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POLYNUCLEOTI DE SEQUENCE OF FRU T SOFTENI NG ASSOCI ATED
tf-D TV- ACETYLHEXCSAM NI DASE AND | TS USES FOR
WENHABIAISBES FRUI T SHELF LI FE FI ELD OF | NVENTI ONPdTYéN2009/000388
present invention relates to isolated pol ynucl eotides
coding for fruit softening associ ated enzyne,
-D-./V-acetyl hexosam ni dase from pl ants. BACKGROUND OF
THE | NVENTI ON The post-harvest | osses of fruits and
veget abl es, which are quickly perishable, are a ngjor

POTSNuE RS koGS OF BRuEf HOFLENRE A0 ciren

BISACAE T PLHEX OSAMIMIDASH ANDO$TS| USERUIFOR tIRHANCING
second | argest producer of fruits and vegetabl es,

FRUATSHEEBLIBE- 40% of total produce; a |oss estimated

at 40,000 crores per year, directly affecting econony.
FIRIeD 1O hN‘VE(N’HIONn det erm ni ng the post - har vest
deter i rat|

bI
i bR ARG On el vl PERLAR S| Blhe, D il SHefine

asko\fifed bRAynkyy SO aéb’tiﬁld@&tsarﬁﬁﬁdh@@ &M plﬁmequency of
harvest, and limts transportation and storage, all of

BA’@]@@R@ﬁﬁﬁt(bvﬁitem&rmﬁ@N Attenpts to understand

nol ecul ar basis softening is focused on cell wal

Tlggaé(?skl) (Pnlm;vgg'ﬂ l@%@ s bP FRS aH@%e aﬂa\fésd Shidt e thﬁc'?(g}} B&Jishgﬂg,eire a

ese studi es. wever, decrease
mejopreassi fom amhcesra\narddvempntgecmmtrmst bavgusenofc dlel fakogmt a large

hem cel | ul oses .and, pectin ccharides.jn . )
o Bt 5 ot Pt s b oBE orpse: ThE Jpss i e, the

set:anprlﬁ\égﬁt folitder SORLRYI Y [ Etiba! lactdhint HBF BSLATY, NT 1otal
(20 Plant Mol Biol. 47:31 1-340 and G ovannoni J

pr()Q@@l)i Iggsregtimareé\at 40089 CMF%PCYW?SIW@)@yaﬁMmBI egpmomy. The
m%{f?&gég{ cileg?{gnug%g t ee%oszgn 4i%]e 10& orrglgotrﬂe Sangl?\;eegetat)le crops
istherated fsoftasih@r which 1rﬁﬁieﬁéd§13fi€lf fife)mtasfapé, MfR6Gon by post-harvest

N- (Jy;dprotelns are one of the constituents of plant
palagensvifequaney oh Rarvesy-and imits ranspogipiien a@pama@w glpot which

digeacgly\kﬂiegt (%og 5\9te W b un ﬁ?& %oléd'u?eﬁ b-g\slls%[)g?rgcéllfféﬁ%%ed on

mato rurt ripening an
cell Vevalll yrtarzﬁmllarhlamd toinkto Masrproadyd ihe pihicmadémodel system for these
ests_that ~ coprotein

st{b(glg%te éyelggelrn eﬁ:rﬁ%s&ﬁh 3 uegsglﬁnr ?fp é‘ﬁ‘feﬁad pr%tcy ns actmg on cellulose,

hemicelluloses and pectin polysaccharides in transgenic tomato fruit has proven to be
insufficient to prevent fruit softening [Brummell DA, Harpster MH (2001) Plant Mol
Biol. 47:311-340 and Giovannoni J (2001) Annual Review of Plant Physiology and
Plant Molecular Biology 52: 725-749], suggesting that modifications of these cell

wall components are not the sole factors to determine fruit firmness.

N-Glycoproteins are one of the constituents of plant cell wall and free N-glycans are
also reported to occur in tomato fruit. Moreover free N-glycans are known to induce

tomato fruit ripening and blocking of N-glycosylation with tunicamycin delayed fruit
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process [PriemB, Gtti R Bush CA and G oss KC
(1993) Plant Physiol. 102: 445- 458]. Most
w@botoopeses ei n of pl ant source contai n subst ant P@t/IN2009/000388
anount of pauci mannosidic -glycns, which is produced
by the renoval of termnal A cNAc residues in the
secretary pathway as a consequence of
-D- Lf-acetyl hexosam ni dase activity (Strasser R
Bondili JS, Schoberer J, Svoboda B, Liebmnger E, Qo

r1p§1§hg J whitht @stE thatt ﬁlg?&%@%dﬂ&h h%‘o@é}ging Uk asmpWheRt 2B8ding

Pl ant Phys ogy 14 reover
processiPriem Bc@t@lﬁxe&t@baﬁ%m@a@@ss SWE1 993h Blagt Bhysiol. 102: 445-
Ch n i.vit rin eni ng. of tomatq and
45%Ep§\?‘§s3mg§ﬁ8pm “Pr Oger#aqt gg'érﬁgn§°n gHosianialy pmoyng of
palclagasts b MBiyemd wWiiabhapréilided M2 the RbitbogIheMefhingl GlcNAc
61(3): 295-300; and Jagadeesh BH, Prabha TN and
restspien iy ieaFecRITY POUIVAD| 3 rit CONSPQUFAES 964 (Lb)V-acepshexosargigydase
act REMSREE KT orlaVESTS AR T0P PLERB0L 1 ME0RIA0: ECGRI S8 1
rification and characterization of frul
Al'smfnhe]hl $tg1nksl$rmr|}ihtaﬁd lerkay dach (2007) Plant Physiology 145: 5-16.).
TV- the osam ni-dase of tomato (Sol anu
Mqr%‘eﬁ&e? THEFL aoeaﬁgﬁ%eiﬁﬁh@&éﬁ@rleaﬁw*am@a%ﬁ In apfjyity during
rip_@ﬁlﬁg &1t tohddV hd Q:@pﬁ!:\ﬁﬁ’ dn! Rt §i3sdn® ih ARRAE, IidHobOBapaya, etc.

I sofation and cloning of tomato and capsi cum
(JaeadBeNacBHy i xRrabimd nmaé?é)Oé)ariﬁe'tOCHhmlmes@mﬁ) i B9R00;0and

sageltssh iy, TPt Ssean o o Ph el hied Ry 1451

bavi ng enhanced fruit shelf life. One aspect of the
present invention provides an isolated polynucleotide

SUMMMERRYDOR THPE RSN FRORAVI ng hexosani ni dase activity,

wher el n the nucl eoti de sequence of said pol ynucl eoti de

ThE Eﬁ:&gﬁtsm ﬁ?chy fé‘ﬁﬁég g)e an 3hd | RaSteRPAN %Ig lh s@ftemng

sequence as set
assSE@ddEénbleneSﬁ-dD NSEEQyIl}[éxb@mlﬁldasmof fmmatm%mtunofycbﬁesw um)

resent inventjon provides pol pe t.i de havi
a“‘ch%PS%‘Hhe SIgUmS EL h TR R@nt@nora%%e@g’}a}ﬁs to
ide¥Fication®t iIMAL" 2AFPEIY e thn%ﬁJemandi N@pdit@i p-D-N-
provi des an RNAI construct for suppressing expression

acasylhbenseméntilasedgenes. Hhe nresent gevanson| farther releteg dpstranggenic
plants, with reduced B-D-N-acetylhexosaminidase protein accumulation, having

enhanced fruit shelf life.

One aspect of the present invention provides an isolated polynucleotide encoding a

polypeptide having hexosaminidase activity, wherein the nucleotide sequence of said

~ polynucleotide encodes a polypeptide having at least about 85% identity with an

amino acid sequence as set forth in'SEQ ID NO: 3 or SEQ ID NO: 5.

Another aspect of the present invention provides a polypeptide having amino acid

sequence as set forth in SEQ ID NO: 3 or SEQ ID NO: 5.
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conprising a sense pol ynucl eotide strand conprising at
| east 20 contiguous nucl eotides fromthe sequence as
WO2810/604¥88h in SEQ ID NO 2 or SEQ ID NO 4, aR€TdN2009/000388
anti sense pol ynucl eotide strand that hybridizes to
sai d sense pol ynucl eoti de strand, wherein the
anti sense pol ynucl eoti de strand and the sense
pol ynucl eoti de strand form a dupl ex. Yet another
aspect of the present invention provides a process for
Yéteh@otheld afpedi tof Skt Br&E infeiciNproidk® RAORRAS construct for
conprising transformng a plant cell, tissue or any
SUPBACSSIRE cPEBSIAN t of hposamiidasenting (rarsgeniccplapt i i nepnstruct
: n ot.j in I [ havi .
oo fisB MNGRECPAR TR SRt REERERLL BF SR (AP coniguous
niekgtideconfthd fegupadeyassel fopthiifl SEENIDVES Ron SEYPEPNGIE, and
having at ] east about 85% i dentity with an am no acid

g . .
| ans apfiREAve PAYNEEIFOtdsy flhand, thaEhybrdides te wid Seryel prlpycleptide

stRE" Shbrefr theP Rl t)BAG! ?(ﬁgﬁ&%dtﬁe i s‘i‘ra?&‘:ahgstgx@ SEnse. polynucleotide

orientation. Yet ano r aspect o resent
stiand éormi @dupdeovi des a process for delaying fruit
softening in plant, the process conprising decreasing
Y éthanotley edspat ofakepacsent thasetion ptovides gepiocegs! foftdelaying fruit
nga[ed toits level in non-transgeni ¢ plant

0 . by
SO@%! 43 PIBAL Pi° RIACHRNAOMATIERE HRRTIRENPRRRIAN! Eelhdispifcqr any part
th&ROP Wil B HcohfeAdint e\leEfo?Q{BErg}ris g e k)glgﬂlcdg&ide encoding a

conti guous nucl eotides o pol“ynuc e encodl ng
podypeotigpbptingl bexvamningddse eosdty, whdase thecmickiotide seduened of the
he nucleotide sequyence of the pal ynucl eofide encodes
PG e Bherbien G OF it ) ot 0t Beh Eg o an
an@ilo ABidNRqa&icE a8 SAURMMEINSER D NOF BhoriSEGHY NO: NCyhéref the
SEQ I D NO 5; and screening the resulting plants for _

polydgleetide isuepnipfensevosaigtion.dase rel ative to the
non-transgeni c plant. Yet another aspect of the
Ygraogrer aspacer itbe ppesent tesntiomppoveks & proces| fyidetpying fruit
ruit.softening in plant,.th rocess .conpr.i.sing . . i
soRiipe 1S P AL CHL ORI o Bk dEar NG ABder o o Mo Eganigase in
tradk@dtic PRAPASBParkd th i LRI G doﬂ-tf&ﬁ@%etni@?ﬁﬁﬁ By @xPreddibn BY an
expression of anRNA interference (RNAi ) construct

RN 8nptarirenge { RO sopsitugh gempnsing ét deash adragsmmt iofiatdeast 20
2 i gu u Fdes fro e.s e as. ..
confififus Bt QSR SERe) BT BAHERRe" havine
headdansinidas: petwiny oligdindbe Stvchsotide @fudngbrifdiheepolynucleotide
encodes a polypeptide having at least about 85% identity with an amino acid.
sequence as set forth in SEQ ID NO: 3 or SEQ ID NO: 5; and screening the resulting

plants for reduced level of hexosaminidase relative to the non-transgenic plant.

Yet another aspect of the present invention provides a process for delaying fruit
softening in plant, the process comprising decreasing the level of hexosaminidase in

transgenic plant compared to its level in non-transgenic plant by expression of an
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to the sense pol ynucl eoti de strand, wherein the

anti sense pol ynucl eoti de strand and the sense
w@odigneskeot i de strand form a dupl ex; and scr erei/mRotdn®o3ss

resulting plants for reduced | evel of hexosam ni dase

relative to the non-transgenic plant. Still yet

anot her aspect of the present. invention there is

provi ded a transgeni c plant, seed or progeny thereof,

wher ei n expressi on of the hexosam ni dase in the plant
RNA& Gdtarélcee RN debayritr Woinpsisingeni segse BRllffucleotide strand

DESCRI PTI ON OF ACCOVPANY! NG DRAW NGS The above g& '
comprsing fag least 2scontigpens: rucleghdessliom the seauenge ot BAREQ

L8l Ve ; Wikt gt hybridi

IR’ 5145 185401, RS Rt HRL B ORD 65000 b
to decasmpa pylynaclestadsi suged, Wherainethd astisonse pplynisleotide strand and

-acet yl hexqgsanj ni da activity dyring tonmato fr.uit
the.Fo9em Pelgnudieatipe Sanar e & dupIey: andsgrednias RS (reuling plass for
redicDi RAKLIEheRoRInikidalfel il i MR noRrab¥ciipldmnat uri ng

ACE anal ysis of purified /?-D -acetyl hexosam ni dase
ot el Q i i BB ISV el AFansgenic plant

s 4 S RS o 0300 AR0EL Bl DB Ao
seq@t ot piagehy dreredpsiherein ekPretspompoDthe hexosaminidase in the plant is

-D- ./ V-acetyl hexgsam ni dase activity on -glycan
Cogﬁﬁ?}ﬁqdrtﬁt%é@y fguijolieBme: and - gl ycan2 are bi antennary

LM nked core pentasacchari de and asi al OiNégal act o,

- BRIEhDESCRAP TION %@Q@PMP@’YING DRAW

[ ?-D-JV- acet yl hexosam ni dase activity during capsicum .
Ther akiove chrd edthgrmfaaturesn dispacise iind pdy aniagss, ofathei Syibjegt matter will

checked in .ei gh a ( , ' :
bR on P s PR Ty g AR Blerth claims,
and @egmpangthgaiawingEXl . G 2DE anal ysis of capsicum
purified protein. Spots 1, 2 and 3 were identified as
FigerpbepWs Fi gure 2 shows

A) B-D-N-acetylhexosaminidase activity during tomato fruit ri.pening. Data are mean
+s.e.m., n=4. MG-matured green, B-breaker, P-pink, RR-red ripe.

B) 6% non-denaturing PAGE analysis of purified f-D-N-acetylhexosaminidase
protein from tomato. '

C) 6% non-denaturing PAGE analysis of purified S-D-N-acetylhexosaminidase
protein from ‘capsicum.

D) tomato -D-N-acetylhexosaminidase activity on N-glycan substrates. N-glycanl
and N-glycan2 are biantennary N-linked core pentasaccharide and asialo, agalacto,
biantennary, respectively.

E) p-D-N-acetylhexosaminidase activity during capsicum fruit development and

ripening stages. Activity checked in eight stages (S1-S8).
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A) SI HEXI gene expression during tomato fruit ripening
as determ ned by quantitative Real Tine reverse
W@ eEnsetsspt ase PCR (gRT PCR) anal ysis. Data arBCTEE009/000388
s.e.m, n=3 B) the protein | evel expression of SIHEX,
as determ ned by western blotting using peptide based
anti body. Figure 3 shows A) effect of transient
si | enci ng and over-expression of SIHEXI in tomato
fruit, by agroinjection, on
F) ZoP-aiftya6 e ylohfx® pantitd FaseinaSpbisi 1y2 aalRH wand i®itiied as
are RNA" construct designed fromb5' and 3' sequence of
SIBEMEXI , respectively. 7FH represent overexpression of

| . f.i i f | :
OSSR R Ha P SaRl f 7 HER e HgAed o

CaHEXoOimati on of gene silencing by western blotting.
" +Ve' denotes purified protein. D) quantitative
Figrgdusheent of firrmess of RNAi agro injected fruits

1 er 1 Nj. I,0 t r :
SN SPGB s B R BB . Qclimined by
quantitalive RiebloMimé rSerieXiransCripraseriPCR (GFP FUR) enalpsiot Pata are

was transiently expressed in tomato fruit by

meddSiePe &P on. GFP signal was observed in the cell

B)/fAt [g;r(ﬁéinr@\llél‘tek%h%sﬁ%pﬁﬁ§ﬁ{m1,Oafs detdifaiflediby WeRaRibEting using
[ Ired nutants rin, nor and Nr conpared to wild type
pepihild based nutiblydyas det er mi ned by gRT PCR anal ysis. Data
pare gs?‘an s.e.m, n=3. C) ACC inducibility of the gene
igWC 3PS ned by qRT PCR Data are nean sie.m, n=3.

AFEfBbt @ f ranbienssikdhcink Hadl ovier-axsressidit of SHAXAahdtomato fruit, by
animetion ooch N o hexbsanantiace scivity! skil1 and SRHT SreRNAi

agroinjection, on f-D-N-acetylhexosaminidase a y

construct designed from 5' and 3' sequence of SIHEXI, respectively. 7FH]1 represent

overexpression of SIHEX].

B) confirmation of gene silencing by northern blotting. C is control. (Empty vector

injected)

C) confirmation of gene silencing by western blotting. ‘+Ve’ denotes purified

protein. _

D) quantitative measurement of firmness of RNAI agro injected fruits 15 days after

agroinjection. Data are mean %s.e.m., n=30, P<0.0001.

Figure 4 shows

A) subcellular localization of SIHEXI1. C-terminal GFP fusion protein was

transiently expressed in tomato fruit by agroinjection. GFP signal was observed in

the cell wall.
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SI HEXI overexpression lines as determ ned by qRT PCR
anal ysis and enzyne assay, respectively. Cis contro
w@ vaibdo4sgpe) . Data are nean s.e.m, n=3 B) S| HEXi/IN2009/000388
transcript |level and enzynme activity in Sl HEX
RNAi / Anti sense |ines as determ ned by gRT PCR anal ysis
and enzyne assay, respectively. Data are nean s.e.m,
n=3. C) 5 mm conpression analysis of fruits from
SI HEXI suppressed and overexpressed TO |ines at
B)diel dtReesiprasgest SFHEX P eniripgninPahtpaiitd mmans #3n, endn and Nr
n=15. OR-_over ripe (Pink + 10 da s)pgg) grogression
coptpasdste widd epst (4 aioralab@Seaiqth%hy oP &BAMysts; Pgta are
R hotegraphy. Fruits fromtransgenic (TO) and
In§§ﬁ§§?§bg glants wer e harvested at pink stage and
C)sAGCaddwtibitigoofi the e @t detamiiRd-IR4A4R T B CHS 1504/ane gheuni As¢.m.,
humdity). Time after harvest is specified by days. E)
he section of pink and red ripe stage fruits stained
Fighrk B shehwi di ne bl ue dye. Figure 6 shows di agram of
reconbi nant vectors (pSRH and p3RH ) used to generate
ARNNEN mascripy lgueleand AgDoM@C@ng@ﬁmmdmcaﬂwuh am{l, fruits of

SRS P RaSTdn MR SRR BT E R RS AP i oy

: re:g)iéaﬁjve‘lﬁ QRWhabE(vAR tyFONDatal ard@Balri-gehe, S=3hows-

agram of reconbi nant vector (p7FH ) used for . .
B)t$lé'%§i1 dranserit rleve) pad snameddivity de STATBKARN AEANIsERss ines as

de?@r%ﬁ{eidnﬁp RT : oﬁﬁn%@%s%%%ﬂg?rﬂqusa?,: arnsglgctlivl\é\{yaﬁétggrg Rfan

present ‘i nven ates t omat capsicum fruit
+seahf, @rBng associ ated b- OTV- acetyl hexosam ni dases. The

C)Lﬁr;]sn;x? E%rplg%\éqelgtté Iagagbﬁga é’ggql)g{)l:‘qél?f?ﬂ ts%gprtegsed and overexpressed
JlitePal YirReSk ¥lBeX0F AR aSRa ahBES Bs BNA nAd OR- over ripe
anti sense nedi ated suppression of /7-D

(Pinkcet§ flimsxosani ni dase expression in plants del ays

D)fS :#{)%rﬁ%?]@ e&i np%sta qgar\(?e\é? Rl gestgriigrgtigr? hraeré(c):r(:"d%d]c 'B?I {ime lapse
photography. Fruits from transgenic (T,) and wild type plants were harvested at pink
stage and stored at room temperature (22-24°C in 55-60% relative humidity). Time
after harvest is specified by days. ‘

E) the section of pink and red ripe stage fruits stained with toluidine blue dye.

Figure 6 shows diagram of recombinant vectors (pSRH1 and p3RHI) used to
generate RNAI lines. .'

Figure 7 shows diagram of recombinant vector (pOVHI) used to generaté
overexpression lines.

Figure 8 shows diagram of recombinant vector (pAHI) used to generate antisense

lines.
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The inventors of the present invention focused on the
benefi ci al physiol ogi cal functions of
W0 2010004585 acet yHexosani ni dases such as regul at BPCHIN2009%000388
in fruit softening. The present invention was
conducted by taking such requirenent into account, and
its objective is to provide a nethod for del aying the
fruit softning for enhancing the shelf life of fruit
by reducing the | evels of hexosam nidase in transgenic
Figuanto shb@si disgani dfny&diibdianpr @etdte spHHE ) Dhed for transient
constructs, reconbinant vectors and reconbi nant host
ovespipsessiomand subgsllulag lgsalizatien|csBerimaete odi ng for t he
pol ypeptide having the /f-D -acetyl hexosam ni dase
DERANGED DERCRIFIHONOF T INVENTIOMer provi de a
met hod for delaying fruit softening in plants using
Thédprepait ymeentientélates semuene andéapsicum fruit softening associated S-D-

- D- V- acet yl.hexosam ni dase. di scl osed in th resent .
NagoR e erminIgasea b WRCPHE PRAPRTSHRIETR (B pghingelgotide
sdgiiénde’ BRBRETOF ADaMaSety PeREKaMINniaE, SAReeih NRNA9fand antisense

wher ei n suppressi on of -D-V-acetylhexosanlnldase in

megligted| supprassion eaf US-Dei-dcatyiepiasasaididpsay expressears in jplaats delays
The resul t ant transgeni I el by the
ﬁ'gﬁ 5%{3%“%,%% %ng£?Wéexg >r(er5°' rgle as ﬁg%\cgp@ﬁgéﬁénﬁgﬂ exosam ni dase

ene using e anti sense and_.RNAi, t echnal ogy .produced .
T Fvestarh e P Pt tB U, pRee PheaipRl RN Sigica
fubfiors AR PENIaGet [HekbsamiMARRR\s0EN AR ghilafF$ I618IIE fifuitkoftening.

roduced by RNAI technol ogy showed no signs of

Tho presentrigvantion gvassopdyeied by halving sechageirernent dntepaecowo, and
. days nmore than.the ngn-it i it . .
oRBEr RS o PRV R G ABAARL S il Bnng for enhancing the
sHe@fCliTe Of a@t bsiedwrihgdibe $¢v@bsoftexsahiisidasedn tiangenidplatay s

of harvest which is al nost 20 days nore than the

TRONnbthAN HBRATIGN fPreviiss tHOESNAr @emtiuStsarBcchibiR4rtS védors and
and unexgected. In addition, suppression of the gene

recambinanis esii esllp| campsisingdthe opahegpetdolide epelimgt fosrthe polypeptide
ot . _ o
YR B AR SR s 00 S0GL St HRIEL RO e

proRfdeai tmdthoe fidri d¢laying e Sofiening i aldn®n using the polynucleotide
bi ochem_.cal characteri zation of /f-D-

seqpensey PhékBeimrHiy sxesaminigass fisglasedoimilbe drercelpicatin. In
aécﬁﬁ'ﬂ)ﬁ thE Thah Sm@é}gio%l gtg)'v?%s Ahe Ctg}lé%é?i%j RO God WA seed

€ correspondi ng gen om t omat anda capsicum
thereof, wherein suppression of -D-N-acetylhexosaminidase in the plant is resulted

in enhanced fruit shelf life.

The resultant transgenic plant obtained by the suppressing the expression f-D-N-
acetylhexosaminidase gene using the antisense and RNAi technology produced fruits
which were about 1.5 to 2 times firmer than the non transgenic fruits. Moreover the
transgenic fruits produced by RNAI technology showed no signs of softening up to

45 days of harvest which is almost 30 days more than the non-transgenic fruits. The
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In anot her enbodi nent, the instant invention relates

to studying the expression of the gene coding for the
w@oliypess de having the / -D- V-acetyl hexosam nPCGEE009/000388

activity in wild type and different tomato ri pening

i mpaired nutants. Furthernore, ethylene inducibility

and cell wall |ocalization of

-D-yV-acet yl hexosani ni dase protein was determ ned. In

addition, the functional characterization of the gene

triYgerid fifuits Protidice DBy A AliREHse iédhAbIBRYisBéwel hé 813as BNEoftening
and stable transformation experinents. The enzyne

up;;@h?! SOq:iqyé &f hgr:vgstfvmiqh %@g@@,@g@ys giorg {l@n glgﬁe@qrﬂrgnsgenic fruits.
[ u . - frui s [i1g :
TR U o Bl BEE Lt Bhuch SHAhs Hpr L héthene in
traggenit tpfantitl hadgo friegativer éffieniongvegbiague grdbigh, floering and fruit
V- acet yl hexosam ni dase Vv purified from capsi cum and
devglppmsntdayy © 'P%f“@We@ldry\clb\gaor etic hormpgeneity from
total protein extracted fromfruit pericarp by . ,
Ins opg satbiodinentmBii ingiasLiipieatien jrevddes pamfications did bigshemical

e PO IS8 LR AP B RPRAR By capsiun
friuit Iperiedrp @and chommg b H gDAphynd gerdepb X o&-thé Ooedponing genes
The purified enzyne was a single pol ypeptide of 80 kDa

frgm temajoang capiiGiier , the native size of the protein
was 300 kDa on non-denaturing PAGE (Fi 8u,re IB, O..
Iy apother embgdiaopt. fiscinsiani mvendioa relates tQ)pe e dheeexprepgiontof the

gé’l\@sco?lm €fof ﬂzﬁb@g\%&gﬁ@h§?ﬁg4f19 ﬁ%-ﬁpg&%h%@amdase activity in

posi e w talin
whBi agpe and alifférantaowneto zgtehimg iaipairodrahwtasts d Foajesimow ethylene

. hexpsam ni dage v carrjed i ng. ./ ?NPN-. | .

inde Dy e S0 W DGR A198 §1okeP: SRR RCRpidage. proffie was

dQBA AR FdafEn! SRABHAIIMAECHRActRLGh SlUie DI WAYSdried out
were pH6.0 and 450C, respectively for both tomato and

b dgrsibocrarinexoshated irdasent and stablie srapsipymatiogaexpstinights.
bet ween wi de ranges of pH (pH4.0-pH3.0 for tonmato and
Thd-EnAmeHXhibifed~3chafidd enlmncememaiitits spepifi€ activity dwsg rifening

ctivity. The to o_hexosam ni dase cpuld retajin 909
Oﬁforwg fhii i(€‘i$t‘§? 3?5-391'@3&% "eo‘_amlwrwﬁe iR BpgHowed highest
adrt]i'@?t?td'uyl_ﬁg i ¥aid {F@ urgr1E?‘.%U-Nfbcé@[heﬁ@samiﬁidaézaﬂﬁ piHfied

exosam ni dase is stable at '420C fof 60 m n. Kmwas '
from2@psiptvnfand toomtet Guhiesoslaetrophdeetie ombgendity] fram fotal protein

BRI ST A, B SnBORERY Shll Hion,
fdlloGeBatblyNGon exchange chromatography on DEAE Sepharose, affinity
chromatography on ConA Sepharose and gel filtration chromatography on Sephadex
G-100 column. The purified enzyme was a single poiypeptide of 80 kDa on SDS-
PAGE. However, the native size of the protein was 300 kDa on non-denaturing
PAGE (Figure 1B, C). ﬂ-D-N—acetylhexoéaminidase is a glycoprotein as it was able

to bind ConA Sepharose column and was positive with PAS staining. Biochemical
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| Om of N-glycan substrates at 37 C for 12 hr with
0.5ng of purified protein in a | OOM reaction m xture.
w{a ben/oov4ses sanpl e was filtered through PVDF menbCEM20090000388

renove the protein and 10 ml of the filtered sanple

was | oaded on to Carbopac PA-1 (4 x 250 mm) col unm and
the rel ease of G cNAc was determ ned through high

per f ormance ani on exchange chronat ography (Figure I1D).
Two di nensi onal gel el ectrophoresis (2DE) of purified

cHaPIRdr a6 P b Llothai @ MRPEDE chieheRbEmBRTRscOWad Qitfied out using pNP-
pol ypeptides with different |soelectr|cap0|nts. Mass

Nsaselyt-Sddre glugosaminivs/ BYP-4ielNae) ssubgitase-ed hehaptiggey pH and

nunbers .1 re hdentical § b<d
PR S 0 A B TS 5 R o
totrakdanll )capsit@hriexbsaminfdasd hed thi2 Rnzphe patisi §taeld between wide

capsicum protein revealed sim lar _pattern of )
rapggsy peptt GRHEBPAISY ifomn tqrmatguand pidy-0-pdd sfox capsicip ayithout
AL i i, ' - ; :
SRS 1 ST S MRS R e
adviavitiy st 87°Cpfep H0 aiein dagwen 66%00hdctive @42 Coafiemirssibation for 60 min.

spectronetry .anal ysis .and canserved motifs identifie
C?IF%%?PFWS&_ e erala é‘_ﬁdéﬁ{" i md{fao&% 055 o
tohla®s hékdsaRhihi¥aRCaid e osdm 1B dasecum WRx ORI, N-glycans

degenerate gene specific oligonucleotides that were _
presesdingofunttiome o SHHIEN-adetydhexosaminidagn dvasaiqEx@inedr ymincubating

GRS SRR ERL X TS S P PRy 0

1600 réR¥ieh SRixturéBlidni the Gainpleg@he fiiterd ahiNbgh PVTIF pednybhane to
tail specific oligonucleotide (RACE adapter priner-5
regeeATaTericAs AGRACHTthe fiiteredmspmpterwaslogded gty Casbrpge PA-1

@2 B e TR RV AR TS SR G OTRRE et fien
perfirf@ahé2 bkion 7éxchm;tgeactn681h&xgrqph'y n@igwterliDje d‘ via dimédacnal gel
RS B T B S LG i 2 Pt

p(%#fﬁé]ﬁlqeé Nigh RiEMedt EﬁﬁYecﬁi%Ctp@{ntégpgia% GHER Ry ATBE I EAMS)

the derived sequences by Bl a o
arfalysis. neielednthat spét. Roubdrs i ldehand idedreagdeptieal jand it is named as

sequencges of . SI HEXI, , The gene bel o -t SYik.
SSigekie) acereiem, Bo-persy TR IR e 1)
Further, 2DE of purified capsicum protein revealed similar pattern of polypeptide
separation (Figure 1G). Spots 1, 2 and 3 are depicted similar polypeptide and named
as Capsicum annum [-D-N-acetylhexosaminidasel (CaHEXO1).

On the basis of peptide sequence obtained from mass spectrometry analysis and
conserved motifs identified from multiple sequence alignment of Arabidopsis and
rice f-D-N-acetylhexosaminidases, we designed degenerate gene specific
oligonucleotides that were used to clone SIHEX! from tomato and CaHEXO! from

capsicum through rapid amplification of cDNA ends. Total RNA was isolated from
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(I'nvitrogen) was perforned to determne the 5 end
sequence of the gene. Using simlar approach CaHEXO
w@eone/nofsszapsi cum was cl oned. Quantitati ve ReabCiliNgB09/000388
PCR (gRT PCR) anal ysis reveal ed the appearance of ~6
fold nore transcripts for tomato SIHEXI in pink and
red ripe fruits conpared to mature green fruits
(Figure 2A). Protein accunul ation pattern as
determ ned by western blotting anal ysis using
friie petigep bsGdamtindedtsd ahsREbed) palerdtt LBXA psiag @olyA tail
was simlar to nRNA expression (ESI gure 2B). The nature
speFifex gen®ligapradensiden pat t éRACEJuri ng adapier i penPH@‘er'
S¢€ trhv
O A S R A AT T T TR T EO AT DD ). A
gehedspegificedégenemate phmegenﬁesmoﬂmg| lmgtltehpepttelsplébNWé{WH (5

BT TAT AR el 1R Wl i

déiv%lffr&? RACPOIdapr pRbRY (b \xﬁe@@}ad%&’écdi@mmm(ﬁ%c 3' -SEQ
d eave AP, G een AG and terhouse PM (2001) Plant J

IR NO: 583)1w59(h)bla o srepkfy ANA ﬁhgmstamwhl@r weret dongshinto pGEM-T .

pSepar t ed an 0 y f r agment
e Seane: PLbConved onzabish; 630 5 Yo centr R AR Aestx
(VAR .t BTIch. r’ﬂﬁ 9@5R|"Her{tif&ﬁt a¢ e@algmﬁeﬁde@nbﬁ Szﬁﬂm The gene
sequence of SIHEX L@(nd p3RHI (%: vect or designed from 3’
&ur

b@w@gssgqlg@fv@éylohy(gp | fpmgly; YrEagy . family). Further, RACE PCR

&P
PR OB SN U SR SRSl PR ke, vsing
s@ﬂlﬁi"ﬂip;ﬁﬁdﬂ:hﬁ@fVEXOFlggmH &fcapsiaund veks. cld?ledt her t hese
bi nary vectors were nobilized to Agrobacterium

QuAHTRARG! RS Tohé POR [GRA ROR) byal g efvEApDHRtdppLaraid of ~6 fold
growmn up to md | ogﬂggase O:hereggrobacterl um strains

mg@Fe @m%ntsﬁer tpseayo XBm pigbandaed 1ipe fatils. comparegy Gvipature
ofef %ﬁﬁﬁ %8 'p%otw@f &C&z&uia%he@a B L %%ﬁ?rﬂ%‘%g wastem

Iaa gr ol nj eCte Into the peri
bl@ftldgh@amtsum&ﬁig géﬁ&i@ liasechiamtltﬁddyl taised lagpiastt SleEXLIlpt(ﬂem was

wer e haryested 3- s aft jection i nk stage
SigHiar 4a iy Rpiesna i 2o 1P ltaﬁlgﬁsil?@f gFRf expression
p&{ePd, quﬁn% SR rlﬂeﬂlr?\@&rrélﬁtb§®ftﬁ% lf)beée?ylﬁm%?rﬂdis@ activity.

enpt’y vector inject fruits Rea
d t
THSRL DR RN ARGole b5t SHBAT GBS, %“’ { h‘*e"r“‘r'%‘s“é'@“o?“ﬁ (g gene
ingheling mexmacrnwellm’EREWas: tloued ynto pHNhH\I IBUdp( Wsdey SVi, thetlovell
F
CE\ ISgrrlf%{heNA Wang l\Ilg Rouse DT, Liu Q, Gooding PS, Singh SP, Abbott D,
Stoutjesdijk PA, Robinson SP,.Gleave AP, Green AG and Waterhouse PM (2001)

Plant J 27: 581-590) in sense and antisense orientation separated by an intron.
Finally, the Notl fragment of the construct was cloned into a binary vector, pART27
and named as pSRH1 (vector designed from 5' end sequence of SIHEXT) and p3RH1
(vector designed from 3' end sequence of SIHEXI) (Figure 6). Over-expression
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determ ne whether this reduction of enzyme activity in
RNAI injected fruits was due to the silencing of
wekHEXD45gENEe expressi on, we checked the gener ap€DIN2009/000388
gene specific small interfering (siRNA) in silenced
fruits by northern hybridization. We could able to
detect 21nt small RNAs specific to SIHEXI in RNAI
injected fruits (Figure 3B). These observations again
confirmed the correlation between SI HEXI gene

cANREAS Sefd@RIbpRAZHEr ACHdtemdyyvecTldt IH('QHVGANB?O@JBEIOZI vector
transi ent| overaaﬁressed in tomato fruit.

(neneil ax py LY 108 AR o iaies 7t Do Gdieshese Biagmysglors were
m3hizld 3§ om?erpﬁrg\fﬁ%@gzeﬁ} sRhNKEAR296s bwhaﬁcqrogo dan/on and

over exp re S1 on ene resulted 1 n"en
gro@-n\ﬁpaoemylllhgpmmmedag&)bacﬁermm s]ra(rﬁl\@tuclec:&ﬂbe uskd are LBA

obt better under st |n of SIHEXl jn frui
A i o0 TR sH0uT aromerenmin salorselitRd i sesuspepded
m LR RREaBioh inRk&IM ngd h géc?&i mt’d Bt serichp ofMRE nttedigreen tomato

frurts. Since, fruits do not undergo nor mal

| fruutqoelmen@dpfrmtsewe dmnwaﬂedsbﬁ daysvwﬂed injegiomat preklestage and

ol o gt TSR ARG L B RS Bl o Nl bR s

cophpdeed tot érﬁﬁl G/rebm injested frupt ReABYhd PORNart deSOW BIBt difalysis
at both pink and red ripe stages. However in case of

shawerl reducgon immkdyA pad peajein loeh whieh wedirasplied @3bg fass of 4-D-
N&ﬁ&?lh%;( ﬁlragseS? ﬁw 1ﬁd (4 Q@pp%s@gc? f‘lll:ﬁsgg %gfe?d&'A,AlCl). To

a I onsa elt er "ri'péning ass
daéxhyhewheﬂhemmheam& affengyrhy heiétypaRMet infaeteainuits was due
ultinmately had reduced fruit, softe |n . The | ack. of
toethsr BlearIBg AbrSIBENEXEeEnePResSioNmitearttesked fgnggnpration of gene

st &t in&&femge(smm Hmemeae%e%ﬁg %9 @%&ﬁnhmld%%on We

its regu ation By eth y ene expressi on of
capdhebleate defect Gllnt sipale RN Ag epbmfm (D SHEXCR RNSat leﬂ:cted fruits

t dli ich f t hyl.
e P37 SRear atat S coranie BE PHERUGRMePKss HEY
gk dxpression %ﬁ@feﬁif’}ﬁé( 9é3tﬂmtyn THASENA! Gv‘&dsleid/ trhmeMig ovieR&pressed
ripening related |l oss of fruit firmess was detern ned

inptpmatrafryiti Rer QWWS@O@ffﬂQé‘f vernsi aggmarectsﬁ HEXpatRKRAgreen stage
i b f f
and. Hértvg 2 9uaq§3\n aﬁgy e%.e}%?é%ﬁv?ﬁ& on g{' %ﬁéﬁ(l éengmr%aﬁted in

US ng rextu

erMaﬁcEddS ﬁ@%cedﬁhexo@@hﬁhdﬁse cdctihit r(unlguie Ve Tarobesih el better
pi nk stage and stored at roomtenperature (22- 24OC3

urrqﬁrse@tde@m eSHIESE  Hunfndt t Pentin ko iRneEdnto ACaiRplglgns” was
dQLmliRl PR to R rlﬁe%%gel%}’rea’ @fulsiis rin, nor and Nr fruits. Since, mutant

fruits do not undergo normal ripening process; comparison to wild type was made at
the same chronological age rather than similar stages of ripening. qRT PCR analysis
revealed reduction in SIHEX] transcript level upto 78% in rin and 89% in nor at both
pink and red ripe stages. However in case of Nr fruits transcript level was reduced

upto 63% in pink stage and 88% in red ripe stage (Figure 4B). All these mutations
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injected fruits was done 10 days after harvested which

showed statistically significant difference in fruit
wo owmesss RNAI injected fruits were 1.6 ti mespET/INDG09/000388

than control fruits (Figure 3D). To gain a detailed

know edge about its function and the site of action

the subcel lul ar | ocation of SIHEXH protein was

determ ned. For this, GFP was fused to the C termnal

end of the protein using gateway vector pK7FWZ, 0 and
affddE efthST BPenMiP h&ioBiaSethyIens bRIBYhiheSiX PF @HfA¢hel Pert@ptidhGand

fruit by agroinjection. |Injection was done at nmature
ultjmetsly bachgrdusedi firvitr sefisning. dhe fackikof expaession) ofj YHiEdd in these

fruit ericarp: I ' Vi
il SRy RS BB R ToPy FEABRAE b ot NG by

ethylbiiee The GxPressign alf SWAEX Tl gere tvasl ~4 rfoldnepregilitedan 10.1mM ACC
region of the cell, confirmng. its |ocali

treadgd (QpRRtp sasdlines tvhiehn caplimied” 3 gthylarg r‘@é\ﬁ%‘ﬁfg{] §Figpies 40).
Fl(l’ﬁl@%?l% MY conflibitiido XL a ﬁeﬁo@arﬁﬁY@Js@szﬁ\t’iﬂbk&Wards the

transt of med suppression and overexpression |inés in
ripemivey eclat®ddof NSl fnon fitmoess swasp BRekminnd 3 Rrlyzing ghe rate of

evel o [ AL ysin . bp 5' and 3' .reaqi
soenimebigaieF SURL s ) g e Bpeasuificat ol Fh dimness
SRUR R84 nxtrﬁ;nfst, SHBRe URISSyateas UK). MHrdidjected frui
usﬁn}@&ﬁ?@%@?&%‘?% codi ng sequence y’(gnamed )ageépg@}-ﬁcgndmlts
wpeMtrvesdgairpak atage 8nd Fieseskatbionay empseatees2dedeC) in 60-65%

bi | zed. t o.Agrobhact er.i um t faci nai nqE 0
reﬁﬂ‘rvs JBW‘@F%’C? ?“grbg P%’Plreg%'.og'larng gﬁ o?ﬁﬁrggigggégc G v %'\/\ge'scwr
injdeed GRaNwdP donenild Hog phas daarsteds adtidhosh@bantstatistically

transformation, Cotyledons of 14 days old tomato.
sigrifigant sliferapeecincisuit (Irmpesst RYALRIRCIAE ABwE cveas i timegs firmer

th&r}?(gz?ﬁ}?&l%?iﬁf!o(?@{%%ggb %&iﬁ %%%@%@B&%@«léd%‘é hBbRUESFunction and

pression ene an
the ate tof | deeimo snbuticdAsler bchiion bff SWAEXIl ooeaseds dptetroing@. For

fold. in overexpression lines (Figure 5A). Th
e 510 Y3 e oy e BT ) SaeoRipie 808 iy vecoor
pltgﬁl%\@?,d?@ﬁﬁ thé T8Son WrAERENad ﬂaﬁﬁ&ﬁ#yog)ggt%slbé §RS6mhioNEEit by

e suppression was in the range o % 83% (Fi gure
ags@injecgbiHEX]jectipmmag dane af mafurs gigan siage and baryested piypink stage.

nor climacteric ri.penin with all the o 0 '
It pERRE o BT P i Fid gt PR BhaRah Sdcnce
me6R0pé Mithfappropeiateefiltir b FE sigh@inwashdetetneasia thd cdlheall region of
transgenic tomato fruits were neasured at
the cell, confirming its localization in cell wall where it can act to cell wall

glycoproteins (Figure 4A).

We used SIHEXI gene to develop stably transformed suppression and
overexpression lines in tomato. Two RNAIi constructs, p5SRH1 and p3RH1 were
developed in pHANNIBAL using 600 bp 5' and 3’ region of the gene, respectively
(Figure 6). Antisense and over-expression construct was generated in pBI121 after

removing GUS coding sequence (named as pAHI and pOVHI, Figure7 and 8).

12



10

15

20

25

30

di fferent stages of ripening and conpared to contro
fruits (Figure 5C). Fruit firmess of RNAI and
wa@aninsesse |ines was simlar to wild type at neCTING09/000388
green and breaker stages but it increased from-~1.4
times at pink stage to - 2 tinmes at over ripe stage in
RNAIi lines and ~1.2 to 1.5 tines in antisense |ines.
Transgeni ¢ SI HEXI constitutive overexpression resulted
i n enhancenent of fruit softening even at natured
Tigs€e @[haﬁ)t a@fors hge ffobilized We UgrobkoPar andiunidfifticno fstrain EHAN 05
wldtype at matured green and pink sta

thr%b@&qcfrvmrwwre/%mfwrr%fﬂgm aGiering mﬁSég% 19V unsiopig log
pHélrQeo %ﬁr‘cﬂu‘ﬁgffgﬂ V\}glaﬁ’tl NS Port orp(t JiE (ft{s din 4V0%9§Bl%lttb¥1%to seedlings

ring and rU|t evel opnent, “days t
werat co-éulyivaed vsytheMgroblante&dnhl and mgeneratedmeﬂ;lsm@ tlssue culture

na , the lo t dur.i
oS e SpotiTase e g A LB oea e R rodetvity
wﬁ’éﬁ%x’eﬁﬁﬁ' upab B2 B¥IdSA %N&Qx{)ﬁ%l&?gﬁ&QF%ré’\G AYKihe REndéxpression
fruit skin. For th @i and transgenic fruits,

anglt enzguie sactigry M@@upme%d Gm%pr Yatin \Ré\Uhuth Wherege i case of

0 see Vvi.sibl e .si f frpt n
"S‘ﬁ%’{%gwsﬁ dsugpre]s_ﬁollgvaa in t g \95 |5§A> L?gurr]p gBil ﬂHEX )
tranisPEi rlﬁm%%nﬂ@@ﬁ%ssérﬁlahw Hor’Maﬂ Cblin)(z{w:rﬁnﬂlpamg With tafl the
under these post-harvest storage conditions, the wi|d

'orgs«rpséemm charagtesistier] ed cANAHNKL PRSIt (ARt efre1 essential  for

§rc1g1 12;575%)r qfl;mllle% C&”HPJ ltr§ In% t$ rﬁll!utss vygﬁé qneasured at

no si softenlng pto days of harvest
dlffEtegu rs&xgED)of tgerfing tandr campeeed itgatondol dhlitswellipureha@y eBruit
duri ng fruits

ripeni ng of transgeni g ich reveal.ed
firmngss, %RN%I jand %B%ﬁeé‘?‘? Resayes Yewlpnia WE@? pe,@4 matpirgd grpgn and
breAldr kB EShift GR@feastd Powi-l1ch ﬁbﬁ@? afl Eihﬂ WaBe RF)2 tihles at over ripe
capS|cun1u3|ng simlar approach havé transiently

st&el @anBhAitlines exprdszitor. fotlrr@aHExmlsamt dines. elahsgenic SIHEX]

d f f d
CoRRHEY o e PERAPD AR puratcvRy” BF deBhisof s svn =

mERNEQANBRER B%age! qUeCiriigs WeddSYET endh30% befitr NGanleliy eghe at
fruit softening wherein the plant is selected froma

mgfrumﬁb gregn sansl PW& Eiﬁg% o‘i‘?ﬁ?e@“’@&pg"@{%}”%ﬁ@ Can bmrﬁéswn of
ylﬂ tra?l%gn%s%la rh%ﬁgf& FrecHbRY etﬁ\%@g\%h ﬁ%%mg fahy %frult
e, e an ot ts

grana er pl a e enbodi ne
ddvbl:bppfeﬁsdlys tonnaotityamdiyseldo provi de an i sol at ed
pol ynucl eoti de

In addition to compression analysis, the loss of fruit firmness during ripening and
consequent spoilage of fruit could be determined qualitatively by seeing the degree
of wrinkling of fruit skin. For this, wild type and transgenic fruits, stored at 22-24°C
in 55-60% relative humidity, were examined to see visible signs of fmit softening
and photographed at 10-15 days intervals. Although ripening was normal in both
wild type and RNAI fruits under these post-harvest storage conditions, the wild type
fruits started deteriorating fast after 13-15 days of harvest in comparison to RNAI
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codi ng for a polypeptide having /
- D V-acetyl hexosam ni dase activity, wherein the

wopnbsotsssle sequence of said pol ynucl eoti de i sSPERIN200%00388

fromthe group consisting of a . a nucl eotide sequence

coding for a polypeptide having 90%identity with an

am no acid sequence as set forth in SEQID NGO 3; b. a

nucl eoti de sequence coding for a pol ypepti de havi ng

90% i dentity with an am no acid sequence as set forth
friifs W IsBoWed nbisighs -of 3ofetGhEe aptods &BEWEMaB esOdiinige SO1). We

a pol ypeptide having am no acid sequence as set forth_ .
furthersyestzasgd, cadl wall ghangey during sipseing edfc Barsganis girpigy Which
reB RO R SR SRIHANGRIAN: Bhe Aokl o
wild tyipedFipued $0% i de sequence of (a),( b), (c) or (d); f.

a nucl eoti de sequence as set forth in SEQ 1D NO 1; g.
Inacdi)bli@hl(ﬂoﬁd'i%?si&ﬁﬁﬂ pp®aédts weeiavt erahbichtly SRQAcED tNCexpiession of

a nucl eoti de sequence as set forth in SEQ ID NO 4;
CaHBEXO! avhich reswitqdoielayed dvicetiening camppied (g cemra he

nucl eoti de sequence of (f), (g) or (h). Yet another '
Ineadslitiintentonwfio ahé cppseeramt the presant wvepiray ¢ntempagsss producing

ol ynuc| eot i de seguence.fram.tonmato,. erein. th
Sk 1B he 8 AEAUET e BABEstiio HEPRUCisrigReted from o
grbﬁ% RondiMirCef Ydrhas 0sa¥icah afighgdc thakdrlay pap@ia, @iAlsh@ineapple,

enbodi nent of the present invention provides the
SURER\AYQE3000 BT aED s Y AN e POMEB AN REH OUET PIgRET ei n t he

pol ynucl eotide codes for the pol ypeptide having the _
Ong -embodinerdtof | the prasenti invenion iade ipvevige astsalateq gplynucleotide

anot her enbodi t of I nsiant jinvention REOVI .
N e U

nGaebtHg st@ienthof Had peienidieride ayviegtddora-th¥ Moup consisting of
acetyl hexosam ni dase activity, wherein the

pola Purdsasie | sqauanee cedme fos agiobyneplige haviRg POPp identity with an

PT ARhE bieid SENRRES as set forth in SEQ ID NO: 3;

b. a nucleotide sequence coding for a polypeptide having 90% identity with an
amino acid sequence as set forth in SEQ ID NO: 5;

c. anucleotide sequence coding for a polypeptide having amino acid sequence as
set forth in SEQ IDNO: 3;

d. anucleotide sequence coding for a polypeptide having amino acid sequence as
set forth in SEQ ID NO: §; |

e. anucleotide sequence complementary to the nucleotide sequence of (a),( b), (c)
or (d);

f. anucleotide sequence as set forth in SEQ ID NO: 1;

g. anucleotide sequence as set forth in SEQ ID NO: 2;

=3

a nucleotide sequence as set forth in SEQ ID NO: 4; and
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Yet anot her enbodi nent of the instant invention
provi des a DNA construct conprising the part of

w@oligneuskeot | de sequence codi ng for the pol ypeptT/ie2009/000388

having the /7-D Wacetyl hexosam ni dase activity,

wherei n the nucl eoti de sequence of the pol ynucl eoti de
sequence is as set forth in SEQ ID NO 1, wherein the

pol ynucl eoti de sequence is operably linked to a

pronoter sequence, wherein the polynucleotide sequence
1.S d hud@iRle saiitnad tompRERNREY eNihatiuoRotigp ssqabret &y(fRIlg) or
intron. Still yet another enbodi nent of the instant:

i nV@htion provides a DNA construct conprising the part

of pol ynucl eoti de sequence coding for the polypeptide
Yha\nnnglet teenl;nsnnrntvo%\g@ yomelxtogm‘rnmrd Previges itha pylynucleotide

e nucl eotid ue f .t 0
sSHE0E fhtEm BPte reER Ry e dgdF 15 BRI vine
tHeqd- DnNiak:@tsytHefd@sa&ﬁﬁﬁu@iéCa@tw&y operably linked to a
pronoter sequence, wherein the polynucleotide sequence

YieP anBthef sfbontHe@Nb SIRNPResehtl BiVeAlid® hréadey @icePolMudBotide
intron.Still yet another enbodi nent of the instant

s¢quenest from gapsidudsswhereitAtheo pelynudeotislongndes ifagy theh @olyaeptide
cl.eot.i u d4ng for the pol ypeptide
hﬁgggﬁﬁ%?#Jb €t ex%%g}% %gfgﬁanxnldase act|V|ty
erein the nucleotid equ e of the nu
SIS athee cBSuEHen & RS ABE e tic BT AIDRA hiRuruct
cHAPNEHE LRSI PRicRRULE BEfichSe ERBRARIr Yhd pa&s&bﬁrde having the -D-
pronoter sequence, wherein the polynucl eotide sequence

Nragetythexesaneinidage am\ms/e nderan itk palyneleaidsaseguenge by operably
Lo gely nnnokrgé enbodlnent the instant invention
B? &@’ ‘e dGHD |nant vect or conpr|3|ng t he DNA

t t | d th t
Y&h GrRET %d%ﬁ'ngseot;ftﬂ? BSOSO prividss, 2 INA gsestuct
cérﬁféﬁﬂﬁg @l@éqﬁ)arv R€ HolynGO1BH deSéeqterideecodipt fo@fthe polypeptlde having
nucl eoti de sequence coding for the eptid

th@aml?hg/ aqq@lhexomm@e@taymﬂm lmthgs@cl&@v ischence of the

Pk e B QUL RO PRI SRERI P A wRBI YT S LB ioice

smlewwtsl 6sratile lﬁ&qdlaﬁc‘zﬁ‘pt(ﬁndlaeﬂealbbﬁ/cel iwheadin tth)e polynucleotide
pronoter sequence,  wherejin the onnucIeotlde sequence
SGRICNGS 1§ dhseBse ARy ﬁHISF%S@r?é‘én@PP%ﬁ‘EP&W% X@pHiRfed by an
intron. Still yet another enbodi nent of the instant
StiHvxeh tanethep embpdisrent of ¢he mstand invension grrovides a DNA construct

comprising the part of polynucleotide sequence coding for the polypeptide having
the f-D-N-acetylhexosaminidase activity, wherein the nucleotide sequence of the
polynucleotide sequence is as set forth in SEQ ID NO: 2, wherein the polynucleotide
sequence is operably linked to a promoter sequence, wherein the polynucleotide

sequence is in sense and antisense orientation separated by an intron.
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conprising the part of the pol ynucl eoti de sequence
coding for the pol ypeptide having the /
wo B voesses yl hexosam ni dase activity, wherein tPer/N2009/000388
nucl eoti de sequence of the pol ynucl eoti de sequence is
as set forth in SEQID NO 2, wherein the
pol ynucl eoti de sequence is operably linked to a
pronot er sequence, wherein the pol ynucl eoti de sequence
is in sense and anti sense orientation separated by an
StiltyePRnothtl Emby@ineANoF M8 iRHAP GhvERbn Pro¥ibes hMNANEonstruct
I nvention provides a reconbi nant vector conprisin i
cqraprisig thehparpofl pelyphdentid¢eseqeanee edingdar Mg palypemtide having

0 tide having.the [2-D sace M Nj
WO Ry S fra PR s fp b BT B BORORE lgaRke of e
pHIOhydMetEIde Qkdudacs BaisesCrthdn SEEH) N4 whérginSEEQpdIPniNTeotide

4, wherein the polynucl eotide sequence is_ operably X
SqQUAGEist QPERDY Aimked (0 SePfQBINGE, SeH@Icei Whetsin the polynucleotide
\ eqt | : LS af nti.sense
SR PO ERRENE Bl e SBRR AN uP

: e i_men f the. .pr i n ' . te
i RER R e S g FRERH PRLFRY BTl irant vecor
cMﬁgﬁs@ﬁg the PN a0 fsthutt HiselobdiMianké @Rentiet anot her

enbodi nent of the present invention relates to a

SHiB GekionR eniboaim&r of tHeaRRatShichtioRHroabiysaledcembirdat vector
sequence codlng for thekfolypeptlde.haV|ng the b-D V- |
cerpprispng theorratrph pelasecleriidevseayencarsedisigrior tee pelypeptide daving

se e of. the pol u [ LS,: $.€
R AR o8 IneAGRRIAR LAY A REAM St Qi RERER of the
pélfaucifRde Bediencelis doer forth el SAQND NO: t heh@tisthapolynucleotide

invention relates to the host cell of the.inventjion, .
SCRMERGSi 19 QReEabhn dinked|tp & BrogOIcIegHEnicE o MNETRIN hcopplynucleotide

seglnglgégisig ([ @nSd Wi@%%%?ik%iorﬁseg%ﬁ&d l%néjn ¥gdaLl- In one

nent, the i1 nstant 1nventi oVi des a process
.er _del avi ng ., f Ui eni i © .saj

U ekt thdn 37 WP el o L6 Bty e
cqraprisihd) ehe phrtvbft khet pelyhedestidenssquencect@lingffot ldee polypeptide

present invention, wherein said vectqr conprises the
hydng thei-PH-apgy hrxeyEdrifess asBybentherdr thy ofigf seqience of
bStideN sflR& gl i RERSH YEEAD NoSepPakkdsd th
ﬂ%? a g?ﬂ%@%%.séﬁlonqug%og%nent, the(?nstant iEveﬁ%ion ©
pplyowdlelesle assequacesis dperabtieliakédntp airpromoter sequence, wherein the

- polynucleotide sequence is in sense and antisense orientation separated by an intron.

Still yet another embodiment of the instant invention provides a recombinant vector
combrising part of the polynucleotidé sequence coding for the polypeptide having
the B-D-N-acetylhexosaminidase activity, wherein the nucleotide sequence of the
polynucleotide sequence is as set forth in SEQ ID NO: 4, wherein the polynucleotide
sequence is operably linked to a promoter sequence, wherein the polynucleotide

sequence is in sense and antisense orientation separated by an intron.
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softening in plant; said nethod conprising

transformng a plant cell, tissue or any part thereof
wowdin/ov4ses r econbi nant vector of the present i NPENIN2009/000388

wherein said vector conprises the polynucl eotide

sequence SIHEXI or CaHEXA is in antisense direction

I n anot her enbodi nent, the present invention provides

a process for early fruit softening in plant; said

nmet hod conprising transformng a plant cell, tissue or

Ya¥hdddr tentBRIR&t ofithdplebéht iReatibh Rélfles Y& & réontBindnd dost cell
present invention, wherein said vector conprises the

cqraprjsing the sedomebinasy yesiedisileer|in gie T4 i s in sense
direction that codes for a pol ypeptide having

YERaridther éndodimérh ef dbapiesénd aseention irelptey 1O eccompvryintdast cell
of the present jnvention relates.to a transgenic

CHPRYIRE ekﬂ?%f‘}\'geﬁpg%%%qéle'&‘iescc%&gef&ri ¥ It’cﬁépeipﬁlg? aﬁYmE -

NLRYSMekOhmiMiasLT ActRXH! essbRh Othe nucleotide sequence of the
b- D-Nacet yl hexosam nidase in said plant is_nodul ated

pelpnedi¢atige sequenge isoetested fipm argEeun spnsising pHREQ; 1Y NO: 1, SEQ

Iﬁfﬂf '%ta%% §Ef(g?i‘)t . group consi sting of tomato, capsicum
an C.

papaya € enbodi nent of the present

i nventi.on rel.ates to a transgenjc .plan rodu -
Opf&mheptem i b Besdh T oER HRBIS B AR befie Rl i dspion
wRERITEHS ihekt @il iPsdhedier byl the xaspriontisiaseoll AgrsbhdlephaNE. coil

is nmodul ated to effect fruit softening, wherein the
argl ¥aat. i s tonmt 0. One enbodi nent of the present

invention relates to a transiently transformed pl ant .
Irp ood wodwdbyerith theritstrat] investiposwavides @heroresst fgntdelaying fruit

invention, wherein, expressi-on of h- D .

SRS Py s AL B PRI sl e gt sl giop or any
p&t fikGtofl itht ths okt@nbingnt WeedrebM tHehprepdndrihvérBion A pdieitnsaid

One enbodi ment of the present invention relates tg

VersIcampTise therBarbel theepolynuslegtids sequenss ofpdlbdddedy H¢HEXO!

istifl SeltE LAG Qntq%eﬁgézcg%_%qgg (g:%)tta%q%d LRropnvention, wherein

expression o exosam ni dase in said

lant. i.s modul ated to effect frujit softeninge. | s .
E BRI Be iR by arplie® BbFEtIdrop BB, i
séiteninfOinaplast; RSt hetbbE 0bmgasife tangfofminga plahty@ptissle or any

havi ng hexosam ni dase activity, wherein . . . .
part thereof with the recombinant vector of the present invention, wherein said
vector comprises the polynucleotide sequence SIHEX] or CaHEXOI is in antisense

direction.

In another embodiment, the present invention provides a process for early fruit
softening in plant; said method comprising transforming a plant cell, tissue or any
part thereof with the recombinant vector of the present invention, wherein said
vector comprises the polynucleotide sequence SIHEX! or CaHEXOI is in sense

direction that codes for a polypeptide having ,B-D-N—acetylhexosaminidase activity.
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the nucl eoti de sequence of said pol ynucl eoti de encodes

a pol ypeptide having at | east about 88% identity with
wW@eo18/004383 aci d sequence as set forth in SEQ | DPCUDIN2809000388

SEQ ID NGO 5. In another enbodi nent of the present

invention there is provided an isol ated pol ynucl eoti de

coding for a pol ypeptide havi ng hexosam ni dase

activity, wherein the nucl eoti de sequence of said

pol ynucl eoti de encodes a pol ypepti de having at | east

O Qiibodtndfit i oFeRd Rlltgyeﬁuimnﬂen LR 186 ItFNSRAUEPIERt BBHISRU by

forth in SEQID NGO 3 or SEQID NO 5. Anot her |

thenipeetiesre disclsised Ha  theeinstant jinvestiono whsraiy i exsesaion RRAIS-D-V-

constructs .conprisin | : | . .
e PR SRTR o BB s e 1o R bl Renine, wherein the
phat jspeRtied grdndthc p@oltesmsithg biivaitd Chpsiduny aed papaya etc.

selected in such a way that these nucl eotides form

O R Bt b The Prebett 8nvdindof QelaRt té arink @i Splannstdticed by

loop wthin its [ength, wherein the nucleotide

thee meshase disclosed dnpthiey ingtank gnyensioan ydwein aexpstsyioapef deD-N-

havi ng at . l. t. %, | ' ' P '
LR85 PP PRI 55! DR SaBIR B e
phneishemawnbodi nent of the present invention provides
an RNAI constructs conprising at | east 20 conti guous

OHCdnsidias JirRerptdientinlentids relates 46 atrekhidg t@nsformed plant
- pol ypeptide havi ng hexosam ni dase activity are

peasiueed byl tHermethed disclpssd inHhe instss envisnbem ovhearis expiepsion of -

PSP B 5 e 2o O P i,

erern € nuc

wirRfHine el &t isaipsicpml ynucl eotide is as set forth in SEQ
IDNO 1, SEQID NO 2 or SEQ ID NO 4. The RNA|

OiRN&MbsditentlioFCiheSpdsdr inRentiine sétitks 1 1BVeREI &N pidleRy of the
hai rpin structure after transcription in the plant. ,
transgerAtlani meduced by thi Bicthodatisdlesed i theriastanit invenfient vhgrein
| .hai I d. ) .
chpsBEL PSS oBh aady BEDBEISRENTL o et
sofi¢riigg.ure after transcription in the plant, and does

not formthe secondary | oop structure. Another

1€ "HRdichdUingén?V bl @fie apre NN indOMSn’ Wkdrs BOFRIVidddNAnt B lated
pgloylnﬁcr:]llélgtlideeoct:(l)d?r?g for a polypeptide having hexosaminidase activity, wherein
“the nucleotide sequence of said polynucleotide encodes a poiypeptide having at least
about 88% identity with an amino acid sequence as set forth in SEQ ID NO: 3 of

SEQ ID NO: 5.

In another embodiment of the present invention there is provided an isolated
polynucleotide coding for a polypeptide having hexosaminidase activity, wherein the
nucleotide sequence of said polynucleotide encodes a polypeptide having at least
about 90 % identity with an amino acid sequence as set forth in SEQ ID NO: 3 or |
SEQ ID NO: 5.
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sequence as disclosed in the present invention form
hai rpin structure after transcription in the plant. In

wonaoeosesli nent of the present invention therePCBEIN2009/000388

provi ded an isol ated pol ynucl eoti de encodi ng a

pol ypepti de havi ng hexosam ni dase activity, wherein

t he nucl eoti de sequence of the pol ynucl eoti de encodes

a polypeptide having at |east about 85%identity with

an am no acid sequence as set forth in SEQID NGO 3 or
AnctE&? leRbd@imént | 6f anet fresene nipnogtitsanprafiddshan pR&&siNonstructs

invention there is provided a pol ynucl eoti de encod

comprishieyPlpest ¢ srnlicHeuHBYDRONIEN 98k theapaly R cisptidg sar I%g a

: pol%ﬁgﬁg Ih}wiﬂg ! lﬁQBéa%nﬁQ?eg ?@ﬁ'it?nﬁgléégﬁt%a i .esugl"i“élir Wgsxé%ﬁﬂlt gﬁese

sequerice as set NO:
nucNotidés fotm oahohdigin stnioatie red tlo abt foma the esondary howmwithim its
there is provided a pol ynucl eot.i de ,encpdi a
eng e kBB 2 oRe oG cpepes o
polhﬂ:?ti@é‘ RhAAL lafl feaSCABHRD @g%oifdeﬁth% Wil ¥ ualiROhéid S Fends as set
set forth Tn SEQID NO 1, SEQID NO 2 or SEQ I D NO
forth.in SEQARONReB oaBhHIPBY: Sof t he present invention

there is provided a pol ypepti de having am no acid
Anstheuenbedasers edf fthe t presamt SEQerntiOnNProddesr aBEQN/D MOnst&icts
I n, anot her enbodi nent of .t h r.esent inventi t her
comIEOR 1989 20 EXUAELOHS PHGAH oD O Slenpply g oot Aebding a
polﬁ&lyﬁﬂé’ @15@19%'}@?0%9@_&5@ a9l MPaRlee®a iHaGCR% way that these
exosam ni dase activity, whérein the nucleotide

nuckmetjdenfoemaily hairpio sywieleaod iddeok frsadbs secopdiy jeqn wikin its

havi t, | t t 85% i-denti ity a j oF
en B S0k R R ST N b iR g
ID WOENesRQLIDENDOD YR SEIEmS Nde 4i s operably linked to a

pronoter sequence. |In another enbodi nent of the

Th@m%ngtwaﬂsges&hﬁrtﬁe IpfesBritOW i &fidn ForhhaipiSdtFudtiire after

conpri sing the pol ynucl eoti de encodi ng a pol ypepti de
trarisenptnan ingkoplant. ni dase activity, wherein the

pol ynucl eoti de encodes a pol ypeptide having am no acid
TheRNUe Rosstastsciscldsed i therprSEQ ihmion i8a baingeQulpicNoid. 5,

wherein the . . . o
The RNAI construct disclosed in the present invention form hairpin structure after
transcription in the plant, and does not form the secondary loop structure.
Another embodiment provides an RNAi constructs comprising the polynucleotide
sequence as disclosed in the present invention form hairpin structure after
transcription in the plant.
In one embodiment of the present invention there is provided an isolated
polynucleotide encoding a polypeptide having hexosaminidase activity, wherein the
nucleotide sequence of the polynucleotide encodes a polypeptide having at least
about 85% identity with an amino acid sequence as set forth in SEQ ID NO: 3 or

SEQ ID NO: 5.
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pol ynucl eotide is operably |linked to a pronoter
sequence. | n another enbodi nent of the present
WO no1env458n there is provided a DNA construct CPOPIN2009A®03SS
a pol ypepti de havi ng hexosani ni dase activity, wherein
the nucl eoti de sequence of the polynucleotide is as
set forth in SEQID NO 1, SEQID NO 2 or SEQ ID NO
4, wherein the polynucleotide is operably linked to a
pronot er sequence. | n another enbodi nent of the present
Ini dWGEHY: ie@ibolited® off Shdd pRYérdl GflventiohAh&o s pravddedcd msllyhﬁitla@ide
t he pol ynucl eoti de encodi ng a pol ypepti de havin
engesing ArRAIYRERYde haying heyosappideserp lhey,n\wlaqreatth?jeolynucleoﬂde
e
erp G5 Bingl e UGS BN SER,FRC ALY Brb L ¥PORD 10y 3 o
SB@GDembeias set forth in SEQ ID NO' 3 or SEQ ID NO 5,
wherein the pol ynucleotide is operably |linked to a
InPArRFRR¥ @bda kN OF the\pRE&It nVditiop ahyte us pentidedea eekyue@ieaxde
IS in sense orientation. In another enbodlnent of t
eqﬁfﬂé@em Hoﬂﬁmﬁ@qk‘orlila‘ﬂﬁérl@’ﬁ%%‘r“&ﬂ?ﬁ‘aé‘ﬂt“é“w w6 they ape cotide
[ [ ol [
se it s TpODRLARGR 1€ € B0 1B SHSRY TN QISIRERD NG 2 o
SEQHDHW©Ieot|de encodes a polypeptlde haV|ng amno acid
sequence as set forth in SEQID NGO 3 or SEQID NO 5,
InastRdrnerhb&liehty of e pickelft inserioar dibteyisl prokiiddt palypeptide
pronot er sequence, wherein the palynucl eqt |de sequence
hdving FmIDE SIS SHAERE 88 FROr] i SHRURA OohBb SERLI Nof ot ho
present invention there is provided a DNA construct
Inca)mthqr gmb@danm lof gesppriesrnt HaNANHAN Hleste supioNidgd feDNA construct

act i d C t
cor%qri/shn&l %e tpo dy cgcoagee g &%Sélgg t ol?;%%gg{g E}%\gg #39%?@8 Plgase
adi@ity 2 Wher8EQtheD MMAleofide Wesguende tdfie theolppiynukieotide eericedes  a
op erabl¥@I|nked to a pronoter .seguence, mhersln t he
I

Pimpepide ihaving leéheﬁm 85V derig Nl 3B ATRY AFIAGHAUGe as set
o L ' Feih ANE POl RILIERRICS:s loperabl
T e R e D R o el T RO At G Pty
liskedaodiapgoraotposegpepti de havi ng hexosani ni dase activity,
wherei n the nucl eoti de sequence of the pol ynucl eoti de
IneaioBiEke nfbodiment of the present invention there is provided a DNA construct

comprising the polynucleotide encoding a polypeptide having hexosaminidase
activity, wherein the polynucleotide encodes a polypeptide having amino acid
sequence as set forth in SEQ ID NO: 3 or SEQ ID NO: 5, wherein the

polynucleotide is operably linked to a promoter sequence.

In another embodiment of the present invention there is provided a DNA construct
comprising a polypeptide having hexosaminidase activity, wherein the nucleotide
sequence of the polynucléotide is as set forth in SEQ ID NO: 1, SEQ ID NO: 2 or
SEQ ID NO: 4, wherein the polynucleotide is operably linked to a promoter

sequence.
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pol ypepti de having at |east about 85%identity with an

am no acid sequence as set forth in SEQID NGO 3 or
WEEDARSH,O 5, wherein the polynucl eotide i s oper/mog/000388

linked to a pronoter sequence, wherein the

pol ynucl eoti de sequence is in anti-sense

orientation.ln another enbodi nent of the present

invention there is provided a DNA construct conpri sing

t he pol ynucl eoti de encodi ng a pol ypepti de havi ng
InNEARA bbb ARARS BE tHeVpreYont WRRhEHM tHehe isPSroyiddé laeDNiAdeonstruct

encodes a pol ypepti de having am no acid sequence as . .
cosyrisingr the ipelysECeptiiqvencading smOlymEPNd Rvingh, dexesaminidase

olynucl eotide is rabl | nk
acﬁ@’cﬁ%e neErhel%ei™ C%ﬁgdego%%ﬁ%{cc F egf i %‘g ? 8%&%@@% encodes
polyPeptid€ Aading fat BabBAbonn 85%anidamity heith embndihorecitl sofudnbe as set
esent invention there is provided a DNA c

pre nst.ruct
fogthriprSEQ By MOpd| §pap ilBeNRavi Wict ik Hisapqlxpupdgatide is operably
. | | o . .
il 81 4 ProEE Shueb? REEOEARIAEENEIRS Qe e e
orN@atidnor SEQ I D NO 4, wherein the polynucleotide is

operably linked to a pronoter sequence, wherein the
InR@losher elrdolinttait HE theepresentt $nventiam thers enprevialed anDXA construct

I n anot her enbodj nent of the present .invention there .
cqmprisingy ithfe PORMURIARNAE FREPIing 1 2 FRAYRSBHAT iy hexosaminidase

essiOf i . iy nlant .

R R R L O
seqae¢RE ias betdomh il 8BQUIDAYOC Dot BEQAISNOUE) wherenebe polymi¢lpetide
. sequ e ag set forth in SE D 2 or SEQ.ID NO 4. .
SRR I THER SORDETHUF SRR BT P RS PHIFO YRR b g s i
seh&: Sdnghtpanse pol ynucl eoti de strand, wherein the

anti sense pol ynucl eoti de strand and the sense

, In@%oog'&y %%ﬁ)?ﬁ%z?&tt S i Breb i MRRnfloRkIRNe is pdvRRAENBNA construct

he present invention there is provided
comnpriRivd a qohgteptidt hivving heppsasssidage actjritys sihereimfthe nucleotide

segge dahe paausiEottis i 303 Brf B mprvg g FEQ1D RO o
SEQDLAS I NBNta, OfhdrBe e pEIhudlEdtRIBT isOBpdrhily elinledP i\l PRghoter

an RNAI construct for suppressing expression of
sequsres awhereidabe polynucleotidesgausinge 1518 156nsC ORNEN@BAR r uct

In another embodiment of the present invention there is provided a DNA construct
comprising the polynucleotide encoding a polypeptide having hexosaminidase
activity, wherein the nucleotide sequence of the polynucleotide encodes a
polypeptide having at least about 85% identity with an amino acid sequence as set
forth in SEQ ID NO: 3 or SEQ ID NO: 5, wherein the polynucleotide isA operably
linked to a promoter sequence, wherein the .polynucleotide sequence is in anti-sense

orientation.
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conprising a sense pol ynucl eotide strand conprising at
| east 20 contiguous nucl eotides fromthe sequence as
waedioherssh in SEQ ID NO 2 or SEQ ID NGO 4, aneCHIN2009/000388
anti sense pol ynucl eotide strand that hybridizes to
sai d sense pol ynucl eoti destrand, wherein the antisense
pol ynucl eoti de strand and the sense pol ynucl eoti de
strand forma duplex , wherein said sense strand
conprises 100 to 600 nucl eotides. In another
Ireafodetr eibod herit o the pReediit ihveneidh ith)eﬂe tih provided DDA detbtruct
a reconbi nant vector conprising DNA construct as
comprésing dbe | Relynvelsotide ssncoding et Mﬁpemﬁe s hexosaminidase
di t tLo hiss
R orEftin b Sy RLERAOC SNAY, b RGeS Bl MR aci
seqeeﬁoeras as fdits dd SE@dD NOt Ber SEQSHD]NO By eheieonthe pnlynucleotide

. ano odi nent of the ent |nve tion there
S PEAP BUIRALe “EETogEpeasent. MRORn e PoPaUE eel %sﬁegtl?nff@ is in
mgfyﬁgéggaﬁhﬁﬁ;un1 E. coil and yeast. |In another

enbodi ment of the present invention there is provided

Inaan%'ﬁ%(l: RsiboliRherl D Plg:sé tYhdentiBh ttﬁ&*e e {)f (féhaanf)NA Bénstruct

rocess conprising tfansformng a p tissue
cmprasm)g papdlypepade difiving tHexbseminilagarhétnaty; wheotinrthe nucleotide

co ri i t he pol ypucl eoti de. engQ pol ' i
seRavcR 1B petmrFeRE S as srfory Shaidy 28 180R T, ¥EGMELARse o
sﬁeqmnﬁ@ Qf Wh&eROkHENHE] ﬁ@élb&ﬁiee&ceg@fab@ RAkedPEPtl B moter

havi ng at |'east about Sgbbldentlty with an am no acid
sesjgeeenwherain the polyonelpotide SSR@NFOIN@anE-serseSEGMaDONO, 5,

wherein the polynucleotide is in anti-sense
Inoamioghet @mibodimenn ofithet fresenemveodtionethereo$ ptdvédepr@sIéNAi construct

invention there.is OVIded roce s for. d
o FYPBreSRY ERRHG T oD PRI e Br BoLCEntEgisr Fafnghe consiruc

cdxﬁﬁﬁ%g raTisBgke pBlydltles@dd (strhad Sé&qp?fmfgn)ét p@astt bhesgfilzuous
W

L

) e reconbi nant vector co ISé@g
. mgodﬂo)tndgs:fremtth@leewocﬁjamt ﬁ)rﬁbllnﬁ% h%nor EEQ ID NO: 4, and

hexpsam ni dase e the nyug
=S REAR BsARRIsBRl iy STHBRuldCln Pbic Betvppelgpide
stﬁ‘dﬁﬁs wheteny tied aﬁE@nb@pb@nudleot%Qtfdﬁdl\Kﬁd ﬁxeaMSeSlﬁlenDcleotlde
4. I n anot her enbodi nent of the present invention
“ﬁﬁ@ﬁ@"@%dBP@V|ded a process for delaying fruit
softening in plant, the process conprising decreasing
Int dnothea gml Odlﬁndméyoﬁﬁﬁmrcﬂedb@eemwnttharﬁsgemv odl aariRNA1 construct

fof r'Bpre scliné %xplte§51|or(1:“ Y)?lhexgsaﬂ?&d%ea&sgetpén%ggllgr})tlanp,ywherem the

RNAI construct is a hairpin nucleic acid.

In another embodiment of the present invention there is provided an RNAI construct
for suppressing expression of heéxosaminidase in a transgenic plant, the construct
comprising a sense polynucleotide strand comprising at least 20 contiguous
nucleotides from the sequence as set forth in SEQ ID NO: 2 or SEQ ID NO: 4, and

an antisense -polynucleotide strand that hybridizes to said sense polynucleotide
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expression of an RNA interference (RNAi ) construct
conprising at least a fragnentof at |east 20

wa@oenbigiiezls nucl eoti des of the pol ynucl eoti de BPCIINDOOGIH00388
a pol ypepti de havi ng hexosani ni dase activity, wherein
the nucl eoti de sequence of said pol ynucl eoti de encodes
a pol ypeptide having at | east about 85%identity with
an am no acid sequence as set forth in SEQID NGO 3 or
SEQ ID NO 5; and screening the resulting plants for

sttdUGeRrdie\Bd affischx pepmuclesiaRestiidadrdy thet sens@ ipdlynucleotlde
nontrans%enlc plant. I n another enbodi nent of th

stpand Jerm a duplens PheTeihaid sgnse pirang C&atprﬁ%}%@s@%lﬁleondes

delaying fruit softening in plant, the process
Inc amhérs¢mbodimentcat Thﬁg preRent | invesitionf therexis sprRY idFd Ais eecpmbinant

trans njc a red t l evel
it o eTn Dy ARRBY by il bfq hFE oy vention.
i nterference (RNAI) construct conprising at |least a .
Inf drivghiee @nbolingdnt bé&ﬁ:tpré’ééncmnérhtguﬂh&enm ptovtteddarecarhbinhgt host

pol ynucl eoti de encodi ng a po ep haV|n
cllsamapiivng 19g seeombinapt vvtormé%f%eé @&?S&%&lr‘&@tlon

sequence of the palynucl eotide is selected fron1the

Irgarmnlpﬁrmdgnm@pfdhe BNt pnvgntion theseds proviged hosherl %ted
frbig, the) grolp ctoﬁs@tg'%t (;S}e/{&r%g)czg & ¥ Bl ahl 9?2{31{ esent

PAVeERe process-for delaying

fruitf softe [ t he EOC comp n
inyabotbere PROSORER) b e Bl SR aRidt Bt T IR &G appsess for
dAhyARE MAANRFeAthgt B plas, ey locés mrmkr@nﬁgsmrmupg anglatyeell,
expression of an RNA interference (RNAI ) construct
tl%ﬁ@ﬁpf Ry pat theseod ythyibe yerombioant yectar cumpyiermibeiplyiyclgptide

enc ?Fhigo %?%oci?&&)gg%qi‘é% %ﬁé@%%@ﬂg%éﬁ rz%ﬁk%@ e vﬁ’lg%% &€ mitleotide

se’ﬂllilélh&e@is eheppolymutdoside ieeodsisra pdlypemtdehtmnﬁgj b astt Thauh &5%

oS ol MRl ka0 B LR BT LSRR N,
f:lreﬂ{]ﬁixe fpgpahagm (S atf r3€bAERAMRSh.t he res ul ting

ant s uced | evel of hexosam ni dase relative to

%hgthgxo Q&B&WF %'fq t‘Pl g0End 3R f?er@@%%m a%ro&,lg? for

resent 1 nvention t € IS provi cess f
ddeylﬁglfﬂ@t Softenings i plamu tige pmcfﬁsammmfsnrggtrm’rsﬁorﬁfmg a plant cell,
constructs, wherei % RNAi, construct is.a Q9irPin .
tiSSYE [OF RRY g%rt thereof with the recombinant vector comprising the polynucleotide
encoding a polypeptide having hexosaminidase activity, wherein the nucleotide
sequence of the polynucleotide selected from the group consisting of SEQ ID NO: 1,

SEQ ID NO: 2 and SEQ ID NO: 4.

In another embodiment of the present invention there is provided a process for
delaying fruit softening in plant, the process comprising decreasing the level of
hexosaminidase in transgenic plant compared to its level in non-transgenic plant by

expression of an RNA interference (RNAi) construct comprising at least a fragment
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I n anot her enbodi nent of the present invention there
is provided a transgeni c plant produced by the process
w@go1dieskose in the present invnetion, wherei NnPCT/IN2009/000388
expression of the hexosam nidase in the plant is
controlled to delay fruit softening. The transgenic
pl ant di sclosed in the present invention enconpasses
tomat o, capsi cum papaya, hango, banana, peach, pear,
citrus, pineapple, guava, avocado, strawberry, apple
ofeldeRP P8 ToRfgidRs nlBRoHAGNSIORB s lyRludRbtidS enﬁ’doﬂﬁig0§ @olybéptide
the present Tnvention is tomato or capsicum
hayimgt hlaxosambioitiase nactiyityt hehereiss ethe |nﬁ9]§ﬁ'tl¢eonseﬂﬁ%‘rcé jof said
p(ﬁ¥ geggﬁ? ?en%(ga%gfagg&lyéepigi?g%ag g]p atogﬁﬁyab%tlt %'5"?0 identity with an

arhiny @6id RGuercXAbBEHotth 15 BEW D bEO: LBn@i@EKQ (DDCN(Dhﬁi artdheereening
fol |l owi ng exanpl es descri bed_ herein are
the | regiting tnlgnds B:.éf ﬂ%@‘é@d olﬁl"‘jll ah &‘%‘Pﬁ&f‘“’%‘g?ﬁeoﬁéatwe to said non-

ons or changes in light will be suggested to
Uﬂﬁ?@%%gﬂhtllled in the art and are to be incl uded

Ir& mohlgeé O%Iéhl?oodfsl’ I rt'es% g%gﬁp g%}n\{ W—‘:nq{ont %XI% ?spgﬂoifﬁ%@ PBr :fge@cggs for

dedssay faidsdehidg Gaplaan be ﬂ?e&sﬁ\l-caﬁ@hyingedmmml ihasdlevel of
fromtomato and capsicum Tomat o ang psi cum seeds
heyepasmigidaps PREU piaat sempamed J@ s il mpon- FBNSEEYIS Rigng by

"Z’g%g’é’t} %‘?S&n"i@(@ 1}1{6?@1%’%@%%'% cg)ingt?@ct 26 ?4/ 1g%ﬁ rlé’éfSIt & fragment

tenperat ure, ty and
ofl atgbast dardonngtg)usmuclélonm of the pelymaglpetidatnadinges pslypeptide

frU|t Wer e, vested at different st of
iR SRS | BULEan RE o TE (I iRs nseaengiacof the

&1911&1&3%(% el idiMrdihithe %oup REhstfhgddf %IID ™NO:16 SEQID NO:
reacti on was stopped by addlng 20 Na2CO3. The

2@ndSEQIDH&@ #level oped was recorded at 405 nm and t he
amount of /7?NP rel eased was determ ned using a
Ins hmnbkar dnbmdiment Fhehd pmzserrt inventionptheiec & prowadsdpa\puiegess) for

o A R R BB 215 ASHEL e/ U5y o

hdW¥oNafinisd inltransgenic plant compared to its level in non- transgenic plant by
expression of an RNA interference (RNAi) construct comprising a sense
polynucleotide strand comprising at least 20 contiguous nucleotides from the
sequence as set forth in SEQ ID NO: 2 or SEQ ID NO: 4, "and an antisense
polynucleotide strand that hybridizes to the sense polynucleotide strand, wherein the
antisense polynucleotide strand and the sense polynucleotide strand form a duplex;
and screening the resultmg plants for reduced level of hexosaminidase relative to

said non-transgenic plant.
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mM PMSF) and extracted overnight at 40C. After passing
t hrough four |ayers of cheesecloth, the extract was
w@eenoifssyed at 10, 000g to settle down all thePdEDN2069/000388
The supernatant thus obtained was subjected to 30-80%

amoni um sul phate precipitation. The pellet obtained
after the precipitation was reconstituted and dial yzed
overni ght against 256 MM Tris-C, pH 7.0 with one
change. The sanpl e was then chromatographed on DEAE
InSERMR: S RbRinéntOo R Bt Blebér AnVéritioni hefeC RS prdgidet adlipestiess for
of Nadl. The enzynme eluted at 120 nM salt
defayineg firuitasoftaningTire planfpising henRNA| erpstraets.awhesgin ghe RNA
wer e poo ed.and cted to affinity chromatography
COBRITEs HaT sae%a%%gl%%g%urm and el ut ed wi th increasi ng '

adi ent  of mann nos
oo dsE S igiecL Al PGt PUGHe BHeE s noafie onSgfleflan
prod QAL HP ProtEsS il Mbabe mahy b?ésbﬂﬁnvﬂ_éiﬁmpﬁilhk@tn &Xpr&ssion of
obt ai néd was dissolved in 25 "M Tris-d, pH 7.0 and
thelhexasaminidasg die thelant fecagériolled for delay Bwit softaming. of
Sephadex G OO. Fractions were collected after the void
Theo Itransgenis pdane ddiscdpsedn iy rthe awtmm tipveridnr ee@nmdseﬁ ntomato,

2. 5% SDS- PAGE. enzynme ri fractions d
caesﬁwanpmyaa%g%}aes% ARl PR U PUSIPEF. Eyye: avocado,
stRWOERY, a. 2 2DE, SDS- PAGE, LC- MS/Ms and

west ern bIottlng urified protein was diluted in

THE drdtisb Qe PRA &7 di§20Qd TMhE (Sir&eg 1n93:'1|1t§m51$ t(tha{@) 9} ééﬁfcﬁln-.
8% SDS, 0.4 nmM PMSF and , boil mn

Inaaggihglr g]‘ﬁb@lecbtegf ﬂ% Egs&t\fﬁ)\}elrmgﬁ t r&g(l{eg&%gé %%%ﬁrg? seed or

one rof oclsi ng was
prsgesiyarﬁthmgblaimptdnoss:dledcmd)m e ;ﬁ%@t fneentddy,. 000 Vhr
af ter passive rehydration of 13 cmlong i mobiline dry
strip (pH 4.0-7.0) for EXAMPLENh 20 ng of purified
protein sanmple in 250 m 2DE rehydration buffer (9 M
urea 4%chaps 2%th ourea, .20 mM DTT, G .
It pihopldr bgrigndersigad ffeﬁomwmwsﬁ dpigied hsjein are for

111}\\%%@@ %_Iu?_(gd'skpﬁnl‘f)ﬁh@ tgétgl;ﬁ?h? glrogﬁdgﬁgfgkﬁﬂ g{r!m%ésg ﬁnﬁ\ﬁ%{ will be

su'ggéﬁtecﬂo p&ﬂs@ls&kll&dl\ﬂnuhean BOosrglty (berlotluéﬂtj v@t%rsmg) spirit and
kyl at W t h 5% [ odoacet am de

Pyrhiepid A PR And écgeer?%ée appehatd ol

Example 1

Enzyme assay and purification of B-D-N-acetylhexosaminidase from tomato and

capsicum

Tomato and capsicum seeds were gérminated in pre-sterilized soil and 15 days old

seedlings were transplanted to the greenhouse with 25/23°C temperature, 70%

" humidity and 14/10 hr light/dark regime. Flowers were tagged at anthesis and fruits

were harvested at different stages of ripening.
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were then | oaded on top of 12.5% pol yacryl am de gel s

for second di nensi onal separation on SDS-PACGE. The
webk@aonosghor esed proteins were stained with coptEES06/000388

bl ue stain and gel inages were digitized with a FluorS

i magi ng system (Bi o-Rad, CA). Experinental nolecul ar

mass and pi were calculated fromdigitized 2DE i mages

usi ng standard nol ecul ar mass marker proteins. The

spots were cut fromthe gel and anal yzed by
ER2R8d Feadtiowad @bhel distik HNPEFIBNALI (0@ MYBA S 0SHRCTHOMEFLY 6.0

(LGNMS/M5) (Q Star Pul sar [/, pI i ed Bi osystens The
atsﬁde@tfpralmr@aaﬁmaytz@uwwsm% addy %ﬁ@@Mﬁﬂ@ gThe colour

f r S RRAC

38 felfEigPed, WA’ HEBIALASE] AR Fin” ] ORISR BPONE rlcased was
dhitiinehaiysa stabdhrdguet. t he protein, quantlfl ed by

Bi o- Rad protein assay kit and resol ved on 12.5%
TROEPACE RS rRhff Wad tpodiistedl inchigdi@ dittbgmdartd édsﬁe:ﬁc&ham one

bi osci ences) nenbrane at constant current of 150

fougth velunhef gxdracigimbuffrr €l G eM TrisClopH (7HEWiB AN @%‘raéld 1
nS99486) B LEIA0 MR T MhceRAaoHR gl s o

cHegvachmhlahe einrzmn waB semtaifuged cht cb()gt)oog tohseltter vt aldl diesdebris. The
per oxi dase conj ugated anti-rab antLserum as

SUpSESHIA - husintabidieRd RS 1Syh %ﬁ p@sﬁfé e ¢ gylphate

px‘ébﬁﬁhﬂl&{“ ﬂ?é‘b%n&e oﬁt‘dhﬁhréﬁ& {HD' gk@gm@h@ﬁ Q4N Péc‘aﬂéﬁtuted and

PACGE anal'ysis of purift otein revel ed
diglymed evernigheagainsaddl nnM "Bﬂ)s @Dp&haO rvéith ore dhehge Cﬂharsample was

| omoatnhsDed PEAR SaPhaHs rHD7d psdabiied Spuf Shgpasing

grafickPoNiaCh TR endyadtngluted e zoemw%@lmtcahéema@én The samples
b- D- N- acet yl hexosam ni dase as confirmed by LC MS/ Ms

cantinipg| the aE;qamplvxeer@ pHp@ﬁ e subieesascto affingy dwemategeaphy on
0 L aph and S S
Cé?‘éparé]gagl s%pdéé?lonl ze ffelet(rgdan I nj rgegé%a%% &a&@'&) 88 a-D-
metiyaBainop1anssidd. 'l]}ﬁoerﬂmleﬁutb@hoﬂ@() aM oaﬁtfﬁitratlhﬁ, pooled and
anal ysi s of sanple. An HPAEPAD system ( one>i1
ccswcemte anpﬁ%@ ampmoRiun sulphate ﬁ@tufﬂalﬁﬁ Flegoredlsy t uar?béﬁweéinwas
dlgge%gg%ﬂ%o (ﬁlw TRs G R ORR e Birdctlydodded I HF el AftraBbH@Bfumn
of Sephadex G100. Fractions were collected after the void volume, assayed for

enzyme activity and resolved on 12.5% SDS-PAGE. The enzyme rich fractions were
concentrated using CentriconYM30 (Millipore) and stored at 4°C.

Example 2

2DE, SDS-PAGE, LC-MS/MS and western blotting

Purified protein was diluted in dilution buffer (200 mM Tris-Cl pH 8.5, 40%
glycerol, 8% SDS, 0.4 mM PMSF and 50 mM DTT), boiled for 5 min and

precipitated with 9 volumes of 100% chilled acetone. Electrofocusing was performed
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(EDM 2) for pressurizing the eluants with argon was

used for the analysis of nonosaccharide. The separated
wononosesshar i de was detected by an ED 40 det ecPOI/IN2009/000388

equi pped with a gold el ectrode and an Ag/ AgC

reference el ectrode. The resulting chromatographic

data was integrated and plotted using a PC based

oracle 2 data acquisition system (Indtech Anal ytical,

Bonbay). 10 ng of TV-glycan substrates were incubated

usﬂ(? PUphbPysledn A mMErshBmObiSscighce) aIDQO"(f f(ﬁ‘dlomoot‘élhrrhﬁeﬂ p@sswe
reaction m xture. Then the sa

rehmr@u@hofbmde% imebilige dengvie (PHeH- &) éPthah’dW!Ltb 291 ng of
P 5 5025 QAR B oIS s 2
thictigdagl 0@ nfM DT T £ § %6 1B Gtbuligh yechinace dnfumt obbromopheryl ibtu). The

N-gl ycan processing ability. Exanple 4 i of
fopseet SriRhdVerE pSoass dbtcurﬂé%&%{lywﬁg B dalgs g mi of
q%ﬁl wha! (%6 nsMPESLOE H AT £8 98 VL uffe 0, %ycerol and 2% SDS)

gonuc eotldes were designed based’ on t eptid
foilag'sd bptaaqyﬂmwnfwndnz ﬁ&(eev/sb@dpa@tmmdy irf the- smbl\hsffer The strips

anal siis & ntified fro It'
wifer b Redelof e oF Lot bt SRR BHe o8 sfs G YRS Sional
sepidoengs SBRGEAGETOTR dbWropBsrek&d! ;ﬁbeﬂlsf nadte PStaineadr With
of pink stage tomato fruit and reverse transcribed to
cogeresiatbiuccein andi 2R imegsrAversi digikiped withca FluorS imaging system
[ igqn e fil
]f Q %ﬁegép.eﬁﬁe?ﬁﬁeegﬁﬁﬁg@%ﬁéaﬁ ra'n?g)rl X'](]eréo‘cgg{;'lﬁtgﬁ Afsth T g%zed
2]KE|‘1MagW'|u£15g sEmRXrEl ABTECITRY MdSé nYéFE:‘éiCﬁro&ms SE@ $potN@ere cut
Yis CTand | |s inosine) a nested
fr@m.th% geloead. apalyzed BincRaBesPIRa AR imAH- fﬁ@ténaasaﬁeeftt@metw
RISy RS TGP, A4 5 et iy RN it v
I\/Idmatveehweqmenmaﬂmtgy fifestrs  (wWwiw.matrixspieneenddm)goagainst  the

tltfl d as art sequence of SIHEXI of glycosyl

6?3% TECThR! RSy family). Further, RACE PCR

InV|tro erfo dto deter ne t ' end .
F%re\qeﬁéerreé) %fanpwélsg&q CriYOSihriqaRt L &hgad protein assay

SaHEXO P
kl?aﬁ’ﬂcg%y 55012 985 s?rb@%‘hlz -5v9§ eélébn%%‘aHﬁ‘e&@@ e H§bond-C

back translation. Related
(Amersham biosciences) membrane at constant current of 150 mA for 2-3 hours.

Non specific sites on the membrane were blqcked by Blotto in TBS for 1 hr and
incubated with the primary antibody (1:2500) overnight at 4°C. Immunodetection
was carried out with horse raddish peroxidase conjugated anti-rabbit antiserum as
secondary antibody for 1 hr and exposing the blot to chemiluminescence substrate

(Pierce Biotechnology).

SDA-PAGE analysis of the pur‘iﬁed protein reveled a single protein band of 80 kD
and native molecular weight of the protein was found to be 300kD. On 2DE gel
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protein sequences from other species were taken and
Cl ustal Wand phyl ogeni ¢ anal ysis (MEGA4) were
w@eoiboo4sezl. Tonmato S| HEXI (1876 bp) was cl aonepiCT/m2009/000388
PpGEM T Easy vector and the reconbi nant vector was
named as pCGHT. Simlarly capsi cum CaHEXA (1725 bp)
was cloned into pGEM T Easy vector and the reconbi nant
vector was naned as pGHC. Exanple 5 Subcel |l ul ar
| ocalization To generate C-term nal GFP fusion
pd?m&l e}brﬁteuﬁ Qebafted SRldEdiERrenf B Bt TE KDL GRicEOROR AR to be
CR anplifi ed usi ng attB appended primers (5' .
rlhexesan PEA STapbYSis-

remwefﬁ
E Q I D NO 9 and 5'
CTTTGTACAAGAAAGCT GGGTGCTAGTAAATGAATGACCTGT
%Tﬂﬁf&malﬁE@nidﬁ MNChadgd chrehiaBodraphked PCR product was
en cloned into entry vector pDONR221 (Invitrogen) by

| TSR §aR(ENIRCSTERa) b PFRepaRAGh d8idnizEd Wabe and Rjected at

reaconbi nation rection was carri ed out between entr¥IPAE

a gonsaptratinn aqt Waampoles Petose japd aftet theranghrpis\atosample. Py
P RS ERLTAbaL B Yoo SIS0 WA P SPRERALSY 9P an

alﬁ(ﬁﬁaiﬂlaﬁgwcblunﬂg(@rlﬂpmt RAl-1f, rAukt 230e mingjarap eAaamt rdagmst. enbdule
on to the cryostat (Lieca CM. 510S) and fro Then .
EXD0TS o RrFTUBEGRE elitnis ith 2890 VA tised doT dbs ghsis of

mgh AgE. THleuQ %%&%Wﬁ@ndgh@dhgﬁgg%s dgllabt%d "2)9"ch' Emot&%ctor
A HIARE. T

acet sam nidase is |localized 1 n’cel
ecﬁi@milweitlﬁ a/@ﬂd)bhcur@da amd has‘-\@flAg(r?hrcs&reMe ttlc(amdboifhatrq:sohmg

iRk S et heah BB A (GRS pRacE data
acaméﬁio?h' syg-télQn (Iﬁ’dtéclﬂ%nﬂ%x&hlfﬁdﬁl%ql fo gator M%lgcd?piubstrates were

agroi nj éction Agrobacteriumpre-cultures (3nL) were
ingubigd o3 7°48farr B2 homith 0.5 pg of purified protein in a 100 pl reaction

mixture. Then the sample was filtered through PVDF membrane to remove the

protein and 10 pl of the filtered sample was loaded on to the column.

The tomato enzyme was able to cleave terminal GIcNAc residue from different N-
glycans, thus confirming its N-glycan processing ability.

Example 4

Cloning of tomato and capsicum f-D-N-acetylhexosaminidases and sequence

analysis

Degenerate gene specific oligonucleotides were designed based on the peptide tags
obtained from mass spectrometry (LC-MS/MS) analysis and motifs identified from
multiple sequence alignment and were used for rapid amplification of cDNA ends
(RACE). Total RNA was isolated from pericarp of pink stage tomato fruit and

reverse transcribed to generate cDNA using polyA tail specific oligonucleotide
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i ndi vi dual colonies at 280C in YEP (Yeast extract 1%
peptone 1% and NaCl 0.5% nedia with antibiotics. This
wowraoneEsst erred to 501L i nducti on nedi um (0. 56 EeD09/000388
extract, 0.1% yeast extract, 0.5% Peptone, 0.5%
Sucrose, 2mM MgSH, 20 nM acet osyri ngone, 10OrM MES ,
pH 5.6) with antibiotics and was grown overni ght. Next
day the culture recovered by centrifugati on when the
OD reached 1 and resuspended in infiltration nmedi um

(RACP Mabpies %nﬂr@)’\/'.&/%@ne %Q&lﬁé\ﬂdagcﬂieﬂﬁé’ fplrllﬁgﬂ %rre@;hbnalr@ to the
and i ncubated at roo n‘&era ur

‘peaiie KLAOALHBHH & HEARNHAS) g A WG €T SEQIRNR:. R
!
L LAY PRSIy A S
praner Wélfel dbleranmphfysDNA fragmesiswhiehtwas ¢lngmlcm&d pGEM-ﬁeEasy
R ol S 2000 ZELL o e SRS L
(vl SED . nlﬁ\y%awllé’enzlﬁ%m& %)Q}tﬁﬁ ' é%gRéH&@ SLANEENRL b §lycosyl
e RT PCR) RNA was

rea] tiner erse transcri tase P _
hydscojlam faohila 2O(CAZp damdy). fmhmRH@cE BOR (§uamegen) eds peifergned

nodr. evers
top T o 28 e uf LA prey LT ARG Gy Ry capsicum
cmtxtﬁ dvds I6heldi PRS%eiR 8 qUieRcdiSierd deduded &y MRIk &M lation. Related
reaction. gRT PCR was perfornedusing One Step Real
proicine spguePGR {tapppihed sraey sieamigkeni amd sl Wgeed phykaggnic

AR SR AR Lo’ ™ L PP
ST L i SRR Bt e e

regﬁmcﬁ)r wasnidd HNPGHB) Slﬂﬂdlrlgrﬁﬂﬁcurﬁ CaHEXOT1 (1725 bp)
CGATGITTCCATAC AGATCCTT 3' (SEQ ID NO, 14) for

wanelogethdnie REFHYIr bIEasy tvieptor rad 4h¢ wog&mnéws?tég agafiped as
@ﬁ@l yzed using 2 DDCt nethod. Exanple 8 Small RNA
i'solation and northern blotting Total RNA was enriched
Exampkrsal | nol ecul ar wei ght RNA. The RNA after the
preC| tatl on with Lid, was vvashed with 70% et hanol
Subrellnlaz logalizationas air dri ed.

To generate C-terminal GFP fusion protein, coding sequence lacking the stop codon

were PCR amplified using attB appended primers (5

" GGGGACAAGTTTGTACAAAAAAGCAGGCTATGAGAGGAGAGAAAACAT

TCTCC 3 -SEQ ID NO: 9 and 5'
GGGACCACTTTGTACAAGAAAGCTGGGTGCTAGTAAATGAATGACCTGT

GTTAC 3' -SEQ ID NO: 10). attB flanked PCR product was then cloned into entry
vector pPDONR221 (Invitrogen) by performing a BP recombination reaction. Further
LR reacombination rectidn was carried out between entry clone and Gateway

expression vector pK7FWG2, 0. This recombinant binary vector was used for
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The pellet was then dissolved in Im of DEPC water and
heated for 650C for 5 mn, and then placed on ice for
WQ2010/00458D preci pitate the high nol ecul ar wei ghtT/RNgH)9/000388
pol yet hyl ene gl ycol (nolecul ar weight 8000) and NaC
was added to a final concentration of 5% and 0.5 M
respectively. After 30 m nutes of incubation on ice,
the RNA was centrifuged at 13,000 rpmfor 30 mn. The
supernatant was precipitated with 3 volunmes of ethano
%%a&éﬁgmvmeﬂﬁﬁ:dofrawrﬁoﬂp‘r%b@ﬁebiatf@s,l&rp tHr&eid) i2R6mAaddefruit.
be was placed in -200C overni ght. Next day the |ow
Agrinecied fruifepayivarrRNAS mmreéc@v& te erosi@tn(tlmqm@mlﬁd)@ﬁ) and
fr%%egégqhglg cd)ld AN 5%8 :ﬁll(lzgsf %ﬁ: ch? %ke \ %{\@ﬁe Fldgs oa gew under
flisre@ohcd A rywspd.esol ved on 15% urea PAGE cont ai n| ng
0.5X TBE for 4-5 hr at 70 V. Then the gel was
Tl‘ﬂ's REAfils tﬁﬁ'tsﬂ BB ety theRYdainidBEEIS dotaliked inGel waX. TBE
for 1 hr at 100 V constant. The nylon nmenbrane was W
Example 4 i nked and pre-hybridized in 50% formani de, 7%
NaZHbod an nd. Na pH 7.2 at 35C.
A%fgﬁgfgif" s§d t?%(g'eé'é "ﬁfroé Hp%)r o'cl)ge was added and
brldlzatlo one r 14-1 urs .
Agjegechsl s Retl s RS os? ettty {GHads R, Mipaygl [ Yietand
WH and fGiande s €2004) thaf - Bivsiobe4and-O1 )L%lasff)é;v anedigsarmedFror
to the film The anal ysis confirned the generation of
agj@lﬁi?C@p@cAgﬂOéa@?m pre-quitarasg 3mk) fwaie t 2rePad fe d8 whish form

t.he e 1 r b 0
1nf11V1dua$|AI lon 2 glp 9%‘%9%1 ag%mgtr%/ gﬁls/o R g?ﬂg ISﬁgﬁ%glng 0.5%)
m5d1a®t‘11th?>antibidti1dﬁgThﬁgwﬂrtraifsfeﬁ'ﬂéé tgSomLi indlietibnngediii mafe?/ beef

cloned into EHANNI BAL in sense and antisence

X it Bt YrRss 8FEICAt @a” 0 SRIANG, f-» GnSuergsey eeYlolerQa; 20 mM
ac%ﬁn%?{iééig{et f HRAM ‘EME§nSFI-§ SH SNtk aﬁflbﬁ)h@s Bhd 55  or&6AR overnight.

ion was ddne usi'ng priners

Nmﬁm@m@mwmm@@w@e@m thSEQDI fabl@ed 1 and
e IS (52
a&%%%hé&dé‘%H 5.6) and incubated at room temperature with gentle agitation for
4 hr. 1mL syringe with 0.5-mm needle was used for agroinjection. Needle was
introduced 1 to 2mm in depth into the fruit pericarp near the stylar apex, and
infilteration solution was gently injected in the fruit. Maximum of 500mL solution
was able to be injected. Beyond breaker stage fruits were unfit for injection.
Example 7

RNA isolation and quantitative real time reverse transcriptase PCR (qRT PCR)

RNA was isolated according to LiCl method and quantified using nanodrop (ND

- 100). Total RNA (5 pg) was reverse transcribed using superscript II (Invitrogen) and

diluted five times before using in the qRT PCR reaction. gRT PCR was performed
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17) for cloning in sense direction. Simlarly, PCR was
done for cloning in antisense direction using priners
WG 201G0TEIACAAAGCAGT GGTATCAACGCAGAGTACGC 3" ( SERET/DN2MI®/000388

18) or 5 GCTCTAGAGAGAAAAAAATGAGAGGAGAGAAAAC 3" (SEQ
ID NGO 19) and 5° CCCAAGCTTCAGCCTTAACAAGTGATCGACTCCG
3" (SEQ ID NO 20). To develop RNAI construct from5'
end sequence of the SIHEXI, PCR anplification was done
using priners 5 CCGCTCGAGCCGTGTGATTGIGICATCTGC 3
ust b BtdORe21Tind R TOPCR (Applied Blosystems) w1th cyber green‘ The
TTCGTAAGAAATTCCCAGATTCATTTGC 3' %1 21)
oligon¢legtidg, pm@ﬁsweﬁddan@ef%mpltﬂceﬂ%@rq R TR %eﬁééf GTTCTGG

B R

(SE nm&mmg:@!r AS‘XBEMKEH’W@Aﬁﬂ"ﬁﬁEIH’TKISEQT TBTKKACCATT

ot ARt o ushinaby Nouct 37 W aaas? REAL A TaC

AGKEICRPF 83 S5R0 F9NSOF U Sfo%h&o@h@@@%@ﬁ’trél”ao@ﬁ' Refdtive gene
vector after renovi ng, S codi ng sequence. PCR

exarqsbmhmaaiandmzeﬂtsaig?esfmﬁttht)don site was |ncor por at ed
EI n t%& cDNA sequence before start and after stop codon
¥YPPS%epar at i onof over expression and antisense

SHER RN & isolffdieAid WerthernBlotdiE| 1 i cation of sense
strand PCR was done ‘using prinmers 5'

T&ET RIACAGE CHFRERAGOCOMMANGASIEETISCwRight FBQA! BHNRNAShfter the
and 5 TCAGCTAGTAAATGAATGAACTG 3' gs ID NO 26). For

pretipitating with dn€l, yenseastied adthi BYo P@Qﬂ%@dﬂ@n @elleli yyes air dried.

LA i AR AR G AR SR o

adthéngla%&l onRERIG Deia! Tvasedipitile hhegﬂitgﬁdnd)lehﬂarxbfaighi RNA,
Ecl| 3611 site of pBl121. Transgenic tomato pl a

pmtbylg@w@moédﬂwe%@f owaighe 800t epdi Blael was faded' fo a final
conE:%%QFc'aql%r IE?tS"VOQn b sHaR tsg EQEX! S‘%ﬁ/éb %g&%s Afr-BBation on ice,
g, explan 7 on medi & (S gna)

the RN AR iwak dent Gt ;t \(Ai(f)g(irgfm?r’?()er 3@smimalhe supeenatand wak poicimpted
WR}? gnyoquéssgfoe%halmo? and 1/ 10 volume of 3M Sodium acetate (pH 5.2) and the
tube was placed in -20°C overnight. Next day the low molecular weight RNA was
recovered by centrifugation at 13,000 rpm for 10 min. The pellet was dried and
dissolQed in 50 pl of DEPC water. Small molecular weight RNA was resolved on
15% urea PAGE containing 0.5X TBE for 4-5 hr at 70 V. Then the gel was
electrotransferred to nylon mémbrane using 0.5X TBE for 1 hr at 100 V constam‘.
The nylon membrane was UV cross-linked and pre-hybridized in 50% formamide,
7% SDS and 50 mM Na;HPO4 and NaH,PO,, pH 7.2 at 35°C. After 4 hours, the
denatured probe was added and hybridization was done for 14-16 hours at 35°C. The
blot was washed using 2X SSC and 1% SDS for 2 min at RT, then washed with 0.5X

SSC and 0.1% SDS and exposed to the film.
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medi a) and kept for one day under tissue culture
condition (240C, 65% relative humdity, 14/10 hr
wo cghedss k cycle). After one day these expl antGT/mene/000388
used for transformation. Agrobacteriumwere grown in
YEP nedia for transformati on. Agrobacteriumcells were
pel |l et suspended in liquid MS containing
Acet osyringone. The cell suspension were added to
explants and co-cultivated. After co-cultivation '
THRX Bladyiss covifirtnelll the Pefératioh bO ghite cpdvifid SIRNAEMI tegnsgemic fruit
kept at 28C__After two days, explants were transferred
pft"é)“@ﬁdﬁthi the RhEA; tachosIngxi ni ng Cef ot axi me and nai nt ai ned
fatml{’ gsue cul ture condition. Then explants were
lﬁer' transferred to shooting nedia containing
Vésrdstamd tomado tratafoarmation. Expl ants were mai ntained in
~this nedia for two to three and half nonths with :
Td égielap RNAQ0GEstrubispS0s6{(Bbpts amn3i codisy gighin okthe gerteincluding
transferred to rooti n nmedi a vmt({:n@orrmne IAA% 0
UHR was)clensd gk PHADEY! @ L meyentadihntsRReSkRAIFRAON SEPAAGd bY

I
AT SR Tk sy aocal o

anijalificadormse Chawas React i dand€ PCR) vvasn@erf or mpdmtees 5

CBFBAE BN RN Gt R e B 19
ort%sﬂ@?%%m@m%ﬁm%@??g@m32282?92

16 apoén AP AATTHCAGOCTERAGANCGIRN TSEATTIGES ¥ i(PhReld: NO:
155 S5 Th De 0Rul BB 0 MBI P

dlfe@ﬂp;ﬁesm on plate Iuga@ ng at 1nms 1pr1m&1$e frui ts were 5’
ressed to a vertical di S(IE)| acenent of

R PMCAAME METIREA ECARCASASTEACEE: 3STR 1P 3G 18) or

eI R IR eheRaRoe Rt e Brmmilg; 19
andndl CEICA AGCATTEIAQCCITAACKASICA TAGAKE GCGi 3 (SEQMI&s NO:
208f Qll?s ggt 4 an Ri Cco%gg,lﬁ;b tgorg 19 ngr?J esgqltle(r)lcg hoef H’)C SIHEXI, PCR
amplification was done using primers . 5
CCGCTCGAGCCGTGTGATTGTGTCATCTGC 3’ (SEQ ID NO: 21) and 5’
GGAATTCGTAAGAAATTCCCAGATTCATTTGC 3’ (SEQ ID NO: 22).
Similarly, PCR was done for cloning in antisense direction using primers 5’
GCTCTAGACCGTGTGATTGTGTCATCTGC 3' (SEQ ID NO: 23) and 5’
CGGGATCCGTAAGAAATTCCCAGATTCATTTGC 3" (SEQ ID NO: 24).
Finally, the Notl fragment of the construct was cloned into a binary vector, pART27.
Antisense and overexpression constructs were prepared in pBI121 vector after

removing GUS coding seq‘uence. By PCR amplification, Xbal restriction site was

incorporated in the cDNA sequence before start and after stop codon for preparation
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ACC treatnment to the seedlings Fifteen days old tomato
seedl i ngs (Pusa ruby), germ nated and grown in NS
woredowesskr e used for ACC treatnment. Seedl i ngsPET/ovR0ddB00388
nmedia were transferred to liquid M5 containing 0.1 nM
ACC and harvested after 30 min, 1 hr, 2 hr, 4 hr, 8
hr, 12 hr and 16 hr of treatnent. Seedlings were
frozen inmmediately in liquid nitrogen and RNA was
i sol ated as nentioned above. Further RNA was reverse
oft badekprbReM bl aRRng dedtoRd réspectiiislly. RER. Fﬂ(ﬁﬁﬁm @f sense
was cal cul ated relative to the control seedlings (O
sttanl.  Thi sSP@kper i n8Mas confi d4eA¢ t he upsiR@gul at PHRMEEY S
G(%WG&%‘%@P@@%@M}K%AEAWﬁ%CS} SR Y. 25) and 5
M Croscopy Sections were cut 1n a cCr at- mcro
TCA@@HAGW&@AHBANW&A@WG)MﬂEQdDjNSD - 26). Fhecloning in antisense

Stibn PO YA dopR WSmECTBUR s AL G R e REAERAAER R TE e
3 ?@%@’F]ﬁg@é\/\gtﬁﬁ ﬁ}(py'f GeTCHACPAGTAAGRA A TR e AR MRS N ERGC

or 2 mnutes. The stained sections
3INEBEQ 0 NO: 28).| PCRvabduct wrdethem ligatedringl XpakhhdEcl136]1 site of
ﬁﬂ? ographed at 40X magni fication using N kon 8G
“f1 ouresent/ phage contrast/ Bright field
m croscope. Staining of

to fruit |1 | 1 :
Tragpgeaicl@mso AR 7&ES 59"%9@5 éarqbé'a{fééeer megipted transformation
ofS §R4E L LR A8 16REPAK e Elittink |eL<pl'aﬁ‘tst %@1‘35 Fﬁ@éd: o Mist media

as conpared to non transgeniC fruit.
(S(igmn) eintaigimgorwhin K uemay apfcalBoing am.drshqo@log éllognmm{shootmg

ERET SR A R Bt ML AR T ol LU LS

hJ /10 hr light-dark cycle). After one day these explants were used for
CAA GCCACAAAT TACCCAATCAATGTCT GCCCACAACATTCCTTT.
tragfigoation. Agrobacterium were grown in YEP media for transformation.

A W were%g%%%T%%qu%Mé%

ngwmwmwmmmmmm
T

exphetrRercTaustoardae MEfshoatinpmediadand kepiot G8CG-ridfiesaerdays.

e)@-&;— @ere transferred to shooting media containing Cefotaxime and maintained
at tissue culture condition. Then explants were further transferred to shooting media
containing Cefotaxime and Kanamycin. Explants were maintained in this media for
two to three and half months with regular change. Shoots (3-4 ¢cm in length) were
then transferred to rooting media with hormone IAA (10 pg/ml) and antibiotics
(Cefotaxime and Kanamycin) ahd maintained for 1-2 months. Leaves were collected
from rooted plants for DNA extraction (CTAB method) and Polymerase Chain

Reaction (PCR) was performed to determine putative transformants. 7-10%

frequency of regeneration and transformation was achieved through this
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GATGT CACTTCACCACT CGCTCACGGAGT CAACGAATCCTACTCTCTCTCCACA
WG\%C%EZ}:CT CCGCCTACATAT CTGCGGECGACT GTAT GECGAGHOAINAGINB0388

gﬂ;\CGXgATTCT CACAACT CGT GTACGGAAACCCTACCAGAGT TTCCGCCGECGT G

:Ogé%iﬂ ACCGATTTTTACTCACAGAGGT GTGATGT TGGATACT TCGAGAAAT

A@Q@%ﬁ%ﬁféﬁﬁf EORGHRE A TTARACEURT fSATATSIAMCARTT Trestvidrred
esrdiguag At ARTdRIMECACAT TCAT TTCCGCT TGT GATCCCGT CGGAGCCT

E%ﬁ%@% ACAGCAACC—IAGATGATGT ATTCGCCGGECGGACGTGCAG
TAAwfal analysis
TCGTGGAATATGGAATGGAACACGGAGT TAGGGT TTTACCTGAAATTGACATGC

Ffali@hthess was determined using TA-XT Plus (Stable Microsystems, UK). Each

AGTTATGGAATCACGATAAAGT ATAATAGAATAATGTATGGATAATTTTCGI T
fracayas pnalyzed with 75 mm wide P75 compression plate loading at 1 mm s™. The

frite G Ompredste (0 rtrey dipcbiAentar I i b Ak A oefildd as

th&h%aaﬁa}wxaﬁﬂwéxjaﬁneAﬁmﬁﬁTm&cmmﬁgves@Amﬁﬁf@ﬁmeﬁwmmmwsv

%‘T@@B@&MMWATATATCT TTTTATACAGGAAACCAAAAC

Tﬂ\e-rrﬁﬁﬁ‘ﬁ analysis reveled 2 fold increase in the fruit firmness of* the transgenic
G(gGAA GIGGEGITT GGGAAGGTAGTGTGTATGAACCGC'IgG

friFT ey d'd'mpared to the non transgenic fruit.
ETGA%! é CTTCTCGATACGAATAAGAGATTATGT TTGATACTTTCAGTGAGAT

A&ﬁ@ﬂ&ﬂﬂﬁéﬁﬁzGE?EQBEE@JCTCAATCTTGATATTCGECTCCATTTTTTTTA
FE&E&%@ﬁﬁﬁ&@&ﬁ%EE&Qﬁ&@éﬁiﬁlﬁﬁﬁiﬂgﬁﬁGﬁ%ﬁE@@Aﬁ&&ﬁﬁ@Nﬁﬁ@é&um

TTTTA
WAETUSEC TRGRAAACSABENT Gagd ngSEomANSmrdeeracAcskIet¢r fipuid

MR AR QM AR A A RS A QT IOHRF PR AN Bl P

and 6P of treatment. Seedlings were frozen immediately in liquid nitrogen and
GCAAATTGCTATATCCTCCACAGAAGAAGGT TATATCATGT TGTAAAGCACGTC
RNAnAvas isolated as mentioned above. Further RNA was reverse transcribed to

R T TR MICASAR AR TAT CHETERECARATA Ao

sebdIAGST(GRPAACACTATTAAATGT CTGAAGT TTGTCCCATTTTGCAAATATTGC
AGCACAT

TAGACEATRGR QGRTHRERF FQAATHERGAGRT 67 GIARTATGTTC
EgamnplTi3AAGT AGT CCAGCT CTTGCAGCT GAACCAGGCACT GGCCAACTGAAC

T .
SEﬁﬁﬁé&yybﬂgﬂ55$xR%ﬁﬁﬁﬁAEWCﬁﬁ&%ﬁTGﬁCﬁJCﬁﬁ&EﬁIﬁﬁﬁAﬁCEII%J
GITTCC

SRGHRPT RES 4T AR TGRS i (IO s s Al jor i on

thggp%Tﬁ sine coated slides. The slides were dipped in aqueous solution of 0.05%

GITTGI TGCTAGCAATGGAACT CTCAGI CAGCTACTAGAGAA
tadypigingblue (Sigma) in 0.1 M phosphate buffer at pH 6.8 for 2 min. and washed in
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CAATAATACCTTACCTGAAATCCTCTCACTCAATCGTACGGTGGTCTACTGEGA
GGATGT TATATTGAGTGGTAATGTGAAAGT GAATCCATCTCTGCTTCCTCCACA
WOERAEIHREST TAT PCT/IN2009/000388
GCAAACTTGGAATAATGGACCAAACAATACAAAGCAGCTTGTCACTTCTGECTA
Cccarar
GATTGTGTCATCTGCAGATTACTATTACTTGGATTGT GGCCATGGAAGCTTCGT
TGGGAA
TGACAGCCGCTATGAT CAGCCACCAGGTACTGACCAAGGCAATGECGGATCATG
m Water for 2 minutes. The stained sections mounted in milliQ water under a

TTTCAAGACGT GGGAAACCATTTACAACTATGATATAACCTACGGCCTAA
co@qr@tmand photographed at 40X magnification using Nikon 80i epiflouresent/

pHAGEE AT AT T CRTAAT L AGAGREGGAAGT AGCAT TATGGT COGAACAAGCTG

ACTGTTfA IomatoCchr:uAlA ce ITJJ% mlcroscopy rGer%ﬁ%A%-gI cell
WM%EMWTWT&TW&WWWmC

fry AT GGAGGTACAGAATGGT TTCTAGGGGAATAGGT GCTGAATCGATTCAACCAC
TTTGGT

S@ch?@m@@@mm @.]:A'SWA@PAW SHON-
sk PUBsarEBLTe) GSNLEEL T hexosan ni dasel (1876 nt )
A G L CTATIAFIGI

CM'EE@CCGTCGACCGTTACCGCCACCTCATCCTCTCCGAACACCACCGTCCCATCAT
A LTS AAALREAPAYTIGCATCEA A CLOCSHGAABAAACT TCARONTTCCTARCC
GAmemTCACCACTCGCTCACGGAGTCAACGAATCCTACTCTCTCTCCACACCTTCCG
AQERIETACCTCAGT ‘ ;

GWCTCACAACTCGTGTACGGAAACCCTACCAGAGTTTCCGCCGGCGTGTATATA

CAN IR TCRPARET CAECHAFCARCEF EACTTOAFOAATTECEATA
GEAGHEGHYT CACT TGTTAAGGCTGATTAAAGCTATGAGTATGAACAAGTTGAAT

CAGTGGEATATAAS c
LA @Wﬁ%@@%ﬁéﬁﬁ

T '3 A7 ﬁé@&é@&%ﬁ@é@%ﬁ% AGITAGGGTTTTACCTGAAATTGACATGCCTGGTA
A : AT P AT EEh AT T

TEFARTBATCCCGAAAAGGAACAAGATTGGACTTTTGGAAGTATTATTAATTTATCAGG
A QAT TAOTOATAARTA ACT G/ GCGARNGTTGGAAC
TOACGEICTGGCAAATGAAAATGTATATATCTTTTTATACAGGAAACCAAAACCTTTAAG

COGKETATATACAGGARCTATEEAT T CEHAGTCABAGATCCT STEMCIGECATATT T
TG‘A{QIB&GCWCTCGATACGAATAAGAGATTATGT”I"FGATACTTTCAGTGAGATGTGAAT

GQ*W@GACA%WAC%W%WQW

GC CTATAT CTCCACAGAAGAAGGTTATATCATGTTGTAAAGCACGTCAAAATT
T m%mm&%%ﬁ%%@ﬁﬁ%?ﬁﬁéﬂmc

3%
T@%GEGTAACACTATTAAATGTCTGAAGTTTGTCCCATTTTGCAAATATTGCAGCACAT
ACKAGCAPCATOGIBGAA GAT G T2 INCIGAGT TAGBHN AN TANCOTCABATGG
COCHCIGGAAGTAGTCCAGCTCTTGCAGCTGAACCAGGCACTGGCCAACTGAACCCATC
AT BBABATAGAGEAT CAT CHRE TR IS ACAC T GAGAT AT CORATEETECC
G@AWTCTTTCACGGAGGAGCAGATGAGATCAATTCAGACTGTTGGAATACTGATCT
ATCAGTCCAAAAGTTTGTTGCTAGCAATGGAACTCTCAGTCAGCTACTAGAGAAGTTTAT
CAATAATACCTTACCTGAAATCCTCTCACTCAATCGTACGGTGGTCTACTGGGAGGATGT
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TGTTCTGGT GECCCGCT GGAAGT AGT CCAGCT CTTGCAGCT GAACCAGECACT G
WG%TCGATTCCOAAGACCT ATGAAGTAGT CAAGAAT GT CARCIZAGRSRA0388
gTCﬁ¥gTGTTCCCI5ATTCACT CTTTCACGGAGGAGCAGATGAGATCAATTCAGACT
ETF XéTnéATCT ATCAGTCCAAAAGT TTGT TGCTAGCAATGGAACTCTCAGT CAGC
TM@T&GWTMM?@WATW@WM@HWT
GAOAANCOTTGGAATAATGGACCAAACAATACAAAGCAGCTTGTCACTTCTGGCTACCGTGT

G AATGCES AT TATATA CAGTAGT AAT CIGINAT GEASANOCAREFCT T TGS A
TEACAFICGCTATGATCAGCCACCAGGTACTGACCAAGGCAATGGCGGATCATGGTGTG

A R B A AR S
GCICCATTGGTAATTGGAGGGGAAGTAGCA GAACA

e AT AR

h, TACAGAATGGTTTCTAGGGGAATAGGTGCTGAATCGATTCAACCACTTTGGT
3 T S GSHFSEE P A CASTHATTALTI AL TANCGAACCCAAT GG
%WJEW@M%&M@CMWMM;B%E&EM@-N—
acEMw@eam@@s@G@wWGGTAATTGGAGGGGAAGTAGCATTATGGTCCG

AACAA

G AT AAT A SARCTGTIMN T CEACT CAMIICTCFERCTNAGACEATNEEAATAL A A
APHAAEAAACAACAGCCACAAATTACCCAATCAATGTCTGGCCCAAGCCCACAACATTC

A T R R RS RIAL ARG e
c AR RSN SIS rTer erevcihce

A CCGACGGCTCCGCCTCCGCCTACATATCTGCGGCGACTGTATGGGGAGCCATG
c&LAEA TEEASACATIABAALNECACEEANTASHS WA ACABE T RO A G CATGTRALCTT G
CAHEETAMTACACGATCTACCGATTTTTACTCACAGAGGTGTGATGTTGGATACTTCGAG

AACOIMGATGEEGEC GABTACOAGTBAGLEAGE TG AGATATIGACTATARRCAGATT
GAEIEQJHWTCACTGGCATATAACTGATTCACATTCATTTCCGCTTGTGATCCCGTCGGAG

CANIT IS TAATCT I ACCPICEAT ?@F@Q@Gﬁ@&%ﬁ@@@@ﬁ*ﬁﬁ?ﬂ@?ﬂ

RS e
ﬁﬁ§§§%§§m A %

GCTGAACCAGGCACTGGCCAAC
AATGTCATCCAGGGCACTATCG

RHE&;X\P&JP@'C'E\@WEH@GA

Aﬁkﬁh&#iﬁiﬂﬂﬂ%%hhﬁEéif&d&%ﬁANA@Bthfﬁﬁﬁ»ﬁﬂﬂmouﬂSdNESGstémxtT
GEOESASAY T BT TGAGTGGTAATGTGAAAGTGAATCCATCTCTGCTTCCTCCACAGA

ATOENRBIETASAL VGNP RVSAGAGGADAY ARTARGIMCORSRNFY C/ASHITIC TG
GG{[ftWTGATTGTGTCATCTGCAGATTACTATTACTTGGATTGTGGCCATGGAAGCTT

e oA e TR e AR YR e

W%GGCCTTTCAAGACGTGGGAAACCATT’TACAA TATG CC

G% GRS U e TN e T vy o
1

A TCGT TGAAACAGGAATGAAGAGATATGCAGAGGCTACTGATC
m&l R AN & A ST NS HNAREGW Pirdh A

cEﬂb&ﬁﬁNﬂ?cTCTCAAAAACCCAGGCATGTGTAACACAGTTCATTCATTTACTAGCTGA
T TISAVKGNB BE LER N A ANRNGCRNNG TR W TSR TUS SARYA FCOCI TT
AFGCSEVGNMATGTTACCTTCTATTGTCACCACATTACCATGATTTTACTAGGCAAATGAAT
CTGGGAATTTCTTACA
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DSRYDQPPGT DQGNGGSWCGPFKTWET! YNYDI TYG.TDEEAPLVI GGEVALWS
EQADSTV

WO/RBRIOVBRASAMAEAL WEGNRDET GVKRYAEAT DRL NEVRY RMV SIRA /(R SI/ Q0388
PLWCLK NPGVCNTVHSFTS SEQ | D NO. 4 Conpl ete cDNA
sequence of Capsicum annuum b- O Nacet yl hexosam ni dasel
(1725 nts)
ATGAGAGGAGACACAACATTCCCATTCATTCTTTCACTATTCGT TATCTTCATT
ACTCAAA

SWWMMUW@B@ CECSAMIACHHREAE T ABTD-N-

ac;é?wwmm&%@dccco%dmmoﬂmmmmm
TACCT
’ MWWlITWAWWWWﬁWVD

IPESEHHRPITPAINLTSSIPLQSLVISVSDVTSPLAHGVNESYSLSTPSDGSASAYISAAT
v%@m@ﬁmtmwm@@mmm MSTNACAFRORCCVONLCATI K AMIS
MOV OVHITDSHSFPLVIPSEPELAGKGAYSNEMMYSPADVQKIVEY GMEHGVRVLPEI

D CECEXERCAAECANTACTATRETEY CRETATH 1A
MERDISARAGGADEINSDC WNTDLSVQKFVASNGTLSQLLEKFINNTLPEILSLNRTVVYWED

B A S A T A AR A R EA
Mﬁgﬁg@wﬁ&?&w&m&%mww

N
EWTTEJ%%%KG@J&E%T%T%%%T%%A%Tﬁw.
acé@[ﬁk(ﬁéﬁ'dﬁﬁﬁ'ﬂﬁﬁmmmrATCAAAGCT ATGAGTATGAACAAGCTGAATGT

T
CME@TE@@%IIEMWQM&@@&:M%ICMHCATCATCTCCGTCTCC
GACETICAGATACAG ATACICACAGATACAACGAATCCTACTCTCTCTCCACGCCTAAC
GCOEIATCAT GRRUIAMBACTACCCTCAGXTT! CUA
GABTEETCACAGCTCGTGTACGGAAACCCTACTCGAGTCGCCGCAGGCGTGTACATATC
CEOTTITRGERART R ASIAACTOTPErAEE T EANGEACACACF AT CAAETEAREE G

A@ﬁﬁﬁﬁi@ATTTGTTGAGGCTTATCAAAGCTATGAGTATGAACAAGCTGAAFGTTTTTCA
T R AR A e A R A R s A A A T R AT R,
B y o
GGARTLTONM

AR A N GAs a6 s

cﬁ@‘é@AAATAGTCCAGCTCTTGCAGCTGAACCAGGCACTGGTCAACTGAACCCTTTGA
TR KEGASBEET G A &G TACTEX XS TEFATTCACO ST AL CAIEAATGIAG
ATIATGATTTCACGGGGGAGCAGATGAGATCAATTCAGCATGTTGGAATACTGATCCAT

CATPFOAXCCTITA GBCTASFGT SrEA
AP TTACCTGAAATCCTCTCACTCAACCGTACTGTGGTCTACTGGGAGGATGTTA

f\’;@ﬁr G R ek
A M ARG CRUARE R B e

A AAGACCTGGGAAACCATTTACAACTATGATATAACCTATGGTCTGACTGATAA
GGAGGCTCAATTGGTAATCGGAGGGGAAGTAGCATTATGGTCCGAACAAGCTGATTCAA
CTGTTATGGACTCACGAATTTGGCCTAGAGCATCAGCAATGGCAGAGACATTGTGGTCAG
GGAATTGCGATGAAACAGGAATGAAGAGATATGCAGAGGCTACTGATCGACTGACTGAA
TGGAGGTACAGAATGGTTGCTAGGGGAATAGGTGCTGAACCTATTCAACCACTTTGGTGT
GTCAAAAACTCAGGAATGTGTAACACAGTTCATTCATTTACTAGCTGA
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ATTGTGTCATCTGCAGATTACTATTACT TGGATTGTGGOCATGGGAGTTTCGTT
wg%%&mmﬂ@awxmmmﬁmmammmnmﬂaﬂmmmmmms
E%EmMij@@wwmﬁwmmmmamwmwﬁmaﬁd@@
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&%i%%mm@MMMEMMW@mmmaﬁﬁwﬁmmwwwmﬂ%M
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1. An isol ated pol ynucl eoti de encodi ng a pol ypepti de
havi ng hexosam ni dase activity, wherein the nucleotide
sequence of said pol ynucl eoti de encodes a pol ypepti de
havi ng at | east about 85% identity with an am no acid

sequence as set forth in SEQID NO 3 or SEQID NO 5.
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2. The polynucleotide as clainmed in claim1l encodes a

pol ypepti de having am no acid sequence as set forth in
WEEDARSH,O 3 or SEQ ID NO 5. 3. The pol ynucl Bot/indeos®03ss

claimed in claim1, wherein the nucleotide sequence of

the polynucleotide is as set forth in SEQID NO 1,

SEQID NG 2 or SEQID NO 4. 4. A polypeptide having

am no acid sequence as set forth in SEQID NO 3 or

SEQ ID NO 5. 5. A DNA construct conprising the
whak W ORliMeds de as clained in clains 1 to 3, wherei n

t he polynucleotide is operably Iinked to a_pronote

1.séquasdated eolymusleotide conedingct RlyRIPHAFERpving énems‘%frsmdase
o n d e i
oPERIA G AORTHE e SeRERCDP Sald® pbBnadBife pncodes a
5 polypeptidenhavive goleysn labblﬁcﬁi‘}dedcsmqumuhean amino acid sequence as
anti-sense_ori enéatl on @E) RNAI construct for
(6]

sﬁ?}prEEé'P ﬁEQeIPpI?I s§|°6§E9fIq1 Saminidase in a
2.t ﬂ@ﬁ%%u%le@ li@hs cﬁﬂhai PO Li%nc%@é@i 'p§lyngt1& AR amino

poly  eotide strand conpri sing | east
cammsgqmse ausst doth nheﬁﬁ(ﬂ OMNG@ h3eOIS§@QeHR:NOa§ set forth
ID NO.,2 or .S sense
PP S AR i S wbwraf%@e PR ERiG e of the
@bwﬂu@lk&ﬁud id@s séi'feAR in BREN® RO: heSBQUIDBROSE or SEQ ID NO:
pol ynucl eoti'de strand and t he sense polynucleotlde
strand forma duplex 9. The RNAi construct as clai ned

o1 SR 105 Shod By BORSE M 828 TN r s

cliBiN®D85. wherei n said sense strand conpri ses 100 to
600 nucl eotides. 11.. A reconbi nant vector C Si ngi
5t e DOXOh GOBFISHCH GomPR&Ing| thF RO TURICETdE AY SIATBEh 1 paimp,

SARMEN mol}t}ﬂﬁfegﬁﬁe Is @9%(}’ fhKd tb Q%r&rﬁ&t@f@:‘qﬂ@&te

vect or as In C
6. The DNA construct as claimed in claim 5 wherein the polynucleotide sequence

to 3,

is in sense orientation.
7. The DNA construct as claimed in claim 5, wherein the polynucleotide sequence
is in anti-sense orientation.
8.. An RNAI construct for suppressing expression of hexosaminidase in a transgenic
plant, said construct comprising
e a sense polynucleotide strand comprising at least 20 contiguous nucleotides
from the sequence as set forth in SEQ ID NO: 2 or SEQ ID NO: 4, and
e an antisense polynucleotide strand that hybridizes to said sense
polynucleotide strand, wherein the antisense polynucleotide strand and the
sense polynucleotide strand form a duplex
9. The RNAI construct as claimed in claim 8, wherein the RNAi construct is a

hairpin nucleic acid.
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13. The reconbi nant host cell as clained in claim12
is selected fromthe group consisting of
wagoiobessseri um E. coil and yeast. 14. A pr oCceBGT/IN2009/000388
delaying fruit softening in plant, said process
conprising transformng a plant cell, tissue or any
part thereof with the reconbi nant vector conprising
t he pol ynucl eoti de encodi ng a pol ypepti de havi ng
hexosam ni dase activity, wherein the nucl eotide
105 THERNAY @ns@adtths RMixmedch eair @ whefdt esid demyel sypad tomprises
having at | east about 85%identity wwth an am no acid .
s &UERY nysleglides orth in SEQ ID NO 3 or SEQ ID NO 5,
e . . - . .
1ot teEorp BB LR KB EREVEINA JoR Bt e PERREY i clai to o
120Aereedmbinint nse kedtomprising tieneeorbinnhteveeairyas ddimed iinlelaim
is selected fromthe group consisting of SEQ ID NO- 1,
SEB ID NO 2 and SEQ ID NO 4. 16. A process for
139¢h@%kdentifdth thosOELIE RS RehikBd Rh @im $RIi¢ sHEQEETOmM the group
conprising decreasing the | evel of hexosam nidase in
t camsssyiopiof Agrabacteciompr eal! awsl yeast. | evel . in

nqn-tr ansgeni l.ant. by expr.ession,of an.,RNA -
148 arorREe QaUSE TBhPIERPEC BBl Ta tosgs copPrising
f raasTBiMin®fa Rantl RBStissde of any :p@xw PhtFedtueite did desmbinahhesctor

pol ynucl eoti de encoding a pol ypeptide_ havi ng .
hesopasing it pelyaseleotideyenogimgess Rotypeptidschaopg dexosaminidase

f oo | ) :
SO0 s SR SR, PR, L
s polypestiRiedmviret atfledst About SSEQidentityOwvitB apranSBQ dcld dquertse as

and screening the resultin | ants for. redquced |evel . .
ofetrfanbgamEnT B0 Spaskoat NS aviirio shdroganefotide is in
p H@%m%zoﬁIHgﬁgﬁoceSS as clainmed in claim16, wherein

t

e nucl eotide sequence of the polynucleotide is
15 dhegirects$ rasmldimed ginodlgint dAs whereny thef ndEeptidd sguence of the

SEQID.NOQ.,2 and SEQ ID.NO 4. 18, A pr fok .
dEPHHEdeLi SRR o e o soriist g R Re®H: 1, seQ
CNPI FidREQEON@s4.ng the | evel of hexosam nidase in
transgenic plant conpared to its level in

16adn-precess gieni delpiingmt frwy sofisniagsino Py, gaidrrocess comprising
| Iag:ceréafls%{ge{l]]%qe&e?%h%x&sg&%iﬁéé%tin transgenic plant compéred to its level
in non-transgenic plant by expression of an RNA interference (RNA1) construct
comprising at least a fragment of at least 20 contiguous nucleotides of the
polynucleotide encoding a polypeptide having hexosaminidase activity, wherein
the nucleotide sequence of said polynucleotide encodes a polypeptide having at
least about 85% identity with an amino acid sequence as set forth in SEQ ID NO:

3 or SEQ ID NO: 5; and screening the resulting plants for reduced level of

hexosaminidase relative to said non-transgenic plant.
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conprising a sense pol ynucl eotide strand conprising at

| east 20 contiguous nucl eotides fromthe sequence as
waea0fherssh in SEQID NO 2 or SEQ ID NGO 4, anpBCHIN2009/000388

anti sense pol ynucl eotide strand that hybridizes to

sai d sense pol ynucl eoti de strand, wherein the

anti sense pol ynucl eoti de strand and the sense

pol ynucl eotide strand form a dupl ex; and screening the

resulting plants for reduced | evel of hexosam ni dase

5 17 §helii&st s St%iﬁxeﬁqg'éléi?rml&e Whereth A nudi@otidtN&qRERLESS the

as clarned 1n claim 18, wherein the RNA construct is
apbhynngestideus Iseliecteddioth tHR0grovp tormmgigerif SHQ ARNO: 1, SEQ 1D
produce rocess as clainmed in clains 14 to 19,
mﬁ@gg%ﬂggﬁ%?iggﬁgﬁgof the hexosamni ni dase in said plant
18, GREdES! fordddigyife! myit f JofiehingOld e91img.saidl brockBe comprising
transgenic plant” as clainmed in claim20 is selected
f desreasing Bapesdoé hsxasaginidase dndtapsgeairprlpeirompsesaipals level
, s itr nj J .
10 CB0HSgRREENT AR LxpPEBon o bt IRIPERRRE ERNA A Ghstruct
-t campdsing a pemst pApnuelcitide dtiand codiprisdy ats 1dastT@0 ccobtiguous

capsi cum 23. A transgeni c seed or. progeny of the
t PUgeRfdss dromn Hie sequeree 25 seldorth 1g |sg,q2g) %{ta%orz SEQ ID NO: 4,

and an antisense ~polynucleotide strand that hybridizes to said sense

polynucleotide strand, wherein the antisense polynucleotide strand and the sense

15 polynucleotide strand form a duplex; and screening the resulting plants for
reduced level of hexosaminidase relative to said non-transgenic plant.

19. The process as claimed in claim 18, wherein the RNAi construct is a hairpin
nucleic acid.

20. A transgenic plant produced by the process as claimed in claims 14 to 19,

20 wherein expression of the hexosaminidase in said plant is controlled to delay
fruit softening.

21. The transgenic plant as claimed in claim 20 is selected from a group consisting of
tomato, capsicum, papaya, mango, banana, peach, pear, citrus, pineapple, guava,
avocado, strawberry, apple and pomegrariate. -

25  22. The transgenic plant as claimed in claim 20 is tomato or capsicum.

23. A transgenic seed or progeny of the transgenic plant as claimed in claims 18 to

22.
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