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Abstract

Brassinosteroids (BRs) are an important class of plant steroidal hormones that are essential in a wide variety of physiological
processes. To determine the effects of BRs on the development of cotton fibers, through screening cotton fiber EST
database and contigging the candidate ESTs, a key gene (GRDWF1I) involved in the upstream biosynthetic pathway of
BRs was cloned from developing fibers of upland cotton (Gossypium hirsutum L.) cv. Xuzhou 142. The full length of the
cloned cDNA is 1 849 bp, including a 37 bp 5 -untranslated region, an ORF of 1692 bp, and a 120 bp 3 -untranslated region.
The cDNA encodes a polypeptide of 563 amino acid residues with a predicted molecular mass of 65 kD. The deduced
amino acid sequence has high homology with the BR biosynthetic enzyme, DWARF1/DIMINUTO, from rice, maize, pea,
tomato, and Arabidopsis. Furthermore, the typical conserved structures, such as the transmembrane domain, the FAD-
dependent oxidase domain, and the FAD-binding site, are present in the GhDWF1 protein. The Southern blot indicated
that the GRDWFI gene is a single copy in upland cotton genome. RT-PCR analysis revealed that the highest level of
GhDWEF1 expression was detected in O DPA (day post anthesis) ovule (with fibers) while the lowest level was observed in
cotyledon. The GRDWFI gene presents high expression levels in root, young stem, and fiber, especially, at the fiber
developmental stage of secondary cell wall accumulation. Moreover, the expression level was higher in ovules (with
fibers) of wildtype (Xuzhou 142) than in ovules of fuzzless-lintless mutant at the same developmental stages (0 and 4
DPA). The results suggest that the GRDWFI gene plays a crucial role in fiber development.
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ideal experimental model for studies of plant cell

INTRODUCTION

Cotton is the world’s leading fiber crop. Cotton fiber,
the main production of cotton plant and the most
important natural fiber, is a single cell resulting from an
elongated cell of the ovule epidermis, which undergoes
rapid and synchronous elongation (Basra and Saha
2001). The highly elongated structure and exceptional
chemical composition establish the cotton fiber as an

This paper is translated from its Chinese version in Scientia Agricultura Sinica.

elongation, synthesis of cellulose, and cell wall
accumulation (Kim and Triplett 2001). Furthermore,
because the fiber quantity and quality are established
during fiber development, the yield and quality of cotton
fibers are closely related to the fiber growth. Therefore,
studies on fiber development will contain not only
theoretical but practical values.

To investigate the growth and development
mechanism of cotton fibers, until now, a few genes
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that preferentially or specifically expressed in the fiber
developmental stages have been cloned and identified.
Through screening the cDNA library of cotton fibers,
John and Crow (1992) first identified and characterized
the E6 gene that specially expressed and mainly activated
in fiber. Subsequently, the H6 gene has been cloned
and proven to express specifically in fiber cells. Further
studies revealed that the H6 mRNA was predominantly
present during the formation of the primary cell wall
(John and Keller 1995). pGhEX1, an expansion protein
gene regulated developmentally during the fiber
elongation stage, was likely to play an important role in
fiber cell elongation with turgor-driven growth in plant
cells (Orford and Timmis 1998). Several myb-like genes
involved in cotton fiber development were isolated first
by Loguercio and his colleague (Loguercio et al. 1999).
Recently, one sucrose synthase gene (Sus) was identified
and proven to be crucial for fiber cell initiation and
elongation (Ruan et al. 2003). Using SSH and
microarray methods, 172 genes that preferentially or
specifically expressed in fiber developmental stages
were identified, many of which encoded components
involved in cell expansion, lipid biosynthesis, and
phytohormone biosnythesis (Shi et al. 2006).
However, fiber growth and development were not
affected in transgenic cotton plants either up- or down-
regulating some cloned gene expression. Therefore,
the mechanism of fiber development is hitherto largely
unknown. Recently, a few studies have demonstrated
that brassinosteroids (BRs) play pivotal roles in the
growth and development of cotton fibers. The exogenous
application of brassinolide (BL), the most bioactive BRs
found to date, results in a 6.1 and 9.5% increase of the
fiber length and strength in a field test, respectively. In
the system of cotton ovule culture, the treatment of
cultured ovules of Coker312 with BL leads to a 30-
38% increase on the mean fiber length. In the same
way, treatment of ovules of Ligon mutant, a lintless
mutant, results in a 16.5% increase of the fiber length
and a 26.1% increase of the fiber production relative to
the control samples (Kasukabe et al. 2001). More
recently, exogenous application of BL was found to
promote fiber development, while addition of a
brassinosteroid biosynthesis inhibitor brassinazole (Brz)
inhibited fiber elongation (Sun et al. 2004; Sun and Allen
2005; Shi et al. 2006). In addition, increasing reports

indicated that the genes responsible for various
biosynthetic enzymes in the BR biosynthetic pathway
and the genes involved in BR perception/signaling such
as GhDET2, GhSMT1, GhBRI1, and GhBIN2, show the
highest expression profile during the fiber initiation and
elongation (Luo et al. 2007; Sun et al. 2004; Sun and
Allen 2005; Shi et al. 2006). These results suggested
that BR is an important growth-promoting hormone
required for fiber cell development. However, the final
production or intermediates in BR biosynthetic pathways
perform different bioactivities and physiological functions
in the complicated network of plant development, for
example, sitosterol is a primer in cellulose biosynthesis
(Peng et al. 2002). The effect of one gene involved in
BR biosynthesis on the fiber growth and development
needs to be further investigated.

By combining all effects of BRs on fiber development,
it is proposed that BRs are an important clue to elucidate
the molecular mechanism of cotton fiber growth and
development and to improve the quantity and quality of
cotton fibers through gene engineering. Therefore, it
is necessary to clone the genes involved in BR
biosynthesis and signal transduction from cotton fibers.
In this article, we have cloned the GRDWFI gene
involved in BRs upstream biosynthetic pathway by
screening the cotton EST database and contigging the
candidate EST sequences. The expression patterns of
GhDWF1 gene in various organs and various stages of
fiber development were obtained. The results revealed
the relationship of the GRDWF 1 gene with the growth
and development of cotton fibers.

MATERIALS AND METHODS

Plant material and growing condition

Gossypium hirsutum cv. Xuzhou 142 and its fuzzless-
lintless mutant (fI) were provided by the Cotton Research
Institute, Chinese Academy of Agricultural Sciences, and
were grown in field with normal administration.

Isolation of cotton genomic DNA and total RNA

Genomic DNA was isolated from young, expanding
cotton leaves using the CTAB method as described
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previously (Xiao et al. 2002). For isolation of total
RNA from various organs and tissues in cotton plant,
the roots, cotyledons, and hypocotyls were obtained
from 7-day seedlings grown in sand, and the leaves,
flowers, ovules, and fibers of different developmental
stages were obtained from mature plants. Isolation of
total RNA followed the protocol described previously
(Luo et al. 2003).

Synthesis of first-strand cDNA

20 ug total RNA from various organs and tissues was
used for each sample to synthesize first-strand cDNA
by the instructions of first strand cDNA synthesis kit
(TaKaRa).

Screening cotton EST sequences with high
homology to plant DWF1/DIM genes

The amino acid sequence of Arabidopsis DWARF1/
DIMINUTO (Klahre et al. 1998) was found out in the
GenBank database and was used as a probe to screen
the cotton EST database in GenBank. The cotton ESTs
with high sequence homology to Arabidopsis DWARF 1/
DIMINUTO were identified using the BLAST program
(http://www.ncbi.nlm.nih.gov/blast).

Cloning the full length of cDNA of the GhDWF1
gene

Candidate EST sequences identified were subjected to
contig analysis with the SeqMan program (DNAStar,
Madison, WI). BLASTX analysis (http://www.ncbi.
nlm.nih.gov/blast) was performed to determine the
putative full length open reading frame (ORF). A pair
of specific primers P1 (5-GGAGCTTAAGAGGAAGA
GGCATTC-3") and P2 (5~ ATCCCATAACATCAGTTC
CGACCC -37) designed based on the putative ORF was
used to amplify the cDNA sequence of GRDWFI from
4-DPA (day post anthesis) ovules (with fibers). The
PCR thermocycling condition was as follows: 94°C for
5 min, followed by 35 cycles of 94°C for 1 min, 56°C
for 45 s, and 72°C for 1.5 min, and a final extension at
72°C for 10 min. The PCR product was purified and
ligated with pUCm-T vector and sequenced.

Sequence analysis of the deduced GhDWF1
protein

The protein similarities of the deduced GhDWEF1 protein
with other DWARF1/DIMINUTO homologues were
determined by the program of Basic Local Alignment
Search Tool (BLAST) at NCBI. The alignment analysis
of multiple amino acid sequences was performed with
the Megalign program (DNAStar, Madison, WI).

RT-PCR analysis

Reverse transcription PCR (RT-PCR) assays were
carried out according to the instruction of the TaKaRa
RT-PCR kit. The amplified production of cotton
Ubiguitin gene was used as a RNA loading control and
¢DNA quality control. A pair of primers named Ubi-up
and Ubi-dn (Ubi-up: 5“CAGATCTTCG TCAAAACC-
3%, Ubi-dn: 5~-GACTCCTTCTGGATG TTGTA-3") was
used for Ubiquitin amplification.

Southern hybridization

For Southern analysis, about 20 pg cotton genomic DNA
were digested by four groups of restriction enzymes,
such as Xba 1, BamH | and EcoR V, EcoR | and
Spe 1 ,and Xho 1. The cotton DNA digested completely
were subjected to fractionate on 0.7% (m/v) agarose,
and then transferred onto positively charged nylon
membrane (Bio-Rad) as described previously (Sambrook
and Russell 2001). The fragment contained a partial 3"
untranslate region, and a partial coding sequence of
GhDWF] was used as the probe labeled by a-*?P using
Ready-To-Go Labeling Beads (Pharmacia). After
washed, Kodak X-ray films (Eastman-Kodak, Rochester,
NY, USA) were exposed to the nylon membranes for
two days with the aid of intensifier screens.

RESULTS

Screening and contigging EST sequence with the
homology to Arabidopsis DWF1/DIMNUTO

To obtain a DWF! gene from upland cotton (Gossypium
hirsutum L.), a few cotton ESTs were identified ac-
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cording to the amino acid sequence similarity to DWF1,
an Arabidopsis cell elongation protein (Klahre et al.
1998), using the BLASTN program (http://www.ncbi.
nlm.nih.gov/blast). Seven of them (GenBank acces-
sion No. AI725977, A1332040, AWS587455, BE053495,
BF271039, BG439971 and BG445535) located on N-
terminus, middle region, and C-terminus of DWF1 pro-
tein were selected for contig analysis through the
SeqMan program of DNAStar pakgage. A consensus
of 1980 bp was obtained and subjected to sequence
analysis in the GenBank database. The results show
that the consensus sequence contains a full ORF of 1
692 bp (from 45 to 1763 bp)(Fig.1). The deduced
protein from the putative ORF matches well with the
other DWF1/DIMINUTO homologues.

Cloning and characterization of GhDWF1 gene

Based on the result of the consensus sequence analysis,
a pair of specific primers (P1 and P2) located on the
flank sequence of ORF was designed and synthesized.
The cDNA from 4 DPA ovules (with fibers) was used
as the template to amplify the sequence expected. The
resulting sequence indicated that the obtained fragment
was 1849 bp, 5 bp shorter in the 3 -untranslated region
relative to the corresponding consensus (Fig.1). The
full length of the ORF was 1692 bp, starting at
nucleotide 38 and stopping at nucleotide 1 729,
corresponding to 563 amino acids (Fig.1), and designed
as GhDWF1 (GenBank accession No. AF538359).

The homology analysis of the deduced GhDWF1

To further characterize the homology of GhDWF1 with
other species DWF1 and investigate their evolution
relationship, a comparison of these amino acids was
done. The results revealed that GhRDWF1 was 84.0%
identity and 91.0% similarity with the Arabidopsis
thaliana DWARF1/DIMINUTO (GenBank accession
No. NP850616), and was 86.0% identity and 91.0%
similarity with the cell elongation protein DWARF1/
DIMINUTO derived from rice (GenBank accession No.
NP921328) (Fig.2). These indicate a significant
similarity to the members of various plants, such as A,
thaliana, Pisum sativum Linn., Oryza sativa, and
Lycopersicon esculentum. The phylogenetic analysis

suggests that the GhDWF1 protein is more closely
related to Zea mays and Oryza sativa than any other
dicotyledonous plant, such as P. sativum Linn., L.
esculentum, and A. thaliana (Fig.3). In addition, the
deduced protein consisting of one N-terminal peptide
formed a transmembrane domain (24-47), which was
likely to be involved in transmembrane and protein
location. Furthermore, a homology of FAD-oxidase
(109-217) and a structure of the FAD-binding domain
(159-170) were located in the middle region (Fig.2).
These results reveal that GhDWF1 is a DIM/DWF1
homologue from cotton.

Southern hybridization

To determine the structure of GRDWF1 in the genomic
DNA, Southern hybridization analysis was used to
detect the copy number. Cotton genomic DNA was
isolated from the young leaves of cotton plants and
digested with four groups of restriction enzymes namely
Xba I ,BamH 1 and EcoR V, Spe | and EcoR 1,
and Xho 1, respectively. A fragment of GhDWF1I
c¢DNA labeled by o-[*2P]JdCTP was used as the probe
for hybridization. The hybridization result indicates that
only one brand was detected in each lane, which
suggests that the GRDWF1 gene is a single copy in
cotton genome (Fig.4).

Expression pattern of GhDWF1 in cotton plant
and at various stages of fiber development

The expression pattern is a significant data for indicating
the function of the target gene. To determine the role
of the GWDWF1 gene in the growth and development
of cotton plants, especially in the development and
growth of fibers, the expression levels of the GRDWFI
gene were detected by RT-PCR. The total RNA was
obtained from the root and cotyledon of seedlings, and
from leaves, buds, and 0 DPA ovules of mature plants
of Gossypium hirsutum cv. Xuzhou 142. The total RNA
was used to synthesis the first strand of cDNA, which
serves as a template in the PCR process. As seen in
Fig.5, the relative expression levels of GRDWF1 were
various in all detected organs and tissues. The peak of
mRNA accumulation corresponded to the period of fiber
initiation at 0 DPA. The accumulation of the transcript
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G8: GTTOTTTGGAGCTTAAGAGGAMGAGEE ATTCTTTCALTCCOARRATATCAGATCTTC ASGGAGCCCTTCG CLEAMAG AR GASS a3

A5 G0 AGC TTAMGABGAKSASGE ATTC TTTCACTCCC ALABTGITC AL ATG TTGCAMS CACEG TTC GOLCASAGAGGAMG 75
BB, " S D L @ A F L R P K R K 13
0$: AMGGACTTSGTHGACTTT TTGGTOCAS TTTCGTTGE GTTTTTGTTATATTTTT TG TCCTTOC TTTTTCGGC TCTGTATTACTIT 167

AAGGECTYG GTRGACTT T T TG TOCAG TTTCGTTGG ATTTITG T YATATTTITTGTCCTTC S TTITIGAACTC TG TATTACTYT  t 60
K ¢ L v p F L v a F R W I F ¥ | F F ¥ L P F 8 T L ¥ ¥ F <41
CTCATATATCTTGGAGATGTCAGATCG GAGATGEAAG TCCTAL AMGE ARCOTCAGAMGGANE ATCATGAAAATE TTAMGAAMTA 251
CTCATATATCTTGGAGATGTCAGATCC GAGATG ALG TCCTAC ALGEAGCGE TCAGASGGEALE STRATGASAATGTTTTGAAGGTA 244
L I ¥ & 6§ B ¥ R 8 E ® K $§$ ¥ K 6 R @ K E H D E N Vv L K V¥V 89
GTGALGCETCTCAMAL A6 GG AATCCASASMAAEEATGETCTTIG TATGC AL AGC COGLAAAL CATEGATTG CKGTGGGGATGOGG 335
GTGALGCETCTCAANGAG SGGASATCCAASLILGEATGETCTTGTATGCAC ARG COGTASAC CATOGATTG GG TRGGE ATGGGG 328
¥ K R L K @ &R B P K K D 6 L ¥ T A& R K P W I A VY G K R 97
AATGTHRAL TATASGAGAGCTOCGUCAT TATGAAGTTGATTIGTC TGCTTTCOOG TARCATTC TTGAMATTG ATSRAGAGAGAATE <41 8
AATETAGAL TATAAGABAGCTCRCCAT TATGAAGTTGATTTGTC TAGCTTTCCH TAAGCATTC TTGAAATTG ATASAL MG AGAATG 412
N v b ¥ K R A R H Y E ¥ 0 L 8 A F R N I L E & b K G R B 125
ATTGCAAGG GTTGAGCCACTTGTAAAL ATGGGGCAS ATTACALG TETCACAGT TCCAATGAATCTTTCLC TTGCTG TG TTGGA 503
ATTECAAGE GTTGAGCCACTIGTAALG ATGGGGLAL ATASLAGECTGTCACAGY TOCAATEAATCTTTCCG TTGCTGTGEG TTGGA 498
t &4 R ¥ E P L YN R 6 8 | TR ¥ T Vv PR N L S L A ¥ ¥ & 153
RAGCTTIGAG GATCTTACAGTAGG TGO TCTCATOAATGGC TAGCGG GATTGAAGE AARCTCAC SCATCTATGGCCTGTTTTCTGAT 587
GALGCTOGAG GATCTTAGAGTAGGTGGTCTCATCAAT GGCTACGGE GATTGAAGG AMGCTCAL ACATCTATGGCCTGTTITCTGAT 580
E L O 0 L T ¥ 6 6 L t N 6 ¥ 6 I € 6 8 8 H I ¥ 6 L Ff S D 181
ACTGTTGTAGCTTATGAG ATAGTTTTGGCTGATAGC COTHTTGT TAGAGC TAC MASGEALAATEAATATTCTRATCTYIT TCTAT 671
ACTGTTG TAGCTTATGAL ATAGTTTTG GO TGATGGU GG TG TTGY TAGAGC TAL CAAGGALAATIAATATTLTOATCTTITTCTAT 664
T ¥ ¥ A ¥ E | ¥ L A D G R VYV ¥ R AT KO N E Y S D L F Y 209
GCTATCOCCATEGTCTCAAGGARCTCTTARGATTICTTGTTGOTEC CEAMATC AAGL TTATAG CTGTTARAG SATALATG AGALTG 755
GCTATCCCATGETOTCAAGGAACTCTTGGATTTICTTIGTTGETOC COAMATLAMGETTATAD CTETTARAG AATACATGAGALTG 748
A 1 P W S @ 6 T L 6 F L ¥ & & E I K L I P ¥V K E Y R R L 237
ACATAGCACGCCTGTAG TG GEGAATTTE CAGGACCTYGCTCALGE TTATATGGACTC TTTTG CACCCAGAL ATRGTGATCAGGAT 839
ACATALALG COTGTAGTG GGHAATTTG CAGGALCTT GO TCAAGG TTATATGGACTOCTTITTG CALCCAGAG ATGGTGATC AGGAT 832
T ¥ T P v ¥ G N L G 0 L A ¢ 6 ¥ K D S F A PR DG D G O 285
BATCCAGAL APAETTCCCGATTTTGE TAGAAGGCATE GTCTAGTC ACCCACTEGASGGTETE T TCATGAYTG GGAGATATGCCTCT R3
AATCCAGAG PALGTTCCC GATTTTG TAGAAGGCATE GTCTAC TG ALCCACTEASGGTGTET TCATAAC TG GGAGATATGCCTCT 918
N P E K ¥ P O F v E G R VvV ¥ 8§ P T E 6 ¥ F B T 6 R ¥ A S 293
ALLGALEHE GOCAMELP06 DAGEGGAKT ALSLTTANG pATGTAGG TTGETGGTT TAAALCCTGETTOTACG AMGATGCGE AAA0G 100 7
PAAGALGLG GOCAAGAAE ASGGGGAAT AAPATTAAL AATGTAGE TTRGTGGTT TASSGCCTGG TTCTAGG AALATGCGE AMACE 1000
K E E A K K K 6 N K I B N ¥ G W W F K P W F ¥ @ H A G T 329
GCCTTAALS AAGGGAGAG TTTOTAGAS TACATTCCT ACASGAGAATATTACCACABGCALAGCARGATETT TG TATTGGE AGGGE 1084
GOCTTAAAG AAGGGAGAG TTTGTAGAS TAGATTCCT ALAAGAGAATATTACCACAGGCACACAAEATGTT TG TATTGGEH AGGGG 1082
A L K K 6 E F ¥ E Y I P T RE ¥ ¥H RHTHRGC L Y W E G 349
AABCTCATG CTTICCATTICGGAGSATCAA TG TEETTT AGGTITC TOTTGRGCTE GTTGATGC CALCCAMGE TTTCCTIGC TCARG 1175
AAGCTCATCCTTCCATTC GEAGATCAATEETEGTTTAGG TTTC TOTTGGROC TG GTTGATEC CACCCAAGE TTTCCC TGO TCAAG 1168
K L I L P F 6 0 G W WF R F L L 6 % L ® P P K V¥ 5 L L K 377
GOCTACTCAAGGTGAATUT ATAAGAAAL TATTAGCATGAGATECATOTGATTCAAGACATERC TTGTICCTE TTTACAAGE TTGGG 1259
GCTALTCAAGCTEAATCT ATAABAASS TATTACCATGAGATGCATETGATICAAGACATEL TTGTTCCTC TTTALAAGGTIGGEE 1252
A T @ 6 E S | R N Y ¥Y B E R H ¥V I @ bR L ¥V P L ¥ K ¥ 6 405
GATGCCCTTHARTGGGTE CACCATEAL ATGGAGATE TATCCCAT TTEECTC TG COCGCAGC GAC TG TTCASMGCTTCCTG TCALG 1343
GATGCCCTTGAGTGGG TC CACCATGASL ATGGAGATS TATCCCAT TTGECTCTG COCGCAGC GACTETTCAMGCTTCCTGTCANS 1336
0 & L E ¥ ¥ H H E B E | ¥ P I ¥ L € P H R L F K L P ¥ K 433
AGAATRRTG TATCCTGAAGCAGGC TTTGAGCAGCAT CACAGAL AMGGCGACAD ACCATATG CTCAGATOTTCALCGATG TTGGG 142 7
AGAATGGE TG TATCCTEAACCAGGCTTTGALGCAGCATCGCABAG AAGGCGAL AL ACCATALGE TCAGATETTCACCGATE TTGGG 1420
TR ¥V ¥ P E P 6 F E G B R R G G O T P Y A G B F T D ¥ G 461
GTETATTATGCTCCAKGC COTETATTG AGGGG TEAAGTATTTGATGG TGU TRAGGCAS TIC G TAALATGGAGCAATEGC TGATG 151 1
GTETATTATGOTCCAGGC CCTETATTG AGGGE TEAAGTATTIGATGG TG AGAGGCASTTE GTAAATTGE AGCAATGRE TGATC 1504
¥ ¥ ¥ A P 6 F ¥ L R 6 E ¥ F D G & E A VYV R K L E @ W L | 489
AAPRALCATAGTYTCCAR COCACAGTATGCAGTATOR GAGC TEAAL GAGALGEATTTUTEGAG GATETTCG ATGCTGACC TGTAT 1595
APLSLLCAL AGTTTCCAB COAGABTATGCAATATOG GASCTU AAGGAGAAGEATTTCTOGAGGATGTTICG ATGLTGACC TGTAC 1588
K N H S F @ P @ ¥ A Y §$ E L N E KD F WR K F D A D L ¥ 517
GAGCATETGCGTARGAMG TACSGAGC TG TAGGGAACATTCATGAS TATETAGTACALATCCAAGAMAGGAAGGAAGALL GASASL 1679
GAGCATG TG COTAGGAAS TACGGAGG TG TGEGAALGE TTCATGAG TG TETAG TACASATCCAAGAAAGG AAGGAMGAGCE AAARA 1672
E H VvV R K K ¥ G & ¥ 6 T F KB S ¥V ¥ ¥ K $ K K G R K T E K 545
GABGTCCAAGAAGOGEAACANGCCCAL « TTHAASL TGCG TATEE AGARGCTGATTAGTGAG CATGOGGGAGTTTGGTAG ATTTT 1763
GAGGTCCAAGALSOGHAACASGCCCAC CTTGASMAL TGCG TATGE AGAGGCTEA TTAGTAANG CATGOGGR AL TTTEGTAG AAGTT 1756
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: ATGTGAGAGGASTCTTTGCATTS TCTT TGTTGTCTC TTTAAE TTAG TATTTAE TTTCAGCG ATTGTATTATGCGGAGTC GGAML 1847
ATETG By e e e ATCTTTGCATTGTCTT TG TIGTO TG TTTAATTTAGTATTTGE TTTCAGCGATGE TATTATE TGGGGTC GGAML 1835
TGATGTTATGGGATAGG T TTAABCAG TEAATGTTET GG gATGARW TTATEECTATAGTTEAG Co TATEATK GATAGACTTATGAT 1931
TGATGTTATGGGAT 1849
AATGARAGG CTTTTGTTT TRASS TCTC AASODLAR & ABABADEL, BIDIS, 1980

Fig. 1 Co-alignment of the sequences of consensus, amplified fragment, and deduced amino acid. In consensus sequences: S=GorC,K=GorT,M=AorC,Y=Cor
T,R=G or A, W = A or T (DNAStar package, SeqMan program). Lowercase indicates the nucleotide deficit in at least one sequence in consensus sequences. CS, consensus
sequences; AS, amplified fragment sequences; AA, amino acid sequences. The sequences of primers (P1 and P2) are indicated by the underline. The box shows the
translation start codon and the asterisk shows the terminal codon.
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Fig. 2 Alignment of proteins between the deduced amino acid sequence of GhDWF1 and other DWARF1/DIMINUTO proteins. AAM47602, brassinosteroid biosynthetic
enzyme in cotton (GhDWF1); AAK15493, brassinosteroid biosynthetic enzyme in pea (LKB); AAT90376, DWARF1/DIMINUTO of tomato; NP921328, cell elongation
protein DIMINUTO/DWARF1 of Oryza sativa; BAE16980, sterol C-24 reductase in Zinnia elegans; AAS90832, brassinosteroid biosynthetic enzyme in Zea mays
(ZmDWF1); NP850616, Arabidopsis DWF1/DIMINUTO1; AAA67055, Arabidopsis DIMINUTO. The putative transmembrane domain is underlined by the single
line (amino acid residues from 24-47). The sequence homology to FAD-dependent oxidase is underlined by the double lines (109-217). The bold black line below the
amino acid sequence (amino acid residues from [59-170) indicates PP-loop, which is the deduced FAD-binding site.
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AAM47602 { Cotton)

—* NP921328 (Rice
l_— )
J — AAS90832 (Maize)

BAE16980 (Zinnia elegans)

AAK15493 (Pea)

AAT90376 (Tomato)

[— NP850616 (Arabidopsis)

0.1 L— AAA67055 (Arabidopsis}

Fig. 3 The phylogenetic tree for DWARF1/DIMINUTO proteins.

Xb B+EV  S+EI Xh

Fig. 4 The Southern-blot pattern of the GADWFI gene. 15 ug
genomic DNA of upland cotton (¢v. Xuzhou142) was digested by
restriction endonucleases and fractionized in agar gel, and then,
membrane bolting was performed. An 879 bp fragment, including
partial ORF and 3 -untranslated region, was labeled by 2P, and was
used as a probe.

of GhDWF 1 was high in the root and decreased in the
order of young stems, buds, leaves, and cotyledons.
To determine the expression feature of the GRDWFI
gene in various developmental stages of ovules and
fibers, the cDNA from 0 DPA ovules (with fibers), 4
DPA ovules (with fibers), 12 DPA fibers, and 23 DPA
fibers served as the template in PCR. The results
showed that the accumulation of mRNA was the highest
in the 0 DPA ovules (with fibers), and then moderate
expression levels were present in 4 DPA ovules (with
fibers) and 12 DPA fibers. The expression level was
higher in 23 DPA fibers than in 12 DPA fibers (Fig.5).
These results indicated that the GRDWF1 gene plays an
important role in the development of cotton fibers and
ovules, especially in fiber cell initiation and secondary
cell wall biosynthesis. To further test the role of the

A
GhDWF1

UBI

Relative expression level
o

0.6
i H H
sl o 000
0 m [l
R s L C F 0,0, 0,0, F, F,

The tested tissues or organs of cotton plants

Fig. 5 The expression level of the GRDWF] gene in various tissues
of cotton plants and at different developmental stages of fibers. A,
RT-PCR analysis of GRDWF1 gene. R, root; S, young stem; L,
young leaf; C, cotyledon; FL, bud; O, ,, the 0 DPA ovules (with
fibers) of Xuzhou 142 wildtype; Oy, the 0 DPA ovules of Xuzhou
142 fuzzless-lintless mutant; O ,, the 4 DPA ovules (with fibers) of
Xuzhou 142 wildtype; O, the 4 DPA ovules of Xuzhou 142 fuzzless-
lintless mutant; F,, the 12 DPA fibers of Xuzhou 142 wildtype; F,;,
the 23 DPA fibers of Xuzhou 142 wildtype. UBI is a loading control.
B, the ratio of GRDWF1 expression levels. The values of light
density were detected by FURI SmartView 2001 package. The ratio
of GhDWF1 to UBI in the same sample represents the relative
expression level of GRDWF 1.

GhDWF1 gene in fiber cell development, the Gossypium
hirsutum cv. Xuzhou 142 and its fuzzless-lintless mutant
(f) were subject to compare the expression levels at
the same stages. The results indicated that the
accumulations of transcript in 0 DPA and 4 DPA ovules
(with fibers) of wildtype were higher than in that of fI
mutant (Fig.5). All the above suggest that GRDWF1
plays a crucial role in the fiber initiation, elongation,
and accumulation of secondary cell wall.

DISCUSSION

The origin and variation of GhDWF1gene

In this article, by screening the cotton fiber EST
database and contigging the candidate ESTs, a
DWARF1/DIMINUTO homologue, the GhDWFI gene
was cloned from the cDNA of 4 DPA ovules (with
fibers) and characterized. Although cotton is a dicot
plant, the phylogenetic analysis shows that the GhDWF1
protein is more closely related to the monocotyledon
plants such as O. sativa and Z. mays, whereas it has a
farther relationship with the dicot plants such as A.
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thaliana, P. sativum Linn, and L. esculentum. The
reason for this result may be the few genes with high
homology counted in phylogenetic analysis. Further
research must be done to analyze the genesis of DWF1
when more DIM/DWF1 homologues will be cloned
from various species. Upland cotton (Gossypium
hirsuturm L.) is allotetraploid, whose genome contains
two sub-genomes of A and D. Generally, a gene holds
at least two copies in upland cotton genome. The result
of Southern hybridization indicated only one copy of
the GRDWF1 gene in genomic DNA. This may be
explained by the hypothesis proposed by Adams et al.
(2003). In the polyploidization, the duplicated genes
may be retained or lost either as an immediate
consequence of polyploidization or on an evolutionary
timescale.

The role of GhDWF1 gene in the development of
cotton fibers

Expression analysis indicated that the transcript of the
GhDWF1 gene accumulated preferentially in young and
developing tissues, such as ovule, fiber, root, young
stem, and expanding leaf. However, less accumulation
of mRNA of GhDWF1 were detected in mature organs
and tissues such as cotyledon. The expression pattern
is consistent largely with the previous reports about the
DWF1 expression feature in pea and maize (Schuitz
et al. 2001; Takahito et al. 1999; Tao et al. 2004). This
result assumes that DWFI has the same function as it
acts in different species and the functions of GRDWF1
can be deduced from the result studied on the model
plant, for example, Klahre et al. (1998) concluded that
Arabidopsis DIM/DWF1 is a protein directly involved
in the biosynthesis of sterols and BRs. In the period of
fiber initiation and rapid elongation, GRDWFI has a
relative higher expression level that is similar to the other
genes involved in the biosynthesis pathway of BRs such
as GhDET2, GhSMT1, and signal transduction of BRs
such as GhBRII and GhBIN2 (Luo et al. 2007; Shi
et al. 2006; Sun et al. 2004; Sun and Allen 2005). It
may be required for the fiber initiation and elongation to
produce more BRs resulting from the expression
increase of genes responsible for BR biosynthesis.
However, the expression pattern of GADWF1 is not
exactly the same as GhDET2, which highly expressed

at the fiber initiation stage and fiber elongation stage,
whereas it slightly expressed at the stage of secondary
cell wall accumulation. GhDWEF [ displays a relatively
higher expression level at the stage of secondary cell
wall biosynthesis (23 DPA) with a risen trend,
suggesting that it plays a significant role in the cellulose
deposit. Recent report demonstrates that sitosterol is a
primer for cellulose biosynthesis in plant (Peng e al.
2002). More sitosterol is required for more cellulose
biosynthesis at the stage of secondary cell wall formation.
In this way, the GhDWFI gene highly expressed
because sitosterol is a direct product of DWF1 enzyme
(Choe et al. 1999; Fujioka and Yokota 2003).

The fuzzless-lintless mutant () derived from cv.
Xuzhou 142 (Gossypium hirsutum L.) was considered
as a good model for the study of fiber initiation and
elongation because the fI mutant fails to perform fiber
cell differentiation and initiation from ovule epidermis
at 0 DPA. On one hand, the accumulation of GRDWF]
transcript on the ovules (with fibers) in wild type at the
0 DPA has the highest level, while that in f] mutant is
considerably lower at the same stage. On the other
hand, the expression level of GEDWF is the lowest at
the 4 DPA in fI mutant while a relative higher level has
already kept in wild type at the same stage. These
results further confirm that the GRDWF1 gene plays a
crucial role in the fiber initiation and elongation.
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