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1. FIELD OF THE INVENTION
The present invention relates generally to plants

genetically engineered to display altered structure or

morphology. The altered structure or morphology can be
15 associated, for example, with greater biomass, yield, or
growth, or larger plants or smaller plants. More
particularly, the present invention relates to transgenic
plants expressing a cell wall modulation transgene or gene
construct that results iﬁ a transgenic plant having altered
20 gtructure or morphology. The cell wall modulation transgene
is a gene encoding a cellulose binding protein, a cellulose
binding domain or a cell wall modifying protein or enzyme.
The invention further relates to transgenic plants having
altered structure or morphology expressing a transgene such
25 as a gene encoding an ende-xyloglucan transferase, xyloglucan
endotransglycosylase, cellulose synthase or a novel isolated
endo-1,4-f~glucanase. The invention also relates to
transgenic plants containing a gene construct encoding a
secretion signal peptide with a cell wall modulation protein
# 30 or polypeptide controlled by a constitutive or tissue
specific promoter. 1In one embodiment, the tissue specific
promoter is a novel elongating tissue specific promoter of
Arabidopsis thaliana, i.e., the cell promoter. The invention
also relates to a novel isolated endoglucanase gene, i.e.,
35 the Arabidopsis thaliana endo-1,4-f~-glucanase gene (cell),

its promoter (cell promoter) and its encoded polypeptide
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el Ongatié’%éﬁﬂugdaﬁ%f&l i I@j:b@aiu& he1 64 9] dPPéhfr&iy 511340 wabirblarpita
and G beaut lant J, 3:1-30; ng
é93 Plant Physiol. 102:1-6; ry, '1988, The Growing Plant

Cell Wall Chemical and Metabolic Analysis, Lonoman Scientific

& Technical, New York; Roberts, 1994, Curr. Opin. Cell Biol.
6:688-694). Several mechanisms for this relaxation have been

15 suggested, including the activities of endo-xyloglucan
transferase (Nishitani and Tominaga, 1992, J. Biol. Chem.
267:21058—21064),.xyloglucan endotransglycosylase (Fry et
al., 1992, Biochem. J. 282:821-828) and expansins (McQueen-
Mason and Cosgrove, 1995, Plant Physiol. 107:87-100). Endo-

20 1,4~-B~glucanase {hereinafter, EGase) has been suggested to
play an important role in the elongation process (Shoseyov
and Dekel-Reichenbach, 1992, Acta Hort. 329:225-227; Verma et
al., 1975, J. Biol. Chem.250:1019-1026).

Substantial evidence for the involvement of a 1,3-1,4-8-

25 glucan-specific enzyme in cell elongatioh was found in
monocotyledons (Hatfield and Nevins, 1987, Plant Physiol.
83:203-207; Hoson and Nevins, 1989, Plant Physiol. 90:1353-
1358 1989; Inouhe and Nevins, 1991, Plant Physiol. 96:426-
431). EGase has been implicated in Xyloglucan degradation

30 during vegetative growth and fruit ripening (Hayashi, 1989,
Ann. Rev. Plant Physiol. 40:139-168; Hayashi et al., 1984,
Plant Physiol. 25:605-610). The activity of this enzyme
could affect the generation of oligosaccharins, signaling
molecules that are involved, among other things, in plant

35 development and cell elongation (see for review, Darvill et
al., 1992, Glycobiology 2:181-198).
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"2 Endogenous regulation of cell elongation appears to be
dominated by cell wall mechanics. This process is a result

15 of the interaction between internal turgor pressure and the
mechanical strength of the cell wall (reviewed by Steer and
Steer, 1989, New Phytol. 111:323-358). Unlike most plant
cells, the growth of'pollen tubes and root hairs is
restricted to the tip zone {reviewed by Cresti and Tiezzi,

20 1992, "Pollen tube emission organization and tip growth,* in
Bexual Plant Reproduction, pp. 89-97, eds. Cresti and Tiezzi,
Springer-Verlag, Berlin). The growing region of pollen tubes
consists of two distinct layers when fully mature. The inner
layer consists mostly of callose-related molecules and the

25 outer layer contains pectin, xyloglucan (XG), cellulose (at
low levels and poor crystallinity) and other polysaccharides
(reviewed by Steer and Steer, 1989, New Phytol. 111:323-358).
¢ Xyloglucans (XGs) are linear chains of $8-(1-4)-D-glucan,
but unlike cellulose, they possess numerous xylosyl units
. 30 added at regular sites to the 0-6 position of the glucosyl
units of the chain (reviewed by Carpita and Gibeaut, 1993,
Plant J. 3:1-30). XG can be extracted by alkaline treatment
and then bound again in vitro to cellulose (Hayashi et al.,
- 1994, Plant Cell Physiol. 35:1199-1205).
35 XG is bound to cellulose microfibrils in the cell walls
of all dicotyledons and some monocotyledons (reviewed by
Roberts, 1994, Curr. Opin. Cell Biol. 6:688-694). The XG
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The effect of XG on growing tissues has been extensively
investigated. XG oligosaccharides, produced by partial
digestion with f-(1-4)-D~glucanase and referred to as
Woligosaccharins®", alter plant-cell gréwth (reviewed by
20 Aldington and Fry, 1993, Advances in Botanical Research 19:1-
101). One such oligosaccharin, XXFG (XG9), antagonizes the
growth promotion induced in pea stem segments by the auxin
2,4-D at a concentration of about 1 nM (York et al., 1984,
Plant Physiol. 75:295-297; McDougall and Fry, 1988, Planta
25 175:412-416). On the other hand, at high concentrations
(e.g,., 100 pM) oligosaccharins promote the elongation of
etiolated pea stem segments (McDougall and Fry, 1990, Plant
Physiol. 93:1042-1048). The mode of action of
oligosaccharins is still unknown.
30 Another type of cell wall-loosening protein, termed
"expansin", was isolated by McQueen-Mason et al. (1992, The
Plant Cell 4:1425-1433). Expansin does not exhibit
hydrolytic activity with any of the cell-wall components. It
binds at the interface between cellulose microfibrils and -
35 matrix polysaccharides in the cell wall, and is suggested to
induce cell wall expansion by reversibly disrupting K
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mol ecul e an®NRRSING, PRAYPEYiEati@Nyg| These|
However , I\/b@a@@;aWha!ﬂ-ldb ehaifdOfime@iateny 1&9&&7{:&1&) extruRdewnd frbat XET
activity'fu(¥ﬂgﬁ ce rel%%%e&nége%2n¥iﬁéohg§%al assembly of microfibrils
and cell walls (Haigler, 1991, "Relationship between
polymerization and crystallization in microfibril

biogenesis," in Biosynthesis and Biodegradation of Cellulosge,

pp. 99-124, Haigler and Weimer eds., Marcel Dekker, Inc., New

15 York). Haigler discusses dyes and fluorescent brightening
agents that bind to cellulose alter cellulose microfibril
assembly in vivo. Modifications in cell shape were observed
when red alga (Waaland and Waaland, 1975, Planta 126:127-138)
and root tips (Hughes and McCully, 1975, Stain Technology

20 50:319~329) were grown in the presence of dyes. It is now
evident that these molecules can bind to the cellulose chains
immediately upon their extrusion from the cell surface of
prokaryotes and eukaryotes (Haigler and Brown, 1979 Science
210:903-906; Benziman et al., 1980, Proc. Natl. Acad. Sci.

25 USA 77:6678-6682; Haigler et al., 1980, Science 210:903-906;
Brown et al., 1982, Science 218:1141-1142) and prevent
crystal-structure formation (Haigler and Chanzy, 1988, J.

t Ultrastruct. Mol. Struct. Res. 98:299-311). In addition, the

rate of cellulose polymerization was shown to increase in the

30 presence of dye (Benziman et al., 1980). Crystallization was
proposed to be the bottleneck in this coupled reaction and

- its prevention to result in accelerated cellulose synthase

activity.

35



15 wall extension in cucunber hypocotyls. The effect of XG on
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cel I ul ose n1croT@bdat%.am@r35thanrPnepbuvgﬁééhanﬂdtwehhytneldaﬂbsnalI and
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PCT/ | L98/ o@egkgnated I-X (Tomme et al., 1995, “Cellulose-Blndlng
Domains: Classification and Properties", in ACS Symposium

Series 618 Enzymatic Degradation and Insoluble Carbohydrates,

pp. 142-161, Saddler and Penner eds., American Chemical

15 Society, Washington, D.C.) (incorporated herein by
reference). Most of the CBDs have been identified from
cellulases and xXylanases, but some are from other
polysaccharides or from non-catalytic proteins. The CBDs
identified thus far are from fungi, bacteria and slime molds.

20 The ten families of CBDs are as follows: family I CBDs
are all from fungal B-1,4-glycanases; family'II CBDs are
found in bacterial hydrolases; family III CBDs are found in
f-1,4~-glucanases; family IV CBDs primarily have two conserved
cysteine residues; family V is represented by a CBD from

25 Erwinia chysanthemi; family VI CBDs are primarily from
xylanases and nearly all located at the
C-terminal end of the protein; family VII is represented by
the CBD of Clostridium thermocellum; family VIII is
represented by the CBD of Dictyostelium discoidum; family IX

30 CBDs are all known to be present as tandem repeats a£ the
C-terminal end of thermostable xylanases; and family X is
represented by xylanase E from Pseudomonas florescens spp.
cellulosa. For a detailed description of the CBD families
and individual members useful in the present invention, see

35 Table IT of Tomme et al. which is incorporated herein by

reference.
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noncoval ent bonds within this polyneric network (MQueen- Mason and
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xylinummecrofibri] crystalljzatjon, thereby enhanci ng pol yneri zati on.
These nol ecul es b#%ﬁs?%°Yh%né Dot | Y20 h E5o%e yﬁ&#nsAFﬁﬁedgﬁﬂeIVSAfter
their extrusB®n2i9»A2195) hisakbdted w fadeuepiceianlosg-bohdihgapsetbiy of

' fibril d | | i al " ti '
ol yorer i zat § SPRAR ‘£EGh i S I Sconbitin of°LAL, BATThDorREIER]
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when red al gaf (¥apsearh il JdhAarske . 1975, Planta 126:127-138) and root
ti ps (Hughes and $§%u| (4 1975, Stain Te hnologﬁQZO 50: 319-329) were grown
0 .

in the presence 19en% HasvPeens Ftepge t SEARERCRY| £Eheeayeurehi nd
to the cel | uhdsp 982 nsProc. Nedi.ateiad.uged .t USAr sexs485+-9887) oM tdEngel |

surface o r ryaot Hai gl er .and Brown 979 Sci ence
210: 903-9 8;P%‘grgiu{?r&hé{npéeteﬁaﬁmn%ug%ey%r"‘g@?‘&ﬂﬁf"%lﬁ@éﬂg %e aihg in,

77: 6678- 6682thiai gpecibic ABD iEOSRsiSnatrde " 2BA"DOSEICBPA, tiRs ovattsdr al .,
1982, Scien ; 2 r t 1 - t rpamtion
(ot gl or - andv s paccdssaifel) Ay THTH! an oVXBiBraci B Vagele  tind

98: 299- 311) . eRFPIRM | eYFPradiction afethe approkimetely yherkBatdhd isms shown

to increase igchdei HidIRSENCE Toe ¥ecnBEAZhEBELE! chibitdBPdry strong

Crystalllzatlgp.\/\aéy pr %? ed tg _be the bottleneck in this coup pdi

reaction ARdRTTiR} ptrcé\ﬁfﬁt' S0 (PeSul Pafn NecePef 28 WP tel Fel S iy mthase

activity. al., 1993, J. Bacteriol. 175:5762-5768; PCT International
Publication WO 94/24158, all are incorporated by reference as
if fully set forth herein).

In recent years, several CBDs have been” isolated from
20 different sources. Most of these have been isolated from
proteins that have separate catalytic, i.e., cellulase and
cellulose binding domains, and only two have been isolated
from proteins that have no apparent hydrolytic activity but
possess cellulose-binding activity (Goldstein et al., 1993,
25 J. Bacteriol. 175:5762-5768; Morag et al., 1995, Appl.
Environ. Microbiol. 61-1980-1986).

! 2.3. CLOSTRIDIUM CELLULOVORANS CBD EFFECTS
ON_SEEDLING AND POLLEN TUBE ELONGATION

The exogenous application of the c¢cbd of Clostridium
cellulovorans has been shown to modulate the elongation. of
pollen tubes and seedlings grown in culture. See PCT
International Publication WO 94/24158 at pages 73-77.

The cbd of C. cellulovorans promoted pollen tube
growth of peach pollen grains grown in ligquid culture.
Pollen grains exposed to 50 ug/ml of cbd produced pollen

30
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PCT/ | L98/ OW®8/07830 2.2. CELLULCSE BI NDI NG PROTEI NSPaXRLOXAEINS =
Many cel | ul ases and hem cel | ul ases (e.g., xylanases and mannases) have
the ability to associate with their substrates. These enzynes typically

have a catghibsCa HREBE ntéleengﬁkal B bBQléﬁt b¥8 it %rteaﬁ:eautbgfthaﬁo%u .
hydrol ysis and a rate-bindin omain or | ul ose-bi ndi ng domai n

(herein geﬁ%FEFI?lﬁg§+@nég§ﬁ)"QBDﬁ? Pﬁ?mﬁrndlng the insoluble ~cellulosic
or hemicel |l ul osic nmegeédeSof Arabiddpsiat ehalikfat GarminatBandnhed and

a1 o tebifiad WebeX [F,HRE Brogpnce: bast - caiftiaverapRarhg . -

Donains;5Crespoﬁdedidbﬁfendnﬁlyptothegh versAESlsynpeoacentratdibnes oFl8 .
and’ Ponner SB45 gl calebBERE ENE ERBBMRATUED. po/ly SFfmpRlaTIY! O
(|ncorporareduhedethebVOOtrbﬁegbhee)LOWbQPnGﬁntﬁét¢BD§ pfvebBedn xdawrified-
from  celtyl gsgs;gnduyyhifapesnote 2Rt dn ¥F UeChroots whereas
treatment with BSA had no effect. The effect on shoot length
10 revealed a similar trend, but the differences between the
treatments were not as dramatic as for the roots, and were
not statistically different.
Cell walls of pollen tubes have been shown to
contain exposed cellulose fibrils in the tip zone (reviewed
15 by Steer and Steer, 1989, New Phytol. 111:323-358). Pollen
tube elongation is known to be apical (reviewed by Cresti and
Tiezzi, 1992, "pollen tube emission, organization and tip
growth®, in Sexual Plant Reproduction, pp. 89-97, Cresti and
Tiezzi eds., Springer-Verlag, Berlin). Gold~immunolabelling
20 of cbd in pollen tubes revealed that cbd was present
primarily at the tip zone. Moreover, the lack of calcofluor
staining in the tip zone of cbd-treated pollen tubes
indicated the absence of a crystalline structure. See PCT
International Publication WO 94/24158.
25 It has already been established that XG chains cross-
link the cellulosic network in the cell wall (reviewed by
Roberts, 1994, Curr. Opin. Cell Biol. 6:688-694). It is
accepted that a prerequisite for cell elongation is a
loosening of the cross-linked cellulose network, by either
30 hydrolysis as demonstrated by Inouhe and Nevins (1991, Plant
Physiol. 96:426-431), transglycosylation (Fry et al., 1992,
Biochem. J. 282:821-828; Nishitani and Tominaga, 1992, J.
Biol. Chem. 267:21058-21064), or expansins that interact with
the XG-cellulose bond (McQueen-Mason et al., 1992, The Plant T
35 Cell 4:1425-1433). By in vitro competition assays it was
shown that cbd competes with XG for binding to cellulose. T
Maximum cbd binding to cellulose is achieved after 1 hour

-8 -



pol ysaccharides or fromnon-catalytic proteins. The CBDs i dentified thus

far -are fromfungi, bacteria and slinme nolds. 20 The ten famlies of
CBDs are as fwbdsmms3zo famly | CBDs are all from fungal PCT/ILI8/00345
B-1,.4-gl ycanases; famly Il CBDs are found in bacteri al é?b ases;
fanrly 1l CBDs are found in [err]-1,4- glucanases fanily | V CBDs

primarily hay, conserve cystei resid famly V.is represented
by a CBD frorf Eﬁgwé}‘ﬁj‘-ﬂ. Sa’r&%%'m'f ;}?ﬂﬁq i CBB? 2’ &2557/8icly from

xyl anases andonpares abIXGohxdehgutdfuelluxaseemmamahseaéhaévbheoﬁ&9t?ln I
famly VI i res f o] | am |y
Vil is reﬁgﬁzggeﬁtggﬁgy(% S&{)haeti %Dc?lyggg' ?‘13%%?@‘35 18t 5 r#ITy I X 30
CBDs are all 3RfAdwn Ib be pnearstedithathdeivniogeihe eflongetionCprecessal end
of ther stfsaEbglﬁxbaéaﬁféroﬂlSHPéﬂﬂéeoﬁé %xggs(egpaﬂae bﬂd P}ﬁaéghénaigpl on

from Pseudonpnas f] prescens spp et al escri
of the CBD f#ffi PReBLNAing e s iaxpasack fasdidsloser micrafiheipe esEht is

i nvention, seheBBfdndlPoddiwie THETE talisAlconpaitsRibs rBEQRRSS %e herei n by
ref erence. WO 99/ 07830

PCT/ | L98/ 00348mPporary loosgning of the G&ly I’Qég apfoconggapeniid®d. Sci. USA
87:2192- 2195gnhanted eellengattipre, cel | ul ose-bi nding protein

10 The inhibitory effect of cbd on root elongation can be
explained by steric hindrance of the cellulose fibrils by
excess amounts of cbd, which block access for enzymes or
other proteins that modulate cell elongation via loosening,
of the rigid cellulose-fibril network. This hypothesis is

15 supported by Nevins, who prevented auxin-induced elongation
with anti-g-D-glucan antibodies (Hoson and Nevins, 1989,
Plant Physiol. 90:1353-1358) or with antibodies specific to
cell wall glucanases (Inouhe and Nev1ns, 1991, Plant Physiol.
96:426-431).

20 The cbd of the CbpA protein of C¢. cellulovorans is a
bacterial protein. Its mode of action in modulating cell
wall elongation may be different from that of the natural
process.

25 3. SUMMARY QF THE INVENTION
The present invention provides the production of
transgenic plants which express a recombinant nucleic acid or

transgene, a recombinant nucleic acid construct or transgene
construct of a plant cell wall modulation protein or

30 polypeptide so that the resulting plants have altered
structure or morphology. The present invention particularly
provides for altered structure or morphology by expressing a
plant cell wall modulation protein or polypeptide such as,
but not limited to, a cellulose binding protein, a cellulose

35 binding domain or a cell wall modifying enzyme. 1In a
particularly preferred embodiment, the cell wall modulation
protein is a cellulose binding domain (CBD).

-9 -



(CbpA) fromthe cellulase "conplex" of the cellulolytic bacteri um

Cl ostri di umoo8l¥8I ovor ans. This maj or subunit of 5 the cel POTAEBAOMP| ex =
was found to bind to cellul ose, but had no hydrolytic activity, and was
essential for the degradation of crystalline cellul ose. The cbhpA

ene has been c c OMe€ 9 Natl. =~
Soad. oui oA hREEEa RN 28 BAG-EAROITARRK L Phne pPpsept ThvaRti6n,

cel | ul ose- aFhiievigngokee rﬂ?‘ﬁé?ﬁ@n?lantt ﬁﬁsaég%eqﬂ. §t€BBtP§age9ngapédecbd") .
of CbpA thgnl eht&il exﬁ@és§ﬂsﬁeé§falbxaﬁtoaeﬂllﬁaglaﬂoaﬁ§5€18ﬁgg§b€§1

vector that a ver production, of t r QXi
Escherlchlgch?Ptlg% ﬁaﬁ?gﬁgﬁté?ﬂ|3§t§ BF§ag$FoR ogpgtersindty to
cel l ul osg éheSnodatof leé diiboddienty| théeprombter mhy, bé983p 1dnt y

Bacteriol._175: lLntern Publicatio 4/ 24158, aI
are |ncorpBF3F3€e5yt$%$e$%n %Sggé $§/$u|%eV§%?P?8P%ﬁ hﬁ%@FﬁYSPe°1flc° I'n
recent yeaSu;tabwerptomﬁtsraaiBCbeéa Suohaasd anoeléfgdtihgr thssaeur ces.

Most of th lptegd fr th h rate
catal ytic, §§SCB€¥8é$f %%Pa P?% o@fB% §§% goﬁa?ﬁglééﬁg only two
have been $¥othasel Pr¢m@h¢§r6$§$hs @ﬁ@ttthBAﬂbT§§parempthydfnbyt|c

acti vi tyobﬁétateosSfﬁsaﬁeéiekéﬁﬁstbvadmaseasfIuﬁg éﬁﬁb&?{n@h{? etpal - 1993,
25 J. Bacteriol. 175:5762-5768; , Mrag _et al ERPEEEEnVIron

M cr obi ol . PEImeEEH- H%S‘B?nsut“tl"e and agtive CPG)SEFHU’ SBWFERANS CBD
EFFECTS  substantially aldh&EEEL| &etid® PﬁéEnByELBE(EL?\lﬁA{EhQ\' 30 The
exogenous a # tion of the cbd of EJ % vQrans has been
shown to nﬁ%ﬁ éf Yﬁﬁ'ﬂﬁ%ﬁbﬁthﬁuﬁf( a%§|$% t Bh2BOLRH SeeHPVﬁ§§rgr6Rﬁ in
cul ture. SeemPiflatidmtef natowoberPubhd caecombiMant/ Addéb8iat apages 73-77.
Tne. Chdy Bl o Ehy \LOYP PP PASHRI £U5BR' bEOLLIRE éédgf,eﬁ,geghaeach pol en

grains grown in
also useful accordlng to the invention.

" . [
. e

Also according to the invention, the cell wall
modulation recombinant nucleic acid or transgene may be
secreted from the expressing plant cells which is achieved by

20 having the cell wall modulation protein or polypeptide fused
to any suitable secretion signal peptide.

The invention further provides seeds of transgenic
plants wherein the seed has a plant cell wall modulation
recombinant nucleic acid, transgene, recombinant nucleic acid

25 construct or transgene construct. The invention also
encompasses progeny, clones, cell lines or cells of
transgenic plants having a plant cell wall modulation
recombinant nucleic acid, transgene, recombinant nucleic acid
construct or transgene construct.

30 According to further features of the invention, a novel
endo-8-1,4~glucanase (EGase) gene (cell) and protein (Cell)
from Arabidopsis thaliana is provided. Also provided is an
elongating tissue specific pfomoter (cell promoter) of the A.

thaliana EGase gene or functional fragment thereof.

35 According to still further features of the present
invention, isolated nucleic acid molecules encoding proteins
or polypeptides having the amino acid sequence of the

- 10 -



Pol | en grains exposed to 50 ug/m of cbd produced pollen

WO 99/ 07830 PCT/ | L98/ 00345

t ubes al rmstmtcyg )’6@88§I ze of pollen grains treated with bovinep, fi £45108545
|

-7-

al bumi n (BSA) at

gergm nated i
responded di

ug/ m . Seeds of Arabi dopsis tha ana
n distilled water in the presence of C. cellulovorans chd
fferently to high versus | ow concentrations of cbd. High

5

concent r at i oAsabidepsiig lcabD of)/SHQ I Ntd oxl vprianggusberené avet | ength.

Ldw concentr

el ongation o

?%ﬁﬂ&e&f oy far i lan its%l%tédlﬂh%&'éhcu%tih) 1%1818891 d

roots whereas treatnent W no efftect

ef fect on shBBYlﬂﬁﬁﬁkﬁl%EH?%R@%ﬂQﬁjﬁﬁgnﬁﬂIngkztﬁén&roﬂaﬁe@he dlfferences

bét ween t he
not :stati stl
beeh shownSt
15 by Steer
el ongation i

"Pol |l en tube em s

t r efth "BSé Fathéd enutfle ids Hidmiolecad ef @bm?h@sfiﬁgt Ehe 3gEndRi €
c% 3 dlfferent t ubes have

gio
andl&btide S@ffendewPIBRMIID Nbt93238- 838p. pPokiidad. tube

® Kok it 3 Bl i Shaied. PLLESE! (e Jigd7hy, 199

ani zati’on "an exual ant

Reproduct|onsppplf8©-@mb0¢}m§nﬁséuﬁiPOImnﬁpﬁldedythSpnhngudeabanagmlno

Berlin). Col gzt SUOplRed |t &dbdiia il o 2RabliBBpkYRCErREYSRL Ce] Al chd

was present
1o

15

20

25

30

35

gene, as well as allelic and species variants, and functional
naturally occurring and man-made variants thereof are
provided. The present invention also provides derivatives or
analogs of the Arabidopsis Cell polypeptide.

Further, the present invention provides for nucleotide
vectors containing the above nucieotide sequences and host
cells containing the recombinant nucleic acid vectors.

According to still further features, a polypeptide
comprising the amino acid segquence of the Arabidopsis endo-
1,4~B~-glucanase {(cell) dene, allelic and species variants,
and naturally occurring and man-made functional variants,
derivatives and analogs thereof are provided. In addition,
the proteins having endo-1,4-B-glucanase activity or the
ability to bind cellulose or hemicellulose may have a non-
naturally occurring amino acid sequence. A nucleic acid
sequence encoding the latter may be derived from a random
display library, using, for example, cellulose as a screening
agent.

The present invention further relates to recombinant
nucleic acid vectors comprising a first nucleic acid sequence
encoding a secretion signal peptide and second nucleic acid
sequence encoding a cell wall modulation protein or
polypeptide. In more specific embodiments, the cell wall
modulation proteins or polypeptides are selected from
cellulose binding proteins, cellulose binding domains and
cell wall modifying enzymes.

The invention is based in part, on a number of
unanticipated surprising discoveries. One is the discovery

Pt SFhe ATRJLAPRSS lﬁ'@é’e?fe'lbrel é‘“f”ﬁnfaﬁ& EPBezBﬁiél’(‘geW%V\ed



primarily at the tip zone. Mreover, the |ack of cal cofl uor staining in
the tip zORIW8¥pd-treated pollen t ubes i ndi cat ed t he alFcIM®s8/06348 :
crystalline structure. See PCT I nternational Publication WO 94/24158. 25
It has already been established that XG chai ns cross- link the

Goi . Col TP PBreaifdcy e pifohe (BENATHG pP¥rain SRTe: Saatalbmeror cel |

el ongat i opinding dom%kﬁeiﬁﬁﬁﬁcﬁnthkan$@esltlnkedtseréahmts pat wor k, by
h 3 1,
o Lher SOduialyss HRIEERIvIAG! £k byod NoLPaC PR MuERSNOISSY, PhATt |

Physiol . 96:42 %ﬁltransglyco lation (Fry
282: 821- s¥EheN i thg L ipding itha éaexn%%mlag theBAmblmms thaliana

267: 2105 CrdE6r,) 4 - g RXE@EEd Si h&ahﬁ@éﬁﬂ@tﬁ:mﬁ‘ﬂ gaera%ngggl %oilet Pgnd Vo

(McQueen he_Pl 3 1425- 1433
conpet it .%ﬁa‘ﬁéﬂ;&‘”ﬂq véﬁ efe‘ir%%“?ﬂ%’fé‘f%’&m\% - wi Theses ﬁaﬁdbnﬁal ng to,
cel | ul osecogethdaxiindiazice bk r@cpms@imgllmseells wall ewegupdt £6nl hour .

boT | Lgslmﬁa&eg%?%ﬁuﬁes 5§ 1n Rlants haying; altered. 5767.5768),

conpar ed sizruqttmmmmgnqnm@q'quose that is achieved only after 4 hour
(Hayasfy et alrt 498%n %l@j‘écﬂ:m/is'iﬂ{e :Fl%fé?l%lon tg’sg%?r%és'é s::g&gsted that,

during the el ongation process, ose m cr of xb%s%d and
cbd commﬁ%éPﬁHqQ¥c plant to alter plant morphology, e.g. to stimulate

or inhibit growth. 1In one embodiment, it is an object of the
invention to express any CBD, under the control of the cell
promoter, with the cell signal peptide to target the CBD to

15 the cell wall thus resulting in tissue specific growth
modulation.

The invention has utility in producing plants with
altered structure or morphology. Such altered structure or
morphology proQides plants that have an improved rate of

20 growth, a greater or less biomass, plants more or less
resistant to biodegradation, plants more or less digestible
to ruminant animals, plants with modified fibers, or plants
with altered cellulose content.

The cell gene of the invention has utility as a

25 transgene encoding cell wall modulation protein or
polypeptide in a transgenic plant to alter the structure or
morphology. The cell promoter of the present invention may
be utilized as an elongating tissue specific plant promoter
to express any protein, polypeptide or peptide of interest in

30 a tissue specific manner in a transgenic plant. The
Arabidopsis thaliana Cell protein of the invention can be
used in any biochemical applications. The Cell secretion
peptide of the invention may be utilized to facilitate the
cellular secretion of any protein, polypeptide or peptide of

35 interest.



XG on binding to the exposed cellulose mcrofibril. It is t herefore
possi ble that this conpetition results in a tenporary | oosening of the
cell wall anwocsmssguent |y enhanced el ongation. 10 Thecirdshias &' Y
effect of cbd on root elongation can be expl ai ned by steric hindrance of
the®*cellulose fibrils by excess anmounts of cbd, which block access for
enzynes or other proteins that- ﬁnduEﬁEE;éﬂﬁgﬂélongation vi a | ooseni ng,

of the rigid ceI,thléI Sl I..erltl,_,_ragt MctﬁpésopW'ocgl}-sa@morted by
Nevi ns, who prevented auxin-induced ation with anti-[err]-D-glucan

anti bodi es hesesion r&f&rﬁeﬁpn§nylyégr°sc° SnP* PR QFFCORKE 1983530} or with

anti bodi es sﬁ%@tﬂdﬂé b2 morﬁﬁbllog@l bf gh UEPaASEenid MdeL aﬂféri\lewmpi‘a,re’kg91
Pl ant Physio

chd. of the
cel ful ovdr &% 3 ?ré’gem%&'ft Ei%ﬁf: 8V8Févﬁgeﬁlt‘§n$?%ﬁ t‘b %qfl sl r‘?’%r%robd?ﬁr ‘ati ng
cel mahmgehamg&bﬁostnaytbeedorfmoeph01@gwn¢ananﬁaaSkaﬁnQﬁ&ﬂfor

process. RY, tHIE o NMENT Iyl
present i n\?éﬁ?fnlpo vith alteﬁeﬁ g%? Jl ants \Eim ch

'provi des roduct i on trans en|c o ants
express a m@@aﬁﬁanﬁnttﬁubﬂ@ﬁ99§éﬂﬂtb?n: me¥ ey krss digastiifarke nucl eic

aci d const %Qﬁnl%m“:%anﬁgﬁaﬁed cépnﬁléyétc@xﬁt&xtpj Glrﬁrq‘éiﬂ Ile@idsmuitﬂaat i on
protein or 30 polypeptid

that the r ul ti hav er ed

struct urld @NPWGP§H5§OQ§ s?ﬁglﬁre gRYeTh ???JF#A%%#kﬁiﬁmﬂ EbrOV|des f or
al tered strppeauceion ERAPLE! 6gNtENt £xPpo@ssied fibersyl anime el bA@Iolmz.ng,
Z‘QFFLF‘LLZ”MT RgmRoel Ko 8 befTrestodte pamh, e, Bietesli | "

nodi fyi ng enzyneThentarms pgrbteuh&;lypgﬂxﬁeptxﬂ£Wﬂdnﬂnﬁpannldﬂﬁaana | wal |
modul ation, PRt elBrbigBabel! thASoRbRE! Ot AHBRY ¥ (R Don and claims.

15 These terms also encompass glycosylated proteins, i.e.,
glycoproteins.

The term "cell wall modulation' as used herein refers to
any alferation from a normal growth pattern of a plant.
Therefore, according to thé present invention, transgenic

20 expression of a cell wall modulation protein or polypeptide
results in altered plant structure or morphology.

The term "cellulose binding protein" refers to any
protein, polypeptide or peptide including a glycoprotein,
which specifically binds to cellulose or hemicellulose. The

25 cellulose binding protein may or may not have cellulose or
cellulolytic activity. The term "cellulose binding domain"
(CBD) refers to any protein, polypeptide or peptide,
e including a glycoprotein, which is a region or portion of a
larger protein, said region or portion which binds
30 specifically to cellulose or hemicellulose. The cellulose
binding domain (CBD) may be a part or portion of a cellulase,
xylanse or other polysaccharidase, e.g. a chitinase, etc., a
sugar binding protein such as maltose binding protein, etc.,
or a non-catalytic polysaccharide binding protein.
35 To date, more than one hundred and twenty cellulose-
binding domains (CBDs} have been classified into at least
thirteen families designated I-XIII (Tomme et al., 1995,
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-9- WD 99/ 07830 PCT/IL98/00345
Accor di ng WO %MA®B3enbodi nent of the present invention, ac RCEQLIPOB45e
desired plant of altered structural norphol ogy can entail expression of

a plant cgll lmdserrrmmt 'DIWDLre c1a§§1f)fn9$tﬁ8nu£'ﬂ8r %Q ei‘eegakat'on of

a suitable pronDter one nqge.of thls enbodlnent e pronDte nay be
a plant iy A aYE 1 ALY ¢ Degrads 3

Sui tabl e ﬂ{-_ﬂmnﬂres ammm APP amaiemm |$@da1és ugnd p&ﬁﬁérf ic
pr onot er cel t pr ter

and t he m’l e%?@?#afo é}? %%; a%‘ﬁlﬁ? %’?hZI?Tee E’“ﬁf‘(3 Ehi s
enbodi rerdl. t 1995 ,piagiwt étidmh:-orﬁtysml-veB'lmtl, aZmant et all,plogs,tissues,. *
substant igldy, 410 eaded . [0df g9hlsodadha,) ¢ ﬁcogg&a%&%rgyﬁa' c

“virus (Ca pronot er wever, any _ conpination ronoters

r econbi ndt l?ﬁf@rén&eécl d8nys of dde PR | desairibe dim aT‘Pmep@bt@nYis and .
pol ypept @S drits thtlredfys ey m@ﬁaémm&nmr@w or any new! SO )

according to the invention, wal | nodu aI| reco nmbi nant nucl ei ¢
e o ek b e o idaiiEled SR e Che FPEETEREl | s whi oh
i s achievarrdntidh. ha\mmgddiﬂ:mil tind Icamdul;ath@rsepre&teedl ProROh YpRage de
f used | e ﬂﬂﬂ The i nvention
further ;ﬂt"ffa‘l&és%% Tosf %’ %ﬂglgdrhn(?:l p anﬂf% rannc}% ®ed has a pl ant
cell wal Iotz_tmtmma,omsmgr eedribilage and sierenihg tagantjene(Seecsmbthant
nucl ei ¢ aggh, science 228:1315-1317 and Lam, 1991, Nature 354:82-84).
Further, the CBD may be derived by mutation of a portion of a

15 protein, polypeptide or peptide, including a glycoprotein,
which binds to a polysaccharide other than cellulose (or
hemicellulose), such as a chitinase, which specifically binds
chitin, or a sugar-binding protein such as maltose binding
protein, rendering said portion capable of binding to

20 cellulose. In any event, the CBD binds celluiose or

" hemicéllulose.
4. BRIEF DESCRIPTTION OF THE DRAWINGS

FIG. 1 shows PCR products resolved on an agarose gel.
Lane A: PCR products. The 260 bp fragment was used for

25 further characterization. M: ladder DNA size marker of x 123
base pairs (bp) (Gibco BRL).

FIG. 2 is a schematic depiction of the Arabidopsis
thaliana cell genomic gene (SEQ ID NO:9) showing its DNa
structure and restriction map. EcoRI - RI, EcoRV - R, Ncol -

30 N, SaIl - S, Sphl - Sp, XhoI - X. The transcribed region is
boxed. Exons - striped boxes. Introns - open boxes. 5' and

" 3' untranslated regions - shaded boxes. The three lines
below the map indicate subclones used for ExolIIl deletions.
Numbers refer to nucleotides in SEQ ID NO:9. The extent of

35 the 5' and 3' untranslated regions was not determined and is

therefore indicated with question mark.
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25 construct or transgene construct. The invention al so enconpasses
progeny, clones, cell lines or cells of transgeni ¢ plants having a pl ant
cell wall nodwb edo7830 reconbi nant nucl ei ¢ acid, transgene, pcaaps®Hbg3ant
nucleic acid construct or transgene construct. 30 According to
further features of the invention, a novel endo-[err]-1, 4-gl ucanase
(EGase) gene (cell) and protein (Cell). fronlArabidoisis thaliana is

provided. Al so priotfdet $Reus PCR ampldLicationsghieaspitiriengthpeeerseel |
pronot er) ofttéwsdribed thaltlaid drGagselgeebNar (huoltébbbabsf 1ageey shereof .
35 Accor gi to,still, fusth e I f ot resen | NV, i on,

i sol at ed nucﬁ%{% ’aci%al}réolAe’cu hgs%gryféo%%%gﬁ%?%f ei #%ng ﬁbrcéBFﬁﬁi—:"ptﬁg%s havi ng
t he ami no acreaseipremrfufrndde on total mRNA which has not been - 10 -

WO 99/ 0783§ %zé ?reoz:%te& 611"':8 .verse transcriptﬁse. qul ! kgﬁﬁofg’éée z, GDNI} n

Ar abi dopsi € ) 4 or varliants thereof are provi
particul ar, @hz¢swaken (Rid1c0 BRIdi-d nol ecule  having the sequence of SEQ
ID NGO 2 is providefs., 4 preseiftd a0 abedmaiCheignAshe §B! €5 feBQE@ i Si NY

the genomc 5, clone of the Arabidopsis endo-1,4-[err]-glucanase gene
havi ng t he am*RRﬂ%qu(ﬁ?Q§§ﬂﬁ§ﬁC@nGPdgéQEVDAhKaniéa%%s%ﬁb¥oGFQRxLamlno

Accor di ng t cagidé |2449d,hES aat woes 3ewadph)f i afd bavocaspeséi c(wobast ment s,
a polypepibdgmggg(ghi éﬂéﬂ¥3§,a%E%”&BONo:8). Aligned cysteine residues
are underlined. The potential glycosylation site (Asn-X-~
Ser/Thr) in Cell is boxed. The glycosyl hydrolase motif is
both under- and abovelined.
FIG. 5 presents a Kyte-Doolittle hydropathy analysis of
15 the A. thaliana Cell protein (top), as compared to the
avocado EGase {(Cell, bottom).
FIG. 6 presents a northern blot analysis of cell.
Lane 1: fully expanded leaf; Lane 2: the basal internode of
the flowering stem; Lane 3: elongating zone in the flowering
20 stem of a normal plant; Lane 4: elongating zone in the
flowering stem of a dwarf plant (treated with uniconazole).
The bottom lanes represent rRNA as internal standards.
FIGS. 7A-C present histological glucuronidase (GUS)
staining of transgenic tobacco transformed with the cell
25 promoter region (nucleotides 5-1618, SEQ ID NO:1l) fused to
the gus reporter gene. FIG. 7A. The arrows are pointed to
the blue stained elongating zones at the shoot and the root.
FIG. 7B. enlarged shoot apex. FIG. 7C. enlarged root tip.
FIG. 8 shows the nucleic acid sequence of the
30 A. thaliana promoter region of cell (nucleotides 1~ 1770, SEQ
ID NO: 1). The conserved promoter motifs TATA, CAT (x 2) and
GC, and the translation initiator AUG codon are underlined.
FIG. 9 shows PCR amplification of genomic DNA of
transgenic plants. The 500 bp band is indicative of the
35 presence of a cbd transgene. Lanes 1 and 2: p35SCl.1 and
p3558C1.2 transgenic plant clones. Lanes 3 and 4: pCCi.1 and
pCCl.2 transgenic plant clones. Lanes 5 and 6: pBI10l1.1 and

- 15 -



aci d sequence corresponding to Arabidopsis thaliana cell 10 gene, as well

as al |l el i ovanglorspeci es var.i ants, and functi onal nat ur al | PCOALASA0845g and*
man- nade variants thereof are provi ded. The present invention al so
provi des derivatives or anal ogs of the Arabidopsis Cell polypeptide.

Further, the e I_nvent. on jprqvi des for cl eqjjde 15 vectors,
cont ai ni n& BtIrJr% % &5%@ QHG & sg-i:]uéej]gc & an eo} nocré%%arb%?ﬁ%’r‘ﬁl ng the
reconbi naptlamic| eil@reciss \pmamnsre contro}AcccplﬁStgl tONZs: | IN: flurkiher

features, YRRRL | g,]qggq_: f%]?m no aci d sequence of the
Ar abi dop5| %deﬁ(n@ 0- sﬁllezf Igl ucanase (ce ene, allelic and species

variants, 20 afdGati® zﬁh%wsoc(clm mega e thr?eﬁﬁfo#m Qfrrevesse e
derivat ig ngrafi{%ﬁfbﬂd)%ﬁﬁeﬂﬁﬂfpcﬁi)e ﬁﬁ/irfkﬂij fdh adeind pidisegroteins
havi ng en B- gl ucanase act ty, or t abilit b| nd cel lul ose or
hem cel | ulTh&e 589 nd dsh-indiqafiye 9 Lﬁ’ﬂ?‘??gg%’rﬂrhc? @ FRRquence. A

gucl Fl c ?ng%r;gije&@ueum}eauqocbdﬁﬁm Iclailirttlﬂfolr&y ﬂzfssm e, frméa sandom
i splay |ibrary., in or_ exa cel l ul ose .as eeni ent .

The. pr eseMEdARINA GHITRSL M SR Vo adon e Lol iRB L 1
vectors camamsz;etgca gliardt glaries) ¢ Iaa;neis Seqrehce 3B 5l ngsmalsbcret [ on

si gnal _pe S jﬁg& |

nodul at]ﬁ) %’ pr% In )osa%%q’ ]gpé[:I gé% n Bror e 3{}9’2’. fic er#ng"dﬁ:néf?%Elmyva

cell wal | clonesdul at:i dnkihdt d@o@&ﬂ@@t) des are selected from

cel lul ose bi ndigig:dr oty8i1p ﬁ%'ﬁﬁ&@&gf&ﬂ%%%ﬂﬁ% 39‘515@44 wal |

nodi fyi ng enzynes. he_invention 1 s based in part nunber of
unant i ci p&saiigg sﬁ%ﬁfqﬂ%m ield Ghe faPacRe Rl rived from F,
- 11 - seeds obtained by selfing a pBI101 transgenic plant clone;

15 and (B) tobacco plants derived from F, seeds obtained by
selfing a p35SC1 transgenic plant clone.

FIGS. 12A-B are top and side photographs of eight week
old F, p355Cl tobacco plants demonstrating a large (left) and
a small (right) phenotype. The plants were transferred from

20 the germination plate after four weeks.

FIGS. 13A~-B are photographs of germination plates
containing four weeks vegetatively propagated F, p35scC1
transgenic plant clones of the large (&) and small (B)
phenotypes.

25 FIGS. 14A-B are top and side photographs of ten week old
vegetatively propagated F, p35SCl tobacco plants demonstrating
the large (right) and small (left) phenotypes.

FIG. 15A-F graphically shows a comparison of the biomass
production of transgenic tobacco plants transformed with

30 plasmid (p358C1l) compared to the control plants transformed
with plasmid (pBI1l21) having either large phenotype (large
leaves/normal hypocotyl) (FIGS. 15A-C) or small phenotype
(small leaves/long hypocotyl) (FIGS. 15D-F). Measurements
were taken of wet weight (FIGS. 15A and D), dry weight (FIGS.

35 15B and E) and leaf area (FIGS. 15C and F).

FIG. 16A-B graphically show a comparison of the biomass

P

production of transgenic tobacco plants expressing cbd under

- 16 -



WD 99/ 07830 PCT/ 1 L98/ 00345 t hat
expressing a cellul ose binding protein or a cellul ose bi ndi ng donmai n

(CBD) in transgenemspl ants results in transgenic plants h%ﬁﬂg@h(ﬁgg ed
structural norphol ogy. The other is the finding that expressing t
Arab|d0p5|s thaliana 5 endo-1,4-[err]-glucanase in transgenic plants al so
results in pl ant s havi ng altered structural norphol ogy. These findings

t oget her |ndFBﬁt€e%%aﬁr%ﬁﬁﬁ%ﬁﬁﬂnu?k§§ﬂﬂq B (PEELPab) oand wiltdntyeee in

plants resul t&b&Bc@'@Iﬁﬁt@Wi@i)@' t MeRuremhtsChbir @e%hﬁm(?@ﬁ?j og¥a 10ar
It is an object of %%Qe |nveqt|on to express any CBD transgeni c

pkant to al t 8F¢ ﬁl D.e g. to stimulate or i nhibit growmth. In
one enbodi nent, iFIGs ®n sih;vts:ttlm‘ exiprress iiony et b@ﬂllt-gu.exﬂﬁeﬁé Bany. CBD,

under the ontrol t I he.cell sign tlde to
t ar get thegCBD to fijé :{g sggﬂ Uﬁoet e%s mf’?n% 1??1 “FrestR %%‘%ﬁ ¥ growth
modul ati on. shoot. The invention has ut|||ty I n producing plants with

altered structurerft, MY HHYRIERSW %@éﬁ%ﬁdogt ngi\%ﬁoﬁéter-ég? ﬂgl 0gy

provi des plants that have an | nproved rate of | ess
bi onass, pl ahtaVeHrerrsiuded Popdarspdantse blodegradatlon pl ants nore or

less digestible PI&O FoEHEwWE tha E&E@re&'é&kﬁcﬂh%&l”ﬁ&f§ﬁ é¢Q$E%% or
pl ant s e _cell gen the

h altered cellul ose conten
inventionlﬂaér?ﬁ§$?9%Feﬁ?E%%ﬁSﬁi@&ﬁs&@ﬁ€e§ﬁ383|FBeC%P¢ FRP¢ WRK femrol
protein or of pohy pEgMy ds |promotb&nqg&@ht)phénbohpaﬁéd efo Lfiee Aot e or
mor phol ogy.  JRer &8l ol ™ Wep1a8 phAeP (G2ER) . nvention may

FIG. 21 shows leaves from transgenic Poplar plants
expressing the cbd gene under control of the CaMV 35S

15 promoter (bottom) as compared to leaves of a control plant
(top) .

FIG. 22 shows roots from transgenic Poplar plant
expressing the cbd gene under control of the CaMV 358
promoter (right) compared to roots of a control plant (left).

20 FIG. 23 is a photograph of the root tip of a control
poplar plant (40x magnification).

FIG. 24 is a photograph of the root tip of a transgenic
poplar plant expressing the c¢bd gene under the CaMV 35§
promoter (40x magnification).

25 FIG. 25 is a photograph of a calcofluor staining of a
root from an untransformed control poplar plant (400x
magnification).

FIG. 26 is a photograph of a calcofluor staining of a
root from a transgenic poplar plant expressing the cbd gene

30 under control of the CaMV 35S promoter (100x magnification).

FIG. 27 is a photograph of the calcofluor staining of a
root hair from an untransformed control poplar plant (400x
magnification).

FIG. 28 is a photograph of calcofluor staining of a root

35 hair from a transgenic poplar plant expressing the cbd gene
under the control of CaMV 35S promoter (400x magnification).

- 17 -



be utilized as an elongating tissue specific plant pronoter to express
any protei WO87§9ept i de or peptide of interest in 30 a tiSSOI/APO34S C :

manner in a transgenic plant. The Ar abi dopsis thaliana Cell protein of

t he invention can be used in any bi ochem cal applications. The Cel
secretion dd fs e qﬁgé t he T
cel | ul ar secret ion’ gé)alnéyr}ip e| m, ép)&rypep%) ﬁéé%)rgg? ﬁeé’g r38i erest.

- 12 - expre551ngjtnﬁ(n3§§)gene under control of the CaMv 358 -
PCT/1L98/ Q03dwoter (right) and a control pra PEEEy TI ONS The term
"altered structure or nprphol ogy" as use hereln refers to any

mi croscopi ¢ or Fr cdtopi @ Laph of3 Jiegkern blet prerbygisiof -

transgeng ocml.ﬁrzircv&m Nl ddpd 15 at EHPes) t av1d! .‘Bé&f Cbt) yaf&gngnder
t he same c nd t The alte ru re_or ol can, be
associ at e 'ex]a‘ﬁ‘fﬁre SHE® h Igég['er"é’cff%f NELF%M 19é?’élﬁ,e’{ﬁreat er or.
l ess re(stllSl am:hi tftrui totiemt a(RR ) prgoung efml'd:,e,md d(gms; | Plewséd (FL). -
UL, | o VLD S A Elbnol dgnd SUEBLENSTL A0 upece !
nmodi fi ed fédngentnations qﬁ(gpﬂrgp cellulose synthase activity as
10 measured by the amount of glucose 1ncorporat10n (nmol) in
Acetobacter xylinum. The cbd concentrations listed were 0,
10, 100 and 50 mg/ml as compared to calcofluor and the
control (BSA). Bars represent standard error.
FIGS. 32A-B are photographs of an electron microscopy
15 examination of the effect of cbd on the type of cellulose
ribbon produced by Acetobacter xylinum with cbd(A) or a
control without chd(B). )
FIGS. 33A-D are photographs of light microscopy
examination of the effect on the plant cell wall thickness of
20 the expression of cbd (B and D) in poplar stems as compared
to control piants (A and C).
FIGS. 34A~-B are photographs of light microscopy
examination of the effect of the expression of cbd in
transgenic poplar roots (A) as compared to roots of control
25 plants (B) as shown by calcofluor staining .
FIGS. 35A-B are photographs of light microscopy
examination of the effect of the expression of cbd in root
cells (A) as compared to root cells of control plants (B) as
shown by ClzZnl staining. '
30 FIGS. 36A-B are photographs of light microscopy
examination of the effect on starch granule accumulation of
the expression by cbd in poplar stems (A) as compared to
control plants (B) as shown by IKI staining. FIG. 36C is a
photograph of light microscopy examination of IKI staining of -
35 starch granules in potato tubers provided for a comparison.
FIG. 37 is a graph depicting the effect of the . T .-
expression of cbd gene under the control of the caMv 35S



etc. conpared to a non-transgenic plant of the species. The terns
"protein", "polypeptide" and "peptide" are used i nterchangeably
throughout t Rgoggipid i cation and clainms. 15 These terns_al SO wAGRIDGRIs

gl ycosyl ated proteins, i.e., gl ycopr ot ei ns. The term "cell wal
nodal ati on" as used herein refers to any alteration froma normal growth
pattern of a plant. Therefore, according to the present invention,

transgeni ¢’ 2Prenetersiah Wie Fadd| bramoterpasl aompargdotei Aontrpbl perbar de
resul'ts in abjgred i aie YatiClo B106mTRGPBE! BEP1ar plantdhe {agﬁ%l .
"cel lul ose bindin rotein"” refers tqQ any, _protein,. polypeptide or peptide
i pcl udi ng a &W&gﬁ eifitlo Aftioeh C?&ééPF%&éDl gerFﬂﬁstBa | YeFER%e akone

hemi cel | ul oseitHdwer 2 cialdertese reicotibigaptonatleiByacidMByd NG FeyFon or

cel I'ul ose gr cellulolytic activity. The term "cel |l ul ose bi nding domai n"
(CBD) refe stf?P%gﬁP%ﬁotein, pol ypepti de or peptide, i ncluding a

gl ycoprotein, whik¥:. S& iscg graph geptictingf the effacteonpmedri n, said

¢ \ ; e Saae I
ont ool |l bott Sty bc®e drep SapELCR1K 6f GRS th8GPAr stens of
portion of aindividusle transggndeselants: per cpuparedcharvilkdetype plants.

chitinase, etc., @g. 3Ga aDiRdpRIaBpILR i RgSHAA 8BrdBLT O]eribd Nk h 05f
protein, etc., or. a non-catal tl%ﬁgO| saccharide binding protern. 3
To date, FBrelherm e e & KEFS489 P b% o EranBrel hLkRnfai ns

(CBDs) have dsen xlassiddiad siynae abmpeeet to whiateppefpsplieprasignat ed
[-XI'1l (Tomme et §¥ , %995 R - -
G. 40 presents a Northern blot analysis of cbd gene
expression. Lane 1: control wild type poplar plants; and
lane 2: transgenic poplar plants expression a nucleic acid

15 encoding CBD.

5. DETAILED DESCRIPTION OF THE INVENTION

The present invention provides the production of
transgenic plants which express a recombinant nucleic acid or
20 transgene, or recombinant nucleic acid construct or
transgenic construct of a plant cell wall modulation ﬁrotein
or polypeptide so that the resulting plants have altered
structure or morphology. The present invention particularly
provides for altered structure or morphology by expressing a
25 plant cell wall modulation protein or polypeptide such as,
but not limited to, a cellulose binding protein, a cellulose
binding domain or a cell wall modifying enzyme. In a
particularly preferred embodiment, the transgenic plants
express a cellulose binding domain. Any cellulose binding
30 domain is advantageously used in this preferred embodiment.
Without intending to be limited to a particular
mechanism, the inventors note that the targets for
engineering are recombinant nucleic acids or genes encoding
proteins or enzymes involved in the synthesis and/or
35 rearrangement and/or degradation of cellulose in the plant
cell wall.
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"Cel | ul osewBion@r839 Donumi ns: Cl assification and Properties", PCT/ILI8/034SS :

Synposi um Series 618 Enzymati c Degradati on and | nsol ubl e Car bohydr at es,
pp. 142-161, Saddl er and Penner eds., American Chem cal Society,

Washi ngt on, D. v b Smant ~
et al., 1998, e pRBREIRE, Bﬂ&pep%glaésué% Srléaiea fgﬁﬁw Seprd pécfaegt ed

herein tpyengieeerce) Plapry Withhdegdpablesoriopertigsrom®cr any
vari ants bhghipebringy 1@t heboﬁp&ienteay Hynazmr@larnﬁmgalmalm wit@BDs which

may be idenfified ca n n | n ,addi tion, thé
G mmy bBUGAFAE: oG i SRPHEERGSE SRR Nk Rl o a1 o
librarys congeiser promoteeswand, secrediosl isilgyed peptisesseniTig agent . ( See-

Smin. o tHanggEh %”%‘iag;%% %%1%5&1»7 PoerAs bid! sl Fofk prgw "

erived Ion a portion
polypept|uhamrepppeséethendeﬁdrﬁg Ergtﬁd@prGFéﬂweptldﬂnQ§1QﬂﬂﬁﬁﬁqC)a

pol ysacchari deg& Yi%kelian o qshlt.u,' @&ﬁl&ﬁrtmg hoil RldileRsahtede as a

chi tinase, whi sp eC|f|caII chi'tin,, or .a sugar binding protein
such as nﬁt@@%uﬁ"ﬁn@ng“’rpﬁﬁ ﬁ"anr Brddsiesy impdazd: freedifihiite of

bi ndi ng o @j#@ctaly! qhﬁ%@rlbﬁm&xaqvwbdddtqo%laﬂolmmxswﬂa; ose or
hem cel | ul ose., BRI EF DES IPTI OF THE DRAW NGS
FIG 1 shérPlAeRYIP®Suct §’1Pé‘§§| é‘éflé‘ﬁ aney §nzyme, Brotelinnex

product s. pbgpépt ke fdaagmtcrmsedsmmnroﬂﬁarf w]ruemed:tparaamgruzatuon M

| add DNA k G

F?G er2 S é‘%ﬁ%@%ﬁ g’rl('fgbfa)ciﬁ]e%%topnt% %A%%e%o%tﬁj “ﬁ% iana tel | genom c -
gene (SEQelrﬁyM@sQ) iodwiimg iors poNxpeptsidasc thar oradnaes drimast iwithgyerecoRl
transcrl E& H&rlgﬂﬂanceégawte§%h!stfﬁcﬁﬂygl'méﬂﬁhdﬁﬂg - X The

region | s oxed. EXoOns - strlped boxes. "I ntrons -
boxes. 5' chstacteyisiiosasompaged &¢ fhe aﬁ%&@%%@l%%@@nﬁ%es

In another aspect, the present invention provides
isolated nucleic acids encoding the Arabidopsis thaliana
endo-1,4-8-glucanase (cell), the cell promoter and the Cell

20 protein. The invention also provides isolated nucleic acid
molecules comprising the:genomic sequence of the Arabidopsis
thaliana cell gene encoded by the nucleotide sequence of SEQ
ID NO:9. The present invention further provides nucleic acid
molecules encoding proteins or polypeptides having the amino

25 acid sequence of the A. thaliana Cell of SEQ ID No:4, as well
as variants, derivatives or analogs thereof. The invention
further provides nucleic acid vectors containing the
described nucleic acid molecules and host cells containing
the recombinant nucleic acid vectors. Uses of the A.

30 thaliana cell nucleic acid and Cell amino acid sequences are
also provided.

Solely for ease of explanation, the description of the
invention is divided into the following sections: (A)
transgenic plants expressing a cell wall modulation protein;

35 (B) methods for generating transgenic plants, including (i)
preparation of nucleic acid constructs, including optimal T
expression nucleic acid constructs; (ii) transformation of



bel ow the map indi cate subcl ones used for Exolll deletions. Nunmber s
refer to nucleotides in SEQID NO 9. The extent of 35 the 5 and 3

unt r ansl at ed weeghiesss was not determned and is t herefore b%ﬁhiﬁbﬁﬂ4§“t'1

qguesti on mark. - 14 -
SUBSTI TUTE SHEET ( RULE 26) WD 99/ 07830
PCT/ 1 L98/ 00345 3 shows PCR anplification of a full-length

reverse tﬂ%ﬁgﬁFi@@@'RlapﬁaPPéﬁéfcéFFlbEﬁﬁ@?ﬁ%&?%o@¢%e%dqpqyﬁmﬁaﬂﬁggIdf
NO 2). Lane #xardforadiApiaageeand baaﬁthemp@} r p¢) HEhtiffafliqD Hff f or med

on total h 0 n e d wth reverse transcr) ptase.

M 1 kb lngg{}%@n ?z% #gy%i e{‘?‘fbgo BézL? ucanase ggne of J.ddidldians

opti mal ali gioedhit) efsefmd dodespressaai nelicwal s aegpdifiss teimp ﬁeanAln

t hal'i ana cel d 4) and VO

cel | (bottcsgn%he(lto&%rﬁsﬁ%gg 8%9‘@*9193‘7‘& @2) gﬁ(){(%% gofg ré’ g’ﬁjues

are underI|rﬁﬁ?nsﬂﬁﬁlﬁbpéﬁPFélagﬂy§b§y39Y¢bnA5|thﬁl#&na)éndo-l 4—3—
glucanase cell gene, the cell signal sequence, the cell

promoter and Cell protein and polypeptide equivalents. The
description of the novel A. thaliana endo-1,4-B-glucanase

10 gene also includes a description of the protein encoded, the
cell signal sequence and the cell promoter, which itself is
also useful as an elongating tissue specific promoter for the
transgenic plants of the invention.

15 5.1. TRANSGENIC PLANTS
The present invention encompasses transgenic plants

comprising a recombinant nucleic acid or transgene that
directs the expression of a cell modulation protein or
polypeptide, and the transgenic plant exhibits altered

20 structure orxr morphology compared with a progenitor plant
which does not contain the recombinant nucleic acid or
transgene, when the transgenic plant and the progenitor plant
are cultivated under similar or equivalent growth conditions.
The cell wall modulation recombinant nucleic acid or

25 transgene is a nucleic acid encoding a cellulose binding
protein, a cellulose binding domain or cell wall modifying
enzyme. According to a preferred embodiment, the cell wall
modulation recombinant nucleic acid or transgene is a nucleic
acid encoding a cellulose binding domain. Any cellulose

30 binding domain, as defined herein, can be used. For an
illustrative, but in no way limiting example, a cellulose
binding domain is obtainable from a bacterial, fungal or
slime mold protein or polypeptide. For a more particular
illustrative example, a cellulose binding domain is

35 cbtainable from Clostridium cellulovorans, Clostridium
thermocellum or Cellulomonas fimi (e.g., CendA, CenB, CenbD,
Cex). Illustrative working examples of transgenic plants
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Ser/Thr) in Cell is boxed. The glycosyl hydrol ase notif is bot h under -
and aboveMWne9M7830 FIG 5 presents a Kyte-Doolittle hyRCKMOBO034Ral ysi s
of 15 the A thaliana Cell protein (top), as conpared to the avocado
EGase (Cell, bottom. FIG 6 presents a northern bl ot analysis of

1. . L 1. full h f th
Frower i ngeBpErrs {ia oY (FEERSEe, Bihaihg tote th Rr Rl pPeck R BlI0EA, | 1N
nor mal plheteihabe 8ecbion§a13ng1§oﬂédlhSthe flomerlng stem of a dwarf

pl ant (treatEdTHét@ePﬂ'GQﬂiZﬂbéﬁlatlshepPeﬁéﬂﬂ1éﬁﬁ@%yé&phﬁ§eﬁb 6ENAn
i nternal standard resent I st ﬁa(ﬂ?ll cal cur oni dase

( GUS) sFEPﬁrngFQF ?¥§H§§§n|EhFoBEEESEPrEﬁXfB?HEd ﬁrtR& | Protein
pronot eg kREWANEE NBE! £85b8eatoA1G1E8N PERNtDgNOwth &lsagatdon,t BacBuas, '

reporter gepe. Fl JA. . The arrows .ar OjN t Lue stained :
elongatlng“Eoﬂgg gim%ﬁédsEBOtaﬂnﬁ Fﬂegfgaé.&Egﬁ%ﬁfs7BR%g%F§ e&ngﬁoot apex. -
FIG 7C. gylaggedanobransﬁerase, xylégmucanshndgtrhasgaybesglased sequence °
of the 30 | a te e el k_( S SEQ

b o 1) oe el BencaPpEhtER, hpdriBingint L in! 1, 6bERUSIES ehbod itne LS |
transl at i thei BE¢éasat bs AuupveaoEGas@,under|Cﬁéa In othﬁreﬁpscgﬁéﬂs PCR
anpl i f1 ﬁaEhB?dQ%eﬁ€§0”£ﬁeDﬁéaQE 1stbﬁaagﬁabﬁepkeahstoﬁaQOSQQ BRobaRs.i S

i ndicatrve o resence of ,a cb transgene anes 1 and 2: p35801 1
and  p35SCL. ZH?W§H§§enFEepPEHFe&Poﬁég altREBagiNg Y4bepéCPaft&H&a 'p@CL. 2

transgeni guflant of! aNesimkafnesaSpeddedn wBi¢Almbdandtes plant growth.
- s It is shown in the illustrative working examples herein
that transgenic plants expressing Clostridium cellulovorans
15 CBD are growth modulated in strong correlation with their
genotype (i.e., homozygote or heterozygote).

The recombinant nucleic acid or transgene may be
selectively expressed in some tissues of the plant or at some
developmental stages, or the recombinant nucleic acid or

20 transgene may be expressed in substantially all plant
tissues, substantially along its entire life cycle. However,
any combinatorial expression mode is also applicable.

In another specific embodiment, the transgenic plant
comprises a cell wall modulation protein or polypeptide which

25 is an endo-1,4-B-glucanase. In a more specific embodiment,
the EGase is obtainable from Arabidopsis thaliana. (See
infra Section 5.3). '

The present invention also encompasses transgenic plants
having a recombinant nucleic acid construct or gene construct

30 comprising a recombinant nucleic acid or transgene encoding a
cell wall modulation polypeptide operably linked to a
promoter so that the cell wall modulation polypeptide is
expressed in the transgenic plant, and the transgenic plant
exhibits altered structure or morphology compared with a

35 progenitor plant which does not contain the recombinant
nucleic acid construct or gene construct when the transgenic
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pBl 101. 2 transgeni c plant clones. Lane 7: non transgenic pl ant. Lane 8:
positive conWO9/6783p35SC1 DNA. M 1 kb | adder DNA si ze mapKeALYs@0BO0
BRL) . FIG 10 shows (in negative) PCR anplification of reverse 5

trahscri bed CcDNA (RT- PCR) obtained fromtransgenic plants. The 500 bp
band is |nd| e expression.of _a chd . trapnsge Lane 1: positive
control - Iﬁ&g Rrygens Hor RLeLagFl 9’éec8‘r’|f'FbYaﬁ%3r‘3%€?§eSWe{'&rcu ption.
Lane 3: pBI i¢anditionsansgeni ¢ plant clone. Lanes 4 and 5: p35SCl.1 (srrall
10 phenotype) an a t Cy |.an cl.o

1.kb | adder (G b?&%%&&f&b %ﬂggﬁ§gﬂ{i12€% aéliaa&%%@%gr%p séocﬂ‘St 5"3& |on
plates corRian Ryome¥ereenIfap EPHe(ﬁiEe‘beﬂa%c@nmmgmdemhﬁedﬂfam Flerr]

seeds obt ag neebidtetelild RheacRRV198st ppoRGESEC Pl ant clone; 15 and (B)
t obacco plants deml ved romF[err seeds pobt ai ned by sel fing a p35SClL
transgeni ¢ pl ant er specifif embadiment, Lhe Prorpternidsiotdgsaphs

of eight We&kpec:mildiplihﬁltr brbﬁBG@ﬂ: t ODRCE Omdt & N e ST Erflid iMEnd |§ﬁ%
(left) and a smal right) The Iants vvere transferre rom
20 the ger mBAT ORISR 3raf‘?er'8? foﬁ%%ng tissue e Tig ged iy e

phot ogr aphs pfomgden rseeonngrat 8ectioxoht B ni ng four weeks vegetati vel y

ral oG ey e T o otap dnihey sbEaREIStelqa Ak, WIS Pland rgiodert Bt B0
of ten week dﬁ\@lopmégesmewﬁm Propeiel cshdl ars Ja ;mmemfaco prafits

denmonstrat i r@ec:Lfﬁ'&:e kapb@Rihg! 8PEei A1, v&ex(:nhrg l9p Y YShote

FI G 15A-F graphi cal'l y shows™a ‘conparison of t bIfomass prOEUCfI on of
transgenic t cco plants transfornmed with 30 plasm d (p35SCl) conpared to

the control plantts &rppeferred embodiment, the transgenic plant

15 comprises the recombinant nucleic acid construct or gene
construct of the cell promoter and Cell encoding nucleic
acid.

In another preferred embodiment, the transgenic plant
comprises the recombinant nucleic acid construct or gene

20 construct of the cell promoter and a CBD encoding nucleic

acid.

In yet another preferred embodiment, the transgenic
plant contains a recombinant nucleic acid construct or gene
construct which further includes a secretion signal peptide,

25 more particularly, the cell secretion signal peptide.

The present invention also encompasses seeds of the
transgenic plants described above wherein the seed has the
recombinant nucleic acid, transgene, recombinant nucleic acid
construct, or gene construct.

a 30 The present invention further encompasses the progeny,
clones, cell lines or cells of the transgenic plants
described above wherein said progeny, clone, cell line or
cell has the recombinant nucleic acid, transgene, recombinant
nucleic acid construct or gene construct.

35
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with plasmd (pBl 121) having either |arge phenotype (Iarge I eaves/ nor rral
hypocot y| )WQB9/3830 15A- C) or snal | phenotype (smal | | eaveBFTHP§/003
hypocotyl) (FIGS. 15D F). Measurenents were taken of wet weight (FIGS.
15A and D), dry weight (FIGS. 35 15B and E) and | eaf area (FIGS. 15C and

F). FIG 16A-B graphi gghieratiny @m@@m@e bi omass
production of transgenic tobacco ant s expressin under

- 16 - WO 99/ oBR1- UCLEIC ACID CON TRUCTS

PCT/ 1 L98/ 00345 trire@mifertneﬂ Hulcisticl g8 ddpddrfcds ael Wil d
type tobacco pl ants t d asurerre ts of 6A

area (16BVaxded @A are g)ene%e g%’e‘éﬁ# ck'c’c-ﬂ‘]r gus in

Popl ar. s host plan® dﬁirdummrhﬂkadeqmnxphxnn(ﬁf(nxémgﬁﬁryrembdaiﬂéﬂts

h FIG 19.sh
feg\?tes tr%f%&feﬁ?&é %\S@é‘ orl )&q{ceﬁﬁeq%;laemg'g;é péP %]ere
st r uct ur alamanthicleog magf mcp@rtmgg?emqt Pasing aghmumw emerg:létb chd

gene under_ go a}gﬁ"a ofethié 35 Tﬁn{égg)tq{ ](t{dgmgtﬁd§q@ar ed to the
control u&ntrgrlae%sf(}’rrre%é' opl-ar pllant (1 ef l) ° 21 shows | eaves

f rom t r ansigesdiat ikapl synihesis or saa%qﬁqm@%wwmrnwﬁw of

the Cafy§ 334 or gene constructs, the manipulations of the gene
constructs to be introduced into plant cells, certain
features of the gene constructs, and certain features of the
vectors associated with the gene constructs.
Further, the gene constructs of the present
15 invention may be encoded on DNA or RNA molecules. According
to the present invention, it is preferred that the desired,
stable genotypic change of the target plant be effected
through genomic integration of exogenously introduced nucleic
acid construct(s), particulariy recombinant DNA constructs.
20 Nonetheless, according to the present invention, such
-genotypic changes can also be effected by the introduction of
episomes (DNA or RNA) that can replicate autonomously and
that are somatically and germinally stable. Where the
introduced nucleic acid constructs comprise RNA, plant
25 transformation or gene expression from such constructs may
proceed through a DNA intermediate produced by reverse
transcription.
The nucleic acid constructs described herein can be
produced using methods well known to those skilled in the
30 art. Artisans can refer to sources like Sambrook et al.,
1989, Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, New York for teachings of

recombinant DNA methods that can be used to isolate,
characterize, and manipulate the components of the constructs
35 as well as to build the constructs themselves. In some
instances, where the nucleic acid sequence of a desired
component is known, it may be advantageous to synthesize it
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15 pronoter (bottonm) as conpared to | eaves of a control plant (top).

FI G- 22 shows roots from transgenic Poplar plant expressing the cbd gene
under cont r owW#9/07$3@ CalW 35S pronmoter (right) conpared t@crapésioesds a
control plant (left). 20 FIG 23 is a photograph of the root tip of a
control popl ar plant (40x magnification). FIG 24 is a

phot ograph of_the rqot t.p.of .a tr.ansgenic .. poplar_plant expressing the
cbd gene unde?*i¥e atlnﬁ%&%D%ng(30?1938E?F?%a??55§?'251n sug) G 25
i s a phot ogrip$tarices c &l @irthigans cannirefenf te teachbhgérom veferdiansf or ned
control popl | ant %ﬁﬂ¥ﬂ@ I fi xon s RLG 26 1S

phot ogr aph o %Ipc%%]cco Uor st ﬁ%ﬁggg'oﬁatgb' %‘ggf o) saﬁ'ﬁan 1§Sepr0.p| ar

pl ant expr es&i P 133  pndy EewsandnBempeoniPl, oluc heACY BES. 9 @Ry
(100x magng fagpil OMn other inEk&ncéé,i thd 3@8&99&@%@%n%1€‘%? gxf?al%cgl uor

staining of a, root hair froman untransfornmed contr : I'&ht  (400x

magni f i cat i Fffvantageousdycproduced, byhppdyrapasef chale oreaskien a(RERIg of a

root 35 hai rakpDifi cdtidisgeros peRl aéaahaﬂg_s?x@ﬁeéﬁtmaﬁ hear bk 461§, under
|

Ehi7c?”tr0| e @ %ﬁ%ﬁ?f%g%g% egs(é29§ag89ni98 ?tﬁgg)Technolo

PCT/ | L98/ 00 &inciples and Applications for DNA Amplification, H.A.
10 Erlich ed., Stockton Press, New York, 1988, Current

Protocols In Molecular Biology, Vol. 2, Ch. 15, Ausubel et
al. eds., John Wiley & Sons.

5.2.1.1. EXPRESSION CONSTRUCTS
15 In accord with the present invention, a transgenic

plant with the ability to express a plant cell wall
modulation polypeptide may be engineered by transforming a
plant cell with a gene construct comprising a sequence
encoding a plant cell wall modulation protein or polypeptide.
20 In one embodiment, a plant promoter is operably associated
with a sequence encoding the desired plant cell wall
modulation protein or polypeptide. ("Operably associated" or
"operably linked" is used herein to mean that transcription
controlled by the "associated" or "operably linked" promoter
25 produces a functional messenger RNA, whose translation
produces the polypeptide.) In a preferred embodiment of the
present invention, the associated promoter is a strong and
non tissue- or developmental-specific plant promoter (e.g., a
promoter that strongly expresses in many or all plant tissue
- 30 types). Examples of such strong, "constitutive” promoters
include, but are not limited to, the CaMV 35S promoter, the
T~DNA mannopine synthetase promoter, and their various
derivatives.
In another embodiment of the present invention, it
35 may be advantageous to engineer a plant with a gene construct
comprising a sequence encoding a plant cell wall modulation
protein or polypeptide operably associated with a tissue— or
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FIG 29 is a photograph of a transgenic poplar plant expressing the cell
gene undemnwgeswssl of the CaWv 35S pronoter (right) and aPEHHS8HP34§| ant

(left). - FIG 30 is a photograph of a Wstern blot analysis of 5
ICELl protein in Arabidopsis tissues. Ad leaf (Q), young | eaf (YL),

ower stem (LS), nmiddle stem (M), U stem u wt )
young fruiqe}"ﬁr?i’(mﬂf%a]ﬂﬁﬂﬁé:rléﬁ)prmp&er’ ﬂ‘iﬁ‘ a35(l %%u éﬁgcit? g the

ef fect of tdié fdaarlantpromcmym,erﬁheatdﬂmspnﬂmam,orthaalHAm'A)Eﬁl sm‘mmmeeract ivity -

as 10 measy %

Acet obact «?r %(yl kp/nourlm %ﬁ@l‘é&d @er%en% oérﬁl st edic;m%é )til%gu Oa%%d 50
my/ M as cogEreds desinad, promgtensheuch @a rihe (@A) pramater ray che .-
st andar ¢ i, FI GS. 32A-B are phot ographs of an el ectron i
m croscopy 1 exam nation of the effect_of cbd on the t e of , cel | ul ose
ribbon produced by Adet¥faARGthen iSRRAGHMSITIR AP en’EoH?Y%‘P PR hout
cbd(B). it may lﬂ&%dﬁi&daeﬁ& pttwtmmwfa I poit mi:!tl@SEO@yne ;
exam nation of e effect, on th | ant_cel | thlﬁgggsé r

expr essi orFQﬂs"rPd’ch( SORRF 1510, "b %e%cfeerﬁ;n%% %o‘ﬁ? gl |

pl ants gAlﬂs&jﬁthlon f;;roteﬁ]t @ Wpﬁmqohmggalanhslmkédgm a cr oscopy
exam nation b e & | opl ar
oots (1 BRETEASE By Tt G dd S RS O Rp Loy sulh MRS L 200

cal cof | uorcestimiciied by recomiFimsng mxg:tamabmlwramsoﬁfdifwent

m Croscopy romc?&@fg ng‘ﬁé\%‘ \ﬂ'{lcitt@ @ﬁﬂféésﬂ;n (o €S ST Pf lé@glé NnbLOot

cells (A B conp ar'ed to root-cells of control plants ( shown by

a znl st aifourg 13!) natura CPraterar e DO aphirbing |‘§T°|ta4=n crd32dpy

exan nati ofh it té’élfrfiefztsmﬁ@r Cfbﬂre%m&hﬂ@@%mlaﬁimbpél préhéters

expression by chd in | ar A
P i5 cog;tructedF¥¥)m comblnl g)cfg éégﬁfgtory elements with a

promoter core.

In yet an additional embodiment of the present
invention, the expression of a cell wall modulation gene may
be engineered by increasing the copy number of the gene

20 encoding the desired protein or polypeptide. One approach to
producing a plant cell with increased copies of the desired
gene is to transform with nucleic acid constructs that
contain multiple copies of the gene. Alternatively, a gene
encoding the desired polypeptide can be placed in a nucleic

25 acid construct containing an amplification-selectable marker
(ASM) gene such as the glutamine synthetase (GS) or
dihydrofolate reductase gene. Cells transformed with such
constructs are subjected to culturing regimes that select
cell lines with increased copies of ASM gene. See Donn et

30 al., 1984, J. Mol. Appl. Genet. 2:549-562, for a selection
protocol used to isolate of a plant cell line containing
amplified copies of the GS gene. Because the desired gene is
closely linked to the ASM gene, cell lines that amplified the
ASM gene would also likely to have amplified the gene

35 encoding the desired growth modulation polypeptide.

In still another embodiment of the present

invention, the expression of a cell wall modulation protein
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control plants (B) as shown by IKI staining. FIG 36Cis a phot ogr aph of
| i ght m croscopy exam nation of IKI staining of 35 starch granules in

pot at o t uber sygyoyssged for a conpari son. FIG 37 is aceibddiosss
depicting the effect of the expression of cbd gene under the control of
t he®* Cawv 35S - 18 - WD 99/ 07830

PCT/ | L98/ 00345 Eronnter, or the.celltfronnter as conmpared to control
popl ar pl 8%t Po¥PEREIAS RaYiPe | eRFinReRAd Jup tranafoxmingpg| pdant cell
(G ontech, PaliehAht nuclaicfatid Ponstide: MMAAne & Segdl1@RBry géhbheHLtan

inserted rec ' l ejc acid codi region or 5 transgene;
FLG 38 is a%ggggﬁggegﬁét?¥ﬁf$#ﬁ}%ﬂf%ﬁighﬁ1%hgﬁqenoqsnﬂgpﬁoﬂg PehERRsgenehe
expr essi on ofencbding bbel dessredhpalypeptiidd,viwherle ity thegenteo@haags as
compared t ] p Ss P ' raph_depicting,the
ef Fgct on ?’ h\gk}gg%%txﬁﬁ%f&%éff%el?o%le ]Iesd:ftféor% §1°§’§tf§rg>§§?8§‘gi ﬁﬁp)c'gqsglon of
(transgeni c thgepolypeptide imdhe|desmgirests tismpaseanddoni Bdveyopmentd Br
plants. - stagekG 40 presents a Nort hern bl ot anal ysis of cbd gene
expression. Lané 1: control wld type poplar plants; and | ane 2:
transgeni ¢ poplar plants expression a nucleic acid 15 encodi ng CBD.
5.2.1.2. OTHER FEATURES OF RECOMBINANT

NUCLEIC ACID CONSTRUCTS

The recombinant construct of the present invention

10

may include a selectable marker for propagation of the

construct. For example, a construct to be propagated in

bacteria preferably contains an antibiotic resistance gene,
15 such as one that confers resistance to kanamycin,
tetracycline, streptomycin, or chloramphenicol. Suitable
vectors for propagating the construct include plasmids,
cosnids, bacteriophages or viruses, to name but a few.

In addition, the recombinant constructs may include

plant-expressible selectable or screenable marker genes for

isolating, identifying or tracking of plant cells transformed

20

by these constructs. Selectable markers include, but are not
limited to, genes that confer antibiotic resistances {e.g.,
resistance to kanamycin or hygromycin) or herbicide
25 regsistance (e.g., resistance to sulfonylurea,
phosphinothricin, or glyphosate). Screenable markers
include, but are not limited to, the genes encoding 8-
¢ glucuronidase (Jefferson, 1987, Plant Molec Biol. Rep 5:387-
405), luciferase (Ow et al., 1986, Science 234:856-859), and
the B and C1 gene products that regulate anthocyanin pigment
production (Goff et al., 1990, EMBO J 9:2517-2522).

In embodiments of the present invention which
utilize the Agrobacterium system for transforming plants (see
infra), the recombinant DNA constructs additionally comprise
at least the right T-DNA border sequence flanking the DNa
sequences to be transformed into plant cell. In preferred

35
embodiments, the seguences to be transferred in flanked by
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5. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention

transgeni ¢ plants which expr essCHILog/os3abi nant-
nucleic acid or 20 transgene, or reconbi nant nucleic acid construct or

provi des t MO 90F830ct i on of

transgeni c construct of a plant cell wall nodul ation protein

pol ypepti
nor phol og

protein, a cellulose binding domain or a cell wall nodifying enzyme. In
a particularly preferred enbodi nent, the transgenic plants express a
cel | ul ose bi ndi ngs .GoNAJ N TRANSFERNATTRNE dF MELAGTS OANl MBLANT ScRGNENt ageous| y -

used in this prefer

d di
to a particul ar H@?ﬁ%ﬁ?@%én?ﬂ;t?ﬁv%ﬁﬁ%ﬁ%tnb?geFﬁéPnthél3&?%§?§1$or

or
| b h d .
s eiclf ANF 1256 H O ONEr RifulhbELT, ThechiBpRLl Sefign
struct ure and reenstoregiioy ekpsecki FyDPNA 2bagedntransfommhtiondueatoos
protei n or, P9l WPEPIERSNS UES BSose Spyilg@tiﬁieﬁlegrgo, a cel lul ose bindi ng

W t hout , L nten

e limted

engi neer i nglante mae dodi olatna imed | oy ctransiformingnasptantdcayl wiphokei ns or

enzymes el It d e sathgst ;?gérﬁéfﬁeggxﬁf%f.anngEQBmé‘“%g{:ances,

- 19 -
PCT/ I L
expressed

15

20

25

30

35

0sé in [.
it may e a29ingdole to engineer a plant or plant cell with

984 0034Sral aifferdfe Fél CloRstPRLYPEPtEHER OhgBREYIBS, CRLY Pe

accomplished by transforming a plant or plant cell with all

of the desired gene constructs simultaneously.
Alternatively, the engineering may be carried out

sequentially. That is, genetic engineering is accomplished

by transforming with one gene construct, obtaining the
desired transformant after selection and screening,

transforming the transformant with a second gene construct,
and so on. In certain embodiments, each gene construct is be
linked to a different selectable or screenable marker gene so

as to facilitate the identification of plant transformants
containing multiple gene inserts. In other embodiment,

several different genes may be incorporated into one plant by

crossing parental lines engineered for each gene.

In an embodiment of the present invention,
Agrobacterium is employed to introduce the gene construct
into plants. Such transformation preferably uses binary
Agrobacterium T-DNA vectors (Bevan, 1984, Nuc. Acid Res.
12:8711-8721), and the co-cultivation procedure (Horsch et
al., 1985, Science 227:1229-1231). Generally, the
Agrobacterium transformation system is used to engineer
dicotyledonous plants (Bevan et al., 1982, Ann. Rev. Genet
16:357~384; Rogers et al., 1986, Methods Enzymol. 118:627-
641) . The Agrobacterium transformation system may also be
used te transform, as well as transfer, DNA to

monocotyledonous plants and plant cells. (see Hernalsteen et

al., 1984, EMBO J 3:3039-3041 ; Hooykass-Van Slogteren et

al., 1984, Nature 311:763-764; Grimsley et al., 1987, Nature
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to engineer a plant with desirable properties. The engineering is
accenplished by transform ng plants with nucl ei ¢ acid constructs

descri bed heweig9ovdpch may al so. 5 conprise pronoters and seggEpiidapefisonal
pepti des. The transforned plants or their progenies are screened for

pl ant s t hat express the desired protein, polypeptide or enzyne.

Engi neered plants exhihiting. the d SI ed altered structure or hol ogy
can be used 7#°pt&ht~ ee&4%}98P £ recﬂ??grnpéﬁF?cﬁP%ur%&°¥wckﬁK§'Dn or
i ndustri al 40aprﬂnd:a;mﬂmsetPlaant,s 1kati, nglane ahyeielj emym-zmgt ein or

ol ypepti de can be cr er ot s i nee

pttgfaﬁlons i n ot her 3?%&## %m%%?ﬁﬁeﬁkg ﬁgr %}%EE??I =i qéﬁkﬁ%ﬁnldes
to produce |fersingnddusiog recbubanentennameed a¢i®rednstrmmﬂsurﬂto

o phol 00Yg p1 &8 3P p13hC ee198PREGIakBo! BE RELPIAES D" MOALTUAOL, PI ants.

In another aspect present _1 nvention I Sol %ic acids
encodi ng thénmsd(%’ﬁ PArkicudagly uesgs 1Whe{%r¥1}eg¢%mias@ (a:el 1), the

cell pronot efopdsbtiyirdetions2p1anet arnplzhe b@]!l?nt'&ﬁté?éﬁ&ﬁé)‘%éifé i sol ated
nucleic acid 4%%ecule Cco r|S|gg gﬁn m ¢ sequence of

Arabi dopsi s tTaR SPPSGRRBREIEDIBATEYE MPG LR o e AR aTce of SEQ
| D NO 9. Thelm:e&mnttd n‘p&btbpmaéﬂrthansﬁbﬁmaﬂﬁﬁn nwf@hgh agd Xium-10! ecul es
encodi ng d Vi n m no- aC|d equence of the
A Cohal b REHTSRNGRE YRSRELITPROR PY SRECRRbAR Lo SR e
anal ogs t her@bfnak’mb DNAve(HeeoHaszkbuskheetpabw dm:nucﬂ:mscc .:ac:ii :@nget or s
containing t ﬂﬁﬁﬁ’?ﬁfg nyegl e Ci ec, S agg I

cont ai ni ng iﬁ%e rec maﬁt H%uch?g ag?gg{:/ec orgls 25 o 6J9 AL7d6

t hal i ana cel¥rowriedi @laci d98Rd BrPe- alnho Aderd. Stefueldths @ré824—@l8§.(8,

provided.  ang Sh1§£&|m%|t¥> f@ésgaSﬁaearSX@wnﬁ4%s)t *h%cﬂeeﬁ(‘erd Qa2 o
|nvent|on i S g d.i.nt Z & ng sections: transgenic p ants
expr essi nfP Iqlsﬁﬂﬁﬁl PlHﬁ g?b?e?ﬁ %Sf(%59%nﬂ3ﬂﬁﬂ¥'F@ﬁlgénéﬁaﬁrng

transgenic pnsnﬁx; additdongl(m¢thods for plant cell transformation
include microinjection, silicon carbide mediated DNA uptake
(Kaeppler et al., 1990, Plant Cell Reporter 9:415-418), and
microprojectile bombardment (see Klein et al., 1988, Proc.

20 Nat. Acad. Sci. USA 85:4305-4309; and Gordon-Kamm et al.,
1990, Plant Cell 2:603-618).

According to the present invention, a wide variety
of plants and plant cell systems may be engineered for the
desired physiological and agronomic characteristics described

25 herein using the nucleic acid constructs of the present
invention and the various transformation methods mentioned
above. In preferred embodiments, target plants and plant
cells for engineering include, but are not limited to, those
monocotyledonous and dicotyledonous plants, such as crops

30 including grain crops (e.g., wheat, maize, rice, millet,
barley), fruit crops (e.g., tomato, apple, pear, strawberfy,
orange), forage crops {(e.g., alfalfa), root vegetable crops
(e.g., carrot, potato, sugar beets, yam), leafy vegetable
crops (e.g., lettuce, spinach); flowering plants (e.g.,

35 petunia, rose, chrysanthamum), conifers and pine trees (e.qg.,
pine fir, spruce); plants used in phytoremediation (e.g.,
heavy metal accumulating plants); oil crops (e.g., sunflower,
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preparation of nucleic acid constructs, including optinal expressi on

nucl ei ¢ acWO WH8Oructs; (ii) transformation of PCT/IL98/00345
- 20 - WD 99/ 07830
PCT/ 1 L98/ 00345 plants and plant cells; (iii) selection and

i dentifi Ca{rgga QEed) %angpah%duabamf%raast gm.bn%slll Qfsége@h %f i cation

and I SO I on of “a novel endo-1,4-[err]-glucanase g i‘ana
(cel 1) usePupbidopgpFdss a cell wall nodification proteln in 5 the
transgenic plants and (D) applications of or uses for the transgenic

pl ants and the noyel A thali endo- Iucanase cell gene,
the cell signal séqaeﬁCe hé%%%FTQg% Eéh%gﬁg ﬁ% ngrgigln and
pol ypept sde equi val ents. ot | i ana

endo-1, 4- [err] gl ucahasordingetio &heopknsbnﬁesn&edt&cmlpuesur@ﬂ puanm@otein'
orooded iy pecBbiathdatbySEAYTACErAng. LAE 6F hoPLOWH Phe WIENJLRR | 1 °

al so usefu an e ongatl n sue spe I’OI'TD tra sgenl C -
pl ants of gkRBei gonAtrugts mso a variety of p ant5cgll tlmasGEmmln@Ams
The prese”kuh”ﬁ@ﬂt1981€BEOE835§§§t5b§B%Q§”'€1Egﬁ@téult 135093 ssu
reconbi nant nucleic acid or trans ene t at directs the expr 6§SI on OF a

cel | nogyl anfoRr@adt eXRlants, pelyEBSyi GBPYYRE BRcWeddndgewhels pdants.
exhibits akhepfidembodiment of the present invention, the engineered
plant material is selected or screened for transformants

(those that have incorporated or integrated the introduced

gene construct(s)) following the approaches and methods

15 described below. An isolated transformant may then be
regenerated into a plant. Alternatively, the engineered
plant material may be regenerated into a plant or plantlet
before subjecting the derived plant or plantlet to selection
or screening for the marker gene traits. Procedures for
20 regenerating plants from plant cells, tissues or organs,
either before or after selecting or screening for marker
gene(s), are well known to those skilled in the art.

A transformed plant cell, callus, tissue or plant
may be identified and isolated by selecting or screening the
25 engineered plant material for traits encoded by the marker
genes present on the transforming DNA. For instance,
selection may be performed by growing the engineered plant
material on media containing inhibitory amount of the
antibiotic or herbicide to which the transforming gene
30 construct confers resistance. Further, transformed plants
and plant cells may also be identified by screening for the
activities of any visible marker genes (e.g., the B-
glucuronidase, luciferase, B or Cl genes) that may be present
on the recombinant nucleic acid constructs of the present
invention. Such selection and screening methodologies are

35
well known to those skilled in the art.
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20 structure or norphol ogy conpared with a progenitor plant whi ch does
not. contain the reconbi nant nucleic acid or transgene, when the
transgeni c pwapdromesud t he progenitor plant are cultivated urcienesoosus ar or
equi val ent growt h conditions. The cell wall nodul ati on reconbi nant

nucl eic acid or 25 transgene is a nucleic acid encoding a cel lul ose binding

protein, a cellulose nd|n i Z

According to a prefer?é ﬁ%& ﬁgnglo?%%m%%ﬁﬁ%gl}o s lﬁﬂgél{ai eygﬁﬁbl nant
nucl ei c aci¢ooddbn&mfgepéant ernptart ccel hctrhngimuiant s axgitiaiindsyy Hibedi ng
domai n. Any ll I pei d@gaé h used.
For an S‘st lréa?‘ gﬁr&gﬁgt B?_n{].ﬂe %\t aﬁ‘%{%@ml gj'rheazf’% c e%ﬁ%o?%e

bi ndi ng donamwlhgeobu§|ﬁEQIBOtrbhmht%@ct@?l%ﬂ SQQﬁkﬁﬂn(ﬁﬂaIYSﬂ& e PORd

protein org By B%thﬂgonFQBradEE- 8t PG LAk dtermind i iRl IR ©f
cel l ul ose b|n domain is pbt ai nabl e fronICIostrldlun1ceIIquvorans

C ostridi umt he Fﬁ&PHﬁé@PPEnPHP €%$?§¢odﬂhé5mtnﬁrqe9k? &nARNagenp, CenD,

Ce>2<)1 N ustpm&-.lemlwr kpRgmexasptess Din tonnSganice [raiistriptase-PCR

PCT 1 Los) 003M82LFICARIgh 20T, Agtacting and SMRNiNg RhSTARFETIRESeAfed

infra herthien geneSeonhstnact8; 1p emziylftic assayslHfior ddtecdtingredayaei on

protel n oI e oimBeaBti0Rty, Wdfe S0 YAHP ' Fodditd R eclhiba sy
the gene construct; 4) protein gel electrophoresis, Western

blot techniques, immunoprecipitation, or enzyme-linked
immunoassays, where the gene construct products are proteins.
Additional techniques, such as in situ hybridization, enzyme
15 staining, and immunostaining, also may be used to detect the
presence or expression of the recombinant construct in
specific plant organs and tissues. The methods for doing all
these assays are well known to those skilled in the art.

20 5.3. ARABIDOPSIS THALTANA ENDO-~1, 4-B—-GLUCANASE
5.3.1. cell GERE, PROMOTER AND RECOMBINANT VECTORS
In another aspect, the present invention provides novel
isolated nucleic acid molecules containing the nucleotide
sequence encoding an endo-1,4-B-glucanase (Cell) polypeptide
25 of Arabidopsis thaliana. In one embodiment, the polypeptide
has the amino acid sequence of SEQ ID NO:4.
In a specific embodiment, the isolated nucleic acid
¢ molecule has the nucleotide sequence of SEQ ID NO:2.
In another specific embodiment, the isolated nucleic
30 acid molecule encoding a polypeptide having the amino acid
sequence of SEQ ID NO: 4 is a variant such as an allelic
variant, a species variant, a naturally occurring variant, a
man-made or induced variant. The nucleic acid molecule may
also encode derivatives or analogs of the polypeptide of SEQ
35 ID NO:4.
As illustrated in the examples, infra, the isolation of
the cell gene was effected by PCR amplification of a 260 bp
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0 be associated with plant growth el ongation, such as, but not
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In a specific enbodi nent, the EGase is a novel EGase, i.e.
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struct UL

contain t

he reco ant nucl eic acid construct or ene con

t he transg@ﬁq}].ng frame of cell. A cell 1.5 kb cDNA ragment was

20
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35

successfully cloned and seguenced (SEQ ID NO:2). The cDNA
sequence perfectly matched the DNA sequence of the combined
exons,'as deduced from SEQ ID NO:9.

The 1476 bp open reading frame of cell was found to
encode a 492 amino acid polypeptide (SEQ ID NO: 4) with a
predicted molecular weight of 54 kDa.

As illustrated in the working examples, infra, northern
blot analysis of cell was carried out using a 768 bp cell
cDNA fragment as a probe. RNA transcripts were undetectable
in fully expanded leaves, as well as at the basal internode
of flowering stems. However a strong transcript signal was
detected in the elongating zone of flowering stems of normal
plants.

Transgenic tobacco plants transformed with the putative
cell promoter region fused to the f-glucuronidase (GUS)
reporter gene (gus), were tested for tissue-specific
expression.

Significant GUS activity was observed in 16 seedlings
that were generated from 8 independent transgenic plants.
The staining was observed both in shoot and root elongating

Zones.
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PCT[11L98/ 00345 pl ant and progenitor plant are cultivated under
simlar GRH 9/878500S - In a specific enbodi ment, thepdRBRb@4Ysi S a
constitutive plant pronoter. In a nore specific enbodi nment, the plant
pronoter is the CaWw 35S pronoter. I n anot her specific enbodi nent,
the pronoter is a tissue specific plant pronoter. In a nore specific

enbodi nent ,
pfonoter (s

the plant p
specific, f
pronot er,

t he cell
preferred e
nucl ei ¢ aci
encodi ng nu
transgenic

15 ¢onpri§$
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t he Theprgdl PreAsieracidipelespirmiehdhe sknwendden fneludel

6@) thlea pRACEEQlehcd) shdPn in sE® BVQider2 sp@i fang enbodi nent,

ronut er eci ronot er, such as a seed

B e R P

shtiwhr in SEQ IDINoa4pr ¢fpramy mudnsbinkdd  sddueroearthgeni ¢ pl ant

5

TP AigeaTRENRAL BUELPLEAE! S CHI I, IS spobflSh Ut Of

encodrng nuclerc acid.
rARQiLPe HO: 2t Andt ennedesi @ Punetionaklymdwismaldnt produbitpant

gﬁdg? C%w ugtczgggtgaaesz&u%ﬁe% et :ﬂ]befrmz@é lp. P @gﬁ%@gﬁaﬂeﬁtﬁg

et ano preferre ment,
of the DNA sequences that éncode the amino acid sequence

shown in SEQ ID NO:2 and encodes a functionally equivalent
product; and (e) any nucleotide sequence'encoding a plant
protein containing the amino acid sequence of the endo-1,4-8-
glucanase shown in SEQ ID NO:4. Functional equivalents of
the cell include naturally occurring plant cell in other
plant species, and mutant cell whether naturally occurring or
engineered. The invention also includes degenerate variants
of sequences (a) through (e).

The invention also includes nucleic acid molecules,
préferably DNA molecules, that hybridize to, and are
therefore the complements of, the nucleotide sequences
(a) through (e), in the preceding paragraph. Such
hybridization conditions may be hiéhiy stringent or less
highly stringent, as described below. In instances wherein
the nucleic acid molecules are deoxyoligonucleotides
(*oligos*), highly stringent conditions refers, e.g., to
washing in 6xSSC/0.05% sodium pyrophosphate at 37°C {(for
l4-base oligos), 48°C (for 17-base oligos), 55°C (for 20-base
oligos), and 60°C (for 23-base oligos).

In another specific embodiment, the invention provides
nucleic acid molecules having homologous segquences e.g.,
nucleotide sequences sharing 60% or 70% or 80% or 90% or 95%
homology or identity with the nucleotide sequence of SEQ ID
NO:2 of identical size or when compared to an aligned
sequence in which the alignment is done by a computer
homology program known in the art or whose nucleic acid is
capable of hybridizing to a Cell coding sequence, under high,
moderately high or low stringency conditions.
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pl ant contains a reconbi nant nucl eic acid construct or gene construct
whi ch fur W99478¥ udes a secretion signal peptide, 25 nore PEE/1L8N3AS] Y,
the cell secretion signal peptide. The present invention al so

enconpasses seeds of the transgeni c plants descri bed above wherein the

seed has the  pjegapbbeagkaitbehhadfioh 13p3090985, LRCAIRAAN yliGLel C

acid  construc gene construct . invent i Of TUrt her
enconpass@@n@hﬁlﬁﬁ%g% ylow §F5%§99n€¥lﬁrﬁlﬁ§sf64 eWE| {see @iea Shidgeni c

plants  gRaCwéDRBeR§PVEIBAET BPFBCSaNELD oneay. steneuysaelys ;6789 -g792)5e! |
has t he rec nblnant E ucl ei c sgéda trans enet e% nbln nt nucl ei ¢ “aci'd
const ruct FHIEGERCOBRRLPLRY. re pretreated for at 40°C in a 23 -
WO 99/ 088801ution containing 35% formamide, 5X SSECTSbLﬁﬁiQQﬁé5Hc1

5.2. CGENE I J L ACI D
CONSTROCTEPR 7+5) 158t Srk PhTTS, PYR. 0. 1o Ficonr o 1. PR giin o0l are
vari ed asug/nlt@engbugeﬂcsslmgntapesmoDNAar|HMbrpdueatnahSSahesbapkaeu

cells. Thbﬁtdngcfﬁgté?gaOQOEKEEBhaﬁXtﬁ”QHQ'ESTi§w1n mEB&fH c53§8he;NVention

tures which an artisan may recogni ze as not bei ng

i ncl udes a nunber of
absol utel §- @2%cRYPq| 0.02% Ficoll, 0.2% BSA, 100 ug/ml salmon sperm

10 DNA, 10% (wt/vol) dextran sulfate, and 5-20 X 10° cpm
Rp-jabeled probe is used. Filters are incubated in
hybridization mixture for 18-20 h at 40°C, and then washed
for 1.5 h at 55°C in a solution containing 2X SsC, 25 mM
Tris-HCl (pH 7.4), 5 mM EDTA, and 0.1% SDS. The wash

15 solution is replaced with fresh solution and incubated an
additional 1.5 h at 60°C. Filters are blotted dry and
exposed for autoradiography. If necessary, filters are
washed for a third time at 65-68°C and reexposed to film.
Other conditions of low éfringency'which may be used are well

20 known in the art.

By way of example and not limitation, procedures using
conditions of high stringency are as follows:
prehybridization of filters containing DNA is carried out for
8 h to overnight at 65°C in buffer composed of 6X SSC, 50 mM

25 Tris-HC1 (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02%
BSA, and 500 ug/ml denatured salmon sperm DNA. Filters are
hybridized for 48 h at 65°C in prehybridization mixture
containing 100 ug/ml denatured salmon sperm DNA and 5-20 X 10°
cpm of *?P-labeled probe. Washing of filters is done at 37°C

30 for 1 h in a solution containing 2X SSC, 0.01% PVP, 0.01%
Ficoll, and 0.01% BSA. This is followed by a wash in 0.1X
SSC at 50°C for 45 min before autoradiography. Other
conditions of high stringency which may be used are well
known in the art.

35 By way of example and not limitation, procedures using
conditions of moderately high stringency are as follows:
filters containing DNA are pretreated for 6 hours to
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but cl early advantageous. These include nethods of I sol ation, synthesis
or ,construction of reconbinant nucleic 10 acid or gene constructs, the

mani pul at i ongyedord7ne gene constructs to be introduced int edal@sdoenss | S,
certain features of the gene constructs, and certain features of the
vegtors associated with the gene constructs. Further, the gene
constructs of the present 15 invention nmay be encoded on DNA or RNA
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Sanbr ook et al ., 1989, Mb| ecul ar Qni NnQ: abor at or nual , . Col d
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- 24 - described above, full length plant cell cDNA or gene

15 sequences present in the same species and/or homologs of the
cell gene present in other plant species can be identified
and readily isolated, without undue experimentation, by
molecular biologicai techniques well known in the art. The
identification of homologs of the cell in related species can

20 be useful for developing plant model systems for purposes of
discovering plant cell agonists or antagonists to modify cell
in plants to alter the following processes in either a
positive or negative way: larger or smaller altered plant
morphology. Alternatively, such cDNA libraries, or genomic

25 DNA libraries derived from the organism of interest can be
screened by hybridization using the nucleotides described
herein as hybridization or amplification probes.
Furthermore, genes at other genetic loci within the genome
that encode proteins which have extensive homology to one or

30 more domains of the cell gene product can also be identified
via similar techniques. In the case of cDNA libraries, such
screening techniques can identify clones derived from
alternatively spliced transcripts in the same or different
species.

35 Screening can be by filter hybridization, using
duplicate filters. The labeled probe can contain at least
15-30 base pairs of the cell nucleotide sequence, as shown in
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rather thaWO 87830 ng it froma biological source. In such PCIIi98/603dEs, an-

artisan can refer to teachings of references such as Caruthers et al.,

1980, Nuc. Acids Res. Synp. Ser. 7:215-233, and Chow and Kenpe, 1981,

Nuc. ACId8sﬁ§8x99n680§ §h88ﬁ§bridlﬂﬁﬁﬁénlﬁéhﬁmﬁﬁscohﬂitdéﬁbrﬁgeaonponent5
nmer as reaction

may be aﬁ%ggeg‘e% roducedrb%g % el

anpllflcat§ e e R¥PH R HIRPEY s afiSc ﬁSFEF t §POVerh F@f@P@nces
such as CetcDX¥a&dlilsaLy fﬁTdéhrha@lﬂggm an &rganipghedififidrénpl feomi 6ne f or
DNA Anmpl i f i t P 198
CUrregP | %{§€0?£g$h %ﬁlecu |oIo é Qﬁh%ggﬁ E%ﬁﬁeﬁgg X§U§SF1¥F3

al . eds.5 John Mteynatieoely, the 1abe1ed cell nugleotide BXOBESBaGNbe
CONSTRUCTS;d@g to screen!& @éﬁaﬁﬁcmﬂrwf a&ewa& feaﬁnhgenorgaa.fl@ﬂss;%“' c

plant with_ the ablllty {o express a plang
polypeptldbnﬁﬁﬁe% eﬂ%?h%er%ﬁﬁ%@ ?PBH%PB%ﬂFﬂbYaStrlbgﬁﬁF eepdikionsa gene

const ruct 9@apia§nﬂgfac§egu@n@ﬁa ch@ﬂﬁ@ﬂéﬁﬂzatﬂbﬁnbfCphénﬂﬁbénaﬁﬂé|at'On
protein or eptide one_enbodj nent ronoter is_operably
Pesoot at cocTondF Fe Lhginfdh Bt iind Ty FrennaeniELrafe EoF: Fegnating
nodul at 1@nppant estractwoa Y peet phisl oy OpRorbéyanpieci séqdénces der@peaabl y
oo ot SHOR O EhE 45 ER $8TChL SREELR) Ln bofRALESLL °Er Ut "
plant gene can be used to design primers for use in
amplification assays to detect mutations within the exons,
introns, splice sites (e.g., splice acceptor and/or donor
15 sites), etc.
Further, a cell gene homolog may be isolated from
nucleic acid of'the organism of interest by performing PCR
using two degenerate oligonucleotide primer pools designed on
the basis of amino acid sequences within the plant cell gene
20 product disclosed herein. The template for the reaction may
be cDNA obtained by reverse transcription of mRNA prepared
from, for example, plant cell lines or tissue, known or
suspected to express a cell gene allele.
The PCR product may be subcloned and sequenced to ensure
25 that the amplified sequences represent the sequences of a
plant cell gene. The PCR fragment may then be used to
isolate a full length cDNA clone by a variety of methods.
For example, the amplified fragment may be labeled and used
to screen a cDNA library, such as a plant cDNA library.
30 Alternatively, the labeled fragment may be used to isolate
genomic clones via the screening of a genomic library.
PCR technology may also be utilized to isolate full
length cDNA sequences. For example, RNA may be isolated,
following standard procedures, from an appropriate cellular T
35 or tissue source (i.e., one known, or suspected, to express
the plant cell gene. A reverse transcription reaction may be
performed on the RNA using an oligonucleotide primer specific



25 produces a functional nessenger RNA, whose transl ation produces the

pol ypeptide.) In a preferred embodi ment of the present invention, the
associ ated pweymlpegzei S a strong and non tissue- or PCT/ILIS/00345
devel opnment al -specific plant pronoter (e.g., a pronoter that strongly
expresses in many or all plant tissue 30 types). Exanples of such strong,
"constitutive" pronnters I nclude, but are not |limted to, the CaW 35S

pronot er, tHEPT the mestmBin&9onetsFhehsralif el nbragnenkdfendine \oiriming
derivatives.of first strandJ BydtheBes . enpdi f@@hl@iné henDy 98 Hy Brive Hid N,

it 35 may be adv 0 _endi neer Wi e_const ruct

conpri si ng gﬁgﬂbﬁghm% i H* 8P5H3n8§|vsb£@|arﬁﬁﬁﬁ§§ rEerningk ein or
polypept|de‘tm&nsﬁﬁqpsasx@@m&ued wthe hybridueay doe dlgested with RNAase
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PCT/ 1 L98/ 0%3%’5 a\“a %%5% ?%&ﬁgﬁxtdaﬁygtggs?s m%¥ orm‘?’r('arbe s% % Wlﬁﬂ %hot
linmited to PQhé‘Q:&ﬂinprermtl‘bnS;tﬁBNEI—Se@um%rupstreemWIﬁnqoromt er,
etc. For exadﬂﬂleifl‘@aerf%a%%sﬁh?neéﬁlﬂroﬂgaié&ga%éésUeﬁo@@ re ALY | S

desired, pronoters such as the cegl| pronpter
yet anot her PR SHEasesins HPéggnPaan%ﬁ¥$Qﬁv Se#te¢ﬁnnlﬁ@ﬂ?ﬁﬂﬂhaﬁ@eous
to transformay plidss, Wspra.gene construct conprising a sequence encodi ng

a plant cgl val e 3’ Fehd"sBERLEED: Shaf RARE IR P USRI dlced 1o

isolate mutant cell gene alleles. Such mutant alleles may be
isolated from plant species either known or proposed to have
a genotype which contributes to altered plant morphology.
Additionally, such plant cell gene sequences can be used to
15 detect plant cell gene regqulatory (e.g., promoter or
promotor/enhancer) defects which can affect plant growth.

A cDNA of a mutant plant cell gene may be isolated, for
example, by using PCR, a technique which is well known to
those of skill in the art. In this case, the first cDNA

20 strand may be synthesized by hybridizing an oligo-aT
oligonucleotide to mRNA isolated from tissue known or
suspected to be expressed in a plant species putatively
carrying the mutant plant cell allele, and by extending the
new strand with reverse transcriptase. The second strand of

25 the cDNA is then synthesized using an oligonucleotide that
hybridizes specifically to the 5’ end of the normal gene.
Using these two primers, the product is then amplified via
PCR, cloned into a suitable vector, and subjected to DNA
sequence analysis through methods well known to those of

30 skill in the art. By comparing the DNA sequence of the
mutant plant cell allele to that of the normal plant cell

. allele, the mutation(s} responsible for the loss or

alteration of function of the mutant plant cell gene product
can be ascertained.

35 Alternatively, a genomic library can be constructed
using DNA obtained from a plant species suspected of or known
to carry the mutant plant cell allele, or a cDNA library can
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10 nodified or artificial pronoter. Typically, such pronoters,

const r uct ewor99/07838onbi ni ng structural el ements of different PCTALIRAIB4S s,
have uni que expression patterns and/or |evels not found in natural
pronoters. See e.g., Salina et al., 1992, Plant Cell 4:1485-1493, for

exanpl es OioeaEBhEtEhé{:eEr ag%ar %N;h5 £7ORS ol ¥alsathef ﬁ&favﬁpnmzmé&pected
cis-regulatory elements wth a r onot I'n yet ‘an

addi t i onal tenB¥BrREft the F‘Hga&tegé'ﬁf’t ceﬁﬂv@ﬁ%e&ﬁ' t H‘é‘eem% A a cel |
\Aﬁl ! mdulzabzmngaﬁaeofrﬁany shatdawewmaqahebzy: itheread 3@# fé’ﬁié&ﬂlhé nurrtr)]er of

t he gene the desire tein aqr e e _appy.0ach to
produci ng g Eﬁiﬁa EPI URPEN 2PN & E%?g’& ESpik gfg‘g:[l%&h e SPHESP por isto .
t ransf or m wuthntupllent eeild addstbeudins suicht libraoitesi.n Mildregd e copi es of -

the gene. AhELofthyChie AuBSRE p1athCQIN0ddNe dBRncHbdl RRPRHALE ean P

placed in a nuc construct contai'ning a
anpl i fi cat porrifédedcand| subieréed to seupefsee anpadlysis @ncapdimgritee

synt het ase peERbag" welldkRpihotel %h%sreeQifCTs?éqm%\eth@e'é& transformed with
such constructs are subjected to cul turlnggg gi mes that sel ect cel

lines with |ncré§§é8198ﬁ43¥'oPnASWmﬁ@ﬁ§1°§bé A Yecatp kg consdgaicted \p .
Appl . Garetutili24AgS6BNAf Qﬁm&h&@l&@ﬁ! @ron, Ifrdi't e&aimpssd HvA Iz%&imt%a)f a
plant cell |ine contai lified o]0 of _t use t he
desired gef&9Psa 1§F8§e£§°wpﬂk £HSPE ghgxﬂﬁﬁﬁsIQIﬂéi
anmplified tdeg1 alASng&neampﬁhﬂtabp@dnébeBpspecweﬁeoﬁnﬁn1knﬂﬁﬂltb(yar&yBS
Cro0 19 BgfeR, ELeRE AT TRI B! SRBPINIRL ieng promucss sidh 3 |
wal | nndulaheopupngnyahy mutant tissue may be expressed.an§530reened
15 using standard antibody screening techniques in conjunction
with antibodies raised against the normal plant cell gene
product, as deécribed, below, in Section 5.3. (For screening
techniques, see, for example, Harlow, E. and Lane eds., 1988,
Antibodies: A Laboratory Manual, Cold Spring Harbor Press,
20 Cold Spring Harbor.) Additionally, screening can be
accomplished by screening with labeled Cell fusion proteins.
In cases where a plant cell mutation results in an expressed
gene product with altered function (e.g., as a result of a
missense or a frameshift mutation), a polyclonal set of
25 antibodies to plant cell are likely to cross-react with the
mutant plant cell gene product. Library clones detected via
their reaction with such labeled antibodies can be purified
and subjected to sequence analysis according to methods well
known to those of skill in the art.
30 The invention also encompasses nucleotide sequences that
encode mutant plant cell, peptide fragments of the plant
Cell, truncated plant Cell, and plant Cell fusion proteins.
These include, but are not limited to nucleotide sequences
encoding mutant plant Cell described herein. Nucleotides
35 encoding fusion proteins may include by are not limited to
full length plant Cell, truncated plant Cell or peptide
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pol ypepti de may be engi neered by transformng a plant cell wth a
nucl ei ¢ aci dwomatsdact encodi ng a regul atory gene that COPEiaLg3/005e
expression of the endogenous gene or a transgene encodi ng the desired

polypepti de, wherein the introduced 5 regulatory gene is nodified to allow

for strong e reSS| t he eptide in the desired tissues and/or
devel opnent & eﬁg plant cdid %%sed5 9 gnpuneg]gredpparoRein (pr

RECCNBINAhﬂ'péptlde, such as for examplleCLEl EedfetiGANSIFhET Speptide.
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sel ect abl e mar ker propagation o
const ruct toaxmlqg%gw@j hyh altepingethe peélesegugncenbyi ns an antibiotic

resi st ances goiSat i tutSidus a%cﬁl‘%ﬂo%%t Eoﬂg?céﬁl{)ﬁé' ﬂ?@ﬁré&i&ggﬁ% rﬂre&

tetracycline,, streptonmyci’n, of | or anpheni co
propagat i ng Y*ﬁ?(ﬂﬂﬁﬂlﬁﬂﬁ?QWQ%QE$§a§Pa§ﬁFé§1tY- cBews dsthea@elt i ophages or

vi ruses, t()dEEEVéﬁﬁvésfﬁﬁMlude polypepth&eédébﬁtéihlﬁ@e 4ECP
bl e sel ectabl e or screena e mar ker

constructs qu |ncl%%§ Iant e r essi

genes for Sry B 8 BF PREEKPhgtR? ¢bhtamine agidhnsf or ned

by these conséquarics Mlexdmlgl alterkdr seqnchtée, b uih Béle ﬂﬁictloﬂdlf’i‘yt ed to,
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functionally active. For example, one or more amino acid
residues within the sequence can be substituted by another
amino acid of a similar polarity which acts as a functional

15 equivalent, resulting in a silent alteration. Conservative
substitutions for an amino acid within the sequence may be
selected from other members of the class to which the amino
acid belongs. For example, the nonpolar (hydrophobic) amino
acids include alanine, leucine, isoleucine, valine, proline,

20 phenylalanine, tryptophan and methionine. The polar neutral
amino acids include glycine, serine, threonine, cysteihé,
tyrosine, asparagine, and glutamine. The positively charged
{basic) amino acids include arginine, lysine and histidine.

The negatively charged (acidic) amino acids include aspartic

25 acid and glutamic acid. Such Cell derivatives can be made
either by chemical peptide synthesis or by recombinant
production from nucleic acid encoding the Cell which nucleic
acid has been mutated. Any technique for mutagenesis known
in the art can be used, including, but not limited to,

30 chemical mutagenesis, in vitro site-directed mutagenesis
(Hutchinson et al., 1978, J. Biol. Chem. 253:6551), use of

. TAB® linkers (Pharmacia), PCR with mutation-containing

primers, etc.
Furthermore, if desired, nonclassical amino acids or
35 chemical amino acid analogues can be introduced as a
substitution or addition into the Cell protein, derivative or

analogue. Non-classical amino acids include, but are not
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include, but are not limted to, the genes encoding [err]- gl ucur oni dase
(JeffersonWQLW““PI ant Mol ec Biol. Rep 5:387- 405), | uciRGEME%0PEN et
al ., 1986, Science 234:856-859), and 30 the B and Cl gene products that
regul at e ant hocyani n pi gnent production (Goff et al., 1990, EMBO J

9:2517- 25221m1tea to, the bRigphagsmert ehel cbifioR’ aaeHb h&!ﬁ%t'Q” whi ch
utilize the A gﬁ%erLun1s temfor, trans rnlng gcénts see |nfra t he
3

reconblnan?1 YFbEtgc dl?lBH&PPy1§8 Fred ¢ Iéa??lpﬁéqugﬁp

T- DNA bor dgeidgqmbage2fanikbnputheibNAcid, sganbages-Anxhest-aminbor ned into

Pl ant cel| neknBiS S6187 a1ntBOhIRS' TaoblEyPS0USHEES boapgublansterred in

PCT/ | L9850p8dpionic achd,r oghithmde| ehbrTelNinker dervaddnences. The proper -

desi gn ggrS?gﬁkﬁyghéonsﬁ%céHEHeT Q@éfﬁiiﬁﬂetrﬁBﬁEBEgﬁéigﬁnéeCtors

are wel | §ki f hé
TRANSFCRN%FYEFPGF @EAﬂnstphEtF@gANCGEELst-butylalanlnﬁ@cphenmggﬁwcnne,

present inygpYbABxyRal§Aihab! B-a18hahk, ”BiuB?oOHhihachP&straa%E hEkng a
plant cell W th a nucl ej ¢ aci.d construct described hereih. In

i nst ances, aMipp AG§ABCSHER| ASHEEMEERYARRABP 2ChASNnt CRTIBERNL QEFPOMnth 10
several1dl&Ee&gntNgemetnpmsamMﬁbSacSush angi aRehbNgci@yah8logues in

general. Furthermore, the amino acid can be D (dextrorotary)
or L (levorotary).

The invention also relates to iseclated nucleic acid
molecules which comprise the nucleotide sequence of the celi

15 promoter.

In a specific embodiment, the isolate nucleic acid
molecule comprises or consists of the nucleotide sequence of
SEQ ID NO: 1 or functional fragments thereof.

The invention also encompasses (a) recombinant nucleic

20 acid vectors that contain any of the foregoing plant cell
coding sequences and/or their complements (i.e., antisense);
{b) recombinant nucleic acid expression vectors that contain
any of the foregoing cell coding sequences operatively
associated with a regulatory element that directs the

25 expression of the coding sequences; and (c) genetically
engineered host cells that contain any of the foregoing plant
cell coding sequences operatively associated with a
regulatory element that directs the expression of the coding
sequences in the host cell. As used herein, regulatory

30 elements include but are not limited to inducible and non-
inducible promoters, enhancers, operators and other elements
known to those skilled in the art that drive and regulate
expression. Such regulatory elements include but are not
limited to the promoters derived from the genome of plant

35 cells (e.g., heat shock promoters; the promoter for the small
subunit of RUBISCO; the promoter for the chlorophyll a/b -
binding protein) or from plant viruses (e.g., the 355 RNA



acconplished by transformng a plant or plant cell with all of the
desired gene constructs sinultaneously. Al ternatively, the engineering
may be carri sy ®uwys30 sequentially. That is, genetic engi neepcrgrLes0345
acconplished 15 by transform ng with one gene construct, obtaining the
desired transfornant after selection and screening, transform ng the
t ransformant_ w t can cons and so on._I.n .certain
embodi ment s P& e&er‘? % st’rg Fga%egr‘)tﬂ’ﬂk%ﬁo‘?%t%r A FRARCT AWl e
or screenabr%anua'K@MVgeney$om§QaQQVLnu$ahCMVtumnediﬁtechanlj|ganexnthﬁ
plant 11 ansfQLBLE 1atL0BYBHBLAGSHE! 5946 SEOFOYINEL | Sthe ITh!

evera

enbodi nent , erent genes may be I Nncorpora ed'rnto one ﬁlant

by crossﬁ‘rhf JRe Sy gtem, ngbeeBiCnekstems obhe JERC girten, the major |n an

enbodi ments Qpdhit o ARANbroR¥eat 989’13155 ASE ObIR&GETA Ut &Hﬂfmeqségqf ns
I nt roduce the %gne construct I n g?ants Such transfornation preferably

uses bi nary °f T&yCORPEPEEAPT- Eﬂﬁ peepater (£R% i Phapphogiycergtiel Res.
12: 8711- 872 Rinadw] &-Jhe p@omutérgabfoacm opleskipiea fdy S Ahd®tthe fﬂ:lomot_lr_&@,
Sci ence 227‘é§%$§} % £ E Fe 30 Agrobacteriumtransformation
systemis us &g, ﬁegrma 18908?9 %Bhous plants (Bevan et al., 1982,
Ann. Rev. Cenet The6p3Béef8dinRegticne¢nadmpadHSs a Mxduodsinanty mmicleic
118: 627- I U Lr

used to (i yebtbr SRABATLERY Eh ARG GISULEN M AN RO i
and pl ant celd)s the mlaetndeSsequewe engdding F8 LT ENEOD 113 0ypeiiste;
Hooykass- Varn 13}ief @heNaflino adka: sé@@émcé\laéf”@élﬂb W4754(b)gda'ﬁla‘§% et

al ., 1987, Nature
nucleotlde seguences of SEQ ID NO:4 which 1s an allelic

variant, species variant, and naturally occurring or man-made

15 functional wvariants thereof; (¢) a nucleic acid molecule
encoding -derivatives or analogs of the Cell polypeptide of
SEQ ID NO:4; or (d) the nucleotide sequence of SEQ ID NO:2.

The invention also relates to host cells containing the
recombinant nucleic acid vectors described above.

20 The present invention further relates to recombinant
nucleic acid vectors comprising a first nucleic acid sequence
encoding a secretion signal peptide and a second nucleic acid
sequence encoding a cell wall modulation polypeptide.

In another specific embodiment, the secretion signal

25 peptide is from cell, obtainable from Arabidopsis thaliana.

In a specific embodiment, the recombinant nucleic acid
vector has a cell wall modulation protein polypeptide which
is a cellulose binding domain as defined above herein.

30 5.3.2. Cell PROTEINS AND POLYPEPTIDES

The present invention encompasses polypeptides
. comprising an amino acid sequence corresponding to
Arabidopsis thaliana endo-1,4-f-glucanase (Cell) gene,
allelic and species variants, and naturally'occurring and

35 man-made functional variants, and derivatives and analogs
thereof.
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WO 99/ 07830 PCT/ | L98/ 00345
325: 1677- WQ99/8%830t on et al., 1989, Plant Mol . Biol. 12:31-PCTAL98/00345nd

Gould et al., 1991, Plant Physiol. 95:426-434). I n ot her
enbodi nents, various alternative nethods for introduci ng reconbi nant

nucl eic acid cgns ﬁ’]gﬁi&lﬂt& embdd Aftiret a%@'ﬁf@s&%'fm&@ﬂt?&ﬁ%% ides

utilized. These o net hods are partlcularl useful where the targ
is a nheSIReRidt PG Ui ARRC AFIS SEIURTRR | A TERID N‘?f%msf er
and transfor matdean Bridtadnd n c&mypeﬁmid@é earidipept id@i £esent$) ot opl ast

transformation t uhclc 0] yet hvl en o

el ect r opor®Hiad® A;E qiﬁ’)* aet o"?e‘*]aﬁ%ﬂxsbl\%te(tgé% €%¥£k%’%'f<?r efelt .
1984, El@@uhlibrﬂbk’btelns?m botpnadpared Tor UuD85s MxEL . waEkh. Cenet. Y
199: 169- 177; Fro 5, Proc. Nat. Acad. Sci. USA 82:5824-5828;
and shi madit m@b@%’% '74-276) and el ectroporation 15 of plant -
ti ssues (D HmIThe1xnventlonuﬁlFOInnﬂﬂmmiﬁseslEIQEPIDS tsgs)arevddi ti onal )

net hods fq t J [ n
car bi de mad“% eml} é%%r"s‘;ﬁﬂ%aﬁeﬁ&%? %%]P%:%%%%%% @ﬁé ﬁmf él’?%%%?t er

9: 415- 418)sequrnces rﬂﬂﬁ%&ﬁ%c’m | SeHARTrRInent - (SHREXG AT J}Ed%d by ozmy

Elr OCt é{e)(l):\!% G'ggﬁgbfxs(‘df di%éiﬁl&moﬁuﬂﬁﬂgln@%ﬁﬁ&@nlﬁﬁﬁ%ﬁ&teﬁ&o?l 4= 1990
an r di res i nvention,

wi de vari 8 “calﬂaﬁ% AT G i a?ﬂc eﬁ)‘fn% Rk %fu heCFEH for the

desired prplxsatséﬂg; cGalclarge agxmrmm mathal ot eed sto caddﬁetijsm@edr 25 herein

usi ng the nucl.eic acid construc t Dt nd_t he

various tr SR fﬁéﬁ? |(Né§%fﬁ&é%g%%th%ﬁn¥ f%ﬁg%g a013

enbodi nentsequenae=terptaiad andchpd aml'ant cell smi@le@hgiel&eqll@weal ude, but

are not,ligiled iy th05sk, idS0cOisn e5lonots BRd h £O EEARDOUSn Ph ant s,

such as Crops
511ent change, thus producing a functionally equivalent gene

product. Amino acid substitutions may be made on the basis
of similarity in polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic nature

20 of the residues involved. For example, nonpolar
(hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryﬁtophan, and
methionine; polar neutral amino acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine, and

25 glutamine; positively charged (basic) amino acids include
arginine, lysine, and histidine; and negatively charged
(acidic) amino acids include aspartic acid and glutamic acid.

While random mutations can be made to cell DNA (using

random mutagenesis techniques well known to those skilled in

30 the art) and the resulting mutant cell tested for activity,
site-directed mutations of the cell coding sequence can be
engineered (using site-directed mutagenesis techniques well
known to those skilled in the art) to generate mutant plant
cells with increased function.

35 Other mutations to the cell coding seguence can be made
to generate Cell proteins that are better suited for
expression, scale up, etc. in the host cells chosen. For



30 including grain crops (e.g., wheat, maize, rice, mllet, barl ey),

frujt crops (e.qg., tomato, apple, pear, strawberry, orange), forage crops
(e.g., alfal {eonhgagt vegetabl e crops (e.g., carrot, potat@ecraugsosdseet s,
yan), leafy vegetable crops (e.g., lettuce, spinach); flowering plants
(e.qg., 35 petunia, rose, chrysanthamum, conifers and pine trees (e.g.,
pine fir, spruce); plants used in phytorenedi ation 5e.g., heavy petal
accumul at i ngeX¥AmpRes) cysteine Fesidugs cafinppofgteted of substituted with

- 29 - a%o%rg%ﬁm%cid in order to eliminate disulfide bridges;

Corg . ar b tigpead pircosyPacitn Bi305° oA Pe R1e8HER OREF B EFEAR o
OF TRANSFORMzEh RvE\T Soi\2sRimiNE ,CElkb8ession of a héwegeneons tprediectpr esent
| nventi on, 434 & RAN SasiTRY rARAARLAUNSHIOKuERBLOGCEGE PORO MBS Of

the di scl o%ed? ne constructs into a varleté of plant cell types,

i ncluding whichmatrd ikmoway to bypesgdycasydate Nsiinkedtsikesel | s, tissue

10 and organ expl@iis R &N ?%ri%)é %ias,swahh pep¥hake GARBs.  In an

enbodi nent of the present invention, e englneeted lant_material is

p
sel ected or Ghemigrldy EYNhasiZeCdRrg-+ FRROSECLBREORaVEI8 hic FERESARSE or
i ntegrated t&eidhirlicil MORRRIIGONPriuetipIdE, f Wl HoWwrngehde &pqs.0aakes and

met hods 10 York), large polypeptides derived from the Cell and the full
length Cell itself may advantageously be produced by
recombinant DNA technology using techniques well known in the
art for expressing nucleic acid containing plant Cell gene
sequences and/or coding sequences. Such methods can be used

15 to construct expression vectors containing the cell
nucleotide sequences described in Section 5.1 and appropriate
transcriptional and translational control signals. These
methods include, for example, in vitro recombinant DNA
techniques, synthetic teéhniques, and in vivo genetic

20 recombination. See, for example, the technigues described in
Sambrook et al., 1989, supra, and Ausubel et al., 1989,
supra. Alternatively, RNA capable of encoding cell
nucleotide sequences may be chemically synthesized using, for
example, synthesizers. See, for example, the techniques

25 described in Oligonucleotide Synthesis, 1984, Gait, M.J. ed.,
IRL Press, Oxford, which is incorporated by reference herein
in its entirety.

Also included within the scope of the invention are Cell

proteins, derivatives, and analogues which are differentially

30 modified during or after synthesis, e.g., by biotinylation,
benzylation, glycosylation, acetylation, phosphorylation,
amidation, pegylation, derivatization by known
protecting/blocking groups, proteolytic cleavage, linkage to
an antibody molecule or other cellular ligand, etc. 1In

35 specific embodiments, the MDC proteins, derivatives, or
analogues are acetylated at the N-terminus and/or amidated at
the C-terminus. Any of numerous chemical modifications may
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bed bel ow. An isolated transformant may then be regenerated into

AVOPNEPvel y, the engineered plant naterial nayPEEFILIRNSA at ed
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20
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or after
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I nhi bi t or ¥hamMurenek ohhe antibiotic or herbicide to which the
transform ng gene 30 constégct confers resistance. Further, transforned

pl ants

and AP¥nPIcEPesCReY RIrOLedBSs)8REiVREAVESF oFr adailogues t he

activi ti edestrabrdvabbbeena®, kaBdgensnaleyy. havae aBnon-paligoni dase,

| uci f erase
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PCT/ 1 L98/

15

20

25

30

35

88§4%nclwgéggkgz8ggample, lipid-fatty acid conjugates or
carbohydrates.

Endo-1,4-B-glucanase activity and/or the ability to bind
cellulose of the Cell variants or derivatives (including
fragments and chimeric proteins) or analogues thereof, for
use in transgenic plants can be demonstrated by any of the
methods disclosed in Sections 5.4 and 6 infra or known to one
skilled in the art.

A variety of host-expression vector systems may be
utilized to express the plant cell nucleotide sequences of
the invention. |

Methods which are well known to those skilled in the art
can be used to construct expression vectors containing the
plant cell coding sequence and appropriate
transcriptional/translational control signals. These methods
include in vitro recombinant DNA techniques, synthetic
techniques and in vivo recombination/genetic recombination.
See, for example, the techniques described in Maniatis et
al., 1989, Molecular Cloning A Laboratory Manual, Cold Spring
Harbor Laboratory, New York and Ausubel et al., 1989, Current
Protocols in Molecular Biology, Greene Publishing Associates
and Wiley Interscience, New York.

A variety of host-expression vector systems may be
utilized to express the cell coding sequence. These include
but are not limited to microorganisms such as bacteria
transformed with recombinant bacteriophage DNA, plasmid DNA
or cosmid DNA expression vectors containing the plant GluR

- A4 -
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Physi cal and bi ochem cal nethods al so may be al so to identify plant or
pl ant cell transformants containing the gene constructs of the present

i nvention. TWMs®/0Fg0hods include but are not limted to: 1pcTaudssss
analysis or PCR 5 amplification for detecting and determ ning the
striucture of the reconbinant DNA insert; 2) Northern blot, S1 RNase
protection, | - §§?5§5 N cLlplase- . |ifigation
for detecti ngégﬁge:ﬁa ni nég)' %%ﬁﬂ%ﬁ%«{@% L"lg%’hgggg@lggﬁg?}’ﬁﬁ? ; 3)
enzynati c asSEPEESBEOR NINANH cAMMAININY dher PRanyn€luBt Cofling seguensegch
gene product $ndest eferHasdbems liHrL¥a AR FeebnbdhaRt b 8Hils 98kpres-

el ectrophoresis, Western bl ot _techni ques, 1 nmunoprecipitation, OF
enzyme- | i nkeBLOT| VREHMRER stfrd - iR LYd s e COBRRLPLRY Bheddell eeding

proteins. s Aeguéncwplplanthiieliesystiens dnfeatadt withbredbipinone ezyge 15
st ai ning, and |gnunosta|Q#%%ES g%;o may bﬁﬁ%ied to detect the resence or
expressi on of XPHEST TS &erruSBYHH ~OUBECRPFR LG BRFUS, and

ti ssues. Thetokadwoosndsaricoiimpsgl ITMV)t lwes éransfpsmed ewiveh | r&soMbinant hose
skilled int . . ARA | S, THALL ANA -

ENDO- 1, 4- [ er$ F’-’@’(&ﬁﬁé%ssmn Ve%%"?g'.sl.p(ec'g' Fﬁ@a%‘éﬂ‘ﬁwm NANT
VECTORS cell |gpdimg Isequenssct ort kaipadsenili syshensnipfevtedsyittyel

i sol at ed ' ' 3 s\ nugl got i ence
encodi ng SaCEELmIGETIIAUE Sapi B acthfeThe 5OL ! dfenoy BRGLEIS
thal i ana. | nV3FelR¢dodiisit 1ncaddsny gedii danes engineeredito eceithiequence
of SEQ I D NGidltiple copildd dfSpee dedicehederestablPeahsPifi&y nucleic acid
nol ecul e has é“?ﬁé‘ﬂ?p eoti de %gg ence ﬁf' SEg D $IO 2 . | n anot her
specific embb L) (RF U ampldfiedoin fouhlearinute hymmpsones

pol ypepti de bawvyng muird nemiced 1adiitkes) .sequence of SEQID NO 4 is a variant
such as apg

allelifhe expression elements of these systems vary in their
strength and specificities. Depending on the host/vector
system utilized, any of a number of suitable transcription
and translation elements, including constitutive and
inducdible promoters, may be used in the expression vector.
20 For example, when cloning in bacterial systems, inducible
pronmoters such'as pL of bacteriophage A, plac, ptrp, ptac
{(ptrp-lac hybrid promoter) and the like may be used; when
cloning in insect cell systems, promoters such as the
baculovirus polyhedrin promoter may be used; when cloning in
25 plant cell systems, promoters derived from the genome of
plant cells (e.g., the cell promoter, heat shock promoters;
the promoter for the small subunit of RUBISCO; the promoter
d for the chlorophyll a/b binding protein) or from plant
viruses (e.g., the 358 RNA promoter of CaMV; the coat protein
30 promoter of TMV) may be used; when cloning in mammalian cell
systems, promoters derived from the genome of mammalian cells
{(e.g., metallothionein promoter) or from mammalian viruses
(e.g., the adenovirus late promoter; the vaccinia virus 7.5K
promoter) may be used; when generating cell lines that
35 contain multiple copies of the cell DNA SV40-, BPV-~ and EBV-
based vectors may be used with an appropriate selectable
marker.
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variant, a species variant, a naturally occurring variant, a man- made or

i nduced vaMW@Pp078¥e nucl eic acid nol ecul e may al so encoRCTIHIBOONMSE ves

or anal ogs of the polypeptide of SEQ 35 I D NO 4. As illustrated in
t he exanples, infra, the isolation of the cell gene was effected by PCR
anpl i fication ofnap#éfebPal systems a number of ex e581on véttors may

WD 99/ 07830 " {-, L98/ 00345

fragment URF YRR AT EL Y, SRLPE ﬁgsﬁﬁﬁgﬁdéﬁgoPBPﬂgt & usec&ﬁ§§P9§3

am no- aci dfseqties cBsll nexpoeasedandFoonekamplaseehen labgehqguantikgegafter
sed to sc t I3C 7.5,k I

1l‘J r agnent (éEQB ?%Dl\%%)aﬁy% g?ﬁg% ﬁr L*’% Séésrgslﬁﬁl?of‘r 385‘&2’953&5

i sol at ed5apd tmasgresn pep\wa@e 1ftbunuieaat vegbors whiathadareek! thene

i ncludes s o EXP85 of | HiGH CE b%fs ﬁsiaﬁrﬁfétﬁln Prodﬁgﬁﬁpiﬁggn%ﬁg

“invention a hﬁhOVI s A6 ate nuc eic 10 aci ecu avi ng
nucl eot i dereaddin RupE Brd) nay Nepodesyrakhe s $uehAvastaspsiscindel buk

genomi ¢ cl gpg Rét ensipitled-to tREr k- gbaszeneﬁﬁressmn vé@:tbi:'zﬁﬂﬁﬂ?be nucl ei c
acid sequence of the ggons o test for t resence of

e e PREen o S nel98 s cEiEn s 02 2801l o 18 WhiBRALRRi BRLTnc) udas
t he Opeﬂo codeﬁ@llmém meiycbél lidated! iAtd theclBBtbdragfiefira@Swith

SUCCGSSfU|£XeCia eg co 1ng ”S&ESQ é§E€£AE’QKL%£r13 Sefgm@hc Z protein
is produced; E. coli expression vector pET3d obtained from
Novagen (Madison, Wisconsin) as we have already successfully
prepared and used to purify antibodies from rabbits; pIN

15 vectors (Inouye & Inouye, 1985, Nucleic acids Res. 13:3101-
3109; Van Heeke'& Schuster, 1989, J. Biol. Chem. 264:5503-
5509); and the like. _

In yeast, a number of vectors containing constitutive or

inducible promoters may be used. For a review see, Current

20 Protocols in Molecular Biolody, Vol. 2, 1988, Ausubel et al.
eds., Greene Publish. Assoc. & Wiley Interscience, Ch. 13;
Grant et al., 1987, Expression and Secretion Vectors for
Yeast, in Methods in Enzymology, Wu & Grossman eds., 1987,
Acad. Press, N.Y., Vol. 153, pp. 516-544; Glover, 1986, DNA

25 Cloning, Vol. II, IRL Press, Wash., D.C., Ch. 3; and Bitter,
1987, "Heterologous Gene Expression in Yeast", Methods in
Enzymology, Berger & Kimmel eds., Acad. Press, N.Y., Vol.
152, pp. 673-684; and The Molecular Biology of the Yeast
Saccharomyces, 1982, Strathern et al. eds., Cold Spring

30 Harbor Press, Vols. I and II.

In cases where plant expression vectors are used, the
expression of the cell coding sequence may be driven by any
of a number of promoters. For example, viral promoters such
as the 35S RNA and 19S RNA promoters of CaMV (Brisson et al.,

35 1984, Nature 310:511-514), or the coat protein promoter of
TMV (Takamatsu et al., 1987, EMBO J. 6:307-311) may be used;
alternatively, plant promoters such as the cell promoter or



sequence perfectly matched the DNA sequence of the conbi ned exons, as
deduced from SEQ I D NO 9. 20 The 1476 bp open reading frame of cel

was found to e a 492 am no acid pol ypeptide (SEQ I D NQ W th a
predi cted nol &cU ;aa?ﬁ\gxeu ght of 54 kDa. As illustrat edN?ﬁ @’Wk. ng
exanpl es, infra, northern bl ot analysis of cell was carried out using a
768 bp cell 25 cDNA fragnment as a probe. RNA transcripts were undetectabl e
in fully expafitnaticnaledragnepss theraef: hthesmall mubunide of RUBISioover i ng

stems. Howeve{cerdldiong h'l@-nS@.bBﬁt gngﬁa,h vwasn%w §f-d gh@% el angatl ng
zone of flomeruﬁg'stens of _nor Transg nic tobaccé
d

| a
pl ants transfbt %ﬁﬁﬁ?cﬁhgzﬁuﬁaﬁl é3? %%IWeﬁﬁ(ﬁﬁRQ§'RﬁﬂﬂQ§$rEUSGd9to t he
[err]-gl ucur asuylsam GESPS) . 5-Er 6pOhspL7 UBFE (Gms.l)ey WY @ il.eshedd, 05101

ti ssue-specjf ress n|f QUS act i vit
observed i né 1‘%6%5 éﬁoﬁ‘ %3§gPths&\e?3y é?\ €8 GO Fan be
t ransgenic pﬂxnnnpﬁucedThatQtBﬂnnhgcahSSOMSEmyéﬁ.mma$mndssh@ﬁlpaa§mﬁa§§

el ongati ng WO
59/ 02830 p¥dteSrirus vectors, direct DNA traﬂﬁEﬂFFE§§%%b345

The cel | nucl&iqrodaigckdpaeupdgcbroparatinentaten | Forudeviews of such
techniques see, for example, Weissbach & Weissbach, 1988,

10 Methods for Plant Molecular Biology, Academic Press, NY
Section VIII, pp. 421-463; and Grierson & Corey, 1988, Plant
Molecular Biology, 24 Ed., Blackie, London, Ch. 7-9.

For long-term, high-yield production of recombinant
proteins, stable expression is preferred. For example, cell

15 lines which stably express the plant Cell protein may be
engineered. Rather than using expression vectors which

’

contain viral origins of replication, host cells can be
transformed with the cell DNA controlled by appropriate
expression control elements (e.g., promoter, ‘'enhancer,

20 sequences, transcription terminators, polyadenylation sites,
etc.), and a selectable marker. Following the introduction
of foreign DNA, engineered cells may be allowed to grow for
1-2 days in an enriched media, and then are switched to a
selective media. The selectable marker in the recombinant

25 plasmid confers resistance to the selection and allows cells
to stably integrate the plasmid into their chromosomes and
grow to form foci which in turn can be cloned and expanded

¢ into cell lines.
A number of selection systems may be used, including but

30 not limited to the herpes simplex virus thymidine kinase
(Wigler, et al., 1977, Cell 11:223), hypoxanthine-guanine
phosphoribosyltransferase (Szybalska & Szybalski, 1962, Proc.
Natl. Acad. Sci. USA 48:2026), and adenine
phosphoribosyltransferase (Lowy et al., 1980, Cell 22:817)

35 genes can be employed in tk", hgprt" or aprt- cells,
respectively. Also, antimetabolite resistance can be used as
the basis of selection for dhfr, which confers resistance to

....47_.



(a) the DNyghgyg¥ece shown in SEQ ID NO 2; (b) any nucl eehflesgsguence
t hat encodes the am no acid sequence shown in SEQ ID NG 4; (c) any :

nucl eoti de sequence that 5 hybridizes to the conplenment of the cDNA
sequence shown in NO 2 and encodes a functionally equival ent
product; me ?mtw%dl%@&]i% aleflenc el T8t ﬂ‘ﬁf‘bh ddead. t 5¢i heUSAnpl enent

of the DNAypesBiencey Harad e&fua?ne tmﬂmmc@mwﬁﬁfqusese Scﬁhow,h' n SEQID
NG 2 and encodes a fu ctl(}nal i val ent 10#l)roduct and (e)

nucl eot i de’ &¥krfehde rs resigh ‘&%n?%lﬂYﬁ@P]Pﬂ@Ja*ﬁ’ n@chél d

sequence o(mﬁhﬂg’ﬁtdc& Be&‘g{,erqual, Btorantstel s oead i rscSEQ IIIQ\NQ42072 I I

Functi onal  equi nt occu g ant cell :

in ot he epcf an ‘%ﬁaiscgle(ﬁ%engers %n%ée%g%‘%]ﬁée#{'ﬁ %?? uﬂ% ng or

engi neer ed(Catkenneréiaxaginieso ahc.l ut%%lde?ger!@ht eBimli ah%e: 1) ; o&nd;equences

(a) throu H?F‘; ch&i&s aci d ;
Q{}é pref élrlthl fon-@&é ri:vcu es, @%at h iy &

nol ecul es, e to; and are

therefore tSantegms emined of 138 rRRNQ 010 ikt ueﬁﬁﬁe%anN(a?)ddi#mml(e)

in the pr%@ﬁé&maﬁwha&@meemméﬁﬁ@éaom LeARS, Yide highly

stri ngent or. |l ess stringent, as descri bed bel ow.” 1h 1 nstances
wher ei rit0 Q}?é"'fﬁjcﬂ%]t?‘ gﬁ S‘trﬁ}l’e?ﬁjlléﬁd%ﬂ% n ¢ hukrepkophan; hisp,

("ol i gos")whivighiics icega twondiilins KHateinol eif. pldde 26F IREE 11 he

o2 S AT, T 08 0 )

60[err]C (BWBM)bamd)qugbs()ornlthlne decarimtElaspeoriich exdicgbrent , t he

i nvention I v' 0 sequences
e.g., 30 nlﬂée ee sted;ﬁnces rﬁ%&ﬁx{n@ d[%'%#o or %ﬁ or %8'52% /oz(s)r 95%
honol ogys ofdi@émlTQI%ﬁt\hnlﬁ -t%qmwbm@e DRQUMCUILRER 1D, 19T 2 Ui

i denti cal &G MBMGIRAIGHE tih AbAINGd Bi o REAHENES1d sl the
al i gnnent 15 done b'a/ a cgg;)uter hor] o ‘g%/%p,rograméﬂénom inthe art or
whose nuc| R i LpRETadeTy; Sy e ofF IR 1L SP (RAFORRAFIRE s@uence,

under hi glpNA vectors that contain any of the foregoing coding

sequences and/or their bomplements (i.e., antisense); (b) DNA

20 expression vectors that contain any of the foregoing coding
sequences operatively associated with a regulatory element
that directs the expression of the coding sequences; and (c¢)
genetically engineered host cells and/or plants that contain
any of the foregoing coding sequences operatively associated

25 with a regulatory element that directs the expression of the
coding sequences in the hést cell. As used herein,
regulatory elements include but are not limited to inducible
and non-inducible promoters, enhancers, operatorstand other
elements known to those skilled in the art that drive and

30 regulate expression.

5.3.3. PREPARATION OF Cell PROTEINS,
DERIVATIVES AND ANALOGUES

The endo-1,4-B-glucanase (Cell), and derivatives or -

35 analogues thereof can be purified from biological tissue or
cell culture, or produced by recombinant or synthetic -

techniques known in the art.



noderately high or |ow stringency conditions.

- 33 - WD 99/ 07830

PCT/ | L98/ 0034%:0) 99/07830 By way of exanple and not limtationpge ﬁ,ﬁg@@@ges
usi ng conditions of |ow stringency are as follows (see also Shilo and
Wetnberg, 1981, Proc. Natl. Acad. Sci. USA 78:6789-6792): Filters

containing DNA are pretreated for 6 h at 40[err]Cin a 5 solution
cont ai ni ng 35% f or Nahive, C&X 3G LivIR icanHbe Obtéphhd'S#QmSanwafiﬁﬂy

0. 1% PVP, 0. 1%¢Fig@lles 1% &Sha dﬂ@ qus [&f Hr%ghn ifiégﬁﬁl‘n TRdy SpET ™

DNA. Hybrldlzatlons are carrie In the sane_so utlon\M
fol | owi ng nodisedatpokgelate @!Eﬁz%wﬁy'o CGZ%aF:téGMY puvifpsrendool , 4-8-

Eg{r] 91 n sal @%c&ﬁ@éé@, 1&%@%«&4 u@{c)&ud%blt f:aﬁtaﬂhf aiepraa@cb t egféQeX
err] cpm err e i s use ilters ar ncubated in
hybrldlzaflén A fire éb %Eg%é}éiﬁﬁ naseer(Gedl) ang - Fhengﬁg%h@ﬂy betor 1.5 h
at 55[err] Cdl gs?laﬁéatfmm csourdas mgzcﬂ:)(a%s@laa& trﬁ/lfssueErl sstrch éﬁd’h&'allgd 5
nmM EDTA, an { SO, i on
and i ncubat edpgﬁ’ el a%'ﬁ’]—?&og%?&f‘lé:%&ﬁ%%ﬁ%er ?‘fé:gaﬁ ‘g?’\é%%g fi’ %‘i
and expose&oﬁochaqmuﬂgatighxwﬂﬂ/gJJ mmmess&wygetlaféislbye gelmashed for
a third time %&1@§aﬁ§£ﬁhﬁ% Qﬁ.ﬁ%x{ %h&bhﬁtogra%%%n&%éf@é@ of

e use are

| ow stringency wh nown:
way of exary® Phasg hbﬁhIP¢ﬁfQﬁN4ﬂPe iepdgl cdsonatagraphy (RP-HPLC)),

centrifugation, d1fferent1al solubility, and electrophoresis
(for a review of protein purification techniques, see,
Scopes, 1987, Protein Purification; Principles and Procedure,

2nd Ed., C.R. Cantor ed., Springer Verlag, New York, New

15 York, and Parvez et al., 1985, Progress in HPLC, Vol. 1,
Science Press, Utrecht, The Netherlands).

Recombinant expression techniques can be applied to

obtain the Cell proteins, derivatives, and analogues of the
invention (see, e.g., Sambrook et al., 1989, Molecular
20 Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory,
2d Ed., Cold Spring Harbor, New York; Glover, D.M. ed., 1985,
DNA Cloning: A Practical Approach, MRL Press, Ltd., Oxford,
U.K., Vol. I, II). The nucleotide seguence of cell is set
forth in SEQ ID NO:2. An cell clone c¢an be isolated using
25 well-known techniques in the art, such as by screening a
library, chemical synthesis, or polymerase chain reaction
{PCR). Cloned cell gene sequences can be modified by any of
! numerous strategies known in the art.
To produce a recombinant Cell protein, derivative or
. 30 analogue, a nucleic acid sequence encoding the Cell protein,
derivative or analogue is operatively linked to a promoter
. such that the Cell protein, derivative, or analogue is
produced from said sequence. For example, a vector can be
introduced into a cell, within which cell the vector or a
35 portion thereof is expressed, producing Cell or a portion
thereof. In a preferred embodiment, the nucleic acid is DNa
if the source of RNA polymerase is DNA-directed RNA
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condi tions wb9rd0 st ri ngency are as foll ows: pr ehybri di ZRCE/x198/06345
filters containing DNA is carried out for 8 h to overnight at 65[err]C
in buffer conposed of 6X SSC, 50 mM 25 Tris-HC (pH 7.5), 1 mM EDTA, 0.02%

PVP, 0.02% Ficoll 5 alne n erm
DNA. Fil te?gi%]?% ase‘hy ed‘f' éﬁ? g‘é %Qlée'&é%err iE% %#Ee\hgg Ja'lglz)at ;Sgnr
m xture souncelcnfrgpmltaﬂﬂWNMHEWWS&NMOQM¢WSNADHM£5 20 X

10 §¢5g ds ﬁpgs f t
37% E:H C 358?&8% %ﬂﬁ;griso ut?oﬁggont a?l\‘nlé?lgh e c;él% g% %\6/}:”%%8 %70

Ficol |, anBreodecs, P fnomsthe RiA; om%‘c!lc}&yaav%%‘l’irlﬁaﬂ Femaingepi gemal

50[err] Gfer ﬂécam@ H1ef SifiGs G DI p0i REEGPaYed Ot d€r 1ongcasditi ean BE hi gh
stringency which

be used. are | I . kn |n the art. 35 By way -
of exanpl et ﬁﬂﬁs%%b¥‘? e aﬁ”f%%ucf)r%\ﬁ%a%?%ﬁrﬁ‘gW‘ %Bﬁﬁi Y?Sﬁgrﬁfcﬂ’adéﬁat ely .
hi gh stri ngefigyractedshy atécmsbinant i D¥Er seciméd hogy nmethiddar stanehraaiad

for 6 hourg rt - 34 - WD 99/ 07830
PCT/ | L98/ 0bBg52Tt- overnight at 55[err]C in buffer conposed of 6X SSC, 5X

Denhart's 0. mmodomrrgtm prbduet sprrof DRl 1 Hybmprises: onfahr e
ot SRRk iy oS0 LoretReninitly 8 Sechiatle Shoglibitn
filters |sVeGheratS%U@éV¢?t9¥chypEiﬁin@ i@@@Eﬁ?OV} f B@guence encodlng
Cell under conditions such that Cell is expressed by the
cell; and (b) recovering Cell expressed by the cell.
A variety of host-vector systems may be utilized to

15 express the protein-coding sequence. These include, but are
not limited to, mammalian cell systems infected with virus
(e.g., vaccinia virus, adenovirus, etc.); insect cell systems
infected with virus (e.g., baculovirus)} microorganisms such
as yeast containing yeast vectors, or bacteria transformed

20 with bacteriophage, DNA, plasmid DNA, or cosmid DNA. The
expression elements of vectors vary in their strengths and
specificities and depending on the host-vector system
utilized, any one of a number of suitable transcription and
translation elements may be used.

25 Expression of a Cell protein, derivative, or analogue
may be controlled by any promoter/enhancer element known in
the art. Such promoters include, but are not limited to:
the SV40 early promoter region (Bernoist and Chambon, 1981,
Nature 290:304-310), the promoter contained in the 3' long

30 terminal repeat of Rous sarcoma virus (Yamamoto et al., 1980,
Cell 22:787-797), the HSV-1 (herpes simplex virus-1)
thymidine kinase promoter (Wagner et al., 1981, Proc. Natl.
Acad. Sci. USA 78:1441-1445), the fegulatory sequences of the
metallothionein gene (Brinster et al., 1982, Nature 296:39-

35 42); prokaryotic expression vectors such as the B-lactamase
promoter (Villa-Kamaroff et al., 1978, Proc. Natl. Acad. Sci. -
USA 75:3727-3731), or the tac promoter (DeBoer et al., 1983,



exchanges after 30 mnutes. Oher conditions for noderately hi gh
strjngency screening are known in the art. For further gui dance regarding
hybri di zatio &ﬂﬂ% i ons see, for exanple, Sanbr ook et al

Mol ecul ar C g‘r’ﬁgng, % Laboratory 10 Manual, Cold Spring Har bofc%ﬁggséqwﬁew
York; and Ausubel et al ., 1989, Current Protocols in Ml ecul ar Biol ogy,

G een Publ i shing Associates and Wley Interscience, New York. I n
addition to tHrecpl HatlcehtaducSebt i UiSh SROUENEES) ; SBB(HIJQBEGIEEWQ, full

| engt h pl ant I ?N@_l 556 .e .Sa eci es
and/ or honol &t %%k %ﬁ 8h gggsm%ﬁ% rggégféiigcn H?Sgﬁegﬁg§ggﬁﬁ'be
identified 1&#@:réé§r?9‘9%blﬁ.%@¢ QKE?ﬁﬁﬁl@mdﬂ%ﬂexﬁeqummuaungnthbycell

nol ecul ar bi ghgbtal bEChihEHESHAE! #ridpaitd r\;ﬂél%d'ftth-gh?xo hggatification
of honDIogs of the cell in related species can 20 be useful for devel oping

pl ant nodel® §V§F@ﬁ§aﬁﬁrpﬁﬁ?%5%55rﬁﬂl n j(HexFRiaihFtedde &8 rlagoNatuseor
antagoni sts o@3nedbFyisel br the q!ﬂtaIliShhme:ﬁhidﬁaidﬁeufr@d GBISNGNRr BEERSES | N

ith t t |1 d t

ot phol ogy. | APPEPREES 61 §7- s AP T oee Tr i B S828%nd “o80aREhR br ar i s
deri ved fronmuhnobegaqfshhefph@tmsxn#hetictnnzymmcma&mddsbybhphbsﬂhiﬁéion

e hg e e BbiasdpALHPE e el 1h A5 TR AoBAL) Aefle2IDbL L1521 01

probes. Fur nes at ot genetic 1'dci within t hat
encode prd@bﬁﬁ@)%hpeﬁmﬁ B elenents dramayengt o @ﬁ@eerfBannschowaihheof

the cell gengafr Qdkl‘ébmﬁﬁélra'ﬁl‘i’ebﬂ)d dentddied deny d%o'é[le'i’i‘ahég bechot ?
the case of cDNA |1 braries, screeni ng techni ques can i1 denti [ ones
deri ved fronﬁPhQFPEPﬂQY?%%?§'%kﬂ??ﬁ%iﬂ# %%pﬁékﬁﬁ PﬁepgaﬁﬁhéFaﬁ?fferent

speci es. 35 promSteegnand ﬂa@ hﬂhwifnd tetintiyib tirdingalri B ioHa | Ndontrol
oupt oot 11 gy SHL 600000 A, QAN AL B8 e st 020
- 35 - 15 utilized in transgenic anlmals' elastase I gene control
region which is active in pancreatic acinar cells (Swift et
al., 1984, Cell 38:639~646; Ornitz et al., 1986, Cold Spring
Harbor Symp. Quant. Biol. 50:399-409; MacDonald, 1987,
Hépatology 7:425-515); insulin gene control region which is
20 active in pancreatic beta cells (Hanahan, 1985, Nature
315:115-122), immunoglobulin gene control region which is
active in lymphoid cells (Grosschedl et al., 1984, Cell
38:647-658; Adames et al., 1985, Nature 318:533-538;
Alexander et al., 1987, Mol. Cell. Biol. 7:1436-1444), mouse
25 mammary tumor virus control region which is active in
testicular, breast, lymphoid and mast cells (Leder et al.,
_ 1986, Cell 45:485-495), albumin gene control region which is
' active in liver (Pinkert et al., 1987, Genes and Devel.
1:268-276), alpha-fetoprotein gene control region which is
30 active in liver (Krumlauf et al., 1985, Mol. Cell. Biol.
5:1639-1648; Hammer et al., 1987, Science 235:53-58; alpha 1-
antitrypsin gene control region which is active in the liver
(Kelsey et al., 1987, Genes and Devel. 1:161~171), beta-
globin gene control region which is active in myeloid cells
35 (Mogram et al., 1985, Nature 315:338-340; Kollias et al.,
1986, Cell 46:89-94; myelin basic protein gene control region
which is active in oligodendrocyte cells in the brain
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VO 99/ 078300 99/07830 PCT/ | L98/ ORB¥iL98/00345SEQ | D

NG 2. The hybridi zati on washing conditions used shoul d be of a | ower
stringency, as described above, when the CDNA library is derived from an
organismdi fferent from.the type of organismfromwhich the | abel ed

sequence iReaghgage®t ad., 198%.eSekt AR Y 031 A abdterr b it 1 hpinre
probe may h@yerits @brite cACHRYYich AN Gid idutarve dar isiesl dtominisc s gani sm of

i nt t, in, ' At ' t difi s T, .

dent | 11 6 ARIBH rartd UM RE A1 % o i Ade ¥epie aTosing

for use | mormsgerne wontirol cregisgulwiticly ik) guitainte sim ucheir al nor phol ogy.
F | ' f | Qus; ai . beyq g ron/ ..
O XA Sp AR (R Ge alTOBIRY! NN AWAPIL 183 Derigy T o0/ exon

boundar ie gene can ‘bé us€d to priners use in

anpl i fi catThen prompien elemantt which ilghengnatiivele ki 1 to %harons,
splice sitfs, (e{?uﬂ -ac i ldriRAGRE R Te BN PrUtAH)0TakSi vt B8 ; orfldnaloque
Further, a ce gene honol og nmay .be isol ated from nucl ei ¢ acid of the
or gani sm éfan mlaedhe By %W#er°mq}'§%dq% theyeiiege of the
ol i gonucl gpdida- fphRfe P polbaignatt axpreddr] Bom Dfgeamé otttk
sequences within the plant cell gene 20 product disclqsed herein. The
t enpl atl® AR ¢ W‘lﬂ"c"’%eor?r}r%/ se‘g?eaetceDlwowla né&rby rFs s SRR i on
of MRNA prepafiedinduditdn gromabeanplfior Exeples) [the mescheid issice, known or
:33@ legtng(cji %ﬁ%ﬁ%ﬁiﬁi?ﬂ?&fqﬁg{ ee’%%%‘reﬁ}zﬁ‘ﬁea't ot]:neanaarrlp?T'%]’fel '(I: %%%‘Eejir\j‘géeg?gplrogsent
t he sequericioskesd tp the T7 RNA polymerase promoter with a separate

plasmid encoding the T7 RNA polymerase.

15 In addition, a host cell strain may be chosen which
modulates the expression of the inserted sequences, or
modifies and processes the gene product in the specific
fashion desired. Expression from certain promoters can be
elevated in the presence of certain inducers; thus,

20 expression of the genetically engineered chemokine,
derivative or analogue may be controlled. Furthermore,
different host cells have characteristic and specific
mechanisms for the translational and post-translational
processing and modification (e.g., glycosylation,

25 phosphorylation of proteins. Appropriate cell lines or host
systems can be chosen to ensure the desired modification and
processing of the foreign protein expressed. For example,
expression in a bacterial system can be used to produce an
unglycosylated core protein product. Expression in yeast or

30 insect cells will produce a glycosylated product. Expression
in mammalian or plant cells can be used to ensure “native"
glycosylation of a heterologous protein. Furthermore,
different vector/host expression systems may effect
processing reactions to different extents.

35 The Cell-encoding nucleic acid sequence can be mutated
in vitro or in vivo, to create and/or destroy translation,
initiation, andfor termination sequences, or to create



pl ant cell gene. The PCR fragnent may then be used to I solate a ful
| emgth cDNA clone by a variety of nethods. For exanple, the anplified

fragnent may | | ed and used to screen a cDNA |ibrary, a
pl ant cDNA [i %%92530 Al ternatively, the | abel ed fragnent n§§%§§aﬂ§%ﬁ to

| sol ate genom c clones via the screening of a genomc library.

PCR technology may also be utilized to isolate full ~ |ength cDNA
sequences. FoVaeiabifrs FCodiphaeodonsredAnY teehnaditagf ey Jhdkagenesis
procedures, fxRimNiRPEORIHARIC Pl Wsd,33nelullifg)ebERUAGE (imPred ANS,

known, or suspected, to,expJ.ess th | ant .cel ene. A reverse
transcription Feﬁ%???w?*ﬁﬁf%ﬁ?eCteﬂePpgﬁgﬁaeﬁﬁstﬁéugﬁﬂéﬂ§?ﬂgegnal" 1978,
dl i gonucl eot i de PioIErCIECciXi3: 6551), use of TAB® linkers (Pharmaci3f ,
WO 99/ 07830 PCT/ 1 L98/ 00345 for

the nost 5' e Ht%Fi?$@F%ﬁ&ﬁ%§%Q§jp Pa %gﬁfrféreFﬁé prim ng of first
strand synthesis. The expanientaRMianDNaviiNedd ineyputagehenibeconsisted” with
e i gost od TRt o T dhected HAEALENGSEs) FRELLRSS by BUMRCYPLEY
primed with atestped ot the mditeredy genepRECSEgtienceSmepf r Bagn ®Are he
anplified fragspabnIRYe@sdyed 24 tesaliteedeaFattagef¥s ey )I@i-otoc&w el
strategies 1V\oh|ag\rr]ag€¥gg eoi'u Sveeddto%ese ti'a% bazsxagbf[)gggeeéinglg éﬁr&x?t?gd assu Qwreai'l
as double stranded DNA, as needed. Generally, the
mutagenesis protocol with such vectors is as follows. A
mutagenic primer, i.e., a primer complementary to the
segquence to be changed, but consisting of one or a small
15 number of altered, added, or deleted bases, is synthesized.
The primer is extended in vitro by a DNA polymerase and,
after some additional manipulations, the now double-stranded
DNA is transfected into bacterial cells. Next, by a variety
of methods, the desired mutated DNA is identified, and the
20 desired protein is purified from clones containing the
mutated sequence. For longer sequénces, additional cloning
steps are often required because long inserts (longer than 2
kilobases) are unstable in those vectors. Protocols are
known to one skilled in the art and kits for site-directed
25 mutagenesis are widely available from biotechnology supply
companies, for example from Amersham Life Science, Inc.
{(Arlington Heights, IL) and Stratagene Cloning Systems (La
¢ Jolla, CA).
In other specific embodiments, the Cell derivative or
30 analogue may be expressed as a fusion, or chimeric protein
product (comprising the protein, fragment, analogue, or
derivative joined via a peptide bond to a heterologous
protein sequence (of a different protein)). Such a chimeric
product can be made by ligating the appropriate nucleic acid
35 sequences encoding the desired amino acid sequences to each
other by methods known in the art, in the proper coding
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10 The webs/o1gamne sequences may additionally be used to pci/A®SHIRAS
mut ant cell gene alleles. Such nmutant alleles may be I sol ated from pl ant -
speci es either known or proposed to have a genotype which contributes to

altered plan r I . Ltionals . el | ge sequences
can be use%r%g@&%?i@t ec rp gr}é%glghe %&%&%ﬂ%ﬁ% g&g.l‘}e%}odr%oter or -
pronot or / eceommopdy dabowat dnwikheh agdn affect plant growt h. A cDNA of

oot P 36 bodengiy . seRite, | flrs PRV Sub [T ¢

techni que which 1s well knqg ose of skil hi s

case, the frpomepbRaand Shimed isnprodednghe finfeANRLAINAS ®an ke an
oligo-dTs chehigaliy eynthesicelNAsesq! at.ed ,f IARAK-IRA K AVY 0! 1991
it pl A CEBER - SPRRRI S8 I 2B BRARA R L9a%e S ARy Gheovor se
transcript spe. 8be2140e2d 56t aFbroexamplles COYA i Qdﬁi@mt&‘w@&sﬁzed usi ng
o nal Cgenana1ooigsl 88, pe SYRINGSITRATRTT01SN phast Yo ed via
PCR, cl onedlieaveda fyom Lblee resdner andnpugifjiied: &y porepikativecduiehce

anal ysi g 4t lr 0 I 05%% 0 skid l~d art,.
conpari %8 ?ﬁe %?ecug%ggglgf t e%tﬁéﬁﬁﬁI‘%ﬁdq%geaquglﬁgq'hglgsg t he
nor nal _pI any 2 _ pLraciures. apgt Molegudar, Prinediplies,f #. k.hFrieesainor

al terationaply tenct MQN.of pohe stuisant. Plant ,Cealer i3 VRIsOMHE anaGyduRe
ascertained, 35 Altennatlvelé a g§n0n1 Ilbr%%¥ can be constructed
usi ng DNA &beki AEE PrOReADS SRR edso be §N§%@@F&§ bYr usfoRf a peptdfley

the nutant sgnthlesdelelr.al Malee compositBNA bifbthlky sy@ithetic peptides may
- 37 -

15 be confirmed by amino acid analysis or sequencing (e.g., the
Edman degradatipn procedure; see Creighton, 1983, Proteins,
Structures and Molecular Principles, W.H. Freeman and Co.,
N.Y., pp. 34-49).

The Cell proteins, derivatives, or analogues of the

20 invention may be synthesized in their entirety by the
sequeﬂtial addition of amino acid residues or altérnatively
as fragment subcomponents which may be combined using
technigques well known in the art, such as, for example,
fragment condensation {Shin et al., 1992, Biosci. Biotech.

25 Biochem. 56:404-408; Nyfeler et al., 1992, Peptides, Proc.
12th Amer. Pep. Soc., Smith and Rivier eds., Leiden, pp 661-

663); and Nokihara et al., 1990, Protein Research Foundation,
Yanaihara ed., Osaka, pp 315-320).

In a less preferred embodiment, Cell derivatives can be
30 obtained by proteolysis of the protein followed by
purification using standard methods such as those described
above (e.g., immunoaffinity purification).

5.4. APPLICATIONS

35 The present invention finds use in various applications,
including but not limited to, those listed hereinbelow.
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constructed using RNA froma tissue known, or suspected, to express the
mut ant plantp& #I | el e. The normal plant cell gene or anye g ;#ﬁ%
fragnent the £ t hen be | abel ed and used as a probe to’i y the

cotrespondi ng 5 mutant plant cell allele in such libraries. C ones
contai ning the nutant plant cell gene sequences may then be purified and
subj ected to sequeﬁmesanatyelpreﬁnnncnnnpntlon|mamhbesuueﬂltbnpmuvi@etﬁmge

g];n:t(lru:t 133 EL utlhgztransﬁ\ﬁfgynt emzecﬁé?é] ?;asgggg?};mw&f%l%%d

from a t|ssuePhnsmnln@HSEUSpeéthﬁbX(f%gﬂﬁknﬁsﬁ&en§?3ﬁ§t ang ecolegicallele

i'n a plant spegirgetsuapset eat&d ﬂuk%tﬁw@s%r ¥xhaug¥§Bnd mutant allele.
In this manner, gene products nad 1g¥ 4¥ putatively nmutant tissue may

be expresse® and sSPERRdd &Be RYGRE ‘éﬁlFEBdPeSH?§QnFﬂgP¥%%h%$ques
in conJunctlo&ranygbhlanplb@dge@lﬁnumﬁﬁhﬁikﬂIvﬂnlthalmgrgabsaggﬂﬁgcelI gene

product, as described, below, . in Secti,on For §ELEEALN chni ques,
see, for exan%ﬂ feL&PF okF E?t%&ﬁﬁ1jﬁﬂFQxﬁ§ %Tgé AH%?SSdE%s pfé ts
Labor at ory Nhha&hngcmbﬂgéprongshtutzr ﬁiherﬁ @Qaﬁmbdwﬁmchngrébebtmeﬁ more

pddi 1 onal |y, oSCH8801 PsFRPaE vo BESMRLBAALY pICLEENLABAH L1 | ShELGd

f usi on prote ns. rmtalon resu
expressed 10 gewe prodess Mq%%\weeewfﬁm:tmen( efganinsly; rand| platts

m ssense or awh&éﬁﬁﬁbéféleyé@tm&ra o ]Ré!ié"‘z’éé‘l%'taﬁ%t £6f péétéfnt%\ggﬁilgé to

plant cell are likely to cross-react with . mutant” plan gene
product . L|br&P§e€F6ne§“B%%ecY%RP§ﬁ§1andthﬂﬁqerﬂéact|on mnth such | abel ed

anti bodi es can be pHEtrdA} ethe pﬁéﬁbx&lbjrﬁférﬂﬁdrpc&ﬁQb@nﬁgeénﬁbY§t§v?&e@0r di ng
to methods me%&ansggnlc piantQ9§f%ﬁﬁu§§%ul ff%ers sucg as, cotton, flax,
15 etc. that produce higher yields of modified fibers which have
longer or shorter fibers; or have modified properties such as
"iook", absorbency, strength and reology of the chemically
modified cellulose.
Fourth, the present invention can be used to provide
20 transgenic plants having increased starch production and/or
content.
Fifth, the present invention can be used to provide
transgenic plants having increased heat resistance.
The present invention can be further used to provide
25 transgenic fruiting plants, such as tomato plants, etc., the
fruits thereof having higher cellulose content, as well as
higher sugar content, which can be used in the ketchup and
tomato puree industry. The present invention can also be
used to provide transgenic potato plants with faster growing
30 canopies and shorter life cycles which result in shorter time
between planting and harvesting, andfor higher tuber yield.
The present invention can further be used to provide
transgenic flowering plants having longer or shorter stems,
larger or smaller petals, etc. In addition, the invention
35 can be used to provide fast growing rice that will emerge
more quickly from the water and thus, have an increased
survival rate and yield. Furthermore, the present invention
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30 Thewgwigspon al so enconpasses nucl eoti de sequences tpeatiLesmpdssode
mut ant plant cell, peptide fragnents of the pl ant Cell, truncated plant -
Cell, and plant Cell fusion proteins. These include, but are not limted

to nucl eoti de sequences encodi nut ant. plant _Cel | descyri bed herein.
Nucl eot i dezam e tsef i f%ﬂﬁ%rﬂ%é?‘ﬁ%e r%;?ﬁlmt‘b’?%‘?e]‘%?e‘}' ited to

full |engtdmaliait Icalves.tr unuhteihal By tded | ivempepoh dean be used to

- 38 - . 99/ 07 .

PCT/ | LO8/ R¥gig e \%rafgreag%o?ﬁss’ o?ucfo}_f a?l? ad'e’_ﬁlffat‘f_se%l Vehh TEFet X protein
or pepth itfhers deomess eandjenpredifiedcdigeshiki ity peprumen The

I nventi relates to Cell derivatives or anal ogues nmade by altering- .
t he ce|ﬁ95§g§§H€§'by 5 substitutions, additions, or deletions that provide

nol ecul es wik furtden wEikiEY -of ke eesent inventien is Hko Ganprove

derivati Ve\ﬁﬁ NGt P YRR | S SnaaERl 1 NEccdSr Eng héBaY or €&k{lp acid
sequence, a or part_"of the Cell am sequence including altered

. np acid
sequences RYPSHARHIMUARR I $1305D BRI IRALE RIOmass| theeehy o
substi t ut egyfrivimpitthierate Vbi hextéie ofpleriosremedistioni N esew! ypeptide

Fes! duetd ARy Gt ct Yo reongh Ry Tl ity tla dfads B8 '
41-43). :

The cell gene of the invention has utility as a
transgene encoding cell wall modulation protein or
polypeptide in a transgenic plant to alter plant structure or

15 morphology. The cell gene also has utility for encoding the
Cell protein in recombinant vectors which may be inserted
into host cells to express the Cell protein. Further, the
cell gene of the invention may be utilized (1) as a nucleic
acid probe to screen nucleic acid libraries to identify other

20 endo-1,4-B-glucanase genes or mutants; (2) as a nucleic acid
sequence to be mutated or modified to produce Cell protein
variants or derivatives; (3) isolation of the nucleic acid
sequence encoding the Cell secretion signal peptide; and (4)
as a nucleic acid encoding endo-1,4-B8-glucanase in molecular

25 biology techniques or industrial applications commonly known
to those skilled in the art.

The cell nucleic acid molecules may be used as plant
cell antisense molecules, useful, for example, in plant cell
gene regulation or as antisense primers in amplification

30 reactions of plant cell gene nucleic acid sequences. With
respect to plant cell gene regulation, such techniques can be
used to regulate, for example, plant growth, development or
gene expression. Further, such sequences may be used as part
of ribozyme and/or triple helix sequences, also useful for

35 cell gene regulation.

- The cell promoter of the present invention may be
utilized as an elongating tissue specific plant promoter to

- 56 -



amno acid of a simlar polarity which acts as a functional 15 equival ent,

resulting in a silent alteration. Conservative substitutions for an

am no acid wthi ﬂﬁ]sequence may be sel ected from ot her f the
cl ass to whi c‘ﬁot’ﬂg’ts I NO acid belongs. For exanple, the n gif/(%?:?s
(hydr ophobi c) am no aci ds include al anine, |eucine, isoleucine, valine,

proline, 20 phenyl al ani ne, tryptophan and nethi oni ne. The pol ar neutral
am no aci ds kRprede ghychreteitsr iptdypidptddel oe, pepsidenef intéyessiing.a

asparagi ne, and gl utam ne.  Th Qsi.tivel har asi anm,no_aci ds

e ude ar gi FiREse | 80 LE L U i, 6% ekaRIBEREE p1abBl! ) SRR

am no aci ds thel celkl gepemcter 2B yadied used gouexpresacadceBucwalkl |

derivatives ' Gal s ReRt | Ss y

r econbi nant ﬁg&%?%ﬁﬁ@’??%?‘%%{m%&%??& g?ilgge%gog?ngf?ﬁ%%‘? t\?\}n&clﬁpnucl eic

aci d" has b&erpatifiedmanpsr tt& micfwee frapgogpéfeBlankiodRving | mltanedar t

can be used, stpabtiag, Buttmal, tnd ed 1t Qroﬁgtéfeﬂéﬁ%e%é&ei@%@ré%] |
: em

vitro site-directed putagenesis .(Hutchinson et al,, 1978, J. Bi ol
253: 6551), udBYofBD LR plongatdng SRRSCPL) TrRREIGREN RIRBES GrR EFAGUGH ng
primers, etcplants having tditeresce stichctegier ed, noncl assical amino acids or

addi tion nto t haTes Fr SR GO salidRe So3T BEERaRE B eRE Dty
am no aci d9® tanl beeyséditimranyhdtiochemical applications (experimenta30 or
VO 99/ 07830 industrial) where endo-1,4-B-glucanase g@ﬁl*féﬁlfgxggEired,
for example, but not limited to, digestion of
polysaccharides, modification of cellulose, modification of
elongating plant structures, and experimental or industrial
15 biochemical applications known to those skilled in the art.

The Cell secretion signal peptide of the invention may
be utilized to facilitate the cellular secretion of any
protein, polypeptide or peptide of interest by constructing
recombinant nucleic acids encoding the Cell sedretion signal

20 peptide fused to a seguence encoding a protein of interest,
and expressing the recombinant proteins.

The following examples are presented for purposes of
illustration only and are not intended to limit the scope of
the invention in any way.

25
6. EXPERIMENTAL PROTOCOLS OF THE EXAMPLES

The following protocols and experimental materials were

employed in the Examples that follow.

. 30 6.1. PLANT MATERIAL AND GROWTH CONDITIONS
Arabidopsis thaliana cv. Columbia and Nicotiana

tabaccum~-SR1 (tobacco) plants were grown at 24-25°C under a
16 h photoperiod, using cool-white fluorescent light (50-60
#E m? s1). Dwarf A. thaliana plants were produced by

35 treating the potting mixture prior to seeding with 250 ppb
uniconazole [ (E)-1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4~
triazol-1-yl)lpenten-3-0l]} (Agan chemicals Inc., Israel), a
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limted t°w0t99137£gi soners of the common am no acids, 2,4- pctiipssgesdsut yric
acid, a-amno 1sobutyric acid, 4-am nobutyric acid, Abu, 2-amino butyric
acid, [err]-Abu, [err] Ahx, 6-ani no hexanoi ¢ acid, Aib; 2-amno

|sobutyr|c aci d, np 5 opi oni ¢_ac t hi ne, | eycine,
norval i ne, glﬂ?ﬂ?b&ﬁ%r%+?ﬁ%8£§§?bﬁs%ﬂ€ L&F?FU|FeHEY'h&§§é|tyuhﬁrng}ant
cystei c acigrodthuRgdyl ycSoe, Ambul9tatam)ne, phenyl gl yci ne,

cycl ohexyl al ani ne, [err]-al anine, fluoro-am no acids, designer am no

acids such as [err]-nmethyl am no aC|ds Ca-neth | amino 10 aC|ds Na- et hyl
am no aci ds, afR anm IBOLATION Al ANT | WU LANE TISSUEM no
af'd car ?e D (dﬁﬁﬂrﬁégtéﬁfiactéa fréhegﬁéﬁéaﬁﬁh leaves ofThEabHHQ 19”
also rela

es to 1solated nucleic acid | ecul es_whi.ch cg i
nucl eot i de thaléasa 6Y-tfeluebiaas fgfsraped by Doyle,ap nﬁ e¥i Flél987

ehnbod' rfrv‘nt pfai?eobﬁebatsummcltgemcnd) nnhncwte eﬁmwe? groRoNsi SL s off .
t he nucl eoti dée sequence Wn nal .fragments thereof.
The i nvent i 8h°RE3 1Bﬂc§ﬁﬁﬁ§sgé E%Stgﬁéﬁﬁgw ngg Euéer FREFEE or s t hat
contain GHYCéﬁtéheIﬁetegomnglphabn coH), accodduggs@qu&heemaanﬁboturheVs

conpl enent s, g agggsense) (b) reconbi nant -nucleic acid expression
vectors that §BﬁP5Fﬁ any of the foregoing cell coding sequences
operatively associated with a regulatory elenent that directs the 25

expression of the codigg semeﬁ%ﬁcﬁowwt@mlﬂ;@SE pigi neered host

cells that contain any of t Qﬁgg@l@ﬁoﬂ|@ﬁkonos@ﬂhi ®R@l Ng sequences
operatively associated with a ulatory elenent that directs the

expressi on of thPeggnrrgte P§é&&€ﬁc §opptoRe H3§P'ceﬂeggﬂ§rﬁ§§dpﬁ&m§Fﬁ
regul atory 3QrebREEARP1HAGLHESORYY QhePERthbmbbﬁdstON Chddieb ke Nﬁihbﬂﬁ

hose okt 1| ead- asedicalianga: Tandle’ BedRadl shubBof SR ihire SR 1O
regul atory alcadenis PreksdeSant DiegonoiCA) were synthesized based on two
conserved amino acid regions, GGYYDA (SEQ ID NO:10) and
CWERPEDM (SEQ ID NO:11), from avocado and tomato cellulase
amino acid sequences (Tucker and Milligan, 1991; Lashbrook et
al., 199%94).

Primer #1 GGYYDA (SEQ ID NO:10): 5’-GAATTCGGA(T/C/G)
GGA(T/C/G)TAT(C)TAT(C)GAC(T)GC—B’ (SEQ ID NO:12). Primer #2
CWERPEDM (SEQ ID NO:12): 5’-GAATTCCATA (G)TCT (C)TCA(G/C/T)GGA
(T/C/G)CGT (C) TCCAA (G)CA-3’ (SEQ ID NO:13).

The PCR mix contained 2 ul chromosomal DNA (0.5 ug/ul),

20

25

2.5 ml 10X Tag Polymerase buffer (Promega, Madison,
Wisconsin), 1 wl ANTP mix (10 mM), 1.5 pl 25 mM MgCl,, 0.5 ul
(25 uM) of each primer, 1 unit Tag polymerase (Promega,
Madison, Wisconsin) and double distilled H,0 (ddH,0) to a
final volume of 25 pl. Mineral oil (25 ul) was added to

30

prevent evaporation. The PCR program was as described in
Comptom (1990, "Degenerate primers for DNA amplification" in

PCR Protocols: A Guide to Methods and Applications, pp 39-45,

35 eds Innis, Gelfand, Sninsky, and White, Academic Press, San

Diego, California).
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limted to the pronoters derived fromthe genonme of plant 35 cells (e.g
heat shock pronoters; the pronoter for the small subunit of RUBI SCO,
pronoter for _the chIorophyII alb bi ndi ng protein) or fron18Tant Vi ruses

(e.g., the 35%0° - 40

99/ 07830
of CaWw;

TRC syst
control
ki-.nase,
yeast [e
reconbi n

em

r egi Sambrookofetf dleoat(lgaat Molechnl

t he
rr
a

IILBSIO%

ihe

PCT/ 1 L98/ 00345 pr onot er
the coat protein pronoter of tobacco nobsaic virus (TW)
cytonegal ovi rus mCMMameadiafezearby gmpkifiéﬂeby e IPCROIrelaatdopr @aBL er s
of SV40 adenQvi.

]or reglons 0 age A the

it iza o?ze ej%?%f %%ro ﬁ%é hge satse'aestc%}q%éc jpystem the

B el sﬁﬂﬂgpﬁ%ﬂéﬁt ﬁésera{w 9 YD §r0£m&h %

factors. gresent i nvent’i on enconpasses”a

W’éllé‘ FdCacid v'@B?o%sE%ﬂ’b‘F s?69 kR Lrdgmedttc vas digsstedl e

conpri sing wif®)Eddr &hﬁ' edbhée sREvetRe BASRIicibriny @liflen o®r tRel Mpept i de

Caquences. of SkaWA B JakPEn (Ve eyt #d lorangl My, i 60”Var ant.

and nat ur al | MagEhugetdsdr. man- made 15 functional variants thereof; (c) a
nucl ei ¢ acid nol ecul e encodi ng derivatives or anal ogs of the Cel

sequences of

pol ypepti de of SEQ I D NG 4; or (d) the nucleotlde sequence of SEQ I D
> & HTANAtT GENON T T R 8

NO 2.

10

15

20

25

30

as

The i nveht i ¢i
The genomic clone of EGase was isolated using an A.

LU 19

thaliana genomic library packaged in the vector EMBL3
(Promega, Madison, Wisconsin). The library was constructed
from A. thaliana genomic DNA partially digested with Saui3
and cloned into the BamHI cloning site of the EMBL3 vector.
A total of 2.5 x 10° plagues were screened using the PCR-
derived DNA EGase probe (260 bp PCR fragment, FIG. 1)
according, to Sambrook et al. (1989). A single hybridizing
recombinant phage was detected and purified to homogeneity.
Fragments containing the EGase gene within the A genomic
clones or subseguent plasmid subclones of pUC18 (New Englénd
Biolabs, Beverly, Massachusetts) were localized by Southern
blot analysis (Southern, 1975, J. Mol. Biol. 98:503-517).
Overlapping serial deletions of genomic subclones were
generated by ExoIII digestion of the subclones as shown in
the gene construction scheme set forth in FIG. 2. The
Arabidopsis EGase sequence {cell) was deposited under the
non-disclosure terms in the EMBL Nucleotide Sequence
Submissions, European Bioinformation Institute, Hinxton Hall,
Hinxton, Cambridge, and was given the accession #X98543 (SEQ
ID NO:9).

6.5. CLONING cell cDNA
RNA extracted from elongating stems of A. thaliana was

used as a template for the reverse transcriptase polymerase
chain reaction (RT~-PCR kit, Stratagene, lLa Jolla,
California). Total ¢DNA was used for the PCR reaction. Two
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reconmbi nanfyoydphBbC aci d vectors described above. 20 TReT R R5u854s

I nvention turther relates to reconbi nant nucl ei ¢ acid vectors conprising-
a first nucleic acid sequence encodi ng a secretion signal peptide and a
second nucleic acid sequence encodi ng a cel | mall nodul ati on

pol ypept i depecific priimersoMadie dasigned &R ta Hha daminl sxpml -
25 pepti de degpiemiastel Ipn@&&xalmbla'-fmo@cmmxmmxImM4ma(sm ID In a

e 1 e e SR AT GO = 5, o ) S I b o2

defi ned ab®teinear ¢han. 5'—3@:ATCGCCAAGTAGIE.—3 ’Z(SEQaIIlD PRONENINSR UMD
POLYPEPTI e ass s
Corr 1 si ucleotmL 3"!5%3%7& rwrgw&nem@a %eora%élgﬁps,gg%mal h

am no acl sequence correspon

endo- 1, 4- [eBCrIi fg:lmﬂd‘—se(m@el 13) g@ﬁecloneg Ilé!trQ: %Fﬁﬁ‘h‘%gmlants and
nat ur al | Y QR tnilw@x%%g@ WRIRIEE, fieddriyial) \wid asl&ﬁnerﬁﬂéh derppsad i ves

and anal ogs er eof
99/ 07830 Sequence was deposited under the noqqgwqqugqxgyﬂgrms in the 3

speci fic erfigsdi MRi¥lLedtitid) 'REfIEnde)\SUBn ies Dy, mope'arpcﬂwﬁmdxdﬁ&m ng

e N Faeh 3T oo hald, Ahrcon, conifadh O\ Shd Had YRG! O

the accession #X98544 (SEQ ID NO:2).

6.6. NUCLEOTIDE SEQUENCE DETERMINATIONS
Nucleotide sequences were determined usihg an automated

15 sequencer Model 373 (Perkin-Elmer, California, USA),
according to the manufacturer’s instructions.

6.7. NORTHERN BLOT ANATLYSIS
A 768 bp DNA probe, (starting at nucleotide 399 of SEQ
20 ID NO:2) generated from the cell cDNA clone (SEQ ID NO:2) was
used for ﬁorthern blot analeis. In each experiment, 40-50
A. thaliana plants were used to extract total RNA from the
following tissues: fully expanded leaves, basal internode of
flowering stems, the elongation zone in the flowering stem of
25 normal plants and the elongation zone in the flowering stem
of dwarf plants (treated with uniconazole as described
above).
Total RNA (10 ug) was separated on a 1.6% agarose gel
and transferred to a "HYBOND-N'Y membrane (Amersham, United
30 Kingdom). The DNA probe was *?P-labeled by the "REDI PRIME™*
kit (Random Prime Labeling, Kit, Amersham, United Kingdom).
The ﬁembranes were hybridized at 55°C for 16 hr. The final
wash was carried out in 0.5 X S8s8C, 0.1% (w/v) SDS for 10 min
at 60°C. The 18S rRNA probe was used as an internal T
35 standard. RNA levels were determined using densitometry.



nut ated, truncated or deleted forns of the Cell and/or Cell 5 fusion
preteins can be prepared for use as cell wall nodul ati ng pol ypepti des.
The inventio nconpasses proteins that are functlona | ent
to the Cell gﬁ%%@@gsby t he nucl eoti de sequences descri bed |§%E%Q&F%§
5.8.1, supra, as judged by any 10 of a nunber of criteria, including but
not limted endo-1, 4- [err]-glucanase activity. Such functionally

equi val ent Cel | pr ot 6i-8s | GONGEBUCTION  @F nerll iRRAMATERrcaxddi ti ons or
substitutions of amino acid resi dBANARY: NEGTORe{pPEGUShcid. sequence

encoded by the planjyeehlagiéfleethidh $86YRAEESHHS &ﬁfi?r;%ﬂﬁ&btébg\é?noh”

Section 5.3.1, but ich result In il ent chan

functi onal | yobdhi Vidiaddange geado- 1pﬁo§u8?ucﬂﬁ?ﬁ% fce SLREE4QQH%q§ﬁ85nﬂ§1§e
Eage oR E) hg @gsg,m ID Q{IOSFllmdmsl)twgsncmahaal idto CheCDe, (1664 Ui leghnf )
ydr'ophobi ilicit an anp. cn e of .the
resi dues in V&F%I Sﬁ&ﬁé}}}?& 8 (hgﬁf%%ﬂ%bl%igé{nqggﬁ‘épﬁs

i ncl ude alan&ﬁgnqénﬂnatna u51ngsaheufpmépwwaQ|pe;mgwsﬁ|#&3(ﬂﬂnﬂrﬂI&kaBVHe

t rypt ophan, ney ) Ci i.nc | yci ne,
ser Pner oy conEapncRAt ACcIterRAARLenSY)  Rosd MO NGELED. ' 5 DY
positively chéali)x: (ﬁMW%G&@GAWbGGH@CAAC'a?@ (SBR, ID WOI: ﬁé,, and

hi sti di ne; 3@9% S am%@én\/ x@ﬁﬁ%@lon éﬁ&bﬁheieé@éé‘%ﬁ%ﬂﬁ agrd lsq%xasaﬁat I C

acid and ¢ | e random nut ati ons can e to cel

DNA (usi ng Cl¢@m@dﬂﬂ%ﬁﬁ&§%#E§ﬂ§1geéﬁﬁlﬁﬁé§ GEPRiNG okt es At FIC18Ki(NREd i n

30 the art) grghihe BRSPS m@thl?ot Maskhcheséedsy or zaCLIe/IJéB/mndnx-
site-directed nutations of the

d
R T
in the art) igtgetiss alimdnITanhdplSadl clonéhlssitéd ofhctisaseichafrynekctanr 35

Cher it 2t | 905189, [ aldy CohpOAIRAUCREE FAMDE T ne 10 dERerpte Col!

pr ot ei ns 1hal Sul ressron e up,” et t he
host cells ctisgsegus gane (Jefferson, 1987, Plant Mol. Blol Rep. 5 387-

405) and designated pPCGUS.

6.9. CONSTRUCTION/TRANSGENIC PLANTS
EXPRESSING cell PROMOTER-gus FUSION

The above construct, i.e. pPCGUS was mobilized into
disarmed LB 4404 Agrobacterium tumefaciens by triparental
mating (An, 1987, Meth. Enzymol. 153: 292-305). Leaf-disc
transformation was performed with Nicotiana tabaccum-SR1
plants as described previously (DeBlock et al., 1984, EMBO J.
3:1681). Regenerated transgenic plants were selected on

25

kanamycin. F, seeds from eight independent plants transformed
with the construct were used for the functional assays.

The plants were analyzed for the presence of the
putative cell promoter region by southern blot. 2as a control
for basal levels of GUS activity in tobacco, plants were
transformed with the promoterless pBI10l. Transgenic plants
were grown in the greenhouse at 25°C under a 16 hr

- 30

photoperiod.

35 6.10. HISTOLOGICAL GUS STAINING

ANALYSIS OF TRANSGENIC PLANTS
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PCT/ILQIOB%’?@MW exanpl e, cysteine residues can be del eted or ot

substituted with another amno acid in order to elimnate disulfide

bri dges; N-1'inked gl.ycosyl ation sites .can be. altered or, el mnated to

achi eve, for ex%HSl é?Fgé\éﬂJPgsg’P&np&F 8“‘8%8&%&01@%&&%& de%?{?alt)teadlt s nore

easi |y recpyevedusly poetferdoir em wdast 1965t,s PlamtcModr-e Bdwdw Rep.

hyper gl ycogyl.ate ,N.Li nk Sj ' W<t e G | d

pepti des c§n3§é 4I8_3I)lérri ?gﬁ 9s§3§/r?tlﬁe§'ie§g&\i\?\gs§. , segﬂgrugég!rﬁ%erﬁvéfggaﬁ

Proteins: wiShr XeGlues agnd7r6 aad hemy kepitpiids 2 0} sthanpl, selakiomew 10

Yorky, |ar %&%91 YRE Bk i8S pleftiogedphicd) the @aldntandidre indubated grgth Cel |- -
van

itself mAy a tageousl’y be prodyced Ry r econbi na DNA t echnql ogy
usi ng techmeqwg‘magﬁs HRoRR% dagtdc acif %P%&@é&%%@%@%& d
cont ai ni Ng Y@t attare forsegmatices and/ or codi ng sequences. Such
nmet hods can be used 15 to construct expression vectors containing the cel
nucl eoti de sequences described in Section 5.1 and appropriate
transcriptional and &rans| aCONSTRUCTIONODFsicgddl PROVMGIER~celtet hods

I ncl udel,}é)fsor exanpl e, in vi tuSIGNAJodlich BINABYA VECTOR: MPCEike synt hetic
techni g , and Jj i ' . ' i LB Sy iddhe

t echni ques descrt E)g‘é\ ?’f%a%%’é&éﬂn&rgl%(ﬂ% a d@lﬁ%% supr ,féﬁld Ausuegge]l&gt
al ., 1989, and encodes the cell signal peptide, i.e., part of A.

thaliana endo-1,4-B-glucanase (cell, nucleotides 5-1770 of

SEQ ID NOs: 1 or 9) was cloned into pUC18 (New England
15 Biolabs, Beverly, Massachusetts)r Briefly, s PCR fragment
was generated, using the following primers: #5 (HindIII): 5’-
ABAAAAGCTTACCTGCAGGTCAACGG-3‘ (SEQ ID NO:16), and #6 (Sall):
57 -~AAAAGTCGACTTTACGGAGAGCGTCGC~3/ (SEQ ID NO:17) digested
with restriction endonucleases HindIII and Sall, and was
cloned into the HindIII and Sall cloning sites of pUC18 (New
20 England Biolabs, Beverly, Massachusetts).

A cellulose binding domain DNA fragment containing the
nucleotide sequence encoding a fragment of the cbpA protein
of Clostridium cellulovorans (said cellulose binding domain
herein referred to as "cbd") (see Pat. No. 5,496,934)
(nucleotides 3-494 of SEQ ID NO:5) was generated by PCR
amplification using the following primers: #7 (Sall) 5'-
AAAAGTCGACATGGCAGCGACATCATCAA-3’ (SEQ ID NO:18) and #8
(BamH1) 5’ ~AABAAGGATCCCTATGGTGCTGTACCAAG) -3’ (SEQ ID NO:19),

30 which included Sall and BamHI restriction sites.

25

Following digestion with Sall and BamHI restriction
endonucleases, the cbd coding DNA fragment was cloned into
the SalI and BamHI sites of the above modified pUC18 vector,
fused to, and in frame with, the signal peptide of cell.

The primer for the C-terminal end of the cbd gene

3° contained a stop codon. The Sall site between the two

fragments adds two in frame amino acids: Valine and



supra. Alternatively, RNA capable of encoding cell nucl eoti de sequences
may be chem cally synthesized using, for exanpl e, synthesizers. See, for

exanple thegﬁfﬁnﬁkﬂues 25 described in digonucleotide Synt &sh ($§§4

Gait, RL Press, Oxford, which is incorporated by rérerence
herein inits entirety. Al so included within the scope of the
I nvention are Cell proteins, derivatives, and anal ogues which are

di fferenti al Agp80agbue f ivdtidurineg presghntebesyrenethe, cely. sighyal peptide

bi otinyl ati ogng th968&5|égd ﬂg oasyl ation, acetylation, phosphorylation,
am dat i on, pegylatlon derivd |zat|on by known pr ot ecti ng/ bl ocki ng

gr oups, proteolytﬁcﬂ%#4§i§ﬂﬁﬁcﬁ|QNéa§€39@ent ﬁﬁnﬁﬂ%FbBEythﬁl@%b1épﬁﬁmQﬁﬁnﬂ

gel | ul ?r li ggBgioR] CtheIL rbe%ﬁ HiRmiaN @e@ﬁ@éh amtat flﬁeth@?é@ccﬁaptﬁh gt/%;at
erivatives, or anal o re a a e erninu or

ami dated aP OTdfhe ¥oF eﬁ'% ){:#?ﬁngf‘Bﬁ’s’Y cﬁﬁﬁ#\%ﬁl p f @&9’&%"%y

- 43 - PalH[AB@epﬁﬁﬂmfornla) whlch was predigested with HindIII and
PCT/ 1 L98/ 00345 t i ques, including, but not
i SeTy1 PR el v ge18iatia BEET, |

limted to, at’1 on f educti on, met abol i c
synthesis in the presence of tunlcanycin et c. These modi fi cations may

serve to increase t 1§tabtéﬂéggucf&dﬁ(Bﬁﬁﬁéﬁvyﬁs'hyPﬁﬁﬂb? ngkgltory

action of the peptides of ATIV@R! BINARY VECTORA(Y3®
proteins, 1@erivati ves or anal oquUES descri bed above nay, addltlonally,
have a non-pepti db vector containing the CaMV35S i promotér fused to the

cell signal sequence and to the cbd sequence was constructed

as follows. A DNA fragment encoding the cell signal peptide

(nucleotides 1-105 of SEQ ID NO:2) was cloned into pUC18 (New
18 England Biolabs, Beverly, Massachusetﬁs). Briefly, a PCR
fragment of cell was generated using the following primers:
#9 (SphI) 5¢-AAARGCATGCCGCGAAAATCCCTAATTT-3’/ (SEQ ID NO:20)
and #6 {(Sall): 57-AARAAGTCGACTTTACGGAGAGCGTCGC-3* (SEQ ID
No:17), digested with restriction endonucleases Sphl and
20 Sall, and cloned into the SphI and Sall cloning sites of
pUC18. Inclusion of the SphI restriction site replaced the
first amino acid after the initiation site from Alanine to
Proline. In addition, the primer for the C-terminal end of
the cbd gene contained a stop codon. The SalI site between
25 the two fragments adds two in frame amino acids: Valine and

Asparagine, which are present between the cell signal peptide
and the cbd coding regions.

t, A c¢bd encoding DNA fragment (nucleotides 3-494 SEQ ID
NO:5) was generated by PCR amplification using the following
primers: #7 (Sall) 5'—-AAAAGTCGACATGGCAGCGACATCATCAA-3'
(SEQ ID NO:18) and #10 (EcoRI) 5'-AAAAGAATTCCTATGGTGC
TGTACCAAG-3’ (SEQ ID N0O:21), which included Sall and EcoRI

restriction sites.

30

Following Sall and EcoRI restriction, the c¢bd encoding
DNA fragment was cloned into the Sall and EcoRI sites of the
above modified pUC18 vector, fused to, and in frame with, the

35

signal peptide of cell.

- 63 -



macr onol ecuyglogffB6 i er group covalently attached to its am npctiLandiar
carboxy term ni. Such nacronol ecul ar carrier groups may i nclude, for

exanple, lipid-fatty acid conjugates or car bohydrat es.
Endo- 1, 4-[err]-gl ucanase acti VII d/ or e abi I ¥ o_bin cel | ul ose
of the' Col | vor ik DV cmiainivaathe i tie il tthg ene ion wag e hered

Srotel ns) Gmtang ca.guﬂs)rtﬂmjeﬁsséme (Brseidon etaaﬂ:genlwptaphystdldbﬁﬁa f
enonst r at a i i S and_ 6, infra
o Rnown t Flatibatih g 2582 4B \Bind! 66 ST dndELbEFelofild feedl |
vect or systihe pd) dessEtte |qon:@|m$.> axppshinker pﬁﬂ‘a‘m s‘breanuofe@t i de
sequencesg Qg%e 3ta§rzf ﬂx‘%l‘té:ﬁntsullley AELAPds 14ush 8Eg) Vehl7K50¥43] Cxfifi0Se

skilled i'n can be used to constriuct expressi on vectors

cont ai ni ng e 0 DNA faquenge c@&%&%q‘if@ﬁé’%’éﬁ’aﬁ&p@%ﬁ afetelsacco
transcri ptinal{d it (rlis e 18l . 518 S. NJ(E\ESGABE&hRQ§. 15t8gpde in

vitro reconbi nant DNA techni ques, thetj c e ues and | n vivo
r econbi nat i Peneth @%cﬁﬁﬂﬂq’?ﬁﬂ o‘ﬁgnt 1I5Ng 3 5@ @gﬂ%’ ce{ hzs1¥nhi ques
descri bed igeptitierdid eind tihad ocﬁéﬁﬁheP@bfyadémyIiﬂﬁoﬂgsﬂtéahaﬁaéﬂéﬂéed

g/gggal Oﬁ%ogfﬁis %&lﬁaitzﬁ%c*/oﬁéa‘% yﬁ%v, lggeﬂeég%bg

Associ at es Sachreloliirgy € ittes sef ctive, bMWw«ctor pBI10A valebntgch)f
host -
OSt - expr essl O a Vﬁﬁ Ole n%%ggl%gy bfhe régdiﬁﬁﬁ% %Qc@é?rﬁéé 808; &fihtea

codi ng sequerice. ese | but are not t o m croorgani sns
such as bag@¥3@l. transforned with reconbi nant bacterl ophage DNA, plasmd
DNA or cosm d DNA expression vectors containing the plant d uR

"M s 6.13. CONSTRUCTION OF cbd TRANSGENIC PLANTS
The binary vectors (p35S5Cl, pCCl and pBI10l1l, as a
control) were mobilized into disarmed LB 4404 Agrobacterium
tumefaciens by triparental mating (An, 1987, Meth. Enzymol.
153: 292-305). Leaf-disc transformation was performed with
20 Nicotiana tabaccum—-SR1l plants as described previously
(DeBlock et al., 1984, EMBO J. 3:1681). Regenerated
transgenic plants were selected on kanamycin.
F, Seeds were collected from independent plants transformed
with each one of the vectors. The plants were analyzed by
25 Southern blot (Sambrook et al., 1989, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, New
York; Southern, 1975, J. Mol. Biol. 98:503-517) and PCR using
primers #7 and #8 (SEQ ID NOs:18 and 19, respectively).
Transgenic plants were grown in the greenhouse at 25°C under
30 a 16 hr photoperiod.

35
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WD 99/ 07830 PCT/ 1 L98/ 00345 codi ng

sequence; yeast transfornmed with reconbi nant yeast expressi on vectors
containing t | ant G uR codi ng sequence; i nsect cell cted
with reconbi ﬁéﬁ’l? 9G83%s expres- sion vectors (e.g., bacul ojpcﬁﬂg?é’&gg
containing the cell coding 5 sequence; plant cell systens infected with
reconbi nant virus expression vectors (e g. caullflomer nosai ¢ Vvirus,
CaWwv; t obacco nosaic vsnms, } p bi nant

pkasm d expression, Vv ‘ C codi ng
sequence; or ani rraoea‘élt':l% %e%%alnn#néﬁ)@g%d%% %8 reco“n%énx;% “ﬁ'rg@‘
expressi on vestturasied gromaeénogat@ag steng candiyeung uaver Wadi mgedehls

| rnes engi ne tfeb:nrevewtat wgﬁseepg,eés&fréwtf&tl M- k3k§0! ¥
anplified unsta y anplified in double- nute chronnsones
(P i i el Seratagenes) Ta1do11a, TRal EEarata) on Wil GONNSe. S9eaons

vary in theirgor d oo hopld fipaeibhcusing . pribpartdi#g e tfee (st fpect or
systemutilized,  .any aof nunber table transcription and
transl ation éﬁgﬁgﬁpfﬂ% &%Vuﬁfﬁﬁesgavéy¥ttive and i nduci bl e promters,

may be used in the expre55|on vector. 20 For exanpl e, when cloning in
bacterial systens gy, X 1718 ,

[err], plac, ptrp; P E

used; whenlo cl orfhey E@Sﬁgeél?ecél'ﬁ sy@@-blrsOf p’#orﬁi{aelrmmswsoﬁéted-

bacul ovi rus Relpdieiiab 1R e%bqeggauxbgwss&wamrufé b ddht2rehkant cel |

systens, pronoters derlved fr g enone of | ant cells ée.g., t he
cel | pronot ergesaif oo AR ESeERBEPL2 fﬁ%Stﬂ?’iﬂﬁ}{ &° @ t HE%8maPrLa8Ebuni t
of RUBI SCG, té&axwavmmaa‘1493 Tucker and Milligan, 1991 Plant Physiol.
95:928-933; Wu et al., 1996, Plant Physiol. 110:163-170).
15 Degenerate primers (SEQ ID NOs: 12 and 13) were synthesized
based on two conserved regions from avocado and tomato

cellulase amino-acid sequences (Lashbrook et al., 1994, Plant
Cell 6:1485-1493; Tucker and Milligan, 1991, Plant Physiol.
95:928-933) and enabled the amplification of a 260 bp PCR
20 fragment which served as a probe to clone a genomic cell from
A. thaliana. These primers have been used successfully in
the past in the isolation of several DNA fragments from mung
bean that encode EGase genes (Shoseyov, L., 1992, "*Endo~-1,4-
B-glucanase gene expression during adventitious root
25 formation in Mung bean cuttings," Master thesis, the Hebrew
University of Jerusalem).
PCR amplification was performed using chromosomal DNA as
t the template and two degenerate primers designed according to
conserved amino-acid sequences in avocado and tomato EGases
30 (Lashbrook et al., 19924, The Plant Cell 6:1485-1493; Tucker
and Milligan, 1991, Plant Physiol. 95:928-933). PCR
amplification resulted in two DNA fragments of about 260 and
370 bp (FIG. 1). The isolated 260 bp fragment was cloned
into M13 mpl8. Single stranded DNA was then used for
35 sequence analysis. The deduced amino-acid sequence of the
260 bp fragment revealed 62% homology to the avocado EGase.
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for the chighopikss! a/ b binding protein) or from plant VhEHRR/008450 -
the 35S RNA pronoter of CaW, the coat protein 30 pronoter of TW) nmay be -

used; when cloning in mammalian cell systens, pronoters derived fromthe
genone of manmal i an celk3 l- |l ot hionein promter) or from
mammel i an vi ruses g‘mpﬁ i fs IR %rl ATHON acci ni a
virus 7.5K prom)ter) I eratHg-cer+—+res that 35

contain nultipl & coppes ison s ctéid .lDNA:h%\M@n,a BRIl ayewhdidé gendasith

YeZtSOE S m%%@aﬂ%@sgﬁogﬁﬁ@rﬁﬁrﬂ PG € or I KRlscado gene

PCT/ | L98/0@2#5 intercepted, hya& diarge sydwors a%@mmmmmm vectors' .

may  be agyantageous! ¥realivsie dedanendingd AUp ¢hatiie s &d At %ﬁd erIégr the
Cel | expressed.. For exanpl e, when Iar%e‘?g uantities of Cell areq

produced f 8PCPAESHENEAS Bet&In-bo aHeBCe GW%&M% ayasada es, !
vect ors whiggaseéi revealled sww&ﬁﬁm didetdhyl qraics af) .f ush@ithavaddid),

products tha d| eS| hl €y Such ect ors i ncl ude
but are fo IPF‘ d{agér%% %V%’%ln?%?’ggy 8?11 e 5y @R% her et
al., 19 pEHB@l@nszofm.h)e qytsbamr@h reilsdduelsl betweea rbgnﬁwwanexgray be

| i gat ed t di t hat
nybri - ol FapgeosiRG, B coheqrdR WertiarvScrlieary BVl s deraa

obt ai ned frscmporlqecla@afn covpgrded, Ktechbesliftde hydrepatiyr emdlyses of
successful lyy thaliana Cell and avocado EGase (Cell) (FIG. 5). The cell

deduced amino-acid sequence contained one potential
glycosylation site. A 17 amino acid motif which classifies
Cell in the E family of glycosidases was also detected (see
generally, Gilkes et al., 1991, Microbiol. Rev. 55:303-315
regarding glycosidases). The first 25 amino acids at the N-
terminus were hydrophobic, including a positively charged

15

20 arginine residue near the very end of the N-terminus, as
expected in a typical signal-peptide sequence (Von Heijne et
al., 1983, Eur. J. Biochem. 133:17-21).

An A. thaliana genomic library was screened to isolate
the genomic cell gene. One positive clone was isolated from
a total of 2.5x10° recombinant plaque-forming units screened
using the 260 bp PCR fragment (FIG. 1) as a probe. Sall
digestion of the positive clone, followed by Southern blot
analysis, revealed a 7.5-kb fragment. A restriction map of

the Sall DNA fragment is presented in FIG. 2. Three

25

30 different subclones were constructed in pUCl18 as further
depicted in FIG. 2. ExoIII deletions followed by seguence
analysis revealed the primary DNA sequence of the full-length
cell gene. As represented in FIG. 2, the gene consists of

seven exons intercepted by six introns.

35



prepared and used to purify antibodies fromrabbits; pIN 15 vectors (Inouye
& lnouye, 1985, Nucleic acids Res. 13:3101- 3109; Van Heeke & Schuster,

1989, J. Biol %@9 264: 5503- 5509); and the liKke. Y5660
nunber of veéY% 83(9nt ai ning constitutive or i nduci bl e pr orm{lers %f‘ésy be
used. For a review see, Current 20 Protocols in Mlecular Biology, Vol. 2,
1988, Ausubel et al. eds C?eene Publlsh Assoc &.VVIey IntersC|ence

Ch. 13; G ant %t

i-n Methods in Enzygmlmgy wa\éﬂuée@f Qésﬁé&teéér tﬂ@%eserﬁé@%t Fc’reQSiSmRNAYm
Vol . 153, pp. 516-544; G, over,

, DNA 25 Clonin , I|RL Press,
Wash., D.C., %}Pnﬁﬁt%ﬂﬁjtéﬁﬁPéra“d t?98$°1a¢%n¥#%nﬁé;ij QBQF? EPessTBR in
\Y;e?st ll/gtz hosis1 i 3735-&52ml @gagmBﬁ*lcgeF:Ir& K3YTW&is Qﬁfcfce:[smh Ylypb&%ﬁedN Y.,

o cu 0 e Yea
Saccharorryc%sap’g)‘ig'%:»‘aéI g ﬁggﬂ gﬁ g& g)acls Wﬁﬁq’l’fr’fﬁ? %&ﬂtﬂ’yess
Vol s. | and Ihatched the DMAcaequemherefpthencqmqmnﬁﬁﬂemmumeqmmmaeat&dased
t he expres 1 h I di e C ri i ny of a
number of | pr oReter Soa50a2aply I TEEE RIS A seeaR
and 19S RNA pt&ifbtans 4(?f416§W0(Bf| §§@n11étN%49) 3epegpl mqme@ce

310: 511-514) , g i et rf‘c%ts RE‘BEefBuH&OHQ’Eﬁéefothe 2H0L T BB SheChind! -
1987, EMBO J. 6 30 ¥h1e used alternatively,, plait pronDters

such as théoc%ﬁll-ﬁﬁBﬂbteﬁﬂk) s point it was not determined if thgse
WD 99/ 07830 changes represent different genes or siRipliy [FRW GR34%eq

mutations. The 1476 bp open reading frame (nucleotides
1-1476, SEQ IDb NOs:2 and 3) was found to encode a 492 amino
acid polypeptide {SEQ ID NO. 4) with a predicted molecular

15 weight of 54 kDa. Sequence comparison with avocado EGase
revealed 56% identity (FIG. 4). A comparison of Kyte-
Doolittle hydropathy analyses (Kyte and Doolittle, 1982, J.
Mol. Biol., 157:105-132) of A. thaliana Cell and avocado EGase
{Cell) is presented in FIG. 5. ’

20

10. EXAMPLE: RNA TRANSCRIPT LEVELS OF cell IN
DIFFERENT TISSUES OF ARABIDOPSIS

Northern blot analysis of cell was carried out using the

768-bp cell ¢DNA fragment as a probe (FIG. 6)}. RNA
25 transcripts were undetectable in fully expanded leaves, as
well as at the basal internode of flowering stems of normal
A. thaliana plants. However a strong transcript signal was
t detected in the elongating zone of flowering stems of normal
plants. A. thaliana plants that were treated with
uniconazole produced dwarf plants. The level of cell RNA

transcript in the elongating zone of dwarf flowering stems

30

was significantly lower than that in the normal plants (FIG.
6) . Densitometry analysis of northern blots from three
independent experiments revealed a 2-5 fold difference

35 between the transcript levels of nominal versus dwarf plants.
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functional wigmgasot s thereof, the small subunit of RuBlI SCO pcTiiCo8/6634d €t

al., 1984, EMBO J. 3:1671-1680; Broglie et al., 1984, Sci ence
224:838-843); or heat shock pronoters, e.g., ~soybean hspl 7. 5-E or

hspl 7.3-B (Curl ey et : , 5) may be used.
These constructs can §£ éﬁ%ﬁg gp HBSé° 'ﬁg Ti plasmds,

Ri plasm ds, pl ant virus—ve ] ) on,
m croi nj ecti on, TeaasgeanrtpbquOepdanF§rtrenséwsmeﬁ yu&h.tﬂu!enﬂnﬂﬂues

see, for eéagg gromstéﬁbesglésnwih&&h@%mé&fﬂ%ﬂ%@la%bi‘éd%ﬂ w& f ) tsed

Mol ecul ar Academ C Press ion_ VI
G i er song&teokky, gﬂgsBePPFﬁﬁF genﬁbPécGP&rPBFéPégPlnggYEprtsﬁédbme

London, Chyeét8r (c1ontecEQrthagA11ebm chuﬂhothahz pﬁ@drécttb%ﬁ;eaf for

b { F | X
15T nes whigRUETSBFGTELE: BRBTERE BPan: SCBPEE PGP Va7 e vitioRgrneer od.

Rat her thapbssrwgdeiprsizteenveeedlingki that wemet genevated Frog @dght

&%ﬁﬂﬁmﬁ%%@t%@%ﬁﬁm%@?mﬁ%%%%%é%%re%ﬁﬁyﬂo

sequencga shoahsandprooh eéongaauogszOpeBydEéﬁﬁlaﬂAoﬁ)S|t&9nng lehwel, and
a sel ectab r e ~FQI I n u n f (o]l
englneeredggeﬁ?ﬁéﬁ to 9 iﬁ%& %?gtgrg%?g g&bg ftglggd QB% an enrpched

medi a, andC9n§ﬁ°ér§r§RFﬁeﬁé§ pdapts C?éFééFFV@ #bél&am¢h@°9§¢€@c&ble mar ker
in the recopphpadt tRe a&aweceafz@rErbﬁ&tékaﬂeglbﬁ t B¢aS AbRCEhol aﬂg
allows cells to,stably integrate the plasmd into their chronbsone

grow to fofHPi SERIRANEH in turn can be cloned and expanded into cel

l i nes. A nunber of selection systems may be used, including but 30

not |initPed es h {gler, et
NGRS TASRSE Y ORp o it Y SR RIARe oSl
(Szybal ska & Sz§b&iteén, t¢9eﬂ¢nﬁyocndependent transgenic tobacco plants
(For parental generation) were prepared from each one of the
vectors pCCI, p3&SCI and pBI1Ol. pBI10l served as a negative

20 control as it does not encode for cbd. Conformation of the
presence of a transgene was conducted by PCR analysis (see,
for example, FIG. 9), Southern blot analysis (not shown), and
kanamycin resistance. The results indicated the presence of
a single copy of the cbd construct in the F, generation for
25 both the pCCI and p35SC1l constructs, and of at least two
copies for the pBI10l1 in the control plants. Transcription
of cbd in both pCCI and p35SCl transgenic plants was
confirmed by RT-PCR analysis (see, for example, FIG. 10).
F, transgenic tobacco plants transformed with either pCCI
30 °F p35SC1 (the latter are shown in FIG. 11B) displayed great
size variation. As shown in FIG. 11A, the F, control plants
transfected with pBI101 showed very moderate variation. 1In
the latter case no kanamycin sensitive plants were observed,
indicating the presence of more than a single active copy of
35 the transgene, each of the copies independently segregates.
F, transgenic tobacco plants of a parent transfo;med with

a single copy of either pCCI or p35SCl segregated into three
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Nat|. Acad. Sci. USA 48:2026), and adeni ne phosphori bosyl t ransf erase
(Low et al., 1980, Cell 22:817) 35 genes can be enployed in tk[err],
hgprt[err] or o' ] cells, respectively. Also, antine olite

resi stance can egma?ed as the basis of selection for dhfr, &ﬁm’{:%’“@%f ers
resi stance to - 47 - VO 99/ 07830
PCT/ 1 L98/ 00345 net hotrexate (Wgler et al., 1980, Natl. Acad. Sci.

USA 77: 356¥istEngh Phanofiypesiggaboptog. anarter fefdthesdr,, PEJSAts were

78:1527) ; gptkamfdm@a‘zﬁlstm@al Thaieatlag W&B@&k@@% L1 1td-an |ligan &

Berg, 1981, Pnﬁﬁb Nat | Acagz§ el tg z 7%%% neo, whic onters

resi stance t PTHEELIARGH AUAESEraetcthegplant rg eglt%l'japﬂl??thﬁe , 1981,

J. Mol. Biol . wHértdlg ;abamt ha]JiyglfOthwl"lpmhntQFﬁaﬁiSa rwﬂ'@é t@ﬁygrmm n

genes ( r 0;147 C addltl nal

sel ect abl esggé\"gs é:veg 5% < scrl Egggﬁﬁgrre%? 1%1,%9? %‘H\? ﬁ)‘cal‘ﬂaSMtéQPI-s to

utilize indol&mong pihec smafllt plpnEghasonai eﬂglbltemmitstajﬁm hgr@lolc:&t Qs

utilize histigpol Shied t 8. .Proc.
20! RrAGE ¥ 3@5 ble bEﬂ&a{zﬂ?ﬂ By h A8ael plRngR: o

Natl. Acad. Sci. USA orni t hi ne decarbo
confers r e skaiian t"’@st I’F'é~ OB ﬁPFHPﬁeSHé% afaf sampargdhtich |kta@|amy2-1n15

(di f1 uor omet hygh amptpgzrmtmomro@%aﬁg@&emmﬂs) t:bg%%adtnsg_ cQurrent
Cownunlcatloqiéﬂ ¥3ﬂ' Bi ol 0 guleId | Har oratory ed.).
The i nvent+®rCe&s @gﬁba§§€§ (5% hatattheo kpapmysan of the
foregoi ng coddergsitive plants were homozygous for the absence of the
transgene, the large plants were hetererozygotes, whereas the
small plants contained two active copies of the transgene.
These results are in very good correlation with the report
15 (PCT Publication WO 94/24158) demonstrating that high
concentrations of cbd protein inhibit plant growth in vitro,
whereas, moderate concentrations accelerate plant growth.
When grown without kanamycin, F, transgenic tobacco plants
transformed with either pCCl or p35SCl segregated into the
20 large and small phenotypes. Under these growth conditions,
the kanamycin sensitive plants could not be distinguished
from the subpopulation of heterozygous normal size plants of
the large phenotype. These results confirm that cbd genotype
is responsible for the observed phenotypes, i.e., expression
25 of ¢bd in transgenic plants modulates their growth.
The difference in size among the phenotypically distinct
groups (large and small) was also maintained after maturation
t (FIG. 12).
Furthermore, transgenic plants that were vegetatively
30 propagated maintained their phenotype while young (FIG. 13)
as well as in a later stage of their vegetative development
(FIG. 14). These results demonstrate that c¢bd transgenic
plants exhibiting an altered growth phenotype, maintain the
altered phenotype even when vegetatively propagated.
35
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sequences wodberssoheir conpl enents (i.e., antisense); (b) DR&TARg0BR4sLSSI On
vectors that contain any of the foregoing coding sequences operatively *
associated with a regul atory elenent that directs the expression of the

codi ng sequences; and;4C) gy; ﬁithsQ”?kB BE2¢oR08F cel I's and/ or
plants that contain an Rgﬁgs Teope ARy pagTNRAYgREes operatively

associated 25 with a regulatory elfenent that _directs the expression of the
codi ng sequen®ebargot Fe P&%@t%e?ﬁ PA3SELebCher eXRressed RuAgr o2 PSel enent s

i ncl ude %ma&er?%nbl Ebheéolopllﬁ(ﬁ&@l br@ns fori@d @ithngpie pronoters,

enhancer erafors and_o ele ts kn wn to those S ed in the
art thgt (GAPPEeGHA 136 - re§f 8t élé:)?p 2digpnia) vere gim K’?‘%

PREPARATLONtEE @Al gPBWhEIENS, 4 weeks. The tvwo specifiidl YAENAESpEED

ANAL OGUE d Iy d I or 35
anal ogue9ePRERESH Egnc g %ﬁﬁré %?%gge%ggéa |ss&e%¥§é?hag§%
cul ture, hgpopbaguceddbymaé&o&Bawaﬁvlomgsyﬂpwgntwl) angc Rmngeeanichown in the

art 43 e AYL7830
£ trol plan were select
PCT/IL98F85%&5seedllngs ﬁatfeg 5& | “preparations can be obtained froma

vari ety tremsfeyredstostarshr meddiioandoprewe &ox paditienalodfay be

weeks in the growth room and then transferred to the green

house for 3-4 weeks. Leaf area, wet and dry weight of the

plants was measured. The results indicate that cbd-

transgenic plants produce significantly more biomass as

15 Compare to the control plants (FIG. 15). Similar results
were obtained with F, tobacco plants transformed with pCC1l

(CBD expression controlled by the cell promoter) (FIG. 16).

14. EXAMPLE: cell PROMOTER EXPRESSION
IN ASPEN (POPULUS TREMULA)

20
14.1. MATERTALS AND METHODS

14.1.1. CONSTRUCTION OF TRANSGENIC PLANTS EXPRESSING
cell PROMOTER-qus FUSION

The 1.6 kb cell promoter region (nucleotides 5-1618 of

accession #X98543 (SEQ ID NO:9)) was cloned into the binary
vector pBI101.1 at the 5’ end of the f-glucoronidase gus
gene. The construct was mobilized into disarmed EHA101

25

Agrobacterium tumefaciens by triparental mating (An, 1987,
Meth. Enzymol. 153:292-305). The transformation was

performed with stem explants of Populus tremula (Tzfira et
al., 1997, Physiologia Plantarum 99:554-561). Regenerated

30

transgenic plants were selected on kanamycin. Eleven plants
that were independently transformed with the construct were
tested. The plants were analyzed for the presence of the
35 cell promoter region by Southern blot analysis. Transgenic
poplar plants were grown in the growth chamber at 25°C under

a 16hr photoperiod.
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used to isolate and purify, or partially purify, endo-1,4-[err]-

gl ucanases from any source known to contain or produce the 5 desi red

endo- 1, 4- [ er igo 9ptgsprase (Cell), e.g., Cell may be i sol at ed, 253534 ces
such as plant tissues. Such standard protein purification tec(ml gques

i n¢lude, but are not linited to, chronmatography (e.g., ion exchange,
affinity, gel filtration/nol ecul ar exclusi on chronmat ography and reversed

10 phase hi gh perfor mnance 34-duid cﬁll§¥ﬂ@'9€f[§b¥l RETHNING

centrifugation, differential sol ANARYSIS L S (for a
review of protein cus sta&aﬁngnwhSCMMed&eﬂ:h X-B0WE R 399%%08‘5@&3' n

Shri nger. ver | S ORER SRR RPREEERE: . 4 E e 753015385 hr ogr e
in HPLC, Vol Thiirty dsyi emdeSEeéssngwtwen@t;n&imw Mrelrmidm): with X-Gluc
Reconbi nant™ expressl Qpgt egaﬂ' ﬁ.Jgé £8% b?? PRI Lo1utRH2 sgg ”‘e Sel |

proteins, derivatives, anal’ Aventi on
Sanbr ook et arakingogophebPataphr 20 Cloning, A Laboratory Manual CoI d

Spring Harbor Laboratory, 2d Ed., Cold Spring Harbor, New Yor k G over,
DM ed., 1985 DNA C oning: A Pr actical Approach, IVRL Press, Ltd. ,
Oxf ord, Vol. I, Il). The ndd ot | @@iségéﬁence of cell is set

forth in SEq ID N@h2. cBs setim:ﬂa@nﬁm:ﬁmbm lsiséloatfqé ekbPes3PoMebE - KREWN
t echni quesl

such scregeni a | brary, chem cal
synt hesi s, 31?%@"85317 chii ﬁa?%a%lf?%’rf‘ rﬁ(ﬁ%‘ﬁf SErBnag ¥eppg gbpves
sequences carambthedeﬁongabyonrwom of trhererteus ast snbegl &8 kmesn 17 ihe
art. p u ol r.Qt deriyatjve 2 30
anal ogue, a n-ulégl e:frgga%ifaéségﬁencec'glgp‘%co‘:‘(?ll cﬁ#e de%%% ?ﬁh Yobative
or anal ogue IFW/HEr REEHEry of nkerl qalls pIrIDr’hﬂeeldevelspahqt hetveheaeshown

protein, derll\ﬁatmv,-e 19L anal ogue is produced from said sequence. For
exanpl e, &%ector gan be i ntroduced into a_cell, within which cell the
vector or a 35 porPPSA FRStLL? tosthatdtidd theoyssrhlsceresented pbrtion

thereof. | n Exampater Ledasdrboyli sk tHh@dTUC pRoficBeldaiseBMNA tissue
specific expression of GUS in growing organs of different
transgenic plants such as Poplar, tobacco (see Example 11,
20 supra) and Arabidopsis (see Example 17, infra).
15. EXAMPLE: EXPRESSION OF cbd IN POPLAR
Poplar plants expressing cbd under the CaMV 355 promoter
showed a distinct phenotype (FIG. 20). The plants had shorter
25 stature but with larger leaves compared to the control plants
(FIG. 21). The roots appeared significantly thicker and were
covered with many more root hairs that were more dense and
. longer than the control plants (FIGS. 22-24). cCalcofluor
staining showed that these plants accumulated cellulose at
3¢ the tip zone of many of the root hairs indicating that cbd
increased the rate of synthesis of the cellulose (FIGS. 25-
28). This observation is in agreement with the in vitro
experiments that showed that cbd accelerates the rate of
synthesis of cellulose as shown in FIG. 30.
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i f the soumamesnf7s¥aNA pol ynerase i s DNA-directed RNA PCT/IL98/00345
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PCT/ 1 L98/ 00345 pol ynmerase, but the nucleic acid nay al so be RNA if

the  source o PRMIRIGHS JuéniRiefte SpeRakPrpty "BKPRRSSING  cop gl OVET SE.
transcriptase’is p Or _provi roduce romthe’

: ce ed 10 P
RNA. Such a vectitx independentcpraBfaPniCoPOBABENRLARESNY S¥kaPILy 10)

i Nt egr at edexgses Oty aSeli GAdeBethet amvCBbheprbaiopeedhowele adasstafcRNA

Such vectors can be constructed by reconbi nant DNA technqQl o nmet hods
standard ipheneRygpg (FIG. 29). A?Hﬁgﬁoﬂi?ggstﬁgpﬁﬁ5dﬁetﬁ&n GF%éEII

conpri se§: chipatéd ctd tthié ngoathoit ptahtscghransifogmedr edaibithenveetpiressi on-
vector, said vector conprisi u ti encodi ng Cel | under
condi 11 onecenERLpREg “RHF | LFR0E, Bpd  EhY, 555, BECHBEER)

I'S” expresse * and (b) recovering

Cell expressed by the cell. A variety of host-vector systens may be-
utilized to 15 exprgss t £1 05 EPUERBRESSTERCEN ARRBEpbBSkyde, but are
not limted to, manmali SyStens 1 niecte VI T us e

C W . 9.,
vacci ni a virus, TheletiNA rof celd. vasj gdepedcankosybeefs coliinpgpregsionh

Virus (£o9%vecPdfUbR¥id Ustiovagdbh! ORRER8bANEWELEBNsindS YRS reeBhndi ARG
yeast vectors, or bacteria transfaqrned 20 wW.th actetlogga e, |l asm d

( . DNA,  p
DNA, or coBFPEeDNAwasHased EQpPEQINGR BPL¥EAPRa4: aptibg arip TAPPAES:
strengths @pd spe&peféfantibeaiasdrdapeadi withnat B8 kDsprogeliar Symiem

protein was detected only in fast growing organs and was not
found in old or fully developed tissues (FIG. 30).
15

18. EXAMPLE: THE EFFECT OF CBD ON CELLULOSE
SYNTHESIS IN ACETOBACTER XYILINUM

18.1. INTRODUCTION
The gram-negative bacterium Acetobacter xylinum has.long

20 been regarded as a model of cellulose synthesis because
cellulose microfibril synthesis is separated from cell wall
formation (Ross et al. 1991, Microbiological Reviews 55:35-
58). Since polymerization and crystallization are coupled
processes in A. xylinum cellulose synthesis, interference
25 with the crystallization results in an acceleration of

polymerization (Benziman et al. 1980, Proc. Natl. Acad. Sci.

USA 77:6678-6682). Some cellulose-binding organic substances

can also alter cell growth and cellulose-microfibril assembly

in vivo. For example, direct dyes, carboxymethyl cellulose
30 (CMC) and fluorescent brightening agents (FBAs, e.g.,
calcofluor white ST) bind to the polysaccharide chains
immediately after their extrusion from the cell surface,
preventing normal assembly of microfibrils and cell walls.
These molecules prevent microfibril crystallization, and
as therefore enhance polymerization. (Haigler, 1991,

"Relationship between polymerization and crystallization in

microfibril biogenesis," in: Biosynthesis and Biodegradation
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utilized, any one of a nunber of suitable transcription and transl ati on
el enents may be used. 25 Expression of a Cell protein, derivative, or
anal ogue ontrol l ed by any pronoter/enhancer el enenf g |

the art. Sucﬁa%?@@% ers include, but are not Iimted to: t he g@%@&ggrly
pronoter region (Bernoist and Chanbon, 1981, Nat ure 290: 304- 310), the
pronoter contained in the 3' long 30 term nal repeat of Rous sarcoma Vvirus
(Yamanot o et ofil Cel19RGse, Pitel 992243 RARP-H-t HaipderiapheFPpds Yehperx
Virus-1) YRLSI pERkdPaSEnP! O Ivdaganer et al ., 1981, Proc. Natl.
Acad. Sci . UE% §§:1441-1445 , the regulatory se usn%es of the

met al | ot hi onei n g@hés(%¥9?E&Wﬁn¥nw%ﬁ.9°Qﬂﬁﬁﬁe ufetesp1ag. thy gsfects
prokaryoti c @¥Pe8aStRPr&eEi & Sos UL Rl ddee sydithpslisct anase pr onot er

(Villa-Kamaroff et al., 1978, Proc. Natl. Acad. Sci. USA 75:3727-3731),
or the tacSronoter (DeBoer et al., 1983, -
50 - WO 99/07830  18.2. MATERIAL AND METHODS

PCTIIL98/00345 | poctbhfleeltyr AR Geriln At 88785 gab: useq. 2l ey idbel Ul

proteins fromreco nan erra clentific Anerican, . .
242: 74-94: piveme gREWRSEPDR4 X ckiy ehandi shakiABIcat] 30°Cpipnphed him

functional fr g§2£§n&h@fe@fs%té&b tome, @.s&n&aab@8@xﬂ&eaefeﬁ%regiOn,
(Herrera-Estrella et al., Nature 303: 209- 213 on.vh%‘caulhf ower nosaic
virus 35S ¥Nglyecenst apd 0.3% KHPO, pH 6, and 1.5 Unit/m choderma

viride cellulase (Fluka, Buchs, Switzerland). The cells were

Tri

harvested by centrifugation and washed twice with pre-cooled
phosphate buffer (50 mM NaH,PO, pH 6). The bacterial pellet
was resuspended in phosphate buffer to a concentration of 2
15 ng/ml dry weight (2.5 O.Dg=1 mg/ml}. One ml of each of the
reaction mixtures was placed in 20 ml scintillation vials
containing 0.8 ng cells/ml phosphate buffer. Cellulose
synthesis was initiated by the addition of 40 mM glucose (D~
[U¥C] glucose (Amersham, England) at a specific activity of
20 40,000 cpmg mol and allowed to occur for 1-2 hr at 30°C with
constant shaking. The *CO, formed was trapped in coverless
Ependorf tubes containing 0.2 ml 1 M NaOH placed in the
reactions vial. The reaction was stopped by the addition of
0.1 ml of 0.5 M HC1 to the bacterial suspension and incubated
25 for 15 min. One hundred and fifty pl of the NaOH solution
containing the trapped CO, were transferred to scintillation
tubes. The cells and the cellulose were transferred to 1.5
t nl Ependorf tubes, centrifuged and washed three times with
water. The cells were lysed by mixing with 0.2 N NaOH, 1%
30 SDS. Cellulose was recovered on GF/A filter (Whatman,
Shrewsbury, MA) washed with 15 ml of water and dried in an
oven at 60°C. Filters and NaOH containing trapped CO, were
counted in a scintillation-counter using "OPTI-FLUOR"
(Packard) scintillation liquid to measure glucose
35 incorporation (cellulose synthase activity) and respiration.
Electron microscopy was conducted by placing a drop of
the appropriate solution on top of a copper grid at room
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(Gardner &yoa$p7830l981, Nucl. Acids Res. 9:2871), and the  pd¥aWRbessof the
phot osynt heti ¢ enzyne ri bul ose bi phosphat e carboxyl ase (Herrera-Estrel |l &
et al., 1984 Nat ure 310: 115- 10 120); pronoter elenents from yeast or

ot her fun uch as the r onot er t he ADC( cohol dehydrogenase)
pronot er, Ssphg&leyfﬁlé'ﬁﬁ %*P&T | TR &axe
pronot er, m@'?fillt eyt wdighitn ¢edrlisndin tptm:ﬁmam |mmﬁem,omoam glr@sans, whi ch

exhibit ti LS &e} srpe t?!q%'tt )éﬁ%th%v%&hceer}\s drl 'ozfd.ad@&%é‘;{ ge%%am mal s:

el astase ™ ion wh ve I'n “pan ar cells
(Swift et reaadtl,onl%d; mubm:f@mm n@muatmi dthexl stqmﬂaai wddihd 25(5% ng
Har bor Quan 3%, AW DN BerkBA £ PaY
7:425-5 S;E:iﬁtnsu far}d?g e Cg(#[rm q: on which js_ 20 actlve | ntﬁ&e{{r)fcreatlc

a

bet a ce||ya(sm¢amee1meﬁ\mmw ex sty gioied. | ThaBidsoWase gene
control I eQisR Wil gt%me@warﬁll J59 WhompHbtagldst i psichad et al .

1984, Cell 38: 6 58; _Ad s et 985, Nature 318:533-538;
Al exander &d@mmed g‘ al\/ﬂA qcéﬁqo Céa(ﬁlecjfrf&@uffﬁﬁc°%lf§§r?§lrﬁﬂn?£y

t unor wru;so gwntrol region which is active in testicul ar, breast,

| ynphoid and mast cells (Leder et al. 1986, Cell 45: 485- 495), al bumn
gene cdftrol region which is acti ve inliver (Pinkert et al., 1987, Cenes
and Devel . 1: 268- 276) aI pha fet1t8p|'30t eBE_@éﬂ.é control region which is 30
active in li verg?géé_r_} 414 1648;
Hanmer et al SCI ence d?SS 53- 58 um %}é}!e a pgllejngtZDne

control reyindmastizeh ded lad@sge im RWHH@RQ bUff(%IQQﬂtaétmalq 1987, Genes

and Devel .. ki ikktht) giRRicke andlaabife,a8Re ceiidrtir 8RN Wiy igy active
i n nyel oi &'cel s 35 (NMbgram et, al 1985, Nature 315: 338 340; Kallias et

al . 15) gipel CEdiUoT4 ¢:3859 A9 Posrhdivien RO 13 Anst sﬁbn@%ﬁt”r@aatﬁé@ on

whi ch IS adrittel)n far godendiroddre tiad |inmdivatesl erigth of time.

- oLl Cellulose synthase activity was determined by the amount of
glucose incorporated. FIG. 30 shows the effect of cbd at
different concentrations (10 - 500 ug/ml, 0.6 - 30 pM)

20 compared with 1 mM calcofluor and 100 ug/ml BSA (1.5 uM).

The cbd increased glucose incorporation in a.dose responsive
manner by up to five-fold at 500 pug/ml. Calcofluor increased
the rate by two-fold while BSA had no effect. The rate of

glucose oxidation to €0, was only marginally affected. Thus,

25 glucose incorporation could be attributed to cellulose
synthesis.

Electron microscopy examination of the cellulose ribbons
produced by A. xylinum showed that CBD treatment resulted in
a splayed ribbon composed of separate fibrillar subunits as

30 compared with a thin and uniform ribbon in the control as
shwon in FIG. 31.

This example demonétrates, using the model system
(Acetobacter xylenum), that cbd enhances cellulose synthase
activity, comparable with the effect of the fluorescent

35 brightening agent calcofluorwhite. The effect of cbd on
cellulose synthase activity was dose-responsive with an
optimum response around 10 mg/ml.
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(Readhead et al., 1987, Cell 48:703-712); myosin |ight chain- 2 gene
control regi ogygM¥eigessel S active in skeletal nuscle (Sani, 198eraiiodie
314: 283-286), and gonadotropic rel easing hor nrone gene control region
whisch is active in the 5 hypothal anus (Mason et al., 1986, Science
234:1372-1378). The pronoter elegﬁnh mhbfébﬁ§§l ceratively linked to the
nucl eic acid encoding a Cell protein; "Hertvattrve—or anal ogue can al so be
a- bact eri ophage prtniseevidient t tizats polmmefizattdon badt erysphaybz&bion

pol yner ase e’é‘%reeégﬁﬂ %ﬁe &R s T #éﬁﬁ%é?d?y@%h&%&aiﬁ ﬁge?oﬁg QBLAL &

plasmd, e.g an in exanpl e
the nucl ei c &ldnun bagberiy (:W*’#e etli-vaflPBe, Pé‘PCanHﬁbé)ueAcad'»

operativel % gejl,i B§Sd7’9 OGsh@—é’&sﬂ\lA mia/mr@ﬁ%fpeaaoter thel Budrgepar at
pl asmi d encodi ng the T7I¥W\£§ yer ase. addi tion, a host cel

strain may b&@eCR¥BepNhARCEd zRﬁQERQquﬁQneQSr€§§F8ﬁ°§ﬂvﬁh€1Vﬁ%%$t%%

sequences, Ora, xyl mﬂuﬁtesmamb m@meﬂmdm g:enbepamﬁlmtbdl ﬂotaﬁySpeCI fic
f ashi on desired

t d
the presence® SFt&EP?éfﬁﬁééhﬁﬁéégqqf it r%ﬁ%ﬁgg§}§%goFyPﬁ§eﬁﬁﬁ %P§a|:3
engi neer ed cmmnabnhe;nventbwsvbﬂll&yenthatﬂchguenhaycbd tonbrpétEtion of

Furtherm)r élﬁ“tfé r- [ cific
nechanlsns rad %éaiig%§%l@&%%%ﬁséﬁ§1pos - ngﬁkﬁ %ﬁ%lge%ag%§%§33|ng and
nDdlflcat|onCFwsgallgF?%bgwdEH¢Q#$525<§ﬁb§pﬁ6¢9?§@50h80$upport¢%s@y

Appropriate |1lyllai:n§Sr9{u$WS{1991 SYSIANR IGR3HRE HBLFEAN! BofPRs £24Hon
desired nodification and
and crystallization in microfibril biogenesis,® in:

Biosynthesis and Biodegradation of Cellulose, pp. 99-124, eds

15 Haigler and Weimer, Marcel Dekker, Inc., New York), in which
dyes and fluorescent brightening agents that bind to
cellulose were shown to alter cellulose microfibril assembly
in vivo. Modifications in cell shape were observed when red
alga (Waaland and Waaland, 1975, Planta 126:127-138) and root

20 tips (Hughes and McCully, 1975, EMBO J. 6:3901-3907) were
gro&n in the presence of dyes. It is now evident that these
molecules can bind to the cellulose chains immediately upon
their extrusion from the cell surface of prokaryotes and
eukaryotes (Haigler and Brown, 1979, J. Cell Biol. 83, 70a;

25 Benziman et al., 1980, Proc. Natl. Acad. Sci. USA 77:6678~
6682; Halgler et al., 1980, Science 210:903-3%06; Brown et
al., 1982, Science 218:1141-1142) and prevent crystal-

te structure formation {Haigler and Chanzy, 1988, J.
Ultrastruct. Mol. Struct. Res. 98:299-311). In addition, the

30 rate of cellulose polymerization was shown to increase up to
fourfold in the presence of dye (Benziman et al., 1980, Proc.
Natl. Acad. Sci. USA 77:6678-6682). <Crystallization was
proposed to be the bottleneck in this coupled reaction and
its prevention to result in accelerated polymerization. The

35 effect of cbd as observed by electron microscopy is
comparable to the effect of CMC (carboxy methyl cellulose)
rather than to the effect of calcofluor (Haigler, 1991,
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nutagenes?gtl

&ﬁ%mﬂgggh% éggthanegb“8f£§8£°B§ cgﬁﬂéphb%ﬁﬁ'% EPEQEplg ‘o

can bé use i ncl not

invitro SOtandleveneU1gheag§heB|§héHuP§h¢ﬁ§GﬁféP°§I(FI§9791)- JThgj ol . -
Chem 253a§§§&%enessf9£c€95£frebdlI&h@ranaPhanaeenabr 2aifipat i on- cont ai ni ng

PCR prinmers

consi sts atprnhut?ﬂyt@ftbﬁtélﬁﬁPEGPGGSnﬁPaﬁBﬁeEpéeFHﬂPGMHG

testingao h
site- d??e%P%dS
provi de sthgl B

there

he expefimentation involved i n myt agenesi.s
%ﬁhéﬁétyplc

ffhhfﬁfésgﬁaecéleléhe.SOCECOR9thDH?F@an @@HED preverne! oyed
nmut agenesi s g Qt ocol s_t ake 1% %dvggtage % ctorﬁ t hat can
oxpajnasgogiatdpp of larger fi ar subunits an

fore, hardly alters crystallization, while the small

molecule calcofluor prevents the glucan chain association

immed

iately after its initiation. The size of the cbd is

15 somewhere in between that of calcofluor and CMC. On one

hand,
small
hand,
cellu
20 the r

such

it is not small enough to prevent association of very
fibrils aé achieved by calcofluor, but on the other
its high affinity to cellulose makes it an efficient
lose intercalating agent which leads to an increase in
ate of cellulose synthesis of up to fivefold.
Based on results presented above, transgenié plants,

as alfalfa for example, expressing any CBD, including

but not limited to cbd, will not only have higher level of

biomass, but also have cellulose more amenable for

25 degradation by ruminants and, therefore, have a higher

nutritional value than normal non-transgenic plants.

30

19. EXAMPLE: MODIFICATION OF PLANT CELL WALL
AND MECHANICAL STRENGTH OF TRANSGENIC
PLANTS EXPRESSING cbd

Stems of poplar plants expressing cbd under the CaMV 355

promoter and control plants (transformed with the vector

containing gus (in place of cbd) under the CaMV 35S promoter)

were

imbedded in paraffin. Cross sections were stained with

c1zZnI (FIGS. 33A-D). Stems of plants expressing cbd appear

35

to have thicker cell walls. The stems were physically
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as doubl e stranded DNA, as.needed. Generally, the mut agenesi s pr ot ocol
W t.h such vectors is as follows. A nutagenic prinmer, i.e., a priner
conplenentary“hg sequence to be changed, but consisting a
smal | 15 nunber 3@%§?tered, added, or del eted bases, is synthggpgé .mﬁ%The
prismer is extended in vitro by a DNA pol ynerase and, after sone
addi tional manipul ations, the now double-stranded DNA is transfected into
bacterial cebtsongextas Wyhey vaarinkainedithedrnsfzuctueedqeditedonkznled DNA
i6 identifi e%teﬁgdwéf‘@ S slesd rethd¥ &Rl kame BeELibRENGT grocéones

e

containing t nmut at ed sequence, For_|onger sequences, _additional cloning
196 £oof

steps are often r€alEeeHIPR SRS FohBIFSt n3fA7B) Wdignpteq)
are unst abl ethatt Fe6€s VEE ST Ent Srédtmadisingr ebd kppeart boonevelinidcy n t he

bi ot Sohnol SoFeLhpBrbe CNpaees HE BmeatH oRERRIYER R R sl once

| nc. (Ar | maghbaiined gthsir |ddrartdinst ndtidgecentrohi ageldysvens drimhed
Jolla, CA). n e N Eﬁqu kments, the Cell derivative or
30 anal ogue %g?eﬁet%é(p?%s'%e%e%%pf%hfﬂ@gi on, %Irs°chi meric protein pr.oduct

(conprising the pFheserresulepeindicats dhas, espressien; ohtFhe jnimants a a
pept i de bondcaﬁ gméﬁé@é OLINGIOMS1 11 tP ¥ Y1ant8U¥eNGethetaAd phySI &N ana

protein)). Such, Imeric ., product can be made by ligating the

appr opr i atl® envispRreRtal ol ANt 2RtdG A§TERESSesired amino acid
sequences to each ot her by methods known in the art, in the proper
coding 20. EXAMPLE: MODIFICATION 8§ PLANT POLYSACCHARIDES IN

PLANTS EXPRESSING cbd
It was noted that cells of poplar plants expressing cbd

accumulated dark granules that were scarce or absent in
control plants. See FIGS. 33B and D vs. A and C for stem
cells and FIG. 35A vs. B for root cells. Poplar stems
expressing c¢bd and control plants (transformed with the

15

vector containing gus under the CaMV 35S promoter) were
stained with IKI which specifically stains starch {(FIGS. 36A
and B}. Potato tuber sections were also stained with IKI as

20

a positive control. The results indicated that the dark
granules are made of starch.
One possible explanation of the mechanism for the

25 accumulation of starch in plants expressiong cbd, and in no
way a limitation of the present invention, is that sucrose is
proposed to be the transported sugar and the major metabolite

' in plant cell wall biosynthesis. Sucrose synthase utilizes

sucrose and UDP to make UDP-glucose and fructose. UDP-

30 glucose serves as the substrate of cellulose synthase. The

accumulated fructose may be converted in several steps to

starch utilizing for example, fructokinase to give fructose-

6-P, glucose-phosphate-isomerase to give glucose-6-P,

phosphoglucomutase to give glucose-1-P, ADPG-

pyrophosphorylase to give ADP-glucose which is the substrate

35
of starch synthase. Expressing cbd in plants affects general
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VO 99/ 078390 99/07830 PCT/ | L98/ OPB¥iL9sm034sf r ane,
and expressing the chineric product by nethods commonly known in the .
art. I n addition, CBII pr ot ei ns, derivatives (i ncluding

fragnents and chiperi prot and a an be hei cal |y
synthe5|zQ&1Y53€€haﬁlé e dgf &hen gn I €pi S 3*€3128- 3135
and Merri huerdtidfad, véluénef.d@ﬁ&mrent &mnpéﬁi2149-2156. For exanpl e,
Cell, derivatives and anal ogues can be synthesized by solid phase

t echni ques, cleaved fromthe resin, and purified by preparative high 10
performance |iquid chrondlegr BRAMPLE: qGROWEH STIMYRATAON1983, Proteins

Siructuges andgBreeuiah BE i85 toBalded RIS waltddted Msling Ao
g a SO

50- 60) . CBII vatives and anal ogues are proteins can

syntheS|z@G°D?t§§§ §FaMVpapei promoded: padd .thﬂ%§4ﬂ§nﬁﬁﬁk|Hﬁ?mﬂtﬂFﬁe _
synt heti Cpﬂ%&ttlsd@%pﬁa&siagbeb@onha@feélltme&mmmei ,ARHeS ifasterS QRNCI NY-
(e.g., the Edman de cedur %. see .Cre Qék 1%?3 Protelns
St r uct ur eSOREFOoRLPEADES 8@5%&§-%Vv %ﬁi? €. pp.

34-49). controlTbaaﬁebl(wmgLeBn3" d@mpmassmnn odrcamhhagqﬂanmk thF 20
i nventi_on esjze A, y sequenti a
addi ti df &Ppéﬁlrﬁo §cls orggpdﬁé% g:lrl% tfzjr na %é} c’t“r'-h‘%:rqpl’s‘agment

subconponent s whi ch may be conbi ned usi ng techni ques well known in the
art, such as, or ﬁgﬁg Bl pERARFRNEFPREBSE 92,

Bi osci . Blotec ) ZE ocgﬁnpgﬁgT4 ﬁIéﬁ% aND $TBERELER Tﬂﬁfggzibggg#?des
Proc. 12t h Aner Vi er eds.

663): and Noki Aaddviduap, trfme%tpam%m m&m cellyanai hara
ed., Osakgnday $he ¢aWy- 35s promo't'éra Weass niilcticpiriophprteedismnigr ol |

e il ShyEbeAahE R Uaor i, Conkielf Ris'sh Sl o
plants (transformed with the vector containing gus under the
caMV 35S promoter). The mean internode length of the plants
expressing ecell was significantly higher than the control
(FIG. 38).

The mean length of fiber cells of two transgenic plants

20
expressing cell (Cell.5 and Cell.18), was compared to that of
the wild type (FIG. 39). The length of the fiber cells of
the transgenic plants were significantly higher.

The length of the fiber cells could affect the
mechanical properties of transgenic plants expressing Cell.

25

23. EXAMPLE: NORTHERN BLOT ANALYSIS OF TRANSGENIC
POPLAR PLANTS

This example shows the results of a Northern blot

30 analysis of RNA from controls plants and transgenic poplar

plants which confirm the expression of the cbd gene (FIG. 40,
lane 1 represents control wild type and lane 2 transgenic
plant). The Northern blots were conducted as described in

Example 6.7.
35
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above (e.g., inmmunoaffinity purification). 5. 4.

APRLI CATI ONS 35 The present invention finds use in various
apEIAfi cati ons,wo\xgo%# g;ﬂlggg but not limted to, those listed hleé_ﬁhr}%&%v
PCT/ 1 L98/ 00345 First, the present invention can be used to

provi de fast gr ow ng tz@nsgﬁmuplﬁmn" astmsemscf BLMWS Hmzltgcovm ng pul p and
paper industry, thereby reduci P R effects

associ ated W th 1ol DhLLeRL Sebaue! ggf&hté . reséaﬁ g@bat Hﬂdegegaat caMy

I nventi on can be ransgenlc pl a ed cel
wal |'s possessssgprOMOtéere@@nﬁr@beﬂlaﬁﬁﬁ @ﬁkﬁ$ﬁﬁ9rm59twhﬁp thei vegtes,

plants  havi pg?mgg.g [ g8k §mr§ﬁacé@§r&d)phﬁmte& whecbaavessst pebmBeEP) ; OF

| ess- resi stan radation; r
di gestible i ﬁnﬂh’éllﬁnﬁﬁg%fp%\?ﬁ‘%l‘% %ﬂ%ﬁg %ﬁf’@haﬁr sngﬁrﬂaw%?ﬁzsr
| ess reS|staebnggopgéaSgrémtﬁlfﬁbm habretd ined atg25 °¢i tosasgaednhaakeri a.

i th lusef ul  HRBEPtEBRFEakIres Tansed o 325840 mb' 8819801 RPagpl®

the plants were scored for the percentage of healthy

10 remaining plants, wilted or dead plants. The data presented

in Table 1 show that the cbd transgenic plants have improved
resistance to heat compared to wild type and control plants.

Table 1
15 % Heaithy % Dead % Wilted
cbd 77 15 8
wild type 25 33 42
20 contrel 35 13 52 u

25. DEPOSIT OF PLASMIDS
The following plasmids were deposited with the American
25 Type Cculture Collection (ATCC), 10801 University Boulevard,
Manassas, VA on January 12, 1998, and have been assigned the

indicated accession numbers:

Plasmid Accession Number
! pPS 209577
pCELL 209576

30

Although the invention is described in detail with
reference to specific embodiments thereof, it will be
understood that variations which are functionally equivalent
35 are within the scope of this invention. Indeed, various

modifications of the invention in addition to those shown and

described herein will become apparent to those skilled in the
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15 etc. thavopsemdee hi gher yields of nodified fibers which Beyfegped@noer
or shorter fibers; or have nodified properties such as "l ook™,

absor bency, strength and reol ogy of the chemcally nodi fied cel | ul ose.
Fourth, t pr, in i_on d to _provide 20 transgenic, plants
havi ng in%%gase %QE%#%ﬁQ%% e gﬁggh gﬁon %éﬁ;ﬁﬁﬁqmpaDYIng HFa¥ings he
present i Sueht medifdeatd onse@reo ipvteridesl to thedids gatitdmp g ssdups e

i ncr eased thgAapifetdd@ A% ins . The present invention can be further
used to provide 25 transgenic fruiting plants, such as tomato plants, etc.,
t he frui t"§rtl+?é%8e@“h+é«gﬁ=ﬁ§°ﬁﬁgﬁéfre cheq bexredant &ive ddsadsisures of hi gher
sugar cegnifilch \aiieC i nedipbeatedd by rdfereticeum #dir JriVBld: iUy ee :

i ndustry. The present invention can al so be used to provide transgenic
potato plants with faster growi ng 30 canopies and shorter |life cycles which
result in shorter tine bet ween pl anting and harvesting, and/or higher
tuber vyield. The present invention can further be used to provide
transgenic flowering plants having | onger or shorter stens, | ar ger or
smal l er petals, etc. In addition, the invention 35 can be used to provide
fast gygwing rice that will energe nore quickly fromthe water and thus,
have an i ncreased survival rate and yield. Furthernore, the present

i nvention : - 55 - WD 99/ 07830

PCT/ 1 L98/ 00345

15

20

. 25

30

35



can be used to provide lettuce plants featuring | arger or smal | er
| eaves. And finally, the inventionTcan be used to provi de forage crops,

such as al fal etc., with |[HIN ;gf; s and/ or quﬁ
digestibilit ‘%r?gl%%n 5 ani mal s. ““'"“Mﬂ““ﬂﬂﬁfr lity of wh &8t
invention is to inprove the rate of*grow'h 8f hatlurally occurrlng rretal
or toxin hyperaccunul ati ng plants to increase their bionass thereby

i mprovi ng thWHATatIS GLASKEBNISHf phytorenediation. (See 10 d ass, COctober 1,
1997, Cenetic Engineering News, p. 8§, 41-43). The cell gene of
the invention has utility as a transgene encodi ng cell wall nodul ation
protein or poﬂypep@rHEaPﬁgﬁn%?aﬂéﬁﬁﬁrEOTP%&ﬁlQQJqwﬁﬁﬁ°ﬂﬁ¥£ﬁptsPPG&F&Pe or
15 nor phol 0%1d-r|;hfiﬂiaﬁ:ehhr§6ﬁ§ Bhéoeiapﬁesléidmtcyffa)rceﬂn.CWIJ_‘J.g mbhellatleﬁl :
protein in recgnhi nant vector Y. nserd in cells to
express t e REAYeI GFePh: Y?ﬁ??ﬁgn’ ??n{:@ tr%%sfqe'b cilc"3“fntt ﬁé‘hﬁ_ﬁv %‘gon may be
utilized (1)ammedﬁmk‘phologyacoﬂp@re@etmoa mmm @ilandc witilchbAaeses to

i dentify othe a

nucl ei ¢ aci cfmt £ q%gﬁcie"h? Lgééﬂ\b?}’%ﬁgn@?&gﬁl dﬂétn u%cg%F%pr otein
variants or mlexntvamdves@e pepgenitoriphant are qu;!dqlé)iad:egcu@der $bguenre
encodi ng th? %@@r etion signal peptide; and (4) as a nucleic acid
encodi ng en err] gl ucanase in nol ecul ar 25 biology techniques or

i ndustri al® appl i cat i ons conmonly known to those skilled in the art.

The cell nucleic 2acr d ael eguhg@eﬂm{ pmﬂse@lf aslgilmant, whegelin aatxdseam
nol ecul es, useful qt ion.Qr

t | I
Tt sence’ prrait siodilanSoRr Bedteth 86 Perfiensiae AR, sl lutesRorihaltn. .
aci d sequenggsotdiiri,ha celléapesé bingingtdomiin gene redul skildnpodaciing

t echni ques ca regul ate, for exanple, plant grow h,
devel opnent OFOtbeeingé)ﬁe%exBﬁgssr on. Further, such sequences nay be used as

part of5ri bozyme and/or triple helix sequences, also useful for
3. The transgenic plant of claim 1, wherein said cell

wall modulation protein or polypeptide comprises a cellulose
binding domain.

20 4. The transgenic plant of claim 3, wherein said
cellulose binding domain is obtainable from a bacterial,
fungal or a slime mold protein or polypeptide.

5. The transgenic plant of claim 3, wherein said
25 cellulose binding domain is obtainable from a phage display
library.

t 6. The transgenic plant of claim 2, wherein said
cellulose binding domain is obtainable from Clostridium
30 cellulovorans, Clostridium thermocellum or Cellulomonas fimi
protein or polypeptide.

7. The transgenic plant of claim 6, wherein said
cellulose binding domain is obtainable from C. cellulovorans

35 protein or polypeptide.
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35 cel |l geroP%Mst&t i on. ’_!!Lu“m«ﬂ Hu (H nmoter of the prasgpty m@y‘gntlon
may be utilized as an elo ecific plant pronoter to s
- 56 - MD 99/07830
PCT/ 1 L98/ 00345 I tlde of

8. Cll%f %he"l’ﬂ'i o‘%o Qrgge,m .ﬁp id cell

interest in a tlssue speC||
particul ar wall mpdudetiiopr pretedmwyr mphmpttmeem ezss:elbeﬁdlllval I

nDduIatlontagg9hggobrgnggeg§|@%zwqmpn el ongating tissue 5 specific
manner to producCe transgenic plants having altered structure. Further,

the cell pronoter can be used to express any CBD in elongating tissues

of transgeni c pbantsThe I&E‘ﬁﬁég&nlc platits dr\W1Gne g ervﬁﬂeﬁéifdjcéb [ ce L
The Arabldo gsmtgal|a proteln of the invention 10 can bé use
I

any bi oche EYang; Bﬁ? 3L EF e S seleqhed (fram %rg;'oup
endo- 1, 4- [ eonpigtingnate eadb-xylpglscdasitrathsferaser, examyFacdi!t not

i mited { Oenb8eahbgyBbey) 208 Y RGN Ly RUL O U Wl G A%

nodi fication o pl ant “struc
i ndust ri al nexedj G§I¢émtedl eaépr'ﬂ-eéhﬁmﬁuqmset-o those skilled in the art.
The Cellygsecretion signal peptide of the invention may be utilized to

faC|I|tate the cellular secretion of any
10. The transgenic plant of clalm 9, wherein said cell

wall modifying enzyme is Cell obtainable from Arabidopsis
thaliana.

15 11. A seed of the transgenic plant of claim 1, wherein
the seed has the recombinant nucleic acid.

12. A progeny, clbné, cell line or cell of the
transgenic plant of any one claims 1 to 10 whereih said
20 progeny, clone, cell line or cell has the recombinant nucleic
acid.

13. A transgenic plant having a recombinant nucleic

acid construct comprising a recombinant nucleic acid encoding

25 a cell wall modulation protein or polypeptide operably linked
to a promoter so that the cell wall modulation protein or
polypeptide is expressed in the transgenic plant, said
transgenic plant exhibiting altered morphology compared to a
progenitor plant which does not contain the recombinant

30 nucleic acid construct when the transgenic plant and
progenitor plant are cultivated under the same conditions.

14. The transgenic plant of claim 13, wherein the
promotor is a constitutive plant promoter. .-
3s8
15. The transgenic plant of claim 14, wherein the
constitutive plant promoter is CaMV 35S promoter.
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protein, polypeptide or peptide of interest by constructing r econbi nant

nucl ei ¢ aci ds encodi ng the Cel | iﬂﬁl uun)“m"mm 20 peptide fused to a
seqguence enco%@gzpﬁsﬁr ot ei n of g Xpressi ng thq, gg&g@g&ant

pr ot ei ns. fol |l owi ng exanp es" ar'e BreSented for purpos

il lI"'ustration only and are not i ntended to limt the scope of t he

I nvention in any way. . EXPERI MENTAL PROTOCOLS OF THE
EXAMPLES The f'@‘%q d’oﬁW%ﬂ%é’d@@%ﬁé Expéni ddnt wheneinrthe s were
erpl oyed in c%\l&“M§sa tthiddsdedldpgaific3@lant promofe, PLANT MATERI AL
AND GROWH DI TI ONS Ar abi dopsi s thaliana cv. Colunbia and

Ni coti ana t abaccum SR1 (tobacco) plants were grown at 24-25[err] C under

a’ 16 h photopexixﬁiTheﬂﬂn;nsgdnmmhbﬂantluﬁresaemtltigﬁmeféihfﬂhe [erL]E
err] S[err Dway, a Le C reati t he

ot | hg i B EHey Spedirid da #‘%‘%ﬁ“ﬁpb aPE8EH EindYigal ‘Fibmotls

[ (B)-1-(4-chlorophenyl) - 4,4 dlnethyl 2-(1,2

triazol-1-yl)' penien Imild eehiRferilie haqts o!fnﬁlaﬂnsi‘?,elx}helaein the

PCT/ | L98/ 003kkssue speqifdq iplantopyempéers ipnkhei ¢of1 (Fupetionedss, Bul | .

Plant G oWwphoinoeett -oSrat¥8opkdsdthklliana.

10 _

19. The transgenic plant of claim 13, wherein said cell

wall modulation protein or polypeptide is a cellulose binding
protein or a cellulose binding domain.

15 20. The transgenic plant of claim 19, wherein said
cellulose binding domain is obtainable from a bacterium, a
fungus or a slime mold.

21. The transgenic plant of claim 19, wherein said
20 cellulose binding domain 1s obtainable from a phage display
library.

22. The transgenic plant of claim 19, wherein said
cellulose binding domain is obtainable from Clostridium
25 cellulovorans, Clostridium thermocellum or Cellulomonas fimi.

23. The transgenic plant of claim 13, wherein said cell
: wall modulation protein or polypeptide is an expansin.

30 24. The transgenic plant of claim 13, wherein said cell
wall modulation protein or polypeptide is a cell wall
modifying enzyme.

25. The transgenic plant of claim 24, wherein said cell
35 wall modifying enzyme is selected from the group consisting
of endo-xyloglucan transferase, xyloglucan
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6. 2. | SOLAFHGbJofss0 PLANT NUCLEI ﬂmm wmmm TISSUE 5 permihidody@s
extracted fromstenms and | eaves ORE thaliana cv. Colunbra as ~
descri bed by Doyl e and Doyl e (1987, 'PHytdchem Bull. 19:11-15). RNA was
extracted from e]longatjng ste 1th "TRI - REAGENT[ err] " | ecul ar
Researcrﬁndm‘é?gjr%‘gs,y:b%%i n‘r‘\‘gfjr‘\,l,\i?f;ﬁ,s’é’a g?ﬁ?nga{“g ?h‘éoﬁﬁwﬂuf acturer's 10°
i nstructigdBated endo-1,4-B-gBuGan®&R. AVPLI FI CATI ON OF THE EGASE DNA

PROBE FROM CHROMOSOVAL DNA Degenerate prinmers (Conpton, 1990,

"Degenerate priners for DNA anplification,” in PCR Protocols: A Guide to
Met hods aneié Aprhe exansgeniqiRlawk| ¢fnglaspni hikywheneinhsaidedell

Academng ' i d8d; HaskrEoO — conserved
et B LRE S e e N A T i i U e

from avorkbaeanaset (FRtb) cel | ul ase 20 anino acid sequences (Tucker and
M I ligan, 1991; Lashbrook et al ., 1994). Primer #1 GGYYDA ( SEQ

| D NO 10): 5'-GAATT T/CGQ). T/ TAT(C) TAT( Q) GAC(T) &C- 3' SEQID‘
NO 12). Prinmet?#2 T’%ﬁf%ﬁ% .1‘%‘?‘”“ fo, SN A el

5' - GAATTLEAIWE A réd (£ MfcA LR AP pY's 2Eh4 Ti&i&) CGT( C) TCCAA(G CA-3' (SEQ I D

NG 13 The PCR mi x contained 2 [err]|l chronmosomal DNA (0.5

[err]%?[err]l), 2.5 m 10X Taq Pol ynerase buffer (Promega, Madison

W sconsin), 128er rThe dtfgnsganiaphagt af sclaim] 13 25wheretpt fher], 0.5
[err]l C [ 1§, _ mega, 30
Vad son, “orSlshERES Mudlo SRR, R reatols (P RIPR RS- S1 T
volunme of 25 [err]l. Mneral oil (25 [err]l) was added to pr event

evaporation. Jhe RffePEPSHSGENBS SPaftessf i Oedihni3, *REBLoM 1990,
"Degenerate prinmers for  DNA anplification' {n PCR Protocols: A Guide to
Met hot® BREcmBANaRh: PErielppPeed 48onsBEUG 1 nAPLl REPRART PP nsky, and

White, Academ c Press, San
30. The transgenic plant of claim 13, wherein the
recombinant nucleic acid construct further comprises a
secretion signal peptide operably linked to the cell wall
20 modulation protein or polypeptide.

31. The transgenic plant of claim 30, wherein the
secretion signal peptide is the cell secretion signal
peptide.

25
~ 32. The transgenic plant of claim 31, wherein the cell
secretion signal peptide is obtainable from Arébidopsis
thaliana.

30 33. The transgenic plant of claim 30, wherein the cell
wall modulation protein or polypeptide is a cellulose binding

domain.

34. The transgenic plant of claim 33, wherein the
35 cellulose binding domain is obtainable from a bacterium,
fungus or a slime mold. _ v
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Di ego, California). - 58 - WO

99/:07830 " l , l, /11L98/ 00345
fragnent of 2 ﬁ‘ﬁpl i fied by I“H;w 'w Iwas purifi

(w'v) agar ose%%% as described inf sookK et al. 1988€Tﬁ£?g20é)u 3
Cloning: A Laboratory Manual , Cold Spring Harbor Laboratory Press, New
York) and is 5 shown in FIG 1. The isol ated 260 bp fr%%gent was drgested

with EcoRl and cl odéd i Bee trnsaeiRc @bthPkialaisf 38he vReBeinRFabliA npl 8
vector (New EpghandoBbobfRgin®eySidin is MISAGbIRL t¥bn a pHage dispf’a%Gase

CLONI NG OF A. _THALI ANA GENOM C EGASE GENE The genom' c Cl one of
was i sol ated l]érbﬁ'ér&n A thaliana genomc |ibrary packaged in the vector
EMBL3 (Promega, WMadi son W sconsin). The library vvas constructed from

A. thaliana_genom h A nd cloped into
t he BanHl clPoni ng %@g%aﬁ ngt ltggﬁ‘a s Wg.ege;(nl %rr]
pl agues were s:erléaﬂtedeubm@mmsimn iglierbhaddhabila Eﬁamecposbeid.ﬂm bp PCR

fragment, FI Gce?ﬁulovorans, Clostridium thermocellum or Cellolomonas fimi.

37. The transgenic plant of claim 13, wherein the
10 recombinant nucleic acid construct is the cell promoter
opérably linked to the cell secretion signal peptide, both
obtainable from Arabidopsis thaliana, linked to the cellulose
binding domain of Clostridium cellulovorans.

15 38. A seed of the transgenic plant of claim 13, wherein
the seed has the recombinant nucleic acid construct.

3%. A progeny, clone, cell line or cell of the
transgenic plant of claim 13 wherein said progeny, clone,
20 cell line or cell has the recombinant nucleic acid construct.

40. An isolated nucleic acid molecule having a
nuclectide sequence encoding a Cell protein or polypeptide of
Arabidopsis thaliana.

25

41. The isolated nucleic acid molecule cf claim 40
containing a nucleotide sequence encoding a protein or

ft polypeptide having the amino acid sequence of SEQ ID NO:4.

30 42. A variant of the nucleic acid molecule of claim 40,
wherein said variant is selected from the group of variants
consisting of allelic variants, species variants, and
naturally occurring or man-made functional variants thereof.

3s 43. An isolated nucleic acid molecule having the
nucleotide sequence of SEQ ID NO:2.
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accor di ng,wowmﬂstbroo:j, H l"j"ﬁﬂﬂ)“m singl e hybridi zi ng pcregsmbisant
phage was detected an geneity. 20 Fragnents containing the
EGase gene within the [err den8nmi & * clones or subsequent plasnid

subcl ones of gyC18AghggbggggangucleqbpI%EOUt g%hh%b;%ﬁﬁﬁﬁf usetts) were

| ocal i zed by Solit hern anal ysi's ern

Bi ol .

98: 503- 5RRFleotidecFPEPENEEG §§Ppélln§elae§ie§ﬂ§a§ﬂ-"&e%‘ma@a§m§c |ocfn¢hewer e 25

gener at eg,ob.y pEpelibe Hagenyl QﬂeOEmtJ.'ﬁ% a@aal gBghehteS BFVEED 1D
construction schene set forth in . The Ar abi dopsi s E

19 .gene
Se "sequence

(cell) was deposited under the non dlsclosure terms in the EMBL
Nucl eosi de Segsenca recSubihastonncleitopeid Be@thOUmmyﬁw%lhaﬁkthte

Hi nxt on Halh 3$aHiﬁxﬁgiécg§gb5%d%ial qowai%glég %G accession #X98543

(SEQ

RNA extracted from el ongating stens of A thaliana was 35 used

OFel44 -cDNA

as a

P e T 8 | 8VEBAE LLaTS hRhaRE O KEC AR B R Ryc3AGH 20, RT. PCF5

kit, Stratagen orn| Was TS
reacti onvephor of claim 45. - 59 - WO 99/07830
PCT/ 1 38/ 00345 specific priners were designed according to the term nal

exon sequences. Priner_ #3: 5 - ATGGCGCGAAAATCCCTAAT-3' (SEQ ID NO 14)

al so (nucl eot Ades 2Be&solatgd npyciedc) pcid pplegnde having the
nucleotide sequence of SEQ ID NO:9.

48. An isolated polypeptide having an amino acid

15 sequence corresponding to Arabidopsis thaliana endo-1,4-8-

glucanase (cell) gene.

49. A variant of -the polypeptide of claim 48 selected

from the group consisting of allelic, species variants,

and

20 naturally occurring or man-made functional variants thereof.

50. A derivative or analog of the polypeptide of
claim 48.

25 51. A poiypeptide having the amino acid sequence of SEQ

ID NO:4.

52. An isolated nucleic acid molecule comprising the

Arabidopsis thaliana cell functional promoter.
30

53. The isolated nucleic acid molecule of claim 52,

wherein said cell functional promoter consists of a
functional fragment of SEQ ID NO:1.

35 54. A recombinant nucleic acid vector comprising a

first nucleic acid sequence encoding a secretion signal

-_
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Primer #4: 5' -TCATCGCCAAGTAGAA-3' (SE

3 ucl eoti des
5258-5273 in SEQ ID NGO 9). The resulti n@ rﬂmgl
sequenced. ThPQ 9088 ence was deposit ed* Urden

i agment (FIG 3) was
IMﬁ W sconsi n) and
|sclog€P@ﬂ?8FW§ in

t he EMBL Nucl eoti de Sequence Subm ssions, European Bioinformation 10
Institute, H nxton Hall, Hi nxton, Canbridge, and was given t he accessi on
#X98544 ( SEQ pBpkidd) of cell of Arabiddpsfis NHAIEGREDENSEFQUENCENd nucleic

aut ommt od 15 384 AearoRBE FUARE IR E A B Sl PEPEIRs. g9

according to the manufacturer's instructions. 6.7.
LS5 (R T el OBy obag e oy saetes)
o] enerat e romthe cell ¢ cl gne was
used for noBt WQPHeBPo%hgn@T?/*s?’s“ T RPERIGS téne Sgodsyall medulakioma
pl ants were ugedtkonestrpslypepttideRNA from the following tissues: fully
expanded | eaves, basal internode of fl owering stens, the elongation zone
in the flomerlng stem of 25 normal plants and the elongation zone in the
fl owering stem 66 . dwEhé xéenuhidantﬁnuuie&dlaamw vexspol efaslaibmcss ped

above) I ] 1¥€ﬁ? 69 aJ ose, gel
and transferreg }8&3 Iiéﬁf #Bd ﬁ%ﬁﬁi%ﬂ#@%?hﬁdg nié%%gg%’é B

Ki ngdon) . IWEQQNAapa§9e(Gﬁ%1[err]P—Iabeled by the "REDI PRIME err]" kit
(Random Prine Labeling, Kit, Amersham. United Ki ngdom. The menbr anes
were hybridi zed at 55[err]C for 16 hr The final , wash was carried out in

0.5 X SSC, 0.1% (wPY¢) SEREfEgcampihgnt nugleds acificvesher188 ¢RI BRDbe was

gsed as an i nygeRalin3bhst 88TRIwh1 Ricdied] isnpretdehe bl pellypspPiie is a
ensitonetry.

cloned into the 9DGEMT Vect or system

cellulose binding domain or cell wall modifying enzyme.
15

58. The recombinant nucleic acid vector of claim 55,
wherein the cell wall modulation protein or polypeptide
comprises a cellulose binding domain.

20 59. The recombinant nucleic acid vector of claim 58,
wherein the cellulose binding domain is obtainable from a
bacterial, fungal or a slime mold protein or polypetide.

60. The recombinant nucleic acid vector of claim 55,
25 wherein said cell wall modulation protein or polypeptide is
selected from the group consisting of proteins or
polypeptides encoded by a Clostridium cellulovorans cbpa
‘t gene, Clostridium thermocellum CipA dgene or any Cellulomonas
fimi cellulase gene.
30
61. A method for increasing the growth rate of a plant
which comprises expressing a recombinant nucleic acid that

encodes a cell wall modulation protein or polypeptide in a

plant.
35
62. A method for producding a transgenic plant,
comprising:
—_—
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oo Logy spprasa’© <! O] I&IIIJIIILHﬂImal N G cel | pRASHLEBNMS

Bl NARY VECTOR (pPCEUS) fragnent whi ch includes the cel

pronoter region A dc?ﬂﬁ; Q@eéoﬂb{ﬁﬁ& Sherai@sgc{gethat )
nucl eoti des 5-161 of SEQ | D NGs™ i mas c oned into gLKﬁB (New Engl and
Bi ol abs, Beverly, Nhs§ﬁ§ﬁﬁ%%§t%ﬂ°e¥%l¥ﬁ }, mogd PR ERESLN B gener at ed

using the follow ng prgdBfsep ﬁ&ﬂé}ﬂﬁp&t&blyE&lnRed to a cell
AAAAAAGCTTACCTGCAGGTCAACGE 3" ) ( I ) d (Sall):

5' - AAAAGT CGACGAAGGTGA c-’?"EtQE 5%@%96?11 1%’1‘% gested wi th
restrg cti on endongs) easgrddsitd |thedrSxonbinant ne¢beid aoid ihethindl ||
and Sall cloning sites ﬁ*g& Engl and Bi ol abs Beverly,
Massachusetts). A L(S?ég%gnéﬁfﬁ al | fragment excised fromthe above
construct was subcloned into the Hndlll and Sall cloning sites of the

bi nary vect og ﬂﬁ%@&k&ro&’@é@n@'é%rﬁ@é@éﬁi@'%ian@t the 5 end of

t he gus gene ?Jef erson, 1987 Biol. Rep. 5:387- 405) and

desi gnaesopPog)d-o claim 62, further comprising:
10 (c) cultivating the plant and

(d) collecting seeds from the tfansgenic plant.

64. A method for producing a transgenic plant having
modified fibers which comprises expressing a recombinant
15 nucleic acid that encodes a cell wall modulation protein or
polypeptide in a transgenic plant wherein the modified fibers
are longer or shorter than the fibers in an identical
cultivated progenitor plant which does not contain the
recombinant nucleic acid.
20 _
65. A method for producing a transgenic plant having a
higher celluloée content which comprises expressing a
recombinant nucleic acid that encodes a cell wall modulation
prdtein or polypeptide in a transgenic plant wherein the
25 cellulose content is higher than the cellulose content in an
identical cultivated progenitor plant which does not contain
the recombinant nucleic acid.

66. A method for producing a transgenic plant having
30 increased starch production or content which comprises
expressing a recombinant nucleic acid that encodes a cell
wall modulation protein or polypeptide in a transgenic plant
wherein the starch production or content is higher than the
starch production or content in an identical cultivated
35 progenitor plant which does not contain the recombinant
nucleic acid.

\
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6.9. CONSTRUCTI ON TRANSCGEN C PLA EXPRESSI NG cel

PRGMOTER- gus FUSI ON 20 Thﬁ; w u .e. pPCAUS was nobilized
into di sa¥eeghrkds 4404 Agrohé i ens by trlpaﬁﬁﬁ%§$ 00345

mating (An, 1987, Meth. Enzynol. 3 29 305) Leaf -di sc transtormation
was perfornmed with Nicotlana t abaccum SR1 pl ants as descrlbed previously

(DeBl ock et al. 84, 5 [ r | ant s
were sel ected on 83t kananyC|n %?% i se dgfsggﬁﬁélé%glk Bend gvgﬁgaﬁps
t ransforned altgred Fh@ec@ﬁsblQ@Nlﬂﬁﬂﬂhkﬁhqumnrnﬁ@§ expressiay assays.

The plants \A@é@oﬁmhxﬁednﬁeiewea@w&ﬂ{w Slcddis a c@itlaba\ig éughl&&%ﬂt er

regi on by southern blo As a control 30 for basal levels o activity

i n tobacco, BF&HP%RWEFepolYP?EF%§?H¥ﬁﬂP\M§4¥QQﬁP¥RéﬂﬁpérWB§§epBl§b§ time

TL ansgeni c gpbﬁnb;'aoommgr £5 04 DYdréd) fxttn gﬂfaemfma;@leagj&é[sa&r b@ogﬁéﬁg 8rl6 hr
t TAINI N

RNXng?glgF ?ﬁAhgeEnggbuiBﬁ§gv§%e&)progenl or ﬁEA t which does nogq .

WD 99/ 07830 contain the recombinant nucleic acid. PCT/1L98/ 00345

@GUS staining was perfornmed with X-d uc as descri bed previously (Jefferson
et al., 1987, Plant Mdl . Biol. Rep. 5:387-405). Ten day ol d seedlings
were i ncubat ed oveBni ghtmethOd for produc1ng a transgenlc plant haVJ.ng

10 increased heat resistance which comprises expressing a
recombinant nucleic acid that encodes a cell wall modulation
protein or polypeptide in a transgenic plant wherein the heat
resistance is increased from that of the heat resistance of
an identical cultivated progenitor plant which does not

15 contain the recombinant nucleic acid.

20

25

30
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with X-Auc at 37[err]C and then kept in a 70% et hanol solution. 5 Prior to
bei.ng phot ographed, the plants were incubated for few mnutes in 90%

| actic acid at 90[err] C and then cooled to roomtenperature for 2 hr.
6.11. CONSTMYOPIOTRIOF cel | PROMOTER- ce7l PCTELIRWB45 bd

Bl NARY VECTOR (PCC1) 10 A DNA fragment which includes the cell
pronoter region and encodes the cel | 14; Jnal peptide, i.e., part of A
thal i ana endo-1,4-[err]-glucanase (cell, nucleotides 5-1770 of SEQ I D
NOs: 1 or 9) was cl one&i nto paCl8 (New Engl and 15 Bi ol : ver
Massachusetts). BrieflW¥3 a P ragnment was gener at ed¥ us%q t

foll ow ng priners: AAAAAAGCT TACCICLACET CAACCH EQ

| D NO 16), and #6 (§ AGT CGACTTTACGGAGA(
NO 17) digested endonucl eases Hi
20 cloned into the " cloning sites of
Bi ol abs, Beverly, Mf A cel | ul osg
fragnent cont ai ni ng § de sequence encodi ,
CbpA protein of @ Jul ovorans (said cqa bmai n
25 herein referred t ge Pat. No. 5,496, ¢ Hes
3-494 of SEQ I D NO 1 by PCR anmpl i 1§ ‘~

foll ow ng prinmers: AAAAGT CGACATGGECH SEQ
I D NG 18) and #8 . GGATCCCWAISRBQI | D
NG 19), 30 which ind BanHl resttTctTon

Fol | ow ng di gestion]} anmHl restriction t he
cbd codi ng DNA frag into the Sall ] t he
above nodified pUCL sed to, and in fr al
pepti de of cell. { r for the Gterm gene

260bp-]

, | 1 2 3 4

FIG.6
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contained a stop codon. The Sall site between the two fragnents adds

Emn in frangvﬁgggﬁﬁggggs. Val i ne and PCT/ILOS/00345 ™ 62
PCT/ 1 L98/ 00345 Aspar agi ne, which are present between the cell signal
pepti de and the cbd codi ng regions. A H ndlll-Sacl DNA fragnent
containing the cell pronoter regi on, EZ el l S|gnal peptide and the
fused chd, in that 5 order & subcl odéd/int o Qi nary vector pBl101
(< ont ech, Palo Alto, CaFrfprnig) which was predlgedted with Hindlll and
Sacl. This vector was designated gCd . 6. 32. CONSTRUCTI ON OF
CaMV35S [err] PROMOTER-cel | Sl U- cbd BI NARY VECTOR
(p35SC1) A vector containing the CaMv35S [efr] |pronpoter fused to the

cell signal sequence and to the chd sequence was c¢nstjruct ed as foll ows.
A DNA fragnent encoding the cell &} gnal peptide {nudgl eotides 1-105 of SEQ
I D NO 2) was cloned into pUC18 ( 15 Engl and Bi oljabg, Beverly,
Massachusetts). Briefly, a PCR ra nt of cell |Jwag generated using the

foll owi ng priners: #9 (Sphl) I";* GCATGCCGCGAAAATICCCTAATTT- 3 (SEQ I D
NG 20) —-—a ‘s o
~ O E
%m"ﬁ =
NI
b
Y
W %]
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N 3?’)
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and #6 (Sall): 5' - AAAAGTCGACTTTACGGAGAGCGICGC- 3" (SEQ I D NO 17),
digested with restriction endonucl eases Sphl and 20 Sall, and cloned into
the Sphl and Sall cloning sites of pUCL8. I nclusion of the S

restricti onQ¥9078®p| aced t he first amino acid after the BGH (‘E?sé‘l“?f?n site
frem Al anine to Proline. In addition, the priner for the C term nal end
of the cbd gene contained a stop codon. The Sall site between 25 the two
fragnents adds two in frame am no aci ds: 3he and Aspar agi ne, which are
ptesent between the cell signal peptide and t he cbd codlng reglons

A cbd encoding DNA fra rrent &nucl eotides 3-494 SE

generated by PCR apl SidFP HWLWXSMEH DY¥RE K§®LEEEG@S@KLHP7 5Gal 1)

5+ - AAAAGT CGACATGGCAGCGACH‘FCATGAA 3 %g”anq HH)] |(|EcoRI)
5' - AAAAGAATTCCTAT ﬁ@@&%&B p@% Sal |
and EcoRl restﬁgz‘,-tlonsu:]i KCC 0\%%{ lI' an géo‘gﬁ § :

t t th I d
B swmwwmmﬁsamfﬂm i ane
b ey o 0 pelhd BRI LTI UEINILEL e
The DNA cont ai ni ngsthgogzte g?%!'ngc }J’%{?YOYRAGV\%NSL cl oned Into pcd cloning
O T iprq@ﬁéﬁg VRAW?LLKAP%R{W%%AW) 14§' "9

b LA el WL
102 iEFGCLMPEQVENARAALRWST_DYLLKASTATSNSLYVQVGEPNADHRCW 151

150 ERPEDMDTLRTVYKIDRAHPGSDVAGETAAALAAASIVFRKRDPAYSRLL 199

LLUEELED L0 DT T
152 ERPEDMDTPRNVYKVSTONPGSDVAAE TAAALAAASIVFGDSDSSYSTKL 201

200 LDRATRVF AF ANRYRGAYSNSLYHADCPFYCOFNGYQDELLWGAANLHKA 249

bt e A H AL ]
202 LHTAVKVFEF ADQYRGSYSDSLGSWCPF YCSYSGYNDEL LWGASHLHRA 251

250 SRKRAYREF IVKNEVILKAGDT INEFGWNDNKHAG INVLI SKEVWGKAEY 299

S R S LS U Y POt 11 K3 k0 PR | S 1 6 Il
252 SONASYNTY IQSNGHTLGADDODYSF SHDDKRVG TKVLLSKGFLQDRIEE 301

300 FESFKQNADGFICSILPGISHPQVQYSRGGLLVKTGGSWQHWSLSF LL 349

o s LA s s L
302 LOLYKVHTDRYICSL IPGTSSFOAQYTPGCLLYKGSASNLOWISTAFLL 351

350 LAYSNYLSHAKKVVPCGEL TASPSLLRQIAKRQVDY ILGDNPMGUSYMVG] 399

A e e R R
352 LYYANYLNSSGGHASCGTTTVTAKNL ISLAKKQVDY ILGONPAKMSYMVG 401

400 RRIHHRGSSVPSYSAHPSHIGCKEGSRYFLSPNPNPNLLVGAVY 449

SRR P RN o s s e e R AR
402  FGERTPQHVHHRGSSLPSVQVHPNSIPCNAGF QYLYSSPPNPNILVGAIL 451

450 GGPNVIDAFPDSRPYFQQSEPTTY INAPLVGLLGYFSAHST 490

VIR A N P
452 GGPDNRDSFSDDRNNYQQSEPATYINAPLVGALAFFAANPV 492

FIG.4
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The pCd cassette contains a polylinker down streamof a 5 CaMV35S pronoter
(CGuilley et . 2, Cell 30:763-773) and the [err] DNA rom
the coat pro eP%Wééﬁe of tobacco nosaic virus (Gllie et a?&&“ﬁggs?&NuCI.
Acid Res. 15:3257- 3273). A DNA fragnment containing a CaM355[ err ]

cell - si gnal pepti de-cbd and the octopi ne pol yadenyl ati on site was exci sed
10 using BanmH and Sacl and was subclonag%tnto the BanH and Sacl cl oning
sites of the binayyvegtor Bl 101 (C ont , quolAIf04 C@Ii The

O.11lo.

resul ti ng vect pr—was—destgateu pR5SCL. 15 UCTI ON
OF cbd TRANSGEN C PLA The binary vept or sep353C1
pBl 101, as a (contro wele Nobil{4zed into dlsarned 4 cterium
tunmef aci ens byHriparenta pa#® ng GAn, 1987, h. Enzyng :
292-305). Leafidisc trapsfetmatio as perfor with 20
tabaccum SR1 plants a"ﬂgpcribed previ ously | (DeBIl d X EMBO
J. 3:1681). Regenerated } Jransgenic plants were sel ect '
Flerr] Seeds were coll ectigdf rom i nflependent plants trangjormed
each one of the vectors. [khe pl ants|were anal yged by 25 JQthern b[
(Sanbrook et af., 1989, h?—: ar JQesing: A [ Laborator al, Cepd
Spring Harbor [@bor at or y4PT ess, NEW EE York; Sputhern, igf5, J. MO ﬁﬁiol.
98: 503-517) an$ PCR usi NG prinery #7 and #8H(SEQ | D N@&: 18 and 1P,
respectively). P Transgejae plantsiwere grownfin the gr&nhouse at
25[err] C under 180 a 16 &f phot oper i—pd.- = —
- ')_ — o —
e »_ o~ = -
e . - e -
- o - - -
5 Sl 15 n -
, S 3
_ “’ - i _
N = i : i
= . <C m
- ] un = w
‘= ' —— * } — °
= N SEB ~ -(:: u &)
B JTo -t -<> Q —
- P —& — <> —1K
— —— — =
¢ el ———— o o—
. _ b - } i
- —8 — —8
- - = g
- » - - -
— ) = -~ -
= - - .
ol I [ I L
I

SUBSTITUTE SHEET (RULE 26)



35 64 - WD 99/ 07839

PCT/ 1 L98/ 00345 6. 14. TRANSCRI PTI ON ANALYSI S COF cbhd

To determine transcription of the cbd transgene, RNA extracted from

el ongati ng M@MP7ERd young | eaves was used as a tenpl ate FEAIRENGBSe
transcri ptase reaction (RT-PCR kit) 5 (Stratagene, La Jolla, California).
The total cDNA was used for the PCR abyiBiffi cati on using priners #7 and #8

(SEQ ID NGs:18 and 19, respectively). 7. EXAMPLE: CLONI NG OF
ARABI DOPSI S THALI ANA EGASE DNA PROBE 10 The EGASE gene, i.e., cell of
A. thaliana was isol at ed. Consi der abl e honol ogy exi sts between the

different EGase genes fromdifferent plants (Lashbrook et al., 1994,
Pl ant Cel | 6:1485-1493; Tucker and MIligan, 1991 Pl ant Physi ol .
95:928-933; Wi et al., 1996, Plant Physiol. 110:163-170). 15 Degenerate
primers (SEQ ID NGs: 12 and 13) were synthesi zed

FIG.7A FIG.7B FIG.7C
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based on two conserved regions fromavocado and tomato cel | ul ase

am no-aci d sequences (Lashbrook et al., 1994, Pl ant Cell 6:1485-1493;
Tucker and M1 Iligan, 1991, Pl ant Physiol. 95: 928-933) and _enabl ed_t he
anpl i ficati S ¥O780260 bp PCR 20 fragment which served as afSr8h& P35l one
a genomc cell from A thaliana. These priners have been used
successfully in the past in the isolation of several DNA fragnents from
mung bean that encode EGase genes (Shoseyov, L., 1992, "Endo-1, 4-
[err]-glucanase gene expression during adventitious root 25 formation in
Ming bean cuttings," Master thesis, the H8A3w Uni versity of Jerusalem.

PCR anplification was perfornmed using chronbosomal DNA as the tenpl ate
and two degenerate prinmers designed according to conserved am no-acid
sequences in avocado and tomat o EGases 30 (Lashbrook et al., 1994, The

Plant Cel | 6:1485-.1493; i | il .
95?9t28-0833)? At ﬁﬁﬁé@é@&}@ﬁéﬁ@%@&@@ﬁ@%&%@iﬁhﬁ%@? aBBut
260 and 37ATAIRTTRG TLAACCCCETAAGASEA BT Gl ACGOA DY CATAACATIASEAMEd 120i nt o
ML3 npl 8.  SITHICECACCAMACCEOET CEBATANGET USFEGCANT IFGTRFOIANTET ATGIIGIS| $80 The
e, o GOSN PTACRGTACTR O TMATGEATA Gt P98y 20
00 brean RTTACATAGTCGCTTTGTTGTTACTAGTGATAMITCATGTAMIRATTCTAT 30
8. EXAMPLE: | GKYIATCEECOAME TATFGFMITRART PATTAAMGACGTTTAAGTGGAGCTATTAGCAATCG 360
TGTATGACATAATGATTAGCATTTTCATGTGCCATGCCCATGCATGAGGCTTTTTTTIGT 420
TTAAAATTTTATTCTATTATATCCGAATTTTGTTATATACTAAATGAACATTIGTCTCTG 480
ATTTGETCTACTAGTTAATTAACCTTTAGCTTCACTAATAAAAAATCTCATGATTTTGAT 540
ACTTARACCCAAAACATAT TAAAAACAATTAGCAGTCTTTTAAATCGATAATGTGCTTAG 600
ATGATTATACGTTCGTAGGAAACTCTTTTGTTTCCAATGCATGTTAAGAACTAAGAACTC 660
GTATCCTTAAGCACCAATGCTTTATGCTTAATGCCTCATTAGAGATATAAACTGAGATTG 720
ACTGTGTTCTGAATCATCATAATATAAGGCACACAAAGAACAGAACAGGAAATACTTAGC 780
AATATAATAGGTTTCCAATAAAAGTGAAGAAGAATACAATAAACTTTTATAAAAAAAAAA  B4D
GTATATAATAATTTCACACTCGAATCAACCAAATGTAAGATGTCTTGTCCATITACACAT 900
CACATGAGTAAGTGGATTACAGATTGCAATTGATGAAATCTGGATCTTAGCTAAAAATTT 960
ATTACGTTACTATATACATCGAGTTTTAAGATGTTCATAATCACAACCACAACCACAAGT 1020
TTGAAGAAATAAGAAACAGAGTAATAATATATCAAATARAATTTCATGGCTGATGGAATC 1080
TTTTTTCTAATTGTAGGTCCAAAAAAGCCTAAAT TAATGGGGAAACAAAAACCAAAATTC 1140
AATAGTAATTTTACTAATTATGTCTTGGT TAAATAGAGTAAAAAGAAAATTAATCACAAL 1200
CCTCCAAAAATCAACTAAT TRAGATCAAAACACGTGTCGCATGCCAATAGGGCGRTGGAT 1260
CACATGOTAAAAAMATTCACTTTAATTTTIGTCTTTCTTCATAATTCATCTCACAGATTT 1320
CAACTTCTCTTTTGGATTCTCTCACCGTACACCGTCGGCGTACCACTCCCCTTCCACACC 1380
GTCGETATTAAAAATCTCAAACCCTAAAACCCGTATCCAATAACCCACCCGGTCCAACCG 1440
GTTATTCAAACCCGGTCAATCCAAMATTCGCCTCGGAATCCAMECTCCATACCCAATCT 1500
AACATGGAAAAACCTCCAATCACAAACCTCCACGTGRTGATCACTCATTGRCTCTTATIC 1560
TGRAATCCAAGAGGACCTTTTTAGTATAAAGAGCCCCTTCGTTGRTCCTATCACCTTCTC 1620
TCTCTCACACACTAACAGAAAGCACAAGAAAGAAGAGACAAAAGAATGGCGCGAMATCC 1680
CTAATTTTCCCGRTGATTTTGCTCGCCGTICTTCTCTTCTCTCCGCCGATTTACTCCGEC 1740
GETCACGATTACCGCGACGCTCTCCGTARA 1770

FIG.8
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OF THE EGASE GENOM C CLONE A conparison of the A thaliana cell
genom c gene with avocado cell reveals that exons 2 and 3 of the avocado
gene are i ed by a large intron. This intron does not exi s

A. thaliana ‘gé%%%% thaliana cell cDNA gene encoded af&H: 11??58‘}3“5
protein. A seqguence corrpari son with avocado EGase reveal ed 56% sequence
identity (FIG 4). Furthernore, a hi gh7&®gree of conservation was found
in the nunber and 10 positions of the cysteine residues between the

pr ot ei ns, suggesting a conserved tertiary structure. This was al so
supported by conparing Kyte-Doolittle hydropathy anal yses of A. thaliana
Cell and avocado EGase (Cell) (FIG 5). The cell deduced am no-acid
sequence contai ned one potential 15 glycosylation site. A 17 amno acid
notif which classifies Cell in the Efamly of glycosidases was al so
detected (see generally, Glkes et al., 1991, Mcrobiol. Rev. 55:303-315
regardi ng glycosidases). The Pi rs@ 24 anﬁﬁo @m d? a18 tfd N ternminus were
hydr ophobi c, including a jes Sl tas g el csi due near the
very end of the N-termn : S gnal - pepti de
sequence (Von Heijne et 3. 17-21).

An A. thaliana genomc |i 4 the genomc cell
gene. One positive clone 2. 5x10[ err]
reconbi nant pl aque-form 0 bp_PCR fragnent
(FIG 1) as a probe. Sall Rore, 500 bﬁved by
Sout hern bl ot anal ysi s restriction map of
the Sall DNA fragnent is fferent subcl ones
were constructed in pUCLH 2. Exolll

del etions foll owed by sedq rimary DNA
sequence of the full-1end in FIG 2, the
gene consi sts of seve S.

FIG.9

4.2 3.4 5 M

- 500 bp

FIG.10
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35 - 66 - WO 99/ 07830

PCT/IL98/00345 9. EXAWMPLE: | SOLATI ON AND CHARACTERI ZATI ON OF cel
cDNA CR was used to test for the presence of cell mMRNA in

el ongati ng tWquﬁlé"’séPld to isolate the full-length cDNA. The PEBILISBOBSKD
cDNA fragnment (FIG 3) was successfully cl 5 and sequenced (SEQ ID
NG 2). The cDNA sequence perfectly mat c t he DNA sequence of the

conbi ned exons (n et ~ - 2936- 3097,
4383-4493, 4661- sequence

di screpanci es wer ell cDNA At
this point it was di fferent

di ng frane
e a 492 am no
wei ght of 54

(nucl eot i des 1-
aci d pol ypeptide

kDa. Sequence co entity (FI G
4) . A conparison f e and
Doolittle, 1982, _

m

P

P

LL.

FIG.1TA
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Mol . Biol. 157:105-132) of A thaliana Cell and avocado EGase (Cell) is
presented in FIG 5. 20 10. EXAVPLE: RNA TRANSCRI PT LEVELS OF
cell I'N 0 99/ DI FFERENT Tl SSUES OF ARABI DOPSI S i
Northern bl STOEMYMPsis of cell was carried out using the  PFBELEH00EE |
cDNA fragnent as a probe (FIG 6). RNA %? é&anscripts were undetectable in
fully expanded | eaves, as wel | as at ﬁ basal internode of flowering

stens of nornal A. thaliana plants. However a strong transcript signal
was detected in the elongating zone of flowering stems of norma

plants. A thaliand ‘ b produced
dwarf plants. The [} I ng zone of
dwarf fl owering ste e nor nal
plants (FI G 6) .] t hree

I ndependent experin bn t he
transcript |evels

- 67 - WO 99

PCT/ 1 L98/ 00345 ' NI NG

ANALYSI S OF TRANSGH r ansf or med

with the putative

FIG.12A

FIG.12B
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cell pronoter region (nucleotides 5-1618, SEQ ID NO 1) fused to the gus

reporter gene in the pBlI 101 binary expression vector (C ontech, Palo
Alto, California), were tested for ti ssue-specific expression.

Si gni fi cant @/ é#ﬁvity was observed in sixteen seedl i nEHREFGE e
generated from ei ght | ndependent tra fg?(: pl ants. Staining was
observed bhoth in 10 shoot and root elongifi g zones (FIGS. 7A-C). Young

| eaves, al though to a | ess extent, were al so stained (not shown).
Control transgp T ] e
putative cel

12. EXAMPLE: ( fteen
to twenty inde

generation) we | and
pBl 101. pBI 101 for
cbd. Conf or mat PCR
anal ysi s (see, shown) ,
and kananmyc a

si ngl e copy of t he
pCCl and p35SC | 101 in
the control pli

transgenic pla pl e,
FIG 10). ' er pCCl
30 or p35SCL (1 ze
variation. As ect ed
wi th pBlI 101 sh

kananyci n sens of
nore than a si es

i ndependent |y f a

parent transfo

FIG.13B
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a single copy of either pCCl or p35SCl segregated into three
- 68 - WD 99/ 07830

PCT/ 1 L98/ 00345 di stinct phenotypes About a quarter of the ﬁ&err]
pl ants wer e WO Ay ci n sensitive, indicating absence of tHEHEEIEne. An
addi tional quarter of the plants had a small phenotype, wher eas about
hal f of the plants had a | arge phenot p£37The 5 two |ater segregates
further exhibited phenotypic variation. Anong the small plants, sone
exhi bited distorted hypocotyls at the early stages of germ nation. Anmong
the | arge plants, variation was fromnormal size (as conpared to
kananycin grown pBI 101 control transgenic plants) to giant size. 10

Col l ectively, thQisesisne NSt 13 ' ' itive plants
wer e honozygous 14
het er er ozygot es,
t he transgene.
report 15 (PCT P
concentrations of
noder at e concent
kananycin, F[err]
or p35SCl segreg
growt h condi ti ons

FIG.14A
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t he kananycin sensitive plants could not be distinguished fromthe
subpopul at i owcpfeagiger ozygous nornal size plants of the | g844y. o ype.

These results confirmthat cbd genotype is responsi ble for the observed
phenotypes, i.e., expression 25 of cbd in transgenic plants nodul ates their
gr ow h. The difference in size anong the phenotypically distinct

groups (large and small) was al so naintai{gogafter maturation (FIG 12).
Furthernore, transgenic plants that were vegetatively 30 propagated

mai nt ai ned their phepgtype while young (FIG 13) as well as in a later
stage of their vegetggi B Oevelr Opmert (FIG 14)., Jhese results
denonstrate that cbd trapsgenic pl ant s exhibitiﬂ antal tered growjh
phenotype,OI nggntain t he aIteredTphenotype even mggn jeget at i velry

pr opagat ed. 20 7 - -~ s

99/ 07830 PCT/ | L98/ (0345, /

: ; TRANS \
éiPREgéﬁmgLEdelig?ss $§ E%? pl ant s of ﬁ%Sgkg (ﬁb % pFL: blslger
35S  pronoter) @%g éénr ( ;4 ransformed Wth pBl 12 (d ¢pfde¢h
Inc., Palo Alto, Califor f&rm nated ontg PLGtes gt gro or 4
weeks. The two Sé%CIfIC ﬁﬁﬁ E%

o 10+ é = 04 -
5 | gég 02 —
0 Z - -
- o] et
3
SQA F1G.15B
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500 — % 95 — 7
T % 7
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generated by cbd expressing transgenes (|l arge |eaves/ nornal
pocotyl) and | arge and
and 10 transferred to fresh nedi um and grown
weeks in the growh roomand then transferred to the green
Leaf area, wet and dry weight of the

smal | | eavesidpagyy
pl ants were sel ecte
additional 3-4

house for 3-4 weeks.

hypocotyl and

smal | seedlings IqﬁT,ﬁg§}5639§

or

pl ants was

measured. The results indicate that cbd-43/37ansgenic plants produce

significantly nore bi omass as 15 conpare to the control

Simlar results

pCCl (CBD expression

cont oI | ed by the cell

plants (FIG 15).
were obtained with F[err] tobacco plants transfornmed with

t FIG 16).
prormﬁ(%) ( )

14. EXAVPLE: cell PRIMI PRI O I'N"ASPEN
(POPULUS TREMULA) 20 3 14. 1. MA‘T%OA‘L.S, AND METHQDS
14.1.1. consTRuUCTI ofl.4 ZAPEANTS EXPRESSI v
cell PROMOTER- gus FUSI O eil. 6 kb cell pr tef region
(nucl eoti des 5-16181¢? ¥X98543 ( SEQ | Eé){ﬁ))'g' ) was cl dlinto
gene. The. const rast whel m olo di sarned Eall 1 Cedonackal m
t(‘:]ume\]-c aci ens by tgarenal , 1987, et h, Enzy
153: 292-305) . The_t QeBisd orfBl i on 30 perfor it < ;,:* pl a of
oot from s Jut 2ol ST, s Sl o
thgt wer e i ndepegdentTyit ramsf or 2 ith the construct nr\;u;r é te 81 The
I I e of the 35 cel ¢
goﬁ?%%r\rqi[)ig?ngnglzsgi[é? ]t BOE} a(rahpl a(r:n(:as (;g;?g :/! r;ag e)y
grow h chanber at 25 erg] g a 16hr p otoperj _—
) %
2
0 0 § ; o
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PCT/ 1 L98/ 00345 14.1.2. H STOLOG CAL GUS STAI NI NG

ANALYSI S OF | C PLANTS GUS stai ning was perfor '

X-d uc as pr%ﬁ@ described (Jefferson et al., 1987, E 52\.'%8%945
6:3901-3907). 5 Thirty day ol d seedlings gﬁgz I ncubat ed overnight with

X-d uc at 37[err]C and then kept in a 71 &t hanol solution prior to

t aki ng a phot ogr aph. 14.2. Results The GUS
staining indicated specific expression of the cell pronoter in fast

growi ng tissues such as young | eaves and the el ongation zone of the stem
as shown in FIGS. 17 and 18. The blue staining pattern correlated with

t he natural grow h pattern of the cells in the devel oping | eaves as
shown in FIG 19. These results together with the results
presented in Exanpl es 11 and 17 show the cell pronpter directs tissue
Specific expr essi (o] () Lo o ok e e Napce of oot e eni c

pl ants such as Popl dopsi s
(see Exanple 17, i{

-

FIG.17
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15. EXAMPLE: EXPRESSI ON OF cbhd I N POPLAR Popl ar pl ants expressing
cbd under the CaMv 35S pronoter showed a distinct phenotype (FIG 20).
The plants had shorter 25 stature but with |arger | eaves conpared to the
control plan¥€%9%78 & G 21). The roots appeared significant | YEYHP¥RERS and

wer e covered with many nore root hairs that were nore dense and

| onger than the control plants (FIGS. 2¢523F. Cal cofl uor st ai ni ng showed
that these plants accunul ated cellulose at 30 the tip zone of many of the
root hairs indicating that cbd i ncreased the rate of synthesis of the
cel lul ose (FIGS. 25- 28). This observation is in agreenent with the in
vitro experinents that showed that cbd accelerates the rate of

synt hesis of cellulose as shown in FIG 30. 35

- 71 - WD 99/ 07830

PCT/ 1 L98/ 00345 16. EXAVMPLE: TRANSGENI C POPLAR PLANTS EXPRESSI NG

cel | Si x i ndependent transgenic poplar plants (out of 10)

expressing cell under the CaW 35S pronoter showed a distinct phenot ype
(FIG 29). These pl ant gss - = 9 - g cont r ol
plants (transforned wi{

W

FIG.18
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cont ai ni ng gus under the CAW 35S pronoter). 17. EXAMPLE: cel
EXPRESSI ON | N ARABI DOPSI S The cDNA of cell was cloned into the E.
coli expression 10 vector pET3d (Novagen, Madi son, Wsconsin). The

recombi nant WOPBT89 n was used to produce pol ycl onal anti bodPE€ELIHABDI ¢ S.
The specific antibodies reacted with a 65 kD protein. This protein was
detected only in fast grow ng organs antB #3% not found in old or fully

devel oped tissues (FIG 30). 15 18. EXAMPLE: THE EFFECT OF CBD
ON CELLULGCSE SYNTHESI S | N ACETOBACTER XYLI NUM

18. 1. | NTRODUCTI ON The gram negative bacterium Acet obacter xylinum
has | ong 20 been regarded as a nodel of cellul ose synthesis because
cellulose mcrofibril synthesis is separated fromcell wall formation
(Ross et al. 1991, M crobiol ogical Reviews 55:35- 58). Since

pol ynmeri zation and crystallization are coupl ed processes in A xylinum
cel lul ose synthesis, interference 25 with the crystallization results in an
accel eration of pol ymeri zat i Ofsuleiiosieaion 1980, Proc. Natl. Acad.

Sci . USA 77:6678-6682). Sone
also alter cell growth and cellu
exanpl e, direct dyes, carboxynet
bri ghteni ng agents (FBAs, e.g.

pol ysacchari de chai ns I mredi a
surface, preventing normal asg
These nol ecul es prevent mcrofib
enhance pol ynerization. (Haigler
pol yneri zation and crystallizati
Bi osynt hesi s and Bi odegradati on

' or gani ¢ subst ances can
ssenbly in vivo. For
CMC) and fl uorescent

rils and cell walls.
n, and 35 therefore

il biogenesis,” in:

FIG.19
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PCT/ 1 L98/ 00345 of Cellul ose, pp. 99-124, eds C.H Haigler and P.J.

Vi ner, N%ééﬁ@'%fkker’ I nc., New York). Thi s experiment was
conducted to Pt ne the effects of cbd expression on JEITRPYHEB45

synt hesi s. 18. 2. g@TERIAL AND METHODS

Aect obacter xylinumstrain ATCC 23769 wa 43&d. cells were grown for 24
hr in constant shaking at 30[err]C in a nedium consi sting of 0.5%

Bact opept one, 0.5% Yeast extract, 2% 10 gl ucose and 0.3% K[err] HPO[ err] pH
6, and 1.5 Unit/m Trichoderm viride cellulase (Fl uka, Buchs,
Switzerland). The cells were harvested by centrifugati on and washed
twice with pre-cool ed phosphat e buffer (50 mM NaH2PO4 pH 6). The
bacterial pellet was resuspended in phosphate buffer to a concentration
of 2 15 ng/m dry weight (2.5 ODerr]=1 ng/m). One m of each of the
reaction mxtures was placed in 20 m scintillation vials containing 0.8
ng cells/mM phosphate buffer. Cellul ose synthesis was initiated by the
addition of 40 mM gl ucose (D [Uerr]C glucose (Anersham England) at a
specific activity of 20 4000 ; o occur for 1-2 hr
at 30[err]C with const ormed was trapped
in coverl ess Ependor f pl aced in the

SUBSTITUTE SHEET (RULE 286)



reactions vial. The reaction was stopped by the addition of 0.1 m of
0.5 MHC to the bacterial suspension and incubated 25 for 15 mn. One
hundr ed andv{lw‘é %ﬂerr]l of the NaOH sol ution cont ai ning the trapped
[err]CO err] ransferred to scintillation t ubes. Th&CTELIEH0MFd t he
cellul ose were transferred to 1.5 m Ependorf tubes, centrifuged and
washed three tines with wat er. The {8/3% were lysed by mixing with 0.2 N
NaOH, 1% 30 SDS. Cel |l ul ose was recovered on G-/ A filter (Watman,
Shrewsbury, MA) washed with 15 ml of water and dried in an oven at
60[err]C. Filters and NaOH containing trapped [err]CJerr] were count ed
in a scintillation counter using "OPTI-FLUOR" (Packard) scintillation
liquid to measure gl ucose 35 incorporation (cellulose synthase activity)
and respiration. El ectron m croscopy was conducted by placing a
drop of the appropriate solution on top of a copper grid at room

- 73 - WD 99/ 07830

PCT/ 1 L98/ 00345 tenperature. The cellul ose synthesis reaction contai ned
0.5 ng/mM dry weight cells in phosphate buffer, 40 mM glucose wth or

w thout CBD at a concentratlon of 300 [err] g/m The reacti on was

I ncubated fg a : ; ol Lo ol \ K,
Rahway, New
The grids W\
exam ned w

FIG.21
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80 kV. 10 18. 3. RESULTS Resting cells of
Aect obacter xylinumwere allowed to synt hesi ze cel lul ose i n phosphate
buf fer conta%@igﬁ ~ radi oactive glucose and different concentrations of
cbd or 15 cal'CofPdf (as a positive control) and BSA (as a nBghiLo9@0345
control) for 1 hr or for the indicated Iemﬁjﬁfﬁ tine. Cel | ul ose

synt hase activity was determ ned by the a of gl ucose i ncor por at ed.
FIG 30 shows the effect of cbd at di fferent concentrations (10 - 500
[err]g/m, 0.6 - 30 [err]M 20 conpared with 1 mM cal cofl uor and 100
[err]Jg/mM BSA (1.5 [err]M. The cbd increased gl ucose incorporation in a
dose responsive manner by up to five-fold at 500 [err]g/m . Cal cofl uor

i ncreased the rate by two-fold while BSA had no effect. The rate of

gl ucose oxidation to CJerr] was only marginally affected. Thus, 25 glucose

I ncorporation could be attributed to cellul ose synt hesi s.
El ectron m croscopy exam nation of the cellul ose ribbons produced by A
xylinum showed that CBD treatnment resulted in a splayed ri bbon conposed

of separate fibrillar subunits as 30 conpared with a thin and uniform

ri bbon in the contr l e
denonstrates, using hat cbd
enhances cel | ul ose ect of the
fluorescent 35 brig cbd on

cel l ul ose synt hase
around 10 ng/m .

m r esponse

FIG.22
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18. 4. DI SCUSSI ON It is evident that polynerization and
crystalllzatlon are coupled reactions in cellulose synthesis in

Acet obact er WO 9%4838num bacteria (Benziman et al., 1980 Proc PCRAL$S00MSad. 5
Sci. USA 77:6678-6682). Addition of cbd to the culture nedium enhanced the
i ncorporation of radioactive glucose i20/3¢ xylinum Wile not intending to
be limted to any particul ar mechani sm of action on cellul ose synthesis,
t he present inventors believe that cbd enhanced incorporation of 10

radi oactive glucose by interfering wwth the cellul ose crystallization
process. Qur hypothesis is supported by Hai gler's review (1991,
"Rel ati onshi p between pol yneri zation and crystallization in mcrofibri

bi ogenesi s, " in: Bi osynt hesi s and Bi odegradati on of Cell ul ose, pp.
99-124, eds 15 Haigler and Weiner, Marcel Dekker, Inc., New York), in which
dyes and fluorescent brightening agents that bind to cel l ul ose were shown
to alter cellulose mcrofibril assenbly in vivo. Mdifications in cel
shape were observed when red al ga (Waal and and Wal and, 1975, Pl anta
126:127-138) and root 20 tips (Hughes and McCully, 1975, EMBO J.

6: 3901- 3907) were gromn in the presence of dyes. It is now evident that
t hese nol egukes.- caf he:ce ' ) |nned|ately upon

their extrusi es-and eukaryotes
(Hai gl er and f5=BenZ|nan et al.; 1980,
Proc. Natl. er et al., 1980, “Sci ence
210: 903-906; 1141 1142) and prevent
crystal -

FIG.23
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structure formation (Haigler and Chanzy, 1988, J. Utrastruct. Ml.
Struct. Res. 98:299-311). In addition, the 30 rate of cellul ose
ponnerizatH989$®§F§homm to increase up to fourfold in the presence of

dye (Benzi man é 1980, Proc. Nat|. Acad. Sci. USA 77P 8/8642) .
Crystallization was proposed to bedéh?ﬁ%pttleneck in this coupled
reaction and Its prevention to res {731 accel erat ed pol yneri zation. The
35 effect of cbd as observed by electron m croscopy is conparable to the
effect of CMC (carboxy nethyl cellul ose) rather than to the effect of

cal cof luor (Haigler, 1991, - 75 - WO
99/ 07830 PCT/ 1 L98/ 00345

"Rel ati onshi p between pol ynerization and crystallization in m crofibri

bi ogenesis,"™ in Biosynthesis and Bi odegradati on of Cellul ose, pp. 99-124,
eds Haigler and Wei ner, Marcel Dekker, Inc., New York) in both cases the
cellul ose ribbon 5 only splayed. The effect of cbd on cellul ose synthase
activity was higher than.the. eff ‘ ab to and even
hi gher than that of: ' ts of chd,
CMC and cal cof | uor e nol ecul ar

wei ghts and 10 the ly prevent

the normal associ ati: : : ¥ ef ore,

hardly alters crysta : :  bf I uor

prevents the glucan:c : = nitiation.
N
L
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15 sonmewhere in between that of cal cofluor and CMC. On one hand, it is
not small enough to prevent association of very small fibrils as

achi eved by cal cofluor, but on the other hand, its high affinity to
cel | ul ose nAK@8¥Q7B30an ef fici ent cellul ose intercal ati ng R{GALIG#BEN

| eads to an increase in 20 the rate of cellul ose synthesis of up to

fivefold. Based on results pr@&f38d above, transgenic plants,

such as alfalfa for exanple, expressing any CBD, including but not
limted to cbd, will not only have higher |evel of bi omass, but al so
have cel |l ul ose nore anenable for 25 degradation by rum nants and,

therefore, have a higher nutritional value than normal non-transgenic

pl ant s. 19. EXAVPLE: MODI FI CATI ON OF PLANT CELL WALL

AND MECHANI CAL STRENGTH OF TRANSGENI C PLANTS EXPRESSI NG chd
30 Stens of poplar plants expressing cbd under the CaW 35S

pronmoter and control plants (transforned with the vector cont ai ni ng gus

(in place of cbd)

paraffin. Cross St ens
of plants expressi st ens
were physically
LO
N
Li.
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stronger as they maintained their structure while control stens were
crushed under the same sectioning process. Cal cof l uor stai ni ng of
the roots (PY@XA78HA-B) indicated that roots of plants exgiKdd&Psig3ehd
appear to have thicker 5 cell walls. The roots were physically stronger as
t hey mai nt ai ned their structure whil e2863Frol stens were crushed under

t he sane sectioni ng process. These results indicate that expression
of cbd in plants can inprove the ability of plants to wi thstand physi cal
and 10 environnmental biotic and abiotic stresses. 20. EXAVPLE

MODI FI CATI ON OF PLANT POLYSACCHARI DES I N PLANTS
EXPRESSI NG chd It was noted that cells of poplar plants expressing
cbd 15 accumul ated dark granul es that were scarce or absent in control
plants. See FIGS. 33B and Dvs. A and Cfor stem <cells and FIG 35A vs. B
for root cells. Poplar stens expressing cbd and control plants
(transforned with the vect or contai ning gus under the CaMv 35S pronoter)
were 20 stained with IKI which specifically stains starch (FIGS. 36A and
B). Potato t ' e e e it e St s "
control. Thd
starch.
accunul ati o

bi osynt hesi g

FIG.26
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sucrose and UDP to nake UDP-glucose and fructose. UDP- 30 glucose serves as
the substrate of cellul ose synthase. The accunul ated fructose may be
converted in several steps to starch utilizing for exanple, fructokinase
to give frud¥@8¥i783 6-P, gl ucose-phosphate-i sonerase to gi RCTHLORWSE 6- P,
phosphogl uconut ase to gi ve glucose-I1-P, ADPG 35 pyrophosphoryl ase to give
ADP- gl ucose which is the substrate of 2&/F€h synt hase. Expressing cbd in

pl ants affects general - 77 - WO
99/ 07830 PCT/ 1 L98/ 00345

pol ysaccharide distribution and, therefore, affects the nutritional

val ue of different crops. 21. EXAVPLE: GROWH

STI MULATION 5 Expression of cbd in tobacco plants was tested using two

pronoters (CaMv 35S pronoter and A thaliana cell pronoter). Plants

expressing cbd under either pronoter, grew faster than control plants and
started to bloomsignificantly before control plants (FIG 37). Expression
of cbd in plants 10 appears to shorten e tine for harvest of

FIG.27
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22. EXAMPLE: TRANSGEN C PLANTS EXPRESSI NG Cel | EFFECT ON
PLANT HEI GHT AND FI BER LENGTH I ndi vi dual transgeni c poplar plants
expressing cell 15 under the CaMV 35S pronoter were m cropropagated and

gr own i n WOPYH8he plants were taller as conpared to thePEUHIBBI345
plants (transforned with the vector containing gus under the CaMv 35S
promoter). The nean internode | ength o25¢/B& pl ants expressing cell was
significantly higher than the control 20 (FIG 38). The nean | ength
of fiber cells of two transgenic plants expressing cell (Cell.5 and
Cell.18), was conpared to that of the wild type (FIG 39). The length of
the fiber cells of the transgenic plants were significantly higher. 25
The length of the fiber cells could affect the mechani cal properties of
transgeni c plants expressing Cell. 23. EXAVPLE: NORTHERN BLOT
ANALYSI S OF TRANSGENIC PCPLAR PLANTS

Thi s exanpl e shous A . of RNA from
controls plant§
expressi on of
and lane 2 tra
described in

rol wild type
ted as
- 78 -

FIG.28
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2 4. EXAMPLE: TRANSGENI C PLANTS HAVI NG | MPROVED HEAT
RESI STANCE Transgeni c poplar plants expressing cbd under the CaW
35S prormtel)",lo%g()q:{%:}ﬂol plants (transformed with the vector SPEHHBHY gus
(in place of cbd) under the CaMv 35S pr gyg?r); and wild type plants
were transferred from an environnental |§ controlled growth room

mai ntai ned at 25[err]C to a greenhouse where tenperatures ranged from
32-38C. The follow ng days the plants were scored for the percentage of
heal thy 10 remaining plants, wilted or dead plants. The data presented

in Table 1 show that the cbd transgenic plants have inproved resi stance
to heat conpared to wild type and control plants. Table 1 15

% Heal t hy % Dead % WIted cbd 77

15 8 wld type 25 33

42 20 control 35 13 52

FIG.29
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25. DEPOSI T OF PLASM DS The follow ng plasm ds were deposited with
the Anerican 25 Type Culture Collection (ATCC), 10801 University Boul evard,

Manassas, VA on January 12, 1998, and have been assigned the i ndi cat ed
accessi on nuRBRLSIs30 Plasm d Accessi onpddimiyee345
pPS 209577 30 pCEL1

209576 Al t hough the invention2ify3&scribed in detail with
reference to specific enbodinments thereof, it will be under st ood t hat
variations which are functionally equival ent are within the scope of
this invention. Indeed, various nodi fications of the invention in
addition to those shown and descri bed herein will becone apparent to
those skilled in the - 79 - WO
99/ 07830 PCT/ 1 L98/ 00345 art
fromthe foregoing description and acconpanyi ng draw ngs. Such

nodi fications are intended to fall within the scope of t he appended
cl ai ns. Various publications are cited herein, the disclosures of 5

which are incorporated by reference in their entireties.
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30 35 - 80- VWHAT | S
CLAI MED | S: 1. A transgenic plant having a nucleic acid
construct conprising a nucleic acid encoding a cell wall nodulation 5
protein or M?%@ﬁ%q de operably linked to a nucleic acid  RGTES839034%
secretion signal peptide so that the ceésla/%/\,/?ll

FIG.32A FIG.32B
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nodul ating protein or polypeptide is expressed in the transgeni c pl ant,

said transgenic plant exhibiting altered nor phol ogy conpared to a
progeni tor plant which does not have t he construct when the transgenic
pl ant and tweopemdenitor 10 plant are cul tivated under t¥fef&g§po34
condi ti ons. 2. The transgenic plant of claim1l1, wherein said
cel | wal | nodul ation protein or pol @dfde is a cellul ose binding
protein, a polysaccharide binding domain or a cell wall 15 nodifying
protein or enzyne. 3. The transgenic plant of claim1l1, wherein
said cell wal | nodul ati on protein or polypeptide is a cellul ose binding
domain. 20 4. The transgenic plant of claim3, wherein said

cel lul ose binding domain is obtainable froma bacterium a fungus or a
slime nold. 5. The transgenic plant of claim3, wherein said 25
cel lul ose binding domain is obtainable froma phage display l'ibrary.

6. The transgenic plant of claim 3, wherein said cel I ul ose bi ndi ng
dormain is obtainable fromd ostridiumsp., 30 Ceullol onbnas sp., Agaricus
bi sporus, Fusari um oxysporum Hum col a sp., Neocal limastix patriciarum
Neur ospora crassa,

- ¥ ‘\7‘?*’.’_‘ o ORI
H¥ ,g.’\%ﬂ-‘“ : -".‘;::g

) A
LR

e

it
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Penicilliumjanthinellum Phanerochaete chrysosporium

- 81 - Por phyrs purpurea, Trichoderma sp., Butyrivibrio
fibrisolvens, M crobispora bispora, M cronobnospora cellul ol yticum
Pseudorpnas WP98P%3Bens, Streptonyces sp., Ther normonospor BETAP8/40345
Bacillus sp., Caldocellun1 5 saccharol yti cum Erwi nia sp., M/xococcus

xant hus, Li nul us sp., Dictyostelium 31434 dum Ther npanaer obact eri um
saccharolytlcun1 Thernotoga maritima, or Cellvibrio m xtus. 7.
The transgenic plant of claim®6, wherein said 10 cellul ose bi nding domain
I s obtainable fromC. cellul ovorans protein or polypeptide. 8.
The transgenic plant of claim1, wherein said nucl ei ¢ acid encodi ng a
secretion signal peptide encodes the Cell secretion signal peptide. 15
9. The transgenic plant of claim1, wherein said cell wal | nodul ati on
protein or polypeptide is selected fromthe

FIG.34B
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group consi sting of endo-xyl oglucan transferase, xyloglucan
endot ransgl ycosyl ase, cel |l ul ose synthase, an expansin and 20

pol ysacchari dase. 10. The transgenic plant of claim1, wherein
said cell WRPYIBIdul ation protein or pol ypeptide i s endo- RCAILeF/RE45

gl ucanase. 25 11. The transgenic plant of claim 10, wherein said
endo-1, 4-[err]-glucanase is Cell obtaiﬁéhfg7Tron1Arabidopsis t hal i ana.
12. A seed, progeny, clone, cell line or cell of the 30 transgenic plant of
any one clains 1 to 10 wherein said progeny, clone, cell line or cell has
the nucleic acid construct. - 82 -

13. A transgenin plant having a nucleic acid construct conprising a
nucl eic acid encoding a cell wall nodul ation protein or polypeptide
operably linked to a nucleic acid

FIG.35B
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encodi ng a secretion signal peptide and further conprising a 5 pronoter
so that the cell wall nodul ation protein or pol ypeptide is expressed in

t he transgenic glant, sai d transgenic plant exhibiting altered norphol ogy
conpar ed to ¥O%B¥BYenitor plant which does not have the nuck@i/H.98BI3¢5
construct when the transgenic plant and progenitor plant are cultivated

under the sanme conditions. 10 14§gﬁy7transgenic pl ant of cl aim
13, wherein the pronotor is a constitutive plant pronoter. 15.
The transgenic plant of claim 14, wherein the 15 constitutive plant
pronoter is CaW 35S pronoter. 16. The.transgenic plant of claim
13, wherein the pronoter is a tissue specific plant pronoter. 20

17. The transgenic plant of claim 16, wherein the ti ssue specific plant
pronoter is a cell functional pronoter. 18. The transgeni c pl ant
of claim 17, wherein the ti ssue specific plant pronoter is the cel
functional 25 pronoter of Arabidopsis thaliana. 19. The
transgenic plant of claim 13, wherein said cell wal | nodul ation protein
or polypeptide is a cellul ose binding protein, a pol saccharide binding

domain or a cell wall nodi fying protein or enzyne.

FIG.36C
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30 - 83 - 20. The
transgenic pla of claim13, wherein said cell wal | nodu o) tein
or pol ypept iwgrb%@"saecel | ul ose bi ndi ng domai n. 2%%&"1"1%@85‘8
transgenic plant of claim 20, wherein said cel l ul ose binding domain is
obtai nable froma bacterium a fungus or a slinme nold. 22.

The transgenic plant of claim 20, wherei g iﬁ d cel | ul ose bi ndi ng donmai n
i s obtainable froma phage display 10 4 rary. 23. The
transgeni c plant of .claim20. .whereln.sai.d
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cel lul ose binding domain is obtainable fromd ostridi um sp.

Ceul | ol ononag, sp, . Agaricus bisporus, Fusarium oxysporum 15 Hum cola sp.,
Neocal |'i nastWQ%"g?’Ppci arum Neur ospora crassa, Penicilli urﬁ‘i’fﬁh?%‘ﬂﬂﬁ@ | um
Phaner ochaet e chrysospori um Por phyra purpurea, Trichoderma sp.,
Butyrivibrio fibrisolvens, M crobispora bispora, M crononospora
cellulolyticum Pseudononas fl uorescens, Streptonmyces sp., 20

Ther nononospora fusca, Bacillus sp., Cal &3l um saccharol yti cum

Erwi nia sp., Myxococcus_xanthus, Limylus sp....Dictyosteliumdiscoi dum
Ther noanaer obact eri um saccharol yti cum Thernotoga mariitima, or

Cellvibrio m xtus. 25 24. The it r anRGER anraf £zl ai m 20, wherein
sai d cel l ul ose binding domain is obtalnqb{&jxgggfggtkeggulovorans.

25. The transgenic pliant of claim 19, wherein sard cell | wall nodifying
enzynme is selected fjomthe group consisting of endo- Xyl ogl ucan
transferase, xylogludan 30 en | H3e synt hase,

expansin and polysaccharidaéeli - 84 -
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26. The transgenic plant of claim13, wherein said cell wal | nodul ati on

protein or ¥ﬁ9 de Is endo-1,4-[err]- gl ucanase. The
transgenic plan ? claim 26, wherein said endo-1,4-[err]- dﬁﬁ%ﬁﬁé&gti
Cel I. 28. The transgenic plant of claim 13, wherein the
nucl ei c-acid construct conprises a nucleic acid encoding a secretion
signal peptide operably linked to cell pronoter- 10 cell. 29.
The transgenic plant of claim 13, wherein the nucl ei ¢ acid construct
conprises a nucleic acid encoding a secretion signal peptide operably
i nked to cell pronoter- 15 CBD. 26/330. The transgenic plant of
claim 13, wherein the cell wal | nodul ation protein or polypeptide is
expansi n. 20 31. The transgenic plant of claim 13, wherein the
secretion signal peptide is the cell secretion signal pepti de.
700
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32. The transgenic plant of claim31l, wherein the cell 25 secretion signal

peptide is obtainable from Arabi dopsi s t hal i ana. 33. The
transgenic claim 13, wherein the cell wal | nodul ati on protein or
pol ypeptide%@gé{mgiﬂl wal | nodi fying enzyme. 30 RCT/HAR00345
transgenic plant of claim 33, wherein the_cell wal | nodifying enzyne is
Cel | . - 3§37 35. The
transgenic plant of claim 34, wherein said Cell i s obtainable from

Ar abi dopsi s thaliana. 5 36. The transgenic plant of claim 13,
wherein the pronoter is an inducible pronoter. 37. The

transgeni c plant of claim 13, wherein the

cbd
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nucleic acid construct is the cell pronoter operably I|i nkeg mghzieiln_ 19799
secretion signal peptide, both obtainable from 10 Ar abi d g avi
| inked to the cellul ose binding domaim——of T ostrid umcell ul ovorans.

38. A seed of the transgenic plant of - clmlmw I ﬂl]ﬂl the seed has the
nucl ei ¢ acid _construct. 15 ' , cell line or cel
of the tr@ﬁ%@ CLARRD (ﬁscla|n113 wher & n"sal d progeny cl one, cel |
line or cell has the nucleic acid construct. 20 40. An isolated
nucl ei c acid nol ecul e having a  nucl eotide sequence_encoding a Cel

protein or pol ypeptidéd &ransgemcd@égmﬁ hayingna. nucleic acidicomsferuct

| sol ated nuck&he-acil PLREHE L a'e?ﬂcéglgxa BayLag éafg%&ﬁig&&?quence
encodi ng a protein or po ypept| avin e amno acid sequence of SEQ
IDNO 4. 5 protelmzar molamientii def oph:e'abﬂwl éiivkedi tonsl euulemafaci@l m 40, f
wherein said, ted f.r t p.Qf [ S jsting o
Ar abi dopsi s t :%éﬁ?%§%ﬁ%ﬂséﬁ%§? ggggﬁgg §§ 5§$§a€€é C%%d %&ira]ly
occurring onmmduiaumng1pnunaxmudr poagpbpnudethsrenpressed in the

AVENDED SHE%mansgenlc plant, said transgenic_p§gni exhibiting altered

morphology compared to a progenitor plant which does not have
the construct when the transgcnic plant and the progenitor

10
- plant are cultivated under the saune conditions.

2. The transgenic plant of claim 1, wherein said cell
wall modulation protein or polypeptide is a cellulose binding
protein, a polysaccharide binding domain or a cell wall

15 modifying protein or enzyme.

3. The transgenic plant of claim 1, wherein said cell
wall modulation protein or polypeptide is a cellulose binding
domain.

20

4. The transgenic plant of claim 3, wherein said

cellulose binding domain is obtainable from a bacterium, a

fungus or a slime mold.

5. The transgenic plant of claim 3, wherein said
25
cellulose binding domain is obtainable from a phage display
library. '
6. The transgenic »lant of claim 3, wherein said

cellulose binding domain is obtainable from Clostridium sp.,
30 ceullolomonas sp., Agaficus bisporus, Fusarium oxysporum,
Humicola sp., Neocallimastix patriciarum, Neurospora crassa,

Penicillium janthinellum, Phanerochaete chrysosporium,

- 81 -
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43. An isolated nucleic acid
SEQ I D NG 2. 44. An |iE

nuckeoti de sequence encodi ng o s anal og of the ptlde
havi ng the anino aci d sequence of SEQID NO' 4. 45. A reconbi nant
nucl ei ¢ aci tor co r|5|ng t he nucleic acid nol e Le of claim40, 41,

42, 43 or 4 orp prs purpurgy, TR FHRICTRE |SRonBR YR S econbi nant

nucl ei ¢ aci leryss.wéngf i akdbfSpora bispora 4h1c&rbmos@s§io&@ nucleic acid
nol ecul e havin nucl eot i de sequence of SEQ I D NO 48. An

i sol at ed poP?égpﬂPﬂﬂthGVMngPéﬂudmm¢mﬂ$uﬁlﬁOresﬂﬂyﬁmuﬁ§nﬁmﬁqm§§@ﬁdﬁﬂg to
Arabi dopsi s, 03} LARALEPY0: 1L el "Aaci 110 YRt (dkRld 1 ene-

5 saccharolyticum, Erwinia sp., Myxococcus xanthus, Limulus

havi ng the  nucl eom/ueqa 3 4 5
| %ﬁ&uww,ti Jj 2cid miecul el eg{f?ml. 1999

sp., Dictyostelium discoidum, Thermoanaerobacterium

saccharolyticum, Thermotoga maritima, or Cellvibrio mixtus.

7. The transgenic plant ~f claim 6, wherein said
10 cellulose binding domain is obtainable from €. cellulovorans
protein or polypeptide.

8. The transgenic plant of claim 1, wherein said
nucleic acid encoding a secretion signal peptide encodes the
Cell secretion signal peptide.

15

9. The transgenic plant of claim 1, wherein said cell
wall modulation protein or polypeptide is- selected from the
group consisting of endo-xyloglucan transferase, xyloglucan
endotransglycosylase, cellulose synthase, an expansin and

20 polysaccharidase.

10. The transgenic plant of c¢laim 1, wherein said cell
wall modulation protein or polypeptide is endo-1,4-(3-
glucanase.

25

11. The transgenic plant of claim 16, wherein said

endo-1,4-B-glucanase is Cell obtainable from Arabidopsis

thaliana.

12. A seed, progeny, clone, cell line or cell of the
30 . . .
transgenic plant ¢of any one claims 1 to 10 wherein said
progeny, clone, cell line or cell has the nucleic acid

construct.
- 82 =~
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20 49. A variant of the ' ai m 48 sel g;?wéizglgﬁnpl
group. consisting of allelic,: s%ﬂ“&ﬁlﬂ&mﬁ "s,i -’and nat ur a |

or nman-nade functional variants’ w5 * 50. A derivative or

anal og of the pol ypepti de of claim48. 25 51. A pol ypeptide
havi ng the am no acid sequence of SEQ | D NO 4. 52. An isolated

nucl eic acid nol @8ul eAcEAPREIENG" tPEAZD e eindlchAiur keia iamis qomstruct
53, The | sof S8 RRBPer o AS H ol 8hd PINL SR A TERIRk Sn o)
functi onal proftetiar oropeiypepbida opéxmkly ohikdd dynentnusfledEQachdNO 1.
' encoding a secretion signal peptide and further comprising a
5 promoter so that the cell wall modulation protein or
polypeptide is expressed in the transgenic plant, said
transgenic plant exhibiting altered morphology compared to a
progenitor plant which does not have the nucleic acid
construct when the transgenic plant and progenitor plant are
10 cultivated under the same cordicions.
14. The transgenic plant of claim 13, wherein the

promotor is a constitutive plant promoter.

15. The transgenic plant of claim 14, wherein the

15 constitutive plant promoter is CaMV 35S promoter.

16. The. transgenic plant of claim 13, wherein the

promoter is a tissue specific plant promoter.

20 17. The transgenic plant of claim 16, wherein the

tissue specific plant promoter is a cell functional promoter.

18. The transgenic plant of claim 17, wherein the
tissue specific plant promoter is the cell functional
25 promoter of Arabidopsis thaliana.
19. The transgenic plant of claim 13, wherein said cell
wall modulation protein or polypeptide is a cellulose binding
protein, a pol_saccharide binding domain or a cell wall

modifying protein or enzyme.
30

- 83 -
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5; 54, A reco |nant cid vector conprising a (
aci d sequence encim‘m ﬂﬁm‘ﬂ si gnal pepti de of cell mﬂs 199,
thaliana and a se ci d sequence encoding a pr or

pol ypepti de. The reconbi nant nucleic acid vector of claim 54,
10 wherein the roteln or, polypeptide is a cell wall nodulation protein
or polypeptide. 20. The tiginsgenicepdaptnefit chaiineld, acheretnt saidfcelai m

o canaher eiguianllapi] JRAWAL LOnBILKERRE R0 LS, 20dPrd dad Shiasdp

gl ucanase i c acTd vec

wherein the @@madimwal | nodul ation protein or polypeptide is a cel | ul ose
bi ndi ng domain or cell wall nodifying enzyne. 20 58. The

reconbi nant nucl eic acid vector of claim 55, wherein the cell wall
modul at i ong pr ot ei2l .or T )t[lalmtsigdﬁlc pmapti sfschat®l 20) oplgebéNdli st glomai n.

lLej. t, | aj m 58, 25 wherej n the
o I Ul ose bl R rrbes BopiEoi 8 pPhatacblhabrans akad (HcHEM orf a

slime nold. fungus or a slime mold.

22. The transgenic plant of claim 20, wherein said
cellulose binding domain is obtainable from a phage display

10 _ .
library.

23. The transgenic plant of claim 20, wherein said
cellulose binding domain it obtainable from Clostridium sp.,
Ceullolomonas sp., Agaricus bisporus, Fusarium oxysporum,

15 pumicola sp., Neocallimastix patriciarum, Neurospora crassa,
Penicillium janthinellum, Phanerochaete chrysosporium,
Porphyra purpurea, Trichoderma sp., Butyrivibrio
fibrisolvens, Microbispora bispora, Micromonospora
cellulolyticum, Pseudomonas fluorescens, Streptomyces sp.,

20 Thermomonospora fusca, Bacillus sp., Caldocellum
saccharolyticum, Erwinia sp., Myxococcus xanthus, Limulus
sp., Dictyostelium discoidum, Thermoanaerobacterium

saccharolyticum, Thermotoga maritima, or Cellvibrio mixtus.

25 24. The transgenic plant of claim 20, wherein said

cellulose binding domain is obtainable from C. cellulovorans.

25. The transgenic plant of claim 19, wherein said cell
wall modifying enzyme is selected from the group consisting
of endo-xyloglucan transferase, xyloglucan

30 endotransglycosylase, cellulose synthase, expansin and

polysatcharidase.

- 84 -
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60. The reconbi nant nucl ei ¢ acid wherein said cel

wal | modul ation protein or pol yp&ﬂnmg muimmu ct ed fromlgsgjg JUL 1999
consi sting of proteins or pol ypep es encdded by a

cel | ul ovorans chpA - 88 -

gene, Costridiumthernocellum C pA gene or_any Cel |l ul ononas fim
cel lul ase gene. 26. The typnsgeniq ot fdeddsitag VH@rSFBMPﬁl?a?%IBf a

plant 5 h S5Si pE-naat 18U ciagig.that
encodes amgtfllagﬁ?ﬁ%iﬁﬁagﬁgén pfg?gﬁgkgr pol sg%pfgd%bﬁﬁ a plant.

62. A met hodleerngseduci ng a transgenic plant, conpri si ng:
(a) introducing a reconbi nant nucleic acid that encodes a
cell wall nodul ation protein or pol ypepti de, operably

linked toga nucl 27 ¢ athel transgenic plant of claim 26, wherein said
endo-1,4-R~-glucanase is Cell.

28. The transgenic plant of claim 13, wherein the
nucleic-acid construct comprises a nucleic acid encoding a
secretion signal pcopuide ope.ably linked to cell promoter-

10
- cell.

29. The transgenic plant of claim 13, wherein the
nucleic acid construct comprises a nucleic acid encoding a
secretion signal peptide operably linked to cell promoter-

15 camp.

30. The transgenic piant of claim 13, wherein the cell

wall modulation protein or polypeptide is expansin.

20 31. The transgenic plant of claim 13, wherein the
secretion signal peptide is the cell secretion signal

peptide.

32. The transgenic plant of claim 31, wherein the cell
25 secretion signal peptide is obtainable from Arabidopsis
thaliana.

33. The transgenic plant of ~laim 13, wherein the cell
wall modulation protein or polypeptide is a cel. wall
modifying enzyme.

30
34. The transgenic plant of c¢laim 33, wherein the cell

wall modifying enzyme is Cell.

- 85 -
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encodi ng a secret |—en—54—gna4——pe1afc4—ele—and to a PLIAL / VU554 5

ronoter, into a expr essi UL 1999
Eecon{)i nant Lucl ePL?‘IIEmI“"mamnﬂI' _ I (o) celol S ofl a pl ant §J

63. The nethod for produckngra sfransgenic plant accordihg to claim®62,
further conprising: 20 (c) cultivating the plant and

(d) collecting seeds fromthe transgenic pl ant. 64. A nethod for
producing a transgenipnd! eAinduiNg p1dMdidd @d a66l byl osherkiBesaiar céiber
cells which conprises expr essi ng a reconbi nant nucl'eic acid that encodes
a cell walé ebtainabbe Hron edrabidomiigpdpidlda@nian a transgeni ¢ pl ant
wherein the nodified fibers or fiber cells are | onger or shorter than, or
have different absorbency, strength or r heol ogy, when conpared with
fibers orgfiber 3@l| sThé transgeteit ipdarty cfuldliadat 83, pwbgerinothpl ant whi ch

does not 30,¢optalp {0e.g CEORLARY MGG aci O

- 89
37. The transgenic plant of claim 13, wherein the
nucleic acid construct is the cell promoter operably linked
10 to the cell secretion signal peptide, both obtainable from
- Arabidupsis thaliana, linked to the cellulose biuding domain

of Clostridium cellulovorans.

38. A seed of the transgenic plant of claim 13, wherein
the seed has the nucleic acid construct.
15
39. A progeny, clone, cell line or cell of the
transgenic plant of claim 13 wherein said progeny, clone,

cell line or cell has the nucleic acid construct.

20 40. An isolated nucleic acid molecule having a
nucleotide sequence encoding a Cell protein or polypeptide of

Arabidopsis thaliana.

41. The isolated nucleic acid molecule of claim 40
having a nucleotide sequence encoding a protein or

25
polypeptide having the amino acid sequence of SEQ ID NO:4.

42. A variant of the nucleic acid molecule of claim 490,
wherein said variant is selected from the group of variants
consisting of Arabidopsis thaliana allelic variants, species

30 variants, and naturally occurring or man-made functional

variankts thereof.
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encodes a cell wall nodul ation
pl ant wherein the cel l ul ose content |s hi gher than the cellul ose content

in an identically cultivated progenitor pIa which_does n contain
the recombi nant Hircl &t HRglpted nucleic ggida FﬁH&efBPV6P8dEEPng

transgeni ¢ plaAdctidd NHequeddiC ISR Sipameh 2pr oduction or content Whl ch
conprises 10 expressing a reconbi nant nucleic acid that encodes a cel

wal | nodul ation protein or polypeptide in a transgenic plant wherein the

starch productiofy or gpigiiadey HEherid iald he1ecuibanabipgoguction or
content in an identically cultivate progenitor plant which does not

cont ai n tgnenu@keﬁﬁ)idmrﬁeqwmlempda@gda derlvatlve6¢r apakeghodl tbe
roducin o] I whi ch
(F:)orrpri seg g &%{g}i& ﬂﬁ%&f%l Sant nl?gllg %%éﬁ@g&t ha §E§ ggghgg?:el | wal |

nodul ati on 20 protein or polypeptide |n a transgenlc plant wherein the tine
of blooming is ajter from.t.hat .of t

Cdent | coal 1y cul t1Vat dh THSTER TR B e Cades gt COmBEifi BB bhe

r econbi nantnuxibé it cacdiod duolecule of dﬂilmA4metth Bar, pBodwcusg a transgenic
pl ant havi ng

10
- 46. A host cell containing the recombinant nucleic acid

vector of claim 45,

47. An isolated nucleic acid molecule having the
nucleotide sequence of SEQ ID NO:9.
15
48. An isolated polypeptide having an amino acid
sequence corresponding to Arabidopsis thaliana endo-1,4-8-

glucanase (cell) gene.

20 49. A variant of the polypeptide of claim 48 selected
from the group consisting of allelic, species variants, and

naturally occurring or man-made functional variants thereof.

50. A derivative or analog of the polypeptide of

claim 48.
25

51. A polypeptide having the amino acid sequence of SEQ
ID NO:4.

52. An isolated nucleic acid molecule comprising the

30 Arabidopsis thaliana cell functional promoter.

-
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el i ¢ aci d ¢ ﬂamllllﬂ RN comrses exoressi ng < PENHDEg Y 19¢

in a transgeni c plxant wher'®ei it t hie heat resi stance is increased fromthat
of the heat resistance of an identically cultivated progenitor plant

whi ch does not 30 contaln t he reconbi_nant nucl eic acid )

89/ 1 53. Thegisciated aﬁg@@% agiignmodecullgi AE1CoRriM3S2nher ei n

sai d tragsgepi s é’éf&'t ]r 'ﬂ&rhﬁu x%o%wkehsagégréf% fiber

cells, fibers or ftiber S Wt nt absor bency, fibers or fiber
cells with ﬁum*ex@mlsfrwmt ot rSF&)II@;WO 1. when conpared with fibers or

fiber cells of an identically cultivated progenitor plant which does not
contain the nucl eic acid encoding the cell wall nodul ation protein or

pol ypepti ge. 54. A Térorbinaygemuycldionecildeviectiomecowmpklisongsaed of the

first nucleic acid sequence encoding a secretion signal
peptide of cell of Arabidopsis thali.na and a second nucleic

acid sequence encoding a protein or polypeptide.

10 55. The recombinant nucleic acid vector of claim 54,
e wherein the protein or polypeptide is a cell wall modulation

protein or polypeptide.

56. The recombinant nucleic acid vector of claim 55,
wherein the cell wall modulation polypeptide is endo-1,4-B-

15 glucanase.

57. The recombinant nucleic acid vector of claim 55,
wherein the cell wall modulation protein or polypeptide is a
cellulose binding domain or cell wall modifying enzyme.

20

58. The recombinant nucleic¢ acid vector of claim 55,

wherein the cell wall modulation protein or polypeptide

comprises a cellulose binding domain.

55 59. The recombinant nucleic acid vector of claim 58,
wherein the cellulose binding domain is obtainable from a

bacterium, fungus or a slime mold.

60. The recombinant nucleic acid vector of claim 585,
wherein said cell wall modulation protein or polypeptide is
30 gelected from the group consisting of proteins or

polypeptides encoded by a Clostridium cellulovorans cbpA

AMENPED SHEET
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10 transgenic plant of claim@@9. - . .= 71. The tranQMLi %0 f
claim1l or 13, wherein sai ﬂ!‘“lj“‘i‘g‘nﬁw‘t{!w ant exhibits fas ? n
conpared with an i denti progeni tor plant C oes not
15 contain the nucleic acid encoding the cell wall nodul ation protein or
pol ypepti de. 72. A progeny, clone, cell line, cell or_seed of the

transgeni ¢ PERRt Siostridiym themmocellum CipA grBSt PENSHENCEIPHARTOBRSc| ai m
1 or 13, wheggin-sfihase t§@nsgeni c plant exhibits nore or |ess resistance

to

progeni tor plant which does not contain the nucleic acid

bi odegr adat i on en conpared with an identically cultivated

P ne bl [P h a1 00 "B FoP UnkBIE 188 crouen rafd of, B BEAY

cl one,

75. The tganspehi compridenfexpmgnihpa keconbinent aacledd acadsgkratc pl ant

cel |

line;~t See tr nsgen?b pl-a

exhibits nore o

89/ 2

15

20

25

30

j ibili i h r n ni o
enco eéegsce f“%ﬁif’moé&iaéléh %roteggeorcgo?ypggt§de in a

plant.

62. A method for producing a transgenic plant,
comprising:

{a) introducing a recombinant nucleic acid that
encodes a cell wall modulation protein or
polypeptide, operably linked to a nucleic acid
encoding a secretion signal peptice and to a
cell promoter, into a plant cell, and

(b) expressing the recombinant nucleic acid in the

cells of a plant.

63. The method for producing a transgenic plant
according to claim 62, further comprising:
(¢} cultivating the plant and

(d} collecting seeds from the transgenic plant.

64. A method for producing a transgenic plant having
modified cellulosic fibers or fiber cells which comprises
expressing a recombinant nucleic acid that encodes a cell
wall modulation protein or polypeptide in a transgenic plant
wherein the modified fibers or fiber cells are longer or
shorter than, or have different absorbency, strength or
rheology, when compared v th fibers or fiber cells of an
identically cultivated progenitor plant which does not

contain the recombinant nucleic acid.

-
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76. A progeny, clone, cell line, cell or seed of the tré(ﬁ, ' %#\ﬁx lil'ggg
claim.75." - 77. ‘Imﬂl 'mmltuﬂllant of claim1 or i d
5 transgeni c plant exhi bi 'cn L resi stance to a pest when

conpared with an identically ‘cuftiVat®ed*progenitor plant  which does not
contain the nucleic acid encoding the cell wal | nodul ati on protein or

pol ypepti de. 66. A methd®. £y pombyinglooneansgenik pdantehhvangsaed of

t he transgenjc_pla f claim77. . 79...Th r ni_c plant of
claim1 or %é?hﬁﬁngﬁ%ugﬁfé ébn???ﬁnﬁﬂﬁﬁ%:ﬁﬂ@ﬂﬁ?%&fhF%P%?gggggegsed starch
production sedbmbihantontehdiahenid oty ethoddds an dedéntwadal mpdadktivat ed

pr ogeni tor t .which dfes not .cont ai n the nUC|eEﬁa%%'%her%E%Oghgg t he

| .
el T wal | nBHAFSiPoRE PPOLBPFPOHG oY) o friaHEg et

5 cellulose content is higher than the cellulose content in an

identically cultivated progenitor plant which does not

~ontain the recombinant nucleic acid.

66. A method for produci:~ a transgenic plant having
increased starch production or content which comprises
10 expressing a recombinant nucleic acid that encodes a cell
wall modulation protein or polypeptide in a transgenic plant
wherein the starch production or content is higher than the
starch production or content in an identically cultivated
progenitor plant which does not contain the recowbinant

15 nucleic acid.

67. A method for producing a transgenic plant having an
altered time of blooming which comprises expressing a
recombinant nucleic acid that encodes a cell wall modulation
20 bProtein or polypeptide in a transgenic plant wherein the time
of blooming is altered from that of the time of blooming of
an identically cultivated progenitor plant which does not

contain the recombinant nucleic acid.

68. A method for producing a transgenic plant having
23 increased heat resistance which comprises expressing a
recombinant nucleic acid that encodes a cell wall modulation
protein or polypeptide in a transgenic plant wherein the heat
resistance is increased from that of the heat resistance of
an identically cultivated progenitor plant which does not

30 contain the recombinant nucleic acid.

v
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20 80. A progeny, clone, cell line, cell or seed of tAé
pl ant of claim 79. 81. The”“[' mj ﬂm HIL of cl a|PEA/ ﬂsg JUI_ ]gg
wherein said transgeni c plant exhi resi stance

conpared with an identically cul ti vat ed progenltor plant 25 which does

not contain the nucleic acid encoding the cell wal | nodul ation protein or
pol ypepti de. 69. Thegxramsgesgenplackoné, ctaim 1jor, 13l vhereseeshiol

tBQe ':I))'get '[ ?gﬁ%@agim cé}lﬁ@:?t r}t(:l %%?dfs lofg?r\/\ﬂfér %h?lr%%{dflb?lf%n%ﬁeglbe]f)l 2?1{ °
exhi bits norae idwyrswivan fibeparcedlsi whth different absorbency,
fibers or fiber cells with different strength or rheology,
5 When compared with fibers or fiber cells of an identically
cultivated progenitor pliant which does not contain the
nucleic acid encoding the cell wall mcdulation protein or

pelypeptide.

70. A prcgeny, clone, cell line, cell or seed of the

10
transgenic plant of ..aim 69.

71. The transgenic plant of claim 1 or 13, wherein said
transgenic plant exhibits faster growth when compared with an
identically cultivated progenitor plant which does not

15 contain the nucleic acid encoding the cell wall modulation

protein or polypeptide.

72. A progeny, clone, cell line, cell or seed of the
transgenic plant of claim 71.
20
73. The transgenic plant of claim 1 or 13, wherein said
transgenic plant exhibits more or less resistance to
biodegradation when compared with an identically cultivated
progenitor plant which does not contain the nucleic acid
encoding the cell wall modulation protein or polypeptide.
25
74. A progeny, clone, cell line, cell or seed of the

transgenic plant of claim 73.

75. The transgenic plant of claim 1 or 13, wherein said
30 transgenic plant exhibits more or less digestibility in the

rumen Qf animals.

AMENDED SHEET
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an iidentically cul tivated progenltor prant whi ch does nol‘t‘h\uﬁzgai5 \%U “gag

gzd ekcp?glggn;ncgfjgﬂg t2§| 1?""%"““'"“23%1‘5 ﬂ]gt © Prg;sgenl c pl ant of
cl ai m 83. 10 e s

76. A progeny, clone, cell line, cell or seed of the
transgenic plant of claim 75.

77. The transgenic plant of claim 1 or 13, wherein said
5 transgenic plant exhibits more or less resistance to a pest
when compared with an identically cultivated progenitor plant
«hich does not contain the nucleic acid encoding the cell

wall modulation protein or polypeptide.

~" 78. A progeny, clone, cell line, cell or seed of the

transgenic plant of claim 77.

79. The transgenic plant of claim 1 or 13, wherein said
transgenic plant exhibits increased starch production and/or
15 content when compared with an identically cultivated
progenitor plant which does not contain the nucleic acid

encoding the cell wall modulation protein or polypeptide.

20 80. A progeny, clone, cell line, cell or seed of the

transgenic plant of claim 79.

8l. The transgenic plant of claim 1 or 13, wherein said
transgenic plant exhibits increased heat resistance
when compared with an identically cultivated progenitor plant
25 which does not contain the nucleic acid encoding the cell

wall modulation protein or polypeptide.

82. A progeny, clone, cell line, cell or seed of the

30 transgenic plant of claim 81.

-
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83. The transgenic plant of claim 1 or 13, wherein said
transgenic plant exhibits more cellulose when compared with
an identically cultivated progenitor plant which does not
contain the nucleic acid encoding the cell wall modulation

5 protein or polypeptide.

84. A progeny, clone, ceil line, cell or seed of the

transgenic plant of claim 83.

AR O A
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(57 Abstract ) bg‘%q

The present invention discloses genetically engineered plants which display altered structure or morphology. The transgenic plants
express a cell wall modulation transgene or gene construct that results in the altered structure or morphology. The altered stmucture or
morphology can be associated with, for example, altered biomass, growth, yield, greater or less resistance to biodegradation, more or less
digestible to ruminants, altered cellulose content, larger leaves/normal hypocotyls or smaller leaves/longer hypocotyls, etc. compared to a
non-transgenic plant of the same species. The cell wall modulation transgene can be any cellulose binding domain, a cellulose binding
protein, or a cell wall modifying protein or enzyme such as endoxyloglucan transferase, xyloghican endo-transglycosylase, an expansin,
cellulose synthase, or 2 novel isolated endo-1,4-f—glucanase of Arabidopsis thaliana. The invention also discloses transgenic plants
containing a gene construct comprising a promoter operably linked to the cell wall modulation protein or polypeptide gene and may further
comprise a sequence encoding z secretion signal peptide. In particular, the invention discloses transgenic plants containing a gene construct
comprising the cell promoter, operably linked to the cell signal peptide and any cellulose binding domain.




