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An AGAMOUS (AG)-like gene, GbAGL2, was isolated from Gossypium barbadense and characterized. Alignment
and phylogenetic analysis indicated that GbAGL2 shared high homology with AG-subfamily genes and belonged
to a C-class gene family. DNA gel blot analysis showed that GbAGL2 belonged to a low-copy gene family. Reverse
transcriptase-polymerase chain reaction (RT-PCR) and quantitative real-time PCR (qPCR) revealed that GbAGL2 was
highly expressed in reproductive tissues including ovules and carpels, but barely expressed in vegetative tissues. In
addition, GbAGL2 expression in a cotton cultivar XuZhou142 (wt) (XZ142, G. hirsutum L.) and its ﬁbreless mutant
XZ142 (ﬂ) was examined. RNA in situ hybridization analysis indicated that GbAGL2 transcripts were preferentially
restricted to outer ovule integuments, carpels and ﬁbres. These expression patterns implied that GbAGL2 might
participate in the development of the carpel and ovule. Furthermore, Arabidopsis transformation was performed
and modiﬁcations occurred in ﬂowers, and the silique length of transgenic plants also increased slightly, suggesting
that the GbAGL2 gene may have a positive effect on the development of the ovary or ovule. Our ﬁndings suggest
that GbAGL2 might not only specify the identity of ﬂoral organs but also play a potential key role in ovary or ﬁbre
development in cotton.
[Liu X, Zuo K, Zhang F, Li Y, Xu J, Zhang L, Sun X and Tang K 2009 Identiﬁcation and expression proﬁle of GbAGL2, a C-class gene from
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Introduction

Cotton ﬁbre is a single cell that arises from the epidermis of
the ovule and undergoes four distinct and overlapping stages
(Basra and Malik 1984; Kim and Triplett 2001; Tiwari and
Wilkins 1995; Whittaker and Triplett 1999). As for cotton, a
developing ovary contains about 25–30 ovules, which equals
about 500 000 elongating ﬁbres in total (Basra and Malik
1984; Tiwari and Wilkins 1995; Kim and Triplett 2001).
Hence, ovary size and ovule development undoubtedly
contribute in a big way to ﬁbre yield and quality.

Carpel or ovary development is well documented in
the ‘ABCDE’ model of ﬂower development (Honma and
Goto 2001; Theissen 2001; Theissen and Saedler 2001).
According to the ‘ABCDE’ model, ﬂoral organ identity and
speciﬁcation are controlled by a series of homeotic genes
and the carpel is controlled by speciﬁc C-class genes (Weigel
1995; Theissen and Saedler 1999; Theissen et al. 2000).
Till date, a series of C-class genes has been cloned and
studied. In Arabidopsis, AGAMOUS (AG) has been cloned
and characterized as playing a key role in specifying carpel
formation (Yanofsky et al. 1990; Bowman et al. 1991b,

Keywords. AGAMOUS-like; Arabidopsis; C-class; ﬁbre; expression pattern; Gossypium barbadense
Abbreviations used: AG, AGAMOUS; bp, base pair; dpa, days post anthesis; ﬂ, fuzzless–lintless; RACE, rapid ampliﬁcation of cDNA
end; qPCR, quantitative real-time polymerase chain reaction; RT-PCR, reverse transcription PCR; SEM, scanning electron microscopy;
Wt, wild-type; XZ142, XuZhou142
Supplementary tables and ﬁgures pertaining to this article are available on the Journal of Biosciences Website at http://www.ias.ac.in/
jbiosci/Dec2009/pp941-951/suppl.pdf
http://www.ias.ac.in/jbiosci

J. Biosci. 34(6), December 2009, 941–951, © Indian
Academy
ofDecember
Sciences 2009
941
J. Biosci.
34(6),

Xiang Liu et al.

942

1999; Pinyopich et al. 2003). Subsequently, the functions
of SHATTERPROOF1 (SHP1), SHP2 and SEEDSTICK
(STK) in promoting carpel and ovule identity have been
proved (Favaro et al. 2003; Liljegren et al. 2000; Pinyopich
et al. 2003). PLENA (PLE) and FARINELLI were isolated
from antirrhinum (Antirrhinum majus) and identiﬁed to
have functions similar to AG, and played a redundant role
in specifying the carpel and stamen (Davies et al. 1999). So
far, C-class genes had been studied in plant species – rice
(OSMADS3 and OSMADS58), petunia (pMADS3), tomato
(TAG1), sweetgum (LAG), rose (MASAKO C1 and D1), cocoa
(TcAG), Phalaenopsis (PhalAG1), hazelnut (CaMADS1) and
others (Tsuchimoto et al. 1993; Pnueli et al. 1994; Rigola et
al. 1998; Liu et al. 1999; Kitahara and Matsumoto 2000;
Kitahara et al. 2004; Chaidamsari et al. 2006; Song et al.
2006; Yamaguchi et al. 2006). In G. hirsutum, C-class genes
GhMADS3, GhMADS4 and GhMADS7 were studied (Guo et
al. 2007; Lightfoot et al. 2008). It is noteworthy that most of
these C-class genes mentioned above belong to the MADSbox gene family and, at the C-terminal end of proteins, there
are two short, highly conserved regions, AG motif I and AG
motif II (Kramer et al. 2004).
G. barbadense accounts for 8% of the world’s cotton and
exhibits a good genetic proﬁle such as long and spinnable
ﬁbres. Although C-class genes have been extensively
studied in other plants, little is known of the roles of C-class
genes from G. barbadense in ovary or ﬁbre development,
and their molecular mechanisms are still unclear. Therefore,
studying and cloning C-class genes from developing ovules
would not only provide a basic biological understanding
of ﬁbre and ovary development, but also identify potential
target genes for improving ﬁbre quality and yield by genetic
engineering.
In this study, we report the cloning of GbAGL2 from G.
barbadense. We also examined GbAGL2 expression patterns
through reverse transcription polymerase chain reaction
(RT-PCR), quantitative real-time PCR (qPCR) and RNA in
situ hybridization. In addition, we overexpressed GbAGL2
in Arabidopsis. These results revealed that GbAGL2 belongs
to a C-class gene and might play a role in ovary and ﬁbre
development.
2
2.1

Materials and methods

Plant materials and culture conditions

Cotton cultivars Gossypium barbadense L. cv. PIMA90,
G. hirsutum L. cv. XuZhou142 (XZ142) and its fuzzless–
lintless mutant XZ142 (ﬂ) were grown in an experimental
ﬁeld at Shanghai Jiao Tong University (Shanghai, China).
XZ142 (ﬂ) is a natural seed mutant without short and long
ﬁbres, and is widely used in the study of ﬁbre development.
Its wild-type XZ142 (wt) has natural seed with short and
J. Biosci. 34(6), December 2009

long ﬁbres. The classiﬁcation of cotton ﬂower stage was
deﬁned as per Hasenfratz et al. (1995).
Wild-type (wt) and transgenic Arabidopsis plants
(ecotype Columbia) were grown in a soil supplemented
with 20% vermiculite and 10% perlite in a growth chamber
(22°C and a 16 h light/8 h dark cycle). Arabidopsis ﬂower
bud stages were classiﬁed according to Smyth et al. (1990).
2.2

Preparation of RNA and DNA samples

Total RNA of cotton was isolated with a CTAB solution
(2% CTAB, 0.1 M Tris, 0.02 M EDTA, 1.4 M NaCl, 1% βmercaptoethanol, 0.1% spermidine, pH 9.5) according to a
modiﬁed procedure (Reid et al. 2006). DNase I and RNasefree columns (Tiangen Biotech, Shanghai) were used for
purifying total RNA.
Arabidopsis total RNA was extracted with the RNAprep
pure Plant Kit (Tiangen Biotech, Shanghai).
Cotton genomic DNA and Arabidopsis genomic DNA
were extracted with the DNAquick Plant System (Tiangen
Biotech, Shanghai).
2.3

GbAGL2 gene cloning and sequence analysis

The ﬁrst-strand cDNA was synthesized with 2 μg of total
RNA (+3 days post anthesis [dpa] ovules) with the Reverse
Transcriptase XL (AMV, Takara) and used as the RT-PCR
template. Fragments of AG motifs were generated with
degenerated primers AG1 (5′-CAR CCN TAY GAY WSN
MGN AAY T-3′) and AG2 (5′-RTG NAR NGC DAT YTG
RTC YTG YTG-3′) at ﬁrst. Based on the AG fragment,
5′RACE (GPS1: 5′-GCT ATC TGG TCT TGC TGC TGC
TGA G-3′) and 3′RACE (with primer GPS2: 5′-CAG CCA
TAT GAC TCT CGG AAC TAC T-3′) were performed
according to the SMART RACE cDNA Ampliﬁcation Kit
(Clontech, USA). The full-length cDNA was obtained with
the primer GPS3 (5′-GCT AAA ATG AAA AAC AAA G3′). All PCR reactions were performed with the Advantage 2
PCR kit (Clontech, USA) and the standard protocol carried
out was as follows: 27 cycles of 94°C for 30 sec, 68°C
for 30 sec, and 72°C for 3 min. All ampliﬁed fragments
were puriﬁed using the DNA Gel Extraction Kit (Waston,
Shanghai), cloned into the pMD18-T vector (Takara, Japan),
and conﬁrmed by sequencing.
Full-length amino acid sequence comparison
was performed using DNAMAN and ClustalX 1.83.
Phylogenetic analysis was done using the molecular
evolutionary genetics analysis (MEGA) 3.1 (Kumar et
al. 2004). The neighbour-joining method was used and
the bootstrap analysis performed on 1000 replicates. The
isoelectric point and molecular weight were predicted online
(http://www.swiss-prot.com). Proteins used in this study
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were as follows: AGAMOUS (NP_567569, A. thaliana),
EgMADS1 (AAS01765, Eustoma grandiﬂorum), FBP7
(CAA57311, Petunia × hybrida), FBP11 (CAA57445,
P. hybrida), GbAGL2 (ACI23561, G. barbadense),
GhMADS3 (AAL92522, G. hirsutum), GhMADS4
(ABM69042, G. hirsutum), GhMADS6 (ABM69044, G.
hirsutum), LAG (AAD38119, Liquidambar styraciﬂua),
LMADS2 (AAS01766, Lilium longiﬂorum), SHP1 (NP_
001078311, A. thaliana), SHP2 (NP_850377, A. thaliana),
TAGL11 (AAM33102, Lycopersicon esculentum), TcAG
(ABA39727, Theobroma cacao).
2.4

Expression analysis in G. barbadense

2.4.1 RT-PCR: Two microgram of G. barbadense total
RNA from different tissues was used for generating the ﬁrststrand cDNA as described above. RT-PCR was performed in
a 25 μl volume of mixture (1× buffer, 1 unit of rTaq, 1 mM
each dNTP, and 0.4 μM each primer) with speciﬁc primers
(GbAGL2-1: 5′-AGC TGA CAA ACT CCG AAA TCA
AAT C-3′ and GbAGL2-2: 5′-CTA GTG AAG AGC TAT
CTG GT-3′) and the conditions were as follows: 94°C for 3
min followed by 30 cycles of ampliﬁcations (94°C for 30 s,
56°C for 30 s, 72°C for 1 min), and 72°C for 5 min. As
an internal control, the Ubiquitin gene was ampliﬁed with
primers Ub1 (5′-AAG ACC TAC ACC AAG CCC AA-3′)
and Ub2 (5′-AAG TGA GCC CAC ACT TAC CA-3′) under
the same conditions as described above. Of the ampliﬁed
products, 3 μl was separated on 1% agarose gel and
photographed.
2.4.2 Real-time quantitative PCR (qPCR): Five hundred
nanogram of total RNA from ovules at different stages (–3,
–1, 0, +3, +5, +8, +10, +12 dpa) was used for generating
the ﬁrst-strand cDNA with the PrimerScript RT reagent
Kit (Takara, Japan). SYBR premix Ex Taq (Takara, Japan)
was used and qPCR performed in a DNA Engine Opticon
3 System for detection of continuous ﬂuorescence (MJ
Research, USA). Gene-speciﬁc primers GbAGL2-3 (5′-ATA
GCT GAG AAC GAG AGG AAG CA-3′) and GbAGL2-4:
(5′-ATT GGT GGC GGG TTG TAA AG-3′) were designed
to amplify a 138 base pair (bp) fragment of GbAGL2. The
Ubiquitin gene was ampliﬁed with primers Ub3 (5′-TCG
GAT ACG ATT GAT AAC G-3′) and Ub4 (5′-AGG CTT
AGA ACC CAC CAC-3′) to normalize mRNA sources.
Each sample was studied in triplicate and ampliﬁcation was
performed under the following conditions: 95°C for 20 s
followed by 40 cycles of ampliﬁcation (95°C for 15 s, 60°C
for 15 s, 72°C for 25 s) and at 70–95°C for 10 s (a gradient
of 2.5°C·s–1). After the reaction was complete, data assay
was carried out with the Opticon 3 software supplied with
the Opticon cycler.
2.4.3 RNA in situ hybridization: Cotton tissues for RNA in
situ hybridization were collected and ﬁxed immediately in
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phosphate buffered saline (PBS), embedded in parafﬁn, and
sectioned into 8 μm sections as a modiﬁed procedure (Bradley
et al. 1993). For preparation of RNA probes, a fragment at
the 3′-terminal was ampliﬁed (with primers GbAGL2-1 and
GbAGL2-2) and introduced into the pGEM-T-Easy vector
(Promega, USA). The recombinant plasmid was linearized
and then used for in vitro transcription. Sense and antisense
probes were generated by using the Digoxigenin SP6/T7
Labeling Kit (Promega, USA) following the manufacturer’s
instructions. RNA in situ hybridization was performed as
described by Coen et al. (1990). Sections were observed and
photographed under the light microscope Olympus Bx-51
(Olympus, Japan).
2.4.4 Genomic DNA gel blot analysis: Thirty microgram
of cotton genomic DNA was digested with ApaL1, DraI
and EcoRV (Takara, Japan), and then transferred to
Hybond-N+ nylon membranes (Amersham Biosciences,
USA) as described by Sambrook and Russell (2001). A
415 bp fragment at the 3′-terminal was ampliﬁed with
primers GbAGL2-1 (5′-AGC TGA CAA ACT CCG AAA
TCA AATC-3′) and GbAGL2-2 (5′-CTA GTG AAG AGC
TAT CTG GT-3′) and used as the probe. Probe labelling,
hybridizing and detecting were conducted according to
instructions of the Amersham Gene Images AlkPhos Direct
Labelling and Detection System (GE, UK).
2.4.5 Vector construction and Arabidopsis transformation:
The coding sequence of GbAGL2 was constructed into the
pCAMBIA1304 vector under the control of the cauliﬂower
mosaic virus (CaMV) 35S promoter. The construct was
then introduced into Agrobacterium tumefaciens GV3101
and veriﬁed with PCR and sequencing. For Arabidopsis
transformation, the ﬂoral dip method was used (Clough and
Bent 1998). Transgenic seeds were collected and sterilized in
10% sodium hypochlorite (10 min), washed in sterile water
(6 times), and sowed on 2.63% phytagel (Sigma, USA)
supplemented with 0.5 MS (Sigma, USA), 3% sucrose and
20 μg·ml-1 hygromycin. Seeds were kept at 4°C for 3 days,
and then transferred to long day conditions (16 h light/8 h
dark) for two weeks. Green seedlings were transplanted into
the soil mixture as described. PCR with primers (GbAGL25: ATG GTG TAC CCC AAT GAA TC; GbAGL2-2: 5′-CTA
GTG AAG AGC TAT CTG GT-3′) was carried out under
the following conditions: 94°C for 3 min followed by 30
cycles of ampliﬁcations (94°C for 30 s, 56°C for 30 s, 72°C
for 1 min) and at 72°C for 5 min. RT-PCR with primers
(GbAGL2-1: 5′-AGC TGA CAA ACT CCG AAA TCA AAT
C-3′; GbAGL2-2: 5′-CTA GTG AAG AGC TAT CTG GT-3′)
was performed as described above.
The phenotypic effect of the constitutive expression
of GbAGL2 during development of transgenic plants was
analysed in the T2 generation. Phenotypic analysis was
recorded with a CoolPix5000 Digital Camera (Nikon, Japan)
and a JSM-6360LV scanning electron microscope (SEM)
J. Biosci. 34(6), December 2009
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(JEOL, Japan). With SEM, young inﬂorescences of wt and
transgenic Arabidopsis plants were ﬁxed overnight at 4°C in
formalin–acetic acid ﬁxative solution (FAA) (50% ethanol,
5% glacial acetic acid and 3.7% formaldehyde), dehydrated
through a graded ethanol series (80%, 90%, 95% and 100%),
and dried with solid carbon dioxide. Inﬂorescence samples
were mounted on cuprum stubs, dissected with a glass
needle, and then coated with gold palladium. All specimens
were visualized through the SEM and photographed.
3.
3.1

Results

Cloning and sequence analysis of the GbAGL2 gene

To study the molecular mechanism that regulates ovary
and ﬁbre development, we used the RT-PCR and RACE
strategies for isolating genes of the AG subfamily from G.
barbadense +3 dpa ovules. A cDNA with a 735 bp open
reading frame (ORF) was isolated and designated GbAGL2
(Accession number: FJ198050). GbAGL2 was predicted to
encode a polypeptide of 244 amino acids (Protein accession:
ACI23561) with a calculated molecular weight of 28.12
kDa and an isoelectric point of 9.34. Comparison and
alignment with genes of the AG-subfamily were performed
simultaneously. GbAGL2 was characterized with a MADSbox (residues 17–71) and a K-box (residues 105–171)
(ﬁgure 1A), suggesting that GbAGL2 was a MADS gene.
Furthermore, at the C-terminal end of the protein, there
were two short, highly conserved regions, AG-motif I and
AG-motif II (residues 214–226, 232–244), which have been
visualized by Kramer et al. (2004), suggesting that GbAGL2
is an AG-subfamily gene. GbAGL2 exhibited high similarity
with other C-class members from other plant species. For
example, GbAGL2 shared high homology with GhMADS4
and GhMADS3 from G. hirsutum (96.75% and 95.90%
identities), TcAG from T. cacao (90.61% identity), and AG
from A. thaliana (68.90% identity), further suggesting that
GbAGL2 is an AG-like gene.
The subclassiﬁcation of GbAGL2 was conducted with
a phylogenetic tree based on the full-length amino acid
sequences of C- and D-class genes (ﬁgure 1B). GbAGL2
(emphasized by “■”) was grouped within C-class genes
and located in the same clade as GhMADS3 and GhMADS4,
which have been identiﬁed as C-class genes in G. hirsutum,
implying that GbAGL2 is highly conserved in G. barbadense
and G. hirsutum. These results suggest that GbAGL2 is a
C-class gene and might have the same function in ovary
development in cotton.
Moreover, DNA gel blot was performed to analyse the
integration of GbAGL2 in the genome of G. barbadense
(ﬁgure 2). Thirty microgram of digested DNA was separated
by electrophoresis and transferred to a Hybond-N+ nylon
membrane, and then hybridized with a gene-speciﬁc
J. Biosci. 34(6), December 2009

probe. Two strong signals were observed in lanes 1, 2 and
3 (digested with ApaLI, DraI, and EcoRV, respectively).
Based on the genomic characterization of allopolyploid plant
species, the DNA gel result implies that GbAGL2 belongs to
the low copy-number gene family of G. barbadense.
3.2

Expression pattern analysis of GbAGL2

GbAGL2 expression patterns were investigated in G.
barbadense by using RT-PCR, qPCR and RNA in situ
hybridization.
3.2.1 RT-PCR: RT-PCR was performed to detect GbAGL2
transcripts in vegetative tissues (roots, stems, leaves and
bracts) and reproductive tissues (petals, gynoecia, stamens,
carpels, ovules in stages –3, –1, 0, +3, +5, and +8 dpa) in
G. barbadense (ﬁgure 3). A strong signal was observed in
the productive organs such as gynoecia, stamens, carpels
and ovules at different stages (–3, –1, 0, +3, +5, and +8
dpa). However, the signal was barely detected in roots,
stems, leaves, bracts and petals. These expression patterns
showed that GbAGL2 shared similar patterns as other Cclass orthologs, AGAMOUS and CaMADS1, which are
expressed in stamens, carpels, stigmas or mature ﬂowers
of other species (Bowman et al. 1991a; Rigola et al. 1998).
GbAGL2 expression was very similar to TAG1 in tomato,
which accumulates in stamens, carpels, anther walls and
vascular tissues of the ovaries and styles, but not in sepals
or petals (Pnueli et al. 1994). The results of RT-PCR suggest
that GbAGL2 might have the function of ﬂoral organ identity
genes of the AG-subfamily in G. barbadense.
3.2.2 qPCR: Providing evidence for GbAGL2 expression
was restricted to ovule tissues of G. barbadense; its
quantiﬁcation was determined in G. barbadense ovules
in the developmental stages of –3, –2, 0, +3, +5, +8, +10,
and +12 dpa with qPCR (ﬁgure 4 and supplementary
table 1). GbAGL2 expression dynamically changed with
the developmental stages, and the quantity was increased
throughout ovule development. From stage 0 dpa to +5 dpa,
GbAGL2 expression was distinctly higher, then it changed
gently in the subsequent stages, and reached a maximum
at stage +12 dpa. Based on the multiple alignment results,
we knew that the GbAGL2 gene was highly conserved in
Gossypium species. The features of GbAGL2 were explored
in ﬁbre tissues in the parental wt cultivar XZ142 (wt) and its
fuzzless–lintless mutant XZ142 (ﬂ), and ovules of stages –3,
0 and +5 dpa were examined (ﬁgure 5 and supplementary
table 2). GbAGL2 was expressed in both cotton cultivars, and
also exhibited a rising trend in the three stages. In addition,
GbAGL2 expression in these three stages from cultivar XZ142
(wt) was higher than those in cultivar XZ142 (ﬂ), indicating
that GbAGL2 was preferentially expressed in ﬁbres.
3.2.3 RNA in situ hybridization: As GbAGL2 expression
was restricted to the ovules, RNA in situ hybridization was
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applied to determine the precise location of GbAGL2 in
G. barbadense ﬂoral buds and ovules (stages –3, +3 and
+5 dpa) (ﬁgure 6). GbAGL2 was expressed in stamens
throughout ﬂower development, in carpels in the early stages
of development, and also in the ovules. These expression
patterns were very similar to AoAG, which was cloned
from A. oblongifolia (Gao et al. 2006). At the very early
stage of ﬂoral development in G. barbadense, GbAGL2
mRNA was strongly expressed in carpel primordia, stamen
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primordia, ovule primordia, carpels and stamens (ﬁgure 6A,
B, C). In the later stage of ﬂoral development, GbAGL2
was particularly expressed in the outer ovule integuments
and ﬁbres (ﬁgure 6D, E, F, G). However, signals were very
weak in areas such as petals, bract leaves and ovary septum
(ﬁgure 6A, B, C, D). In contrast, no signals were detected in
negative controls (ﬁgure 6H, I).
These ﬁndings are consistent with the hypothesis that
GbAGL2 has similar functions as other C-class genes in ﬂoral

Figure 1. Structure of GbAGL2 and its alignment of AG-subfamily proteins. (A) Multiple sequence alignment of GbAGL2 with related
C-class genes. Conserved regions MADS-box, K-box, AG motif I and II are emphasized with black boxes. (B) Phylogenetic tree analysis
of GbAGL2 with related C- and D-class genes. The neighbour-joining tree was generated by ClustalX 1.81. The GbAGL2 gene is marked
with “■”.
J. Biosci. 34(6), December 2009
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development. Furthermore, transcriptional signals were also
detected in ﬁbres, which might lead us to investigate its role
in ﬁbre development.
3.3

Overexpression of GbAGL2 in Arabidopsis

To study the function of GbAGL2 in plant ﬂoral organ
development, the recombinant plasmid (pCAMBIA130435S::GbAGL2::NOS, ﬁgure 7) was constructed and
transformed into Arabidopsis plants. Up to 25 independent
transformants were obtained through hygromycin screening,
PCR and RT-PCR, and 12 of them were used for further
analysis (for PCR and RT-PCR results, please refer to
supplementary ﬁgure 1). Most of the transgenic lines (11
of 12) showed homeotic alternation in ﬂoral organs, and
one line (line 7 transcribed at low levels) presented in
normal phenotypes (results not shown). The transgenic
lines 4 and 9 with typical phenotypes were selected for
further analysis. Compared with Arabidopsis wt plants, no

Figure 3. RT-PCR analysis of GbAGL2 in G. barbadense.
Expression analysis of the GbAGL2 gene in vegetative tissues
(roots, stems, leaves and bracts) and reproductive tissues (petals,
gynoecia, stamens, carpels and ovules at –3, –1, 0, +3, +5 and
+8 dpa) by RT-PCR. The Ubiquitin gene is used as the internal
control.

Figure 4. Relative quantitation analysis of GbAGL2 in ovules of
G. barbadense using qPCR. The comparative CT method is adopted
and the expression is normalized to the levels of Ubiquitin in G.
barbadense. Ovules in stages –3, –1, 0, +3, +5, +8, +10, and +12
dpa are examined. ov, ovules

Figure 2. DNA gel blot analysis of GbAGL2 in the G.
barbadense genome. Each lane contains 30 μg genomic DNA
digested with ApaLI, DraI and EcoRV, respectively. The λDNA
marker (digested with HindIII) is used, and bands on the lane from
top are 23.1 kb, 9.4 kb, 6.6 kb, 4.4 kb, 2.3 kb and 2.0 kb.
J. Biosci. 34(6), December 2009

Figure 5. Relative quantitation of GbAGL2 in ovules from
XZ142 (wt) and XZ142 (ﬂ) using qPCR. The comparative CT
method is adopted and the expression normalized to the levels of
Ubiquitin in G. barbadense. Ovules in stages –3, 0 and +5 dpa are
examined.

vegetative phenotype changes were observed; the leaf size,
leaf shape and plant height of transformants were normal
(ﬁgure 8A, B). However, ﬂoral organs of transgenic plants
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Figure 6. In situ hybridization analysis of GbAGL2 mRNA in G. barbadense. Ovules at stages –3, 0 and +3 dpa were examined. Sections
were subjected to in situ hybridization using digoxigenin-labelled GbAGL2 cDNA probes. (A) Longitudinal section of a ﬂoral bud at an
early stage hybridized with an antisense probe. Hybridization signals are visible in the carpel primordia (cp), stamen primordia (sp). Signals
are barely detected in young petals (yp) and bract leaves (br). (B) Longitudinal section of a 0 dpa ﬂoral bud hybridized with an antisense
probe. Hybridization signals are visible in the ovular primordia (ovp), carpel (c) and stamen (st). Signals are barely detected in mature
petals (mp). (C) Longitudinal section of a ﬂoral bud (about –5 dpa) hybridized with antisense probes. Hybridization signals are visible
in the stamen (st), but signals are barely detected in mature petals (mp) and bract leaves (br). (D) Transverse section of a –3 dpa ovary
hybridized with an antisense probe. Ovules are housed in the ovary, and hybridization signals are visible in the ovary septum (os) and outer
ovule integument (oi), but barely in ovary wall (ow). (E) Longitudinal section of a +3 dpa ovule hybridized with an antisense probe. Strong
signals are visible in the outer integument (oi) and ﬁbres (f). (F) Longitudinal section of a +5 dpa ovule. Strong signals are visible in the
outer ovule integument (oi) and ﬁbres (f). (G) Longitudinal section of a +3 dpa ovule hybridized with an antisense probe. Strong signals
are visible in the outer ovule integument (oi) and ﬁbres (f), but signals are weak in the internal ovule integument (ii) and nuclue (n). (H)
Longitudinal section of a ﬂoral bud at an early stage hybridized with a sense probe. There is no hybridization signal in stamen primordia
(sp) and young petals (yp). (I) Transverse section of a –3 dpa ovary hybridized with a sense probe. There is no hybridization signal in the
ovules, ovary septum (os), and ovary wall (ow). f, ﬁbres; ii, internal ovule integument; os, ovary septum; oi, outer ovule integument; op,
ovarian primordial; ow, ovarian wall; ovp, ovular primordial; st, stamen; sp, stamen primordial; yp, young petals
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displayed severe changes, which were similar to those of
AGAMOUS-like gene transgenic plants. Flower buds opened
prematurely before stage 9 (ﬁgure 8B, C, D). The number of
petals and sepals of the ﬂower were normal but the sepals
and petals of the transgenic plants were much smaller (ﬁgure
8C, D). Styles extruded out of the buds (ﬁgure 8C, D and
supplementary ﬁgure 2). No changes were observed in seed
shape and colour (ﬁgure 8F). In addition, features including
the petal number, sepal number, plant height, silique length,
seed number per silique, and 10 000-seed weight were
recorded (table 1). The numbers of petals and sepals per
ﬂower did not change, and were 4 in number. The average
plant height of transgenic plants was up to 26.7 ± 5.6 cm,
approximately equal to that of the wt (25.8 ± 4.7 cm). The
transgenic plants had a longer silique and more seeds per
silique, with a silique length of 16.1 ± 3.7 mm and seed
number per silique of 54.2 ± 6.4 (in wt it was 14.4 ± 2.5 mm
and 48.9 ± 6.7, respectively). Seeds of transgenic plants had
more weight (with a 10 000-seed weight of 0.247 ± 0.052 g
in transgenic plants and 0.238 ± 0.031 g in wt).
4.
4.1

Discussion

GbAGL2 belongs to the AG-subfamily gene and its
patterns are conserved in ﬂower development

Cotton ovule and ovary are two important organs that
contribute to ﬁbre yield. In angiosperm plants, AG-subfamily
genes are subdivided into two clades, C- and D-class genes,
and the two types of genes are involved in ovary and ovule

development, respectively (Kramer et al. 2004). Evidence
shows that most of the C-class genes have similar expression
patterns in specifying the ovary and ovule. To study the
roles of C-class genes in G. barbadense ovary and ﬁbre
development, we cloned GbAGL2 and explored spatiotemporal
expression patterns through RT-PCR, qPCR and RNA in situ
hybridization. GbAGL2 activity was detected more in the
reproductive tissues including gynoecia, stamens, carpels,
ovules, than in the vegetative organs. The pattern was very
similar to AGAMOUS, which is expressed in the developing
ﬂoral meristem at stage 3 in stamens, carpel primordia and
carpels, and later in developing seed coats, suggesting that
GbAGL2 is an AG-like gene (Smyth et al. 1990; Bowman
et al. 1991a; Drews et al. 1991). As an AG-subfamily gene,
GbAGL2 expression patterns were very similar to those of
GhMADS3, GhMADS4, and GhMADS7, which are transcribed
in ovules or ﬁbres, suggesting that expression patterns of Cclass genes are conserved in all types of cotton.
On qPCR, GbAGL2 expression showed dynamic changes
in accordance with the developmental stages. GbAGL2
expression in XZ142 (wt) was higher than that in XZ142 (ﬂ).
Compared with XZ142 (ﬂ), XZ142 (wt) has normal seeds
with long and short ﬁbres. The difference in expression
patterns between them imply that GbAGL2 might have a
comprehensive role in cotton development. As for RNA
in situ hybridization, GbAGL2 signals were especially
restricted to areas of the outer ovule integument and ﬁbres,
further indicating that GbAGL2 may not only participate in
regulation of carpel and ovule development, but also in ﬁbre
development.

Figure 7. The pCAMBIA-1304-35S::GbAGL2::NOS construct. The GbAGL2 coding sequence (735] bp) is cloned into the
pCAMBIA1304 vector downstream of CaMV35S.
Table 1.

Agronomic characters of wild-type (wt) and transgenic Arabidopsis expressing GbAGL2

Plants

Petal number
(mm)

Sepal number
(mm)

Plant heighta
(cm)

Silique lengthb
(mm)

Seed number/siliquec
(N)

10 000-seed weightd
(g)

Transgenic

4

4

26.7 ± 5.6

16.1 ± 3.7

54.2 ± 6.4

0.247 ± 0.052

Wt

4

4

25.8 ± 4.7

14.4 ± 2.5

48.9 ± 6.7

0.238 ± 0.031

a

Values obtained from 20 plants from wt and 20 transgenic plants expressing GbAGL2, respectively.
Values obtained from 20 siliques from wt and transgenic plants expressing GbAGL2, respectively.
c
Values obtained from 20 siliques from wt and transgenic plants expressing GbAGL2, respectively.
d
Values obtained from 5 10 000-seed from wt and transgenic plants expressing GbAGL2, respectively.
b

J. Biosci. 34(6), December 2009

Identiﬁcation and expression proﬁle of GbAGL2, a C-class gene from Gossypium barbadense

949

Figure 8. Phenotypic analysis of transgenic Arabidopsis plants expressing GbAGL2. (A) GbAGL2 transgenic Arabidopsis (left) shows
normal size and normal leaves. (B) GbAGL2 transgenic Arabidopsis (left) shows decreased ﬂowers. (C) Transgenic plants (left) have few
ﬂoral buds and these are prematurely open. (D) Transgenic ﬂoral organs at different stages (stage 9, 11, 13 15, and 17). The ﬂoral buds
are prematurely open. In stage 15, the stigma reaches above the petals, and is twice the size of that in stage 17. (E) Wild-type (wt) ﬂoral
organs at stages 9, 11, 13, 15 and 17. In stages 9 and 11, the ﬂoral buds are closed. The stigmas of stages 13 and 15 are level with the sepals.
(F and G) Compared with the wt (below), the GbAGL2 transgenic seeds look normal.
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4.2

Overexpression of GbAGL2 caused ﬂower
modiﬁcations

Ag-subfamily transcription factors play speciﬁc roles in
carpel or ovule development. As GbAGL2 shares high
homology with Arabidopsis, it might have a function
similar to that of Arabidopsis. Ectopic expression of C-class
genes resulted in homeotic conversion in the ﬂoral organs.
Flowers of plants ectopically expressing the GbAGL2 gene
showed prematurely open sepals and smaller petals, and
styles extruding out of buds. These observations were
similar to those phenotypes that occurred in ﬂowers of other
ectopically expressed C-class genes, indicating that GbAGL2
may have a function of AG-like ﬂoral organ identity genes.
In addition to the effect on ﬂoral morphology, siliques of
transgenic plants were also longer than those of wt plants,
indicating that GbAGL2 is involved in ovary development
in cotton.
Constitutive overexpression of C-class genes could cause
serious modiﬁcations in plant development, such as sepal-tocarpel and petal-to-stamen transformation, reduced leaves and
plant height, loss of indeterminacy, extensive curling of leaves,
ﬂowers opening prematurely, and stigmatic papillae formation
on the top of cauline leaves, etc. (Guo et al. 2007; Kitahara
and Matsumoto 2000; Kitahara et al. 2004; Mizukami and
Ma 1992, 1997; Rutledge et al. 1998; Tandre et al. 1998).
Ectopically expressed GbAGL2 in Arabidopsis merely
caused modiﬁcations in ﬂowers; the leaves and plant height
of transgenic plants were normal. Unlike the modiﬁcations
observed due to other C-class genes, GbAGL2 transgenic
plants did not exhibit serious phenotypes that were harmful
to plant development. We presume that GbAGL2 has a more
precise effect on the determination of carpel identity than other
C-class genes, which is very important in crop breeding.
In conclusion, GbAGL2 is a C-class gene from G.
barbadense. The analysis of expression pattern of G.
barbadense indicated that GbAGL2 was transcribed
preferentially in productive tissues such as the outer ovule
integument, carpels and ﬁbres. Overexpression of GbAGL2 in
Arabidopsis resulted in homeotic tranformation in the ﬂower
organs and longer siliques. It is presumed that GbAGL2
might participate in carpel/ovary and ﬁbre development in
G. barbadense, and further studies on applications related to
ﬁbre yield or quality could be helpful.
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Supplementary tables and ﬁgures

Table S1. Relative quantitation analysis of GbAGL2 in
ovules from G. barbadense
Tissues

GbAGL2
Average CT

Ubiquitin
Average CT

ΔCT
GbAGL2Ubiquitin

Ovule (-3 dpa)

29.19 ± 0.18

25.40 ± 0.10

3.79 ± 0.20

Ovule (-1 dpa)

28.06 ± 0.04

23.97 ± 0.11

4.09 ± 0.12

Ovule (0 dpa)

28.43 ± 0.18

24.17 ± 0.07

4.26 ± 0.19

Ovule (+3 dpa)

28.61 ± 0.32

23.40 ± 0.15

5.20 ± 0.36

Ovule (+5 dpa)

28.40 ± 0.22

22.64 ± 0.09

5.76 ± 0.23

Ovule (+8 dpa)

29.21 ± 0.08

23.27 ± 0.23

5.94 ± 0.24

Ovule (+10 dpa)

28.47 ± 0.28

22.3 ± 0.13

6.17 ± 0.30

Ovule (+12 dpa)

30.18 ± 0.03

23.92 ± 0.13

6.26 ± 0.13

The ΔCT value is determined by subtracting the average
Ubiquitin CT value from the average GbAGL2 CT value. The
standard deviation of the difference is calculated from the
standard deviations of GbAGL2 and Ubiquitin values according
to the User bulletin # 2 of ABI PRISM 7700 Sequence Detection
System.

Table S2.

Relative quantitation of GbAGL2 in ovules from XZ142 (ﬂ) and XZ142 (wt)

Tissues
XZ142 (ﬂ)

XZ142 (wt)

Stages

GbAGL2 Average CT

Ubiquitin Average CT

ΔCT GbAGL2-Ubiquitin

ovule (-3 dpa)

28.24 ± 0.14

25.16 ± 0.13

3.08 ± 0.19

ovule (0 dpa)

28.28 ± 0.09

24.74 ± 0.21

3.54 ± 0.23

ovule (+5 dpa)

30.43 ± 0.04

26.6 ± 0.17

3.82 ± 0.18

ovule (-3 dpa)

27.77 ± 0.11

24.08 ± 0.16

3.70 ± 0.19

ovule (0 dpa)

27.81 ± 0.13

23.08 ± 0.07

4.74 ± 0.15

ovule (+5 dpa)

28.14 ± 0.22

22.93 ± 0.15

5.21 ± 0.27
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Figure S1. Screening of transgenic Arabidopsis plants. (A) PCR
analysis of transgenic plants. Lane 1: wt Arabidopsis plants; 2–13:
transgenic plants; DNA marker: DL2000, bands on the lane from
top are 2000, 1000, 750, 250, and 100 bp. (B) RT-PCR analysis
of transgenic plants. The Ubiquitin gene is used as the internal
control. Lane 1: wt plant; 2–13: transgenic plants.

Figure S2. Phenotypic analysis in GbAGL2 transgenic and wt Arabidopsis ﬂoral organs by scanning electron microscopy (SEM). (A)
Lateral view of a transgenic bud at stage 4 in which the sepal primordia (sp) are visible. (B) Lateral view of a transgenic bud at stage 6 in
which the young sepals (ys) are visible. (C) Lateral view of a transgenic bud at stage 9 in which the sepals (se) are slack. (D) Lateral view
of a transgenic bud at stage 12 in which the stigma (st) extrudes from the bud. (E) Lateral view of a wt bud at stage 4 in which the sepal
primordia (sp) are visible. (F) Lateral view of a wt bud at stage 6 in which young sepals (ys) are visible. (G) Lateral view of a wt bud at
stage 9 in which sepals completely cover the bud. (H) Lateral view of a wt bud at stage 12 in which sepals have just opened and the stigma
extrudes from the bud. se, sepal; st, stigma; p, petals
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