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Technical Field

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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10mor|dWE¢erb&t0wmages of the fiber development, and so far only a few

of the genes involved in the biosynthesis of the large numbers

15

20
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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 et al., 1998; Song and Allen, 1997; Ma et al, 1997; John,

199%6a;

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
1992) .

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

Some plant tissue~specific promoters can be utilized to

2
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cl assi @y ? |ng in the past decades, the potential for further
_inproving ger properties through 15 cl assical breedi ndGI8GMPHEd due to
requi renents for species conpatibility and available traits. Genetic

engi neering provides novel approachgs for further inproving cotton by

i ntroduci ng genes to create new gernplasns with highly desirable
characteristics. 20 Cotton fibers (seed hairs) are single-cell trichones
that wundergo rapid and synchronous el ongation. Cortical m crotubules
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pr ovi desh@klé@l Itéﬁtsv\%rm leift §EQ aitd Mweshetics [Arthur, 1990; Basra and

Mal i k, 1984; Ryser, 19851. Many genes are required for the fi ber

di fferenti ation and devel opnent. These genes are differentially expressed
during H féerewe ﬁs@geg of tthe pirbeendeveiapnient,, tardesdsf arodndan a f ew
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fiber-specific structural proteins. enz pol ys?
| i gni ns fraagmebterpfi denei fpredo{:éﬁhnfaruhecr @Wctcl@Qz ~tubulin gene CFTUBZ

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.
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using fiber-specific gene pronoters to produce genetically engineering
cotton for altered fibers [John, 1996b, 1997a, 1997b]. A pronoter is a DNA
fragnent that determ nes tenporal and spatial specificity of gene
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conprising a 1433 kb fragnment of the pronoter of the cotton O- tubulin
gene CFTUB2 having the sequence of SEQ ID NGO 2. In another aspect of the
present invention, there is provided a pronoter that is cotton
fiber-specific, conprising a 984 kb fragnment of the pronoter of the cotton
(3-tubulin gene CFTUB2 having the sequence of nucleotides 449-1433 of SEQ
ID NO 2.




A fiber-specific gene (named CFTUB2), encoding (3-tubulin, 3Wwdsnugoy ad®@d
fromcotton. The isolated conplete CFTUB2 cDNA is 1.623 kb in length

i ncl udi nyale2Ass77kb of open readi ng frane. Based on the CFPdBZs@ioiyii
sequence, two CFTUB2 pronoter fragnents (1.433 kb and 0.984 kb) were
isolated fromcotton. The two CFTUB2 pronoter fragnents (1.3 and 0.9 kb)
were fused with the GJS gene to consfiruct gene expression vectors for

anal yzing the function of the pronoter. Transgenic cotton and tobacco
plants with the CFTUB2 pronoter/GJS fusion genes were identified by

Sout hern bl ot hybridization. In all the transgenic cotton' plants'studied

, QUBedActiihdd Demsrdetbohed only in young fibers, but not'in the flower

organs such _as , petals and sepals, or_.in leaves, and roots., This
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1). birgur,e g2 ashowss tifien hugheotigle seapencerohitihgf sliled 1 J4ass bp CFTUB2
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nucl E6EMGES 1840 O IS FCNR sckerpieheBcabpgutbal showascorfdd it simf t he
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cl one conpri si ng gene was strongly expressed in young fibers

of 8CERHBZ cDNA shared 96%-98% homology at the amino acid lewvel and

over 78% homology at the nucleotide level with the known
B-tubulin cDNAs and genes from other plants (such as

15 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].

20 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

% 25 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

30 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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14 days postanthesis (DPA), and al so expressed in young ovulleganpéry 2@ =and

14 DPA, but less or not at all in other tissues. Sequencing of the cDNA
cl one rewampbzmsthat it was 1623 bp in |ength containing ?CQE@ﬁwgﬁ?Ping
frame of 1338 bp (Figure 1). 10 Conparing the nucl eotide and predicted

pol ypepti de sequences of the cotton CFTUB2 with the data banks, it was
found that the CFTUB2 cDNA shared 96%998@6h0nnlogy at the amno acid | evel
and over 780 honol ogy at the nucl eoti'de |l evel with the known (3-tubulin

- cDNAs and genes fromother plants (such as 15 Arabidopsis, tobacco, rice,

53]
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1997, Rinehart et al..,” 1996 W, ragments in the
pr onbPBE1EEGIGN Widite tho| rewdl tndfrenofedtheto btEM aRalgetier,, the GUS

DB oy 0] BB i e S CETLER, 1 pIDECE IR T) Bl oot
act i yeungj gdpers, but not in other tissues, in all the 31 transgenic
cotton plants studied, while the GUS activity was detected in

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
fqund that under the CFIUB2 promoter, GUS gene activity was only
detected in the seeds in all of the 15 transgenic tobaéco plants
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 correspondenée in the
tobacco seed coat). 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.

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

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



specific pronoters. The constructs of CFTUB2 pronoter/GUS JFlusiaomaggn20iere
used to transformtobacco and cotton by Aarobacterium -nedi ated gene

t ransf erwouriingy7t he pBl 121 vector 10 contai ni ng CaMv35S ppirgeadesth BUS
fusion as a positive control. Consistent with the results from Northern

bl ot anal ysis, the GUS gene driven by CFTUB2 pronoter specifically
expressed in the young fibers, but ndt 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:GJS). A total

of 36 transformed cotton plants were ohtained and transplanted in soil to
grow t o mat uPEOther SmkAqaimsnt jef vidie powpenthihvantéent Ae eFfuBRr~ .

Pr ONDLSE ¢ 5 BYS ?:Bﬁlo%%&‘ \eotngnv%r&p'av 96’@1@&@9{:1@&?9@&%@%@? gl of the

15 transgenic obacco udi ed, suggesting t pronot er
acti vieoytemsfabse Cﬁﬁ@@@e@ﬂm&nﬁnmeUﬁnobacco (the cotton fiber, being an .

chongated ek iofadif,SSafh @plen | 0651 o pLogheal paraspogdenoe 1 the
@nalmgrsmotadlCHBESlsh@bﬂﬂum(ﬂiﬂﬂi&qp&nmﬂim ehnpoisingsagenetdpeci fic

expregsi ra riptional .lev in cott Lbers cgordingly, one
enbodr 1@ %ﬁeg% ?Ee %re UIB% \PernCWOte %lagr??%%ro B%%@ff‘é BPOngt tht ai ned
fron1a©E1cetfoagmebEr1@3at®@@uancqxnﬁadﬁﬂiﬁﬁk 1&fg#inothan erbodbDnEOt of
t he pgesent nvegﬁlon LS er-tépeC|f|c r onot er iﬁnngSIH a 1433 kb
active YRhGHent Lot EHS B A e BT Ghbt &r PTIFCE8RuAPY 2005
PCT/ S0t 6011 A 6rAgmeher cﬁjﬂﬂjﬁﬁhn[mfﬂse)feﬁdlﬁsmm,ertﬂelélﬂﬁﬁhspn is a fiber- .
pecifi not er a 984 ive fra the _cotton fiber:
Lo G P RopE: Suaett it i e SR (He. SFQseRt MOavent Pan | s.
a 5 Ppresmbenathah b§ ehkisen fiberamacidd Geoips | staguentacki ¥Re fragnment
of the CFTUB2 gronnter fragnment .of S active fragnent is a

sequencIBFLEhOPREL SFERG P H%?%ﬁ%ﬁﬁ%g%«§492ﬁ%§§d%fs§$@lIPeFang activity

as a.fiber-sprei birempit@FR &7 ithe present invention 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



cotton. A fragnent can conprise excisions, deletions, 10 trihckinuamg BHOS
substitutions of the sequence of SEQ ID NO 2, or a conbination of these.

A preferpadonaizhve, fragnment is the fragnent consisting E Rﬁﬁb &ﬁides
449- 1433 of SEQ ID NO 2. The pronoters of the present |nvent|on are usef ul

in creating transgenic cotton having altered fiber characteristics. 15
The use of the fiber-specific pronoters of the present invention permts
sel ective expression of a transgene in the cotton fiber, permtting
greater latitude in the types of transgenes enployed. Selective expression
avoi ds probl ens such as the nmetabolic burden inposed on a transgenic plant

. by Syﬁh@ntﬁaﬁégéﬁéshﬁnt@tfan% 201l RIYNE £ iWerdhe %Qéé? S& 8l 18645, of the
expreiggag{)t a transgene |n non-fi ber tissues. es for expreSS| ng
t
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« plants include: (1) anthocynin genes for colored cotton, (2) silk protein
genes fromsilk wormor spiders for-increased 25 strength of cotton fi ber,
(3) aReRMPBE Lt hedibolatigal yHy diibgmnapenidin dBth omdodibng f GFTIRPr oved
thermal  properti éSdaeddass gxmpians chaatterdwtins {Jotn, derebdpneddos] .
Jhere are numerou9fexafyioss in the art of fiber-enhancing genes that could
be advantageously linked to the pronoters of the 30 present invention, and

used to transformcotton using well-known techniques (see, e.g., Unbeck,
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/ SA004{H04d 1 | John
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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



10 cut fromsterile seedlings were used as transformati on eXpl&ruary 2005
materials. Cotton plants were grown in pots for DNA and RNA extraction.

Total RNWOWX108Xt racted from young fibers, ovaries, anthecsscoev@als,

sepal s, | eaves and roots of cotton by using the 15 guani di nium thiocyanate
method or SV Total RNA Isolation System (Promega). Poly(A) +RNA was

purified by using oligo(dT)- ceIIquse8 spin colums froman nmRNA
purification kit (Pharmacia Biotech). Cotton cDNA was synthesized by using
a cDNA synthesis kit (Pharnmacia Biotech). Cotton cDNA |libraries were
constructed by inserting the cDNA fragnents into the ZAP express vector
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and R LPNASSELGE N, 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. |



~young ovul es of 4, 8 and 14 DPA, but less or not at all in &th&nuarysgies.
15 PCR fragnents and cDNA fragnents were subcloned into vectors, and

pl asm d Repfespared with a Q agen plasmd kit was used %T}sﬁw&ﬁhes in
PCR reactions. The PCR products were sequenced by autosequencer.
Sequencing of the <cDNA clone revealed that it was 1623 bp in |l ength
contai ning a open reading 20 frane of 91338 bp, and identical to the -
tubulin gene (Figure 1). This is the first CFTUB2 cDNA clone isolated from
cotton. Conparing the nucleotide and predicted pol ypepti de sequences. of
the cotton CFTUB2 with the data banks, it was found that the CFTUB2 cDNA
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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.

20 The Northern blot analysis showed that the transcripts 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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on pilants 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

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

i nto vectors an®CIcqmsencad. 20
the CFTUB2 gene
fibers of 8 DPA, and then

transcri ptional

1999;

n%%er was, i olaté fromcotton Genone Wal ker libraries by Genone Wl ker
(oat: 1 racted and purified fromleaves of cotton plants by

using the faldiow npiAekBsdextirgotddNdndapuaddeitd tirdm d&dvdLafr ti ssues,
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tthoroughly. 20 m ice-cold extraction buffer (63 g/L glucosél JanuerMm F¥P%,
HC1 (pH 8.0), 5 nM EDTA, 20 g/L PVP-40, 1 g¢/L DIECA, 1 g/L ascorbic acid,

2m /L, befi@eRiogapt oet hanol ) was added to the honogeni zedp} Tﬁﬁﬂ@ﬁq%ﬁ a 50
m tube and centrifuged at lysis buffer was added to eac t ube

resuspended pellets were incubated at 65C for 30 mnutes. 10 ml chloroform
was added to each tube, mxed with the sanples and centrifuged at 3500 rpm
for 10 minutes. The supernatant was transferred to a clean tube, and

chl orof orm extracti on was repeated one nore tinme. The supernatant was
transferred to a clean tube, and 0.6 volune isopropanol was added to each
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lsecoddaal ReFLenThenPER GASC sfcart@dmanu@éé‘, f Baryem EaRebafn@llsl ol yut3s

cycl es¢ caqul ffg%gés%é%ggécigage%g@d%agnd1§)§J for 4 mnutes, and a

final extensions m nut rget bands were cut out and
purified by Tenetregnekit (Bi bhéog)):omﬁmﬁ reaegiemt sveima tﬂmﬂmmﬂ)taﬁdregi on

rone Sl e a0 celoneqkple PERMLLYSRLAL, | RRSSLumlany Qe dfgurert of
CEFITUBZ promoter was 1433 bp in 1ength 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. | |



i5 984 bp long. Figure 2. AHnd Ill site and a BanH | site3hefauargat e
at. the 5 -end and 3'--end of the 0.9 kb CFTUB2 pronoter fragnment of

cotton rexpedmsmel y by PCR nethod. The Hind |111/BanmH | f pagrenboyas
initially subcloned into pGEM T vector (Pronega). Plasm d DNA cont ai ni ng
the CFTUB2 pronoter fragnment 20 was digested with Hnd IIl and BanH |, and

the digested fragnent was isol ated by2agarose gel el ectrophoresis. A
chinmeric CFTUB2 pronoter/ GJS construct was generated by insertion of the
fragment, replacing CaW .35S pronoter, into the Hnd Ill/BanH | sites of
pBIl121.. .vector. 25 The 1.3 kb of BanH I/ BanH | CFTUB2 pronoter fragnment
was Hxsmpht |¥: subchobiednaht anthgsiGEMLT thec ORITURDr prg@tePl asmid DNA

cont ai ning the CETUB2 propoter  fragnme di.gested. wi th anH |, and the
di gest ed ?r ag?re?lf %stlgsffggf:@&tﬁf %&%c{%% & r ﬂBPESPEQmO*Aer

he T agment. oo Lhe Bantih orte ol b8 101 verrer i e e 56005 v
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pronntﬁgé, rﬁigfctively (Figure 3). The constructs of CFTUB2 pronoter/ GUS
fusi B GetFeddr tanf forprapkereEm apdaces taRdbyot t on by Agrobacteri um
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pronoter/GJS fusion as a positive control. The "CaW3 pronoter is active
10 n aFPThfeniing (MBS opxoncbRE/ CEBhérspbanes anidsd td wonwiitrel ve -

s
promphey dafledds §lrdtoted 985 acPM el 18l 2111984 +YEGRE and Manti
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containing either a CFTUB2 promoter/GUS fusionggene 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-
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~ Exanple 1. Tobacco explant material was obt ai ned from t obacth JasEadY i MYL>
- Tobacco. seeds were surface-sterilized with 70% 20 ethanol for 30-60
seconds syoloHr3¥ Figd 2 for 15 mnutes, foll owed by. magg qlsterile

water. The seeds germnated on '.M5 nediumon light at 2 I'n cu ture
room and |leaves cut from sterile seedlings for use as explants for
transformati on. Cotton cotyl edon andihypocotyl explants and tobacco | eaf
explants were 25 transforned by the Agrobacteriumwth the vectors, and
transforned plants were transplanted to soil in greenhouse for growing to
maturity. Tobacco | eaves were cut into about 2x2 cm pieces, and inmersed
in Agﬁﬂbbﬁcteﬁ()uﬁo daysem&iromefl@rctﬁmj nubesfoir BGHadect Gehnt G0-

ng/ L 6-BA for 48 hours at

expl ant s, were, _cu medi n1mnth 1
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for 20-30 days for selecting transfornmed shoots (kananycin- resistant

shoot §)2RSHRr PR nSPRRAER BHOGES Were ddenspdantss tal99ilaeR rooted on M5

gredi un aeho®9e 160r gL bukatamc i tui@y .t ransformed tobacco plants were
transpl ant ed to soil _in 5 greenhouse for growing to maturity. The cotyl edon

and hypocot yFhGefatidedons S macatarl weste swad asformeanionh. Lapt t on

seedscovetén Sﬂfi@gﬁoﬁﬁsthbhzed CoWitloh £Q%uet hanel shdrr30. 58c0nds; and 10% H202
for 60, mnutes, follo by washing with steril water. These seeds were
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,Spr oyt owdi@ Wﬂﬁé(@ﬁlﬂ@r%ﬂtﬁk%ﬁe%'& %ﬁ@eEUt 9Relhe JMydgdium (1/2 { M5

(macronutriants, mcronutrients, TA-Fe) + VBI 10ng/L + VB6 Ing /L +
1w/pp H%g:%ahe%bn|m¢tﬁter1@@rr@ﬁt}er+atpﬁ§t Bgel AZHAL prex Gightat tmc for 7
days.sckhes ol b edon. a“ﬁhé5eﬁﬁB989t%E Ot s E@%tgﬂt el (ﬁf ts for
transformation. After cutting into 5 i ece, . explants were

soak @pdim t By Agtbbalracronutuiehssi emscspnaltmlemmw@mnsh del ( OD600
02 1Ghdn T0vS ThapLes. vERCn)E ¢ @lé?”&ﬁs b8 AorRfyr My medi um (VB

(ITB.CI’ onutri ants, onutrients
phytogel Zg/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:explants 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,



20 10ng/L + VB6 Ing/L + VPP 1 ng/L + Myo-Instiol 100ng/L +32.Zrryar@ PRYLL
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2.4-D O.Inmg/L +KT O.lnmg/L + Gucosg430g/L + MCL2 0. 7ng/L + phytoge
2g/L + Kananycin 50ng /L + Cefutoxinme 200nmg/L pH = 6.4) on light at 28C
in culture roomfor selecting and the subculture was per nonth. After 2-3
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cotton and E@gﬁgﬁédfgwfgb¥gég ghgeag%gon 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
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at -- 70C for autoradi ography. The results of Southern blot analysis
denonstrated that CFTUB2 pronoter/ GUS gene was integrated into tobacco and
cotton genonmes. Total of 325 transforned cotton plants, which belong to 31
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- maturation. H stochem cal assays for GUS activity in transgenic tobacco
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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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‘gene CFTUB2 having the sequence of nucl eotides 449-1433 of 35E@APRINCEI9S
31 January 2005 WO 02/ 10377 PCT/ SG00/00111 SEQUENCE LI STING <110> Cai, L
Li, X £h§97 N. H Liu, J. W <120> Isolation and Characterization of
a Flber-éﬁeC| {t Beta-Tubulin Promoter from Cotton <130>PSE/E06/8H11<140>
<141> <160> 2 <170> Patentln Ver. 2.1 <210> 1 <211> 1623 <212> DNA
<213> Arabi dopsis sp. <400> 1 ggcacgagtatatttttcct
ctccaattttccgtcactttcccgagaaaat gagagaaat 60

ccttcacat ccaaggt ggccaat gcggcaat cagat aggagccaagt t ct gggaagt cgt 120

at gt gccgaacat ggcat cgat t caacgggt cgat at ggt ggt gact cggagct ccagct 180
tgag@@aﬁiﬁﬁﬁﬁgtttactacaacgaagccagttgtggccgttttgttccccgcgcagt240

ttt aat ggat ct ggaacccggaaccat ggat agcgt aagat ccggt cct t acggacaaat 300
tttccgacccgataacttcgttttcggacagtccggtgcgggaaacaattgggctaagggBGO

acatt acact gaaggagcggagcttatcgattc ac aaa c420
cgaadattgc%ﬁﬂ%&@%?ggﬁabﬁﬁ?t%gaﬁﬁFgg gEtgP§§@§é§ 456 2

t t ccggaat ggueRE gkh gff@@h@ﬁﬁg@@g&hacgagmggagt atceggac&g&a&gﬁ&%u lin
gottacat ttcaol oL L8R €1 6e5aapaLt L8 HaLAZ! B ghhoageRhagaac00

2. A prozﬁbter 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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cgaagctctctacgatatctgtttccgtaccct caagct cactactccaagttttggaga720
t.ctcaacgatghaaytt ct gccaccat gagt ggt gt aacat gctgeccttcgett C%ﬂ%%mu
tcagcttaact cagttctccgcaaacttgctgtaaaccttattccattccctcgactaca
tttcttcatggtgggatttgcgectctcacctcacgcggttcccaacagt acagagccct 900
cactgtccctgaacttacacagcaaat gt gggasgoumsgRdaatrgatgt gt gcagct ga960
tcct cgacacggt cgat acct cacagcat cagcggt ctt ccgt gggaagat gagcacgaal020
agaggt t gat gagcagat gat caat gt gcaaaacaagaactcatcttactttgttgaat g1080
gatc b&a Hitrgfigaagt ccact gt t t gt gacat ccct ccaat cggcet t aaagat ggc1140
. atccacattt fcg‘gggact ct actt caat ccaagagat gt t caggagggt gagt gaacal200
attcactgc %‘t c f{aggaaagctttcttgcattggt at act ggagaagggat ggal260
t gagat ggagtt agég agcggagag. t aacat gaat gacttggtttct gagt accaacal320
. atac at.qc agat gat gaagaqgt acgaggaagaggaggaat acgaggcagal380
goct ?S%%atﬁtg%%aggﬁg@%@%ﬁfﬁﬂ?@ﬁfgﬁ’& ¥ Pa AR Uaart ot 91440
gagtgtgttgatgcaatttctcac gccet ggfﬁltgg & tggatcactgtattgttgals0.0

tt gt gt gacistagipt t gt cct cacagettacggagtatatgttgttgtattgettgt 1560
tgattcatcttataagtaatttctagtacaccttaagt aaaaaaaaaaaaaaaaaaaaaal620 aaal623 1

31 Jamumry 2005 WO 02/ 10377 PCT/ SG00/ 00111 <210> 2 <211> 1433 <212> DNA
<213=14rabi dopsis sp. <400> 2 -
act at agggcacgcgt ggt cgacggcccgggct ggt gcttgatatctatgattttcagat 60

tt gcatdlrgact t ct at ct at cagaagacgcct gcagaggat cccaaat t agt ct aaaat 120
tatcttcagtctcggaaaccaact caggacccaaaacccgt cgct cacccaact cagtct 180
“aat atdCagageat Jacher t at gaccat at agagcct cgt aaggt gccat ct agat gc240
cagat t ggaactgttattgtaggcgaactcaactaacggtaaaaaatcctctcaactac300
ctta t gaat cacat agct ccaaat cgt at cct ct agt at at gaat cacctt ct caa360
att %%a;t %%ﬁfct gaggat ggaat gcagaccggt gccaccgattt act aat ggt acct 420

<213> Arabidopsis sp.

<400> 1
ggcacgagta
ccttcacatce
atgtgcecgaa
tgagcgaatce
tttaatggat
ttteegacacce
acattacact
cgaaaattge
tteceggaaty
gcttacgttt
cgcgacacte
cgaagctctc
tctcaaccat
tcagcttaac
tttettecatg
cactgtecct
tectegacac
agaggttgat
gatccegaac
atccacattt
attecactgcc
tgagatggag
ataccaggat
ggcttaaaat
gagtgtgttg
ttgtgtcgac
tgattcatct
aaa

tatttttcet
caaggtggcec
catggcatcya
aatgtttact
ctggaacceg
gataactteg
gaaggagcgg
gattgecttge
ggaacgttgt
teggtgttite
tcagttcatc
tacgatatct
ctaatttctg
tcagatctec
gtgggatttg
gaacttacac
ggtcgatacc
gagcagatga
aatgtgaagt
atcgggaact
atgttcogta
ttcacagaag
gcaactgcag
ctaatggaat
atgcaattte
tttagttttyg
tataagtaat

ctccaatttt
aatgcggeaa
attcaacggg
acaacgaagc
gaaccatgga
ttttcggaca
agcttatcga
aagggtttca
tgatatcgaa
catctcccaa
agcttgtgga
gttteegtac
ccaccatgag
gcaaacttgc
cgccteteac
agcaaatgtg
tcacagcatc
tcaatgtgca
ccactgtttg
ctacttcaat
ggaaagecttt
cggagagtaa
atgatgaaga
aatttggatg
tcactgcetyg
tcctcecacage
ttctagtaca

ccgtcacttt
tcagatagga
tcgatatggt
cagttgtggce
tagegtaaga
gtceggtgeg
ttcegticte
ggtatgccat
gatacgagaqg
ggtttctgat
aaatgctgat
cctecaagete
tggtgtaaca
tgtaaacctt
ctcacgeggt
ggatgccaag
agcggtette
aaacaagaac
tgacatccct
ccaagagatg
cttgcatigg
catgaatgac
gtacgaggaa
tttttegttyg
tttttggtet
ttacggagta
ccttaagtaa

cccgagaaaa
gccaagttet
ggtgactcgg
cgttttgtte
teceggtecett
ggaaacaatt
gacgtggttia
tctttgggaa
gagtatccgg
actgttgttg
gagtgtatgg
actactccaa
tgctgcette
attccattcec
tcccaacagt
aacatgatgt
cgtgggaaga
tcatcttact
ccaatcgget
ttcaggaggg
tatactggag
ttggtttctg
gaggaggaat
tgttttggat
ttggatcact
tatgttgttyg
aaaaaaaaaa

tgagagaaat
gggaagtcgt
agcteccaget
ccogegeagi
acggacaaat
gggctaaggg
gaaaggaagc
gaagaacdgg
accgaatgat
aaccttacaa
ttcttgataa
gttttggaga
gcttcectgg
ctcgactaca
acagagccct
gtgcagctga
tgagcacgaa
ttgttgaatg
taaagatggc
tgagtgaaca
aagggatgga
agtaccaaca
acgaggcaga
tgggcttgtg
gtattgttga
tattgettagt
aaaagaaaaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
260
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560 .
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1623
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cgattggt caagt ggcaccaattttttattttacctcctgcctagattcgt aaatact at 540

tgcatttamb egigstcattatttatttaattattttatattattt ggat aaaaatt
atactttacttttttttaaaaagaatttatttaattattttatattatttagat aaa

tctaatactttactttttttttaaaaagaatttcaattgecgttttttcttaatttagttt 720
t aat t ¢2afact aat t at aaaaat t ct gat cggat t agt gt ggt gt caaagt caagt cac780
at gaateiiyt149hgaaaaaat aaaaat t aaacacatttttcgattaattt attat at a840
t at aatddfatB¥acacatttttatttaatgtt gt caataatatttttt aattaaaattt, 900
cagcaééé@éa%#%ﬁ%ﬂﬂﬂ?ﬁ@aﬁ@attaaatttaatcttattaccataattaaaattgthGO

aggaca
cttetf
actta

cacacg
aatttg

cagctg
ctctcatg

o

.

6&‘&&%

(A

ik
ddl

ﬁfT

e geaaiiccitattég

cctCtg@ﬁ@ﬁééﬁ&ﬁQ@&%@&B&&§Qﬂﬁ&%@8@é agagaAaleat

ataaaaaatt
cgattggtca
tgcatttatc
~atactttact
tectaatactt
taattctata
atgaattttg
tataataata
cagcacaaca
aggacaatta
cttcttattt
acttatteac
cacactttgce
aatttcaaaa
cagctcaacc
ctetecatcac
cctctccaat

attatttttt
agtggcacca
tecatttcatt
tttttttaaa
tacttttttt
ctaattataa
ttggagaaaa
taaacacatt
attacactct
ttttttaate
cactcctaac
tattgtgget
cacgtcatca
attcaattte
tgccgteaat
catttceccca
ttccegteac

aaaaaattga
attttttatt
atttatttaa
aagaatttat
ttaaaaagaa
aaattctgat
aataaaaatt
tttatttaat
catcattaaa
tecacccteca
attaatcatt
ctgggtcecat
attccagtaa
ccaggaaaac
taacggaaat
taaaaagaat
ttteocggaga

tgtgaccagt
ttacctcetyg
ttattttata
ttaattattt
tttcaattge
cggattagtg
aaacacattt
gtigtcaata
tttaatctta
ttaatgcata
aacccaattt
ctggaaaggc
ctacattgtt
gaaacgtccg
cttttaactce
tteecggaatt
aaaltgagaga

tattttttaatctcaccctccattaatgcatattattaatttttgttcgatalOZO
ctcctaacattaatcattaacccaattttgaactgttataatttttta1080
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%%aaﬁ%%@@

%%%ﬁatag stm%afgga
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C

L e

ggttggagag
cctagatteyg
ttatttggat
tatattattt
gttttttett
tggtgtcaaa
ttcgattaat
atattttita
ttaccataat
ttattaattt
tgaactgtta
caccgtccag
acagttacta
ttactaaccyg
ctctatataa
cttattcett
aatcotteac

agaggtctac
taaatactat
aaaaattcta
agataaaaat
aatttagttt
gtcaagtcac
ttattatata

attaaaattt.

taaaattgtyg
ttgttcgata
taatttetta
getgtccaac
agcaaatcec
acctaaaacc
cecaasacca
ttatattitt
atc

ggfzg@gomom

60
120
180
2490
300
360
420
480
540
600
660
720
780
840
S00
960
1020
1080
1140
1200
1260
1320
1380
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