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| SOLATI ON AND CHARRRTERE&fH N Orphu, oy RGN PROVOTER
FROM COTTON Technical Field The present invention relates to the field of
plant 5 nolecular biology, in particular to transgenic plants and
pronoieesn Yssi Uk bgcreating transgenic plants, and nore

The present invention relates to the field of plant
5 molecular biology, in particular to transgenic plants and
promoters useful in creating transgenic plants, and more

particularly to fiber-specific promoters.

- Background of the Invention

 Cotton is the most extensively used natural fiber in the

10 textile industry. Annual production of cotton worldwide is over

100 million bales valued at 45 billion U.S. dollars. Although
significant improvements have been made in quality and yield of
the fibers by means of classical breeding in the past decades,

the potential for further improving fiber properties through

15 classical breeding is limited due to requirements for species

compatibility and available traits. Genetic engineering
provides novel approaches for further improving cotton by
introducing genes to create new germplasms with highly desirable

characteristics.

20 Cotton fibers (seed hairs) are single-cell trichomes that

undergo rapid and synchronous elongation. Cortical microtubules
provide spatial information necessary for the alignment of
cellulose microfibrils that confine and regulate cell elongation

[Giddings and Staehelin, 1991; Cyr and Palevitz, 1995; Fisher

25 and Cyr, 1995]. Fiber development consists of four overlapping

stages (i.e. initiation, primary cell wall formation, secondary
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ly to fiber-specific pronoters. Background of the’l f#8HEFHNZ005

Cotton is the nost extensively used natural fiber in the 10 textile
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quarﬁﬁﬁﬁas mbnngené§ aﬁ@Cf@gﬁlred ﬂ@ﬁ1§§égﬂhbée dEE&%E@htiﬁQﬁkgﬂQﬁﬁd wax,
sna unt s nic acids and,pignments that provides
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10Rysedifferent stages of the fiber development, and so far only a few

of the genes involved in the biosynthesis of the large numbers

of fiber-specific structural proteins, enzymes, polysaccharides,

waxes
John,

or lignins have been identified [John and Crow, 1992;
199%6a; Song and Allen, 1997; Ma et al., 1997; Kawail et

al., 1998; Whittaker and Triplett, 1999]. These isolated genes

may be considered as having potential application in cotton

fiber

improvement due to the character of their fiber-specific

expression. For example, John has been using fiber-specific

gene promoters to produce genetically engineering cotton for
altered fibers [John, 1996b, 1997a, 1997b}.

‘A promoter is a DNA fragment that determines temporal and

spatial specificity of gene expression during plant and animal

development. Many tissue-specific genes and their promoters

were identified and isolated from a wide variety of plants and

animals over the past decade, including some cotton

tissue-specific genes and promoters (Loguerico et al., 1999;

Kawai
199¢a;

et al., 1998; Song and Allen, 1997; Ma et al, 1997; John,
Rinehart et al., 1996; Hasenfratz ét al, 1995; John and

Peterson, 1994; John and Crow, 1992). A few promoters have been

shown

to contrel gene expression in a fiber-specific manner in

cotton (Rinehart et al., 1996; John, 1996a; John and Crow,

1992).

Some plant tissue~specific promoters can be utilized to

2



19851. Many genes are required for the fiber differentiatimnjganadary 2005
devel opment. These genes are differentially expressed during different
stages“gjmﬁnﬁ i ber devel opnent, and so far only a few of the genes

_invol ve He bi osynthesis of the |arge nunbers of fiR6dYSCHB@BILE] C
structural proteins, enzynes, polysaccharides, waxes or |lignins have been
identified [John and Crow, 1992; Johg, 1996a; Song and Allen, 1997; M et
al ., 1997, Kawai et al., 1998; Wittaker and Triplett, 19.99]. These

i sol ated genes nay be considered as having potential application in cotton
fiber inprovenent due to the character of their fiber-specific expression.

,Forespa&pbefohdﬂ@dugkdggghysiﬁmbgéégflépggg%hgs Q%[% pronoters to produce
gen%tlc? ﬁ%gAeerlng cotton for altere i bers oh 1996b, 1997a,
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Ri nehart ¢ , 9 tz hn and. Peterson, 1994;
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expreSS|%#W43@ éhﬁlb@qu%nﬂﬁnUﬁlGEQHﬁhQK)IG cotton (Rinehart et al., 1996;
John, 1996a; John and Crow, 1992). Sone plant tissue-specific pronoters
can be utilized tor k Y 31 January 2005 WD 02110377 3 PCT/ SGOQO 00111
express ForBrYhepr cswiens o specpfresett ssuesntiivna toevel opmppbaldad a
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fragment of the promoter of the cotton B-tubulin gene CFTUB2

having the sequence of nucleotides 449-1433 of SEQ ID NO: 2.

A fiber-specific gene (named CEFTUB2), encoding p-tubulin,
@as isolated from cotton. The isolated complete CFTUB2 cDNA is
1.623 kb in length inclgding 1.338 kb of open reading frame.
Based on the CFTUB2 c¢DNA sequence, two CETUBZ promoter fragments
(1 433 kb and 0.984 kb) were isolated from cotton. The two
CFTUBz promoter fragments (1.3 and 0.9 kb) were fused with the
GUS gene to construct gene expression vectors for analyzing the
function of the promoter. Transgenic cotton and tobacco plants
with the CFTUB2 promoter/GUS fusion genes were identified by
Southern blot hybridization. 1In all the CLransgenic cotton’
plants studied, GUS activity was detected only in young fibers,
but not in the flower organs such as anthers, petals and sepals,
or in leaves and roots. This result, together with Northern
blot analy51s, indicates that the CFTUB2 promoter is
fiber%éﬁecific in cotton. The promoter controls specific gene
expression at the transcriptional level in cotton fibers. The
isolated promoter may be used in improving cotton fibers to
create new cotton varieties with high fiber quality and yield by

gene manipulation.




I n an aspect of the present invention, there is provided a 3priamueey 20
is cotton fiber-specific, conprising a 1433 kb fragnent of the pronoter of
the cotton O- tubulin gene CFTUB2 having the sequence of SEQID NO 2. In
anot her aspect of the present inventi there is provided a pronoter that
is cotton fiber-specific, conprising a 984 kb fragnent of the pronoter of
the cotton (3-tubulin gene CFTUB2 having the sequence of nucl eoti des
449-1433 of SEQ ID NO 2. A fiber-specific gene (named CFTUB2), encoding
(3-tubulBmief ss¢BsDbai 88 bEORKhEOREBreEhe isol ated conplete CFTUB2 cDNA is
1.623 kb-1n T'ength including I.338 Kb~ 0f open reading franme. Based on the
CFTUB2 cDNA seqlitRBES tweherruBhepnerdeart idenfrRmience 104 3thkbcaidon. 984
kb) wer &P =IHAteshE rODNEOL T N3 ggg Ewe 1EFELB2 pr onot er fragnents (1.3 and
0.9 kb) were fused with the GJUS gene to-construct gene expression vectors
for analyzi ng thedUFfinét PBAVE thre Npcdpetdde Femuyers oL dthoni smthtedbacco
pl ants M3 ghereFigriBs2 r i e re, identif] b
Southern:blot}ﬂybridiza%?gﬁgg%ﬁ g?%ﬁ?%gét?gﬁgggﬁfgmgo?%on%ﬂ“%ﬁgﬁfgngtudied
: GUSzmﬁﬁﬁﬂﬂ%ﬂ@w@pﬁﬁﬁépoedsohbynUQlyoumgebiHé@&ldaﬁﬂoﬂuﬂﬁj31séduéﬁdéwwr

organs such as her s S sepal s, Lo aves and roots. This
result, toget he%?% Rbrgﬁhgrgncggggfugﬁgl )%‘:l %,hel %dé‘]@gﬁisplf%‘?t?% EB2
pronot erlitd Hhiheruspeenti tni eaxpoessnonThecpoasat er control s specific gene
expression at the transcriptional level in cotton fibers. The isolated
pronoter may be used in inproving cotton fibers to create new cotton
varieties wth high fiber quality and yield by gene nmanipulation. 31
January 2005 3a Brief Description of the Figures Figure 1 shows the

nucl eoti de sequence of the cotton CFTUB2 gene cDNA (1623 bp; SEQ I D NO
1). Figure 2 shows the nucl eotide sequence of the isolated 1433 bp CFTUB2
pronoter fragnent (SEQ ID NO 2. The 984 bp fragnent corresponds to

nucl eoti des 449-1433-of this sequence.




Figure 3 shows constructs of the CFTUB2 pronoter fused w t3l tJaeugus YEre
i n expression vectors. 31 January 2005 WD 02110377 PCT/ S0 /00111 4

Det ai | edwie®awdrt i on The CFTUB2 pronoter is an active fi beicrs@elohig

promoter in cotton. Results of a Northern blot analysis of cDNAs froma
variety of cotton tissues showed that a cDNA clone conprising 5 the CFTUB2
gene was strongly expressed in young #ibers of 8 and 14 days postanthesis
(DPA), and al so expressed in young ovules of 4, 8 and 14 DPA, but |ess or

.not at all in other tissues. Sequencing of the cDNA clone revealed that it

was 1623 bp in Iength containing a open reading frame of 1338 bp (Figure
G et |0 nleh eot i de and predicted pol ypepti de sequences of the ,

-!.
cotton CFTU data banks, it fou t hat the, _CFTUB2 cDNA
shar ed 96@@3%63H%ﬁ%¢%§ypﬁ?m? 8raﬁFn8na§ %lwgv AR SRR E 8P RORBESGy at
the ducleeattiote | evedults hof he keptherh3blububng16dNAs o mrsbigenesrdnom ot her

pl ant s gé#ép 15 Arabld sis, tobacco, rice, soybean, nmize,,K potato,
carr §8F )Oqf[slff%iifcpne?l ues 1gfepwedniiakga. COMA clopgysomprishig et al ,

51994 hEORWITKIB2 &fersd wad 998 o l@foéxgi:eﬁlsed 199%curkang irflor 8 1894

Ckamura et al., 1997; Chu et a Ckanmura et al . 19991. 20 The
t r andér A0S FOTURD U ol exdinBi @%aOt REPKEGIESt 1MUY AT8kes n

cot t g nqursgafriobelr@ 96a 8 tRPA 1844 éfeﬂoﬁhﬁﬁea‘.’ﬂés ird otirlblie; degggase in the
accunul ati on he gen roducts with further devel opment of the
8 soh e G

fi beP&dUEHH @@F%s@?ﬁﬂa addicheér it W@@/élfiﬁﬁ‘rém alnst ages of
cott g 0 t t L@NS &P ted nore in
8 DP% géﬁFéEBbﬁiﬁﬁyﬁﬂﬁggn 4-%§%€£2§dﬂfﬁ§?e6%a§%38 dual &§-€F5|ble i

10decr EgB®agd ngn thrd srueckemi ede ered pﬁﬁ@h@tﬁécﬁﬂﬂmmﬁnﬁidﬁ SQﬁﬂQBQﬂ©d®ﬁts
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Wi t htﬁbb%bt%%ﬁelc%w Jmmﬁq@%aﬁg @&ggA R ALRg %&%ﬁ@é@a&hé he gene

is specifically expressed with a strict regulatlon at
t ranSEXUBE eRHIA |Svated 4P Tothomoliéperatinghe amino acid level and

over 78% homology at the nucleotide level with the known
B-tubulin cDNAs and genes from other plants (such as
Arabidopsis, tobacco, rice, soybean, maize, potato, carrot, .
etc.) [Liaud et al., 1992; Snustad et al., 1992; Villemur et al,
1994; Tonoike, et al., 1994; Taylor et al., 1994; Kang et al.,
1994; Okamura et al., 1997; Chu et al., 1998; Okamura et al.,
1899].

The transcripts of the CFTUB2 gene exhibited the highest
accumulation in cotton young fibers of 8 DPA, and then there was
a visible decrease in the accumulation of the gene products
(mRNA) with further development of the fibersl Comparison of
gene expression in different developmental stages of cotton
ovules also showed that the gene transcripts accumulated-more'in
8 DPA ovules than in 4 and 14 DPA, and there was a gradual and
visible decrease to an undetectable level in the accumulation of
gene products with fiber development from 8 DPA to 28 DPA. This
suggests that the gene is specifically expressed with a strict .
regulation at the‘transcriptional level during cotton fiber and
ovule development, as with other cotton fiber-specific genes
[Whittaker and Triplett, 1999; Shin and Brown, 1999; Kawai et
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ovul e devel opnment, as with other cotton fiber-specific genesl JpWhary ak&Ers
and Triplett, 1999; Shin and Brown, 1999; Kawai et 31 January 2005 WO
02/ 10377wwo #@bs77SG00/ 00111 al ., 1998; John, 1996a; Song a@@T@h%@ 111997, Ma
et al, 1997; Rinehart et al.., 1996; John and Crow, 1992]. ragment s
in the pronoter region were isolated and cloned into pGEM - T vect or,
respectively. One fragnent of the 5 TUB2 pronoter was 1433 bp in length
(Figure 2), and another was 984 bp | ofig. Both fragnments functioned as
~active, fiber- specific pronbters. The constructs of CFTUB2 pronoter/ GUS
fusion gene were used to transformtobacco and cotton by Aarobacterium
-+ -medi_gt ed nsfe S|n t he B 1 vectar 10.contai_ni ng CaMV35S
- pron&ﬁer’/ us“f%w £%9§%S| ?PYe E‘Bﬁt %"ii ASi/ét it &k t"ﬂrtﬂ%% lesul t's
f r omRNerettarin é]ioalanaiy%s Johe &H8 cegene QBBE?H by CFTUBZ2 pronot er

« specifically_ expressed in {he goun fibers, but not in other tissues, in
al | the 31 tT5AsGERPBENESt £BntPFaRESTOLGH €8ILRR Metehd slated ianidy was

det ecllethdn ik alpcimert 66668, of«BPELEE¥E1G0Nt bak FoLLARA! HH She
(35S i%?% total of 36 transfornmed cotton pl ants were obtai ned and
tranggH PHEIPUGF ¥2° gt D3 t'oP ndb ut §BFBR. (Bigbrar By, iendwasotheund t hat

undefralsh® 8aF BgB2 dHOIOt Bt h %@ﬁ@ﬁt@ckhﬂbﬁioﬂ’éé 9@' ¥et g%feectﬁ%e'rn the
seeds in.all of the 15 transgenic tobacco E ant s studi ed, "Suggesting the
p

CFTUBPSSHamst T RATSFTy whke aFeeStInstaeo QETﬁBE Pﬁom@ﬁéﬂuﬁﬁ%ihe cotton
fi beFusheinngean alongatsth i frohsrbhsg §8ﬁ%ﬁ88a5ndf LRAE O §4,01 ogi cal

.correspondence in the tobacco seed coat I's result, toge her with the

abovedNePasdarimimmedia had sgewdﬁ:@@mééemwsmg ChEUBBIARdnyeet 025
1000 EOhE ASAGCOREANTI S DRIBSUOGES HAELLA20SCL| BLoRR el BBkl cOtton

fibers. Accordingly, one enpodinment o h esent rnvéntion is

fi beFoBgdsitant mldi%tiére ot tiHed from rﬂweth@mohlfatbena@gswburtm GUS

genegGEEUa%lven by CFTUB2 promoter specifically expressed in the

133]

young fibers, but not in other tissues, in all the 31 transgenic
cotton plants studied, while the GUS activity was detected in

15 all the tissues of positive control cotton plants (35S:GUS). A
total of 36 transformed cotton plants were cbtained and |
transplanted in soil to grow to maturation. Similarly, it was
found that under the CFIUB2 promoter, GUS gene act;vxty was only
detected in the seeds in all of the 15 transgenic tobacco plants

20 studied, suggesting the CFTUB2 promoter activity was also

' tissue-specific in tobacco (the cotton fiber, being an elongated

hair~of the seed coat, finds histological correspondence in the
tobacco seed coat). This result, together with the above
Northern blot analysis, indicates that the CFTUB2 promoter

25 controls gene specific expression at the transcriptional level
in cotton fibers.

Accordingly, one embodiment of the present invention is a
fiber-specific promoter obtained from the cotton Ffiber B-tubulin
gene CFTUBZ2. ‘

30 Another embodiment of the present invention is a fiber-
specific promoter comprising a 1433 kb active fragment of the
cotton fiber CFTUB2 gene promoter. |



30 Anot her enbodi nment of the present invention is a fiber- 3penurcy 2005
pronoter conprising a 1433 kb active fragnent of the cotton fiber CFTUB2
gene prowexério3’l31l January 2005 PCT/ SGO0/ 0011 1 6 Anot her epipgdoomsii; of the
present invention is a fiber- specific pronoter conprising a 984 kb active
fragnent of the <cotton fiber CFTUB2 gene pronoter. Stll another

enbodi ment of the present invention is® a 5 pronoter that is cotton
fiber-specific conprising an active fragnent of the CFTUB2 pronoter
fragnent of SEQID NO 2. An active fragnent is a sequence of shorter

l ength than SEQ ID NO 2 which still retains activity as a.fiber-specific
promoter in Peether sabyadigimsHt @hntkenpresentxénepphsiondélseri Saberto

LT uncabtong; ar padhst &uta i3 cfpactlve eaQElx?@QfJ:Qgﬁ&t%f%he

conbi nat1 on of "t hese. erre ragnent f ragment
consi ¢othgnofihes! @6&0@@5%%@6&(} ID NO 2. The pronoters of the

present inve hgn Hh | rapnsgenic.cotton having altered
fiber charac?grﬁsﬁﬁbgh%&g d%ﬁ%ﬁ%?% ﬁ%u%i 5?g§%%c%PY%n%r8ﬁoﬁgr of the
@resa@romatenttbatpesnnbitmﬂeﬁﬂbamrquniﬁincmnmprhsingnageaetmnethe cotton

fiber LtLin r atitu e t he t 0, | oyed.
Seled% gﬁéﬁkr gs?%% g@@?&? 5?6WF% éﬁﬁg% H%fﬁé¥ébgﬁ @ grdgg |nposed
on a.amahsgeﬁtagmbant1byasw@@mﬁncanqﬂeshnxterﬁlenéfhtthaﬁgsme I0Dr NDhe

d ff f | n. fiber, t
B CUTHOF Bhbpbs PR R PTG Gertis 4 1 HGTLOTPT T bbre BEOTRBEE, Aot her

part scoftdhe Aofrregmphanmm Reintde s o Jéx@rﬁimcs/manegeae@nfspr col ored

ott 2).silk prot nes fro ilk wormor s s for-increased 25
1801 egivnsttiShpontt puBe tiE s RerBrte JBF VT5a o0 BT GrocEn
cottan émb}sinaaionrrbfowésteher malprdﬂe@ﬂe"d oSt onel fAsyh@hitNgs the '
char terlstlcs John, et al., 1996 Ther e are. numer ous exanples in the

art ofF39BeRt eRRRALFRGNGefds © 4P 2Nt 2 eddR1 21 Miked-to the

pronoters of ThBepromoters of the present 1nvent;on are useful in
Creatiné transgenic cotton haviﬂg altered fiber characteristics.
15 The use of the fiber-specific promoters of the preSent invention
permits selective expression of a transgene in the cotton fiber,
permitting greater latitude in the types of transgenes employed.
Selective expression avoids problems such as the metabolic
burden imposed on a transgenic plant by systemic expression of a
20 transgene, or the adverse effects of the expression of a
transgene in non-fiber tissues. Eiamples for expressing
desirable genes in cotton fiber, but not in ether parts of the
cotton plants include: (1) anthocynin genes for colored cotton,
(2) silk protein genes from silk worm or spiders for increased
25 strength of cotton fiber, (3) and biosynthesis of
polyhydroxybutrate in cotton fiber for improved thermal
properties and 1nsulat1ng characteristics [Jdohn, et al., 1996].
There are numerous examples in the art of flber-enhanc1ng genes
that could be advantageously linked to the promoters of the
30 present invention, and used to transforﬁ cetton using well-known

techniques (see, e.9., Umbeck, 1992), to achieve expression of



30 present invention, and used to transform cotton using webl -Jaraamy 2005
techni ques (see, e.g., Unmbeck, 1992), to achi eve expression of 31 January
2005 WO &b 8880877 7 PCT / SQ00/ 00111 the transgene in transg%?ggﬂw&gﬁk
fibers. See e.a., John, 1996b, 1997a, 1997b; John et al XAMPLE
1: Isolation of fiber-specific cDNA encoding CFTUB2 sequences expressed
early during fiber devel opnent of cotion Cotton seeds were
surface-sterilized with 70% et hanol for 30-60 seconds and 10% H202 for
30-60 mnutes, followed by washing wth sterile water. The seeds
germnated on ' M5 nediumon light at 28C in a culture room and cotyl edons

and hypecetyhsgdfecih thamsyedlild @ctaeM MG Mere diged as L rangi or mtion
expl a % materials. Caotton plants were %iomm in pots for and” RNA
extrat? PR F8P4R, RMAOURS dptacted¥-rorhdMung fibers, ovaries, anthers,

petals, sepals, |leaves and roots of cotton by using the 15 guani di ni um
thioc anate nethod or SV Total RNA Isolation System (Pronega). Poly(A) +RNA
péﬁ’—l\“—fbﬂ—&y udierd agiiogo dT)Eids 1 irowsl £ igpi ePol emred f ng nC BRURRNA
gurlflcatlon kit EPRASTESS SBirytessind ealpiyt chuDNA Sdse sydehelopmenby usi ng
cDNA synt hesi s Rift cofRiear maci a Bi ot ech). Cotton cDNA |ibraries were
constructed by inserting the CcDNA fragnents into the ZAP express vector
(Stratagene). Poly(A)+ RNAs fromcotton young fibers of about 8 and 14
days post ant Resicen( BRAFS m%@p@@lﬁﬂﬁeiqrsnﬁeﬁdmd/eﬂtiﬁd 10% c&ddsnohich were
used” n o (o] N~ r.ar ber DNA |1 rarl es,
_abouté%%@c%%maﬁ{iongé&vgpe% %Ia jd% g[lqmtt %3%%‘[’ SHing
sequenicdd. stSphdectohes . w E‘hepstaedﬂ @ermln\a(tlewemnf»ﬁ |M$ meédllmxpﬁﬂm on were

SeleQEﬁﬂﬁ9C§9r§bqg 18 £h8u1§8989988m ataa cotyledons and hypocotyls
10 cut from sterile seedlings were used as transformation explant
materials. Cotton plants were grown in pots for DNA and RNA
extraction.

" Total RNA was extracted from young fibérs, ovaries,
anthers, petals, sepals, leaves and roots of cotton by ﬁsing the
15 guanidinium thiocyanate method or SV Total RNA Tsolation System

(Prome@a). Poly{A}+RNA was purified by using oligo(dT)-cellulose
spin columns from an mRNA purification kit (Pharmacia Biotéch).
Cotton cDNA was synthesized by using a cDNA synthesis kit
(Pharmacia Biotech). Cotton cDNA libraries were‘construdted by
inserting the cDNA fragments into the ZAP exXpress vector |
"(Stratagene)
’ Poly(A)+ RNAs from cotton young fibers of about 8 and 14
‘days postanthesis (DPA), respectively, were converted to cDNAs
which were used to construct cotton cDNA libraries. From the
25 Ifiber cDNA libraries, about 200 cDNA éloﬁes were randomly ?icked
‘out and subsequently sequenced. Some clones with potential
involvement in cell expansion were selected according to the
‘sequence data. | | |
To find cDNA clones whose transcripts are specifically

30 expressed in cotton fibers, the expression pattern of the



To find cDNA cl ones whose transcripts are specifically 30 ékpfasseg Ef05
cotton fibers, the expression pattern of the 31 January 2005 WO 02/ 10377 8
PCT/ SQOOmID®R1377%sel ect ed cDNA cl ones was anal yzed by Nor loerscobt 1 '
hybridi zation wth total RNAs isolated fromcotton fibers, ovul es,
anthers, petals, sepals, squares, |eaves and roots, using probes fromthe
clones. RNA sanples fromthe differenB cotton tissues were 5 separated on -
agar ose-f ormal dehyde gels, and transferred onto Hybond-N nyl on nmenbranes
by capillary blotting. RNA Northern blots were hybridized in ExpressHyb
solution (Clontech) at 68C wth 32P cDNA probes prepared by random

| abeldsie b Fromes awdnangalekinyySietréhe rnAftlert hptrtidliizztiion t he

bl ots,. V\%P? ;N .5% SDS f 30- i es. The
exper%qllﬁn}q%%lesu % ﬁ%%g%ge§h£ oéné0§§g&A9%E§%§’storvgfnlg sy Gag%ﬁee%sgs’ed in
youngetdles s sfp@BlandtddabPy, aedvabsandxppesseduising qunrgesy flmesn dfhel, 8

and DPA. b ess not_at |l i,n.other, ti ues., .15 PCR fragnents and
cDNA% Ornéagsn‘en't%N vvesraemlgs)j[; ‘¢l oned ?{ﬁl odl$§%F8P§ , cgﬁ%o& étsjrﬁsdlweﬁegpar ed with

fa Q aygrayizshich kidavese - fisedaddehedpl gebés, i anBCR rmaaadid xyesd ot PCR

rod S r uenced by auf osequencer. nci n t DNA cl one .
v elfeial meh e n s RO BREERLaH: BLALRGNS ‘SpdhiA ARRTHESY 1 ane
?fr1ﬁﬁbﬂHLwéﬁH1Hyhﬁﬂdixédt?nthﬁp?ehﬁbybi@o@&h&oﬁFH@Hﬁ&téﬁ?)'Hﬂfﬁﬂﬁjéhe .

irst .CET C clone isolate om cot ton. nparing the nucl eotide an
pr edi"ct u%l?%t?@%@qﬂﬁﬁ?@§.edo Y tREJe: tebeeE B2l W MEYhe data banks,

it wariheind-ddiad fdee1 G UBZseBNA. shared r96%28%ihemilagy Ble i@ no |
acid | evel and 25 over, 78% hom og% at the nuclegtide |evel with the knowns
10(3- t W5HS HnPGénes 19 om Bt her- pb ant sSPSuERTas'0-ACaBHAGSSSS,

t obager dﬂpézimgﬁﬁ&iwhe@@igs,sﬁ@haa0th§arbﬁb,coﬁhp<hdﬂééaﬂi&&€%24: 1992;

Sntistad et al., 1992; Villenur et _al, 1994; Tonoike, et al., Tayl or
et aP?P?ﬁﬁﬁﬁd|ﬁﬂu¥QHnQuf%ber5 of 8 and 14 DPA, and also expressed in
young ovules of 4, 8 and 14 DPA, but less or not at all in other
tissues.
is . PCR fragments and cDNA fragments were subcloned into
vectors, and plasmid DNA prepaied with a Qiagen plasmid kit was
used as templates in PCR reactions. The PCR products were
sequenced by autosequencer. Seqguencing of the cDNA clone
revealed that it was 1623 bp in length containing a open readirng
20 frame of 1338 bp, and identical to the E—tubulin gene (Figure
1). This is the first CFTUB2 cDNA clone iscolated from cotton.
Comparing the nucleotide and predicted polypeptide sequences .of
. the cotton CFTUB2 with the data banks, it was found that the
| CFTUBZ2 cDNA shared 96%-98% homology at the amino acid level and
3 25 - over 78% homology at the nucleotide level with the known
% B~tubulin c¢DNAsS and genes from other plants (such as
Arabidopsis, tobacco, rice, soybean, maize; potato, carrot,
etc.) [Liaud et al., 1992; Snistad et al., 1992; Villemur et al,
1994; Tonoike, et al., 1994; Taylor et al., 1994; Kang‘et al.,
30 1994; Okamura et al., 1997; Chu et al., 1998; Okamura et al.,
19997. |



30 1994; Ckanura et al., 1997; Chu et al., 1998; Ckanura et3hlJanuar99890531
January 2005 WO 02/10377 PCT/ SGOQ' 00111 9 Total RNAs fromdifferent

ti ssues @fo @@loben were used to reverse-transcribe first E@f@ whi ch
were used as tenplates in differential display PCR react|§§@%E%M® erenti al

di splay analysis was carried out by using a differential display 5 kit
(Contech). First-strand cDNA was synbhesized with 2 pg total RNA as
starting materials of reverse transcription and oligo(dT) as priners at
42C for 1 hour. Differential display PCR reactions were carried out with a
initial cycle consisting of 94C for 5 mnutes, 40C for 5 m nutes and 68C

. for 5 minutesstaf atiinvedrby H\j\.@f@)&@hESt%@,ﬁ'e%t o9 e tHCvielfe Hf8NYLS and
40C for 5 mnutes and 68C for 5 minutes, and then 25 cycl es consisting of
04C RS eF SR RIS BOCE 1 6Pt 15hr AL eCBNAS 6BLLChf yere misest @, and a fi nal

© ext enshgn AloblG nlrde ALANLES- g1 {3140t pdRT LELER LR prd' PRI RARYS ver e

excised and reanplified 1 anal ysi's oduci bl e
fi berisFday iegadivitiey avms aq:arai@@ ayt brodetng @.edeftfamg@ﬁ:e@lf od spietyher

anal ysies (T . | heeach-bergst DaNd was toryestedoand egongrat ed by

anpllflcatlon The 1sol ated cDNA was subsequently subcl one into
vect ¢19¢-3dn fNe qife ifdieric t oo Thet abt e her af breveaneal §sassshdmed ovhandt he

Lr ansanigRi@ingl ast B (B2 0p9e: el b Legl, 2. NI ghesLogrenay! gt Lgn,Ln cotton

youn fi bers of DPA, and t e was a Vi sl ecrease
accu Ratﬁe@ﬁ:tdfontShéveg@necwbu@@t@ut(M)amnmtﬁ.aiit rycledevelsépiminyg of the

1o, sPoPaioan aludale, e on W 25l L gie deuel Rl stases

of cotton ovules al $o ene transcripts ‘accunu
1ug DPAodgivesl tiyartvion dyvchbesl Qomstﬁqu@ndftﬁéF@ fias 2 giadtak and ¢08Chbl e

W o B a o S Ror et hA B DR ThY A58 F LePhat the 30

. geneonsispdnidf iodald4f exjresketimittd andtd0 Tl fagul ahiontatahdess°c
for 2 minutes, and a final extension at 68°C for 7 minutes.
Target differential display bands were excised and reamplified

15 for further analysis. Reproducible fiber-specific differential

display products were targeted for further analysis. The cDNA
in each target band was harvested and regenerated by PCR
amplification. The isolated cDNA was subsequently subcloned

into vectors and seguenced.

| 2Q The Northern blot analy31s showed that the transcrlpts of

the CFTUB2 gene exhibited a highest accumulation in cotton young
fibers of 8 DPA, and then there was a visible decrease in the
accumulation of the gene products (mRNA) with further
development of the fibers. Comparison of gene expression in

25 different developmental stages of cotton ovules also showed that
the gene transcripts accumulated more in 8 DPA ovules than in 4
and 14 DPA, and there was a gradual and visible decrease to an
undetectable level in the accumulation of gene products with
fiber development from 8 DPA to 28 DPA. This suggests that the

30 gene is specifically expressed with a strict regﬁlation at the
transcriptional level during cotton fiber and ovule'development,

as seen with other cotton fiber-specific genes [Whittaker and
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1997; Rinehart et al., 1996; John and Crow, 1992]. Exanple 2:
ation of the CFTUB2 pronoter Based on the screened CFTUB2 cDNA
ence, the CFTUB2 pronoter was isolated fromcotton Genone WAl ker

aries by Genone Wal ker PCR. Total DNA was extracted and purified from
es of cotton glants by using the follow ng nethod. Liquid N2 was added
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centrifuged at lysis buffer was added to each tube. The resuspend
ets were incubated at 65C for 30 minutes. 10 m chl orof ormwas ad
m_g;mz mkedlatibnt b€ sheptESUBAdpeeniatcfiuged at 3500 rpm for
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centrifuging at 3500 rpmfor 30.m nutes, the DNA was
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wash&d
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pitati
6§ %Pfdﬁ% %%% The isol ated genom ¢ DNA was then dlssolved
Total DNA was extracted and purified from leaves of

cotton plants by using the following method. Liquid N, was added
to 4 g of leaf tissues, and the leaves were homogenized
thoroughly. 20 ml ice-cold extraction buffer (63 g/1L glucose,
0.1 M Tris.HC1 (pH 8.0), 5 wM EDTA, 20 g/IL PVP-40, 1 g/i, DIECA,
1 g/L ascorbic acid, 2ml/L, betamercaptoethanol) was added to-
the homogenized tissues in a 50 ml tube and centrifuged at 2500
rpm for 15 minutes. After removing the supernatant, 10 ml lysis
buffer was added to each tube. The resuspended pellets were
incubated at 65°C for 30 minutes. 10 ml chloroform was added to
each tube, mixed with the samples and centrifuged at 3500 rpm
for 10 minutes. The supernatant was transferred to a clean
tube, and chloroform extraction was repeated one more time. The
supernatant was transferred to a clean tube, and 0.6 volume
isopropanol was added to each tube for DNA precipitation. After
centrifuging at 3500 rpm for 30 minutes, the DNA was washed with
70% ethanol. The isolated genomic DNA was then dissolved in
sterile water or TE (10 mM Tris.HCl, 1 mM EDTA) for use.

Cotton genomic DNA libraries were constructed from leaves

of cotten plants. DNA was partially digested with BamH I, and

30

the DNA fragments were cloned in the BamH I site of the ZAP
expression vector (Stratagene).
. Genome Walker libraries were constructed by using

Universal Genome Walker kit (Clontech). Genomic DNA from leaves

in
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sterile water or TE (10 MM Tris.HCl1, 1 nM EDTA) for use. Cott&mnugenondeds
DNA |ibraries: were constructed from | eaves of cotton plants. DNA was
partial | wgldgRgsed with BanH |, and. the DNA fragments Wergsehe) |n t he
BanH | site of the ZAP expression vector (Stratagene). none

i braries were constructed by using Universal Genone Wal ker kit
(Clontech). Genomic DNA from | eaves 3jjJanuary 2005 WO 02/10377 PCT/ SGOO
/00111 11 of cotton plants was digested with five restriction enzynes
respectively, and then purified by phenol /chloroformand precipitated by
ethanol. Digested DNA was ligated to Genone Wl ker adaptors. Two rounds of

. Genorger V@M@én%m@cwgnan@@éeea Galh §d vRUlreSHGGRSSIoeldhzyindt  Of each
Genone Wl ker I|brar£ was used as tenp Iates in the primary PCR, and the

pri marSERREE by dtict 8nfek eUsEHIé§1t9éln§’|YaiP@§ﬂq4r /shdevediormpgad The PCR was
. startpdatp PBs-ar b% lél:ﬂﬂh@l fghl;e%@dbm%w@sclﬁﬁgat%@%éteé}% 95C for

15 seconds and 68C m nut es, and fi nal ext'ensions-at 6 for 6
mi nut'Est el%r@‘é@P’PQRSban@'S’OWEPénéﬁt Ofo@len@ﬁ@ ;Bi@rh‘qared’% I@@@lm wéxe (Bio

401) .cabwo; 44 n onogef,qr ’ Ll oned into
pGEI\/Lc‘Ig vect Of‘gﬂ?etg“gglé??%g??ﬂ’me rﬁgiggrr)gln%%g dﬁen %%Tﬂé prormt er was 1433

bp i AikREh ¥Rgunsed, aanaembah@fs WS tha@Spgramat;pr IPSRg. aEidyurte 2. A Hi nd
11 d d of the
ﬂl%?%gzﬁ%lggﬁng?&ué{:% CyUBECLELAALE tefb1attl® I %{é%qg{% sl

0.9 Kb CFT ragnent of cotton“respective nmethod. The
H nd The I1F@Barwes staghedt avva§5|¢u foal &ymsubtbenédlilnwedpﬁﬁl\/% vaetlers

(Prorg%g%) %\%C a B2 .pLO e grent 20 was
di geste %ﬁ?g—i g £ B%%ﬁ?cg acgﬁ&] g?g{és?mé ?r gmanFS’vvg?di ol at ed
1py addmesle geterseonr- a’phéB%@lSorAﬁcanetes CFiuB2t pranbhexdsCuS eorsit uct
was o] L. | aci ng CaWw . 35S pronoter,
i nt OQ%%{#E% gpl?%gfifcgé%—ﬂ’ B %%ggg 5{ % g% 10(igtor. 25 The 1.3 kb of BanH
|/ BanH | CFIWB2LpagmehEs inaghenprwm@ter region were isolated and
cloned into pGEM-T vector, respectively. One fragment of the

CFTUBZ promoter was 1433 bp in length Figure 2, and another was

15 984 bp long. Figure 2., A Hihd ITI site and a BamH I site were
created at the 5'-end and 3'-end of the 0.9 kb CFTUB2 promoter
fragment of cotton respectively by PCR method. The Hind
III/BamH I fragment was initially subcloned into pGEM-T vector
(Promega) . Plasmid DNA containing the CFTUB2 promoter fragment

20 was digested with Hind III and BamH I, and the digested fragment
was isolated by agarose gel electrophoresis. A chimeric CFTUB2
promoter/GUS construct was generated by insertion of the
fragment, replacing CaMV 358 promoter, into the Hind III/BamH T
sites of pBI121 .wector.

25 The 1.3 kb of BamH I/BamH I CFTUBZ promoter fragment was
initially subcloned into the pGEM-T vector (Promega) . Plasmid
DNA containing the CFTUB2 promoter fragment was digested with
BamH I, and the digested fragment was isolated by agarose gel
electrophoresis: A chimeric CFTUB2 promoter/GUS construct was.

30 generated by insertion of the fragment into the BamH I site of

‘ pBI101 vector. |



initially subcloned into the pGEM T vector (Pronega). PlasnmHd JapNAry 2005
contai ning the CFTUB2 pronoter fragnent was digested with BanH I, and the
di gest edwWr@guoe1it was i sol ated by agarose gel . el ectropheegsicaoo
chimeric CFTUB2 pronoter/ GJS construct was. 30 generated by insertion of
the fragnent into the BanmH | site of pBI101 vector. 31 January 2005 WD
02/ 10377 PCT/ SGOO 00111 12 Exanple 312 Functional analysis of the CFTUB2
pronoter In order to characterize the function of CFTUB2 pronoter in
fiber-specific expression of the CFTUB2 gene, a 1.3 kb of fragnent and a
0.9 kb of fragment of the CFTUB2 pronoter were 5 fused with gus coding
sequéxzmple the gémecekpnaisanalysdisonf pRlel@FTUB2 pkkRdtédel eting CaW35S |
pronoter), respective Fi gure 3). e constructs of CETUB2 pronpter/ GJS
f usi on gene I\}\B?Jéd%lgelﬁxt SQF‘Fgﬁ&e&lrﬁet gg’fcé%%%t?%rpﬁyUngPg%@f%Fi um
- mediiat effi penespeansierexpsengibhe ofpBhi2 LrreEogeH cent aj »ipy £&aMV35S :
pron&ter/%y fusion as a]f os%tive control.  The CaM35S pronoter is active
in alfFAHETT R of - LofP oRT ahH2IBEREr Ofi dhes CETYES BY UBRERY tWR TS e
spr ontiuered Gheth @is atodid§85equewcet ial thel QRhe Mubabe: aneh Msdtisel |,
1993# Iﬁéﬂggary géf r cgntaining ei.ther a CFTUB2 pronoter/ GJS fusion gene
or tkE G %foﬁ%? LG CaMVSoP Psrmodetias neshRdeFTely i nto
AQr oli@tiicpird WBY . THUTBEGESEASCEET BIFN CEBOBS4 Y orCR OB URK PEAM 6 T dne
transformati op were obtained.fromcotton seedlings grown as in ~ Exanple 1.
Toba¥&d exfisthtt St B af oA st obrErRe@NFr 6REEOPabY0 seedl i ngs. Tobacco.
seedagweie: SHF RGeSl @l 4t ' 2 e | Qnds and
0-1% FigQd 2 for_ 15 m nut e(g?g‘faig%l' g\f\égﬁ%% &ggﬁgngfh\%lr Pﬁéjrs]?%lri e water. Thé;
105 eed§ogdinidie £ BHV 3SIprroreeit ey 6HS| ifyRtoat a28e pesddlitue ecorvorl and -
| eaveneCWarvayB Hidhdd&r SEedbipg%el O Y58 gﬁeew's% 3 fcgé A4l U@t ! on.
Cotton_ cotyl edon and hypocotyl explants and tobacco lTeaf explants were 25
t r anSESSR PIRR thandgrdbaceers hitwtinet byometesr Odedd at alsf,orh¥8bpl ant s

ver eoly” @RSRiaNt abd L SRldabhd FLECHANSRAYT 19037, a binary vector

containing either a CFTUB2 promoter/GUS fusion gene or the

15 CaMV355 promoter/GUS control control was transferred into
Agrobacterium tumefaciens strain LBA 4404. Cotton explants for
transformation were obtained from cotton seedliﬁgs grown as in
Example 1. Tobacco explant material was obtained from tobacco
seedlings. Tobacco seeds were surface-sterilized with 70%

20 ethanol for 30-60 seconds and 0.1% HgCl, for 15 minutes, followed
by washing with sterile water. The seeds germinated on % MS
medium on light at 28°C in culture room,uand leaves cut from
sterile seedlings for use as explants for transformation. Cotton

| cotyledon and hypeocotyl explants and tobacco leaf explants were

% 25 transformed by the Agrobacterium with the vectors, and

| transformed plants were transplanted to soil in greenhouse . for
growing to maturity.

Tobacco leaves were cut into about 2x2 cm pieces, and
immersed in Agrobacterium suspension for 5 minutes. The

30 infected tobacco explants were cultivated on MS medium with 1
mg/L 6-BA for 48 hours at 28°C, and then transferred onto
selection MS medium containing 100 mg/L kanamycin and 1 mg/L 6-



growing to maturity. Tobacco | eaves were cut into about 2x23km3pietesz®nd
~imersed in Agrobacterium suspension for 5 mnutes. The 30 infected
t obacco ex@bamss were cultivated on M5 nediumwith 1 no/ be8rsBhobfls 48
hours at 28C, and then transferred onto selection M5 nedium containing 100
ng/L kanamycin and 1 ng/L 6 31 January 2005 WO 02/10377 PCT/ S&0 /00111
13 BA for 20-30 days for selecting tragsfornmed shoots (kananycin- resistant

shoots). The transforned shoots were cut fromthe <calli and rooted on MS
medi um wi th 50- 100 ng/L kanamycin. The transforned tobacco plants were
transplanted to soil in 5 greenhouse for growing to maturity. The cotyl edon

- and Mpofoty2Owkbedaged fas exlleanting aranc@ickard ransid natd @iy $0i-t on
for 30 seconds and 10% H202

seeds_were, surface-sterilized, with 70% et hanol
f or G%E%%%E?gg,gﬁ?&g‘?gmed@ M?ﬁﬁ}é’%etdhs S8 W rcUtrHged deiis wer e

« 1., iowlibht&ddi fobbedsbar Mse maatiein ati t2860-Ale mMENkdHa0}cid he Tigeeds
sprout ed. The enbr%]gs were taken out and put on the IM nmedium (1/2 {MS
(nacr%"?ﬁ‘ﬁ? ahpred TRbREGRUPLESHEs werepEAapsplantesh toGafl WM vB6 Iy /L +
8/PP |geéhhdudl of bASkEel i nt0@D Ml uk i tRhyt ogel 2g/L pH = 6.4) at 28C for 7 .
days. The cotyl edon and 15 hypocotyl of cotton were used as explants for
transfor mat i 6h¢ CRFYERIEH: Gty NYRB S Y Inveramysasl v, exheanitexptant s wer e

soakegbt ton t fieaAGF OPASEEEUM UIBIACISRRS S lvedie skBA A404 suUsPensipn  (0D600
0.2 - 0.4)_for 15 mnutes. Then the explants were put on CM nedi um (M5

(macroridt r{ Ghtethaned ofigtr BEnesCoRGPAaRE) 10% U1, Aoy 0pRy/Minut®s, | ng/ L +

VPP Il dwed 'W%'nlléﬁitﬁﬁb wiBMekle 11244ty O e gbdSE v%llérg“- + ducose
30g/L + M2 0.7ng/L + phytogel 2g/L pH = 6.4) at 24 Ctor 2 days'.
1uaf t et RAERA WRA vi R htlie gutaride wagetnptt B8 "Expl ARESrwere rpot gbrt ,t idre
SM magdidHg ( GBS ONE LI Pt $vrog wili-Er i S, - F VB, 10ng/ L +
VB6 25 |,mg/%f§£:O VPP 1 g ht +H'I|\°4/%’5_’ Py 95“1*%8@% angE P the b
0. | mradinng ({03 el 9 glmasropyCriantaghlicrophyrégeit Rg/MDTA-Fe) + VB1
10mg/L + VB6 1lmg/I, + VPP lmg/L + Myo-Insitol 100mg/L} +
phytogel 2g/L pH = 6.4) at 28°C for 7 days. The cotyledon and

i5 hypocotyl of cotton were used as explants for transformation.

After cutting into 5 mm® (mm) piece, the éxplants were soaked in
the Agrobacterium tumefaciens strain LBA 4404 suspension (ODg, =
0.2 - 0.4) for 15 minutes. Then the explants were put on CM
medium (MS (macronutriants, micronutrients, EDTA-Fe) + VBL
20 . 10mg/L + VB6 1mg/L + VPP lmg/L + Myo~Instiol 100mg/L + 2.4-D
0.1mg/L + KT 0.1mg/IL + Glucose 30g/L + MgCl, 0.7mg/L + phytogel
2g9/L pH = 6.4) at 24°C for 2 days. After washing with liquid MS
medium, the explants were put on the SM medium (MS
{macronutriants, micronutrients, EDTA-Fe) + VB1 10mg/L.+ VB6.
25 Img/L = VPP Img/L + Myo-Insitol 100mg/L + 2.4-D 0.lmg/L + KT
O.lmg/L + Glucose 30g/L + MgCl, 0.7mg/L + phytogel 2g/L +
Kanamycin 50mg/L + Cefutoxime 200mg/L pH = 6.4) on light at 28°C
in culture room for selecting and the subculture was per month.
After 2-3 months subculturing on SM, the calli were induced from
30 explants. The calli were transferred on DM medium (MS
(macronutriants, micronutrients, EDTA-Fe) + VB1 10mg/L + VB6
lmg/L + VPP Img/L + Myo-Insitol 100mg/L + KNO, 19g/L + MgCl,



Kanamycin 50ng /L + Cefutoxinme 200nmg/L pH = 6.4) on |light & 28@anyn2005

culture roomfor selecting and the subculture was per nonth. After 2-3
nont hs sWecvdn7i ng on SM the calli were induced from 30prexmGasiba1l The
calli were transferred on DM nedium (M5 (nmacronutriants, mcronutrients,
EDTA-Fe) + VBl |10Ong/L + VB6 1ng/L + VPP Ing/L + Myo-Insitol 100ng/L +
KNO3. 19g/L + MgC1l2 31 January 2005 W92/ 10377 PCT/ SE0 /00111 14 5 10 15
20 25 30 0.7ng /L + Gucose 30g /L + phytogel 3g/L pH = 6.4) and
subcul tured per nonth. After about 5 nonths, the somatic enbryos begin to
form Continuing to culture the young enbryos on DM nediumuntil they
devebQmgntro +ME i ddde §®§/ﬂaﬁupﬁyt@gblygélﬂe$ﬁ = gnafjemad on GM nedi um
(1/2 %%B nacronutrlants m cronutrients -Fe + VBl |0Ong/L + VB6
Irrg/E 7G) PeF TRt nsi BEFexophgrt § WORKR @hﬁgﬁﬁmtéipucose 309/ L +
phyt egehy o% wgluplﬁc fol. | ncéﬁ@lﬁeingOEOd@uglt%bn%tenty%uak;aaﬁnb%%s And
then the plantlets were transplanted ih the soil pl ant gfowi ng and
col | €&t PPﬂgrﬂPﬁléum atdgiehi ehegedsveIpanipbai @atvéaaareo a?ﬁ@ BetsE pl ant s

5POSSeEBIG st R res mrra%{éfeEJ&JBgnpéﬂn}aésng%lg@nqM%or(ma%%%nge&%%%) , and
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non-transfornmed plants as negative controls, were analyze Sout hern
bl ot MAFEEPNEZAENGS arRDH-E=b hi ¥Bbchenudhl +a¥8&y 1nagTdt A Vé’é’némge’lDNA from

cepararoq st are AGRDIFD B Aa IoBLAG ot BILESEE SOhOR Ay PATERES anes
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growing and collecting the transgenic seeds. o

Transgenic tobacco and cotton plants possessing the

chimeric CFTUB2 promoter/GUS gene {(or 358:GUS gene), and

-non-transformed plants as negative controls, were analyzed by

DNA Southern blot hybridization and by GUS histochemical assay.

Total genomic DNA from cotton and tobacco leaves were digested

with restriction enzymes, separated on agaroée'gels,fand

transferred onto Hybond-N nylon membranes by capillary blotting.

DNA Southern blots were hybridized in ExpressHyb solution

(Clontech) at 68°C with 3P-DNA probes prepared by random

labeling (Promega Prime-a-Gene Labeling System). After

hybridization, the blots were washed at 68°C in 0.1 x SSC, 0.5% “y

3DS for 30-60 minutes. The %p-labeled nylon membranes were ”

exposed to X-ray f£ilm at - 70°C for autoradiography. The results

of Southern blot analysis demonstrated that CFTUB2 promoter/GUS

gene was integrated into tobacco and cotton genomes. Total of

325 transformed cotton plants, which belong to 31 transformed

lines, were qbtained and transplanted.in soil to grow to

maturation.

Histochemical assays for GUS activity in transgenic
tobacco and cotton plants were conducted according to the
protocol described previously by Jefferson et al. (1987) with -

some modifications. Fresh tissues from the plants were incubated



hybridi zati on, the blots were washed at 68C in 0.1 x SSC, 035%arsBgyf P05
30-60 m nutes. The 32P-1 abel ed nyl on nmenbranes were exposed to X-ray film
at -- 70Gad 93184 or adi ography. The results of Southern bgﬁr/ﬁb@}eﬁﬁﬁs
denonstrated that CFTUB2 pronoter/ GUS gene was integrated 1nto tobacco and
cotton genones. Total of 325 transforned cotton plants, which belong to 31
transforned |ines, were obtained andj¢ransplanted -in soil to growto

mat urati on. Hi stochem cal assays for GUS activity in transgenic tobacco
and cotton plants were conducted according to the protocol described
previously by Jefferson et-al. (1987) with sone nodifications. Fresh

. tissups f+@muéhespbabing-welcd loreubatie@dcll 1AtR620D W 010377 15

- PCT/ SGOQ 00111 in X—-gl uc (5-brono-4-chloro-3-indolyl gl ucuroni de) solution

-~ consi RS bing. 2EM0sdditumOsHESpRRCSPhE!S7. ®H A0 M & Hg eglehylene

o di am aelgifeeset 8 ce@8led 4 D .57 i ferr | +apd 0.5 nmM
potassiumferri cyaﬁie%e,. gr?((jl'éojli/%b%&?({gloz? (9%& ﬁﬂeﬁg%ﬁihﬁ%ﬁbﬁm ght.

The st% redd prnpofaseivm ewadeyendale cladwt i larfd #igdatt biCkonieealy wit h

300% it 71038 PL H900h : PUCCARY! YRLYnRNdILhR: S5 e sxam ged and

phot ographed directly or under a m croscope. nsistent wth the results

f romciernedrand| dixadabysirdnsting @iShgdfd dranderV Ay CERWB2L pronoter |u

speci 4} : essed in_t g. fiher { N.,0 i ssues, in

R B e LR Pt e e

det ectistedtl nl drt hedeirssued cobspopiet.i Consderitard] widtht drheplmarisl f 3568r GlS) .

A Ol B1A0LALATA, cOLNGEAML AR A TStk Liaiplanted 1
iyn t @eqﬁcﬁjpgalljaeesprasbeidnihhéhél gwngorfgj@ns:zﬁudiutamcetntjlmrcsth@et als and
sobalimelcd LEAUFE B0 SIOLRn SN )l sy L el g the
- of tHhelFBUS ansigenityt ebacdetpantisin all the tissues of positive
control cotton plants (355:GUS). A total of 36 transformed
cotton plants were obtained and transplanted in soil to grow to
15 maturity,‘all_of which had detectable GUS activity only in the
young fibers, not in the flower organs such as anthers, petals
and sepals, or in leaves and roots. Similarly, it was found
that under the CFTUB2 promoter, GUS gene activity was only
detected in the seeds in all of the 15 transgenic tobacco plants
20 studied, suggesting the CFTUB2 promoter activity was also
7> tissue-specific in tobacco. This result, together with the
above Northern blot analysis, indicates that the CFTUB2 promoter
‘controls gene specific expression at the transcriptional level

in cotton fibers.
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ti ssue-specific in tobacco. This result, together with the

above Nort hern

bl ot analweaizdp37rndi cates that the CFTUB2 pronoter controbergengopPeci fic

expression at the transcriptional level in cotton fibers.
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‘W& claim PCT/ SG00/00111 1 A promoter that is-cotton fiber35p&pRiry, 2005
conprising a- 1433 kb fragnent of the pronoter of the cotton (3--tubalin
gene CF 32/“)‘3% ng the sequence of SEQID NO 2. 2. A pronpter that is
cotton fibef-Specific, comprising a 984 kb fragnent of PRE/SGOHAYAEr of the
cotton (3-tubulin gene CFTUB2 havi ng the sequence of nucl eotides 449-1433
of SEQ ID NO 2. 31 January 2005 WO B2/10377 PCT/ S@00/00111 SEQUENCE

LI STI NG <110> Cai, L. Li, X. B. Chen, NN H Liu, J. W <120> Isolation
and Characterization of a Fiber-Specific Beta-Tubulin Pronoter from Cotton
<130> 2577- 138 <140> <141> <160> 2 <170> Patentln Ver. 2.1 <210> 1
<211¥e1628imz212> DNA <213> Arabi dopsis sp. <400> 1 ggcacgagtatatttttcct
ctccaattttccgtcactttcccgagaaaat gagagaaat 60

1, A promoter that is cotton fiber-specific, comprising a
1433 kb fragment of the promoter of the cotton p-tubplin
gene CFTUB2 having the sequence of SEQ ID NO: 2.

2. A prombter that is cotton fiber-specific, comprising a
984 kb fragment of the promoter of the cotton p-tubylin
gene CEFTUB2 having the sequence of nucleotides 449-1433
of SEQ ID NO: 2.
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cct t cacat ccaaggt ggccaat gcggcaat cagat aggagccaagt t ct gggaagt cgtt 2pnuary 2005
at gt gccgaacat ggcat cgat t caacgggt cgat at ggt ggt gact cggagct ccagct 180
tgagcga(;\jvg,e;,g;l@t;—;t;tactacaacgaagccagttgtggccgttttgttccccgcgc];:@l%,g()6}@},00111
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