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and more particularly to fiber-specific promters. Background of the :
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cel | walé¢chniesdt Figldsecondary WO 02/ 10377 PCT/ S&0/ 00111 2 cell wal

formation and 'ﬂ?é'ﬁr%'fs'eﬁﬂ)1$$@:§Efor§%l'¥%bbkt019§é]fleﬂamﬁ ig1angnd actins may
play functlonall% nportant roles in
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
fhe fibers by means of classical breeding in the past decades,
the potential for further improving fiber properties through

i5 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, 1981; Cyr and Palevitz, 1995; Fisher

25 and Cyr, 1995]. Fiber development consists of four overlapping
stages (i.e. initiation, primary cell wall formation, secondary



devel oping fiber cells. Mature fiber is a biological conposite of

cellul ose, water, smal'l quantities of proteins, pectins, 5 henicellulose,
‘m neral subgbanees7; wax, small anpbunts of organic acids, rergEae11and

pi gments that provides excellent wearability and aesthetics [Arthur, 1990;
Basra and Malik, 1984; Ryser, 1985]. Many genes are required for the fiber
differentiation and developnment. These genes are differentially expressed
during 10 different stages of the fiber devel opnent, and so far only a few
of the genes involved in the biosynthesis of the |arge nunbers of
fiber-specific structural proteins, enzynes, polysaccharides, waxes or
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WO 02/ 108dXed Gl SAQMHNiN2] hhve been identified [John and Crow, 1992;

John, 1996a; Song and Allen, 1997; Ma et al., 1997; Kawai et

15 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

20 altered fibers [John, 19%6b, 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 jidentified and isolated from a wide variety of plants and

25 animals over the past decade, including some cotton
tissue-specific genes and promoters (Loguerico et al., 1999;
Kawal et al., 1998; Song and Allen, 1997; Ma et al, 1997; John,
1996a; Rinehart et al., 1996; Hasenfratz et al, 1995; John and
Peterson, 1994; John and Crow, 1992). A few promoters have been

30 shown to control 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



3 express foreign proteins in specific tissues in a developnentally

regul ated pattern [John, 1996b, 1997a, 1997b]. Summary  'of the Invention A-
fiber-speci fwooegenser (named CFTUB2), encoding p-tubulin, cessoi/meliated
fromcotton. The isolated conplete CFTUB2 cDNA is 1.623 kb in length

i ncluding 1.338 kb of open reading fran% Based on the CFTUB2 cDNA
sequence, two CFTUB2 pronoter fragnents™ (1.433 kb and 0.984 kb) were

i solated fromcotton. The two CFTUB2 pronoter fragnents (1.3 and 0.9 kb)
were fused with the 10 GUS gene to construct gene expression vectors for

anal yzi ngekb@esé uth @roﬁ:@@n@rﬁm;%rc1fIEaﬂ§§§tﬁ'é§ &Pt on and tobacco
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with the CFTUB2 promoter/GUS fusion genes were identified by

Southern blot hybridization. In all the transgenic cotton
plants studied, GUS activity was detected only in young fibers,

15 but not in the flower organs such as anthers, petals and sepals,
or in leaves and roots. This result, together with Northern
blot analysis, indicates that the CFTUB2 promoter is
fiber-specific in cotton. The promoter controls specific gene
expression at the transcriptional level in cotton fibers. The

20 isolated promoter may be used in improving cotton fibers to
create new cotton varieties with high fiber quality and yield by
gene manipulation.

Brief Description of the Figures

Figure 1 shows the nucleotide sequence of the cotton
25 CFTUB2 gene cDNA (1623 bp; SEQ ID NO: 1}).
Figure 2 shows the nucleotide sequence of the isolated
1433 bp CFTUB2 promoter fragment (SEQ ID NO: 2. The 984 bp
fragment corresponds to nucleotides 449-1433 of this sequence.
Figure 3 shows constructs of the CFTUB2 promoter fused

30 with the gus gene in expression vectors.




WO 02/10377 PCT/ SG00/ 00111 4 Detailed Description The CFTUB2 pronoter is
an active fiber-specific pronoter 1in cotton. Results of a Northern bl ot
anal ysi s of wegfiAss7hirom a variety of cotton tissues showepci/Sadondiig DNA
clone conprising 5 the CFTUB2 gene was strongly expressed in young fibers
of 8 and 14 days postanthesis (DPA), and al so expressed in young ovul es

of 4, 8 and 14 DPA, but less or not at4all in other tissues. Sequencing of
the cDNA clone revealed that it was 1623 bp in |ength containing a open
reading frame of 1338 bp (Figure 1). 10 Conparing the nucl eoti de and

predi cted pol e%tlde sequences of the cotton CFTUB2 with the data banks,
it was O Fre =CE¥YB2 cDNA shared 96% 98% honol ogy at the am no
acid | evel and Ty QPR Immbﬁgzy B drhectivieedlibede- el £in th:rombeeknovvn
O-tubulip c and n ( I
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DPA. Thi the serjgon §PfIW@t2 Whéhg‘éhﬁa dag-as papksi catlwa%x#nvé@séhaw thea stri ct
CFTUB2Z cDNA shared 96%-98% homology at the amino acid level 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.,
1999]. :

20 The transcripts of the CFTUB2 gene exhibited the highest
| accumulétion 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 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



30 regulation at the transcriptional |level during cotton fiber and ovule
devel opnent, as with other cotton fiber-specific genes [Wittaker and '
Triplett, 1990p28k3¥n and Brown, 1999; Kawai et WO 02/ 1037 pcPSGoomena/ 00111
5 al., 1998; John, 1996a; Song and Allen, 1997; Ma et al, 1997; Rinehart
et al., 1996; John and Crow, 1992]. Two fragnments in the pronoter region
were isolated and cloned into pCEM T vgctor, respectively. One fragnent of
the 5 CFTUB2 pronoter was 1433 bp in length (Figure 2), and another was
984 bp long. Both fragments functi.oned as active, fiber- specific
pronoters. The constructs of CFTUB2 pronoter/GQUS fusion gene were used to
t r ansf or mlt 0bi8267 afehrotid9eaby SongramdAldenymiAed: Meeigarle LB&AsT er,
using thgs ctor NtahRl @MV35 noter/ GQUS fusion as a
posi ti veﬁég%%%ﬁ. ged%'ﬁ‘s’i glt%eg(r?g \f\nait)ﬁ %ﬂ% resdl t§399.?%m Nort hern bl ot anal ysis,
the GUS gene dEFQeRr3FVIFUBR HRBnBEROLGe Cietilerl orexiveted aadt he
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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 obtained and
transplanted in soil to grow to maturation. 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
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 fiber p-tubulin
gene CETUBZ2. |

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.



Accordi ngly, one enbodj ment of the present invention is a fiber-specific
pronoter obtained fromthe cotton fiber 3-tubulin gene CFTUB2. 30 Anot her
enbodi ment OVOMHW3IPresent invention is a fiber- specific poaseheii
conprising a 1433 kb active fragnent of the <cotton fiber CFTUB2 gene
pronoter. r:r i WD 02/10377 PCT/ S000/ 00111 6 Anot her enbodi nent 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 nment
of the present invention is a 5 pronoter that is cotton fiber-specific

corrprl sing an ackhdttherf eABBEMheRf éflecﬁw%%emaom(@ﬁtf&ﬁ%?at £PhepEQ 1D

NGO 2. An__ actjive fra%ment I s a sequence of shorter length than | D NO
2 which sTPFFLIE RLODOLEE G?T?/rla%‘-%gﬁ I984- ¥Betftive frragPeat PR thetton. A
fragment ceit@onfikie¥e CEYUBS| §afe gidnRite@ns, 10 truncations or substitutions

of the sequence f EQ 1D NO_ 2 . or I nation of, these. A preferred
active fragment s?ts ﬁgOtE??igﬁ@]ﬂ?d%%W é’t"‘wo ng Prﬁﬁ%@teo‘tqvcfé’é:lﬁ?ﬂ91§4§3 of SEQ
| D N& 2.padrotsmrhbiaér §sofotben pfidsenispenifhti commrisimgetnl atBiver eati ng

{1 ansgen Erdpldl JIhBIcALGES Skdddial CRALACLE LR P Fg, MBS USE Of e

fiber-specific pronoters resent Ion pe
expr essi Afoven fnagregbndsia qqrmlqmet oF ﬁh@éter Jrngtint thay gE@aIlérNO:at i tude

in the typasieh tsttanageee&@am@ﬁ%t 28! ECHW&-@%&%%OE aﬁé obl ens
such as th rret abgd bur den |$)oseg on a transgenic plaht by systemc

expressi 9% 28 FrafngRhesan, lé&v@?‘gés’e?q%ctd?l@i':l?ﬁérexpre55| on of a
t r ak@gene:runagudni-chisber kutheShéoseW&SﬁfnSEQdiﬁllﬁ@b|ze ganes in

cotton fipery AW +A8L LB QLIS pE?&rpre%erreg active fragment is the
fragment consisting of nucleotides 449-1433 of SEQ ID NO: 2.
The promoters of the present invention are useful in
creating transgenic cotton having 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. Examples for expressing
desirable genes in cotton fiber, but not in other 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 insulating characteristics [John, et al., 1996].
There are numerous examples in the art of fiber-enhancing genes
that could be advantageously linked to the promoters of the
30 present invention, and used to transform cotton using well-known

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



cotton plants include: (1) anthocynin genes for colored cotton, (2) silk
protein genes fromsilk wormor spiders for increased 25 strength of cotton
fiber, (3) awdobimsynt hesis of pol yhydroxybutrate in cot trews&odami11f or

i nproved thermal properties and insulating characteristics [John, et al.,
1996]. There are nunerous exanples in the art of fiber-enhancing genes
that coul d be advantageously linked to ¥he prompters of the 30 present

i nvention, and used to transform cotton using well-known techniques (see,
e.g., Unbeck, 1992), to achieve expression of WD 02/10377 PCT/ S000/ 00111 7

the transgene in_transgenic co n fibers...3ee e.g John, 96b, 1997a,
1007b;  JoRIE &raélF??gigg%&’iS%‘ﬂ[ﬁ_ °1F°?§%ﬁ§aﬁ%c?§fsdf F‘Fﬁe?-!%p'ec"ll e CDNA
encodi ng 1GPEUB2 19881 ehg®db exfahes eddadar | 19%uri ng fi ber devel opnent 5 of
cotton Cotton seeds were surface-sterilized with 70% et hanol for 30-60
seconds and 10% H202 for 30-60 m nutes, followed by washing with sterile
wat er . THEERMPIIs lger Asadation P Hibeyoapasdbic |90 eacod8ey i GFRVEI t ur e

r oom, and cotyledonsSaﬁﬂe?gﬁﬁxﬁﬁQHQ§Se@OGEE&YquﬁﬁngtéFPPé dewrilopmentner e
used®as transformati 8 €XpFUht materials. Cotton plants were grown in pots
for DNA and RNA extraction. Total RNA was extracted fromyoung fibers,

ovaries, anther etals, sepals, |eaves and.roats. t by ,usi ng the
15 guani di ni um t‘%i‘:é-fg?aﬁ%?%s rﬁﬁp eO(fugFf Y ﬁ%?%ll V%‘gf‘a??%n%é‘m%or
( Pr onega)30-ed pecpnddliantisl QRuih0i FbrbBousd myimitiego ( §F)loeed b smshdpion

col ums fs pIRNA | f 1 Cabjo0 | r ka B t : on cDNA was
synt hesi zw(ra%rﬂb%QSm n Mé[J)ENA %r?t %ggfig é%}ﬁ%%gr ongc?aﬂ%ii}%ﬁ%lch TotnCOtton cDNA
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expiess &l 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 fibers, ovaries,
anthers, petals, sepals, leaves and roots of cotton by using the

15 guanidinium thiocyanate method or SV Total RNA Isolation System
(Promega). Poly(A)+RNA was purified by using oligo(dT)-cellulose
spin columns from an mRNA purification kit (Pharmacia Biotech).
Cotton cDNA was synthesized by using a cDNA synthesis kit
(Pharmacia Biotech). Cotton cDNA libraries were constructed by

20 inserting the cDNA fragments into the ZAP express 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 fiber cDNA libraries, about 200 cDNA clones were randomly picked
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



(Stratagene). Poly(A)+ RNAs fromcotton young fibers of about 8 and 14
days postanthesis (DPA), respectively, were converted to cDNAs which were
used to conworazabs7zeotton cDNA |ibraries. Fromthe 25 fi bercoidvobitbrari es,
about 200 cDNA cl ones were randomly picked out and subsequently sequenced.
Some clones with potential involvenment in cell expansion were selected
according to the sequence data. To fi fd cDNA cl ones whose transcri pts are
specifically 30 expressed in cotton fibers, the expression pattern of the
WO 02/ 10377 PCT/ SGOQ 00111 8 sel ected cDNA cl ones was anal yzed by Northern
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and cDNA'Tragnents re su Vect ors, DNA prepared
with a QPaimerptGene dakelinasSyskw) .as ALEaRpl hyleglqlwmmmeé;éﬁu bh’ts The PCR

Pr Q@UCT SydBE GrasHRAQRCEE BYi AU OS SAEBRE €D . SPEHHL N Bois0t RenetdIA Cl one

reveal ed Lhat if was 1623 bp,in length gontaining a open reading
expressed in young fibers 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.

15 - PCR fragments and cDNA fragments were subcloned into
"vectors, and plasmid DNA prepared with a Qiagen plasmid kit was
used as templates in PCR reactions. The PCR products were
sequenced by autosequencer. Sequencing of the cDNA clone
revealed that it was 1623 bp in length containing a open reading

20 frame of 1338 bp, and identical to the P-tubulin gene (Figure
1l). This is the first CFTUB2 cDNA clone isolated from cotton.
Comparing the nucleotide and predicted polypeptide sequences of
the cotton CFTUB2 with the data banks, it was found that the
CFTUB2Z cDNA shared 96%-98% homology at the amino acid level and

25 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,
ete.) [Liaud et al., 1992; Snustad 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.,
1999].



20 frame of 1338 bp, and identical to the (3-tubulin gene (Figure 1). This
Is the first CFTUB2 cDNA clone isolated fromcotton. Conparing the '
nucl eoti de awodoprmdi ct ed pol ypepti de sequences of the covtosciohids2 wth
the data banks, it was found that the CFTUB2 cDNA shared 96% 98% honol ogy
at the amno acid | evel and 25 over 78% honol ogy at the nucl eotide | evel
with the known O-tubulin cDNAs and gen%s fromother plants (such as

Ar abi dopsi s, tobacco, rice, soybean, nmize, potato, carrot, etc.) [Liaud
et al., 1992; Snustad et al., 1992; Villenur et al, 1994; Tonoi ke, et al.,
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transcripti.o ol i,go as. priners at erentia
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94C for ®ldgn(d®s,asi@@ ifmurssati ABT@sfaand 88GQrf or DELfanemttés}l dDspldy owed by
two cycl %%RCQQ%E%&:{EE v@re%grﬁcﬁédzo&‘ﬂ NHESS a 3991?9& éféleE’ JEhRuLepy@nd 68C

for 5 m nutes consi stin m nute and 60C
for 1 mi @ft &4¥hdEw@eS mF'-@PtESm ﬁ&tcé@raﬁdmamﬁtmlar&a@n&fmra‘i rgeatesy 7
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for furtg%ré gna Sl S. npg %QUCI bl e5f| ber-spegl fic dif eregil al display
product s TR&rg 1 8 Gr £RRr FHREUFEPs. anfcthaN&S £¥CLSRh target band
was harve@heﬂsfﬁnbrdﬂy91§cafed bymf2@Re and 60°C for 1 minute and 68°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 subsegquently subcloned
into vectors and sequenced.

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 regulation at the
transcriptional level during cotton fiber and ovule development,

as seen with other cotton fiber-specific genes [Whittaker and




anplification. The isolated cDNA was subsequently subcloned into vectors
and sequenced. 20 The Nort hern bl ot anal ysis showed that the transcripts of
the CFTUB2 ggy@nesehi bited a highest accunul ation in cottopcyScdmmoerii bers of
8 DPA, and then there was a visible decrease in the accunulation of the
gene products (nRNA) with further devel opnment of the fibers. Conparison of
gene expression in 25 different devel opfrental stages of cotton ovules al so
showed that the gene transcripts accunulated nore in 8 DPA ovules than in
4 and 14 DPA, and there was a gradual and visible decrease to an

undetect abl e |l evel in the accunul ation gepe roduct fi ber

ovel oprEmBligm G994 £5L06AmEr OHilrs 189990RRERT 1Rl Alre 30 Sentond,

speci fi chdd6aqumsend Milbna F997;ctMa egubdl i DO92E Rimehartasscal pfional

| evel duifé ton f s.ﬁro ang | e devel opnent, as seen with other cotton
fi ber-spe i & gé‘negldl[ Pta ‘nd WO 02/ 10377 PCT/ SGOQ' 00111 10
Triplett, 1999; Shin and Brown, 1999; Kawai et al., 1998; John, 1996a;

Song andg%r}@% 2199&,559@1: 11ag)f &@EF’I@BE%@%B%%\% 1996; John and

Crow, 1 ation of the rom)ter 5 Based on the

scr &ened CFTUBZBm%d?@@néérG?W@FﬂS@Z CPNBnﬁ?@FeFJ%%v ithe §FEHBZr om

cotton GershB:aihisdy ilsbbbdbhesrdly cddipmeebhkewalltdy 1i®iak1 BB pyas
extracte€ and %%é.lfle from | eaves of cotton plants by using the follow ng

nmet hod. kits PhBded 10 to 4 g of leaf tissues, and the | eaves were
honogeni zed thcm'cmaglhlmm %sn‘extmtm:l chm.»<pmar¢tfiied Bridrh elrea(v@% ofL gl ucose,

0.1 MTry été*ogil ézxfﬂ'ﬂ% B n8 Hy' Gl frord’d H; heERSS: Tudlta I S8 adhc
ascor bi ¢ aci e oet AnolY Was adde he oanenlzed
ti ddues ta 4 ;fo@fmletafoéuanue@emnd fulyped eavesswere homogenized
thoroughly. 20 ml ice-cold extraction buffer (63 g/L glucose,
0.1 M Tris.HCl1 (pH 8.0), 5 mM EDTA, 20 g/L PVP-40, 1 g/L DIECA,
1 g/L ascorbic acid, 2ml/L, betamercaptoethanol) was added to
the homogenized tissues in a 50 ml tube and centrifuged at 2500
15 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
20 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
25 sterile water or TE (10 mM Tris.HCl, 1 mM EDTA) for use.

Cotton genomic DNA libraries were constructed from leaves
of cotton 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).

30 Genome Walker libraries were constructed by using
Universal Genome Walker kit (Clontech). Genomic DNA from leaves



15 rpmfor 15 mnutes. After renoving the supernatant, 10 ml lysis buffer
was added to each tube. The resuspended pellets were incubated at 65C for’
30 m nut es. wOatasehl orof orm was added to each tube, m xedrmé&domeiine

sanpl es and centrifuged at 3500 rpm for 10 m nutes. The supernatant was
transferred to a clean 20 tube, and chl orof orm extracti on was repeated one
more tinme. The supernatant was transfédred to a clean tube, and 0.6 vol une
i sopropanol was added to each tube for DNA precipitation. After
centrifuging at 3500 rpmfor 30 mnutes, the DNA was washed with 70%

et hanol . e i solated genom c,.DNA was fhen.dissolved in 25 sterile water
TE (10 nAETEPLERpT EAn R R A 0P g o sut e E B AR RNAERR | 5 wer o
const r uctredpbrbivebuy end dthenoptiohf pédiritys .phieNalvablperforad lapnddi gested with
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by usi ngWalkeyeadapt@emomTwpairkendgi ef (@nemee¥a) keteP(@ineagidonsonereaves
WO 02/ 10347 rPEed/ SE004QUSL: vEiyof £qil UF RIa2A! Belbifte dipa&EGNW th five
restrictiQn enzynes respectivel and then purified by phenol/chl oroform
and pre&FBFPﬁYeﬂa‘by“%?‘?@?oIt.emBﬂ-%jE%?e’cP %8 RELORFYERY BR9GEREme Wl ker
adapt or s pr?:MryOH?ﬂS;;ﬁdlﬁﬁjw mr&\ahsk@:ll kaFéCReﬁr@aarzég nbn Vﬂrdbrﬂaeg(rj PCRd out |
successi y of, eac n r DNA, liprar u as. tenpl at es
T the pERs PSR obes ATt X0 8 re Amdrmibiyee Lo e By 38 PihT at e 1 n
secondar y:oﬁ@;Rst:_‘LfmeoPC%Waﬁost 35 t sebads08@6df 68°Q fumuyt sinfbésovmnd By 35
cycigs %ﬁﬂéhsékegné’feor?%Qf ke 1o 66 HIGmeRd @%%{)@rpéﬁz BLAHL Cperénéyd 10
final extension at 68C for m nut es. _Tar%gt P ands were cut out and
purifi edoBf erdecerehiied LY Bepetdedt kifo BEigABhls in the pronoter region
were isol ated affo fragments in the promoter region were isolated and

or

cloned into pGEM-T vector, respectively. One fragment of the
CFTUB2 promoter was 1433 bp in length Figure 2, and another was
15 984 bp long. Figure 2. A Hind III 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
ITI/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 35S promoter, into the Hind III/BamH I
sites of pBIl21 vector.
25 The 1.3 kb of BamH I/BamH I CFTUB2 promoter fragment was
initially subcloned into the pGEM-T vector (Promega). Plasmid
DNA containing the CETUB2 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
pBI1l01l vectorx.



cloned into pGEMT vector, respectively. One fragnent of the CFTUB2
pronoter was 1433 bp in length Figure 2, and another was 15 984 bp | ong.
Figure 2. Aydidedrd! site and a BanH | site were creat edp@fsddafona: - end and
3l-end of the 0.9 kb CFTUB2 pronoter fragnment of cotton respectively by
PCR nmethod. The Hind IlI1/BanH | fragnent was initially subcloned into
PGEM T vector (Pronega). Plasnid DNA ¥dntaining the CFTUB2 pronoter
fragnent 20 was digested with Hind Il and BanH |, and the di gested
fragnent was isol ated by agarose gel el ectrophoresi s. A chinmeric CFTUB2

pronoter/GJS construyct wa ner at ed by f the, fragnent,
repl aci nasasRAEaEs SO QPg %‘XW IQitJnE %#“%é‘?@ RromgysYs of pBl 121
vector. 25 The ﬂnl’oﬂdbzoﬂ:oB&ﬂ‘E{réé’Bﬁﬂ'té ﬂHéTkﬁBacpionm:ErCB‘TWmWSr
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Exanpl e BBIFhax Mlzénéﬁ%?%“%ﬂ G 3SBTERNBEDFLL ereanerided vt o
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CFTUB? pFORB e EoPaEEam I OFATS EOPRGCSadtence i n the gene
expr essi parylead¢iosriyinkdi aded pitre i fatalfetr, ngsmeﬂSéS pmmml @ertor
3P Bl e, IVSRS00) R BB Aol o gene
transferThgs¢¢@y35ﬁ;Hngmgggrvggt@gtlve in all the tlssues of cotton and
other plants and is a constitutive promoter [Odell et al., 1985;
Ow et al., 1987; McCabe and Martinell, 1993}. A binary vector
containing either a CFTUB2 promoter/GUS fusion gene or the

15 CaMV358 promoter/GUS control control was transferred into
Agrobacterium tumefaciens strain LBA 4404. Cotton explants for
transformation were obtained from cotton seedlings 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 3 MS
medium on light at 28°C in culture room, and leaves cut from
sterile seedlings for use as explants for transformation. Cotton
cotyledon and hypocotyl 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-



10 contai ni ng CaM35S pronmoter/ GQJS fusion as a positive control. The
CaM35S pronoter is active in all the tissues of cotton and other plants
and i s a cornwbintuisive pronoter [Cdell et al., 1985; Ow etpceiscoocbPd7;
McCabe and Martinell, 19931. A binary vector containing either a CFTUB2
pronoter/ GJUS fusion gene or the 15 CaMv35S pronoter/ GJS control control was -
transferred into Agrobacterium tunefaddens strain LBA 4404. Cotton
explants for transformation were obtained fromcotton seedlings grown as
in Exanple 1. Tobacco explant material was obtained fromtobacco

seedlin aceo-.se % ol for
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for transformation. Cotton cotyle ypocoty Ats and tobacco

| eaf expltdinsfpemedotobaegn i@ wyrﬁh*@raxgﬁﬁi@aéﬁér taneott Hin he vectors,

and 5trar13&féynm§gqsgl gai: ﬁmt Ft@ﬂﬁ@ltaﬂi_@fl to soil in greenhouse for
growi ng to matur es wer e, cut into about 2ga cm_pi eces, and

i mersed in Agrdl CFET'Y Yé’ﬁcf’BY FSREhtsEsl 2n8%B ed tobacco
expl ants mncmlransﬁmanhmﬂvs tetitom sedds WermybshrfaBé-$ieridd zedur s at

ﬁﬁﬁarr??fjﬁ}%ﬁ‘ﬁ??@anéfﬁé%% Pos350R0, AR B B Isi0 G2 for
sel ect i nFaldanstiobyevr S svithasiayt] Mates| sffhﬁﬁes%‘@fﬂ%)werﬁwe t ransf or med

shopg s V‘@!n%u%hﬂ‘:e&r@ﬁnéﬂ@ sif‘é.%l:dlle 28€er 02t ebopn NerpRei s Mirtiline0- 409 no/ L
kanamycin. The transforned tobacco plants were transpl ante to soil in 5

gr eenhous?@eldér SBrORFY- t CChfa oY S dRkAre @Y aRd H’fﬁ)d?fbtt}‘? w¥re used

as expl amdeyii® (1/2 {MS (macronutriants, micronutrients, EDTA-Fe) + VBl

10mg/L + VB6 lmg/L + VPP 1lmg/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.explants were soaked in
the Agrobacterjum tumefaciens strain LBA 4404 suspension (ODgyp =
0.2 - 0.4) for 15 minutes. Then the explants were put on CM
medium (MS (macronutriants, micronutrients, EDTA-Fe) + VBl

20 10mg/L + VB6é lmg/L + VPP 1lmg/L + Myo-Instiol 100mg/L + 2.4-D
0.1mg/L + KT 0.lmg/L + Glucose 30g/L + MgCl, 0.7mg/L + phytogel
2g/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) + VBl 10mg/IL + VBG6

25 Img/L = VPP Img/L + Myo-Insitol 100mg/L + 2.4-D 0.1lmg/L + KT
0.1mg/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 calll were transferred on DM medium (MS
(macronutriants, micronutrients, EDTA-Fe) + VBl 10mg/L + VB6
1mg/L + VPP 1lmg/L + Myo-Insitol 100mg/L + KNO; 19g/L + MgCl,




cotton transformation. Cotton seeds were surface-sterilized wth 70%

et hanol for 30 second$s and 10% H202 for 60 minutes, followed by washing

W th steril w6377 These seeds were 10 i ncubated in the spewrnscowownaler at
28C. After over night, the seeds sprouted. The enbryos were taken out and
put on the IM nmedium (1/2 {M5 (macronutriants, mcronutrients, EDTA-Fe) +
VBl 10ng/L + VB6 Ing/L + VPP Ing/L + IMo0-Insitol 100ng/L} + phytogel 2g/L
pH = 6.4) at 28C for 7 days. The cotyl edon and 15 hypocotyl of cotton were
used as explants for transformation. After cutting into 5 m2 (nm piece,

t he explants were soaked in the Agr obacteriumtunefaciens strain LBA 4404
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and the ture was 2-3 nont subcul turi'ng on. SM the

calli we?SIHdwed Fr 6Pn 30 Erpka SOrTREVELPPINGIEEQ PAASELRERD PDM
rredl um (#en (ﬁmc AHENEaBt ﬁerén @f&rygilﬁheaasm ENA-de3)1 ¥o¥Bind Oppddr + VB6

/L + VPP I sit L +,KNO3 19g/L + MgCl2 WO 02/ 10377
N SW%FEWQ 1&&8"5‘@%@57‘1’:%5%% ogel 3g/L pH = 6.4) and
subcul t ured perTrmsgenisf tebaaboudnd cutbhsplahes sposddessingnbhgos begin to
form Cbgﬁiﬁﬁﬂﬂ¥30%ﬁuﬁﬂlbEBﬁo££¥7éﬁ§J@%n%”?5¥°§55:Gus gene), and

non-transformed plants as negative controls, were analyzed by
DNA Southern blot hybridization and by GUS histochemical assay.
15 Total genomic DNA from cotton and tobacco leaves were digested
with restriction enzymes, separated on agarose gels, and
transferred onto Hybond-N nylon membranes by capillary blotting.
DNA Southern blots were hybridized in ExpressHyb solution
(Clontech) at 68°C with 32P-DNA probes prepared by random

20 labeling (Promega Prime-a-Gene Labeling System). After
hybridization, the blots were washed at 68°C in 0.1 x SSC, 0.5%
SDS for 30-60 minutes. The 3pP-labeled nylon membranes were
exposed to X-ray film at ~ 70°C for autoradiography. The results
of Southern blot analysis demonstrated that CFTUB2 promoter/GUS

25 gene was integrated into tobacco and cotton genomes. Total of

325 transformed cotton plants, which belong to 31 transformed
lines, were obtained and transplanted in soil to grow to
maturation.

Histochemical assays for GUS activity in transgenic

30 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



on DM nediumuntil they develop into maturity. The mature 5 enbryos were
transferred on GM nedium (1/2 {MS (nmacronutriants, mcronutrients,

EDTA- Fe) + \ASboiMosg/ L + VB6 I ng/L + VPP Ing/L + Mo-Insi teeirs&odamgil ) +
NAA O A nmy/L + Gucose 30g/L + phytogel 3.5g/L pH=6.4) in the box for
developing into plantlets. And then the plantlets were transplanted in the -
soil for the plant 10 grow ng and col ldcting the transgeni c seeds.
Transgeni ¢ tobacco and cotton plants possessing the chinmeric CFTUB2
pronoter/ GJUS gene (or 35S: GUS gene), and non-transforned plants as
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Southern blots were- Idized in ExpressHyb sol ution ontech) at 68C
wi th 32P-adAOpBoBMsPpEepai ey fprrisHaehio0 dnthd-ing XrabeegClontesha- Gene

Labeki ng chssliegl) S6bghighybprind sehinda plmhRksV81s washateat 68C in 0.1
X SSC, 0.5% SDS f 30- CLm utes. The 32P-1 abel gg %I on nenbranes were

!
exposed t ei-rF’&yanl Figed by, FensiRa ottt th dH By ARenyY 0¥ 1R alul t s of
Sout her n suc@esanabyg| Sankd nitixs tsanplds t hete GxHiRRefr andt ghidtddTaphegene was
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transpl adoetthennsbl bt t anafkyass, o theabUis agdnen driivenobneCI T2 @yomptetor GUS
actyyity s‘p%c&%%géﬂﬂ?' &xp?%sff@%?ﬁhé%t&@ Rk aNb g WS 1G0BEHEEed
) ol descri be by Jef

according to t _protoc d previously erson et _al. (1987)
with sofdsSaBEFt i tat2bhsthe3ds frapsgeric iqadhorhelprimtatudded, | Heibat ed WO

02/ 10377 +ReTE68CRE OO {8y weds detected in all the tissues of positive
control cotton plants (358: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
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.



in X-gluc (5-brono-4-chloro-3-indolylglucuronide) solution consisting of
0.1 M sodi um phosphate (pH 7.0), 10 mM ethyl ene di ami netetraacetic acid
(EDTA), 0. Swolepesrassi um ferrocyani de and 0.5 nM pot assi pemsGmmetayani de,
and 0.1 % X-gluc (Clontech 5 chem cal) overnight. The stained plant
materials were then cleared and fixed by rinsing wwth 100% and 70% et hanol
successively, and the sanples were exarfi ned and phot ographed directly or
under a mcroscope. Consistent with the results from Northern bl ot

anal ysis, the GJS gene driven by CFTUB2 pronoter 10 specifically expressed

in the ygu efil%ers, but not in other tissues, in all the 31 transgenic
cotton pg%#']%s—”ﬁ-gdied, while the GUS activity was detected in all the
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