agtttatcat agcttaatta

tagcattgat ttctaaattt gtitttttgac cacccttttt tctctetttg gtgttttett

catttcgagg
cgtatccatc
ttttatatta
at acgt at at
caaacaaaca
gcaacaaggg
catt aat aat
t gt gt at gaa
cggt gccgcec

cttgt1620
%Hﬁéggiéﬁﬁaaaaagcttcc

acat t ggagc

Arabidopsis thaliana

ttggaatttt
aaaact at aa
t aaaattatt
gtgttcttaa
aaaaaccat g
cat gaagt cc
ttagtgtttg
gt t gggaggg
ggggct aacc
agaaggttta
ttccctcget

page 3

ggaat gat ct
atgatttata
cgat gt acat
acttgcacaa
at gcagcgag
ttggtatgtt
ctattttcaa
aaaggagcca
at at cgacgg
t gggaagaga
gat ccctcca

ctt gat aaga
tt aaat at ga
at gat cat aa
acatttctgc
tattcacctt
accaat acca
gaaccattta

acct ggcgga
aggcttgtca
t ct t dgaagg

agccact cct

21

21

22

60
120
180

Page



attttttctald860
agattttttgl9o20
atttttttggla80

ccgccgtaag ttaattataa ctttttttct tgactatttt tattttaagg
atgttaaatt tctgtttttt tttctttcta tgttttcttt aatcttttga
acgcagattt tgacttgtta gatttctttt attgaagttg agatccaaat
ttattttgcc atttggccgt ttttggaaga gtttaaaatg tactagatag aaaat gaat a2040
agttttgtgg ctattgaaag acctaatggl;dtiQ9tRbbs aaact ataac gt agaaaat g2100
aagatetitglh tdaatedaatat dddrgbaagargaret agatthagachh gttt cégatcgatzan2160
tttgcattgt agatctcaat gcctggtatg atggacactg tacttaacct tggcttgaac2220
gaccééi@%‘aj-a%g%al"i@@*%%tttg‘@‘@é@%&a%aa%?gf@@@‘a@aa@ga%ttgﬁbc”tttgéa‘étg"‘@?t cgt3P82280
c990ghbiiGat} aakah il GALARL ANt sB1ARGLEC AL Qb (AR LAt { 11pa2340
ggt aacftgc atgacaagaa aattctttga cctaccttat aattgttttc ttgatcaataz2400
aaag@rgtdagag il tr@e 2 atyeoabgitt giagiagbaraagltuigay agaatiagaiggaddg2460

R R R A S R S e

cct agyt gagcgs caragtgatcg agpaabiagt ttadgkagid agaamatgd tdsaagaagyggt t5aa2640
ttgcagat cc aaagaagcaa ttggagctag cgattgaagc tattcgat tcttggg 2700
L oC AL LA g aR AT Ra0 AR L Lok S SR et LT GHREOHIEA co Bl 260
tt aagat &gl Hadh 889+t ilQg2erpaciNgdgaacRgrtdeagoaagtadaiygt t clsed 2820
t Cact aggaa ccctagcaca ggagagaaga agctttatgg cgagtttcta gttaatgctc2880
aggt frEEHEAIvE tErag@aa t Yiige Hrladc ttrat a2 ¢lade L Hd G BAGOREIHTEE Lt cat’t 82940

aat e oar B e R e e AT 2a 20 3060

ct t agatagaacatadcacmaagc acapgat @ut adgat ag@c at tagaceat@tttttcgat t agtte 3120 Page

11 tgtacaagaa ttcatatatt atttatttat atactccagt tgacaattat aagtttataa 900
cgtttttaca attatttaaa taccatgtga agatccaaga atatgtctta ctrottcttt 960
gtgtaagaaa actaactata tcactataat aaaataattc taatcattat attigtaaat 1020
atgcagttat ttgtcaatit tgaatttagt attttagacg ttatcacttc agccaaatat 1080
gatttggatt taagtccaaa atgcaatttc gtacgtatcce ctettgtcgt ctaatgatta 1140
tttcaatatt tcttatatta tccctaacta cagagcetaca tttatattgt attctaatga 1200
cagggaaacc ttcatagaga ttcagataga tgaaattggt gggaaacatc attgaacagg 1260
aaacttttag caaatcatat cgatttatct acaaaagaat acgtagcgta atgaagtcca 1320
cttgttgtga atgactatga tttgatcaaa ttagttaatt ttgtcgaatc atttttcttt 1380
ttgatttgat taagctttta acttgcacga atggttctct tgtgaataaa cagaatcttt 1440
gaattcaaac tatttgatta gtgaaaagac aaaagaagat tccttgtttt tatgtgatta 1500
gtgattttga tgcatgaaag gtacctacgt actacaagaa aaataaacat gtacgtaact 1560
acgtatcagce atgtaaaagt artrttttce aaataattta tactcatgat agatttrttt 1620
tttttgaaat gtcaattaaa aatgetttcei taaatattaa ttitaattaa ttaaataagg 1680
aaatatatit atgcaaaaca tcatcaacac atatccaact tcgaaaatct ctatagtaca 1740
caagtagaga adttaaatit tactagatac aaacitcocta atcatcaaat ataaatgitt 1800
acaaaactaa ttaaacccac cactaaaatt aactaaaaat ccgagcaaag tgagtgaaca 1860
agacttygatt tcaggttgat gtaggactaa aatgactacg tatcaaacat caacgatcat 1520
tragttatgt atgaatgaat gtagtcatta cttgtaaaac aaaaatgctt tgatttggat 1980
caatcacttc atgtgaacat tagcaattac atcaacctta ttitcactat aaaaccccat 2040
ctcagtacce ttctgaagta atcaaattaa gagcaaaagt catttaactt agg 2093
<210= 17
<211> 3358
<212> DNA
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eolf - ot hd- 000001. t xt ctcatcaaca attctttagt aatttaaaca aaatctcaaa tgtgtattgc
aggat att ga3180 attcacagta caagaagaga gattgtggat gctgcaatgc agagcgggta
agcgaacggg3240 taaaggcgcc gtgaagatag cagttgatat ggtaggtgaa gggcttgttg
agaaat cttc3300 tgctatcaaa atggtggagc ctcaacatct tgatcaacta cttcacccac
aggt acaaac3360 tcaaatattc atctédtitcethd-000G0datag tcataaactt gatgttgaaa
ccaaadt¥c o3P0 dandct thdtignyt aat gatt g gttcacttga acaagaacta at gggut aa
gacgui@gg3480 gtttaggagt aaaagcagag atgattgtct gacacgtaac cgatgaatag
g9t t 49PR9a3aAAthdddofad gt YAAGE CRALICARYIGIIdthbrid Icktiddabba t t At f@at gg
attagtttca3600 tgatccatcg gggtatcgtg aaaaagt ggt ggccaaaggc ttacctgcgt
caccattfige B 09HHEGEE ¢ JHacCHYGH t HHGFIITECcHBRIGYa° Yo 4AgeCGaaC gt Efgcat t
ct cagolR83¢2 Qg Ranigh oalt c£L00t t 5933 £1Q2FACARECC GEAREYRLA Ut 9gRITt 2
t gcacgcagc3780 ggaaggt at'a ttgacggcta gaggaggaat gacgtcacac gcggctgttg
t t gctLYE§g3840tatPggoaanaciagcrgcRugcetcggt tattttttagagetatcyec gt cgéegaga
acca 00.ttttggattc ttttagaa acttgtcata taagft gaa tgtt
g S SR e S i e R S e M
aggcuaalyggdi2@cataigcantgatapggat taast 4ggt gagabaad ahdi@gggar aacaggcat t
ggct cct ccg4080 ctttaaqﬁc cagatttgga gactttcat tcctg&&gtg at gcaat cag
acgt t1'd84 121&‘46%@&1‘5@& GATHREt PP PO B9t €9 t#9ttad®tttc
t aact gk M200a 8iice8) dRe 0k AOR ha AGIEHAAL I COdAt BLREEL T Jaagacgcce
att gcagct a4260 ggaaaaacgg agctcaagga atcgggcttt gtaggacaga gcatatggta
act ceEf'cerEyBR ottt gusart gabat @At giittot LEagat HRtooe At PaPEYETREIO at ceHaat gt
ttaa t titrt t . aaaggcagt ga
ééﬂatggtc%gcg%tiatgtg% &ttagtzgutal& Qo {Gh 59&%931@?%%%%39

gaaagat gat 444 a acaacagagc aaaggaaagc gac atcttgcttc

Page 5

ct t ategdegAb0Qacacgtgga aactaatttt gattaattgt gaaacagtgc atcgttagca 660
tcgttaacga gagagtcagg accaaaggtg gtgagaggag atccggcgga gaagaagacc 720
gatggttcaa ctactccgge gtacgctcac ggecaacatc attctatctt ttceteegget 780
actggtgcty tcagtgatag ctccttgaag tttactcacg tcctctacaa tetttegeet 840
gcaggtcaac aaataaacct agaatccgaa tctgaatatt gataaatgtt tctgcaacga 900
gtttgataga tttggtttgt gattittgttg tttgtagagc tttatgageca agctattaag 960
tatgagaaag gttegtttat cacttctaat ggagetttgg cgacgettte tggtgetaag 1620
actggtogtg cteccagaga taagegtgtt gttagagatg ctactactga ggatgagett 1080
tggtggggaa agtgagtatt cctaatctcg attttgattg atggagtttt tgggtttatg 1140
ctctgttttc gtttattgat tttggagttt gattttgatt ttaggggttc gccgaatatc 1200
gaaatggatg aacatacttt catggtgaac agagaaagag ctgttgatta cttgaattcc 1260
ttggaaaagg tattaaattt tgaaaacttt aatcaatgtt gttgagtgta gaacttttga 1320
tctaagttta tgaaatttct gttgttgttg gggtttttag gtctttgtca atgaccaata 1380
Citaaactgg gatccagaga acagaatcaa agtcaggaltt gtctcagcta gagcitacca 1440
Trcattgitt atgcacaaca tgtaagtaaa atcattattg actcecttgta tgtcaatcca 1500
ttattgtygy tgaaagaaaa caacaaatta gtaactgggg agggtgtcag gtgtatcoga 1560
ccaactcagyg aggagetiga gagotttggt actcocggatt ttactatata caatgotggg 1620
cagtttccat gtaatcgtta cactcattac atgacttcgt ccactagegt agaccttaat 1680
ctggctagga gggaaatggt tatacttggt actcagtatg ctggygaaat gaagaagggr 1740
cTrticagtg tgatgcatta ccttatgect aagegtogta ttctctecct tcatictgga 1800
tgcaatatgy gaaaagatgg agatgttgct ctcttctttg gactitcagg tatagtagag 1860
acagtaccaa ctatggtgtt gggtgatgat ggaaggaacg ataaatcaaa tgatacaata 1920
caattactgec tgaactgact tgagaactge ttgoctcttt gttgagttta gogggtgaat 1980



ttcggatttc gaagggatct tccgtgctat ggatggtaaa tgttttgagt
aaatgtatca caacttaaaa catgcxtaaa cctttttatt tttctaggtt
aatccgtttg ttagaccctc cgcttcacga gtttctcccg gaaggcgact tggacaacat 4680
t gt acat gag ctagctgaag aaact ggt gt gaaagaagat gaagtcttgt cacggat aga4740
gaaactctct gaagtgaat c caat gcuggstd-besr@o@obot ggaggtttc ttactctctt 4800
tgtttctctc tgtctctttg cacctgaaga acaatctgat gatcggtaaa cttgtacgtt4860
at ag8fegoahtamt EgrHL t cCEldgabtiGa’ tHgagatD At Bigege Yyt GO MLt t 932)2484920

ctgc t 1C . C a t.at ccact 980
t agggggﬁ%t?g a%gggﬁgaggﬁgggga%gtﬁ%gg %ﬁ%gtg t{tsag%tg ggaggcﬁ'g g%&éggaga%ggwm

t at t HgCtYH IYhaAgygd et g syt gagot ChT@ayead ggtgacaat gattogpmgat ccdv85100
gagc ct cattgcagat ga aaat g acaagaca,_ caaaat gt tttagg 5160
P LG A A S RN e T R G S R AT K e

t t t gaeagajrttgcgagagagr2Ztgegiagytddratedicght &ggtgacaaacgagtt t gaggcaga

tgacgttt at acagt aga5280 gacgatgtcg gcaagtttct accgtatuttac ctc%ccaaag
gaat GLTHCE THe FAGAEEOL 3T tHR I B G- CagtY A8 HRIA L AR t4€593Pg3 ct PéPat cc

at aggat @aacay (b g ade4AQ taeatdd Hidde ot &t kEggag csalakt&ddagaat caggaagy
t gt agggcaa ttgat caaga5460 t ggcgacaga aaaaggacga gcagctaggc ctagcctcaa

ggt t GYeRt A tEhtiggayadc 5@ oat ¢Gdg st ar eChteC Tt ¢t gegatt@utt t gébgaagce
t. 11558Q. \ t t t t
R T S e R AR S T et e e

tt gt tyteghtogtdigt d@ided 700 cgh ¢ guagggicatgcaati goagaggehbgeagt ct géBgaagt
agtt %tctégca t ga5753

cgtctctctad560
t accggt aac4620

cacttcat cagtggttac actgctctgg taaggccaaa gtaasagtcet trtattttgca 2640
catcgrcttc ataaatttca aaagcataac caaagatgltg caacatatat aggttgotgg 2700
cacagaggat ggtatcaagg agccaacage aacattctca gettgoetttg gtgcagettt 2760
cataatgttyg catcccacaa agtatgcage tatgttaget gagaagatga agtcacaagg 2820
Tgctactggr tggetegtea acactggityg gtctggtgge aggtatatat gtcctrtotat 2880
ggaaatcgat acaacaaaac gectgocttgt aacacatgtt tgtaggetat taacatgatc 2940
tgtaatgttt tatttcctge agttatgglg ttggaaacag aatcaagctg geatacacta 3000
gaaagatcat cgatgcaatc cattcgggca gtctcttgaa ggcaaactac aagaaaaccy 3060
daatcttigg atttgaaatc ccaactgaga tcgaagggat accttcagag atctiggacc 3120
ccgtcaactc cgtaagttte tgcaaatctg tataatgtaa ttgettaagt gatgatgaac 3180
aattTitigt tgatitgggt ttaatgaaaa tgcagtggtc tgataagaag gcacacaaaq 3240
atactctggt gaaactggga ggtctgttca agaagaactt cgaggttitt gctaaccata 3300
agattggtgt gatggtaagce ttacggagga gattctcget gcetggtccta tcttttag 3358
<210> 18
<211> 2015
<212> DNA
<213> Arabidopsis thatiana
<400> 18
atgltogoocy graacggaaa tgetactaac ggtgacggag ggtttagitt coctaaagga 60
ccggtgatyge cgaagataac gaccggagea gocaaagagag gtagcggagt ctgocacgacd 120
gatagtggic cgacggtgaa tgccacaacc atcgatgage ttcattegtt acagaagaaa 180
cgtictgcte ctaccacacc gatcaaccaa aacgeogecg ctgottttge cgecgtetec 240
gaggaggagc gtcagaagat tcagcettcaa tctatcagtg catcgttagce atcgttaacq 300
dgagagtcag gaccaaaggt ggtgagagga gatccggeygg agaagaagac cgatggttca 360
actactccgyg cgtacgetca cggcecaacat cattctatct tttetcegge tactggtgert 420

Page b
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<210> 21 <211> 2697 <212> DNA <213> Arabi dopsis thaliana <400> 21

at gat gcagc gagtattcac ctttggaaaa ggaagaagcg aaggcaacaa gggcat gaag60
tccttgttgg gagggaaagg agccaacctg gcggagatgg ctagcatagg cttgtcggtgl20
ccgccggggce taaccat atc gacggaggct tgtcagcagt atcagatcgc cggcaaaaagl80

cttccagaag gtttatggga agagat ctés fgaaggioobd@ .gett cat cga acgt gacatt 240
ggagettgoat get gatigea olidtasigecagoictct ot et cictightcgoregaagycgecgse 300
at ct caat gc. ctggtat gat acactgta cttaacctt cttgaac ccaagtc 360
ot oo dgGede SPabatlle OB Rt e TRl G b et RORE 0T T < & az0
gat ahggditgcgd @abgtdghc galggggartt c&catfegcadcPttigaagaggaagt t agag480
agaat aa% aggggaaagg agtt aaaaat gacactgact taagcgcggc tgagctca%3540
gaat ngﬁ 36% B 9ﬁgﬂ@@%a@acgq&t&@awcéaafacg@@%&&@*éga@fﬁ%cct@é 600
gat cgeaaea§9caah A48 Hliageaatt g A3306AR at 4G94 Ghhgya9at agce5g660
agagcgaaca agtacagaag tattaaccag ataactggat tgaaaggaac cgcggttaac720
at t caftapraatggegacitigga aratarém*gggggaﬁi@a@macagaag?aé@sg@ﬁ@tgt;@mt t cA8® 27338
agga - a cag

ot CraDe T Il o A e A A 2P h 00
gat acaadagagagagat tdcatc geat gagget ataaged gaacgddegtit gagaatgrhgcaacate 960

<400> 19

ttagaaagac attacaaaga catgatggat attgaattca cagtacaaga agagaga 1020

{ g0t GeREC arblagagac daoh agtge Aoy Ot bl ULyetor oa At Bgeadtd 1080

gat ath g@iagt &t gaggageta ttht gedmaagdLich sdfGChggdreaeaatggtrggagcctioaal 140
cattacctta tgectaageg tegtattotc tcecttcatt ctggatgcaa tatgggaaaa 1080
gatggagatg ttgctctett ctttggactt tcaggtaccg ggaagacaac goetgtctact 1140
gatcacaaca ggtatcttat tggagatgatl gagcattgtt ggactgagac tggtgtticg 1200
aacattgagg gtgggtgera tgctaagigt gttgatctit cgagggagaa ggagectgat 1260
atctggaacg ctatcaagit tggaacagtt ttggaaaatg ttgtgtttga tgagracacc 1320
dgagaagtgg attactctga taaatctgtt acagagaaca cacgtgetge ctacccaatt 1380
gagttcattc caaatgcgaa aataccttgt gtitggtccac acccgacaaa tgtgatactt 1440
ctggettgtg atgeetttgg tgttctecca cctgtgagea agetgaatet ggeacaaace 1500
atgtaccact tcatcagtgg ttacactget ctggttgetg gecacagagga tggtatcaag 1560
gagCcaacayg caacattcte agettgettt ggtgcagett tcataatgtt gcatcccaca 1620
aagtaltgcag ctatgttagc tgagaagatg aagtcacaag gtgctactgg ttggctcgtc 1680
aacactggtt ggtetggtgy cagttatggt gttggaaaca gaatcaaget ggcatacact 1740
agaaagatca tcgatgcaat ccattcggge agtetcottga aggcaaacta caagaaaacc 1800
gaaatctttg gatttgaaat cccaactgag atcgaaggga taccttcaga gatctitggac 1860
cccgtcaact cotggtctga taagaaggea cacaaagata ctctggtgaa actgggaggt 1920
ctgticaaga agaacttcga ggtttttget aaccataaga ttggtgtgatl ggtaagctta 1980
cggaggagat tctcgctgct ggtoctatct titag 2015
<210 19
<211> 671
<212> PRT
<213> Arabidopsis thaliana

?et Ser Ala Gly Asn Gly Asn Ala Thr Asn Gly
5

Asp Gly Gly pPhe Ser
10 15

rPhe Pro Lys Gly pro val Met Pro Lys Ite Thr Thr Gly Ala Ala Lys
20 25 30
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catcttgatc aactacttca cccacagttt catgatccat cggggtatcg tgaaaaagtgl200
gt ggccaaag gcttacctgc gtcaccagga gcggcggttg gacaggttgt gttcacggcgl260

13

ttctggttcg aact gagacal320 agccctgacg atgtgggagg tatgcacgca

tattgacggc tagaggaggal380 at gaeglrcachaqRoggclgt tgttgctcge
aatgttgcat tgctggttgt1l440 tccgagattc gtgtcgacga gaaccacaag

tt ot aPag)’ dgadc

tgtcctgggc tgatgcaatcl620 agacgtctca aggttatggc gaat gcggat

tta
datta

a{

HE00 s Bgereer erchbert

acgccattgc agctaggaaal680 aacggagctc aaggaat

t gat gt %f
cagat agga

3¢ ASRaaliy ey
t aaagcagt g180

g“stst PHat-Gt' 1Y " EYT ot

agaaagat ga taat ggcggt aacaacagag

cttctctcga catcttgctt 1860 ccttaccaac gttcggattt cgaagggat c
etxle ger tveac

t ggatidigt thr &eeggeasontI2rsat abyrd e gilat aga
C

aadgg

actt ggacaacattf980 gt acat gagc t4

&
t gaaga

c

g9
A9

aagtcttgtc acggat agag2040 aaactctctg aagtgaatcc
gcaggducgly aat atrggtat 2300 'lecabaget ag nc ggagat goa
ct gcagcgt ¢ aat gcagyac2160 caaggt gtt¥ ctgtcattcc
t aggaact cc tcaggaattg2220 ggtcaccaag ttgatgtaat
tatttget ga 0aaaeet £af 228%eaCETH) @RgGlysacaRggl tQg
gagccgcgct cat tlgoagat 2340 gagat tigéga aagaggcgga
acgacttgac gcagat gacg2400

Lys Lys Thr asp Gly Ser

Ala 6lu

HisS
130

Gln

Ser
145

Leu

Tyr Glu

Gly Ala

Asp LYyS

LYS
210

Asn
225

Arg
val Asn
Arg Ile
Ile

cys

Thr
290

Phe

115

His

Lys

Gln

Leu

Arg

Gly

GTu

ASD

val

Arg

Ile

ser

Phe

Ala

Ala

180

vai

Ser

Arg

GIn T

Ser
260

Pro

Tyr

Ile

Thr

Ile

165

Thr

val

Pro

Ala

Thr

Asn

Phe

His

150

Lys

Leu

Arg

Asn

val
230

moleu

a Arg

Gln

Ala

Ser

135

va'l

Tyr

Ser

ASp

ASD

ASn

Ala

Glu

Gly

120

Pro

Leu

Glu

Gly

Ala

200

Glu

Tyr

Trp

Tyr

Glu

280

Gln

Thr Thr Pro Ala

Ala

Tyr

Lys

Ala

185

Thr

Met

Leu

ASP

His

265

Leu

Phe

Thr Gly

Leu
155

Asn
Gly Ser
Lys Thr
thr Glu
Glu

ASD

ser
235

AsnN

Pro Giu

250

Ser Leu

Glu

ser

Pro Cys

pPage 8

Ala

140

ser

Phe

Gly

Asp

His

220

Leu

AsSn

Phe

Phe

Asn
300

Tyr
125

val

Pro

Arg
Glu
205
Thr
Glu
AT
Met

61y

Arg

B30 Parsaekee

fecagatt

g o

Bt ty

%‘9
aactggtytg

aat gct t ggt
gtigoa
tgagattatg
t cgt aaagt t

gacasbgatd
gt@tttctcg

age

Ala His Gly

ser Asp Sser

Glu Leu

160

Ala

Thr Ser Asn

175

Ala
190

Pro Arg

Leu Trp Trp

Phe Met val

Phe
240

Lys val

Ile Lys val

His Met

270

Thr Pro Asp

Tyr The His

eol f - ot hd- 000001. t xt gaggaagccg aagcttggca ttctcagggt aaaactgtga

gcggaaggt a
ggt t ggggaa
gttctattga
accggt gagg
gagactttca
acacct gaag
acagagcat a
ttctttggag
caaaggaaag
ttccgtgcta
tttctccegg
aaagaagat g
ttccgeggtt
atttttgaag
gttccacttg
gcaaagaaag
gagat ccctc
ttcgggacaa

Page



tttggataca
ttacagcacg
gcgacagaaa
ggaggagat ¢
tctcctttca
<211> 2940
t gat

t coddaand

ct agaaccgg
agacgaaggc
agcgiﬁfggﬂ
t gggagggaa

eol f - ot hd- 000001. t xt gtgccgccgg ggctaaccat atcgacggag gcttgtcagc agtat cagat
cgccéhe amwa420! aayotitsctry Laugt Pae g ygogaapgagatic et
cgaacgt gac480 at ggagctt ccctcgéﬂba tccctccaag c

gt agagacga tgtcggcaag tttctaccga tttacctcgc caaaggaat c2460
acccttttga ggttcttgat cagcaaggtg tagggcaatt gatcaagatg2520
aaggacgagc agctaggcct agcctcaagg ttgggatatg tggagaacat 2580
catcttctgt gggattcttt gctgaagcag gacttgacta tgtctcttgt2640

gggtt ccaat tgcaaggcthylgeaneiopobs: aagt agttgt tgcatga2697 <210> 22

<212> DNA <213> Arabi dopsis thallana <400> 22 atgacaagta
caacgccg_gagct cttca aaggaaat agtgttccgt 60 acggatcatc
g @éﬁf%ﬁ?&§%§%€5@F€a35%dg§g@i§gguHgﬁt6&éﬁgaﬁ%@ aaccgtttcc
tacaat ccat tgccaacggt taagcatagc aaagaccggt 180 ttgcatcgtg
t cgagccata cttagccctg tgtccgatcc ggccgctt cc240 at agcccaaa

g
EHtdrHt aT@éé@Qda@aé1©§§§a e 48t dagg ﬁb@%g?ﬁ@ aagt cctt gt
aggagccdédc ctggcggaga t tagcat aggcttgtcg360 Page 14

t%géaggﬁﬁlttagcttcat
¢t cctee tetetgttceg

ctccggegec540 gecatctcaa tgectggtat gatggacact gtacttaacc ttggcttgaa

cgaceaagier6Q0/ gisgtdnggéc i gaocgaaad Igagaggagay acgeud trhgottte acgattcgtt
ccggegtttt 668 360 365

Gly Leu
370

Tyr Leu

385

Asn Ile

Lys Glu
val

Asn

val
450

Ser

Asn Ala

465

Leu Ala
lL.eu
Ala

Gly

Phe
530

Cys

Met
545

Leu

Asn Thr

Thr Asp His Asn

380

Lys Thr Thr Leu Ser Arg

375

Ser Gly Thr Gly

val ser

400

Thr Glu Thr

395

Ile Gly Asp Glu His Cys Trp Gly

Glu Gly Cys Tyr Ala Lys Cys val Asp Leu Ser Arg Glu

410

val teu Glu

430

Ile Phe Thr

425

Pro Asp Trp Asn Ala Lys Gily

Thr Glu val Ser

440

val Phe Glu His ASp LYsS

435

ASp Arg ASp Tyr
445

Ile Glu Phe Ile Pro

460

Thr ¢1u Asn Thr Ala Ala Tyr Pro

Thr val Ile Leu

480

Pro Asn

475

Lys Ile Pro Cys Gly Pro His

470

Leu Asn

495

Phe val Pro Pro val Ser

490

Ala Leu Lys

485

Cys AsD Gly

Ala teu val

510

Ile Thr

505

Thr
500

mMet Tyr His Phe ser Gly Tyr

~ Giu Asp Giy | Lys Pro Thr Ala Thr Phe Ser Ala

Thr Ala Ala

540

Ala Ala pPhe Met Leu His Pro Tyr

vali
560

Ala Glu Met ser Gln Ala Thr Leu

550

Lys Lys Gly Gly Trp

Ile
575

Gly val Ash
570

Page 9

Ser Gly Ser Gly Lys

565

Gly Trp Gly Tyr Arg



cttgatatgt ttggtgatgt tgtgatggga attccacacg
gagagaat ga aggagaggaa aggagttaaa aatgacactg
aaggaattgg ttgagcagta caagagtgtt tacttagagg ccaagggtca
t cagat ccaa agaagcaatt ggagctagcg attgaagcgg tattcgattc
ccgagagcga acaagt acag aagt att aag)£agalanobgl gakt gaaagg
aacattcagt gtatggtgtt tggaaacatg ggggacactt cagggact gg
act a aac ¢t agcacagg aga ctttat agt t
gtttg%é‘af‘ t%ﬁ" aa?OS WSHS’ ?@‘% %8 tAe ggggsg%%'"t
ttggat acaa tgaagagatt tatgcctgag gcttacgctg aacttgttga
at ctt agaaa gacattacaa agacat gat g gatatt gaat tcaca

(g ggi b edutgity oddio i dodle it e
gtt gat at gg t'aggt gaagg gcttgttgag aaatcttctg ct at caaaat
caacatcttg atcaactact tcacccacag tttcatgatc catcgg gta
gt ggtidgce bt aaggciut abe Ll goyocaet & 1 ggalge yeje thf@gé(é gt
gcggaggadt’ ccgaagettg gedtitct cag ggt aaaact®g®t gatt ct ggt
acaagccct g acgat gt ggg aggt at gcac gcagcggaag gt at att gac
ggaatigacsdr oagsasgcoge All gtitigt tgctaspgdggt byge ) gasaatgtdly
t gt t ddgaga ttcgt gt cgabégagaaccac aaggt P&t at tgattggaga
aat gaaggcg aat ggat ct ¢ aat gaacgga tcaaccggtg aggttatatt
gcat t@gchike CLEGGAChE PRAGIGCARNKE LOGAACE st oAt gl €atly
at cagacgt ¢ tcaaggt 648 ggcgaat gcg gais@cacct g aagacgcdab
aaaaacggag ctcaaggaat cgggctttgt aggacagagc atatgatt gt
a1 0L aal ) LOLGLUGE, LgULy

gt gagaaaga ftgatgat ggc got

ccaagtttga
actt aagcgc

caac@ggagcaaagga aagctret ct

%g%g%% L&

agagaagtta720

ggctgat ct c780

agagtttcct 840

tt gggat agc900

aaccgcggtt 960

tgttctcttcl020
aat gct cagl080
accagaagat1140
gaact gcaac1200
agaagagagal2eO
Bdhgatagca1320
ggt ggagcct 1380
t cgt gaaaaal440
$gt gt t cacgl500
t cgaact gagl560
ggct agaggal620
Ght t gct ggt 1680
#44 gacgatt 1740
agggaaacaal800
@ggct gat gcal860
t gcagct aggl1920
ttgtatccaal980

tEh@%QPQEMQL&?Q%@Qﬁﬁ@QeQ%%Eaaagca 2040

cgacatcttg2100

<210> 20

<211> 5753

<212> DNA

<213> Arabidopsis thaliana

<400> 20

atgacaagta tgatcgtgaa gacaacgccg gagetcttca aaggaaatgg agtgttccgt 60
acggatcatc tcggagaaaa ccgaatggtt agtcgatcaa accggctagg tgatggatca 120
aaccgtttce ctagaaccgg tacaatccat tgecaacggt taagcatagc aaagaccggrt 180
ttgeatcgtyg agacgaaggc tcgagecata cttagecctg tgtccgatcc ggocgettce 240
atagcccaaa aggtaagecet tteocatttca atcattotgg tgtatttica ccataaaatt 300
ttatacactt ttttattacg ttttgtttta tgattctgac gtgagattct tgagagaaac 360
tatcaccgat cattgggtcg aaccatctag cagetcaatt attatcggit ataaccctac 420
cggttataga atacaaaaca ggttacgcca ttgtgacatt tgetttgtga tcttgtgaga 480
cgattaatta tttgatgtto attggtitcg ttactocttgt ttaaacaatc gaacggtica 540
aactaataca cacatgtgat gtgagatcat titcggtagta ataccaaata gogtoiggec 600
taaattatga aagtactati ttgaattaaa titattgtgga aacatgaact tatttaaatt 660
caagtattit cgaaatitgt aataaaaaaa aacttttcct ctagatitcat tagocctact 720
tttegragaa acaacittaa tgtattcaaa gaccactttg ctgcttaagt cagactcttg 780
tgccacttgg tagatccacc aatgocacgt titgttattg tgccaaagaa tacgtgaata 340
tgtccaaacyg gcaatcaaat tcttggcgta aaacacaaaa attatgatac tagltitaaat 900
ccacaattca ccttcaccat aaagaattca tgtattagag atggtatgac aagaactggt 960
tgaatttgat gacatttgtt tgetattgtt ttggttaagt aaaagttttg ttaaaaagga 1020
aaatagcatc ggtagtggeca gatagcaagt gtgtgagtga gatcagatat ggitgacaca 1080

page 10



cttccttacc aacgttcgga tttcgaaggg atcttccgtg ctatggatgg tttaccggta2160
acaatccgtt tgttagaccc tccgcttcac gagtttctcc cggaaggcga cttggacaac2220
attgtacatg agctagctga agaaact ggt gt gaaagaag at gaagtctt gtcacggata2280
gagaaactct ctgaagtgaa tccaatgctt ggtttccgcg gttgcaggct cggaatatcg2340
t at ccagagc taacggagat gcaagcgcegslgeard-topbbgr aagct gcagce gt caat gcag2400
15 dotdtwichd-006800katxtgagaccadgytaptitt agd greattattectigagatttagt ggtitécac

ttgta ac _tcctca 460 tt tcacc . aagttgargt aatt aga _gtt aaga
nagt SPT B bEag BRI ekt TG i datn o P gy thaiEe 2, v ar o

ct cgageegragetmatt gaaasbagat gagatdg 6 ganagegggaggaghtiddagtt cglboggga
caaacgactt gacgcagat32640 acgtttggat acagtagaga cgat gtcggc aa%éttctac
cgat At TEYdCAAdGGAd 700 Lt tad B caka déet T af gttt 9gatiddBcaag

gt gt agganatat LaatcaadR 7R 8L HUGIREAT 12ARARFIAGH2R9CRUGE AGdaCChiagaCt ca
aggttgggat at gt ggagaa2820 cat ggaggag atccatcttc tgtgggattc tttgctgaag
cagg&eRiGa6d anghet@i Q88T CRgITaEt EETUCAL CEHg g ave vaAatadgeaggIct tigdhgcet g
ctca t 9 < > < > < < > Ar.ahi dopsi s
hal Canatoge o SERERE VRO, S5 af e TR T84, 20T o "
Ay Asttdb3ifdSthysyi@ry dvettiysaSeradecautteucidapnaGhy dapstgldtygt Al d568n Leu Al a

Page

Page 11

du %8@51:?519:99@@@'9395‘35 zlala%g%%angctgggg%algafég%tgég ag:;a gf_!_tetléltThr%Ebe Ser Thr
cggtgccgee ggggetaacce atatcgacgy aggcttgtca geagtatcag atcgecggea 1680
aaaagcttece agaaggtita tgggaagaga tcttagaagg tcettagettc atcgaacgtg 1740
acattggage ttcocrtcgot gatccctcca agccactect cctatctgtt cgetoaggeg 1800
ccgeegtaag ttaattataa ctttttttct tgactatttt tattttaagy attitticta 1860
dtgttaaatt tetgtttttt titcttteta tgttttcottt aatcttttga agatttittg 1920
acgcagattt tgacttgtta gatttctitt attgaagttyg agatccaaat attrtittgg 1980
ttattttgee atttggecgt ttttggaaga gtttaaaaty tactagatag aaaatgaata 2040
agtittigtgg ctattgaaag acctaatgat tttggtatte aaactataac gtagaaaatg 2100
dagatctttc gtttatctat ttttaaaaca gaactacatt gacttgtctt tgatcgatat 2160
tttgcattgt agatctcaat goctggtatg atggacactyg tacttaacct tggotigaac 2220
gaccaagtcg tcgttggtct ggccgcaaaa agcggagage gtittgetta cgattcegtic 2280
cggcgtttic trtgatatgtt tggtgatgit gtaagtcctc tgtittitcaa tactatttca 2340
ggtaacttgec atgacaagaa aattctttga cctaccttat aattgttttc ttgatcaata 2400
aaaggtgatg ggaattccac acgccaagtt tgaagagaag ttagagagaa tgaaggagag 2460
gaaaggagtt aaaaatgaca ctgacttaag cgeggetgat ctcaaggaat tggttgagea 2520
gtacaagagt gtttacttag aggccaaggg tcaagagtti ccttcaggtt tgttttgatt 2580
Ccctacttgag gtcaagtgat aaaaattagt tattagttac aaatgtttaa acggggttaa 2640
ttgcagatcc aaagaagcaa ttggagcetag cgattgaage ggtattcgat tcitgggata 2700
gcccgagage gaacaagtac agaagtatta accagataac tggatigaaa ggaaccgogg 2760
ttaacattca gtygtatyggty tttggaaaca tgggggacac ticagggact ggtgttctcet 2820
tCactaggaa coctageaca ggagagaaga agcettiatygg cgagtitcta gttaatgetc 2880
aggtttggca tctatcacaa tgtgtgaatc tcatatcaac aagtaagecc atactcatta 2940
aatattggtt ttgggacagg gagaggatgt ggttgcaggg ataagaacac cagaagattt 3000
ggatacaatg aagagattta tgcctgagge ttacgcetgaa cttgttgaga actgcaacat 3060
Citagaaaga cattacaaayg acatgatggt tgatacacat aaacaatact tcaattagtc 3120



354045 Gu Ala Cys Gn Gn Tyr Gn Ile Ala Ay Lys Lys Leu Pro u Qy
505560 Leu Trp AQu GQu Ile Leu Qu Ay Leu Ser Phe Ile Qu Arg Asp Ile
65707580 Ay Ala Ser Leu Ala Asp Pro Ser Lys Pro Leu Leu Leu Ser Val Arg
859095 Ser Gy Ala Ala lle ser met Pro Ay Met Met Asp Thr Val Leu Asn
100105110 Leu Ay Leu Asn Asp GhnrahdMaooValixd y Leu Ala Ala Lys Ser Gy
115120125c@ca aﬁn'tgtPtEQiAhaLt‘[yaampas‘eCrtCEhe wWirgtArtgcPamaltattodsp M80 Phe Ay

Page 12

145150751180 S AT opee ey e oty S e U e B At “ A0 o s
Al a 16R3dHkte fMagagdtg eaddrgatndgQ0ARRGad )@ggé&@%@p&d&@ﬂthyt& d3Bobeu val Qu
Gn Tyrt s Ser Val Tyr Leu du 180185190 C,%ItzgacLélcac ag}/ tacaaacc:; u 3%%% Pro Ser
Asp PHSTEY@a0, Mgt AoAssy AR B 168F085ES g
tcaaatattc atettetict trtitcatag tcataaactt gatgttgaaa ccaaaattcg 3420
aaacttactyg gtaatgatig grtcacttga acaagaacta atgggtitaa gacgiitagy 3480
gtttaggagt aaaagcagag atgattgtct gacacgtaac cgatgaatag ggtttggaaa 3540
ttttgatica gaggtcaatg aaggtttttt tttttttttt ttattgatgg attagtttca 3600
rtgatccatcyg gggtategty aaaaagtggt ggccaaagge ttacctgogt caccaggage 3660
ggcggttgga caggrtgrgt tcacggogga ggaagecgaa gettggeatt ctcagggraa 3720
aactgtgart ctyggttcgaa <tgagacaag ccctgacgat gtgggaggta tgcacgcagce 3780
ggaaggtata ttgacggcta gaggaggaat gacgtcacac gcggetgttg ttgetegegg 3840
ttggggaaaa tgttgcattg ctggtigttc cgagattcgt gtcgacgaga accacaaggl 3900
trtttggatte gattttagaa acttgtcata taagtltagog gaagattgrt tctaaagtia 3960
gggtttaaaa attttcaggt terattgatt ggagatttga cgattaatga aggegaatgg 4020
atctcaatga acggatcaac cggtgaggit atattaggga aacaagcatt ggctoctocg 4080
gctttaagte cagatttgga gactttcatg tcctgggetg atgcaatcag acgtctcaag 4140
gtgtttatga gtttctgttc ctttaacttg tttgatattt ttaaactttc taactcaaat 4200
gttcgatgac cgataaggit atggcgaatg cggatacacc tgaagacgcc attgcagcta 4260
ggaaaaacgg agctcaagga atcgggettt gtaggacaga gcatatggta actcctectc 4320
tgtacttgat ttcatgtttt tgatgattta gattgtttgt atccaaatgt ttaatgttgt 4380
crtrggtttg gritttaagt tctitggage agataggatt aaagcagtga gaaagatgat 4440
aatggcggta acaacagagce aaaggaaagce ttotctcgac atcttgettce cttaccaacy 4500
ttcggattic gaagggatct tccgigetat ggatggtaaa tgttttgagt cgtctctcta 4560
agatgtatca caacttaaaa catgectaaa ccotttttatt tttctaggit taccggtaac 4620
aatccgtttyg ttagaccctc cgettcacga gtticteccy gaaggcgact tggacaacat 4680
tgtacatgay ctagctgaag aaactggtgt gaaagaagat gaagtcttgt cacggataga 4740
gaaacicict gaagtgaatc caatgeltigg titccgeggt tgcaggittc ttactctctt 4800
tgtttctote tgtctottig cacctgaaga acaatctgat gatcggtaaa crtgtacgtt 4860
ataggctcgg aatatcgtat ccagagcraa cggagatgca agcegegtgea atittttgaag 4920
ctgcagcgte aatgcaggac caaggtgtta ctgtcattcc tgagattatg gticcaclitg 4980
taggaactcc tcaggaattyg ggtcaccaag ttgatgtaat tcgtaaagtt gcaaagaaag 5040
tatttgetga gaagggtcat accgtgaget acaaggttgg gacaatgatt gagatccctc 5100
gagcegeget cattgcagat gaggtaaatg taacaagaca cadaatgtgt tttaggcact 5160



Al a

Tyr Arg Ser
225230235240 Ile G n Cys Met va

Ay
dy
Asn
Lys
Ile
Val

Thr
Leu
Asp
Lys

Ile Au Al a Val
Ile Asn G n

Phe Asp Ser Trp Asp Ser Pro Arg Ala Asn Lys 210215220
Ile Thr Gy Leu Lys Gy Thr Ala val Asn

Phe Ay Asn Met Ay Asp Thr Ser @y Thr

245250255 val Leu Phe Thr Arg Asn Pro Ser Thr Gy GQu Lys Lys Leu Tyr
260265270 d u Phe Leu Val Asrr-Alad-@Gooodalexdrp H's Leu Ser G n Cys Val
2782802858 t@gtditagSeraafhryodr gedtitatirig tThgadRget Goggdswabieu 582 Thr Met

§3§§€%§%§ %QE G Fhcalh fug yﬁacgﬁg pa Cys Asn

e Ghernyad ! senfrdrtinatdadaoty @80t thy

@angzﬁﬂﬁB@Qﬁ&SgﬁMtCicttgé\tgtdceUtd'gcpaA&j gh&tct@aba @Cac@d@cﬂ a 5@4& Lys Arg
Gy 340345350 Lys Ay a Val Lys Ile Ala Val Met Val Gu Gy
TR 3n a8 g LGB T SaF PR AT @ LBt AP AIPr o SN H 5 Lew

Cepr 8AQ3Y Qtig%u cLetygithk &c g e dgRrakhe tht SodeRa RiQas8lagd Y sh¥p Arg G u
%ggcéﬁigggcgaaaggacga gcagctagge ctagcectcaa ggttgggata tgtggagaac 5520
atggaggaga tccatcttct gtgggattct ttgotgaage aggacttgac tatgtctctt 5580
gttctoctit caggtaattg attaarttcc aaaccaataa acacttitit tacaacacta 5640
ttgtataact cagattgatg taattttggg atttctgitg ttgttgttgt tgttgttgtt 5700
gttgcagggt tccaattgea aggettgeag ctgctcaagt agttgttgea tga 5753
<210> 21

<211> 2697

<212> DNA

<213> Arabidopsis thaliana

<400> 21

atgatgcagc gagtattcac ctttggaaaa ggaagaagcyg aaggcaacaa gggcatgaag 60
tcettgttgg gagggaaagg agcecaacctg gcggagatgg ctagcatagg cttgtcggtyg 120
ccgecgggge taaccatatc gacggagget tgtcagcagt atcagatcge €ggcaaaaag 180
cticcagaag gtttatggoga agagatctta gaaggictta gottcatcga acgtgacatt 240
ggagcttccc tegetgatee ctecaageca ctoctoctct ctgttoegotc €ggegeegee 300
atctcaatge ctggtatgat ggacactgta cttaaccttg gcttgaacga ccaagtcgtc 360
gttggtctgg ccgcaaaaag cggagagegt tttgcttacg attcgttccg gegtrttott 420
gatatgtitg grtgatgttgt gatgggaatt ccacacgcca agtitgaaga gaagttagag 480
agaatgaagg agaggaaagg agitaaaaat gacactgact taagcgegge tgatcicaag 540
gaattggttg agcagtacaa gagtgtttac ttagaggceca agggtcaaga gtttccttea 600
gatccaaaga ageaattgga gcotagcgatt gaagceggtat tcgaticitg ggatagecey 660
agagegaaca agltacagaag tattaaccag ataaciggat tgaaaggaac ¢gogotraac 720
attcagtgta tggtgtttgy aaacatgggg gacacttcag ggactggtgt tctcttcacy 780
aggaacccta gcacaggaga gaagaagceit tatggcgagt ttctagttaa tgetcaggtt 840
tggcatctat cacaatgtgt gaatctcata tcaacaagga taagaacace agaagatttyg 00
gatacaatga agagatttat gcctgaggct tacgctgaac ttgtitgagaa clgcaacatc 960
ttagaaagac attacaaaga catgatggat attgaatica cagtacaaga agagagattg 1020
Tggatgcige aatgeagage gggtaageyga acgggtaaag gogocgtgaa gatageagtt 1080
gatatggtag gtgaaggget tgttgagaaa tettctygcta tcaaaatggt ggagcectcaa 1140
catctigatc aactacttca cccacagttt catgatccat cggggtatcg tgaaaaagtg 1200
gtggccaaag gettacctge gtcaccagga goggeggrtyg gacaggttgt gttcacggeg 1260
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val
Val
val
Page

Gy nmet Thr Ser
Cys Ile Ala 4
L% 9988999%
Vet At et yacaehedildg

Pro Pro Ala Leu

Val

Al a l
Arg T

Il e Leu Val

17

gaaggcgaat
ttggctectc
agacgtctca
aacggagctc
tttaatgttg
agaaagatga
ccrraccaac
atccgtrtgt
gtacatgagc
aaactctctg
ccagagetaa
caaggtgtta
ggtcaccaag
accgtgagcet
gagattgcga
tttggataca
ttacagcacy
gcgacagaaa
ggaggagatc
tctectttea

<210>
<Z211l>
<212>
<2i3>

22

DNA
<400> 22

atgacaagta
acggatcatc
aaccgrricce
ttgeategtg
atagcccaaa

aagrcctrtgt

2940

Ser

ggatctcaat
cggctttaag
aggttatggce
aaggaatcgyg
tctttggttt
taatggcggt
gttcggattt
tagaccctec
tagctgaaga
aagtgaatcc
cggagatgca
ctgtcattcc
ttgatgtaat
acaaggttgg
aagaggcgga
gragagacga
acccttttga
aaggacgagc
catcttctgt

gggtrccaat

tgatcgtgaa
tcggagaaaa
ctagaaccgg
agacgaaggce
agcgagtatt

tgggagggaa

Ala Lys Ay Leu Pro Ala Ser
Phe Thr Ala Qu QQu Ala Qu Ala Trp H's Ser
Arg Thr Au Thr Ser

gaacggatca
tccagatttg
gaatgcggat
gctttgtagg
ggtttttaag
aacaacagag
cgaagggatc
gettcacgag
aactggtgtg
aatgcttggt
agcgegtgea
tgagattatg
tcgtaaagtt
gacaatgatt
gtttttcteg
tgteggeaag
ggttcttgat
agcraggect
gggattcttt

tgcaaggctt

arabidopsis thaliana

gacaacgccyg
ccgaatggtt
tacaatccat
tcgagccata
cacctttgga

aggagccaac

accggtgagyg
gagactttca
acacctgaag
acagagcata
ttctttggag
caaaggaaag
ttcegtgeta
tttctceccgyg
aaagaagatg
ttccgeggtt
attrttgaag
gttccacttg
gcaaagaaag
gagatcecctc
ttcgggacaa
tttctaccga
cagcaaggtg
agcctcaagy
gcitgaagcag

gcagctgetce

gagctettea
agtcgatcaa
tgccaacygt
cttagcectg
aaaggaagaa

ctggcggaga

Au lle /w

Pro Gy Ala Al a val
Pro Asp Asp Val

Leu G u Thr

ttatattagg
tgtcctgggce
acgccattge
tgattgttty
cagataggat
cttctctcga
tggatggttt
aaggcgactt
aagtcttgtc
gcaggceteygy
ctgcagegte
taggaactcc
tatttgctga
gagccgeget
acgacttgac
tttacctcge
tagggcaatt
ttgggatatg
gacttgacta

aagtagtrgt

aaggaaatgg
accggctagg
taagcatagce
tgtccgatcec
gcgaaggeaa

tggctageat

Page 14

Val

Gy Gn val
Gn Ay Lys Thr 420425430
Ay Gy Mt 435440445
eol f-ot hd-000001.txt Hs Ala Ala Gu Gy Ile Leu Thr Ala Arg Ay
H s 450455460 AbarAtadMadoovalodla Arg Ay Trp Gy Lys Cys
y Cys 465470475480 Ser e

WY TAGT ABGSUGH995 PR TARPA |16 AS

Q208 4h
T e
Al a IEF‘l"élaAﬁ’gcaAr@CQ_C@EICWS%B‘(%SS%GQWQQWM WLt PRt AFE tA8HIthr ¥4 A u Asp

‘Ih gg tﬁl gt(‘ﬁ{e? ﬁg 9%4&%9?95%%@9”%%83 AgghfE SaG¥edde Gopgleu Oys

gaaacaagcea
tgatgcaatc
agctaggaaa
tatccaaaty
taaagcagtg
catcttgett
accggtaaca
ggacaacatt
acggatagag
aatatcgtat
aatgcaggac
tcaggaattg
gaagggtcat
cattgcagat
gcagatgacg
caaaggaatc
gatcaagatyg
tggagaacat
tgtetettgt

tgcatga

agtgttccgt
tgatggatca
aaagaccggt
ggcegettec
caagggcatg

aggcrtgtcg

GJu Asn Hs Lys
C@ %Fcégggétﬁau % 1 e Ser

Vah daregi@idc G apabysoda N Nga Leu Ala
Phe Met Ser Trp

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2697

60
120
180
240
300
360

405410415

Al a Asp



565570575 Cys Ile G n Met Phe Asn Val Val Phe Ay Leu Val
580585590 Gy Ala Asp Arg Ile Lys Ala Val Arg Lys Met Ile Mt
595600605 Thr Qu Gn Arg Lys Ala ser Leu Asp Ile Leu Leu Pro Tyr
610615620 Ser Asp Phe Gu Gy Ile Phe Arg Ala Met Asp Ay Leu Pro
625630635640 Il e Arg Leu Leta Asp-Bisd-PooodeuxH s G u Phe Leu Pro
Asp 6486806556 dustaispt AstvgbbegavabctHigsc@w agearcabar Gouc@aradhr @29

Asn Pro

Au 5670 As Val Leu Ser Arg lle u s. Leu Ser G u Vi
Vet AIBRa008S TRl o pe i E y ot el T R ooty AP Gu Lev
Thr 6906800 @cucddriga GdtchAt @aadr geAltactde tPherddtug AltacddacAl a Sap Met G n

Asp 705710715720 Pagce 18 eol f-othd-000001.txt Gn Gy Val Thr Val Ile Pro
A u PFEANEAVAICPIYIREWPAFIPAEY FHCTFaE7RHYE% ttuaa cgatcaagtc 600

Phe Lys Phe Phe
Al a Val Thr
Gn Arg
Val Thr
Gu Qy
Val Lys

grtcgttggte tggeogeaaa aagcggagag cgtittgett acgaticgtt ccggogtttt 660
cttgatatgt ttggtgatyt tgitgatggga aticcacacy ccaagitiga agagaagtita 720
gagagaatga aggagaggaa aggagttaaa aatgacactg acttaagcgce ggctgatctc 780
aaggaatigg ttgagcagta caagagtgtt tacttagagg c¢caagggtca agagtttect 840
tcagatccaa agaagcaatt ggagctagcg attgaagcgg tattcgattc ttgggatagc 900
CCgagagcga acaagtacag aagtattaac cagataactg gattgaaagg aaccgeggtt 960
aacattcagt gtatggtgtt tggaaacatg ggggacactt cagggactgg tgttctcttc 1020
actaggaacc ctagcacagg agagaagaag ctttatggcg agtttctagt taatgctcag 1080
gtttggcatc tatcacaatg tgtgaatctc atatcaacaa ggataagaac accagaagat 1140
ttggatacaa tgaagagatt tatgcctgag gettacgctg aacttgttga gaactgeaac 1200
atcttagaaa gacattacaa agacatgatg gatattgaat tcacagtaca agaagagaga 1260
ttgtggatge tgcaatgcag agcgggtaag cgaacgggta aaggcgecgt gaagatageca 1320
gttgatatgg taggtgaagg gcttgttgag aaatcttctg ctatcaaaat ggtggagoct 1380
Caacatctig atcaactact tcacccacag tttcatgatc catcggggta tcgtgaaaaa 1440
grggtggcca aaggettace tgegtcacca ggagogycgg ttggacaggt tgtglttcacg 1500
gcyggaggaag ccgaagettg gcattctcag ggtaaaactg tgattctggt tcgaactgag 1560
acaagcectyg acgatgtggyg aggtatgcac gcagcggaag gtatattgac ggcetagagga 1620
ggaatgacgt cacacgcgge tgttgttgct cgoggttggg gaaaatgttg cattgotggr 1680
tgttccgaga ttegtgtcga cgagaaccac aaggtictat tgattggaga tttgacgatt 1740
aatgaaggcyg aatggatctc aatgaacgga tcaaccggtg aggrtatatt agggaaacaa 1800
gcattggctc ctccggettt aagtccagat titggagactt tcatgtectg ggctgatgea 1860
arcagacgtc tcaaggtiat ggegaatgcg gatacaccty aagacgecat tgcageiagg 1920
adaaacggag ctcaaggaat cgggctttglt aggacagagc atatgattgt ttgtatccaa 1980
atgtitaaty ttgtcittgg ttigyttttt aagticttig gagcagatag gattaaagca 2040
gtgagaaaga tgataatgge ggtaacaaca gagcaaagga aagettctot cgacatcetig 2100
cttccttace aacgttcgga tticgaaggg atcttccgty ctatggatgy titaccggta 2160
acaatcegrt tgttagacce tccgettcac gagritctog cggaaggcga ctitggacaac 2220
attgtacatg agctagctga agaaactggt gtgaaagaag atgaagtcit gtcacggata 2280
gagaaactct ctgaagtgaa tccaatgcett ggtitccgeg gttgeagget cggaatatcg 2340
tatccagagc taacggagat gcaagegeogt gcaatttttg aagcetgeagce gtcaatgceag 2400
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Pro Gn Qu Leu Ay Hs Gn Val Asp Val Ile Arg Lys Val Ala Lys 740745750
Lys Val Phe Ala Qu Lys Ay H's Thr Val Ser Tyr Lys Val @Ay Thr 755760765
net Ile Qu lle Pro Arg Ala Ala Leu Ile Ala AS Au Ile Ala Lys 770775780
Au Ala Qu Phe Phe Ser Phe Ay Thr Asn Asp Leu Thr G n net Thr
785790795800 Phe Ay Tyr Ser ArglAsphdsmoval.t&@y Lys Phe Leu Pro Ile Tyr
Leu 805840R815 Wathys:itGrycthegleu aGgrtdesc ASptERrgaaPhBZC@LwWaI L}?eflﬁiOAsp Gn
G n 820825830 4 tVaI tGI %/t Gn Leut%;léeaalégg '}{Eéa%c CThra ?g ¥ Arg Al a
Al a 83589H845 %@r%t AT R BV Thae T o & g é%/gﬁf%gg y Ay Asp
Pro 85Q8b&fi6A SafacSdgtvadgdac¥atharBhwyahta c@cgag‘&c@cqcy:cb.e&goﬁsp Mo Val  Ser
Cys 865870875880 Ser Pro Phe Arg Val Pro Ile Ala Arg Leu Ala Ala Ala G n
val mfgmggo%amgw%ﬁ%ﬁw 34918993 @?@Cg@ﬂ?ﬁqﬁﬁ@@93> 2&*8bi dopsi s
tGhal E@@Lf&g@@ 2yt MplgaTha SR Egdehadt @ cYad doysrchr TiYccRiyde U 17@d Phe Lys
n
Y atcttacage acgacccetty tgaggtictt gatcageaag gtgtagggca attgatcaag 2760
atggcgacag aaaaaggacyg agcagctagg cctagcectca aggttgggat atgtggagaa 2820
catggaggag atccatcitc tgtgggattc ttigctgaag caggacttga ctatgtctet 2880

tgttctectt tcagggttco aattgcaagy cttgcagetg ctcaagtagt tgttgeatga 2940

<210> 23

<211> 898

<212> PRT

<213> Arabidopsis thaliana

<400> 23

Met Met Gln Arg val phe Thr Phe Gly L%s Gly Arg Ser Glu %%y Asn
1 5 1

Lys Gly Met Lys Ser Leu Leu Gly Gly Lys Gly Ala Asn Leu Ala Glu
20 25 30

Met Ala Ser Ile Gly Leu Ser val Pro Pro Gly Leu I?r Ile Ser Thr
35 40

Glu Ala Cys Gln GIn Tyr Gin Ile Ala Gly Lys Lys Leu Pro Glu Gly
50 55 60

Lteu Trp Glu Glu Ile Leu Glu Gly Leu Ser Phe Ile Glu Arg Asp Ile
65 70 75 80

Gly Ala Ser Leu Ala Asp Pro Ser Lys Pro teu Leu Leu Ser val Arg
85 90 95

ser Gly Ala Ala Ile Ser Met Pro Gly Met Met Asp Thr val teu Asn
100 105 110

Leu Gly Leu Asn asp ¢In val val val Gly Leu Ala Ala Lys Ser Gly
115 120 125

Glu Arg Phe Ala Tyr Asp Ser Phe Arg Arg Phe Leu Asp Met Phe Gly
130 135 140

Asp val val Met Gly Ile Pro His Ala Lys Phe Glu Glu Lys teu Glu
145 150 155 160

Arg Met Lys Glu Arg Lys Gly val Lys Asn Asp Thr Asp Leu Ser Ala
165 170 175
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151015 dy Val Phe Arg Thr Asp H's Leu Gy GQu Asn Arg Met Val Ser Arg
202530 Ser Asn Arg Leu Ay Asp Ay ser Asn Arg Phe Pro Arg Thr @y Thr
354045 eol f-othd-000001.txt Ile H's Cys Gn Arg La ser Ile Ala Lys Thr Ay
La His Arg A u 505560 Thr Lys Ala Arg Ala Ile Leu Ser Pro Val ser Asp Pro
Ala Ala Ser 65707580 Ile Ala Gmidyshdogov® (Rphe -M Phe Ay Lys Gy Arg
Ser Glu Ay 859095 Asn Lys Ay Mt Lys Ser Leu Leu Ay Ay Lys Gy Ala Asn
Leu a 100105110(? ilal % Leu a%er Val Pro Pro Ay Leu Thr
Ile ?’AffS'l%%% Hr“é’l LYa %“gg éyﬁ A >y rY dtguﬁﬁé.‘ Ay Lys Lys Leu
Pro Glu 1301351 Gy Leu Trp UGQulle Leu Qu Ay Leu Ser Phe Ile Qu
Arg Asp 145150155160 Ile Gy Ala Ser Leu Ala Asp Pro_Ser Lys Pro Leu Leu
Leu éé? V2 G;@@iwﬁﬂvspw §rSeJerahP Ara WalyF Sldetenbium®Y Ay Met Met Asp
Thr Val Leu

Ala Ile Glu Ala val Phe Asp Ser Trp Asp Ser Pro Arg Ala Asn Lys
210 215 220

Tyr Arg Ser Ile Asn Gln Ile Thr Gly Leu Lys Gly Thr ala val Asn
225 230 235 240

Ile GIn Cys Met val pPhe Gly Asn Met Gly Asp Thr Ser Gly Thr Gly
245 250 255

val Leu Phe Thr Arg Asn Pro Ser Thr Gly Glu Lys Lys Leu Tyr Gly
260 265 270

Glu Phe Leu val Asn Ala GIn val Trp His tLeu Ser Gln Cys val Asn
275 280 285

Leu Ile Ser Thr Arg Ile Arg Thr Pro Glu Asp Leu Asp Thr Met Lys
290 295 300

Arg Phe Met Pro Glu Ala Tyr Ala Glu Leu val Glu Asn Cys Asn Ile
305 310 315 320

Leu Glu Arg His Tyr Lys Asp Met Met Asp Ile Glu phe Thr val GlIn
325 330 335

Glu Glu Arg Leu Trp Met Leu Glin Cys Arg Ala Gly Lys Arg Thr Gly
340 345 350

Lys Gly Ala val Lys 1le Ala val asp Met val Gly 6lu Gly Leu val
355 360 365

Glu Lys Ser ser Ala Ile Lys Met val Glu Pro Gln His Leu Asp Gln
370 375 380

l.eu Leu His Pro GIn Phe His Asp Pro Ser Gly Tyr Arg Glu Lys val
385 380 395 400

val Ala Lys Gly Leu Pro Ala Ser Pro Gly Ala Ala val ¢ly Gln val
405 410 415

val Phe Thr Ala 6lu Glu Ala Glu Ala Trp His Ser GIn Gly Lys Thr
420 425 430

val Ile Leu val Arg thr Glu Thr Ser Pro Asp Asp val Gly Gly Met
435 440 445
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180185190 Asn Leu Gy Leu Asn Asp Gn val VvVal Val Gy Leu Ala Ala Lys ser
195200205 Ay Gu Arg Phe Ala Tyr Asp Ser Phe Arg Arg Phe Leu Asp Met Phe
210215220 Ay Asp Val val nmet Ay Ile Pro Hs Ala Lys Phe Qu GQu Lys Leu
225230235240 Gu Arg Met Lys Qu Arg Lys Ay Val Lys Asn Asp Thr Asp Leu
Ser 245250255 Ala Al a Asp Leu kyst-Grddlmaovalix@d u G n Tyr Lys Ser val Tyr
Leu 260265270 G u Ala Lys Gly Gn Qu Phe Pro Ser Asp Pro Lys Lys G n Leu

G u 27528 P Tr Ser Pro Arg Ala
Asn 2862 %agg L@‘é” ﬁ*y¥ k? L%ﬂeyh’i |A§a£rr9 &ﬂhfﬁ Me?‘hr”“" S%rf%ﬁs Lys Gy Thr Ala
VaI 305310315320 eolf ot hd-000001.txt Asn Ile Gn Q/s Met Val Phe @y Asn

p Thr y Thr 3253 0335 Ay Val _Leu_Phe Thr Arg Asn Pro Ser
Thr g @%Vﬁys\’q}yé]q_%gﬁry 3W0% 53‘5}@ %gc@&}lﬂné]iéﬁy\/ﬂo Asn Ala G n Val
Trp H'S Leu Ser G n Cys

Ser Glu Ile Arg val Asp Glu Asn His Lys val Leu Leu Ile Gly Asp
485 490 495

teu Thr I1e Asn Glu Gly Glu Trp Ile Ser Met Asn Gly Ser Thr Gly
500 505 510

Glu val 1le Leu Gly Lys GIn Ala Leu Ala Pro Pro Ala Leu Ser Pro
515 520 525

Asp Leu Glu Thr Phe Met Ser Trp Ala Asp Ala Ile Arg Arg Leu Lys
530 535 540

val Met Ala Asn Ala Asp Thr Pro Glu Asp Ala Ile Ala Ala Arg Lys
545 550 555 560

Asn Gly Ala GIn Gly Ile Gly Leu Cys Arg Thr Glu His Met Ile val
565 570 575

Ccys ITe GIn Met Phe Asn val val phe Gly teu val Phe Lys Phe Phe
580 585 590

Gly Ala Asp Arg Ile Lys Ala val Arg Lys Met Ile Met Ala val Thr
595 600 605

Thr GTu GIn Arg Lys Ala Ser Leu Asp Ile Leu Leu Pro Tyr Gln Arg
610 615 620

ser Asp pPhe Glu Gly Ile phe Arg Ala Met Asp Gly Leu Pro val Thr
625 630 635 640

ITe Arg Leu Leu Asp Pro Pro Leu His Glu Phe Leu Pro Glu Gly Asp
645 , 650 655

Leu Asp Asn Ile val His Glu Leu Ala 6Tu Glu Thr Gly val Lys Glu
560 665 670

Asp Glu val Leu Ser Arg Ile Glu Lys Leu Ser Glu val Asn Pro Met
675 680 685

Leu Gly Phe Arg Gly Cys Arg Leu Gly Ile Ser Tyr Pro Glu Leu Thr
690 695 700

Glu Met Gln Ala Arg Ala Ile Phe Glu Ala Ala Ala Ser Met GIn Asp
705 710 715 720
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355360365 Asn Leu Ile ser Thr Arg Ile Arg Thr Pro Qu Asp Leu Asp Thr Met
370375380 Lys Arg Phe nmet Pro Qu Ala Tyr Ala Gu Leu Val Gu Asn Cys Asn
385390395400 Ile Leu Au Arg H's Tyr Lys Asp net nmet Asp Ile G u Phe Thr

val 405410415 Gn Gu GQu Arg Leu Trp Met Leu Gn Cys Arg Ala Ay Lys Arg
Thr 420425430 Gy Lys Ay A a ¥Va¢-kysdldoeodN axVal Asp net Val Ay Au Ay
Leu 435440445 Val Qu Lys Ser Ser Ala lle Lys Met Val GQu Pro Gn H's Leu

Lye Fa8adaeug Vel oI Y et § el oo s el By A W e val

Ay G n 485490495 vaI val Phe Thr Ala Gu Qu Al a Glu Ala Trp H's Ser Gn
Ay Ia)és %005 5510 Thr Val Ile teu val. Arg Thr A u Thr ser Pro Asp Asp Val

ady {58 gg Mt HH §51N\é{31AP 3y @"y"rﬂetytsel,’l TR adys Arg Gy Gy Met
Thr Sc 5305355 Hs Ala Ala va i/al Ala Arg Ay Sr(%p Gy Lys cys cys Ile
Ala Ay

Lys val pPhe Ala Glu Lys Gly His Thr val Ser iyr Lys val Gly Thr

755 760 765

Met Ile Glu ITe Pro Arg Ala Ala Leu ITe Ala Asp Glu Ile Ala Lys
770 775 780

Glu Ala Glu phe phe Ser Phe Gly Thr Asn Asp Leu Thr GIn Met Thr
785 790 795 800

Phe Gly Tyr Ser Arg Asp Asp val Gly Lys Phe Leu Pro Ile Tyr Leu
805 810 815

Ala Lys Gly Ile Leu GIn His Asp Pro Phe Glu val Leu Asp Gln Gln
820 825 830

Gly val Gly Gln Leu ITe Lys Met Ala Thr Glu Lys Gly Arg Ala Ala
835 840 845

Arg Pro Ser Leu Lys val Gly Ite Cys Gly Glu His Gly Gly Asp Pro
850 855 860

Ser Ser val Gly Phe Phe Ala Glu Ala Gly Leu Asp Tyr val Ser Cys
865 870 875 880

Ser pro Phe Arg val pPro Ile Ala Arg Leu Ala Ala Ala GlIn val val
885 890 895

val Ala

<210> 24

<21l> 979

<212> PRT

<213> arabidopsis thaliana

<400> 24
Met Thr Ser Met Ile val Lys Thr Thr Pro Glu Leu Phe Lys Gly Asn
1 5 10 15

Gly val rhe Arg Thr Asp His Leu Gly Glu Asn Arg Met val Ser Arg
20 25 30

Ser Asn ggg Leu Giy Asp Gly ser Asn Arg Phe Pro Arg Thr Gly Thr
40 45
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545550555560 Cys Ser Gu Ile Arg val Asp Qu Asn H s Lys val Leu Leu Ile
@y 565570575 Asp Leu Thr Ile Asn Qu Ay GQu Trp Ile ser net Asn Ay ser
Thr 580585590 eol f-othd-000001.txt Gy GQu Val Ile Leu Gy Lys Gn Ala Leu
Ala Pro Pro Ala Leu Ser 595600605 Pro Asp Leu G u Thr Phe nmet Ser Trp Al a
Asp Ala Ile Arg Arg Leu 610615630f loysdMaloooettxAl a Asn Al a Asp Thr Pro GQu
Asp Ala Ile Ala Ala Arg 625630635640LsAsnG| Ala Gn Ay Ile @y Leu
oys Arlg Jfr o O T é’”%te“::?h‘;é 615630655 VE\'F g@’ ‘?lé"'épﬁ“gn% Y Phe Asn val val
Phe Gy Leu Val Phe Lys e 660665670 Phe Gy Ala Asp Arg Ile Lys Ala Val
Arg Lys Met Ile Met Ala Val 675680685 Thr Thr Gu G n Arg Lys Ala Ser Leu
Asp :\%t@ Lev AlaABr 1 e Gay 890698700 A gAserPrﬁJsﬁWWéa%%r Ay Ile Phe Arg

Asp Ay Leu P 8 val 705710715720 Thr Ile Arg Leu Leu Asp Pro Pro
Leu Hs Gu Phe Leu Pro Au Gy

Ile Ala Gln Lys ggg val phe Thr pPhe ggy Lys Gly Arg Ser S;u Gly

Asn Lys Gly Met Lys Ser Leu Leu Gly Gly Lys Gly Ala Asn Leu Ala
100 105 110

Glu Met Ala Ser Ile Gly Leu Ser val Pro Pro Gly Leu Thr Ile Ser
115 120 125

Thr Glu Ala Cys 6In GTn Tyr 6In Ile Ala Gly Lys Lys Leu Pro Glu
130 135 140

Gly Leu Trp Glu Glu 1le Leu Glu Gly Leu Ser Phe Ite Glu Arg Asp
145 150 155 160

Ile Gly Ala Ser Leu Ala Asp Pro Ser Lys Pro Leu Leu Leu Ser val
165 170 175

Arg ser Gly Ala Ala Ile Ser met Pro Gly Met Met Asp Thr val Leu
180 185 190

Asn Leu Gly Leu Asn Asp G1n val val val Gly Leu Ala Ala Lys Ser
195 200 205

Gly Glu Arg Phe Ala Tyr Asp Ser Phe Arg Arg Phe Leu Asp Met Phe
210 215 220

Gly Aasp val val Met Gly Ile Pro His Ala Lys phe Glu Glu Lys Leu
225 230 235 240

Glu Arg Met Lys Glu Arg Lys Gly val Lys Asn Asp Thr Asp Leu Ser
245 250 255

Ala Ala Asp Leu Lys Glu Leu val Glu GIn Tyr Lys Ser val Tyr Leu
260 265 270

Glu Ala Lys Gly GIn Glu Phe Pro Ser Asp Pro Lys Lys Gln Leu Glu
275 280 285

Leu Ala Ile Glu Ala val Phe Asp Ser Trp Asp Ser Pro Arg Ala Asn
290 295 300

Lys Tyr Arg Ser Ile asn Gln Ile Fhr Gly Leu Lys Gly Thr aAla val
305 310 315 320
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725730735 Asp Leu Asp Asn Ile Val Hs Qu Leu Ala u GQu Thr Ay val Lys
740745750 A u Asp Gu Val Leu Ser Arg Ile Gu Lys Leu Ser Qu Val Asn Pro
755760765 Met Leu Ay Phe Arg Ay Cys Arg Leu Gy Ile Ser Tyr Pro Au Leu
770775780 Thr Gu net Gn Ala Arg Ala Ile Phe Gu Ala Ala Ala ser net Gn
785790795800 Asp G n dy vaI Tho 1 #Valkhd 1080600, tEcu IIe Met Val Pro Leu Val
Ay 8058 081 Thr Proqa u|Leu d s G n_Val VI Ile Arg Lys val
Ala 82 1S %ﬂésv@/ Phepalyarg? %i L’SAéPyrkHl §eﬁ' " Ser Tyr Lys Val
Gy 835840845 Thr Met Ile Gu lle pro Arg Ala Ala Leu IIe Ala Asp Gu lle
Al a 850855860 eol f-othd-000001.txt Lys Qu Ala G u Phe Phe Ser Phe Ay Thr
Asn Adp ‘f_aéu’-q‘hr"hgwrw@fg 8‘658‘7‘6’8§§%8T¢”"Tﬁ}y Bhe @Syl gl‘% egelY"Arg Asp Asp Val
Ay Lys Phe Led rolle Tyr 885 895LeuAIaLy§ y Ile Leu Gn Hs Asp

Pro Phe Gu Val Leu Asp G n
Gly Glu pPhe Leu val asn Ala Gln val Trp His Leu Ser Gln Cys val
355 360 365

Asn Leu Ile Ser Thr arg Ile Arg Thr Pro Glu Asp Leu Asp Thr Met
370 375 380

Lys Arg Phe Met Pro Glu Ala Tyr Ala Glu Leu val Glu Asn Cys Asn
385 390 385 400

Ile Leu Glu Arg His Tyr Lys Asp Met Met Asp Ile Glu pPhe Thr val
405 410 415

GIn Glu Glu Arg Leu Trp Met Leu Gln Cys Arg Ala Gly Lys Arg Thr
420 425 430

Gly Lys Gly Ala val Lys Ile Ala val Asp Met val Gly Glu Gly Leu
435 440 445

val Glu Lys Ser ser Ala Ile Lys Met val Glu Pro Gln His Leu Asp
450 455 460

Gln Leu Leu His Pro Gin Phe His Asp Pro Ser Gly Tyr Arg Glu Lys
465 470 475 480

val val Ala Lys Gly teu Pro Ala Ser Pro Gly Ala ala val Gly GlIn
485 490 495

val val phe Thr ala 6lu Glu Ala Glu Ala Trp His Ser GlIn Gly Lys
500 505 510

Thr val Ile Leu val Arg Thr GTu Thr Ser Pro Asp Asp val Gly Gly
515 520 525

Met His Ala Ala clu Gly ile reu Thr ala arg Gly Gly smet Thr Ser
530 535 540

His Ala Ala val val Ala Arg Gly Trp Gly Lys Cys Cys Ile Ala Gly
545 550 555 560

Cys Ser Glu Tle Arg val Asp Glu Asn His Lys val teu Leu Ile Gly
565 570 575

Asp teu Thr Ite asn Glu 61y Glu Trp Ile Ser Met Asn Gly Ser Thr
580 585 590
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900905910 Gn Ay Val Ay Gn Leu Ile Lys nmet Ala Thr Gu Lys Ay Arg Ala
915920925 Ala Arg Pro Ser Leu Lys Val Ay Ile Cys Ay u Hs Ay Ay Asp
930935940 Pro Ser Ser Val Gy Phe Phe Ala Gu Ala Ay Leu Asp Tyr Val Ser
945950955960 Cys Ser Pro Phe Arg Val Pro Ile Ala Arg Leu Ala Ala Ala G n
Val 965970975 Val Val Al a <21020P6 0€Bd1000801 <212> DNA <213> Artifici al

<220> <22 primer <400> 25 atttct ag_c;zia tgtcggic taacggaaat g31 <210>
26 <F1Y>C ‘;g?f@f BRiA 648 1195 ‘é%g MR ciel AL JE9 %{'32 71 ner <400> 26

att gagct cc taaaagatag gaccagcagc g 31 <210>

Pro Asp Leu Glu Thr Phe Met Ser Trp Ala Asp Ala Ile Arg Arg Leu
610 015 620

Lys val Met Ala Asn Ala Asp Thr Pro Glu Asp Ala Ile Ala Ala Arg
625 630 635 640

Lys Asn Gly Ala GIn Gly 1le Gly Leu Cys Arg Thr Glu His Met Ile
645 650 655

val Cys Ile Gln Met Phe Asn val val rhe Gly Leu val Phe Lys Phe
660 665 670

pPhe Gly Ala Asp Arg Ile Lys Ala val Arg Lys Met Ile Met Ala val
675 680 685

Thr Thr Glu GIn Arg Lys Ala Ser Leu Asp Ile Leu Leu Pro Tyr Gln
690 695 700

Arg Ser Asp Phe Glu Gly Ile Phe Arg Ala Met Asp Gly Leu Pro val
705 710 715 720

Thr Ile Arg Leu Leu Asp Pro Pro Leu His Glu Phe Leu Pro Glu Gly
725 730 735

ASp Leu Asp Asn Ile val His Glu Leu Ala Glu Glu Thr Gly val Lys
740 745 750

Glu Asp Glu val Leu Ser Arg Ile Glu Lys Leu Ser Glu val Asn Pro
755 760 765

Met Leu Gly Phe Arg Gly Cys Arg Leu Gly Ile Ser Tyr Pro Glu teu
770 775 780

Thr Glu Met Gin Ala Arg Ala Ile pPhe Glu Ala Ala Ala Ser Met Gln
785 790 795 800

Asp GIn Gly val Thr val Ile pPro Glu Ile dMet val Pro Leu val Gly
805 810 815

Thr Pro G1n Glu teu Gly His Gln val asp val Ile Arg Lys val Ala
820 825 830

Lys Lys val Phe Ala Glu Lys Gly His Thr val Ser Tyr Lys val Gly
835 840 845

Thr met Ile Glu ITe Pro Arg Ala Ala Leu Ile Ala asp Glu Ile Ala
850 855 860
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<211> 15 <212> PRT <213> Artificial <220> <223> Synt hetic peptides
desi gned agai nst PCK am no aci d sequence <400> 27

eolf-othd-00000L. txt

Lys Glu Ala Glu Phe pPhe Ser Phe Gly Thr Asn Asp Leu Thr G¢ln Met
865 870 875 880

Thr Phe Gly Tyr Ser Arg Asp Asp val Gly Lys Phe Leu Pro Ile Tyr
885 890 895

Leu Ala Lys Gly Ile Leu GIn His Asp Pro Phe Glu val Leu Asp Gln
900 905 310

Gln Gly val Gly GTn Leu Ile Lys Met Ala Thr Glu Lys Gly Arg Ala
915 920 925

Ala Arg Pro Ser Leu Lys val Gly Ile cys Gly Glu His Gly Gly Asp
930 935 940

Pro Ser Ser val Gly Phe pPhe Ala Glu Ala Gly Leu Asp Tyr val Ser
945 950 955 960

Cys Ser Pro Phe Arg val Pro Ile Ala Arg Leu Ala Ala Ala GlIn val
965 970 975

val val Ala

<210> 25

<211> 31

<212> DNA

<213> Artificial

<220>

<223> PCR primer

<400> 25

atttctagaa tgtcggeecgg taacggaaat g 31
<210> 20

<211> 31

<212>  DNA

<213> Artificial

<220>

<223> PCR primer

<400> 26

attgagctec tazaagatag gaccageage g 31
<210> 27

<211> 15

<212> PRT

<213> Artificial

<220>
<223> Synthetic peptides designed against PCK amino acid sequence

<400> 27

Asp Glu His Cys Trp Thr Glu Thr Gly val ser Asn Ile Glu Gly
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Asp Au His Cys Trp Thr Au Thr Gy Val Ser Asn Ile Qu Gy Page 23

eol f - ot hd- 000001, t xt 151015 <210> 28 <211> 15 <212> PRT <213> Artificial
<220> <223> Synthetic peptides designed against the PCK am no acid sequence
<400> 28 Cys val Asp Leu Ser Arg GQu Lys Qu Pro Asp Ile Trp Asn Ala 151015
-61- Cains 1. A genetic const eyct-oCodmoDBNNGx8 Senescence-speci fic
prondter operably %inked to at |eastt one codi ng sequence, which encodes at

| east one pol ypepti de havi ng phosphoenol pyruvat e carboxyki nase (PCK)
acti\ty. angd/ or pyruvate orthophosphate dikinase (PPDK) activity. 2. A
genetd?ctl:eonstruct according to claiml, wherein the pronoter is isolated
frong %;ené’%ep ssoci ated gene in Ar abi dopsis. 3. A genetic construct
accorditng 6T ES tCFn% claimlL or claim2, wherein the pronoter is selected
from@zg;roup consi sting of: SAGL2, SAGL3, SAG 101, SA&1 and SAGL8, or a

f unct<d2@pral syarheant peptideguesignelermohst the A geiret acidorgtienust accor di ng
to ar%/} ﬁr gdl ng claim wherein the pronoter is a SAG 12 pronoter, or a
functT'Ohal “Variant or fragment thereof. 5. A genetic construct according
to amyspvHCREp NGuCiai Ri-g Wher e ct e rer AsPties GeNREA 388 a nucl eoti de
sequénce substanti@lly as set out i SEQ ID No.16, &5 a functional variant
or fragnent thereof. 6. A genetic construct according to any preceding
claim wherein the at
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| east one codi ng sequence encodes (i) a phosphoenol pyruvat e carboxyki nase
(PCK), or a functional variant or fragment thereof, and/or (ii) a pyruvate
ort hophosphat e di ki nase (PPDK), or a functional variant or fragnent
thereof. 7. A genetic construct according to any preceding claim wherein
the codi ngjggguence, which encodes the pol vpeptide having PCK activity, is
derived from Arabi dopsis. 8. A genetic construct according to any
preceding]claimﬁgmhekeknsnhetﬁﬂﬂpﬂgngeqmeaﬂmchmp@ﬁﬁepﬁmdeajuheiﬁﬂjypeptide
havi ng PPD tivity, is derived from Arabi dopsis sp .,. Haverl a
spp., or &b 0 dhigast one gpling ““}“LALge‘H]é‘Hlé“éﬁ ‘s‘t‘tidbt“é’@éd’t"émﬁ@‘t‘é any
precedi ng el @k MhdBREEIdy L) Lo Hg AGAETELK) WILER, GREAARS, L DR PO YPEpLI de
havi ng PCK activvit , nb i'ses a nucleic seque ce substantially as set
out in SEQ:ihDpNoshoe dSEQsle[QPNdM;)L&m@sry.a functional variant or fragnent
thereof. 10. A genetic construct according to any preceding claim wherein
t he pol ypeptide having PCK. activity conprises an am no aci d sequence
substantial Iy %ngél%tttc%ﬁlshﬂctSEQolchng o LimOf, e léngCiqlltﬁﬁgjno\(@rrl ant or
fragnent thereof . A genetic cofistruct dccor 0 any preceding
claim mheweundﬁhﬁnaomnagtseqwenca(xWQnmhnenQMdbﬁua pol ypepti de havi ng PPDK
activity, conprises a nucleic acid sequence substantially as set out in SEQ
| D No: 20, SEQ I D No: 21, or SEQ I D No: 22 or a functional variant or
fragment gher eqfyenct cofGRRSH:E-BARSY KHEL: 60T d BAih, A BRERET! NG
claim wherein t%e pol ypept| havi g PPDK activity conprises an amino acid
sequence ;wdasbamtw ailtgttas&csﬁta wutip iconSE@ ¢ Df: I\‘lmG32,o$ASE@ FD(N0.124, or a
functional rlant f ragment thereof. 13, A genetic construct according
to any prééé Indjd ngﬂﬁ ﬁhé#@ﬂﬁ”ﬂﬁ%VéHﬁ%&?M%ﬂHEH%b 'ECPCK or a functiona
variant or fragnent thereof, and not PPDK. 14A genetic construct according
to any preceding claim mherein the construct encodes PPDK or a functi onal
vari ant o#. fr agnenictit heneotict madrdiog 1Py pi&cAirgeriein, cvieanst thect accor di ng
to any one of clalns 1-12, wherein the construct encodes PCK or a
funct i onaPtYRPIARAt 2 6 IR et HeT B S CIaRY YPBEXK 05 T80T 0h ER 48RRI variant or
fragment thereof. - 63 - 16. A reconbinant vector conprising the genetic
construct according to any one of clains 1 to 15. 17. A method of
i ncreasi ng. t heAcgmeentcnatiron etoRtky andhphriReDikg daim,|elafreof tha t est pl ant
to above that of the corresponding concentratiaon, of PCK and/or PPDK in a
wi | d-type )tﬂfaﬂtu éammww@ﬁatémfihéc%%céahaﬁwtleihg% tHOWst REE dBnpri si ng
altering pﬁ tg@ LS, ,hﬁntgpﬁ%g%tnphﬁptogo achi eve increased | evel s of
PCK and/ or inp ant eaves a e Initiation of |eaf senescence,
wherein the nethod conprises transformng the test plant cell with a
genetic construct according to any one of clainms 1-15, or the vector
accordi ngit o ci'diSHELE CONEIMEIRSERBHNDFO ABE PERSIHY HHELCTMEEt P4tdton of
ni trogen , I rrespondi ng
concentra%?gﬁngt&ﬁ?¥§§6§%n?ﬁkgaafﬁd% bﬁ@gﬁﬁmﬁ”&ﬁ?@%¥g “%h %Bf%e sane
condi ti on@CiKheyrnefunetos ginpifiagt Dgtﬁﬂg’hﬁﬁlﬂ nigefpb g nidiet abal p;slmrmrt t he test
plant to achieve increased |evels of PCK and/or PPDK in plant |eaves after
the initiatthephombasadikisnedRBREe,; ohdrarporteansthodtasmsnri gugeol.
transform ng the test plant cell with a genetic construct according to any
one of clains 1.-15, or the vector according to claim16. 19. A nethod of
i ncreasi ng theAgrawkib coatieu@facaotdst tphanhreeiPar @dnt, avlidieinckr espondi ng
growh rate of a wild-type plant cultured under the sane conditions, the
net hod co%ﬁtlpéstﬁgltéEFte‘F%/%Q apicanes et HpPISIAG Vit PEEstcipliangs t o achi eve
i ncreased; lﬁVQH§oi,4n;(w?Qd/°r PPDK i n plant | eaves after the initiation of
| eaf senescence, er'ei'’ t he met hod conprises transformng the test plant
cell with a genetic construct according to any one of clains 1-15, or the
vect or accordlng to claim16. 20. A nethod according to any one of clains
17-19, wherein’ téhéc%tﬁ@ﬁf%rﬂﬁﬁ@s@%i(hélmeawﬁént Hédlebn\tlﬁmlrﬂathcon of PCK and
PPDK in t aves: 1.0, ahgv , ndi concentration
of Pox ang B s E e hich g B R A SR P e R Conat £ ome.
desived from Arabidopiis spp., Zea spp., I laveria spp., of C,/(.o,wr, pp..



- 64 - 21. A cell conprising the genetic construct according to any one of
ciainms to 15, or the reconbinant vectqr_ according to claim16. 92. A
transgenic plant conprising the genetic construct according to any one of
claims 1 to 15, or the reconbi nant vector according to claimi16. 23. A
transgeni g plan gaﬁ%w}nugqu& Rl 280 MRSE Qo BRI AL ISyl om € he

Br assi caceae A transgent plant®accor 3 toc é erein the
plant is ﬁbdﬂ%thQuBﬁ&L@&ndﬂﬁﬂMytstR&pownth@msgennglwhantwaqgord|ng to claim
22, wherein the plant is fromthe Solanace t fam ?5
propagatlGH“’;W@HTJét‘“‘bbt‘af‘r’l‘éb%‘é“’f“ﬁbrﬂ“t"ﬁé“‘t“f rf‘s?g‘éhé’“bf‘hhl( BBdWﬂr‘%Qﬁto any
one of cl aj 2 ) r duct according to

cl ai m 26, qugggfwhﬂﬁé%]qéﬁnc%ﬁﬁ%gég?%Bﬁ g?%%g%iggéagoseed 28. A met hod of
produci ng a transgenic pl ant mhlch remobi li ses nitrogen at a higher rate

than a correspondln wld-ty pl ant cul tured under. the sape conditions,
t he met hod conpy $€iN Cﬁ’l‘i‘é‘%?‘e%” ing to any preqegiist oAt ngPECH Bt cel | with

the genetiy 3%‘3{3?1&{ H%’émiqu( ;lgu{v QoﬁﬂYlsQ@?n Qfm% %J‘i&aéuéﬁx or the vector

according't aim1 regene ating a p ant m t he transforned
cell. 29sulstmeddipchsokt ptmduiéi« figlla Neo:ahsgenifenqloant vhauitng faagmegher growt h
rate than a corresponding wild-type plant cultured under the sane
condltlonél“fﬂé met hod conprising the steps of:- transforming a plant cel
with the genetic construct according to any - 65 - one of clains 1-15, or
t he vector according to claim16; and regenerating a plant fromthe
transfor ngd. celd gencdi@.coAstracvesteding eafing pnt@dmngdaan | oherin ével of

ni t rogen th?n the corresp ?ndln% IeveI of nitrogen_ in a harvested | eaf taken
froma w FAtPyEecprdne vt urEgdghadexnevdsmsy ewdll’lt3ﬂ\oﬁ<§1v1w|ner ein the |eaf

s harVGSESﬁil ok 1&9@1 H]?ld ?c”ég& I gmp'sﬁ‘i@stm@&%r A9 oth?‘W(Pﬂ‘? 5823 .opl ai 1M

22-25, or duced according'to either claim or’claim29.
31. A sno&lngf@ﬁﬂbdheocehmzﬂﬁwﬁg2@LbrQQEﬁcm@dﬂwedqﬁD@ﬁﬁagnobianmﬁd"fronla
mut ant tobacco plant, which nutant is capabl e of decreasing the

concentration of nitrogen in senescent |eaves, wherein the snoking article

s made f1om tabacea QARG LLAMA JUhaR.L 998{3891119'\9}‘2‘m}"{“h<2h has been
t r ansf OI’I’T'E ]he geneti c construct (L, any one O]f clains 1 to
15, or t hpobypepom acdap HMYKt ety kempalisas B hrino acid sequence

substantially as set out in SEQ 1D No:23 or SEQ 11D No.24, or a functional

variant or fragment thereof.

13. A genetic construct according to any preceding claim, wherein the
construct encodes PCK or a functional variant or fragment thereof, and not

PPDK,

4. A genetic construct according to any preceding claim, wherein the
construct encodes PPIDK or a functional variant or fragment thereof, and not

PCK.

15. A genefic construct according to any one of claims 1-12, wherein the
construct encodes PCK or a functional vartant or fragment thereof, and PPDK

ot a functional variant or fragment thercof.



- 03 -

16. A recombinant vector C()]H]f)]ﬁiﬁil}g the g‘CﬂCf'iC conastiuct ﬂCCOl.’dillg 1o any

one of ciaims 1 to 15.

7. A method of increasing the concentration of PCK and/or PPDK 1n a
leaf of a test plant to above that of the corresponding concentration of PCK
and/or PPDK in a wild-type plant cultured under the same conditions, the
method comprising altering plant metabolism in the test plant to achieve
mcreased levels of PCK and/or PPDK in plant leaves aftes the initiation of
leaf senescence, wherein the method comprises transforming the test plant cell
with a genetic construct according to any one of claims 1-15, or the vector according

to claim 16.

18, A method of decreasing the concentration of nitrogen in the leaves of a
test plant to below that of the corresponding concentration of nitrogen in a
wild-type plant cultured under the same conditions, the method comprising
altering plant metabolism in the test plant to achieve increased levels of PCK
and/or PPDI in plant leaves after the initiation of leaf senescence, wherein
the method comprises transforming the test plant cell with a genetc construct

according to any one of claims 1-15, or the vector according to claim 16.

19, A method of imcreasing 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 mcreased levels of PCK and/or PPDI in plant leaves after the
mitiation of leaf senescence, wherein the method comprises transforming the
test plant cell with a genetic construct according to any onc of claims 1-15, or the

vector according to claim 10.

20. A method accotding to any one of claims 17-19, wherein the method
comptises increasing the concentration of PCK and PPDK in the plant leaves
to above that of the corresponding concentration of PCK and PPDK in the

witd-type plant cultured under the same conditions.



- 64 -

21, A cell comprsing the genetic construct according to any one of claims 1

to 15, or the recombinant vector according to claim 16.

22, A transgenic plant comprising the genetic construct according to any

one of claims 1 to 15, or the recombinant vector according to claim 16.

23, A transgenic plant according to claim 22, whesein the plant 1s from the

Brassicaceae family.

24, A rransgenic plant according to claim 22, wherein the plant 1s from the

Poales family.

25, A transgenic plant according to claim 22, wheremn the plant 1s from the

Solanaceae tamily.

26. A plant propagation product obtainable from the transgenic plant

according to any one of claims 22 to 25.

27. A plant propagation product according to claim 26, wherein the plant

propagation product 1s a sced.

28. A method of producing a transgenic plant which remobilises nitrogen at
a higher rate than a corresponding wild-type plant cultured under the same
conditions, the method comprising the steps of:-

1) transforming a plant cell with the genctic construct according to any

one of claims 1-15, or the vector according to claim 16; and

11} regenerating a plant from the transformed cell.
29. A method of producing a transgenic plant having a higher growth rate

than a corresponding wild-type plant cultured under the same conditions, the
method comprising the steps ofi-

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



- 65 .

one of claims 1-15, or the vector according to claim 16; and

1) regenerating a plant from the transformed cell.

30. A harvested leaf containing a lower level of nitrogen than the
corresponding level of nitrogen in a hasvested leaf taken from a wild-type plant
cultured under the same conditions, wherein the Ieaf is harvested from the
transgenic plant according to any one of claims 22-25, or produced by the

method according to either claim 28 or claim 29.

31, A smoking article comprising nirrogen-reduced tobacco obtained from a
mutant tobacco plant, which mutant ts capable of decteasing the concentration
of nitrogen in senescent leaves, wherein the smoking article is made from
tobacco obtained from a mutant tobacco plant which has been transformed
with the genetic construct according to any one of claims 1 to 15, or the vector

according to either claim 16.



