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Identification of an Endothelium-specific Gene GhIAA16
in Cotton (Gossypium hirsutum)
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Abst r ac t: Cotton (Gossypium hirsutum L.) fibers are derived from the outer integument of ovule, while
little is known about cotton ovule development. In order to identify and analyze the expression of genes
associated with cotton ovule development, a cDNA array approach was used to screen for genes with
altered expression in cotton ovule before and after anthesis, and 25 differentially expressed genes were
subsequently identified. Among them, GhIAA16 encodes a predicted polypeptide of 208 amino acids highly
homologous to Arabidopsis IAA16. Molecular analysis reve aled that it is a single-copy gene in cotton
genome and specifically expressed in the ovule endothelium. To our knowledge, GhIAA16 is the first
endothelium-specific gene isolated from cotton. Its possible function is discussed during cotton ovule
formation.
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An angiosperm seed including embryo and endosperm
is surro unded by seed co at, which develo ps from ou ter
int egumen t of o vule, the female reprodu ctive organ and
therefore is of maternal origin. Important functions of the
seed coat include protecting embryo fro m biotic an d abiotic st resses, provid ing n utrients for embry o during its
d ev elo p ment as well as wat er an d o xyg en d urin g
germinatio n, and delaying germination by controlling the
strength of dormancy (Boesewinkel and Bouman, 1995).
An ovule has a simple but nevertheless highly differentiated structure. The nucellus is the terminal region of the
ovule and is th e site of embryo sac formation, which consists of seven cells and four different cell t ypes: three antipodal cells, two synergid cells, one egg cell, and one cent ral cell. Su rrou n d ing t he n ucellus are o n e o r t wo
integuments, lateral structures that usually tightly encase
the nucellus. The integuments are not fused at the apex of
the nucellus but have an opening, the micropyle, through
which a pollen tube can gain access to the embryo sac. The
basal part of the ovule is the funiculus, a supporting stalk
that attaches the ovule to th e placental region with in the
carpel (Gasser et al., 1998). The innermost cell layer of the
seed co at is also called endotheliu m. In Arabid opsis, t he
seed coat consists of five cell layers: two of them form the
ou ter in teg ument an d t hree form th e inn er int egu men t
(Léon -Kloosterziel et a l., 1994). Genetic analyses indicate

that inn er and outer integ ument develo pment can occur
independently and the late stage embryo sac development
depends on t he integuments. In every case in which the
integ uments do not enclose the nucellus, an embry o sac
fails to form. So the diploid or sporoph ytic integument is
indispensable for the formation of the haploid multicellular
embryo sac (Gasser et al., 1998).
Aux/IAA genes are found throughout the plant kingdom
and were first identified because many of them are rapidly
induced as a primary response to auxin (Abeland Theologis,
1996). The Arabidopsis thaliana genome contains at least
29 Aux/IAA genes, many of which were identified because
of their rapid induction after auxin treatment (Liscum and
Reed, 2002). The Aux/IAA genes encode short-lived nuclear
proteins, which have a relative molecular mass of 25–35 kD
and s hare fou r conserv ed domain s, desig ned Ⅰ－Ⅳ. Domain s Ⅲ an d Ⅳ mediate h omo - an d h eterodimerization
bet ween Aux/ IAA p roteins and hetero dimerization with
members of a second large protein family called the auxinrespo nse facto rs (ARFs), most o f ARFs also contain domains Ⅲ and Ⅳ as well. TheARF proteins are transcription
factors that bind to auxin-response elements (AuxRE) locat ed ups tream of auxin-inducible genes (Leyser, 2001).
Domain Ⅱ has been demonstrated to act as a transferable
prot ein degrad at io n sign al when fu sed to luciferas e.
Furthermore, mutations in domain Ⅱ resto red stability to
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the luciferase fusion protein. Thus, a rapid turnover of Aux/IAA
proteins is essential for normalauxin response (Tiwariet al., 2001).
Besid es Ara bidopsis, s everal members of this family
have been found in other species. For example, PS-IAA4/5,
PS-IAA6 in pea and Aux22 and Aux28 in s oybean are expressed in elong atin g, d ividing, and different iating cell
types, indicating mu ltiple function s during develop ment
(Ainley et al., 1988; Wong et al., 1996).
Cotton fibers are derived from the outer integument of
ovule. But little is known about cotton ovule development.
In this study, we isolated an IAA gene from cotton homologous to Ara bido psis IAA16 and named it Gh IAA1 6. Expressional analysis revealed that GhIAA16’s trans cript is
restricted to the most internal cell layer of t he seed coat,
that is, the en dothelium. Its poss ible functions in cotton
are discussed.

1 Materials and Methods
1.1 Plant materials
Veget ative an d reprod uctive organs and tissues were
harvested from the allotetraploid cotton species (Gossypium
hirsu tum L. cv . XZ142 and G. hirsut um L. cv . XZ142w)
grown under a 30/ 21 ℃ day /night temperature regime in
the greenhouse. The XZ142w is a fuzzless-lintless mutant
identified by Zhang and Pan (1991) from the XZ142. Developing ov ules were excised from flower bu ds or bolls on
various days before/post-anthesis (dpa) relative to the day
of anthesis (0 dpa).
1.2 cDNA array
cDNA lib rary fro m co tt on ov ules was con st ru ct ed
Table 1
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using SMART cDNA Library Construction Kit (Clontech,
K1051), and were randomly selected and printed from 384well plates onto Hybond N+ (Amersham Parmacia Biotech,
UK ) membranes. The cDNA array procedures were carried
out basically as previously described (Bao et a l., 2002).
The high den sity filters were prepared usin g the Biomek
2000 HDRT system, and were probed with α-32 P-dCTP-labelled first strand cDNA. The filters were exposed to X-ray
films (Kodak).
1.3 Semi-quantitative RT-PCR analysis
First-strand cDNA was synthesized from 5 µg total RNA
us ing th e SUPERSCRIPT Ⅱ RNase H － Rev ers e Transcriptase (Gibco, USA). One tenth of the first strand cDNA
was used as a template in 50 µL PCR reactio ns. Gene-specific RT-PCR primers were designed according to the cDNA
s eq u en ces an d s y nt h es ized co mmercially (San g on ,
Shanghai, China). Parallel reactions using cotton ubiquitin
primers served to normalize the amount of template added.
The used primers are shown in Table 1.
1.4 Southern and Northern analyses
Genomic DNA was isolated from leaves of G. hirsutum
L. cv. XZ142 and G. h irsu tu m L. cv . XZ142w u sing a
cetyltrimethylammonium bromide (CTAB) extraction method
(Paterson et al., 1993). The DNA (20 µg) was digested, separated on 0.8% agarose gel and transferred onto Hybond N+
membrane. Prehybridization, hybridization, and washing of
t h e b lo t were p erfo rmed as reco mmen d ed b y t h e
manufact urer. Total RNA was extracted from different tissues with the protocol according to RNeasy Plant Mini Kit
(Qiag en , USA). RNA samp les were separat ed on 1.2%

Primers used for RT-PCR analysis of genes differentially expressed during cotton ovule development

Clone ID

3 ' primer

5 ' primer

ary1
ary2
ary3
ary4
ary5
ary6
ary10
ary11
ary12
ary13
ary14
ary15
ary16
ary27
ary30
ary31
ary32
ary33
ary34

CAT TAAAAT GAAATAT GGT C
CTAAT TAACAACAGTAT G
CACT T T GGAGCTAT CAGT
GT T GTACAAGCCCT T GCC
CATAGCAGAACAGGTAAAT CCAT C
CGAGGCGACAAAGGGCT G
CCATAGAACAACAACT GAGAACCG
GT GAGAAAAGAGAGAGAGAGAG
TACT CT T GT T TACAT TACAGCT G
CT CCT CT CACACATAT GT CGCGC
CT CT TAAAAACCT CT CT CAC
CCAAAGCCACTATACT GT GT GT G
CGGAGAGTAAAT T T CCAACAAGG
CAT T CT TAT TACCGATACCCGAG
GCCGACT T CCCT T GCCTAC
GCAAGAGCTACAAACGACG
CACAT T GCGT GAGCAT CCGC
CTACTATATACTACTAGT TAACT T GG
GCCGACT T CCCT T GCCT TAC

GGGCT T CGAGGGGGACCC
CAT TAAAGCT CAAAT GCAACT CC
GAGAAGGCCGGAGT GAAAG
AGAAGCGTAAGAAGCGCAAG
T CACTAGAT CT CT CAT GGC
GAAT CAGCGGGGAAAGAAGAC
CT CCGCT GCCCGAAT T CCC
CT GCT T T CT CGTATAGCAGCCT G
AT GGGGAGT T CT T GGGGCT G
CT T T TACTAGAGGCTAGAGCC
GCCTAAAAGT TAAAAGGTAAACAG
GAAGAT GGCCCGTACCAAGCAG
GCAACT GAGAAAAGGCCT C
GGAGGCT T T GACTAAGGCAT G
GACGGT GGT CAT GGAAGT CG
ACT CGT GTACAT CGCGT GGC
GCAGAACT GGCGAT GCGGGAT G
GGAACT GAGTAT TAT CAAAAGAG
CGGT CCGACAGCGCGGT C
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agarose/formaldehyde gels and transferred to Hybond N+
membrane, and prehybridization, hybridization and washin g of the blo t were p erfo rmed as reco mmen ded by t he
manufacturer. Probes were labeled with 32 P by randompriming using Prime-a-Gene Labeling system (Promega, USA).
The blots were exposed to X-ray films (Kodak).
1.5 In situ RNA hybridization
Digoxygenin-labeled s ense or antisens e RNA probes
were prepared following the manufacturer’s recommendat io n (Boeh rin g er，M ann h eim). Tis su e fixatio n an d
embedding, in situ hybridization and signal detection were
essentially performed as described by Lai et al. (2002).

2

Results

2.1 Identification of GhIAA16 expressed in cotton ovule
To iden tify genes in volved in cot ton ovule formation,
we took a cDNA array approach to monitoring differential
gene expression of cotton ovules. First strand cDNA probes
reverse-transcribed from total RNAs of the ovules from –3
dpa, 0 dpa and +3 dpa were hybridized with 62 high-density
filters containing 23 000 cDNA clones fro m the cDNA library constructed from developing cotton ovules and differentially expressed clones were selected. To reduce possib le false po sitives cau sed by the difference of sample
deposit among filters, hybridization was performed twice
wit h chan ged filters and on ly tho se clo nes th at sho wed
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similar express ion patterns in the two hybridizations were
chosen. An image of a portio n of cDNA array is shown in
Fig.1.
The hybridization results between different probes were
similar, and mos t of the clon es sho wed n o s ign ificant
changes among different prob es. Subsequently, a total of
only 25 differentially expres sed cDNA clones were identified and sub cloned int o a p Bluescrip t Ⅱ SK (+) vect or.
Seq uencing an d homology analy ses revealed th at 10 of
them are homologous to known genes in the GenBank (Table
2), whereas the rest has no hit.
To confirm the differential expression during cotton ovule
development, t hey were subject t o semi-qu antitativ e RTPCR and t he results of 13 cDNA sequences are shown in
Fig.2. Most of them displayed the same responsiveness as
detected by the cDNA array and were highly expressed at
the early stage of ovule formation. Among them, ary11 enco des a 208 amino acid pro tein hig hly ho mologo us to
Arabi do psi s IAA 16 (A tIA A16) (A rab id ops is Geno me
Initiative, 2000) with 59.4% amino acids identity (Fig.3) and
was therefo re named GhIAA16. Sequence alig nment between AtIAA16 and GhIAA16 revealed that they are identical in the conserved 4 domains of the IAA family with
some differences in their amino termini (Fig.3A).
To investigate its gene structure, we obtained a genomic
DNA sequence of GhIAA16 of 934 bp corresponding to its

Fig.1. Identification of differential expressed genes during cotton ovule development by using cDNA array. A portion of a filter is shown
here and was hybridized by probes from –3 dpa (upper) and +3 dpa (lower) ovules. Cycles indicate the differentially expressed clones.
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Table 2
Clone ID
ary-3
ary-4
ary-6
ary-11
ary-12
ary-15
ary-30
ary-35
ary-37
ary-38

Genes that are differentially expressed during cotton ovule development
Accession number of the
closest hit in database
Q42551
Q42619
O64410
O24407
Q9LWP7
BAA31218
Q9NGQ4
AAB97162
Q9AXD9
O04263

Description

E-value

Ubiquitin-conjugating enzyme E2
Ctp:phosphocholine cytidylyltransferase
Cytochrome P450 monooxygenase
Auxin-responsive protein Iaa16
Similar To Arabidopsis thaliana chromosome 2 bac clone F4l23
Histone H3
Insecticide resistance-associated Cytochrome P450 (fragment)
Histone H3
Mago nashi-like protein
Immunophilin

3.1e－14
3.3e－12
4.0e－21
2.7e－07
3.8e－05
6.4e－56
0.010
3.1e－65
1.2e－70
1.4e－51

Fig.2. RT-P CR analysis of cotton ovule cDNAs. Total RNA (3 µg) isolated from –3, 0 and +3 dpa ovules and leaves were used to
synthesize cDNA for RT-PCR analysis using gene-specific primers. A cotton ubiquitin cDNA was used to normalize the amount of
templates added in the PCR reactions. Days post anthesis (dpa) are shown at the bottom.

cDNA. Three introns with the lengths of 110, 103 and 94 bp
and four exons with the lengths of 236, 182, 109 and 100 bp
were identified, respectively, different from AtIAA16 which
contains four introns with the lengths of 450, 87, 94, and 81
bp and five exons with the len gths of 204, 271, 137, 61, 38
bp (Arabidopsis Genome Initiative, 2000), respectively. Sequence comparison sh owed that the former three introns
are at the same positions between AtIAA16 and GhIAA16,
whereas the last one of AtIAA16 is not present in GhIAA16

(Fig.3B).
2.2 GhIAA16 presents as a single-copy gene in cotton
genome
To examine th e o rg anizat io n o f GhIAA1 6 in co tt on
genome, DNA blotting analys is was performed using the
coding region of GhIAA16 as a pro be (Fig.4). Sing le fragments of 6.0 kb and 8.0 kb were detected in BamHⅠ and
EcoRⅠ-restricted genomic DNA, resp ect ively, and t wo
fragments of 3.8 and 2.9 kb were found in the HindⅢ digest.

４７６
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Fig.3. Comp arison of amino acid sequences and gene structures of GhIAA16 and AtIAA16. A. Alignment of predicted polyp eptide
sequences of GhIA A16 and A tIAA16. Identical amino acids are shaded. Dashes are introduced t o maximiz e the alignment. F our
conserved domains are indicated by I－IV, the amphipathic β α α structure are underlined. The arrows with number indicated the location
of intron. B. The gene sequence structures of GhIAA16 and AtIAA16. Boxes indicate exons and lines represent introns (intron not drawn
to scale).

The two Hind Ⅲ -hybridizing bands were due to the presence of an internal HindⅢ site of GhIAA16 sequence. Thus,
GhIAA16 occurred as a unique gene in cotton genome. In
addition, we also investigated the genomic organization of
GhIAA16 in a fu zzles s-lin tless (fl) mutan t of cot ton and
detected n o difference between the mutant and wild type
(Fig.4).
2.3 GhIAA16 is highly expressed in the endothelium of
ovule
To examine the expression pattern of GhIAA16, No rthern blotting analysis was performed using RNA from cotton ovules of –3 dpa, 0 dpa, +3 dpa and leaves respectively
(Fig.5). The result showed that GhIAA16 transcripts peaked
at the –3 dpa ovule when cotton fibers are initiated, and no
sign al was detected in th e leaves , suggesting t hat it is a
cotton ovule-specific gene (Fig.5).

To further examine its tissue-specific pattern, in situ RNA
hybridization was done with the ovule of 0 dpa. The 5' end
of the gene with 450 bp was used as the probe, because the
3' ends of the IAA family are usually highly conserved. The
result showed that it is specifically expressed in the endothelium of the cotton ovule (Fig.6).

3

Discussion

Here, we have isolated a cotton gene GhIAA16 homologous to Arabid opsis IAA16 and found that it is a singlecopy gene in cotton genome and specifically expressed in
the endothelium of the ovule.
Although genetic control of cotton ovule development
remains unknown, a number of genes have been identified
that are important for the growth and morphogenesis of the
integuments in Arabidopsis (Schneitz et al., 1998). Several
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Fi g.4. DN A blot ting analysis of cott on genomic D NA of
GhIAA16. Genomic DNA (20 µg/lane) of leaves of Gossypium
hirsutum cv. XZ142 (WT) and G. hirsutum cv. XZ142w (fl) was
completely digested with BamHI, EcoRI and HindIII respectively
and trans ferred on nylon membrane. The blot was hybridized
with a gene-specific probe of GhIAA16. M olecular weight makers
are indicated in kb.

Fig.5. Northern blotting analysis of GhIAA16. Total RNA (20
µg/lane) from +3, 0,－3 dpa ovules and leaves was fractioned on a
denat uring 1.2% (W/V) agarose gel and trans ferred to nylon
membrane. The blot was hybridized with the full-length cDNA of
GhIAA16. Loading control of total RNA was shown.

genes for the initiation of the integuments and an increasing number o f genes for their morp hogenes is have been
identified (Schneitz et al., 1998). The first group comprises
HLL, ANT, BEL1, INO, ABERRANT TESTA SHAPE (ATS)
and UNICORN (UCN). They act as positive regu lators of
early integument development, with the possible exception
of UCN. Genes of the second group include STRUBBELIG
(SUB) an d BLASIG (BAG), LEUNIG (LUG), TOUS LED,
SHORT INTEGUMENTS (SIN 1), SUP, TSO1 an d others.
However, the genetic network of these genes is no t clear

４７７

Fig.6. In situ RNA hybridization analysis of GhIAA16. Upper,
a longitudinal section of 0 dpa ovule hybridized by an antisense
probe of GhIAA16; lower, a longitudinal section of 0 dpa ovule
hybridized by sense probe of GhIAA16. The blue color indicates
the hybridizing signal. e, endothelium; i, inner seed coat; n, nucellus;
o, outer seed coat.

although limited data indicate that the first group genes are
likely to precede the activities of members of the s econd
group (Schneitz, 1999).
Gen es exp res s ed in en d o t h eliu m are n o t well
documen ted. Arabid opsis BANYULS (BAN) gene, wh ich
most likely encodes a leucoanthocy anidin reduct ase and
restricts its expression to the endothelium of immature seeds
at the pre-glob ular to early globular stages of embryo develop ment (Devic et a l., 1999). It repres ents a marker for
early differentiation and development of the seed coat. BAN
is p robably involved in a metabolic channeling bet ween
the production o f anthocyan ins and pro-anthocyanidins
in the seed coat (Devic et al., 1999). Another Arabid opsis
gene, TT16, encodes th e ARABIDOPSIS BSISTER (ABS)
MADS domain protein and is expressed mainly in the ovule
(Nesi et al., 2002). TT16/ABS is necessary for BAN expression and proanthocyanidin accumulation in the endothelium of the seed coat, with the exceptio n of th e chalazalmicropylar area. In addition, mutant phenotype and ectopic
expression analyses suggested that TT16/A BS is also involved in the s pecification of endothelial cells. It appears
that these two endothelium-expressed genes are allinvolved
in flavonoids production of t he seed coat as well (Nesi et
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al., 2002).
Aux/IAA genes are early auxin response genes that encode short-lived nuclear proteins (Abel et al., 1994). Tiwari
et al. (2001) found that most of the Arabidopsis Aux/IAA
prot eins rep ressed t ranscrip tion on auxin-responsive reporter genes in protoplast transfection assays. Their work
sug gested that Aux/ IAA p rotein s fun ction as active repressors by dimerizing with auxin response factors bound
to auxin respo nse elements and that early auxin response
genes are regulated by auxin-modulated stabilities of Aux/
IAA proteins.
Whether the orthologs of these genes play roles in cotton integument development is not clear. The identification of GhIAA16 as an endothelium-specific gene suggests
that auxin plays a role in cotton ovule development. In fact,
the initiation of co tton fiber development appears to be
triggered by hormones, auxins and gibberellins. Gialvalis
an d Seagu ll (2001) h ave demonst rat ed t hat unfert ilized
ovules produced large numbers of fiber initials in t he absence of any hormone treatment. But exogenous application of either indole-3-acetic acid or gibberellic acid induced
significant increases in fiber production. But the molecular
mechanism of t his in fluence is unknown. Gh IAA16 may
provide a molecular bridge between hormone IAA and cotton fiber formation. The expression pattern of AtIAA16 remains unclear. Direct t ransformat ion of Arabidopsis with
GhIAA16 (sense or antisense) did not result any obvious
phenotypic changes (data not shown), suggesting a diversified role of IAA16, also supported by their different genomic structures (Fig.3). Further genetic transformation of
cotto n likely reveals a role of GhIAA 16, if any, in cotton
ovule development.
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