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ISOLATION AND CHARACTERIZATION OF A
FIBER-SPECIFIC ACTIN PROMOTER FROM COTTON

Technical Field
The present invgntion relates to the field of plant
5 melecular biology, in particular to transgenic plants and
promoters useful in creating transgenic plants, and more

particularly to fiber-specific promoters.

Background of the Tnvention

Cotton is the most extensively used natural fiber in
10 the textile industry. Annual production of cotton
worldwide is over 100 million bales valued at 45 billion
U.8. 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
1is further improving fiber properties through classical
breeding is limited due to requirements for species
compatibility and available tralts. Genetic engineering
provides novel approaches for further improving cotton by
introducing genes to create new germplasms with highly

20 desirable characteristics.



wor |l dwi de is over 100 mllion bales valued at 45 billion U S. dollars.
Al t hough significant inprovenents have been made in quality and yield of
the fibers by nmeans of classical breeding in the past decades, the
potential for 15 further inproving fiber properties through classical
breedi ng i sWOIil44&d due to requirenments for species conp&THSEINGIY and
available traits. CGenetic engineering provides novel approaches for
further inproving cotton by introducing %enes to create new.gernpl asns
with highly 20 desirable characteristics. WD 02/ 10413 PCT/ SGOQO 00112 2
Cotton fibers (seed hairs) are single-cell trichones that undergo rapid
and synchronous el ongation. Cortical mcrotubules provide spati al

i nformati on necessa ceIIqus flbrlls that

confine and 5 regulé%nggl%H%Fﬁhdggpgeﬂfff%hl 5 éﬁg t%%%eﬁ?ﬁchfgﬁf
and Pal evitz, t1H%$5unHesherrayid @md s&ﬁ@ﬁqondaduaiondevgbmpn@ﬂﬂrﬁm@ﬁélsts of

four overlapping 3L3aBa16k: Srovidd Lhaton. 1 {ﬁ%ﬁﬁoﬁehéc@@éiﬁ)f QloRkhan,

secondary cell wall fornmation and turation Basra and 1984]. 10
Tubul i ns” and actliigementyof| agl uleeei BAGFPTART Ty taat FenEine |<'=chtjeve| opi ng

fiber cells. N&tét;ruqaftleb@énse@@atall@al ¢4 da G At Staéhs:eiﬂpllcm,, wat er,
smal | quantities of proteins, hentc(%lulosgﬁgﬁaner substances

wax, small amSuf &06F PELgRHEZ e?c%gs FLEher S5y i ®I)5 provi des
excel | ent wear alsiveiioymantd e@stirats of Eénr tmrerla};iiﬂ@g Basgas atid. evhl | k, 1984;

Ryser, 19851. Nhn*l% nes ar§3ma qU|r { f&g& J@Er ggéggﬁ%%y t;imon and

devel opnent . ese enes eren Iy expresse uri erent
stages of the fwdiérfaemetzmmmﬁnd m@ﬁdrsbl¢%& B graa ahdwMal ik, 1934

10 Tubulins and actins may play functionally important roles
in developing fiber cells. Mature fiber is a biological
composite of cellulose, water, small quantities of
proteins, pectins, hemicellulose, mineral substances, wax,
small amounts of organic acids, sugars, and pigments that

15 provides excellent wearability and aesthetics [Arthur,
1990; Basra and Malik, 1984; Ryser, 19853]. Many genes are
required for the fiber differentiation and development.
These genes are differentially expressed during different
stages of the fiberxr development,'and so far only a few of

20 the genes involved in the biosynthesis of the large
numbers of fibef—specific structural proteins, enzymes,
polysaccharides, waxes or lignins have been identified
[John and Crow, 19%2; John, 1996a; Song and Allen, 1987;
Ma et al., 1997; Kawai et al., 1998; Whittaker and

25 Triplett, 19998]. 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
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20 the genes involved in the biosynthesis of the |arge nunbers of
fiber-specific structural proteins, enzynes, polysaccharides, waxes or

| i'gni ns have been identified [John and Crow, 1992; John, 1996a; Song and
Al len, 1997; Ma et al., 1997, Kawai et al., 1998, Wittaker and 25
Triplett, 1999). These isol ated genes may be considered as having
potential application in cotton fiber inprovenent due to the character of
their fiber-specific expression. For exanple, John has been using
fiber-specific gene pronoters to produce genetically 3 engi neering cotton
for altered fibers [John, 1996b, 1997a, 1997b]. A pronoter is a DNA
fragnment that determ nes tenporal and spatial specificity of gene
expressi on durin plant I veIo s e genes
and their proﬁ%&% %ggﬁ e%E| d “an l%?dﬁa? 85#?3#?gﬁpmﬁleiﬁdrlety
of plants and dmam&ns over t he past decade I ncl udi ng sone cotton

ti ssue-specific gengs e (o] a Kﬂﬂ@! al .
1998; Song and All ?n p%%glgﬁ}églr\;gg ésm]u( If%%??{en}otﬁgt éggegl%%?nehart Oelsih'al -
1996; Hasenf r atandetspaitialoghecdbhnl tindiPaees sApression dwhingmd artow,
1992) .- A few pr&@tﬂlﬁaﬁaﬁévgﬁs&éﬁwm Ma‘?xy Ct%fs‘h%l- g@&fffa‘ SR Yhd N a

fi ber-specific manner cotton (Ri nehart et al John, 1996a; John

and Crow, 19923hels"ornaé"oepaﬁFSthe’eeéa%%”eec#ein@lﬁeeﬁloee#sleel@tb%d KR i%ed to
express forei gRiRIOtRINStNoEPELLAL S dricS SWhRalls odedeVRd og@dwhtc@daee,

regul ated pattern _[John, 1996b, . 1997a, 1997b] unnar e | nventi on
According to a*f} 1§§p§8WeoF°F?ﬁP|Fﬁﬁ§ﬂﬁ7§?ecﬁﬁéFe9?§ WOt FShot er
that is (Loguerico et al., 1999; Kawai et al. 1998 Song and

Allen, 1997; Ma et al, 1997; John, 19%96a; Rinehart et al.,
1896; Hasenfratz et al, 1995; John and Peterson, 1994;
John and Crow, 1992), A few promoters have been shown to
control gene expression in a fiber-specific manner in
cotton (Rinehart et al., 1996; John, 199%6a; John and Crow,
1992}. Some plant tissue-specific promoters can be |
utilized to express foreign proteins in specific tissues
in a developmentally regulated pattern [John, 1996€b,
1997a, 1997b].

Summary of the Tnvention

According to a first aspect of the invention, there is provided a promoter that is
cotton fiber-specific, comprising a 0.8kb fragment of the promoter of the cotton actin
gene CFACT 1 having the sequence nucleotides 1 through 816 of SEQ ID No: 2

A fiber-specific gene (named CFACT1), encoding actin,

was isolated from cotton. The isolated complete CFACTL
gene is 3.040 kb long, including a 0.816 kb promotex. The
CFACT1 promoter fragment (0.8 kb) was fused with the GUS
gene to construct gene expression vectors for analyzing
the function of the promoter. Transgenic cotton and
tobacco plants with the CFACT1 promoter/GUS fusion gene

' was identified by Southern blot hybridization. In all the

i transgenic cotton plants studied, GUS activity was

' detected only in young fibers, but not in the flower



cotton fiber-specific, conprising a 0.8kb fragnent of the pronoter of the
cotton actin gene CFACT 1 having the sequence nucleotides 1 through 816 of
SEQ ID No: 2 A fiber-specific gene (naned FACT1l), encoding actin, was
isolated fromcotton. The isolated conplete CFACTI gene is 3.040 kb | ong,

i ncl udi ng aWO.@1®1kb pronoter. The CFACTI pronoter fragREBRSG8I2kb) was
fused with the GQUS gene to construct gene expression vectors for analyzing
the function of the pronoter. Transgenic gotton and tobacco plants with

t he CFACTI pronoter/GUS fusion gene was 1dentified by Southern bl ot
hybridi zation. In all the transgenic cotton plants studied, GUS activity
was detected only in young fibers, but not in the flower W 02/10413

PCT/ SGOO 00112o£g41{sgmhsa§haza&eady h %al@e&aassé}msseeal $n Ddaydk | eaves
and roots. This cEesult 8ﬁet her t NortFern bl.o anal ysis, indicates
that the CFACTM® fo&Hster THES F9%Ertrs5RErt ‘Erl"ﬁ”ﬂthPcEﬁhe ebpr?formt er
control s specidnalysigenéndkpsiessithatat heheFACENSeanpieenas | evel in cotton

fibers. The i r e us vin tton fihers to
Croat e now coth TRt oln G Lo Bl e o 0 S L P Gene
mani pul at?on. TiefexDESepipriatn tde tthrénspgypbsorm Reyetein shidwm t he

nucl eotide sequgnGge .of thBe: SOIAQIN pPbAETdr AENG L NAG( 886 @oxﬁ%@ I D NO
1). Figure 2 s %\/’\%ét nucl eoti de seguence of " the cotton gene

(3040 bp; SEQY PerEi HRurE eRtes swdFabF%f%n‘Wlteﬁéegt%%w“rﬂé’fbf the 15
i sol at ed CFAC‘HﬂlbegetqaalEtngei 4ieddony tbee eantsiglatioh. the CFACTL

pronoter fused wid t&etsggllgy%tg%r}etlhn @lgur ressi on vector.
10 Figure 1 shows the nucleotide seguence of the cotton
CPFACT1 gene cDNA (686 bp; SEQ ID NO: 1).

Figure 2 shows the nucleotide sequence of the cotton
CFACT1 gene (3040 bp; SEQ ID NO: 2).
Figure 3 is a diagram of the structure of the
15 isolated CFACT1 gene.
Figure 4 shows the construct of the CFACT1 promoter

fused with the GUS gene in an expression vector.

Detailed Description

The CFACT1 promoter is an active fiber-specific

20 promoter in cotton. Results of a Northern blot analysis
of cDNAs from a variety of cotton tissues showed that a
cDNA clone comprising the CFACT1 gene was strongly
expressed in young fibers of 8 and 14 days postanthesis
(DPAO, and also expressed in young ovules of 4, 8.and 14

25 DPA, but less or not at all in other tissues. Sequencing
of the cDNA clone revealed that it was 686 bp in length
(Figure 1). The full-length sequence, isolated from a
genomic DNA library was found to be 3040 bp in length,



Det ai | ed Description The CFACTI pronoter is an active fiber-specific 20
pronmoter in cotton. Results of a Northern blot analysis of cDNAs from a
variety of cotton tissues showed that a cDNA clone conprising the CFACT1
gene was strongly expressed in young fibers of 8 and 14 days postant hesis
(DPAO, and wiogiedpressed i n young ovul es of 4, 8 and 14PeESGEMAIBUt | ess
or not at all in other tissues. Sequencing of the cDNA clone reveal ed that
it was 686 bp in length (Figure 1). The full-length sequence, isolated
froma genomic DNA |ibrary was found to Be 3040 bp in length, WD 02/10413
PCT/ SGOQO' 00112 5 including a 0.8 kb pronmoter fragnment, bases 1-816 of which
represents the pronoter (Figure 2). A conparison of the nucleotide and

predi cted polyp tJ de _sequgen of th Lion h e a anks
reveal ed t hat tHg dﬁé‘%gsﬁagg{} |rgchm°horm og A i ot‘aﬁ’eﬁhtéL g%?no a“té*% 3%1 evel
and the nucl eotemtade@\tel the t pradandigace i 2 gedesofiperisomect gitent s such
as Malva  pusillgdAk éé2§§§)pr%ﬂy@@:pgyg€é%%éde s%'a@e%éé%fath@apus

(AF11812), to nanme a few exa ene only shared 71% 93%
honol ogy at t heC@ifiao CAELEL 1@@%\)%16 M%E%@%qv&@ﬁt@iﬂtl‘: atgkhe pgene

nucl eot i desl eveinavdd highKROmen &} N baehi Pheneind AcQad48431 My egeer, its
pronoter is different fromthe ng#@ i of known cotton_ and non-cotton
actin genes, sd*f¢lgadiden W%Jct"?’rﬁb f‘gﬁﬁlaﬁ“‘e‘ﬁr‘f GEMeEoEESR. SHfal yzi ng t he

CFACTI gene seqpledites Bhchewsall€lv haisillac (AFBI2ES8)Qusogkeas eD4dMee
Lo L o) SR MR B 5 BESGRLELY S B
Bai rd and Meagh@FACTIO@ZneNaitin sitargld 713988% homology at the amino acid
i0 level and 80%-82% identities at the nucleotide level with
a known cotton actin gene (AF059484). Moreover, its
promoter is different from the promoters of known cotton
and non-cotton actin genes, so it is a new actin gene
isolated from cotton. Analyzing the CFACT1l gene seguence
15 revealed that it contains four exons and three introns in
its open reading frame (Figure 3)}. This gene structure is
typical ©of all complete actin genes analyzed so far [Shah
et al., 1983; Baird and Meagher, 1987; Nairn et al., 1988;
Stranathan et al, 1989; McElroy et al, 1990; Cox et al.,
20 1995; An et al.,1986].

The transcripts of the CFACT1 gene exhibited the
highest accumulation (as evidenced by Northern blot
analysis) in cotton young fibers of 8 DPA, and then there
was a visible decrease in the accumulation of the gene

25 products (mRNA} with further development of the fibers.
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
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Stranathan et al, 1989; MEIroy et al, 1990; Cox et al., 20 1995; An et
al.,19961. The transcripts of the CFACTI gene exhibited the highest
accurrul ati on (as evidenced by Northern blot analysis) in cotton young
fibers of 8 DPA, and then there was a visible decrease in the accunul ation
of the genewddpmoziucts (nNRNA) with further devel opnent eCTSG@/®@IRersS.
Conparison of gene expression in different devel opnental stages of cotton
ovul es al so showed that the gene transcripts accunmulated nore in 8 DPA
ovul es than in 4 and 14 DPA, and there was a gradual and vi si bl e decrease
to an WO 02/10413 PCT/ SGOO' 00112 6 undetectable level in the accunul ation
of gene products wth fiber devel opnent from8 DPA to 28 DPA. This

suggests that 1,he.0608% SReeL aﬁahgé/ RHEGIILIN If Fond ghctgoul at i on

at the transcrip eve urin cotton er an ovu devel opnent,

as with other @@thoﬁlbffii b‘bﬁ“fﬁéﬁ@@?ﬂf-cf@@h@s DPAhEet akePPaand Tﬁ%spl ett, 1999;

Shin and Browg, %@ diamaitheeleb 1sl%ﬁ§af&@9m1 Q%%ﬁhs&ﬁﬂﬁlaﬂda All en,
1997: M et al . 1897: R nehart et al

% ﬂdf 1992] 10 The
promoter of th&TEFRETES Hon gtgthy trAnsaTdPhionahd ¢ e u&ﬁ? as an
active, fider- &aEﬁdnﬁlf:lwmrmtdezque Mﬁlpmmrmherwms cﬁ’alsaronog(ana

construct was used to nsforn1t c d t r g&pc
- medi at ed geng E?Eﬂs Jﬁépﬁae gﬁﬁl I%%:€§§tg$9% ﬁ?ﬁ% %ﬁéhCaNVSSS
pronot er / GUS fasdolﬁnrcam,a lw,t Kawacoent ral .., 1GGAsI §©lem|t W&fh’:lrt Bengeandt s

fromNorthern BYoL,anpd¢pl §1z kg1 9B hyee By e, GHAGY! sBhaot er
specifically expressedyfn fhe yougLE?lbers but not in other tissues,

and Crow, 189%2].

i0 The promoter of the CFACT1 gene is 0.8 kb in length,
and functions as an active, fiber-specific promoter. A
CFACT1 promotexr/GUS fusion gene construct was used to
transform tobacco and cotton by Agrobacterium-mediated
gene transfer, using the pBI12l vector containing a

i5 CaMV35S promoter/GUS fusion as a positive control.
Consistent with the results from Northern blot analysis,
the GUS gene driven by the CFACT1l promoter specifically
expressed in the young fibers, but not in other tissues,
in all the transgenic cotton plants studied, while the GUS

20 activity was detected in all the tissues of positive
control cotton plants (35S:GUS). A total of 230
transformed cotton plants were obtained and transplanted
in soil to grow to maturation. Similarly, it was found
that under the CFACT1 promoter, GUS gene activity was only

25 detected in the seeds and pulps in the more than 20
transgenic tobacco plants studied, suggesting the CFACTI1
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



in all the transgenic cotton plants studied, while the GUS 20 activity was
detected in all the tissues of positive control cotton plants (35S GJS).
A total of 230 transfornmed cotton plants were obtai ned and transpl anted

in soil to growto maturation. Simlarly, it was found that under the
CFACT1 pronPiOei2/104B8)S gene activity was only 25 detected iPETSE/®ERds and
pulps in the nore than 20 transgenic tobacco plants studied, 'suggesting
the CFACT1 pronoter activity was al so tissue-specific in tobacco (the
cotton fiber, being an elongated hair of the seed coat, finds histological
correspondence in the tobacco seed WO 02/ 10413 PCT/ SGOQ' 00112 7 coat). This
result, together with the above Northern blot analysis, indicates that the

CFACTI pronot ego 40Nt r%asg%guwpe&! dehe@XRLER SHAN Mo RoltROSE Y onal
level in cotton fibers. 5 Accor one enbodi nent of the present

invention is PnEHotredndhgetes ?R%%(ﬁhefFB%?T%d%EQWQP?roSPBF fFHH  t he
cotton fiber agpddienexprdciion Ananetrenbodipeidnnf lehelpigesestiton
invention is A ronoter that is cotton fiber-specific conprising the 0.8
10 kb pronoter™¥ nt of the cotton fiber CFACT1 gene, having the
sequence bf nucl eotAcesdinghypugie &HBoofinSED ¢D tINOpr2seSti Lhvamaidrer

erbodi et of 10, BLRSERLL! BHENIONdi3opl PROFPLSIo AN (b 00L Ok

fi ber-specific conprisin active agnent pronDter
(nucl ei ¢ aci dstie QPH¥Qfo$E€FI¥P¢«D gene ARAGELi ve fragnent is a sequence of

shorter length than{fe-$cane08andHt RYCkRECpACI LS LirRtB1ebn BEQID NO 2

which still retains activity as a fiber
promoter that 1s cotton fiber-specific comprising the 0.8

10 kb promoter fragment of the cotton fiber CFACT1 gene,
having the sequence of nucleotides 1 through 816 of SEQ ID
NO: 2.
Still another embodiment of the present invention is
a promoter that is cotton fiber-specific comprising an
15 active fragment of the CFACT1 promoter (nucleic acids 1-
816 of SEQ ID NO: 2). An active fragment is a sequence of
shorter length than the sequence of nucleic acids 1-816 of
SEQ ID NO: 2 which still retains activity as a fiber-
specific promoter in cotton. A fragment can comprise
20 excisions, deletions, truncations or substitutions of the
sequence of nucleotides 1-816 of SEQ ID NO: 2, or a
combination ¢f these.
CFACT] is strongly expressed in cotton fiber,
indicating a direct role in fiber formation and
25 development. Actin is well known in many plants as being
involved in cytoskeleton formation and cell expansion. It
was based on this idea that genes associated with
cvtoskeleton formation and cell expansion we sought in the

present work. After sequencing, it was decided to follow




specific pronoter in cotton. A fragnent can conprise 20 excisions,

del etions, truncations or substitutions of the sequence of nucl eotides
1-816 of SEQID NO 2, or a conbination of these. CFACT1 is strongly
expressed in cotton fiber, indicating a direct role in fiber formation and
25 devel opn®ix0219433in is well known in many plants as beP@/SGhwpoizZved i n
cytoskel eton formation and cell expansion. It was based on this idea that
genes associated with cytoskel eton formatsj on and cell expansion we sought
in the present work. After sequencing, it was decided to foll ow WO

02/ 10413 8 PCT/ SEGOQ 00112 the CFACTI as it was an actin gene. Al though no
any work to denonstrate the function of CFACT1 in transgenic cotton by

ei ther over- exprgs il JUNAer s LXRIPSk9R §88e PeeN t1dABR: nb lak@lidt&
specul ated that the CFACT1 is involved in cotton f| bér developnment, as

it has a very st slpomiskertespei Finctioanslef Aekl igr trapsgenic YA The

pronoters of they priesent ovayesipedsSilch u&eﬁﬂdier-lﬁ’e:{ﬁe%&ﬁbﬂghéé Wni c
cotton having aétered fi ber, characteri Ssrhh“?? The of the fjs C{) ecifi C
S

pronoters 10 of e prreSEht bFn%?\‘f‘f th%e(f ity &SexPY2 n'of a
transgene bn t h@otﬂnﬁi (ﬁibfembde;rep@:mrtﬂ,l ag gtebiera |vairyt atleong ntikbwr-t ypes of

transgenes enpl ecdlfl%ek %hb¥8re [B)éﬁ?esﬁ 0R4 i/0| 9%robl ens such as the

met abol i ¢ burden Tnposed on a ansgeni ¢ plant by systemc expression of a
transgene, or 15 théf‘fmwp@eteﬂse@ﬁ §Zh@f PrRgeRk pHEssitdrnofre Esafitgeme in

non-fiber tissugs ,dEXyMRhess8bn SXREASIOR0Engesivatle ciggpes in cotton
fiber, but not in other partsS of the
characteristics. The use of the fiber-specific promoters
10 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 transgene, or
i5 the adverse effects of the expression of a transgene in
non-fiber tissues. Examples of expression of 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
20 for increased strength of cotton fiber, (3} and
biosynthesis of polyhydroxybutrate in cotteon 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
25 linked to the promoters of the present invention, and used
to transform cotton using well-known techniques (see,
e.g., Umbeck, 1992), to achleve expression of the
transgene in transgenic cotton fibers. See e.g., John,
1996b, 1997a, 1997b; John et al., 1996,
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cotton plants include: (1) anthocynin genes for colored cotton, (2) silk
protein genes fromsilk wormor spiders 20 for increased strength of cotton
fiber, (3) and biosynthesis of polyhydroxybutrate in cotton fiber for
inproved thermal properties and insulating characteristics [John, et al.,
1996] . Therwodzaomuinmer ous exanples in the art of fiber- @Gli&Getaeg2zgenes
that coul d be advantageously 25 linked to the pronoters of the present
invention, and used to transformcotton using well-known techni ques (see,
e.g., --Unbeck, 1992), to achieve expressi%n of the transgene in transgenic
cotton fibers. See eTa., John, 1996b, 1997a, 1997b; John et el., 1996. WO
02/ 10413 PCT/ SGOQO 00112 9 EXAMPLE 1: Isolation of fiber-specific cDNA

encodi n CFACT, uences 1ton s_were surface-sterilized with 70%
et hanol ° f or 3%—@&*& g 3?1% IQZ%? ?36rs%‘?f36%mrﬁcﬁ?§ﬁe§?°?‘%)’ﬂ%v\ed 5 by
washing with steril €ragmrér set'fwhmmeds germ nated on 4z MS nediumon |ight
at 28Cin a culture o%% QQQ?g%éé'ee%%a t{‘é/ﬁ‘jt GO %1 EHL7 (§ OéEh%l%%rl' le

seedl i ngs were use ransfornati on ex errals. ant s
were grown in pisirs 3100‘160Dﬁlﬁcan@|5 Ra dRfr E&zl ﬁ‘hr 3O G treinuRINA, mﬁ@lmﬂchct ed

from youngsfi qusswa%%gemhageéﬁrl% wE‘é‘éﬁ' S, TIRE R s t;,@élfagéa@éw JiPes s of
cotton by usi gﬁ% the .guani di niumthi anate nethod or "SV Total RNA

| sol ation Syst (“Prdéh‘ﬁlgail Lty @8 3& S FHEEd=B9™ @thg ol i go(dT) -
cel lul ose spi n glyuEasntr ey aypddAyls put i figatdttikiet sEEARIMES ivere

Bi otech). Cotton cDNA ynt hes si zed usi hesi S it
(Pharmacia Bi ot%6&hPS g?f‘ﬁ?‘u i 6F8 ‘%‘/ q%"erl@gtﬁst rgg{gé s
were grown in pots for DNA and RNA extraction.

10 Total RNA was extracted from young fibers, ovaries,
anthers, petals, sepals, leaves and roots of cotton by
using the guanidinium thiocyanate method or SV Total RNA
Isolation System (Promega). Poly({A)-+RNA ﬁas purified by
using oligo(dT)-cellulese spin columns from an mRNA

15 purification kit {(Pharmacia Biotech). Cotton cDNA was
synthesized by using a cDNA synthesis kit (Pharmacia
Biotech). Cotton c¢DNA libraries were constructed by
inserting the cDNA fragments into the ZAP express vector
{Stratagene).

20 Poly(A)+ RNAs from cotton young fibers of about 8 and
14 days postanthesis {(DPA), respectively, were converted
to c¢DNAs which were used to construct cotton cDNA
libraries. From the fiber c¢DNA libraries, about 200 cDNA
clones were randomly picked out and subsequently

25 sequenced. Some clones with potential involvement in cell
expansion were selected according to the sequence data.

To find cDNA cleones whose transcripts are
specifically expressed in cotton fibers, the expression

pattern of the selected ¢cDNA clones was analyzed by



inserting the cDNA fragnents into the ZAP express vector .(Stratagene). 20
Pol y(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 |ibraries. Fromthe fiber cDNA |ibraries, about 200 cDNA

cl ones wer ewo2d®at y pi cked out and subsequently 25 sequ@a€&aoo/8ude cl ones
with potential involvenent in cell expansion were selected according to

t he sequence data. To find cDNA clones whose transcripts are specifically
expressed in cotton fibers, the expressioh? pattern of the selected cDNA

cl ones was anal yzed by WO 02110413 PCTI SGOO' 00112 10 Northern bl ot
hybri di zation with total RNAs isolated from cotton fibers, ovules,

ant hers, petal pal s, ;sguar.es, .. | eaves d rqot.s sin r.ob fromthe
clones. RNA sARTEEIR, BSEHA R YHREADT Cot T Tads BMES WEretaest Fxely 5 on
agar ose- f or nal deltjae fgbkss, avnditesanshehered, oyt lddylbendid swacresrenbr anes

by, capi | 1ary, blucihiddnanBNagoRor LIGHR, BLGS e YEKEn M cdbed. | mdRepr esstyD

solution (d ontech at 68" C Wi DNA probes prepared by random
| abel i ng ( ProrfEg@lepr fxematice {8 ffggent ngosyet dissuset Bpre 1SPRAARGSE zat i on,
the bl ots mere ipshedoab-68BkaidtHydt %¥eSSC and. ©%neBertes s:H0 m nutes.

The experinental results _showed that one c cl on rongl xpressed in
young fibers OFP&ER Tleﬁvﬂﬂé%ﬁfngpsBye?%#iilﬁﬁ¥iﬁioi%bﬂ%'o s of 4, 8
and 14 DPA, butNdreherar bhiots atemd lhybmioihed Ib RapresetybP&R ftriagnents and
;DNg ‘;ggg”ﬁ‘gfZé‘ﬁﬁ%%te%ﬂ?%%”@&d B2 ¥BCLONR p AN PLIRPL APV RLGRARE W th
labeling (Promega Prime-a-Gene Labeling System). After
10 hybridization, the blots were washed at 68°C in 0.1 x 88C,
0.5% SDS for 30-60 minutes. The experimental results
showed that one cDNA clone strongly 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
15 tissues.
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. One clone was
20 found to be a 686 bp CFACT] cDNA fragment (Figure 1)
encoding a part of the actin polypeptide. Northern blot
hybridization revealed the CFACT1l c¢DNA transcripts
accumulated largely in young fibers of 8 and 14 DPA, and
also accumulated more or less in young ovules of 4, 8, 14
25 and 21 DPA. But, these transcripts were neither detected
in RNA from ovules of 28 DPA, nor in those from anthers,
petals, sepals, leaves and roots (Figure 4). This result
suggests the CFACT]1 cDNA expression is fiber-specific in
cotton. Comparison of the CFACT1 cDNA sequence with that
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kit was used as tenplates in PCR reactions. The PCR products were
sequenced by autosequencer. one clone was 20 found to be a 686 bp CFACTI
cDNA fragment (Figure 1) encoding a part of the actin pol ypeptide.
Northern bl ot hybridization reveal ed the CFACT1 cDNA transcripts
accunul at edWORg®dly in young fibers of 8 -and 14 DPA, an&CTaGswoediecunul at ed
nore or less in young ovules of 4, 8, 14 25 and 21 DPA. But, these
transcripts were neither detected in RNA fromovules of 28 DPA, nor in
those fromanthers, petals, sepals, |eavés and roots (Figure 4). This
result suggests the CFAM cDNA expression is fiber-specific in cotton.
Conpari son of the CFACTl cDNA sequence with that WO 02/ 10413 PCT/ SGOOf 00112

11 of k t d k D88414 h
only 17075 kb (9% 1SIGEN aRAC TR A aan P EReEAah (he SBA, PERLheP A ot
cDNAs share a vth:gjtn lievehlef 1 Histolkbgyn( 92ogtilentd tricgs ai nompiasme acitdnl evel
and 96% 5 1 denidisl eSlReRUeh Al GG UohYCllard f i RNPS L1 o di T T er ent

ti ssues of cotton Were used to reverse-transcr rand cDNAs whi ch
were used as thamsilegys (Pis didendriddesalindpsprayaFBdRlezadt pehs?6s

Dfferentig@l disRla\raral yﬁlﬁgmccgeﬁuegeegi) by using a 10 differenti al
display kit (d ontech). F| rst-strand L%/nt hesi zed with 2 p totaI

RNA as starting mat SOt s RNAT J?ré\?bfj&ngFﬁﬂEcPrﬁﬁ oAn8obkPRyd{aFs ussd

priners at 42Ctd aevkrsedtradidditieemtrak- sltsq&hcay:m WRACH | werse Wayeel carri ed

out with a initjal I onsi Cfor es,. 40C for 5
m nut es and 68551‘ ?%ﬁr?‘l%ﬁgtle% & %e% %ﬂ dl?%y es c((l#”m K& ng of 94C

for 2 mnutes fawﬁfm*@@tfl@tl 6151-11@31 esraémdlsmas araﬂlwdnguESbymrtqﬁ@n 25

10 differential display kit (Clontech). First-strand cDNA
was synthesized with 2 pg total RNA as starting materials
of reverse transcription and oligo(dT) as primers at 42°C
for 1 hour. Differential display PCR reactions were
carried out with a initial cycle consisting of 94°C for 5

i5 minutes, 40°C for 5 minutes and 68°C for 5 minutes,
followed by two cycles consisting of 94°C for 2 minutes
and 40°C for 5 minutes and 68°C for 5 minutes, and then 25
cycles consisting of 94°C for 1 minute and 60°C for 1
minute and 68°C for 2 minutes, and a final extension at

20 68°C for 7 minutes. Target differential display bands
were excised and reamplified 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

25 amplification. The isolated cDNA was subsequently
subcloned into vectors and sequenced.

The Northern blot analysis showed that the

transcripts of the CFACT1 gene exhibited their highest
accumulation in cotton young fibers of 8 DPA, and then



cycles consisting of 94C for 1 mnute and 60C for 1 mnute and 68C for 2
m nutes, and a final extension at 20 68C for 7 mnutes. Target differential
di spl ay bands were excised and reanplified for further analysis.
Reproduci bl e fiber-specific differential display products were targeted
for furtherwaiaiedds. The cDNA in each target band was RaTS6sw@dzand
regenerated by PCR 25 anplification. The isolated cDNA was subsequently
subcl oned into vectors and sequenced. The Northern bl ot anal ysis showed
that the transcripts of the CFACTI gene &%hibited their highest
~accurul ation in cotton young fibers of 8 DPA, and then WO 02/10413 12 PCT/
SQ00/ 00112 there was a visible decrease in the accumul ation of the gene
products (nmRNA), . with further. devel opnment of the fibers,.Co ri.son of
ene expr east orE 1S ipParent IR HeORTRAr of» oK aC BRELEH O T e al S0
showed t hat thegshgereduchasniit)s vddbuffukbhed devedopne8t DPA thaul es than in
4 and 14 DPA, r n |.Sd bl C an

gfv‘,g?éﬂ‘% BoiBSr sl l%qiu%]en@ gxfékéééio% g. El?.ffgrerf}]@fi ber

undet ect abl e | I'n the accunulatiion o ene products wt

devel opnent froieBlopRengadssipmms T sostgheRtslashal sphahgued thpt the

speci ficaldy expifssednebiiotd Grdiilagbar 88+ ald @Npak bHe1ds aneay i1pt | onal

| evel during cotton fiber and ovul e devel opnent, as s, seen th ot her
cotton fi ber-spdecarl?‘{]é‘iggﬁ%s I8 teHCeF28nd ?CS'}aélt fnd1 9681 I51{9CLE3F By own,

1999; Kamai et tad .an 19898tedidirle 1936a; inSbtig acuthmdllbehon 188 7gerldh et aI,_
1997, R nehar ¢ gl flovs AHO0ier) U A0S e rch? S brnE8Ph s, | S0 at i on
This suggests that the gene is specifically expressed with
10 a strict regulation at the transcriptional level during
cotton fiber and owvule development, as is seen with other
cotton fiber-specific genes [Whittaker and Triplett, 1999;
Shin and Brown, 1999; Kawal et al., 1998; John, 1996a;
Song and Allen, 1997; Ma et al, 1997; Rinehart et al.,

15 1996; John and Crow, 1992].

Example 2: Isolation and structural analysis of the
CFACT1 gene
Total DNA was extracted and purified from leaves of
cotton plants by using the following method. Liquid N, was
20 added to 4 g of leaf tissues, and the leaves were
homogenized thoroughly. 20 ml ice-cold extraction buffer
(63 g/L glucose, 0.1 M Tris.HCl (pH 8.0), 5mM EDTA, 20 g/L
PVP-40, 1 g/L DIECA, 1 g/L ascorbic acid, 2ml/L beta-
mercaptoethanol) was added to the homogenized ftissues in a
25 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



CFACTI gene Total DNA was extracted and purified from|eaves of cotton

pl ants by using the followi ng nethod. Liquid N2 was 20 added to 4 g of

| eaf tissues, and the | eaves were honogeni zed t horoughly. 20 m ice-cold
extraction buffer (63 g/L glucose, 0.1 MTris.HC1 (pH 8.0), 5nM EDTA, 20
g/ L PVP-40wol2gé413 DI ECA, 1 g/L ascorbic acid, 2m/L betrgaT/SGo0/00112

nmer capt oet hanol ) was added to the honbgeni zed tissues in a 25 50 ml tube
and centrifuged at 2500 rpmfor 15 mnutes. After renoving the
supernatant, 10 m lysis buffer was added3to each tube. The resuspended
pellets were incubated at 65C for 30 mnutes. 10 m chl orof ormwas WO

02/ 10413 PCT/ SGOO /00112 13 added to each tube, m xed with the sanpl es and

centrifuged at 3500 rpm for m nut es. , The super nat ant t ransferred
to a clean tubed d&ﬁ’d“@h?ﬁ%f%%ﬁ’eﬂ%@t FhHE e 3&%5‘“ e :&n The
super nat ant wasat r3509f epmefloi oL neircitean tTibe s@‘e&zﬁtﬁntohaﬁe i sopr opanol

was added to each be f.0 preC| tatlo n 3500
ansfé clea b t%né;d;%&or%forﬁl Eg&r%e IS %s

rpmfor 30 mnu CWas Was e et hano ated
genoni ¢ DNA vvasrema@rteeil o806 vexk i timst. eﬁhbesumr@*tamt FEs( toandfermeds tHClL, 1

mV EDTA) fgr usg. cﬂegnc%faé’” Sepam e v@'ﬂ&n&' Pé@ﬁfo%’%n\éﬂr %a%oﬁééé&'céc?deacﬁaom

| eaves of cotton plants. DNA was partially di'gested with and t he

DNA fragnents ieke &PsnBlR| pre®ie Bafior- sﬁ*?‘ée’bfcetfﬁélfﬁPléﬁp?%ﬁ% vect or
(Stratagene). GgwFRrV8bkeinhidy ardies Dwar @amwssthredicmdhby O%lseﬂgarﬂd_i

Uni versal Geno Kk kit (d ont DNA fr of cotton
plants was dig ee&s\?ﬁf"ﬁe?ll‘?/%“ ?q?\@[ B8R aé%ﬁ?eséc’rlg& edPi ?/‘g fand t hen
purified by water or TE (10 mM Tris.HCl, 1 mM EDTA) for use.
10 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).
Genome Walker libraries were constructed by using
15 Universal Genome Walker kit {(Clontech). Genomic DNA from
leaves of cotton plants was digested with five restriction
enzymes respectively, and then purified by
phenol/chloroform and precipitated by ethanol. Digested
DNA was ligated to Genome Walker adaptors. Two rounds of
- 20 - Genome Walker PCR reactions were carried out successively.
1 pl of each Genome Walker DNA library was used as
templates in the primary PCR, and the primary PCR products
were used as templates in secondary PCR. The PCR was
started at 95°C for 1 minute, followed by 35 cycles
25 consisting of 95°C for 15 seconds and 68°C for 4 minutes,
and a final extension at 68°C for 6 minutes. Target PCR
bands were cut out and purified by Geneclean kit (Bio
101}.

B . s B B et B B - .
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phenol / chl orof orm and precipitated by ethanol. Digested DNA was ligated to
Genone Wal ker adaptors. Two rounds of 20 Genone WAl ker PCR reactions were
carried out successively. 1 pi of each Genone Wal ker DNA |ibrary was used
as tenplates in the primary PCR, and the primary PCR products were used
as tenpl at evad®/18d8ondary PCR. The PCR was started at 9PCISG0/@1T nut e,
foll owed by 35 cycles 25 consisting of 95C for 15 seconds and 68C for 4

m nutes, and a final extension at 68C for 6 m nutes. Target PCR bands
were cut out and purified by Geneclean kit4(Bio 101). WD 02110413 PCT/ S0
0/00112 14 Two overl appi ng fragments, which covered the full Iength of the
CFACTI gene, were isolated by the Genonme WAl ker approach and conpletely
sequenced. The conpl.ete CEACTL.gen s_ 3040 i n h,,.Ln ing a 0.8
o5 promoter (B gurieopveeiaei fh o Bealer cubPeh eIy e Rl

pol ypepti de seqlematds off thise CEBET bros@RACTFErgeheol afieh hahdabendsemks, it

was found that Fhe.Heng3atedand! &id1Qeh 90¥eghehdd. t MaBMAN A d | evel
and the nucleotide |evel wth_the known_actin'genes fromplants 10 such as

Mal va pusilla $EEIbsmee wasoyBed PR U604699th, Bingitindhanl (AF#812) |, to
name a fe\évseranp.f@ﬁoteﬂgqgiggégi) . gmp@&EMgSEﬁéeﬁhaﬂ%tgl _3% hadgol ogy ﬁt t he
am no acl eve n ldentities at t ucl eqt,l de Wt a
known cotton ac?}f‘?'fﬁfg?r’?éiope if’-’@%@ 895 S9BPE5TR OF i T 1 trogngkgéf(ﬂ FHF rerent
fromthe pronpteish dhekniata behken itaneisnéoundt thomt ddtd gegenesared it is a
new actin gene ] a0hahed Ll omcb O n Al KE! 00: 4 NE GG gfDe sequence

reveal ed t hat nt ains ur éxons an ree itntrons in
: nucleotide level with the known actin genes from plants

10 such as Malva pusilla {AF112538), soybean (U60499},

Brassica napus (AF11812), to name a few examples. The
CFACT1 gene only shared 71%-93% homology at the amino acid
level and 80%-82% identities at the nucleotide level with
a known cotton actin gene (AF059484). Moreover, its

15 promoter is different from the promocters of known cotton
and non—cotton actin genes, so it is a new actin gene
isolated from cotton. Analyzing the CFACT1 gene sequence
revealed that it contains four exons and three introns in
its open reading frame (Figure 3). This gene structure is

20 typical of all complete actin genes analyzed so far [Shah
et al., 1983; Balrd and Meagher, 1987;'Nairn et al., 1988;
Stranathan et al, 1989; McElroy et al, 1980; Cox et al.,
1995; An et al.,1996].

Example 3: Functional analysis of the CFACT1 promotexr
25 To characterize the function of CFACT]1 promoter, the

0.8 kb CFACT1 promoter was linked to the GUS gene in
pBI10l, to construct gene expression vector (Figure 4}.

Cotton and tobacco were transformed by Adrobacterium
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its open reading frame(Figure 3). This gene structure is 20 typical of al
conplete actin genes analyzed so far [Shah et al., 1983; Baird and Meagher,
1987; Nairn et al., 1988; Stranathan et al, 1989; MEIroy et al, 1990; Cox
et al., 1995; An et al.,1996]. Exanple 3: Functional analysis of the
CFACT1 pronwter/1883 To characterize the function of CFACTIPCEiScnaoer2, t he

0.8 kb CFACTI pronoter was linked to the GUS gene in pBlIlA, to construct
gene expression vector (Figure 4). Cotton_and tobacco were transfornmed by
Agrobacterium WO 02/ 10413 PCT/SGC(C)10011%515 tumefaci ens containing the
CFACTI pronoter/GJS fusion gene, using the pBl1l21 vector containing a
CaMW35S pronoter/ @JS fusion as a positive control. The CaMW35S pronoter

is activeinal a I a
consti tutive profstecpagerrntaiifitd YeifeallSrchdePbBe A L and
Martinel |, 1993enex misiacy the epBbr2k GieCAPHi FRPea Ay BhEAWEATS |

pr oot er / GUS F USi bt 898 sOEusén %3585191@@&@{1{@8 f ygE oIy ol was
transferred into A robacter' tunefaci egs strain LfA‘ﬁol 4404 tton

expl ants for t rREREIGETatPoAhEYR Ybidiinéd® FHomThe 5EeR LW as
in Exanpl es1. -liﬁﬁbﬁﬂi'soanﬁxﬂlsaﬂtccﬁfﬁé’ﬁrﬂlﬁllvarabrbmme[d)dfeﬂdl%tOé)hC,Cd.QBS;

seedlings. Tobaccq seeds e ce- st 0% for

30- 60 seconds a(%d fé 1%2 fﬁégaf% %lnﬁu 5!;{1%&?1[ ltg?% g was |ng W th
sterile water. Wmcgemtmnen@eemm gbeoiFANEL rmmf‘tﬁéviGﬂS ghtsign 28C in
culture room a({lﬁqlé RV Ehe EHMVié?'B kkocagedlngs Jakryseuss explants

for transfor on. Cotton cot on and hy ocotyl, explants and tobacco
| eaf expl ants Vg aiearstol Red %&Mﬂﬂm Tumefaciens strain LBA
10 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% ethanol for
30-60 seconds and 0.1% HgCl, for 15 minutes, followed by
15 washing with sterile water. The seeds were 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 transformed by the

20 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 pileces, and

immersed in Agrobacterivm suspension for 5 minutes. The
25 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

kanaymcin and 1 mg/L 6-BA for 20-30 days for selecting

transformed shoots (kanamycin-resistant shoots). The
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20 Aaro] 2acterium wth 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 imersed in Ao to iumsuspension
for 5 mnutes. The 25 infected tobacco explants were cultivated on M5

medi um wi t hwo oaigd4l3 6- BA for 48 hours at 28C, and then tPansGeveed onto

sel ection M5 nmedi um containing 100 ng/L kanayncin and 1 ng/L 6-BA for

20- 30 days for selecting transformed sh LS (kananyci n-resi stant shoots).
The WO 02110413 PCT/ S0/ 00112 16 transforned shoots were cut fromthe
calla and rooted on M5 nediumw th 50-100 ng/L kananycin. The transforned
tobacco plants were transplanted to soil in greenhouse for growing to

maturity. 5 The,Gabybeded anshdyRReet ¥ht Werdn 43Rd cas1eXPhdMcb el onCotton
transformati on. Cotton seeds were surface- sterilized with 70% et hanol for

30 seconds and MEOFeARER: B th 67 MiOAUPELY FRIBESE by TRESHF Y T St eri | e
wat er. These seg@dscheptahdsubaieedraAsphenisd®rid eowat &n gteBGusEh&ot0
seeds sprouted ovenniggt. Tge qpbryos were taken out and put on the I'M
medi um (1/ 2 ( MSTOHEEPohRBt PReMtsY  nmicronutrients, EDTA-Fe) + VBL 10 ng/L +
VB6 1 ny/ L5+ VPP 1Thg/ totyMrier rsidt bypd@ot yiy/Mere+ ughiit agedxpd.andys| for =

O ) o o 28C { oel ol Ban TR, £ I0R0 RN WRREOLLLOLuERIEON IS vere used

as explants for transfornation. ter cutting into 5 m? nq)}ﬁiece, t he
expl ants were $égkddipadt vsth Affowabaped ufRt uifesecBAs a—d rldi®h HBAf2R04

suspension (ORORintt8s?2 foblidhed B #BsHimyitith EReRilbeyfedy antimewer e put
on CM medium (M3 BCTonut [ Sl Seed™s " RET LIS WERTE B 26oc.  The

10 seeds sprouted overnight. The embryos were taken out and
put on the IM medium (1/2 (MS (macronutrients,
micronutrients, EDTA-Fe) + VBl 10 mg/L + VB6 1 mg/L + VPP
1 mg/L + Myo-Insitol 100 mg/L) + phytogel 2 g/L pH = 6.4)
at 28°C for 7 days. The cotyledon and hypocotyl of cotton

15 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 (ODggy
= 0.2 - 0.4) for 15 minutes. Then the explants were put
on CM medium (MS macronutrients, micronutrients, EDTA-Fe)

20 + VBl 10 mg/L + VB6 1 mg/L + VPP 1 mg/L + Myo-Insitol 100
mg/L + 2.4-D 0.1 mg/L + KT 0.1 mg/L + Glucose 30 g/L +
MgCl, 0.7 mg/IL + phytogel 2 g/L pH = 6.4) at 24°C for 2
days. After washing with liguid MS medium, the explants
were put on the SM medium (MS {macronutrients,

25 micronutrients, EDTA-Fe) + VBl 10 mg/L + VB6 1 mg/L + VPP
1 mg/L + Myo-Insitol 100 mg/L + 2.4-D 0.1 mg/L + KT 0.1
mg/L + Glucose 30 g/L + MgCl, 0.7 mg/L + phytogen 2 g/L +
Kanamycin 50 mg/L + Cefutoxime 200 mg/L pH = 6.4) on light
at 28°C in culture room for selecting and the subculture
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20 + VB1 10 ng/L + VB6 | ng/L + VPP 1 ng/L + Myo-Insitol 100 ng/L + 2.4-D
0.1 nmgy/L + KT 0.1 ng/L + GQucose 30 g/L + MCl2 0.7 ng/L + phytogel 2 g/L
pH = 6.4) at 24C for 2 days. After washing with liquid M5 nmedium the
explants were put on the SM nedium (M5 (macronutrients, 25 mcronutrients,
EDTA- Fe) + wBImA®ihg/L + VB6 1 ng/L + VPP 1 ng/L + Myo- PEEISGAV00R0 ny/ L +
2.4-D 0.1 ng/L + KT 0.1 ng/L + Qucose 30 g/L + My 2 0.7 ng/L + phytogen
2 g/L + Kanamycin 50 ng/L + Cefutoxime 200 ng/L pH = 6.4) on light at 28C
in culture roomfor selecting and the subklUlture WD 02110413 PCT/ SGOQ' 00112
17 was per nmonth. After 2-3 nonths subculturing on SM the calli were

i nduced fromexplants. The calli were transferred on DM nmedi um ( M5

mRoront oy ™ Spo e SOV “RsBerchrd Al YBbytRulBlh YOG BBk
A ucose 30 g/ L cphytiogete inplucepgHizoB. dxpbavd-s.sulfbel tatkd ware nonth. After
about 5 nont hs,trraggfég%l&l -mg&%ﬁ“b?ﬁ’%n(ﬂf%\ffé’%ghgg@é’ nuing to culture

the young enbryos on DM nmedium unti y into maturity. 10 The
mat ure enbryos MaererpEsheterr ETAnFEM heB kY 17 L( WVEVB S radiduttr VERL s,

m cronutrients, EQFA- Fepya- 3L td0 m96Lng/1 MB&b, M Ly /. WPRgéLw 17 +

Myo-1Insitol 100 ng/L + KIAA 0.01 [L + @ ucpse 30 g/% +rEF£ytogeI 3.5 ¢g/L
pH = 6.4) in t F8/IpE u?6§e§@/&/3ppﬂgt?%?% DIHM P8t 5. °ahlb #Men the plantlets
15 were transplsabtaltiped heesaohthor Aheeplastutgbomonghandhec@dmetzng t he

transgeni ¢ seeds, Tr gnggeni %ot %bacco émd L_:not.ton gl aniéugeostsheessi ng the

chineric CFACTF%FB%Ner?ﬂJ ger?é:m(or %%@ heVs] engﬁl, and " non-XTdnsf or med

pl ants as negatmbeycontm dlls megénm anbiyzgey develop into maturity.
10 The mature embryos were transferred on GM medium {(1/2 (MS

(macronutrients, micronutrients, EDTA-Fe) + VBl 10 mg/L +
VB6 1 mg/L + VPP 1 mg/L + Myo-Insitol 100 mg/L) + NAA 0.01
mg/L + Glucose 30 g/L + phytogel 3.5 g/L pH = 6.4} in the
box for developing into plantlets. And then the plantlets

15 were transplanted in the soil for the plant growing and
collecting the transgenic seeds.

Transgenic tobacco and cotton plants possessing the
chimeric CFACT]1 promoter/GUS gene (or 358:GUS gene), and
non-transformed plants as negative controls, were analyzed

20 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 agarose gels, and transferred onto Hybond-N
nylon membranes by capillary blotting. DNA Southern blots

25 were hybridized in ExpressHyb solution (Clontech) at 68°C
with *2P-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 88C, 0.5% SDS for 30-60

minutes. The **P-labeled nylon membranes were exposed to
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20 by DNA Sout hern bl ot hybridization and by GUS histochem cal assay.

Total genom c DNA fromcotton and tobacco | eaves were digested with
restriction enzynmes, separated on agarose gels, and transferred onto
Hybond-N nyl on nmenbranes by capillary blotting. DNA Southern blots 25 were
hybri di zed W® ®dptidssHyb sol ution (C ontech) at 68C wit PCIBBOEINAIZr Obes
prepared by random | abeling (Pronmega Prinme-a-Gene Labeling System. After
hybri di zati on, the blots were washed at 68C in 0.1 x SSC, 0.5% SDS f or
30-60 mnutes. The 32P-1abel ed nyl on menb? anes wer e exposed to WO 02/10413
PCT/ SGOO' 00112 16 X-ray filmat - 70" C for autoradi ography. Southern bl ot
anal ysis denonstrated that the CFACT1 pronoter/GJS fusion gene was

| ntegrated int g ol 99)And: { ODAEO £odeRRRRSa ddAbAGhe T Galne A SAKE for OUS

activity in transdgenic t obacco and cotten wer e conducte

accordi ng to tHRhalysdeodenonebiiatiagedhatetheUSTACTHy Prempeesdrietfugiion 1987)
with some nodi fgad WaRS inbEgsddd S24eS cht oh LR RIRRLeo YBh&nddiCubated in

X-gluc (5-brono-4-chl Qr o 3-] r!LdoI yl gf;@lu%urom de) solution 10 consi,sting of
0.1 M sodi um phosphdt-E*PHREHIeAL afGapR Lo n§YR A dvArYndR et FERRIME  aci d

(EDTA), 0.% nmMtmdisassi anmd Eettracydande aade Ocdndddtegiobassrditng fiey ribeyani de,
and 0.1 X-glu t.egh em cal) .overnight T t al ped. pl

materials were ﬁ(?egr?%gllegrega%l%a %%xe&oﬁﬁ fi i%egfév%‘n /10 O/gd}'s glrr.lbt(ig?)o%

et hanol succesHird pormgnyodhdlcrripings Weesh eksavasedramdtiph@bptaphed

directly or undgly.aiB-6HQ860P6 x-Ailetal of 230 transformed cotton plants,
whi ch belong to 21 transtfornmed |li'nes, were obtai ned and transplanted in

soil to grow t o SmiEerPrd-chlorg3-dpeolyl ahugernidedt sghution
10 consisting of 0.1 M sodium phosphate (pH 7.0), 10 mM

ethylene diaminetetraacetic acid (EDTA), 0.5 mM potassium

oo

ferrocyanide and 0.5 mM potassium ferricyanide, and 0.1
X-gluc (Clontech Chemical) overnight. The stained plant
materials were then cleared and fixed by rinsing with 100%

15 and 70% ethanol successively, and the samples were
examined and photographed directly or under a microscope.
A total of 230 transformed cotton plants, which belong to
21 transformed lines, were obtained and transplanted in
s0ll to grow to maturity. In all the transgenic cotton

20 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. In comparison,
plants transformed with the positive control pBI121
(3558:GUS) exhibited strong GUS activity in all the

25 tissues, and the non-transformed plants showed no GUS
activity in fibers as well as other tissues when stained
in X-gluc sclution under the same condition as transgenic
plant tissues. In more than 20 transgenic tobacco plants

studied, the GUS gene driven by CFACT1 promoter expressed



20 plants studied, GUS activity was detected only in young fibers, but not
in the flower organs such as anthers, petals and sepals, or in | eaves and
roots. In conparison, plants transfornmed with the positive control pBI121
(35S: AUS) exhibited strong GUS activity in all the 25 tissues, and the
non-transf owead/ipant s showed no GUS activity in fibers ®€Td6hI008 ot her

ti ssues when stained in X-gluc solution under the sane condition as
transgenic plant tissues. In nore than 20 transgenic tobacco plants

studi ed, the GJS gene driven by CFACTI pA8noter expressed WO 02/10413 19
PCTI S&or 00112 only in seeds and pul ps, suggesting that the CFACTI

pronoter is also tissue-specific in tobacco. These results indicate that

the CFACTI pronoter, directs ne . specific expression. at
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ttgccct ggact at gagcaggaact ggagact gcgaagagcagct cat ct gt.t gagaaaa300
act at gagtt gcct gacggacaagt catt act at t ggagct gagagattccgtt gcccgg360
aagtcctcttccagccatctttcat cgggat ggaagct gct ggaat ccat gaaact acct 420
acaact ct at cat gaagt gt gat gt ggat at caggaaggat ct ct acggt aacat t gt gc480

t cagt gggggt t caaccat gt t ccct ggt at t gcagaccgcat gagcaaggagat cact g540
cacttgct ccaagcagcat gaagat t aaagt cgtt gccccaccagaaaaaaaaat acagt 600
gt ct ggat t ggaaggat ct at ct t ggcat cact ccacacctjgcaacaaat gt ggattt c660
ccagggt gaatttgat gaat ccggc685 <210> 2 <211> 3041 <212> DNA <213>
Ar abi dopsis sp. WD 02/10413 PCT/ 5000/ 00112 <400> 2

act at agggcacgcgt ggt cgacggcccgggct ggt cct ct aaagaacaat t gt gt caag60
tcgttcttgccgagcaggingsgaat aggagcet t agagt aacat ct aacagacggact gct 120
ccagcattaact gtttggl gaaaat gtt aat ggt agt gct at gt cgaagtattttcatggl80 aaggtgttaa
gaattaatgttattgggattactaatttctagtattaattgtggtttgga240
agttaatatataattattcaatccttgttttttattttttttttataacacaattacaaa300
taatttatttaactttggttgtttttaatttatgacggttaatattttagtttaataatt 360
gagcattattat at att aaat aaat aaat catt gt aat at at gt aaaaat aatttaaaat 420
ataaatttattaat at at at aat aaact caat caaacaat aaaaagat aat aaattctta480

aatatataaattti!!gasalageidd aghangLeLal£ARREAR AGAAAAIAL | Ld0 s sung

tt gcaggtt cat ccaaacaccagaaaagt aaat catt {t cagaaaagi aaatcatttt't C

agaaattatttttcggaaad t@ih tltackgppmenic adatlye doreneteai qif tidiegrcosbon actin
tttattttttatttttct gdlaaeasnctagadgt taat dd dl&Raat gl otddadks 20t hrough
tagcttgtttagattagttgaagg cacagaacccqgcgttgt caagtgattttgct gtac780
t cactacct agattcttat¥% cdlgtTRA gtthd%®4g4dt ggccgacggt gaggcet at t caas840
cccct cgt ct gt gat aat ggaact ggaat ggt gaaggttagttattttttagaccaaagc900
aaacct gacacctagcttttagactt ggacaaggat aaaat ct gtttaagtgggcttagc960
t caggcttctacatt caaagcct gaat gcagctcagctcatttacattatataatttatal020
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gat at aat agat acat at at aat act at aatttaaacattaattttctaaat caat ggt al080
aggcat at t gcact caagagaggagacat agat tt agacct t ggaaacgacattgtt gggl140
aaaggt at ct at aat ccat gaacaaggaccat aaacat ggacat gaagaat acccaaaaal200
aaat at atttt aagaaat agaaaat act att ggt agat t t gggt aaaat at gagat cat al260

tt at ggact aa9WOdFaex t gggcacat aagaat t at gat gat at cat acacaaac €CHYE@A0112

ccggtct at gaacacttct agacctgagtcataatctcggttattgtttatttttttctgl380
aaaagtaacttatggttaagctaattttgtct gt aglgkagoccgetd t gct ggt gat gl1440
at gct ccaagggcagtttttcccagtatcgttggtcgtccccggcacact ggtgttatggls500
t t gggat gggt cagaaggat gcct at gt aggagat gaagcacaat ct aaaggaggt at cc1560
ttactttgatiaatcctéat Bgagcat ggt att gt gagcaat t gggat gat at ggaaaagals20
t ct ggcat cat ac&¥.cfacaacgaact ccgt gt t gt t cct gaggagct ccct gt gct ac1680
t cacggaagcacctiallcdbcaaggccaat agagaaaagaagact cagat cat gt t t g1740
aaaccttcaat gt Hett dct“ét gtatgttgccat ccaggccgttctctctctgtatgccal800
gt gt ct apascannlli ol LAGAEhl aaaaE] Lalah 404! bhlnlegllidiaat 0al8o0
tattttcgaat cajeihgpeaed@gakial ecei &l at t ggaacaggt att gt gct ggat 1920
tccggtgatggtgtttctcacat cgt gccaat ct at gaaggat at gccctt ccacat gcc1980

at cct ccgttitbgagtnt-tigeaggt cgt gat ct aaccgat gcct t gat gaagat t ctt acc2040
gagagaggttacat gtt caccaccact gct gaacgggaaat t gt ccgt cacat gaaagag2100
aagctt gc%% gttgccct ggact at gagcaggagct ggagact gccaagagcagct ca2160
tctgttga Gaact at gagtt gcct gacggacaagttattact att gaagct gagaga2220
ttccgtt gegfpggaagt cctctt ccagecat cttt cat cgggat ggaagcet gct ggaat c2260
cat gaaact acct acaact ct at cat gaagt gt gat gt ggat at caggaaggat ct ct ac2340
ggt aacat¢gtogcraRgtggorgi.t ganpcccat gt t ccccggt at t gcagaccgcat gag2400
caaggagat cact gcactt gct ccaagcagcat gaagat t aaggt cgtt gcgccaccaga2460
gagaaagt e&&gt gt ct ggat t ggaggat ct at ct t ggcat'cact cagcacctt ccagca2520
ggt aaat afdttat¢dx tatat tt ggctctacttcttttgtttgatggttgtccgacact g2580
acgttctt it%%:%g?tlgiti%g%t tt ccaagggt gagt at gat gaat ccggt ccat cca2640
tt gt ccacaggaagdt gc e aagf’fttgt aattgcttttgatggtgatctacattttgc2700
atttagttggebcitttttggegt gccgt gt caagt gaact caaaagtctggtttat gt g2760
cgggaagtétagggeiceatygiaggas ogitghacadtgataidagacytaigtat tadd vtageadado
ct t t caccgitatcaecacgaddcaayct igetiogggu-ic bbaygdgat goredggtcgac ggacH2880

accttgcagyg
tgttcaccac
ttgecectgga
actatgagtt
aagtcctett
acaactctat
tcagtggggg
cacttgctce
gtetggattyg
ccagggtgaa

<210> 2
<211> 3041
<212> DNA

tcgtgatceta
cactgctgaa
ctatgagcag
gectgacgga
ccagecatcet
catgaagtgt
ttcaaccatg
aagcagcatg
gaaggatcta
tttgatgaat

<213> arabidopsis sp.

accgatgect
cgggaaattg
gaactggaga
caagtcatta
ttcatcggga
gatgtggata
ttcectggta
aagattaaag
tettggeatc
ccggce

tgatgaaaat
tccgtgacat
ctgegaagag
ctattggage
tggaagetge
tcaggaagga
ttgcagaccy
tegttgecce
actccacacc

tcttaccgag
gaaggagaag
cagctecatet
tgagagattc
tggaatccat
tectctacggt
catgagcaag
accagaaaaa
ttccaacaaa

agaggttaca
cttgettaty
gttgagaaaa
cgttgeecygy
gaaactacct
aacattgtge
gagatcactg
aaaatacagt
tgtggattte

60

120
180
240
300
360
420
480
540
600
660
685
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attggtgcttaattccttccctacaatccatctttgaaccatgctgcttaaaaggttttt2940
t ggagcgggagactggattgtggtgecttttatttttttatttatttaatatt caagggtt 3000
ttgagaacattaatgttaatagctattattgtacgagattt3041 2

WO 02/10413 PCT/SG00/60112

<400> 2

actatagggce
tegttettge
ccagcattaa
aaggtgttaa
agttaatata
taatttattt
gagcattatt
ataaatttat
aatatataaa
ttgecaggttc
agaaattatt
tttatttttt
tagcttgttt
tcactaccta
ccectegtet
aaacctgaca
tecaggettet
gatataatag
aggcatattyg
aaaggtatct
aaatatattt
ttatggacta
ceggtetatyg
aaaagtaact
atgctccaag
ttgggatggyg
ttactttgaa
tctggeatcea
tcacggaagc
agaccttcaa
gtggtcgtac
tattttegaa
tceggtgatg
atccteccgte
gagagaggtt
aagcttgett
tctgttgaga
ttecgttgec
catgaaacta
ggtaacattg
caaggagatc
gagazagtac
ggtaaatata
acgttcttge
ttgtccacag
atttagttgg
cgggaagtta
ctttcaccgt
attggtgctt
tggagcggga
ttgagaacat

acgegtggtce
cgagcaaatc
ctgtttggtyg
gaattaatgt
taattattea
aactttggtt
atatattaaa
taatatatat
ttttttaaaa
atccaaacac
ttteggaaat
atttttctat
agattagttg
gattcttatt
gtgataatgg
cctagetitt
acattcaaag
atacatatat
cactcaagag
ataatccatg
taagaaatag
agccgagett
aacacttcta
tatggttaag
ggcagttttt
tcagaaggat
atatcectatt
tacattctac
acctctcaac
tgtacctget
aacaggtttg
tcatgttgac
gtgtttctca
ttgaccttgce
acatgttcac
atgttgeceet
agaactatga
cggaagtect
cctacaactce
tgctcagtygg
actgcacttg
agtgtctgga
tatttttata
tttacagatyg
gaagtgcttc
ctettttttyg
gggatecattg
atcaccacca
aattecettec
gactggattyg
taatgttaat

gacggeoecgg
cgaataggag
aaaatgttaa
tattgggatt
atccttgttt
gttttcaatt
taaataaatc
aataaactca
tagcettitea
cagaaaagta
tattttactg
ttagagaaac
aagggcacag
ttcagtattg
aactggaatqg
agacttggac
cctgaatgca
aatactataa
aggagacata
aacaaggacc
aaaatactat
gggcacataa
gacctgagtc
ctaattttgt
cccagtateg
gcctatgtag
gagcatggta
aacgaactcc
cccaaggeca
atgtatgtty
ttagacttga
actggattat
catcgtgccea
aggtcgtgat
caccactget
ggactatgag
gttgcctgac
cttecagcea
tatcatgaag
gggttcaacc
ctccaagecaqg
ttggaggatc
tttggctcta
tggatttceca
taagttttgt
gcgtgecgty
taggatggtyg
ttaagctgat
ctacaatcca
tggtgectttt
agctattatt

gctggtcecte
cttagagtaa
tggtagtgct
actaatttct
tttatttitt
tatgacggtt
attgtaatat
atcaaacaat
gtaaatctgt
aatcatttte
gcaaacaaat
tagaaattga
aaccegegtt
taaaagatgg
gtgaaggtta
aaggataaaa
gctcagctca
tttaaacatt
gatttagacc
ataaacatgg
tggtagattt
gaattatgat
ataatctcgg
ctgtaatgta
ttggtcegtee
gagatgaagc
ttgtgagcecaa
gtgttgttcc
atagagaaaa
ccatecagygce
aacttctatg
ccectctattg
atctatgaag
ctaaccgatyg
gaacgggaaa
caggagctgg
ggacaagtta
tectttcateg
tgtgatgtag
catgttccce
catgaagatt
tatcttggca
cttcttttgt
agggtgagta
aattgetttt
tcaagtgaac
tacctgatat
gggccctaag
tctttgaacce
atttttttat
gtacgagatt

taaagaacaa
catctaacag
atgtcgaagt
agtattaatt
ttttataaca
aatattttag
atgtaaaaat
aaaaagataa
caaacaatag
agaaaagtaa
ggagtctaag
tttgtcaaat
gtcaagtgat
ccgacggtga
gttatttttt
tctgtttaag
tttacattat
aattttctaa
ttggaaacga
acatgaagasa
gggtazaata
gatatcatac
ttattgttta
ggcecggtttt
ccggceacact
acaatctaaa
ttgggatgat
tgaggagctce
gaagactcag
cgttctetct
agecttttcte
gaacaggtat
gatatgccct
cecttgatgaa
ttgtecgtea
agactgccaa
ttactattga
ggatggaagce
atatcaggaa
ggtattgcag
aaggtegttg
tcactcagca
ttgatggttg
tgatgaatce
gatggtgatc
tcaaaagtct
tgacgtatta
gagatggcgg
atgctgetta
ttatttaata
t

ttgtgtcaag
acggactgct
atttteatgyg
gtggtttgga
caattacaaa
tttaataatt
aatttaasaat
taaattctta
aaaatatttt
atcatttttc
tgtttectgtt
gtctttaatce
tttgctgtac
ggctattcaa
agaccaaagc
tgggcttagce
ataatttata
atcaatggta
cattgttggg
tacccaaaaa
tgagatcata
acaaacectgg
tttctttatg
goctggtgatg
ggtgttatgg
ggaggtatcc
atggaaaaga
cctgtgetac
atcatgtttg
ctgtatgcca
attttaatga
tgtgctggat
tccacatgcc
gattcttace
catgaaagag
gagcagctca
agctgagaga
tgctggaate
ggatctetac
accgecatgag
cgccaccaga
ccticcagea
tccgacactg
ggtccatcea
tacattttgc
ggtttatgtyg
ttattttage
tggacggaca
aaaggatgtt
ttcaagggtt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1580
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3041



