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Abstract: A fiberless seed mutant (flD was identified in a commercial cotton (Gossypium hirsutum L. va-
riety Xu-Zhou 142 (FL). This phenotype is associated with lack of fiber cell initiation in the cuter integument
of the ovule, as was characterized by analysis of genes related to fiber differentiation and development. Two
geness fl-E6 and FL-E6, were cloned from fl-integument cells and FL-fiber or integument cells; respectively.
Compared with FL-E6, {l-E6 showed a dramatic change in nucleotide sequence: (1) FL-E6 contained a tan-
dem repetitive sequence in which GGCTCA (Gly-Ser) is repeated five times between the 82nd and the 93rd

lon from the first ATG codons while in fl-156 the same sequence is repeated four times: (20 The fl-F6 gene
encodes a polypeptide of 241 amino acids but lacks two codons between the 90th and 93rd codon and three be-
tween the 171st and 174th relative to FL-6; (3) There are alsc 12 nucleotide substitutions which would re-
sult in 7 amino acid differences between {l-F6 and FI-E6. Analysis of RT-PCR and Northern Blot showed
that expression of the fl-E6 gene is suppressed in the fl-integument cells, but highly expressed in FIL-fiber
cells. The difference between fl-156 and FL-E6 may be associated with lower expression of fl-E6 in the fl-in-
tegument cells. Searches of protein databases with the FI-F6 gene sequence showed similarity to the protein
backbones of two arabinogalactan-proteins (AGPs), one from the filtrate of suspension-cultured cells of Pyrus
communis (AGPP2) and the other from Nicotiana alata (AGPNa2) . Although the function of the FL-E6
protein in differentiation and development of cotton fiber cells is not known, the data indicate that the mutation
of fl-E6 gene from FI-E6 gene may inhibit the fiber cell initiation from epidermal cells of the outer integument

of the ovule.
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INTRODUCTION

Cotton is the most extensively used fiber for
textile production. Cotton fiber is a differentiated
single epidermal cell of the cuter integument of
the ovule and has four growth phases: initiation
elongation ( primary cell wall synthesis), sec-
ondary cell wall synthesis> and maturation. Ma-
ture fiber is made up of cellulose (89% ), water
(7%, proteins (0. 9% ), pectins (0.9% ),
mineral substances (0. 1% ), wax (0. 7% ),
and small amount of organic acids, sugars, and
pigments (Basra et al.» 1984; Ryser. 1985;
Arthur, 1990). Characterization of mRNAs and
the corresponding genes predominantly expressed
in fiber may be useful in correlating various pro-
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teins to their specific functions in fiber cells. In
this regard, some genes involved in cotton fiber
development have been identified and character-
ized in recent years ( Rinehart et al. » 1996; John
et al.» 1992, 1995a, 1995b). E6, cne of the
first genes preferentially expressed in cotton fiber
cellss was isolated from a cotton variety Coker
312 CGossypium hirsutum 1L.) by John and
Crow (1992). It was reported that the E6 pro-
moter could be used to modify fiber properties
through genetic engineering, although its func-
tion is not yet known (John et al. s 1996a).
There is a fiberless seed ({10 mutation in cot-
ton> which is associated with lack of fiber cell
initiation in the ovule epidermis. This mutant is
useful for studying the mechanisms of cotton
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fiber differentiation and development. In this pa-
per, we present the results of characterization of
a fiberless seed mutant (lacking fibers), obtained
by comparative analysis of DNAs amplified from
the fl mutant and a normal (FL) ovule, by poly-
merase chain reaction ( PCR) using oligonu-
clectide primers targeted to the 6 gene. There
was a dramatic change in nuclectide composition
and expression of fl-J6 gene compared to the
FL-E6 gene. These observations may be helpful
in understanding the initial molecular events in
fiber development.

MATERIALS AND METHODS

Plant Materials

Two lines of cotton ( Gossypium hirsutum
L.)s Xu-Zhou-142 as the wild type (FLD and
fl-x2z-142 as the mutant (f1), were grown during
the fall production season in 1998. Cotton boll
age was determined by tagging the peticles of a
flower when it was fully opened. Ovules were
excised from bolls at different developmental
stages. The young ovules were separated into
fiberss integuments (seed coats)s and embryos;
they were frozen in liquid nitrogen and then
stored at — 70C until used for RNA or DNA
preparation according to Wang (2000). All
samples were treated this way unless otherwise
specified.
Cloning and sequencing of PCR amplification products

For reverse transcription PCR ( RT-PCR)
analysis, the first-strand cIDNA was synthesized
using 5 pg of total RNA at 42°C for 2 h with oli-
go(dT) and SuperScript ( SuperScript Preampli-
fication System from Gibco BRL). PCR was
performed with final volumes of 25 il containing
0. 6 unit of AmpliTag ( Perkin-Elmer ), 50
mmol/ L. dNTPs, 0.4 mmol/L MgCl,> and 10
pmol/ L gene-specific primers with the first-
strand ¢cDNA. The gene-specific primers, 5’-
ATGOGCAAGCTTTGGCTTOCTCACCAAAAC-
37 and 57-GTCGAICCAIGGGTTCGAACICT
TCCTC3 > were designed from the nuclectide
sequence of the E6 gene preferentially expressed
in cotton fiber cells (John et al. » 1992). In or-
der to provide high fidelity amplification, Pfu
IDNA polymerase was applied to amplify the E6
gene from total genomic DNA. The A-tailing re-

action was then performed for blunt ended PCR
fragments generated by Plu. Both of cDNA gen-
erated by Tag in RT-PCR and A-tailed genomic
IDDNA fragment by Pfu in PCR were cloned into
the pGEM® -T" Easy Vector and sequenced by
an ABI PRISM 377 DNA Sequencer using the
BigDye ™ Terminator Cycle Sequencing Ready
Reaction Kit (PERKIN ELMERD.
Northern Blot analysis

Ten pg total RNAs from long fiberss integu-
ment with short fibers (fuzz) and integument
with no short fibers were fractionated by elec-
trophoresis in denaturing formaldehyde agarose
gel, and transferred to a nylon membrane by
capillary diffusion. The membrane was baked at
80C for 2h and probed with **P-labeled E6-cD-
NA. The blots were hybridized (1 X 10*cpm/
pg: 35X 10°cpm/ml) and washed under stringent
conditions (0.1 X SSC, 52°C ). Autoradiography
was done at —70C for 24 h.

RESULTS

FI-E6 gene in normal cotton line (X7,— 142)
Xu-Zhou 142 (FL) is a commercial cotton
variety planted in China and shows a typical pat-
tern of upland cotton in differentiation and devel-
opment of fiber cells. Double-stranded cDINAs or
DNA fragments were synthesized from total
RNA of 5 DPA (days post-anthesis) fibers or
genomic DNA of embryos from normal cotton
line (FFL) by RT-PCR or PCR amplification us-
ing E6 gene primers, and then cloned into the T-
vector. We randomly selected two cIDNA clones.
FIL-E6-1 and FL-E6-125 and one genomic DNA
clones FI-E6-5, and sequenced these plasmid
inserts. Comparison of the three nuclectide se-
quences showing they were identical indicated
that there was no intron in the protein coding re-
gion of the FLL-E6 gene and also provided strong
evidence that both Pfu and Tag IDNA polymeras-
es used in this experiment were producing high
fidelity products. The nuclectide sequence of FI-
E6: as shown in Fig. 1, contains an open read-
ing frame of 771 bases and would result in a pep-
tide of 246 aminc acids. When compared with
the E6 gene cloned from Coker 312 ¢ Gossypi-
um hirsutum L. ) by John et al. (1992), the
homologous gene,» FL-E6, from XZ- 142 con-
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¥45S PELFS M5S3SILF LFALFE
£1-E6 ACACACACAAGTAAA GCATTAGCAACCATA GCCATGGCTTCCTCA CCAMAACTCITCTCT ATGTCTATCCTCTTC CTTTTTGCCCTCTIC 50
FL-F6 ACACACACAAGTAAA GCATTAGCAACCATA GCCATGGCTTOCTCA CCARAACTCTTCTCT ATGTCTATCCTCTTC CTTTTIGCCCICTTC 90

S M9 1L oA REYVF S KEPR®R VNTNE KETTT REQEH
£1-E6 TCCATGCAAATCCAT GCTAGAGAGTACTTC AGCAAATTCCCAAGA GTTAACADEAATGAG AAAGAGACAACAACT AGAGAGCAAGAGCAC 180
FL-E6 TCCATGCAAATCCAT GCTAGAGAGTACTTC AGCAAATTCCCAAGA GTTAACATCAATGAG AAAGAGACAACAACC AGAGAGCAAARGCAC 180

1 K

ETFYP QT T1TOQK PEEQE FPRFIP ETQNG Y GLYG
£1-F6 GAGACCTTCGTTCLC CAGACCACOCAAAAG CCAGAAGAGUAAGAG CCAAGGTTCATOCCT GAARCCCAAAATGGT TATGGCCTTTACGGC 270
FL-E6 GAGACCTTCGTTCLC CAGACCACCCAAAAG CCAGAAGAACAAGAG CCAAGGTTCATTCCT GAMACCCAAARTGST TATGGCCTTTACGGE 270

HESEGS 6GS 686 S5~ .$R PSFTTEKETYEFPYVIF
F1-E6 CACGAGTCAGGCIEE GGCTCAGGCTCAGGC TCA-——— AGCOGE CCCAGTTTCACCACE AAAGAAACCTATGAA COCTATGTCACCCCT 354
FL-E6 CACGAGTCAGGCTCA GBCTCAGGCTCAGGC TCAGGUTCAAGOTGH OCCAGTTTCACCACT AAAGARACCTATGAA CCCTATGTCACCCCT 360

G S

¥vVRFHP DEPFPYHR S1PES SNKEKED TYTYYN KN A Y K
£1-E6 GTTAGATTCCACCCT GATGAACOCTATAAC AGCATCCCCGAATCC TCCAACAATAAAGAC ACTTACTACTACAAC AAGAATGCCTACAAG 444
¥L-E6 GTTAGATTOCACCCT GATGAGOCCTATAAC AGCATCCCCGAATCC TCTAACAATAAAGAC ACTTACTACTACAAC AAGAATGCCTACGAG 450

E

S TEQ® NLGEA ITFTEX GW¥STHK ENQNDXN NYVYNG
£1-E6 TCCACTAAGCAGCAA AACTTGGGOGAGGCC ATTTTCACCGAGAAA GGATGGAGCACCAAG GAAAACCAGAACAAC AACTACTACAAGGEC 534
F1.-E6 TCCACTAAGCAGCAA AACTTGGGCGAGGCE ATTTTCACCGAGAAA GGATGGAGCACCAAG GAARACCAGAACAAC AACTACTACAACGGC 540

N TN GEK®OQ 6MSDHT RYLEDNXGETTYY D vV EKSE
f1-E6 MLC&I*-—'———* AATGGCGAGAAGCAA GGCATGAGLGATACT AGGTACTTGGAGAAT GGAAAGTACTACTAT GACGTCAAGAGTGAG 815
FL-E6 AACAATGGTTACAAC AATGGUGAGAAGCAA GGCATGAGCGATACT AGGTACTTGGAGAAT GGARAGTACTACTAT GACGTCAAGAGTGAG 630

NG YN

KSv ve NGALDKEK SRGVASRYEF DEVRY KKMER
F1-E6 AACAGETATTATCCA AACCAGCTCGACAAC TCAAGAGGAGTTGCT POCACGAACGAGTTC GATGAGRATCGTTAC AACAACATGGGAAGG 705
FL-E6 AACAACTATTATOCA AACCOGTTCOACAAC TCAAGAGGAGTTACT TCGAGGAACGAGTTC AATGAGAATCGTTAC AACAACATGGGAAGG T20

N R E N

¥ HaNQ EEFEE SETEETF E PEnd
F1-E6 TACCACCAGAACCAA GAGGAGTTCGAGGAA AGCGAGGAAGAGTTC GAACCCTGA 759
FL-E6 TACCACCAGAACCAA GAGGAGTTCGAGGAA AGCGAGGAAGAGTTC GAACCCTGA TT4

Fig.1

Nucleotide and deduced amino acid sequences of fI-E6 and FI1-E6 genes. Codons and amino acids from {1-E6

which differ from FL-156 are underlined and shaded. A tandem repetitive sequence is indicated by a wavy line

tained a tandem repetitive sequence in which
GGCTCA (Gly-Ser) was repeated five times be-
tween the 82nd and the 93rd codon, while in
Coker E6 gene it was present only once. This
situation was observed also in the {l-E6 gene
(Fig. 1?2 and in other fiber-mutant cotton lines
(Wang et al. » 2001). Howevers the remaining
nucleotide sequence of FLL-FX6 was identical to the
Cocker E6 gene.

Searches of protein databases ( Genl3anks
Jan. 15, 2000> with the FL-E6 sequence re-
vealed significant similarity to the protein back-
bones of two arabinogalactan-proteins (AGPs)»
one from the filtrate of suspension-cultured cells

of Pyrus communis C(AGPPc2) and the other

from Nicotiana alata CAGPNa2 ), which are
quite different from the ’ classical’ AGP back-
bones (Mau et al. » 1995). The deduced amino
acid sequences of FL-E6 and AGPNA2 are
aligned in Fig. 2 (AGPPc2 not shown). The
predicted protein of FL-E6 in residues 71-230
showed 37.11% identity to AGPNa2. Position
177200 ¢ EKQGMSDTRYLENGKYYYDV
KSEN) in FL-E6 protein was particularly well
conserved with AGPNa2 and AGPPc2. It is
noteworthy that more than 40% of protein en-
coded by FIL-E6 consists of glutamate, serine,
asparagine and tyrosine. However, it contains

only one tryptophan and no cysteine residues.
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Alignment of the deduced amino acid sequence from the G. hirsutum X7 — E6 and Nicotiana alata AGP-

Na2. The middle alignment represents conserved residues

f1-156 gene in fiberless seed mutant (fl-xz-142)

fl-xz-142 is a mutant (f1) that occurred in a
commercial cotton variety Xu-Zhou 142 (FL).
Although plants of the two genotypes show an
overall similar pattern in growth rate, develop-
ment> and timing of flowering, there is a strik-
ing difference between them in seed develop-
ment. The developing FL seeds are covered with
young fibers Clong and short fibers), whereas
the {l seeds show no detectable fiber growths ex-
cept for a few rudimentary fibers detectable only
under a dissecting microscope (Fig.3). The size
and shape of the seeds and fruits are similar in
both genotypes.

IFig.3 A comparison of cotton seeds in bolls between
normal line ( Xu-Zhou 142) a fiberless seed mu-
tant ( fl-xz-142 ). Left: normal cotton ( FL)
seed are covered with fibers. Right: mutant
(f1) seeds show no fiber

DNA fragments homologous to the FL-E6
gene were amplified only from genomic DNA,
not from the integument cell RNA of {l-xz-142.
Compared with the FLL-E6 gene:s the fl-E6 gene
has a dramatic change in nucleotide sequence as
shown in Fig. 1. The open reading frame of the
fl-I26 gene contains 705 bases, and is shorter by
15 bases than that of the FI.-IZ6 gene and longer
by 9 bases than that of Coker E6 gene. The fl-
E6 gene encodes a polypeptide of 241 amino
acidss but lacks two codons between the 90th
and 93rd codon and three between the 171st and
174th in comparison with the FL-IE6 gene.
addition, there are 12 nucleotide substitutions
and these have resulted in 7 amino acids differ-
ences (2.9% of total amino acids? between fl-
E6 gene and FL-E6 gene.

Expression of fl-196 gene

In order to measure the levels of E6-mRNAs
in the fiber or integument cells of ovules at the
stage of fiber initiation (0-5 DPA), total RNAs
from fiber ( FL-fiber), integument with short
fibers ( FL-integument? and integument with no
fibers ({l-integument ) were used to synthesize
cDNAs by reverse transcription-PCR. As shown
in Fig. 4-As the E6-cDNA could be synthesized
only from mRNAs in the cells of FL-fiber or FL-
integument; there was no detectable E6-cIDNA
in the cells of fl-integument. Howevers when
the RNA Northern Blot was hybridized with fl-

In
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E6-cDNA, a very weak signal was produced in
the line of fl-integument (Fig. 4-13). Taken to-
gether, this suggests that the expression of fl-IX6
gene is preferentially suppressed in the integu-
ment cells of the fiberless seed, and such sup-
pression was comcident with the mutation of fl-
E6 gene. Fig. 4-A also shows that the concen-
tration of 6 mRNA is higher during the late
primary cell wall (10 DPA) and early secondary
cell wall synthesis stages (15 DPA).

Tissue and temporal expression of E6 gene in
normal (FL) and mutant (f1) cotton. (A) Sul
c¢DNA synthesized from 5 pg total RNA by R1-
IPCR was electrophoresed on the agarose gel.
Lane 1 and 2: 5 DPA FIL-integument and fl-in-
tegument ¢cDDNAs: Lane 3, 4 and 5: 5, 10 and
15 DPA FL-fiber ¢cDNAs: Lane M: DNA
markers. (B) Northern blot containing total
RNA (18 pg ) from 5 DPA FL-fiber( 1), FL-
integument( 2) and fl-integument(3) was hy-
bridized to **P-labeled f1-E6 ¢cDNA insert. The
blot was hybridized (1 X 18%cpm/pg: 5 X
105cpm/ml) and washed under stringent condi-
tions (8.1 X 8SC,527C ). Autoradiography was
done at —78C for 24 h

DISCUSSION

Concentrations of FL-EE6 mRNAs are very
high during late primary cell wall and early sec-
ondary cell wall synthesis stages. A direct role of
FL-E6 in the cellulose synthesis can be ruled out
since the maximum rate of cellulose deposition in
fibers occurs between 26-28 DPA. Therefore,
the antisense experiment by John (1996b )
demonstrated that E6 gene is not critical to the
change of fiber properties which are directly in-
fluenced by the cellulose synthesis. However; a
number of other carbohydrate components are
synthesized early in fiber development (Basra et
al.» 1984) and FL-E6 can be a candidate for the

biosynthesis or degradation of any of these

polysaccharides during the initiation of cotton
fiber cells.

Search of protein databases with the FL-E6
sequence showed similarities to the protein back-
bones of two arabinogalactan-proteins CAGPs).
AGPs are a family of proteoglycans that are
widely distributed throughout the plant king-
dom. The majority of the AGPs characterized so
far have a protein content of less than 10% and
contain more than 90% carbohydrate (for re-
views see Kreuger et al.,» 1996; Nothnagel:
1997). The synthesis of AGPs with high level of
carbohydrate may be associated with a function
of the FL-E6 protein for the biosynthesis or
degradation of any of these polysaccharides. But
it is not clear whether the initiation of cotton
fiber cells is triggered by FL-E6 protein or
AGPs.

Currently, AGP’ s precise function(s) re-
mains speculatives but evidence is accumulating
to suggest that AGPs play important roles in
plant development, cell division, cell elongation
and morphogenesis ( Kreuger et al.,» 1996 ).
Some direct evidence of involvement in differen-
tiation are given by the fact that addition of
nanomolar quantities of specific AGPs to old cell
cultures which have lost embryogenic potential
can restore the ability to produce somatic em-
bryos ( Kreuger et al., 1996; Nothnagel,
1997). AGPs can react with ( 3-D-Gle); Yariv
reagent. Treatment with Yariv reagent caused
inhibition of root growth of Arabidopsis thaliana
seedlings. Treated roots C Arabidopsis ) exhibited
numerous bulging epidermal cells which pheno-
copies the rebl Croot epidermal cell bulging)
mutant with lower levels of AGPs. Therefore,
the reb1 phenotype appears to be a result of de-
{ective or missing root AGPs: which strongly in-
dicates a function of AGPs in the control of root
epidermal cell expansion (Ding et al.» 1997).
Yariv reagent also perturbs cell wall assembly in
lily pollen tube and this further emphasizes the
role of AGPs in the deposition of cell wall sub-
units within the previously synthesized cell wall
(Roy et al.» 1998). It is worthy to consider
whether the initiation of cotton fiber cells is simi-
lar to initiation of root epidermal cell expansion.

Compared with the XZ-E6 genes the {lI-X6
gene has major changes in nucleotide sequence.
Analysis of RT-PCR and Northern Blot showed
that the fI-EE6 gene was suppressed in the fl-in-
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tegument cells, but was highly expressed in the
FlAiber cells. The difference of fl-1¥6 gene in
sequence relative to the FLL-E6 gene may be asso-
ciated with lower expression of the fl-gene in the
fl-integument cells. Alternatively, the fiberless
seed mutant phenoctype is apparently a result of
defective or missing FLL-E6 protein similar to the
reb1 phenotype due to defective arabinogalactan
protein. Although the function of the FL-E6
protein in differentiation and development of cot-
ton fiber cells is not known, the data imply im-
portance of the FIL-E6 protein in fiber cell initia-
tion.
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