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wherein one or a fﬁb@‘@ﬁﬁ&sﬁ?ﬁe added to a commercially interesting
genotype or clone. Inprinciple a successful transformation systemrequires

an efficient systemwhere new plants are formed fromspecific plant parts
{stem leaf, node _and so on) or from s}gaecific tissue &sﬁorratic enbryos,
enbryogeni ¢ cal | Udiisfipizabbationiatianrént Rartafl applidatihre BN O1et33,0626p] ant

Parts or { OGS & s dRusTPRageres o) aPBlFRHoPTARSAED S AOKIS] B es 10
the plant’ Soichss OF ooh Uk apLarANL B NALETH A el atL 1 ssue and plants

whi ch contain an express e n principle
protoplasts are the nost ideal systemfor DNA delivery. They can be
cultured as singe cells that produce nulticellular colonies fromwhich

pl ants 8evel op, BAGKOREOUNROF MHEINOIBNTHONs are generally clonal in
origin. This provided.a useful tool for any transformation,system hecause
it will elimnat ?%‘?%F‘F% caliog OIpFr%HSEQ%/IPéHQ&e‘ﬁi@%Eﬂ%XFé”Q%‘Wn
recal citran.ef ' f . : n
aport of hoot! pacenEcAfBPRR; Aled @la BB ANY in AB L b R

Shephard, t&&0. Infheindipida welcke ssfddnsssfoemetior] 8ystehe regalmisi M eficient
prot opl asts) Despite considerable efforts, plant regeneration 25 from

pr ot opl ast SYStesl whete neghplasiseare foraragkiroan specificsplantspanss dstameleaf,
repeated sinc thgn (An n¥ us, 198’%il .Nzo%ne, 1991, ; _Anthony et al., 1995,
Sof i ar 10 1868 2| SEPBLPT SR SRES o LSS HRUSEmAHE emBroRPEbBREAlG 2
enbr yogeni | $s e - ' '

eaves or Sanstr IaBHe bl bR Al A dbd AR CRIAT: BlRs OO,

Henshaw, 198dtoplEaespdiapie e¢llivifhchA08el) wdil)whartred of e patts dshrbad ed
fromthese tissues _gave in the best case green callus and 5 adventiti ous

roots (Sof tagisPerafsGissnecarmysfematmtiansfpeDNA melesties tnthy plrmis iparims
devel oped, ol dete A § NI BB B OR S B URLP Bl
15 express the introduced gene(s). In principle protoplasts are the most ideal
system for DNA delivery. They can be cultured as single cells that produce
multicellular colonies from which plants develop. Planfs derived from
protoplasts are generally clonal in origin. This provideé a useful tool for
any transformation system, because it will eliminate chimerism in
20 transgenic plants.
Cassava is very recalcitrant for plant regeneration of protoplasts.
There is only one report of shoot regeneration from protoplasts of cassava
(Shahin and Shephard, 1980). They used well expanded leaves for the
isolation of protoplasts, Despite considerable efforts, plant regeneration
25 from protoplasts (isolated from leaves, sterns, and roots) has never been
repeated since then {Anonymous, 1985; Nzoghe, 1991; Anthony et al.,

1998, Sofiari, 1996). A logical approach was to use tissues which contain
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highly friable (Taylor et al 1995) _ Transfer of this friable enbryogenic
callus (FEC) to liquid nediumresulted in a suspension-like culture. In

| eek (Buitenveld and Creeners, 1994)) petdnia (Power et al., 1979), rice
(Kyozuka et at., 1988), sugarcane (Chen, et at_ ) 1988), and wheat (Chang
et al., 1991) such cultures were an excellent source for pxotoplast

regener at i mMbywgsaie caly Sughdallsaard foursd davhermical m enTd, Wolirgs ue
from whi ch, protopl asts ,can he %Dggléﬁted which are able ,t erate into t

s plants is!) apes _Sﬂ’é'\?é‘ci‘ﬁ?‘c : Rerechap *Eﬁncwﬂémégt@ae’%gaﬂ%é%mﬁt e
oyt ose. SRR e P R bR h A, SR M I LRSI M

net hod f or igylaeke fritgn pheke Rl stsies @iveCias Sae Bedt casé lgpsat {;a[l&'saéﬁ‘dj_ speci es,
whi ch protoplasts are capabl e of regeneration into plants, conprising
producihg Bdvabtigicarbroagdliofiacal 1986)f Recentlyl, annswdfypeadsmrmatic a cl osel y
rel ated speci.es and isol ati rotopl asts fromsaid friable enbryogenic

cal lus. |t CHJeRESNeS!S ‘é@s\é]q%e Redidcihisen yaraystemaths esntymesida Ret

i tabl | i LUt | f.the FEC. is .quite. i .
Ther of or e PReCRFLoeRet HhEPREASeERRE st Il Embrnesifdalfyy Bhe
friable enbigegefileqThyfori & SUDI @SSR A raSsIEbE tHiS fHRbfe bhibiy@ghRHE Uum 3

Protopl asts are Er ef erably produced by subjecting plant,cells’to enzymatic
br eakdown 6&lltsdFELT) tOV\JadWE{) mEduimvestlited inhaisuspensideslikennilnort. iher ei n a

i xt f_cel || i h_as, 1 ul t ol
and or o S IlenuP PR Ad Skt Tbo 8. Rt déveer e ab) 187B0 aee L ha
th t hod ' I ' t
i ch expl oot e o chp S, RO e CRER S o B, LOBRT AT oA e
provi des aalptlBed)whmteculithes prastan kikosllatt sbuseadiabotapiadtaken are

pretreated with an auxin as described below. On the explants preferably

er nbr yogengBagengrationd Wedawsubwi fogrich that imeeasae FEG i thh endy hisshe
friable enpryogeni ¢ callus i,s produced frqomprimary, secondary or cyclic
rbry ogent FoOP SHED BRRFOPIAS 1S DEiap A thAdv Rich REe Bblesfd BReqnesars fidon.
Prot oplsast prtisaddiab! avbh A RiAE: ?@H&%ﬁla?m. VEe Ysedto %?{erra\? _the
invention.”, ~s An inportant reason for wanting to have pro opﬁ St’s ich
can be regeassateeplamisowhicntabess obntfnr sarthajoraniing assagazlensasi | y
transfornmed or transduced or provided with additional genetic information
by any ot h8F¥%88%abl e nethod. Thus one is now able to provide cassava
plants or closely related species with genetic material' of interest. The 20
invention thus also provides a nethod for transform ng '(defined as
providing with i SUMMARYIGRITHRENVEENTEOR Ot opl ast of .~ cassava or a
closely rel ated species by providing said protoplast with additional

genet i%® i nf or mat TghlstﬂheopgiSCMﬁnUendnnmrcwi@esaemieum«td'mmpi'sdingir@i d

addi ti onal rgene ic information sugh as Agrobacteriumtunefacieris, by
protoplasts of cassava or a closely related species, whitch protoplasts are

capable of regeneration into plants, comprising producing friable
embryogenic callus from explants of cassava or a closély related species
and isolating protoplasts from said friable embryogenic callus. It appears,
25 as will be described below, that for obtaining suitable protoplasts the
culture in solution of the FEC is quite important. Therefore the present
invention further provides a method wherein the friabie embryogenic

callus is subjected to culture in a liquid medium.



25 el ectroporation or chem cal potation providing a vector. conprising said
additional genetic information or by particle bonbardnent wherein the
particles are coated with the additional3genetic i nfornatl on) wherein a
prot opl ast obtai nable. fromfriable enbryogenic callus i's transfornmed. The
4 invention al so enconpasses transfornmed protoplasts obtiainable by such a
nmet hod, Bel ow a Ryioteplasts eod grtierabiis prpdaeccd byt siebigsting plass csils to

transform ng pl ant h as sav. lication o | ant

t echnol ogfr’@(@%%ﬁi’é'ééﬁgoﬁﬁ? %ee@ﬂvgi??g@?%mvwé%. ésPrPéf?Fg‘?%@ from

i sol ation nes , to the
rei ntrodugﬁ%%}ynggwn%%? %Hm&ggr' %I%Hf&éﬁlgg Cq'{bgn?{%nsq%#]fe 1987) .
Pl ant gen%eul%ﬁaaelQ@ecw!ylase@trﬂ/x&ea BEASHrBEpmcna aBkd e gndidige as is
exenplified by. a few exanples of to transgenic crops like rice (Chen et
al ., 1987;prShopmtso et al., 1989), rral ze (Gordon-Kamm 2t al ., 1990; Vain

et al., 1993), Wneat (Marks et al , and potato_(lie Block, 1988;
Visser et al., ZIbadso aRﬁﬁPEﬁ Hﬁ%@%@@?ﬁh‘)&eﬁ%‘:qr@éﬂ&w@ iRX§NEEROWEEKS nsi ght

into the ganpl.e C n t d the
nat ur al déergrgl ﬁi’gocbt% @?@éf{g fﬂgzg gﬁ%ﬂﬁg ar%‘ll S g?&ﬁé\lgl 0935‘185%%5 go be
used for ecHHre@bleethathediride b?&hd'eg%ﬂhléth%@t wBeréh 9asplaltssrefnehiges,
far beyond the possibilities of classical breeding. For instance

el ect r oporeatpilantotrp takeplaas treterited dvith an susire rsi desaribedibebw.ed to t he
transformation ze ~ (Rhode 20 1988), or| ma ef al
1988) 18nd or charé@%semépﬁs @{eigraé Yl@@éﬁfyoéﬁé%%@#d?ﬁ&f:ég q‘\’éﬂénbeen

obacco (PnErosien Bethpe PR cRHBRIF Riontdushis cp R B 1"

1989) and fiémPpPiaN Ay, HeceRdaty ak- oyciig%%hbr,b érhe temiee ThHerR m ide

introduced trait was based on 25 éxpressing of singl e genes that are coding
fox the cm@l@mcblmthe rded:aﬁ&iidascﬁptnomd’roaslsla\sas pbitzinable hysa mewd and

cassava co c Vi rus W }( be. control | ed by the coat

prot ei n- nﬁr?a ??P&?\@éc 0 FRgte! R IRYRANER- al ., 1992). The genes
encodigg key enwﬂ?ﬁu Afree NrSwiRtRPEEACL MBI e dn bel 994
whi ch nakes 5 mani ation of cassava cyanogenesi s genet

transf or mhgenet@ﬂedqﬁtbqalaﬂu seobecapyy tieathpt eapladts, cainbeharsiknbodi nent  of
the invention is the mani pul ation of starch in the cassava tubers. '
transformed or transduced or provided with additional genetic information
by any other suitable method. Thus one is now able to prov1de cassava
plants or closely related species with genetic material of interest. The
20  invention thus also provides a method for transforming (defined as
providing with in any suitable manner) a protoplast of a cassava or a
closely related species by providing said protoplast with additional genetic
information through infection by a bacterium comprising said additional
genetic information such as Agrobacterium tumefaciens, by
25 electroporation or chemical poration providing a vector comprising said
additional genetic information or by particle bombardment wherein the

particles are coated with the additional genetic information, wherein a

protoplast obtainable from friable embryogenic callus is transformed. The



Thus the present invention provides a transformed protoplast s wherein the
addi tional genetic information conprises, an; anti sense construct,
particularly one wherein the antisense cbnstruct is capabl e of inhibiting
t he anyl ose Synthesis pathway. A protoplast cannot grow.,in the field, nor

T mist b PRLSTDISe SReg hedue: el SLirac s rsp i asty o PRinHIE By e o
pl ant s. Tl;llilé%.joﬂ'a very inportant enbodi nent of the invention, because

cassava has been shown to be difficult to regenerate from protoplasts. The

det ai | ed descri Bdlew £xploat ostrbawctibnsisngyehermcln exseflilriess dfurt her
information reference is made to the thesis witten by E. Sofiari titled
Regener at ittansfaoming plaass,f 9ich@EiSorssEv8assava (Mani hot Escul enta Crantz.);

f which i | ith th | i i whi ¢ch i
oDl T S0P AT BRI L SR MLl (o
regener at g AN LS AMLLTah 0B ABof 1UALEIR 6 LGRS, Raearding Lo the

I nduced t uce e r

invention Is pr o n enbryo, whic 0 IS consequently

i nduced t eha@apteriiatiora apldaiianipulditon) totise obirarodibtwohyofsabdifiet hod are
al so part of the invention, in particular plants wherein the tubers contain

essent i al kpnatrugtslivse tha plants (leensdale, A% PlamtBeas tredhnolagy K6l f or

bt ai ni h 25 f the t .of sai.d ts. Th h

o carri SESCAYER FrReHET PAbRTTcHRs, 85 f caE RS e L b By el g
t f : - ' he | Lon, t hod
compr 1B es EHEUSHIE SrUpeIfe HReA0RATROGL (ROB7 P RLIMR 0K 8] LR oBO T g

t hem Subsegize(GordohhKasimr ehal. S19e0aVaie ktialomddd)emtendMarlaeet al.,
separators, centri fu?es 0X h%/'dr ocycl ones. The isolated starch may

6 e.g.
then be sil&f8, amgm@@tar(@edB ask, MBS Vigsaagt igé . d289) eRapid pragress in

hyd I . i b L ed I fil d dryi
towers,  TRERESF BRobIRAPRe I saveByanttif SRR g Bl R casta &
aznyl opec i & 1O ofilaft $AtREEEN PEcddisitiony BAHI (MR dBtralldufehs@r ef erably

contains essentially no anylose; by it is nmeant that it, preferably has an
ar nyl ppectstrategidsenf hoét pladtsaThisbecinSldgytcayh ahsor be preetefoaidontadli¢dast
about 95 wt.% nopst preferably at | east about 98 wt.% based on the (dry

subst ance PRfetfiticnt iqandilication of desyadde REpeReadpr Ss¥erththg arch or 10
| ow anyl o%%sgibqﬁgi@gir@lég%%%?gﬁgrég an starch obtained. froma plant having

) i Lo
such an i ficrease contemt. I n addition the starch has a nunber

of distinct propeytingsanss elecifopttia@iof of preiolhstisndérined grathscosity,
particle size, and chain Iength distribution) which will be further
el uci dat eguspeowior1 Subrwas |ED tDRSERIrRTISONTORtITHE | INwENeT (Rihodes et al.at i on of

FEC 20 Th d to obtain FEC | lined in Fi 1.1 i th
the | fRiuc OB ofichr (RS aRiS s 1988 AR cehbryigrassdibrmatatnibBElo ot op
dure. Int ' | ' d
o Th sal s and SucgemSiul 4RGNV BEE Ul b B OV RLITS LR L ©
car bohydr glaghsgehievirhees elanidvigis instobaeee) (Porel Aba wtidl,, 2946, 9. 1.

-8 mg/ 1 picloram or dicanba or 2,4-D) for the initiatiion of enbryos.
After 10 Petadvigugsngpotahe dHbeksmaretinimlBBHdleamd o pppdyadiisisbdetabr yos are

pri mor di ol KA ol (PR RHGE GYPRIE B TSN F Poeas Rasegees
25 expressing of single genes that are coding for the coat protein. In cassava,
African cassava mosaic virus (ACMV) and cassava common mosaic virus
(CCMV) may be controlled by the coat pretein-mediated resistance
technique (Fauquet et al., 1992). The genes encoding key enzymes of

cyanogenesis have been cloned (Hughes et al., 1994) which makes



enbryos to a step 2 nmedium (the sane nediumas step 1 but w thout an
auxin, with eventually the addition of gtoki nins) the torpedo shaped
enbryos becone mature. Mature enbryos possess |arge green cotyl edons.
Zygotic enbryos (Stanp and Henshaw 1982; Konan et at., 1994), young | eaf

explants or api cial, merj stens (St ar’g) and, Heri shaw, 1987a;. 5 Szabados %t al .,
1987; M o #EIBFARANRIFIINAVAIGFIOZRIEFHK BY £E1§ a‘%raﬂaﬁgﬁﬂtég%ﬁ)ngtt Sl

55 el ARl 18 Pl rsies

2001) can n-prinary e IS way many diffterent
genot ypes i ¥ abHadestakOh ihh@lel catiiaviat se@sf orm prinmary enbryos. In this
protocol primary somatic enbryos |0 were only forned after culture on solid
medi um and nevefThafst #re prédantdnventiogquprbuiges anmrahefarmeedrproteplaat i c
enbryos (primary) were only observed if the auxins Picloram D canba or

2, 4- D ver Wharsty thp @dditionat BERaAy INEXTRRURRAAOTRRATISRR 235} BRERERSC used

protocol th | en i riail iRt : y0S
Formed pefCBurTiedeeasnimny Shraerar Ber e TR s B 5 ER5 RN g
gave the phigiMisihgtHEDSHS10dc BPALHSSIS PAtMR@ayPer cul tured: | eaf expl ant

(ME/ CLE). However, the nunber” of mature enbryos formed was low. rn M Col22
a maxi num of 22% pfotopdastecdnmapgraw snithel fialdd nosmaimit\be hervessad. pl ant s
and cultured on a ste;f 1 20 nedium w th 4%1 2,4:-D, .forned ME Witl[)} a
maxi mum nd eI Protoplasiscate nesessasy dpr iraRx{Prmanath 1By bs ppssible

maxi o 0 R I Of Lk ] XA n r of
s W ot TREb Al SAG HrofSBadPt fnlLinig8s MnddribiBntR A W TREY

enbr yogenigperRagt Edhtidifiettadl the @fvehitiod) B¥datisetcdsdavEIiay Bethasliapaci ty
of |eaf explants to produce primary somati c enbryos, donor plants were

grown undéo bai difBeeltttocregeiner atesfrot puotopiasts The detailsdbdeptriptionunder
different |ight reginmes (8 2, 1@ or hours) had no influence on the
enbryogenFEpPSégﬁc}h%@%m%%’F 18&?1%12?4 %?ﬁéleﬁén PHRAUPAFERECRGCHEd a
positive : t ; @%é}, Lk expl ants

i sol at ed %ﬁéﬁ%tﬁgrﬁgﬁg%t‘égé grnot\?%ﬁgj?u%' ?s_gﬁiﬁt@ggzﬁé ulétyatrulgg %ﬁ&a step 1

medi urs Ot MeanksforesdiigatdrCassane MianthdtBsculents Qraimz Jeaaopyes! whickaidba (

|, -66 rng/ 1) and Picloram( 1-12 mg/ 1) are superior:to_ 2, 4D for

i nduci ng €ngtesrst Vidnthe pgesent appligationowhich daineeimeratedereidnBfaw 1993;
Tayl or and nshaw, 1993) . _Mathews_et. .al . 93)..inproved. the efficiency
ofpr1 mar S TR by RERSTE INTePRETLEraigps AUl Ttader PR PR PR

expl ant's r j Hir fisee medi um

suppl emnﬁéﬁﬁﬁog%%%ﬁﬁglép%pﬁﬁger%%i”&%? ?t}?gﬁ?oﬁﬁﬁgn\/\gs i mpr oved
and as a hedukedttbeprddrer anfembtyy, ewkivhbeydeybris ropaseduendiy thddided tche

control to 3,4 ME/ CLE. The best results were obtained if donor plants were
pr et r &t e®rRALSCARIFRL - as 2, 4-D or picloramor Dicannba. For this, plants

were grown in |i-gui 0 j i i i final
concentration 8%%%% toe%wae?g’d cs)?‘l(q0 EA égt?%\fd\kv%}é}am%lag‘%%ﬂ%h%r | eaf
expl ants weventisf) ah hrabuldrpligiterwhkaihsthantisststdomdinesseptiallymrsdi um

with 8 ng/1l 2,4-D, piclorarri or Dicanba. In the clone M Col22 this
resul t ed iamyloseoduction of 9.4 | U E/ CLE. This was significantly higher

thin in the H20-treated coplt rol-plar?.ts, where g]GS :XE: SFE wer e prqduced
(Table 3) . 20 TRAYENOM ap}BP’Fgé‘BHP’W“é?SPH@e i dopp %’é{‘%éﬁgf s

t est eg- on | ffe . { t ; r

b1 ant 25 D wiREEH sibdrs ot AT anll | PRYmEHB PLAR MR ] SR
of donor phanhsr elseahtiaXplsfiitarofo alretiodidr gehiypasafcl fredn Yotato

Eventually we were able to obtain mature prinmary somati-c enbryos 25 from 24
of the 28tubsradiryenstsypeedimant of the aneeption 72qthofVeewri1sesTE30572
and Sao Paglo). .These data es hat ,al nost.. all geneiypes in cassava can
under go s&ﬁ% %8%"&%&5&2\% é‘lutgc%&’E%ﬁ?‘f’?ﬁi%%ﬁﬁtfn%ﬁggb@éﬁ%%m hat in nore
than 60 gengbsRfferidy has sheen ishewarkhad foieires dAHUIRARE iBr ddPHnatsAEL I C
enbryogenesis (Thro et al., 1999). 9 Primary somatic” enbryos derived from
zygotic enbroyos and from | eaves have been used as explants to initiate
secondary enbryos (Stanmp and Henshaw 1987b; Szabados et al., 1987; WMathews
eat al., 1993; Raernakers et al., 1993bc; Luong et al., 1995). Conti nuous

culture of 5 somatic enbryos on auxin supplenented nmediumresulted in a
cyclic



system of somatic enbryogenesis. The way of subculturing somatic enbryos
for secondary enbryogenesis seened to influence the norphol ogy of the
enbryogeni ¢ tissue. Cunps of somatic enBryos secultured nonthly on solid
2,4D containing nediumin the dark devel oped into finger-like 1 o enbryo
initials fornmed on the top of ol der enbryos.. The! enpryos did pot .pass the
t or pedo- sfaBefeRtrAEesL N ocar@@yp% ISRlRtRG S@IF ’%‘*ﬁé( &1‘?5’(7%% 5\’/\%)“Eeid§i
enbr yos re transferr te I i_up e 1] .1987) ,
Normal Ty neeeeS EERHE. o Pl Al B Car iR B0/ TEARE B
light and fhayimeBhyrid@but! il Rl gHBFSRLY A8k tbdRsserred to step , ~
medi um for maturation. In this system enbryos "devel oped to maturity and
mat ure enbryos Wiid starcheogtainad dodyl ealmsesraniieerydeaving rfma‘md:feaaedew cycle
of enbryogenesis whereas in the system of others torpedo shaped enpryos
ver e uSed aFBYlargatin carignyyisl elsefPardcdidgr nvestirnaflings stard psgleradls. 20

Thi f.oultipli. [ f .enb h b ' 4 20 of
The'i n’ Tabr e e PEAia G eRorypARee dal i FFan: ARt 1 AR Rt Houtd abhot ypes
only a fewfldietH cORE CHPLY RAMEIRN VOO Wt matd pAERPANRCS: 168%E P!

one, gave new nmature enbryos after'culture on 2,4-D supplenented nediumin
a much hi gitevuf 98quedicymast phsferably bieddi ghdutd § veovnthiaseendm deddnesi s
(Raemakers et al.1993b,c, 2000, 2001, Sofiarj et al., 1996%{

Enbr oyogerf@RSanRas Weaght af tee starahe gisdises betainupraldppsatior &8/ fos f or
nor e an ,one_year abados. et _al ..,. 1987: t et al' 1993 er nakers)
1993)59Nevb°‘s”oﬁé{ﬁ8?é%r ‘%&é’&ﬁnaSFﬁSJnﬁéphé\@ﬁaﬁgZ’&Wéjrﬁ&?%ﬁ B um i
all the genfivpesidh affmcredfePbeRyeectilatonenk] qHI £ IR RO @ rHDr YOS
were formed than in solid nediumand that fragnentation'of enbryos before
the start lvds a membmyrodfedistingt progartiesomath @sanobrouige vesight,i imdrieased t he

production conpared to whole enbryos. In for, K exanple M Cpl22 whol ¢ enbryos
cul tured OHSSOUYY i BRIRAIE $HR% st €831 lensity dist Pttﬁﬂ’t‘ﬁhéé“ é‘ﬁﬁdr’{iﬁ)f,eur\m%? eas

fragnente red mliquid medi um produced 32 enbryos per
cul tured %&%gtgaaéﬁé&“érs et al., 1993c) . Not only) 2,4-D, Picloram and

Di camg, but also NAA, had the capacity to induce secondary enbryogenesis.
| BA and | AA did not induce secondary enbryogenesis. to NAA has been used
successfully in Adira 1, Adira 4, Gading line 11, M Col22, M Col1505,
TVB90853 and Gadi

produced in NAA lgg:g'ﬁq gﬁ@n%&ﬁ@éﬁ%k]@ﬁ ﬂfﬁ%WEﬁ?fS‘Nn&t ure enbryos were

Initiation of FEC

20 The procedure to obtain FEC is outlined in Figure 1. 1t starts with
the induction of primary embryos. Primary embryos a.r¢ formed in a two
step procedure. In the first step explants are cultured C.;n medium
supplemented with salts and vitamins (preferably Murashige and Skoog
(1962)), a carbohydrate source (for example 20 g/1 sucxilose) and an auxin

25 (e.g. 1-8 mg/1 picloram, or dicamba or 2,4-D) for the infitiation of embryos.
After 10 to 15 days on this first medium bipolar torpedb shaped embryos
are formed. Torpedo shaped embryos possess a clear hypocotyl and
cotyledon primordia. After transfer of the explants with torpedo shaped

embryos to a step 2 medium (the same medium as step 1 but without an



in 2,4-D, Picloramor D canba suppl enented nedium Furthernore, the

devel opnent of NAA induced enbryos was faster than with 2,4-D, 15 Di canba
or Picloram Shortening the culture duravion has a beneficial effect,
particularly, when operating on a |large scale. Hi stologically, the by 2,4-D
new y i nduced secondary enbryos were attached vertically to the explants
wher eas t hnseinhywithl evereueallichiezaddisionyof 2ptoinins} chertbrisedo Isdnapest i | | a
probl emin obtaining enbryogenic cultures in certain genotypes oflééassava

( M ogi nsléi cTRRIY & beepme gpuRre Tlatyre emhryos HQ@%SSI\J&F&?F%%HW Ogp. |
1995; S i Baghti ar., . ' ]
onbryogontc t1 SIS AR AR S En SRR HieaiR gy TofarkBRRRTk & n904o

scal e mul tyqihh £ M40 Phntdos adichl SR tEIhS ErARS RN EARHEAGMERIS7a;For this
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ME/CLE. On a step 1 medium with 8 mg/!1 2,4-D a maximum of 49% of

the leaf explants formed ME with a masimum number of 3.5 ME/CLE.
Higher 2,4-D concentrations did not further improve the embryogenic
capacity of explants.

25 In an attempt to improve the capacity of leaf explants to produce
primary somatic embryos, donor plants were grown under different
conditions. Growth of in vitro donor plants under different light regimes (8,
12, 16 or 24 hours) Had no influence on the embryogenic response.

However, a reduction of the light intensity had a positiive effect. The best



25 tenperature in the growth chanber was 30C, the photioperiod 12 hours and
the irradiance 40 ~. ~xn.ol mzs-1. Suspension cultures ;were initiated by
culturing FEC in Schenk and Hil debrandt § 1972) nedi um suppl emented with 6%
(wv) sucrose and 10 ng/1 Picloram (SH6). Every 2-3 days this nedi um was
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20 The general applicability of the auxin pretreatmd:nt was tested on

several different genotypes. Without a pretreatment of d}onor plants two
genotypes formed ME and at low frequency. After a pre%preatment of donor
plants, leaf explants of almost all genotypes formed ME.

Eventually we were able to obtain mature primafry somatic embryos

25 from 24 of the 28 tested genotypes (Table 1, except TMS30221,

TMS30001, TMS30572 and Sao Paolo). These data suggest that almost all
genotypes in cassava can undergo somatic embryogenis and up till now it
has been shown that in more than 60 genotypes it has!been shown that

they can undergo primary somatic embryogenesis (Thro et al., 1999).



Regeneration of plants from protoplasts Isolation of protoplasts to For
protopl ast isolation both FEC cultured on solid GD2 or liquid 5H6 can be
used. However, the highest yield of prot®pla~ts was obtdined from FEC which
has been cultured for 1 to 3 weeks in liquid SH6, Two gram of FEC was
placed in Petri dishes (fd 9~cm containing 10 m of cell wall digestion
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super nat aEBa sTﬂ?e %ﬁ;e .8ak gglslég'gn was resuspended by floating on 9.5 xnl
sol ution donvarni ng “nej or aRa-m nor sal ts (see cell wall digestion

sol ution) and 108uerhkrditedsPmehi®cRUrYaS ifthe cltenph eviehehBfydy/weré50

rnGsm The solution s with protoplasts was allowed to equilibrate for 5
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After ceritrifugation.at 700 rpmfox 15 mn. (Mstral,.2000),. the
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20 This system of multiplication of mature embryo‘é has been tested in
14 20 of the in Table 1 mentioned genotypes. Despite t.he fact that in most
genotypes only a few mature primary embryos were available, all
genotypes, except one, gave new mature embryos after'culture on 2,4-D
supplemented medium, in a much higher frequency as observed for
25 pnmary somatic embryogenesis (Raemakers et al.1993_|b,c, 2000, 2001,
Sofiari et al., 1996). Embryogenicity was maintained by regular subculture
of mature embryos for more than one year (Szabados €t al., 1987;
Mathews et al.,, 1993; Raemakers, 1993). New somaticiembryos were

formed both in liquid and solid medium. In all the genptypes it was



20 ng/1) or au~ins plus cytokinins (0.01-1 ng/1 zeatin, 0.01-1 ng/1 2-iP,
0.01. -1 zng/ 1 BA, 0. O1-1 ng/ 1 TDZ, 0.01-1 ng/ 1 kinetin)~. - nmediumA
(Murashi ge and Skoog ( 1962) salts end Mitamins, 4.5 g/ 1 rnyo-inositol, 4.
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20 Some scientists have still a problem in obtaining embryogenic
cultures in certain genotypes of cassava (Mroginski andj Scocchi, 1992;
Taylor et al., 1992; Narayanaswarny et al.,, 1995; Sudarmonowati and
Bachtiar, 1995). The main problem is not that embryogenic tissue from
primary explants can be obtained, but the large scale n:ﬁultiplication of this
25  tissue by secondary embryogenesis. For this purpose, ¢ither tissue
consisting of torpedo shaped embryos or mature embryos can be used.
Multiplication of torpédo shaped embryos is highly genptype dependent,
while multiplication of mature embryos is largely genotype independent

(Raemakers, 1993). Both primary and secondary somatic embryogenesis



16 60% of the calli were friable and enbryogenic. The FEC iuas either
subcul tured for further proliferation or for maturation. Proliferatioa of
FEC derived from protoplasts 5 Fol | ow hb selection of FEC, 0.1 g of it
cultured foi- three weeks on GD 4 plus 2 ng/ 1 Picloramincreased into 0.7

g of tissue. Mre than 95% of the tissue consisted of Qi uality FEC
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mat uration nmediumthere is proliferation. After two weeks on solid medi um
nost of fglebarar podbritad weikthwdsavegy dhialbde. Bhenedorm dhis disspeavhswadledt hese

| obul _ devel d he fj do shaped
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(Tabl e 2)hréd @%RKsRBe friable embryos were subcultured on thie above mentioned
medium. In order to initiate liquid suspension cultures [0.5 g of friable
20 embryos was transferred in a flask of 200 ml with S50 rnil of liquid medium
supplemented with Schenk and Hildebrandt (1972) salt;*,s and vitamins, 60
g/1 sucrose and 10 mg/1 Picloram (liquid SH6). The medium was refreshed
every 2-7 days and after 14 days the content of each flask was divided
over 5 new flasks. The pH was adjusted to 5.7 before axfatoclaving. The
25 temperature in the growth chamber was 30°C, the pho‘q:opcriod 12 hours
and the irradiance 40 ymolm-2s-1. Suspension cultures 'were initiated by
culturing FEC in Schenk and Hildebrandt (1972) mcdix.flm supplemented
with 6% (w/v) sucrose and 10 mg/1 Picloram (SH6). Every 2-3 days this

medium was refreshed.



tested Picloramconcentrations 2 ng/l gave the best resiults. Affier 3

nont hs of culture between 60 and 200 torpedo shaped and jmature enbryos were
i sol ated per agarose drop. Torpedo shapedh enbryos becane mature at high
frequency if they were cultured on fresh~maturation 15 medi umor on M52
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FEC from cassava has al so been transfornmed efficiently via Agrobacterium
turr~efaci ens (Raemakers et al.) 2000, Sc~reuder et al., i s 2001 ) . The
met hod descri bed by Raennakers et al., 2800. and Schreuder et al., 2001 has
been used successfully to produce genetic nodified plants fromthe
genotypes Adira 4 and TM5604444 carrying the anti sense gbss gene under
control of the GB® limesnntes beén qithimddie REGIRPD A% TME6OKd4nasd i deal
expla~.ts fox DNA 20 deli~rery. They can be cultured as single cells that
produce mAicdiTE & (Iptﬂ@&ﬁake’é%?bﬁ{eg()ﬂpo RORH) cRlastaegsnaeatarn from Batsha®r i ved
frorr~ protopl ast.s _are_i n I C I 0, ori gk R:._Thi, r ovi des usef ul
tool foof 258 %ﬁﬁgﬁg?‘aﬂﬁa@g@nﬁ@sb&n TREQAds BHChflira f RaBERUAE er bl o0
in transgemod, BEM)S Talld: £5810200@ M 88tSinld FROVENSS in RAENREREy Pes t he
regeneration 25 systemwhich is highly species dependent. For .

t r ansfr nimnied?, MpeollGilSHsTM S8 33 Kestewli and @ynowd Rougs.th PEG to alter

t he pl asna nenbrane whi ch causes reversible perrrieabilization that enables
the DN~ to enter the cytoplasmas was derclonstrated, for exanple, in

Lol i umJ | f tr t , nd Triticum nonococcum (Lvrz e~
al ., 198’5"#4#:%@’&%%3%1?’#@&%”{':%& Ptr\c!)’tlgﬁgéset%se the perneability of plasrr-~a
menbranes and even cell walls to DNA .is by el ectroporation (for review see
Jones et al., 1987). rn this method el ectrical pul ses enable the DNA to
enter thelselationRicprokoplartsfirst crop in which fertile transgenic plants
resulted from 5._protoplast el ectroporati Shi rnanot o 1989 The
use 0#0 particl eF%Srﬁé’Eﬁﬁgﬁf 16$1a 5%1%%&? Iggﬂ% guﬁa‘e'ngPé‘r s?@ﬁe@éﬁ) ﬁ\iqblg%vi des

| . 4 3 H i
an al ter ngiiey eapEbdd anlwgﬁegglthmgfaeé%l&m p‘?afdl?ﬂllskﬁ‘s harhsdieed s

the only procedure capable o ivering into cel'ls alnost in any
ti ssue. ~fienfFE€twhidnhgsriveerptalturethtfar dewh Bywerddsnin tifsd ISHG®Et hod was in

tobacco (Klein et al., 1989). Followi ng this successful transformatiqn
met hod) parti cl E%mﬁfelﬁ%:q wawraépﬁ in fsdg dishssdit 9 ofRl sAnRIRING LY

bl fum.dnf ect ' . f
Several DA oy BEILHIAHTON S, PO MY LI RORR I LRBISE ST | O
has resul hegdthfe bheelRpll RePANiNPSR yhES; 16 Bigpl bg&gﬁaéé,%gwoo (Bl o- Rad

Laboratories, Ri chnondb Ca).” Those devices are avail e comerci al |l y)
hov~ever thidupse; 206G mgllanacety ehzgmeasgrowtbsmgulatonsg®eh lomg/é) 3,4-D

articles, coated wi.th DNA,. al e,commpnl sed,. as.n croproj Lles

Rl ver Dl e2etiing bl ireivosans co e/ by bl st SRell REPOR 46 20
SeXecti on 0 r kIO ' ditg-at] Q b to
Cdonti 1y PRENER0AES w7 R g 0TI DALk SN 2 O PNACEITA LR (0 b
mar ker gengz/!TeSONTAHKO) agehesmdtiese (9 arg/ tD-raahedtoll sAd0.6r gHMES.| s.

Sel ection can be based on a visual characteristic 25 of, the transfornn~ed

cel 1 /20 sstibe omll wdhgegradingrazygess eclilasgdielP willapbts Manaromamei (260 y.
PLant ol g KRR I AR 18P0t PR el SR T
1986) . AnpeBfilydéy (6 RS gl/ijPasd PoFERiddIfs40.02 g/1) increased the yield

of protoplasts. After 18 h of incubation, 10 ml of washing medium was

added to the solution. Washing medium with an osmoldrity 0.530

25 mOsm/kg consisted of major salts (see cell wall digestidn solution), 45.5

g/l mannitol and 7.3 g/! NaCl. The digested tissue was lfiltered through a

73 uM pore size filter (PA 55/34 Nybolt - Switzerland) into a 250 ml beaker

glass. The filtrate wasidivided equally over two 1.2 mi ccénical screw cap

tubes, and centrifuged at 600 rpm for 3 min. (Mistral QbOO). The washing



21 the introduction of a gene which encodes resistance to antibiotics or
her bi ci des (Thom pson .et al., 1987; Gordon-Kammet al.,, 1990). A nunber of
anti biotics and herbicides has been used4as sel ective agent in plant
transformation. In cereals resistance to tl~e herbicide 5 phosphinothricin
(PPT) was chosen. for the selection of trans?enic plants (Cao et al.,
1990). | npCacedurparsyerditediorae after ramoxnl of/tlhe superastant. (Mekano et

ar., 1994; Scorza et _al,., 1995), maiz odes.et al ., 1988 nd rice (Chen
o o 0 peion et Selan mas pbsu R ise Pe SRS G015 MlauBRR: 1 oont or &

Lo Sl 0 S A gt g ap 09,

was used n ssava all a

sel ecti on gyareeosseThe HINVeNRY SRPAndagrdostlodatito0.686 rad satVEne sghatitvat it
i mproves the abi lité@gf FEC to formmature enbrygos and in this

i ncr ea$| e witlhmrotepkasss aravallowsd-to eguilibratsfargd ﬁﬁiﬂu%s@fpb%g’\{\géw ehssava
| ant ticall difi ~rith th ' dyc. t

N h o b gres e Gedcun e Rty FAdear tRataPoit RoerirtpEaRER 40" he

cassava g%gx} g&fy?tsﬁrgﬁrécg\gﬁtﬁl“%b@ﬁ.tﬂfe ﬁro‘léﬁﬁstg%éf@é&iﬁr{ﬁ&éﬂ‘ yector In

a previous bSs gene was’’i sol‘at e om cassava using the potato

gbss gene ta¥id petweénahe, B8 2l Maehing Inediuinz Jdrnpritoplast 149POBJwasThe
gbss gene was subcloned in, anti-sense orlentation between the potato gbss

pronot er (Mirvestedewith a pastewy nipdtterandshalield waatoeanedsn astapdert in
pUC 19 resulting in the vector pAG&1l (Sal ehuzzaman et al., 1993). Al so

ot her 1%re§'@rEéBP Ym@%éﬁr&gﬁspecific proms oters such as protein

synt hesi s elongation factor 1-al pha from cassa~ra (Suhandono et al., 2001
), cassava gbss or nore general pronoters suc~r as CaMW: can be used to

di rect exPretpplasotujtumes such as gbss. 22

Protoplasts were cultured in media solidified with agarose 0.2%
w/v (Dons en Bouwer, 1986) in petri dishes containing 10 ml of the same
15 liquid medium. The following media resulted in the formation of micro
callus: |
- TM2G mediurn (Wolters et al., 1991) supplemented with only
auxins (0.1-10 mg/1 NAA or 0.1-10 mg/1 Picloram, or 0.1-10 mg/1IAA, or
0.1-10 mg/1 2,4-D, or-0.1-10 mg/1 Dicamba, or 0.1-10 %‘ng/l, or 0.1-10
20 mg/l) or auxins plus cytokinins (0.01-1 mg/! zeatin, 0.01-1 mg/1 2-iP,
0.01-1 mg/1 BA, 0.01-1 mg/1 TDZ, 0.01-1 mg/!] kinetin).
- medium A (Murashige and Skoog (1962) salts and vitamins, 4.5
g/1 myo-inositol, 4.55 g/1 mannitol, 3.8 g/1 xylitol, 4.55 g/1 sorbitol, 0.098
g/1 MES, 40 mg/1 adeninsulphate and 150 mg/! casein;, hydrolysate, 0.5
25 mg/l d-calcium-panthotenate, 0.1 mg/l choline-chloride, 0.5 mg/1
ascorbic acid, 2.5 mg/! nicotinic acid, 1 mg/] pyridoxinke-HCIl, 10 mg/1
thiamine-HCl, 0.5 mg/! folic acid, 0.05 mg/1 biotine, O|5 mg/1 glycine, 0.1
mg/1 L-cysteine and 0.25 mg/] riboflavin and 59.40 g/li glucose)
supplemented with only auxins (0.1-10 mg/1 NAA or 0.1-10 mg/]



The conplete luciferase gene ( Bglll fragnent) was isolated frompJI T 100
(GQuerineau et ~al., 1.993) and inserted in the B a~H site of pAGG | . This
resulted in two different vectors: pGBS$&s2 and pdrBSSas7 (difference

bet ween the two vectors was the orientation of the luciferase 5 and

anti sense gbss genes to each other). Both construct's were used

successf ulRiglararmyr edOck- IaaspldApl, aitG. 1wl Ohmg/ hRgh-Dangt Qped hggent ent .
Plant materjal and _tissue culture nedia used Plants of t:ihe gel ~ot

cu i . pe
TVS60444 Vdicarmiar mlusrddobinias P I L/l seatini 04t | sng/n3dB, Ol {1' lhgs on
medi um suppl t ith j nd Sk . (..1962) salts and vitam ns and
40 g/ 1 suc“B%ZgEWP\.T'?FP% iﬂzmqf;‘?gggﬁé?@g}fﬁi}é‘%( FEC) lines were initiated
as follows:; -i ' ' i t I?ﬂyay ¥ .l bl ant's
-cul tured of m?&?g&ﬁﬁg;ésgf%ﬁé%%ﬁgpi er%{té klétiﬂa%lr%??ﬁmt 5 and 6
ng/ 1 PBi clfogsimmedioirt Adtertivecarpablis o alityeg nithe tirss ufeditgn cHighured do a

medi um suppl emrented with Gresshoff and Doy (1974) salts and ;vitam ns, 60
g/ 1 sucrosiialify HEChiyas smlestedand ebber cultwrafdrdmrsherplifenation grufeops of

aggr egat ed her | cali _uni{. i re 20 cultur di FEC was
mai nt ai neJnBL?/@léa &}?{785P§°§%§%ﬁ%&waﬁ%ﬁaﬂﬁ%Fm§g?%ﬁ%%EﬁF¥lﬁ ﬁs,")(/ver e
initiated by7ul ansdeihi ' f f - Wi i of
liquid meéi gm Luppllgnr%ngtigaoﬂsmﬁ%%%gheﬁ% dé@ngqll-lislk'%ggsr%n’é Ele?Ba%Z uﬁ%ktgg%gr%n

vi t an~. i n gy 1-pitlcracn EO YnAfted IJrgvetkRi ttleoFBM wakiGransfeerek dd wm was
refreshed twice ~, week and after 2 25 weeks the content of a._each flask
was dit@i déiFeseaolibandeey mednyn sprplemesisdigith 2Qig/Lskgrese a7 got agar

e | bR Bl PR (38, ABBn RAo bl e hialR B one "%
to coat D%ﬁﬁctrﬁ?xtgoﬁfd EOfeCRbayid SHebs %@dmﬁc&%ﬁém&t@a thaa%@' ™

Maxi preps DNA purificatron system of Prornega fromt vectors p@ESSas2 and
5 pGBSSas hghaBiatpremt. iiwd wkeksgatdr g sluppetsionewag diidddwvd n&ad) , 30 ul

2103 M Spi itk Bt RRCkeck ChilCRwEe 8 {19 Tk eni 1 fugati on the |

15 After 2 months of culture, 104 protoplasts cultuged in TM2G
supplemented with 0.5 mg/1 NAA and 1 mg/] Zeatin at a density of 105/ml
produced 1058 micro-calli, whereas 10* protoplasts cul]tured at a density
of 106/ ml only produced 64 micro-calli. |

Replacing TM2G medium with medium A reducefd at both densities

20 the number of micro-calli significantly. At this stage at Eleast three types of
calli could be distinguished. One type consisted of globi;.llar shaped
embryos which were mostly observed in protoplasts cultured at a density
of 10%. Some of them developed cotyledon like stmcturés, light green in
color. However, these embryos could not be germinated properly. Another

25 type was fast growing and consisted of a large compact] callus, they were
observed in protoplast cultures of both densities, This ¢allus never
developed embryos. The third type was highly friable callus and was
observed at both densities. At a density of 2-5 x 105 (nﬁedium TM2G) about



pell et was resuspended in 10 nl of absolute al cohol and briefly

soni ficated. Hundred s~.xty ~L of the suspension was pip~etted in the hole
of io a macrocarrier holder placed up sijdge down on a macrocarrier. After 5
m nutes the macro carrier holder was taken away. The nmcrocarrier covered

with a thin |ayer of gold beads was dried in an wen (10 m nutes, 40 C) and
used for B0 blttrealli wibe Baxblasfdeahbefoddric aMHe RE@Graeitbiert r aasgeni c
plants FEC cultured in liquid SH6 nediumfor at |east 5 ‘weeks, was sieved

(mesh 1 myubeidtentd éen Barthenmaoliteradioss ol masusatienad on GD6 nedi um and

bonmbar ded using the BioRad PDS- | (bOHe biolistic device (helium pressures
1100 p.s.i., 0.5 cmdistance between rupture 20 disc and the macrocarrier

and bet weep, dafdrat i 03 FRO! de1i08 SEBRR SrofbBidsts®- O crrr di stance between
st opper plate and FEC,O ~7 in% els Hgsﬁvac?&'r?) ﬁ , tIsn total 212 and J. 84 Petri

di shesswi t h FEC Foliowing-3S8le6fiéAtoBEE, i0ot pbef dediitiitdd fuinidiresovedddSoAS2 or
GBSSas7 respectively. After 25 bonbardnent the_bonbarded FEC eras cul tured
in plasl ti@BpﬂJtpsluﬁi e/ Wpictoramy inereasg drisde ¢hY grabtissurs Maredharm@5¥%EC was

N d id CD6_nedi d d i f . vity. Each
i for | o<t HERNp Pt -S RICTIEP R o Gor B STTRRE e Hoslie 9881 16
luc spots x\fﬁ&ﬁté}ﬁe&%}e?u%ﬁhlxﬁ@%tfrtﬂ%e Gﬁ%ﬁg% 192 4 &d s BisieferiRgause

it was 24 not possi'ble to |ocate precisely which FEC unit contalned LUC
activity awitht bOaugjHPlcdesamf Toriaiagtensaspession, culeres FlGEwas a radi us~of
0.5-1 cmaround the LUC spot vvas transferred. in liquid, SH6 nmedium |~vo

veeks 1Pat drapgierred tadiquidsmediime The areras &n packec: el vohwge (POY0 &

| uci f il s . Cth o4 or . v
used for SipeamsHRtEF shefel Rl R MK rifisrl FRERE By S0 n
to liquidghEsheghym arid two weeks later the lines in which the nunber of

spots had increased to 4 or nore were used for sub clunp division; the
others were discarded. |0 Forty four lines were obtained fromthe

bonmbar dne W t GB nd 4 i nes fromthe bonbardnments with
pGBSSas?. %twﬁ 9 ﬂfgf‘:%@fé"ﬁgsé?%?ﬁ?éﬁp Spurified via a procesls
cal | edssubcl unp 1di yi SJ r ; ,?;bgcl Mk Sk
st ~. r?gd W th sngc%ﬁjt%{l}%&lgﬁﬁgﬁ'??ggulggt%%%%%g?%b o] ipgn?é?dg\%%r eza

| uci f er as ewidb mparstHs yfcshate idIMRGseae svdsurhd orletiagardiiom rasdpeasi bl ei on
G6 nmedium two weeks later the Petri_dish was covered with small c~. unps

of FEC ti S¥asuraien medivrpeqnnisted el Munsshiskradstikees (1902 -s#? andi s t he
clunps were. divided~i ~ ubcl u a e dj hi
sel ection Vg’%%"&% ur go\%i r?aelﬁééﬁ‘ re%%ﬂ gdlt g%%&?ﬁﬁﬁ%‘é&@?@ g@eé%%os%e 1%@% 20
cul tured foX phaMitdlCo R NBS, BOI gihiasérehPdrdiGatd, TRO8VENadinel t ured
every 2-3 weeks for 10-12 weeks on naturation nmedi um (M54 suppl emented with
1 ng/ 20 Pisstiphaty. O-Srorgyddd-cebepent-peothotenate, 0.1 mg/1 choline chloride, 0.5
mg/1 ascorbic acid, 2. Mg/1 nicotinic acid, 1 mg/1 pyridpxine-HCl, 10 mg/1
thiamine HCI, 0.5 mg/1 folic acid, 0.05 mg/! biotin, 0.5/mg/! glycine, 0.1
mg/! L-cysteine, 0.25 mg/1 riboflavin and 1 mg/1 picloram. This
maturation medium was refreshed every 3 weeks.
25 On this medium there is a gradual shift from proliferation to
maturation. As a result the packed cell volume had increased with a factor
4 after two weeks of culture in liquid maturation medium. Also after

transfer to solid maturation medium there is proliferation. After two weeks

on solid medium most of the embryos had reached a glbbular shape and



enbryos vu~ere isolated fromthe FEC and cultured on MLS4 suppl enented with
0.1 ng/1 BAP, which allowed further maturation. A~latuxe somatic 25 enbryos
were first cultured for two weeks in |ilGuid andl, hereafter in solid

germ nation nedium (M54+1 ng/1 BAP). Plants were rooted on M54 nedi um
Plants were obtained from 31 of the 44 GBSSi ~s7 cultured |lines and 27 of

t he 40 CBSMys¥ fewlof thesk glamdar Emebrygs dendoped fertliars Thyr bret tompatio ashi ge

and Skoog~nmedi pym suppl emented with 8% sucrose to allqw 25 starch

di sposi ti"%ﬂrha]Ei"‘?*FP F@&Bﬁ%&%@ﬁt'ﬁ’é"ﬂeg $aCpF dRPRth 93%)39&%%@0@@ al.) 1994)
The ar ny| s ar -yl opesd | ' tsual i i.edi t ai ping of

cross seatronceipRHetiBRCehE hiie) dt3faled Bhi3EEpRY0 sBAUE ERlben

(12:KI) . vwhe rftajoreslatdemigeehé m@tmg re‘fﬁ@’iieﬁ(@g theesrith ﬁﬁ@ﬂ%%it?%ﬂ the I n

total 9 lines 5 (3 from GBSSas2 and 6 from GBSSas7) yielded plfants with an

al ter éd snatialilygubtarred mrotoplasicngNo matchs aimbrybawerehalltizdnad il t ered st arch

conposition. in the stens. These plants vaere transferred to the greenhouse
to all owl?f&rtﬂah%ﬁwet%@r&ésm%@ﬂ@ R regdaterte ot s wer e

| ed j d i 10
Pobor at orer St GEOA £ ldIE aril (e AN BBt R WRNEE Srllo? "
transf er r;dtdplassé atilttred v FMIQ SidhpleanitaeBiwithE. SMB{EMN-SAATGMY gr anul es

suspension was transferred to centrifuge tube$ and centrifuged. The starch
was dri edngl! Zeatingl¥aAceRsirepldcnd By dRuglorarhthempheppamiter afriprpsdo

o L R AR LABIES % BB Ry Tadkr PN b Fremmsies ang
one frorrtas@%SﬁH@mﬂ%@n&ﬁh%forpé %ﬁgﬂgh@@ thpﬁe%me&ﬁ%? Arad 2 high
ater t ame p

anyl opec~in content. One year ants were transferred again

to thel gnentieuwfeultSirarmshwetni 60 eidiP08Goppedd Shapedhgntiiwhabihnes were
arzal ys~d via iodine 20 staining and via spectrophotonetry. All plants had

star ch WOFRDE/AS YAraisejaiaskper aZammeedrop.Alonpedosshape eonbrisabetamas
i 1 or enPoRERs 5 BierbEtaRanayal et WlE DM farrey B Tee Nt ai ned a
hi ghiper GRE4RAR Hoh APSSiHIls P2 me2bpperials & Methods Sanpl es Tapi oca
starch 5 Anyl opectin tapioca starch Potato starch Anyl opectin potato starch
Corn starch
Secondary somatic embryogenesis and germination of mature
embryos derived from protoplasts
Only a few torpedo shaped embryos formed seco}hdary embryos if
20 cultured on liquid or solid MS2 medium supplemented with 10 mg/1 NAA
or 8 mg/12,4-D (data not shown). Mature embryos were better explants
for secondary embryogenesis. In both liquid and solid medium 2,4-D was
superior for induction of secondary embryogenesis as compared to NAA. If
mature embryos were first cultured in 2,4-D and than in liquid NAA the
25 response was cornparable with culture in 2,4-D alone. Also embryos which
first had undergone a cycle of secondary somatic embryogenesis in
medium with 2,4-D, produced highly efficient secondary embryos in MS20
supplemented with 10 mg/l NAA. |



control sanple AFC3KD from Wageni ngen Qosterrnoer 11998 CQosternoer 1996
Meritena A WAxy corn starch io Methods Nitrogen content (Ntot~~) Meriterla
300 1 SO 5378 (1978)., Starch and derivedgroducts - ~Determ nativn of

ni trogen by the Kjeldahl nmethod - Spectrophotonetric rizethod. 15 Particle
size distribution The particle size, is nmeasured with a .Coulter Ml ~tisi2er

11, calibrated Thé geomiheationasd dyleiiat o r08e tradutgr shrRafic\éBbried, dndiueedF. 34,
di anet er measurijng tube 140 Vim nunber of neasuredi classes 256) 20

rraeasuri i§ ¥aRkbmEdilmby thenarkpoid-dichlorephenosyrretic acigh(2,6- th( ot her
tarch | d t t solut

oo 1 o PR RRE e SR REIAS S ot BRI B SRR B iea It )

25 Di ffer efitrnd))a REARBERG] %%&ﬂﬂha&%gr o 10T ﬁfﬁméggémmw' BEwedkr! d{é‘et ry

experinments are performedusing a Perkin-El ner ~At Teast 10 ng of

st ar chsandieticcagdoémibeyo Herstjuisad] avmiediumy Kupplerhentedswithhegsskinireel
DSC-pain to obtain 80% wat er content therebi/1l taking the water content of
t he star cHyGHh @SM@mmownneﬂﬁAB)s@r ﬁeﬁéﬁm}’gﬂmm?tlgeaﬁb@ and

P o0 One B holosof B SIRS LA SIALBIENS, ot mty s sere ©
oot SOt 6 g SAPHants Sk e prssae o
Ani mal f edatiamghstcughsots ‘Dﬁﬂ-eshmrtanterr;mﬁes:wadefmdaedoﬁtxﬂmto 1 mg/1 BAP
10  the taproots were thin and slender apd the shoot had only one or two
apical meristems. If the embryos were desiccated sub-optimally, higher
concentrations of BAP were needed than if the embryos were optimally
desiccated to stimulate germination. Also desiccated emf'bryos which were
cultured in the dark required a lower concentration of BAP and,
15 furthermore, these embryos germinated faster than embryos cultured in
the light. Complete plants were obtained four weeks after the start of
somatic embryo induction. 2,4-D induced embryos showed a different
response. In only one genotype desiccation enhanced ge;rmination of 2,4-D
induced embryos and in three other genotypes it did no:t. In all genotypes
20  desiccation stimulated root formation. Embryos cultured in the dark

formned predominantly adventitious roots, whereas embfyos cultured in

the light formed predominantly taproots.

Gene transfer systems

25 Over the past years several transfer techniques é)f DNA to plant
protoplasts have been developed such as silicon fibers (Kaeppler et al,
1990), microinjection (De Laat and Blaas, 1987) and eléctrophoresis

(Griesbach and Hammond, 1993). The most commonly used and



Intrinsic viscolsity (1V) The intrinsic viscosity is determned in a known
i mnner with a 15 Ubbel ohde viscosity meter with 1 M sodi um hydroxi de as
sol vent and expressed in g/ dl. As descibbed in H W Leach in Cereal;

Chem stry, vol. 40, page 59S (1963). ' Phosphor content, (P) 20 | SO 3946
(1982), Starch and derived products - determination of total phosphorous
content - [Rpentiatiyhapplieablecomes Aod Agrhsadsriymbaiediaied gnedalived,with a
Rapi d Vi sco Anal yser (RVA) fnom Newport 25 Scientific. The neasurenents are
carried odniGTEPEORTdeparticletiosmbardBeRt AAhPTIEPI9s: SECHOPFAUPBr n.

T L& ir~ at 45C heat ] jer . i
o U Y i Bk Pbht b i AU T R Ay Bl e el o
anyl opect &rﬁﬁ?&ﬁp &&&@é&rﬁﬂgh@dx%?&i&ym&&g&o fHeefiFsulvbhtion dONA

alfa-1,4 malto-olfgosaccharides are nmeasured with Hi gh Performnce Anion
Exchange Guliveay dgrphys Wiyt thia rRetised 1Ritdaiy iowaet isngteBetceKalancigyesanh
Results The results are _shown in the fol I%X\/i ngéﬁqlabl es. .Table 1: Chain

| ength di YFRBAEFBR pazéﬁl@wtar%%@-}ﬂm layse dfenies, of ARERBR ST

5L 7y D5 Reg Y GapbRgmd Rl obhafeld Bribdud@ndie s ghSygnd (39093
(14.1) (21.tf3£2frf &lwiitidde B BRdG includingsthe most important monocots
t/rta3l. 936. 933, 246. 229, 2333241 46. 6) (46. 0) (b4. 0) (51. 4) (51, 7) (49. 4) DP 25

t/ mi4 (20.1ilelindi28 apil rity Moith 12 ifrita 940 (B menpotstreviewed by AW ordyagen-407. 8
(11.4)9.4 (11.7)4.3 (7.0)8.9 (9.9); 7.4 (13.1)9.8 (14.5)Recovery(%68. 5 (
100) ' BO. 2 gnd Byres. 5992)100) 89. 9 ( 100)~ 56. 100J67.4 (-100) 10 Table 2:

ACSpect  npect | neabaa0RBorRa ACKA ARES M BB P BB ouem fo e
ar npec st a{cpthﬂ'@my'arg@ﬁgbg &pit9 C5.8 Crasts dissol vingTtop visco75 RVU112

RW71 RVU Tend visco48 RVU87 RW7 RWHrabender Tg66 C60. S; C61.5 CLow~Tg for
axzi pec st ar chTFECTiropsesseyadiacrdse beanssansforgred sifisisatygsaBuogo

BU1560 BUT20' 90250 .BU290 BW440 BUIend vij sco400, B 70 _BUAny| ose
cont ent < YWEFOPASIFHIM tHEAR Efﬁem%@%ggoeg?ﬁbﬁaaygfL:)EB?B léﬁn}( &5t abl eNo

di fferenc t @0 : I Rhase +0. 05
ny/ gO.1gGOW&é?ﬁsﬁ%&Fgg%&\%@sﬁg%ﬁﬁﬁ:ﬁ gggp?bghgg?élnlgengt hhlgtle?;e% 2% ;

di stributign 2001 has been used successfully to produce genetic modified plants
from the genotypes Adira 4 and TMS604444 carrying thf,c antisense gbss
genie under control of the CaMV promoter. |

In principle protoplasts are the most ideal explaq’xts for DNA

20 delivery. They can be cultured as single cells that prode;ce multicellular
colonies from which plants develop. Plants derived frorri protoplasts are
generally clonal in origin. This provides a useful tool foq: any
transformation system, because it will eliminate chimezé;ism in transgenic
plants. The use of protoplasts is, however, hampered b)IE' the regeneration

25 system which is highly species dependent. For transfonfmation, protoplasts
can be used in conjunction with PEG to alter the plasm?a membrane which
causes reversible permeabilization that enables the DN}:\ to enter the
cytoplasm as was demonstrated, for example, in Lolz‘umj rultiform

(Potrykus et al., 1985) and Triticum monococcum. (Lorz elb al., 1985).



29 Table 3: Various paranetersdry eubstanccashN~-awP ~1Vngl g as isng/ g
dsng/ g dsnng/ g disdl/ g dsTapi oca8603.50. 110. 06

; 2. 4Anyl opecti n8632. 30. 160. 06 , 1. 7t api o%g' Pot at 08444, 70. 130. 85
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aver age d =TALET \ T ili la membranes and
1307, 812.7%11%.&85\??%?0 H ncfealeqte lperm A o e T 503, 3Any
| opectin potAtadbwals. 4B NESTs BivkelectidpOatiird (fbt Gedisax gee Jones et al,

mai zel4. 39. 314.018.3 10 Table 5: Results ofgelatinisation behavi our
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*1. 4Mai e67. 4* 0. THBuE Of F2 1O bO#EbAidinnd br BaoRsthomxy detize fordign 0. 372, 3

*0,380.4t 0.218.1t 0.418.76 t0.8 30 5 Different properties of
any| opect iIDNAzpravides eay elicTwiivg methodviaxgasaavactrapgfeimation partigle Fast

di ssolving starch (dif.ference between Tgel ati ni | §.i t out 20
% hi gher %gg}r@?‘ rﬁfé§§:ﬁ"ﬁr iP{Oﬁeng%&?ﬁﬁ’llg of@\;iéjlvgﬂn%ﬁglg rﬁ‘f)%sce'?fé

anyl opecti I 1l ' i i$ 0
Sonevnas | AR o {REER. SURPREE drifs ginlic IRATIUIaRE LY AR dosi ty
of AP$oi ~ rhethed wkeld eobaceb(Klein BUak, 19@9). Falowin@this Suewsssiikcosi ty

| evel Small gxanules 15 Crystallinity Table 6:  Genat sava used

_ pes @f cas
for somat ittanpiprmatiee snethab pardinie Yoanbardment 15 WG@YyAHP?fg 3 WBREY 4 25

Gadi ng Faro ka N geria TVS5 TVB6Q444 : 7 2
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particle (microprojectile) has resulted in the most recent model the
15 Biolistic ™ PDS-1000 (Blo-Rad Laboratories, Richmond; Ca). Those

devices are available commercially, however the price is relatively high at

present. Tungsten or gold particles, coated with DNA, are commonly used '
as microprojectiles to deliver DNA into the target tissue!(reviewed by
Songstad et al., 1993).
20
Selection and reporter genes used in genetic modifibations
To be able to identify transformed cells, the gene Laf interest is
coupled to a selectable marker gene. This marker gene is necessary to
select transformed cells. Selection can be based on a vi;sual characteristic
25  of the transformed cell/tissue. An example is the luciferase gene isolated
from the firefly. Plant cells expressing this gene and supplied with
substrate (luciferin) will emit light which can be detected with special

equipment (Ow et al., 1986). Another way to select tran;sformed tissue is



31 5 10 Table 7: Influence of light intensity during growth of ddnor plants
invitro on the nunber of |eaf explants responding wth the formation of
mat ure enbryos and the nunber of mature&knbryos per cultured | eaf explant
(#ME/ CLE). , light intensity nunber of {~Em 2s-1) explants 40 48 28 48 8
48 respondi ngproducti onexpl antsa, (# Mg/ CLEDb)18 bl.7 b26 ab4.9 ab3l a, 6.6
a a-b meatse Whtodieicraobal grteewhicle encodes gasistanes L9 aptiNaRes by

tively Chi- t est <0, 1; d,b SD t est , 32 Tabl
5 " | ueheRbistdzs fmpmsoroat Ront S8 BRBIGLI BRI b ). mat ur o enbryos
# mat nb I .1 eaf - ssql j [ ts),
Fol lowed by neAnaberaf ehthBriofs afiMARGleR IS eth INdd ¥ stichifeant &

embr y0gengsks: i iinbhAgiiRPnkaRsA A caRelyAeistntd ® thohebicide
5enbr yogen b~2 D

SI spri marya~second~ryb~2, 4- , . .
pr et r et npiospyEabtiadRe Y. was chiosefNBr 306 380w tie of tirsmRegdc plants

0. 15. 3TMS 605060< 0. 10TMS 900590< 0.17.2.' TM S_30 215 T

6044401. 1687\ 650319%%@.- 18. a”?@/é@&@@d%‘*&%ﬁgﬁgz g%gpi(‘?% %‘g’é‘o. 105. 4TVS
3000100- 20, TMS_3057200: ~al. RTESY | eaf
expl ant ~) %5%&\9&%@3 Ib?g%wggglf(%grg? ?r{é’ngg?ﬁolﬁg 2(4- 48 élstéie%?g%tégg .gﬁgSea

Bri ef Des‘i-fqeg&ﬁéh%cﬂ.?i@aﬁ UWeBSedtngbirR phoSphetlidasfeease (NESHNLaneon of

somatic err yogenesi's in cassava, including prir,~ary, secondary somatic
enbr yogeneshish sehfees iresistAnte itablameenieinoapdirelatstl artibigtias Fralsy ahd

desiccation Fol | owed by germ nati on, 33 gd2= nedi um supplenented with
G esshof f dnd I%6), sves ysed rerajseigrdable BATKE pl us 20 g/ 1 sucrose. , gd4=

medi um suppl enent ed W t"%e% g%%OQIrLFﬁﬂgn%ysgﬁéémﬁ%héfw@gl&tiéﬁQ:a\ﬂ baniged, pl us

40 g/ 1 sucrose. B e um supplezz~ent .rashi ge and Skoo-~

sal ts and pévweyir PP Bised0sdéctios tninae advantadd that itlinPprdvesatine, abilifz10
ng/ 1 napht hal ene acetic acid, 2,4-D=8 ng/1, 2, 4-dichi orog{len%xy acetic
aci d. sh6ofRBCun fouppreatureraslry@s ANSIRARS FRY MRPESSERERL (1972) salts
to and vitam ns plus 60 g/1 sucrose. Figure 2: Ml ecul ar wei ght

di stri but i"68°B§FaHeRi of the regul ar and amyl opectin tapioca starches.

15 The following part describes how cassava plants genetically were
modified with the aim to produce cassava plants with a high amylopectin

content in their tuberous roots.

Isolation of the cassava ghss gene and construction fof a plant

20 transformation vector

In a previous study the gbss gene was isolated from cassava using

the potato gbss gene (Visser et al., 1989) as probe (Saleiquzzama.n et al.,
1993). The gbss gene was subcloned in anti-sense orientation between the
potato gbss promoter (Visser et al., 1991) and the nopalline synthase

25  terminator in pUC19 resulting in the vector pAG61 (Salehuzzaman et al,
1993). Also other preferably tuberous root specific promoters such as
protein synthesis elongation factor 1-alpha from cassava (Suhandono et

al., 2001), cassava gbss or more general promoters such as CaMV can be

used to direct expression of genes such as gbss.



Figure 3: Mol ecular weight distribution by GPC of the debranched

anyl opectin present in regular and anyl opectin tapiocas starches. i5 Figure
4. Mol ecul ar weight distribution by Gl4E of debranched regul ar and

anyl opectin tapioca starches. , Figure 5. Brab~nder viscosity of regul ar
and anyl opectin tapioca starches. Thus, the present invention also is

i ntended to cove eaéaﬂagﬁ%etlheif8pa§ea§é§é/wgmqngﬂ)enﬁ)tﬂ gHsol@td frevhi ve and
derivatized,, and conpositions containing such Starch. .The starch is useful
in a wldpJVRtOetguririiend et phan 9y uinc aisertadiin tdaRam&l! sippbf pAGhs,
either ~ with or without chem cal nodification. Anyl op ct'g sfarch, as used
herein, i 3hinresidsadin thendifferensvertase: 2’533513%6?2\@%%3&%%- a%’ anyl opectin

part1 cul af it el bl ifeqtus Teqaft <Hs MU AR AR HAE Riirpe oo,

most part e ahfi¥eAte LBaS tgﬁ%lé@.;tbb%% BiHdPrBeth RoB¥tMBItE Rrerd used 34 1 |

Anyl opectir~ cassava Starch nma e obtained by the FEC nethod, supra. Also
i ncl uded stcessfmliymeeptodunceazassave pldraperith-a bigh avaylopactinesontenity ed
from anyl opecti n cassava plants which may b~e found in nature, obtained by
standard breedi ng and crossbreedi ng techni ques) or obtained 5 by
{rans| ocapiom hOVEGS] ABd HeAR QiAR: Media Hae!t hers method of gene or

0 I'nclude |

chr onosone “engi neering vari ations thereof, whereby the

properties of tpeaststséCthdbehbiypd TMBSBO4H &eteqhiitagded by addithipn,

starch extracted froma plant grown fromartif cial zxa,utation$ and,

vari at@ onsubkultireatfovre goder tuttingspos imedmmiiupplemenedpwiduMBy asig% nown
standard methqds of atign breeding is a appl.i cabl ein. .hhe

subst ant i éF‘IdyggﬂP% (éggél:ﬁaﬁﬁfrﬁg"&?frggétae‘b& %;br%& ?‘ﬁ‘émrsgg(ﬁ%')‘aﬁn ré%}i’/llgopect in
cassava p ; i : MMrd-n the art, including
but not | %ﬁgg@ééﬁ%ﬁ%@%?i(%qm?}vgg%ﬂ%ﬁtgg%ﬁati ngé the starch fromthe
r emai ni ng-zolane ¥ nbyistaheroraxtiattiroheaves ffom dopbogdants cassava
starches have | ower |evels of anylose and higher |evels of anyl in. The
any| opect renléusedwd meristernsleaves oS40 srppdemended ity & mﬁ?@é& ar
cassayva star cgesé g~i<iul arly at |east about 30% greater than, nore

parti tul aPPY QiMBLLBICISIAE greater than, and nost particularly at |east

about 80% QYoeHEA Q@éei’rﬂﬂ‘rybgatﬂicaﬂsmaﬁwac@&usé@mh@&ne&mmi cularly
sui tabl e anyl opectin cassava Mafches are those which have a peak viscosity

of at | eastippbement@dvithuEesshoff and Doy (XA74) salss ansbvoilamiasp68sgfeasur e
by Rapid Visco Analyzer uang t he mﬁiﬁgd of Exanple 3a, infscc. | The
resul t ant SH&EP%&286a} @ AmBALPEA AR ( land functionality which 25 axe

uni que and; e Akl er (TN BRRLECAT AYeaSUEh PrerldaiRushay HASS: Mate the

addi ti onal “bene of ~ac 1ng t tionaljity w thout chem cal
modi f peat caturddvey GD6thedpies REC svas ensintairsed byya Bavesks Subdultmreur t her

enhance their properties and functionality. Any ' )
on GD6 medium. Liquijd cultures were initiated by tran§ferr1ng 0.5 g of
FEC into flask of 200 m] with 50 ml of liquid medium siipplemented with
Schenk and Hildebrandt (1972) salts and vitamins, 60 g/] sucrose and 10
mg/1 Picloram (SH6). The medium was refreshed twice a2 week and after 2
25 weeks the content of a each flask was divided over 5 new flasks. The flasks
were cultured on a rotary shaker (LAB-line Instruments: Inc. Model 3519)

at 120 rpm.
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35 nodi fications known in the art rnay be used) including those which are
chem cal, physical, or; enzymatic. Chem cal derivitization shall include
those to formethers, asters or half es2&rs such as hydroxyal kyl ethers,
acet at es, phosl phates, succinates, 5 i.e.) octenyl succinata) tertiary and
guaternary am nel ethers) etc., or by any other nodification techntques
| xnown i nConging of RN&oodheparticles.i on of the present starch includes

For this pur posh HeERPaaci st Fraf bR Fod: (bIaR] Bintorst & frst DN Rnanr -
di car box}'!&fécthgg?é‘ﬁi eé‘.nﬁi’%q%t'yﬂfgiof B4 '&i‘%o cgrllﬁtgigxg Wﬁhrd%’lﬁﬁﬁaﬂ{ggﬁgtse calts

oxychl ori pi c/ acet ed aci d anhy t X1 met ai pho

f or mal dehpava ﬁﬁwﬂiwtr@n @bbﬂdfnhdﬁ,P@h-h@g?a:ﬁmﬂtthe,ve@mdrsi'EG:.iB%aﬁl hhadnes. The
present starches may be physically nodified, such as by thernmal inhibition

descr i%edpCBS W Yswesopzachwith $Rcngritgald-partizles 6b6) hmy, BigReHpaBO 115 The
resent s e I be z i.C LR ' e enzynmes
novs. i n_rd SSREL S WU S el o Had el T hLaRss BB 1556

bet a- azn I : n E N ; ] I The
st ar chesygrg.é?J Iél%égq\ggsr%lrr ‘3’3@%%?3%@.“@?Egnﬂéf%?wpi?%@%@gg%ﬁﬁéiﬁ 5%?@%ari ng
pregel at i peRedwaisatesiiependeddinsTd eabdf absblifie a128RoBand(Hiieftyron, et al .),

U S 4,465,702 (Eastman, et al.), U S 5,0379929 (Rajagopalan), U S.

5, 131, 953sqmidicsited, Handyed) sixgnaliofehessuspension vasrepelted darifenolsrhd
procedu>~es_for pregel.ati.ni zi.n tarch are virell known to_t Killed in
the ar aﬁanaﬁg%%zﬁ%a ]??Idgﬁcpr]lagerfiu& FEC VAP AT AL T2 T gggeg‘uiti on and
Use of Pregalats thésdastbstrier ﬁBﬁ{éi*Hanlﬁﬁbﬁtd\yaﬁ.”ﬂhggﬁQ&U&QﬁcrV0| _ 111 -
| ndustrial Aspects, RL. Wistler ,and E.F. Paschall, Editors, Academc
Pre$s, Negovérekl with7a thim layear ehgsldnesadd smshdriednnean esdendlPrmametss,i nt er
alia, fluidity or_thin-boiling starches prepared by oxidation, enzyne
conver si ofi© ° @%Hﬁeélfpﬁrh%mg?rmﬁﬂ ase, acid hydrolysis, or heat and or
acid dextrinization. The present staxches may be purifi:ed by any net hod
known in the art to renove off flavo*s and colors that are native to the

st ar oy or BensPafdne o T FEC bivd Beldttidh ol tramspeadepidntsOne skilled in
tl2e art is capable of using any sirigle or conbination of nodifications in

order to .obtai RECheultaseddn liqaidchHSr Bysdivne foraatilaastch WeskBi MRS These
t hod . [l Kk i th Lt t.h [ t] t ti d
funct i onalEroaueeh A ban sens et apAared e drifnd HAE ToRbgRen ! o an

modi fi cat GoyE enebiRMAthnd Pendearael abidPehé BiaRhdPDBdobOE ! Sidtiktien
conditions. >; unctionality obtainable using the anylopectin cassava

st ar ches dé¢vichdhptiesepresswess L b00imsliudes ot distante wetweenmrumitapsul ati on
and enul si ficati og, t hi ckeni pg an& Vi scosi fyi né:; elli n‘&, anc{! filmform ng.
1s THE anfisspRRtitRCCRESEGATIC 3@ P e ERSTIGCESEATTIST, tP65tRBRPShe used in

or oauct s, PRGSO SibReiR bRl Bro e TRl FRE S LRI Do Cona

care produgdguai)d ot her industrial products. i Paper products is intended

to include, without linmtation, paper, 2o paperboard, |inerboard,
corrugating, caldbowml®@ldags 18hParivdishesswithobBCoirotudMSeSIttveerted t o

di Ql dduct d inc¢l , Withqout limgtation, s, b d
T o0 b el SR RIS s ST A D LEL ol P RRL S, D ees
conf egt i OBSM%)qrﬁéﬁg %h@%%,rhﬁ%d&i ?@dﬂ%@@hﬁum%ﬁ'ﬁlsﬁie[ﬁﬂs SORRNARIE

dressings, pie fllings 25 including fruit and cream’fil]ings, sauces,
i ncl udi ngliquidh SHS saediesn afdodwiet ks baterdimaBESs wasodolkested eassolBh GIR6,
gravies, ~ imtation and lite syrups, puddings; custards, yoqurts, sour

creanms, ~Mgskums anbesvanpskiambicilerase astiviybEeach lusslearagdUq)IspPats, soups

and bab~ év%.%ds'ubc&%ured as aniindividual line. In total 186 luc spots were

produced with construct GBSSas2 and 222 with GBSS7. Because it was
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Phar maceutical and nutritional products is intended to include

phar maceuti cal excipi~nts, tablets including effervescent tablets, dusting
starches and powders,; and prebiotics ppaducts. ' Personal care products is
intended to include ~ without limtation s deodorants and anti perspirants,

hair fixatives including sprays, gels, nousses, |otions, and pomades, soaps

and cl eans@itSpossibik eslfoddte! précli@ 1 whis AatoY, uRRVENRIt8ind O LUR hctintyy @i

bl usher, shanpoos and conditi oners, and nout hwashes) brbath fresheners and
~ t oot hpadbesvoidtlnes dirdassgirdt tpysaudhs tissunireacadlive,afibButiem wi t hout

st S e AR (ST LB S o

b d at i h i .
D e Y PRI LBy or AL P B AEPERAR i OR Wderace |
Twi Il Be usadity wadte disearisd agfl nawalipatorlitdre sy twde%sdadd cul arl y;

from about 5% to about 60% nore particularly in an amount of about 10;%to
about 40%$ybaeimghtdivisiondher bues withEXANRIESS werthtransfdroed mgaex dapl es are

presented to further il lustrate and explain,the present, invention and
shoul d no_thcﬁéldt §i3§nm§§”11¥‘h?{l g9 Wﬁegﬁﬁa eé'g%‘ﬂhl.m I‘nﬁ@'r‘i&bn Ué‘ggb%rr@f on a
vei ght / vl iy <1888 SnctdhdelCaCX BIRhEPe Witk QWled R {BPLASHSIRLES; ed are
as foll ows: ssava = regul ar cassava starch grown in al I'an

comer ci al dthez§ wora driekedéd or s~ National Starch and Chem cal Conpany

~Bridgewater, NJ, USA). Cassava 2 = regul ar cassava stajch grown in
| ndond$i a ~COomeFettlfoyr dings wbreobtamedizpm mﬁbomﬁnthh

Net her | ands 38 Al -3 | opectin .cassava, st ar.ch netically

b oduced HICBRSARR AL D Hiiesats Bonbomirangnrs Sk BCRaSAshati b Fec

from whic e tQr ek I tarch

conmer o a1 TP Soa B ot ro Aol f AR S ied v & R R oo

Potato = |diwigionl (Rzempakatesalar 2006). @ubdEuthpldivistomistadted withm Avebe B. A

(Foxhol, The Netherlands). Corn = regular corn starch comercially

avai l abl e ¥4 URRE ERQHISFLaYy aTPHB P 3Fh N&T} s eSaechakd2€henm cal
Tolé thaty HelOr dm INam girmetiraechiciiega

! i. . . = | , . h
oot aipeP e A THR e Fas ainidd o M e HeR S AR SR g itk ©
(Bri dgewatpye yWekd/ffter théaPRRtedibh- wABHRefed kAt %ﬁﬁall@b@%lngf PEE cont ent

was determ ned by potentionet~c titration. Approxi matel of a starch

sanpl e wasti$mae.cQniythe GUHE msitdmchnnpat\edra:a\llbtulhEhdprﬂéh(SaﬂmJt 30% by
wei ght) to 95C for 30 m pufes. The sanpl e wasg, coql ed room.te rature, ;
di | ut ed wi PHMBPHVECTS AR 45 anﬁsﬁ‘mé’ée%%@é?@HF&di o) ﬁﬁx@&%ﬂ%ﬁd

cent i f ugad aod A0 &5 Phe 204D HR SAFDIEIASLDERSLLIbgLed 1o

jgive a clear so e Sstarch concentrati on was erm ne

pol ar izo~" i @filtieéd Ifyr ptdgreeheeation| Bor tRig tige 88l FEC lihps afdrguot of the
sample (normall~r 5 ms) was then directly titrated with a standardized
0.01 N i odswleceblned @vemni2-8 weskscloor li11g¢ weekporematalrationnmesipimat i num

el ectrode wth' a 1Cl reference elegtrode. T anmour ~t, bf | odi ne. needed to
reach t he (Wr[]éﬁ esd‘ﬂ?%lﬁ”b%?tﬁﬁ ‘ng‘ 1 mgf 1 151c?oramﬁel‘orpe 0 sthqlped somatic
embryos were isolated from the FEC and cultured on MS4 supplemented
with 0.1 mg/1 BAP, which allowed further maturation. Mature somatic
25 embryos were first cultured for two weeks in liquid and|hereafter in solid

germination medium (MS4+1 mg/1 BAP). Plants were rgoted on MS4

medium. Plants were obtained from 31 of the 44 GBSSas7 cultured lines
and 27 of the 40 GBS$as7 cultured lines. These plants|were first grown on

Murashige and Skoog medium supplemented with 8% sucrose to allow



nmeasured directly as found iodine. The anmpbunt of anyl ose was cal cul ated by
assumr~g 1.0 gramof anylose will bind with 200 mligrans of iodine. 39
The results of the potentionmetric titrapgon are ~howed in Table 9_ Table 9
Base starchAnyl ose Content (9% Cassava 120%Cassava 217.4%ACS 12. 0% ; ACS

22. 8%ACS 3 ~2. 7% As can be determ ned from Table 9, theI anyl opecti n cassava
starches sta@Mt dispditiohfincer sterheof thedassava lpdanth BSalejukzameas st-ala
starches. b. The anyl ose content's were checked by_gel pbr neati on
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Cor porat i e CGel Perneation Chrorn~tograph utilized 4

col ums ( ¢gdrsincCBSBas2 ad)6 fin GBBSusT) gielfedrplaats witipameaRerer col umms,
all from Pol ymer Laboratories, Amherst, MA). The nobil e phase s 15
di met hyl sStéfpRERAtem anernins that seicpianis had 2028 altersd staseRument was

ted at t t f 80 d f f o i
Coed" The CCBRMNISIRLRL the sPema: SHORF FeBt esh Eringmer o b8 sR¥ostnd8se \
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relative nol ecul ar weight distribution by GPC of the 20'regular and
anyl opect ipectad aavdatist aentred cyhadeanf bbhedevrags neat Wasgreunted i gure, the

three anyl o~ectin cassava_starches have significant pr | opectin as
seen B9~ dakorrigry plenderinyarer I"‘H@h@nﬂn@éﬁ?’é’r"% ?gg?&ab i SE‘?’S’Z{.

Further, this,is the sple i eak,: COM = - , I 40

starches %%%t%#ﬁrﬁdg%ﬁigt{?’tﬁé%@%Pé&g %e@aakna aré' ?%F%%@gl%t%éc?rml ecul ar
wei ght of abaufie$ suBHaABldh ¥as PhhUFIrHé® t8 deRRFifiied itiBe ¥an deentiifuigetded by
the followng procedfjure in this exanple. 20ng of starch was added to 2nl

of 90% D1WMhes{aled waseainiedad 26t degregs(@elsdaCfondtddysdi ssol ved. 7.980 m of
mM Acetate Buffer pH 4.8 was added to the dial and stir t appeared

, d. .If |
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di ssol ved, pure i'soanyl ase Iral was incubated in a

conj stant tenpenatiytel bdides Pnelfom SBSSI8L.arddonedoom @BSBrs7) had of
sanple was pipetted into a 2nl vial for chain length distribution
eval uat i oielded plantsmhisdein beth festsdnpd e high pradppeen cPTRNEORE of

acetone. The precipitated terial 15 | ect: i i using a
0.2 m o o SR NfeH T Bpis-pRth b RalRly Py A o the AR S, ")
shoul d comsy beh WranaotdN80SIIAHES BE ehe frwldBnds irarecliedyssd hvopesdine (a) is
obt ai ned by taking the overall debran~Ched starch , ‘ ]

20 staining and via spectrophotometry. All plants had starch with a high
amylopectin content. At the same moment starch was igolated from more
than 3000 plants. This starch was analysed in three different laboratories
and again it was shown that the starch contained a high percentage
amylopectin.
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chromat ogram (b), and then integrating only the anyl o~pectin peak a. The

nol ecul ar wei ght distribution of debranched anyl opectin of high anyl ose and

regul ar tapioca starches were deternin@@ using GPC as in Exanrtple 1 b.

Figure 3 shows the resultant nol ecul ar weight distribution 25 of the

debranched aznyl opectin of cassava starches. As.can be seen) the

anyl opectin st rMatexials gxMetbadatial |y the sanme fox the idifferent cassava

st ar ches. 41 b. The nol ecul ar wei ght distribution of debranched

any~l opectin and regul ar cassava starches ~xrere determned as in a,

abovje. Figure the resul tant nol ecul ar wei ght distribution of the

cass~va starché%¥§$%#§ figure confirnms that tl~e anylopectin structure is

simlar, but pregsiotaistagtchi gh quantities byontrodsamplkel |y the sane

(relative) log dnol ecul ar weight) peaks at about 3.0 anal 4.0Q. Further,

this Bigure shdwEwirpestistapiocalstarguint of AMHISR frem WageipgeRectin

cassava starch as eyidenced by the lack o Lat iy | og (nol ecul ar
Pospin tas - “QBusolt Y

wei ght) peak a . 1o Exanple 3 cosity was
measur ed usi Ng g RASRL b8sath HaptH! Vi scooMabaskr (eeort Scientific,
New South 'Wal es) "Australia). A slurry containing 5%starch on a dry wei ght
basi s vc~as preparedtact heated from 50C t oMEQteaa A xate of 3.0C per

r~ni nute. The sanple was then held at 95C fox fi 156%(5‘)% inutes. Finally,
the sanpl e was Vo&Y&PTRSEEE at 6. 0C per ni nute.i‘l’ﬁeﬂét 25¢8 ity nmeasurenents
vere aken at 160 rpmand the results (peak viscosity) are shown in Table
10 bellow. Table 10 Base starchViscosity (RVA UnitsCassava 1600Cassava
21015ACS 11230A@etR84d60 ' ACS 31330 20 42 As can be seen from Tabl e 10,
the anyl opectin cassava. starches have significantly higher peak
viscosities) ab¥itrogemeantenthfrotadat of the . Tndonesi an regul ar cassava

starch and abo L It <of_ th hai_.re SSaV 5 ¢b.
Vi scosity was g#%%s@%& )'U§ ?%lbcthag’\.?lgs%g}l eﬁr@ﬁh?%?aﬁj bﬁ%ﬁ%ﬁ%ﬁﬁ%\nf é "tN.
Brabenderp;k BPhe WelddlRACkRABAE K, SPEckr o bSO ABBA méttsddirry of 5%
staxch on a dry wei ght "basis was prepared and controlled to pT-13 using a
citril® acid/ trisodiumcitrate buffer solution. The total charge ~cvei ght

of 460 grans eated fr 50C t.o 92C at ~. rate of 1.5C per to m nute.
The slurry va\éva‘? AC5e? ea&n’ﬁ W3P030 i nutes. The hot viscosity was

measured whil e fjga hpﬂcgehT%zei‘é&ﬁ?]ééhﬁea%iﬂéiml/texammkﬁiéem,aph .and the
resulting viscosity profile is shown in Figure 5. ;This figure
calibrated with Coulter calibration standard P.D.V.B. Latex lot F.34,

diameter measuring tubbe 140 um, number of measured)classes 256,

20 measuring range 3,1-107,7 nm (potato starches) and 2,:8-82,0 um (other
starches). The samples are suspended in isotonic salt sd:)lution (DiluidTM
azid free, J.T. Baker) and homogenized in a ultrasonic Hath (Branson
5510).

25 Differential scanning calorimetry
Differential scanning calorimetry experiments arf:-. performed using
a Perkin-Elmer DSC-7. At least 10 mg of starch and 40 Erng of
demineralised water are put in a stainless steel DSC-pah to obtain 80%

water content thereby taking the water content of the starch into account.
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confirns that the anyl opectin cassava starches have higher peak viscosities

than those of the regular cassava starches. ; 15 Exanple 4 -

Gelatin.ia~ tion Tenperatures a. Gelatisaization teznp~ratures were neasured

using differential scanning calorinmetry The starch sanple is scanned from

5Cto ~ 40C at a heating rate of 10C mn with. water: starch ratio of 2:1.

Dupl i cat e THEND SU-PalrPisCRe B ABSILY ReaBiBhAd s tosed QRCMMigHt ath@ongsul ts are

shown in Fable 11" Table 11 BaseOnset PeakEndOH JCCassava 162. 6+0.69 _

0+0. 81. 0+@émpEra@re fo 43uililftGassHeat 258, T setpPels Hea9ed f60m1S 30 IBB43ACS

1S8. 1+0. 65, 7+0. 74. 5+017. 80+0, , 43 10. 080ACS !

258. 6+0. 65Cswithys retp 08 198"/ mirp. 336ACS 358. 6+0: _65. 4+0.

_74.5+017.77.+0,j00.120i As shown in Table 11, all three anyl opectin

cass~.va starches have a slightly higher onset gelatir~ization tenperature

than tt~e Thai W&gﬁsmtén&bﬁtch, slightly I ower than the | ndonesian

regul ar cassava starch. 5 All three anyl opectin cassava starches have a

hi gher g~I ati ni 230 bacer(iBAFpyStarah ame desipedapratastavaDstempinadion ol i . set

gel atini zati on~tenperatures were .al so checked | by Brabender using the

met hodol ogyPSFUEK SRPEEBHOVAR SHANELNE from Figure 5, the onset

gel atini zation tenperature of the anyl opectin cassava starches is i0 |ower

than the regul ar Thai cassava. 4~ Cited literature Anonymus, 1985. CIlAT:

Annual report: @sh-toatepaternational de Agricultura Tropical, Cali, i

Col unmbi a. Pp:197-217. 5 Ant honx, . P.., Dayvey, M}s Power,., J. B" and nge, K. C.

1995. 19n i npr ové80pp 986 daP7EbrARiBal fladiPg SRl xsRgtermhiastion of 6puds: s.

Plant Cel |l  Ti %os%reen%nd Organ C-ilture. 42:229-302 Buiteveld, J., and

Cr eener 6- R5PeRHA ,--J. 1994. Plant regenerationifrom protoplasts 10 isol ated
from suspensi on cultures of Ieek (Allium anpelop~asumL. ). Plant

Sci ence. 100: 203-210. Cao, J., Duan, ~C., MeElroy, D., and Wi, R 1990.

Regener at i on of Ihtzinsiciviscoridys(I¥ht transgenic rice pliatats fol |l ow ng

m croprojectil e;pedi ated.transfaornEation of ension 15 cul t ur ells.
Pl ant ' Gel | Rep. THF InbpgisipTiscentngs ap ermingd iR RRW il Widh &7 °
Nguyefs HUTbbe1aﬂeie\%£'8ositcyé ﬁct&?%th Al R@Eoﬁﬁﬁrﬁﬂ@%@idx@d‘e bsQB1PERt apdast s

isolated fromlong-term cul turesiof wheat (7rilicum aestivum. Plant

Cel | Rep. efppddselih g/dl. As described in H.W. Leach in Cereal Chemistry, vol.
40, page 595 (1963). '

Phosphor content (P)
20 1SO 3946 (1982), Starch and derived products - Determination of

total phosphorous content - Spectrophotometric method.

Viscosity behavior
Determined with a Rapid Visco Analyser (RVA) fnrom Newport
25 Scientific. The measurements are carried out in a 6% cc:ancentration in
demineralized water at. 400 rpm. Temperature cycle: 2 r%lin at 45°C,
heating to 90° at 14° per min, 5 min at 90° and cooling ;to 30° at 14° per

TMIn.
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Agr obact enum t unef aci ens nedi ated transformati on of recal citrant crops.

Plant Mol. Biol. Reporter 10:1!2-36. Wodward, 8., and:1'uonti i{aerl as,
2001. SomM.Ceol@Bbryogenesis framflor@i4 tissues ofl32% cassava (Mani hot

escul ent a t uphytica (in press). 52 d ai We claim 1. A nethod
for p}%dugﬁ%%&ﬁﬁipl asts of cassava ér7 a cl osel yng'g'l at.ed species, which

pr ot opl asﬁg,[sars%sqjg)abl e of reggner at i oy ynto pl ant$ o cdnpri sing produci ng
friabl e enbryogenic callus from explants of cassava or ,a closely related
speci es am¥s$ #0504 ng protopl agts frompsai d friabl@g enbryogenic callus. 2.
The nmethod of claim1l, wherein the friable enbiyogenie callus is subjected
to cul turéM$9905%ui d mediumO, 3. Thd®.kethod of 7.@ aimJ. or 2, wherein a

m xture o I | degrading,enzynes are used to isol.ate the protopl asts.
4. The rre{wgg %Q&ﬁai m 1, whe%?ei n theapl ants from~ which explants are taken

are pietregiedonad an auxin. $. The yethod of;clapn 1., wherein the
friable enbryogenic callus is produced fromtorpedo shaped primary or

mat ur e enfM®HS03®S The net hod ®f cl ai®il5, wherein G.He enbryos ark induced
on primary explants. 7. A protoplast obtainable by the nmethod of claim;1.
8. A net h%Msf P&33nsf or ni ng & gr]ot opﬁé’st of a caskdva 'or a cl osel y rel ated

speci es hdi said protoplast smth additibnal, genetic information
LNk LBt Somp?| i

t hrough in a bacteriumconprising said additional genetic

i nf or mat i RIS Byposliect roporati gn or chgm cal porjation providing a vector
conprising said additional genetic information oir by particle bonbardnent
wher &on thM$HIOE7A es are coated ~ucr®th the addit-ional genetic

i nformation, wherein ~ protoplast according to claim7lis transforned. 9. A
transforned protoplast obtai nable by the nethod of clai-m 8.

2) average of three experiments (total 48-74 leaf cxplantq'), b) average of two
expeniments (total 24-48 ME explants). i

25 Brief Description of the Figures
Figure 1: Schematic representation of somatic er:lnbryogenesis in
cassava, including primary, secondary somatic embryog:enesis, selection of
friable embryogenic callus, maturation and desiccation followed by

germination.



53 10. The transforned protoplast of claim9, wherein the additional
genetic information conprises a gene of interest. 11. The transforned
protopl ast of claim9) wherein |Ithe addggi onal genetic information
conprises an antisense construct. 12. The transforned protoplast of claim
11, wherein the antisense construct is capable of inhibiting tkae anyl ose

synt hesi ~gda=hmadiudd supplerbbaced witl €gerehaifiad m@nkskté (0avay ahdpl adt s,
wherein the protoplast of anyone of clairzls 7 or 9-12 is induced to

produce amitempingopluwsh20g/drisrgroseés consequent |y induced to produce a plant.
14. A cassagva plant or a closely related species,therieof i nabl e by the
ot hod.of Bafa: REea: SuPPIRIBRIA Wik Grasahell A1 HOLBALS (FShet Aad

pr ot o~l ast - i er el he tubers contain essentially no anyl ose.
16. A net %g%t‘?%irsaﬂs{%ﬁ%?l% s"fée{rgg “froma tuber of the p‘l ant of claim 14 or
15 conpri shel= thedsimRusilemerREhte MigabHDR anl Bkevedalty it i ng and
mlling it; , - separating starch. fromfibers and juice in a separators -

si evi ng t N&agniscplius 2 iswgroRe. starch; and - drying the starch. ' 17.
The i ethod of. cl aim.,1 wher ei n e arch, j ~' 'rashed .i,n_a

ydr ocycl RE TosbefrEhidenss: éﬁ“"éf@ﬁg 116?a&ﬂ§%1\réﬁetar?§%}§t e 34 B8 in a
vacuum fi gﬂ%h’fzghlda\gﬁﬁoo%bggﬂe 7a&twa@,-thry| ng tower. 19. A starch

obt ai nabl e Dy 't he net anyone of ahe clains 16-18." 20. The starch of

claim 19 shé-ngedbuanplppéatientedmtitnSchlenit ahéd$ildObranidt, (IR da0ts t he
(dry. substance) weight of the starch. 21. The starch of claim 20 having an
anyl obect BRAcYitaBRRS 6lu§tE0 4L 61gBOS®:, % based on the (dry substance)

wei ght of the starchi,. 4 ' 22. A.native.,anyl opectip. cassava starch.,23.
The starch of BT 25, MAIEralar PRt Gounas B RRG O (3 Lohait o
at | east ghoHbHAOR M MEEPREarZhs, The starch of claim 22, wherein the
starch hl a?ggnparryl opg\gﬁn caérnter?t of at |east about 95% by wei ght. 25. The
starch of clai Ri@2e BherMbledtlier staghh disatharionaryy GFCtafntheodebrandiedt

| east about 98% b%( v~reight. ' 26. Thg starch oaf claim 22, wherein the
vi scosi t y2BYIPPeetin: BresaNt dn JEERAISANE FI0Y IORSSEgY BARigratfarchiemt of regul ar
cassava starchg. e r -ai ; j i SGOS] { €
starc 56li s at | gl rea-tggut Mj@&? g}éeyaftvgérﬁ{qg]a%l_%ft ﬂ)gp?%?{ Fbé;grﬁ [gpl c%gség%%arg%}é%%h. ,
28. The stenglaraindbahflopéctinh@pibén bircHescosity of the starch is at |east

about 80% greater than that of regular cassava starch. ;
Figure 5: Brabender viscosity of regular and amylopectin tapioca
starches.
Thus, the present invention also is intended tolcover amylopectin
20 cassava (tapioca) starch, both native and derivatized, and compositions
containing such starch. The starch is useful in a wide variety of food,
pharmaceutical, and industrial applications, either: with or without
chemical modification.
Amylopectin starch, as used herein, is intended to mean a starch or
25  flour which has an amylopectin content substantially higher than that of
regular cassava starch, particularly at least about 90%, more particularly
at least about 95%, most particularly at least about 98% amylopectin by

weight,



29. The starch of claim22 which has been z~.odified physically, chemcally
or enzymatically. ' 30. A conposition conprising the stlarch of claim22.;
31. The conposition of claim30, whereig4qthe conpositidn is selected from
the group consisting of paper products, food products, pharnmaceuti cal
products, nutritional products, persqgnal care products)l detergents,

enul si fyi ng agamhglopedciapsassdvangtagtniay 8@ bhapaed bgdeid FEOatedhod,
products. 32. A process of making the conposition of cl_!ai m 30 conpri sing

subst i t ut PgraheAlamintudedeimitii nYantiohargoavytepentiit opsgseval sarghss  33.
A I t,i 0 | Si t he st h of claj 9.,34. T It f

c1 ai m 33, S5HIFS; ROThEEURFEERD BATE A SHEE Lo T BrfPeNeT OUF e Bhai bRy of
paper pr OQBEéinedePQ RLAAUEE ?re%?x‘i%%fﬂ”Ef&%*br@éé?i‘i’z;gc{e%hﬂlgﬁés,' bi Stthined
products, personal” care produces, detergents, enul>sifying agents,

encapsall abiyngangiatiorgridveisidagtadedibembzerireer phgdotties. metaéd 3% gefAepsrocess
of making the conposition of claim33 conprising substituting the starch of
cl ai m 29 thromesozenvengingeaing isethSudecivariafjansantixgeoh. Avherdky e . A&

0. Are. APTIRFIATes:! Hat SR T ChiSNIvRS toRh k¢ ORSAIRed. Al ssiditian, starch
A ASL AGR Bcfed Arof é%l%%tﬁgro% f‘_%gm %ﬁ@?ﬁ[l?’ﬁ’futgﬁ%n% and variations of
the above generic composition which may be produced ﬂpy known standard

10 methods of mutation breeding is also applicable herein.

The substantially pure starch may be extracted from the root of a
amylopectin cassava plant. Extraction may be by anyi method known in
the art, including but not limited to pulverizing the rci:ot and separating
the starch from the remaining components by water extli'action.

15 The amylopectin cassava starches have lower levkls of amylose and

higher levels of amylopectin. The amylopectin cassava istarches also have

a higher viscosity than regular cassava starches, erticularly at least

about 30% greater than, more particularly at least 50‘%]I greater than, and

most particularly at least about 80% greater than thatiof regular cassava

20 starches. Particularly suitable amylopectin cassava s%tarches are those

which have a peak viscosity of at least about 1200, miore particularly at

least about 1300 as measure by Rapid Visco Analyzer uising the method of
Example 3a, infra. :

The resultant native starch has properties and f'}mctionality which

25 are unique and desirable in many applications. Such n:ilative starches have

the additional benefit of achieving the desired funictionality without

chemical modification, However, the present starcihes also may be

modified to further enhance their properties and functio:nality. Any
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art to remove off-flavors and colors that are native to the starch or created

5 during starch modification processes. |
One skilled in the art is capable of using any single or combination
of modifications in order to obtain the desired sta:irch properties and
functionality. These methods are well known in the aft and the resulting
starch properties and functionality will vary depending, inter alia, on the

10 type of modification employed, the degree of modiﬁcatioj:n, and the reaction
conditions. |

Functionality obtainable using the amylopectin cjtassava starches of
the present invention includes without limitation éncapsulation and
emulsification, thickening and viscosifying, gelling, a.ndéﬁlm-forming.

15 The amylopectin cassava starches of the presenic invention may be
used in a variety of industrial applications, including: without limitation
paper products, food products, pharmaceutical and nutritional products,
personal care products and other industrial products.

Paper products is intended to include, withouﬂ: limitation, paper,

20 paperboard, linerboard, corrugating, cardboard, bags, ajnd envelopes.

Food products is intended to mean any edible prc}duct and includes,
without limitation, cereals, breads and bread products, cheese arid
imitation cheese products, condiments, confectioneries, dressings
including pourable dressings and spoonable dresilsings, pie fillings

25 including fruit and cream fillings, sauces, including:vvhite sauces and
dairy-based sauces such as cheese sauces, gravies, 'imitation and lite
syrups, puddings; cﬁstards, yogurts, sour creams, :pastas, beverages

including dairy-based ;beverages, glazes, soups and bab{r food.
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eye shadow, powders, foundations, and blushersl., shampoos and
conditioners, and mouthwashes, breath fresheners anditoothpastes.

Other industrial products is intended to includel without Limitation

10 detergents, and biodegradable foamed products including loosefill, sheets
and shapes. .

The amylopectin tapioca starch may generally be used at any
desired level, the amgunt being dependent upon the ifunctionality to be
obtained. In general, the amylopectin cassava starch will be used in an

15 amount of from about 1% to about 95%, particularly: from about 5% to
about 60%, more particularly in an amount of about 10% to about 40% by

weight of the product.

EXAMPLES

20 The following examples are presented to further illustrat::e and explain the
present invention and should not be taken as limiting 1rp any regard. All
percernts used are on a weight/weight basis.

In the examples below, the tapioca samples used Eare as follows:

Cassava 1 = regular cassava starch grown in Thailand commercially

25 available from National Starch and Chemical Company [Bridgewater, NJ,
USA). !
Cassava 2 = regular cdssava starch grown in Indonesia Ibommercially
available from Avebe B.A. (Foxhol, The Netherlands).
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AMF Potato = low amylose potato starches commerciall& available from
Avebe B.A. (Foxhol, The Netherlands).

Corn = regular corn starch commercially available from commercially

I 10% "10%8 () -

available from National Starch and Chemical Company: (Bridgewater, NJ,
USA).
Waxy = waxy (low amylose) corn starch commercially available from

National Starch and Chemical Company (Bridgewater, NJ, USA).

Example 1 — Amvlose content :
a. Amylose content was determined by potentiomettic titration.

Approximately 0.5 g of a starch sample was heated in 10mls of
concentrated calcium chloride (about 30% by weight) to: 95°C for 30
minutes. The sample was cooled to room temperature, diluted with 5 mls
of a 2.5% uranyl acetate solution, mixed well, and cent%'ifuged for 5
minutes at 2000 rpm. The sample was then filtered to give a clear
solution. !

The starch concentration was determined polarimetrically using a 1
cm polarimetric cell. An aliquot of the sample (normalljly S mls) was then
directly titrated with a standardized 0.01 N iodine soluéion while
recording the potential using a platinum electrode with'a KCl] reference
electrode. The amount of iodine needed to reach the in:ﬂection point was
measured directly as bound iodine. The amount of am::,rlose was
calculated by assuming 1.0 gram of amylose will bind with 200 miligrams

of iodine.

@
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As can be determined from Table 9, the amylopectin cassava starches
5 contain significantly less amylose than the regular cassl:ava starches.

b.The amylose contents were checked by gel permeation chromatograph
(GPC). Samples were prepared for analysis by slurrying 4 to 8 mg of
starch in 4 g of dimethylsulfoxide (DMSO) containing Sr:nM sodiurmn nitrate

10 and heating to 100°C for 2 hours. The sample was filtered if necessary,
and injected (3000]) into a GPC 150C chromatograph (“Efaters
Corporation, Amherst, MA). The Gel Permeation Chromatograph utilized 4
columns (guard column, 105, 103, 102 micron (nornina.l):porc size columns,
all from Polymer Laboratories, Amherst, MA). The mobiie phase was

15 dimethyl sulfoxide containing S mM of sodium nitrate. The instrument
was operated at a temperature of 80°C and a flow rate oh' 0.7 ml/minute
was used. The columns were calibrated with pullulan standards (Showa
Denko K.K., Japan) ranging in molecular weight from 5800 to 850,000.
Figure 2 shows the relative molecular weight distribution by GPC of the

20 regular and amylopectin cassava starches. As can be determined from the
figure, the three amylopectm cassava starches have sxgrhﬁcantly more
amylopectin as seen by the peak at a relative log (molecullar weight) of

about 6.83. Further, this is the sole main peak. In contrast, the regular
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4.8 was added to the vial and stirred. If it appeared that some of the

amylose precipitated out of solution, the solution was blriefly boiled until
10 clear. Once the sample had been completely dissolved, '20u1 of pure

1soamylase was added, The vial was incubated in a con;stant temperature

bath for 16 hrs at 38°C. Upon completion, 1 ml of sample was pipetted

into a 2ml vial for chain length distribution evaluation. :The remainder of

the sample was precipitated in SO ml of acetone. The pi-ecipitated material
15  was collected by filtering using a 0.2 micron nylon filter paper and

prepared for GPC.

Ideally, section b should come before a. The structure ¢f the debranched
amylopectin (a) is obtained by taking the overall debraniched starch

20 chromatogram (b), and then integrating only the amylopectin peak

a.The molecular weight distribution of debranched amyiopectin of high
amylose and regular tapioca starches were determined lé.lsing GPC as in
Example 1b. Figure 3'shows the resultant molecular wéight distribution
25 of the debranched amylopectin of cassava starches. Asican be seen, the
amylopectin structure is substantially the same for the different cassava

starches.
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the lack of a (relative) log (molecular weight) peak at about 5.81.

10 Example 3 - Viscosity

a. Viscosity was measured using an RVA Series 4 Rapid:i Visco Analyzer
(Newport Scientific, Néw South Wales, Australia). A slurry containing 5%
starch on a dry weight basis was prepared and heated firom 50°C to 95°C
at a rate of 3.0°C per minute. The sample was then hdid at 95°C for five
15 (3) minutes. Finally, the sample was cooled to 35°C at 6.0°C per minute.
The viscosity measurements were taken at 160 rpm a_nd the results (peak

viscosity) are shown in Table 10 below.

Table 10

Base starch Viscosity (RVA Units)
Cassava 1 600

Cassava 2 1015

ACS 1 ) 1230

ACS 2 1360

ACS 3 1330

20
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b. Viscosity was also measured using a Visco/amylb/graph, Model VA-
1A (C.W. Brabender Instrument Co., Hackensack, NJ, USA 07606). A
slurry of 5% starch on a dry weight basis was prepared and controlled to
pH3 using a citric acid/trisodium citrate buffer solutioﬁ. The total charge
weight of 460 grams was heated from 50°C to 92°C at a rate of 1.5°C per
minute. The slurry was then held at 92°C for 30 minutes. The hot
viscosity was measured while heating the paste in the Visco/amylo/graph
and the resulting viscosity profile is shown in Figure S.EThis figure
confirms that the amylopectin cassava starches have higher peak

viscosities than those of the regular cassava starches.

Example 4 ~ Gelatinization Temperatures
a.Gelatinization températures were measured using differential scanning

calorimetry The starch sample is scanned from 5°C to :ﬂ40°C at a heating
rate of 10°C/min with water: starch ratio of 2:1. Dupli¢ate runs are taken

and the average is reported. The results are shown in Table 11.

Table 11 i
Base Onset | Peak | End |AH(J |
Cassaval 62.6+0. | 69.0+0. | 81.0+0 | 16.05+1. | |
4 3 1 00 '
Cassava2 | 56.7:0. | 63.240. | 72.9%0 | 16.01+0.
1 2 3 43
ACS 1 58.1+0. | 65.740. | 74.5+0 | 17.80+0.
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As shown in Table 11, all three amylopectin cass;éwa starches have a
slightly higher onset gelatinization temperature than tHe Thai regular
cassava starch, slightly lower than the Indonesian regular cassava starch.

5  All three amylopectin cassava starches have a higher gelatinization
enthalpy than the regular cassava starches.
b.Onset gelatinization temperatures were also checked iby Brabender
using the methodology of Example 3b. As can be seen from Figure 5, the
onset gelatinization temperature of the amylopectin cagsava starches is

10 lower than the regular Thai cassava.
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The method of claim 1, wherein the plants fromi which explants are
taken are pretreated with an auxin.

S. The method of.claim 1, wherein the friable cmbll’yogenic callus is
produced from torpedo shaped primary or mature embfryos.

6. The method of claim 5, wherein the embryos ar? induced on
primary éxplants.

7. A protoplast obtainable by the method of claim 1.

8. A method for transforming a protoplast of a caskava or a closely
related species by providing said protoplast with additibnal genetic
information through infection by a bacterium comprisi:hg said additional
genetic information, by electroporation or chemical poriation providing a
vector comprising said additional genetic information dr by particle
bombardment wherein the particles are coated with thé additional genetic
information, wherein a protoplast according to claim 7 |is transformed.

9. A transformed protoplast obtainable by the method of claim 8.
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construct is capable of inhibiting the amylose synthesi{s pathway.
13. A method for regenerating plants from protoplasts, wherein the
protoplast of anyone of claims 7 or 9-12 is induced to ﬁgroduce an embryo,
which embryo is consequently induced to produce a pli;ant.
14, A cassava plant or a closely related species thereof obtainable by
the method of claim 13. ;
15. The plant of claim 14 obtainable from the protof:»last of claim 12,
wherein the tubers contain essenatially no amylose.
16. A method for isolating starch from a tuber of the plant of claim 14
or 15 comprising the steps of: :
- washing the tuber, followed by grating and milling it; .
- separating starch from fibers and juice in a separator;;
- sieving the starch;
- washing the starch; and

- drying the starch.

17. The method of claim 16, wherein the starch is washed in a
hydrocyclone.
18.  The method oficlaim 16, wherein the starch is drried in a vacuum

filter followed by dryirg in a drying tower,

19. A starch obtainable by the method of anyone of ithe claims 16-18.
20. The starch of claim 19 having an amylopectin caiantent of at least 95
wt., based on the (dry:substance) weight of the starch. |

21. The starch of claim 20 having an amylopectin cc}mtent of at least 98

wt.%, based on the (dry substance) weight of the starch.
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