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Abstract Although plant actins have highly conserved se-
quences, they are classified as vegetative or reproductive actin
based on genetic relationship and the role of the tissue. To
characterize the 1,590 bp actin (ACT) gene cloned from the
petals of the Ascocenda Princess Mikasa ‘Blue’ orchid, the
encoded protein sequence of Ascocenda ACT was aligned to
31 related proteins from orchids and other plant species. The
comparison of the amino acids of the actin proteins showed
that Ascocenda ACT1, Cymbidium ACT, Phalaenopsis
ACT1, Phalaenopsis ACT2, and Phalaenopsis ACT4
contained 13 positions different in amino acid residues in actin
polypeptides. Consequently, Ascocenda ACT, Cymbidium
ACT, and Phalaenopsis ACT2 were classified as vegetative
actins. The classification of Ascocenda ACT was consistent
with the results of qualtitative real-time polymerase chain reac-
tion (qPCR) analysis, which demonstrated that actin is highly
expressed in all vegetative tissues of the Ascocenda orchid but
not in pollen. The predicted three-dimensional structure of the
orchid actins revealed that most of the 13 variable residues were

located outside the dynamic functional loops, with the excep-
tion of Thr16 and Pro353, which were located in the S-loop and
target binding site of AscocendaACT, respectively. We suggest
that the DNA sequence in actin may play a role in the functions
of each actin isoform in a tissue-specific manner.
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Abbreviations
ACT Actin
D-loop DNase-I binding loop
G-actin Globular actin
H-loop Histidine-loop
S-loop Serine-loop
W-loop Tryptophan-loop

Introduction

Plant actins, encoded by a multigene family, are fundamental
plant proteins, the function of which depends on the type of
tissue. They have been identified as isovariant molecules based
on their cellular localization and functions, such as in cellular
processes (Kandasamy et al. 2009), cell growth (Hussey et al.
2006), defense mechanisms (de Almeida Engler et al. 2010),
and transcriptional regulation (Miralles and Visa 2006). Based
on their gene expression patterns and phylogenetic analysis,
eight different functional ACTs of Arabidopsis thaliana were
recognized and divided into two classes: vegetative actins
(Arabidopsis ACT2, ACT8, and ACT7) and reproductive ac-
tins (Arabidopsis ACT1, ACT3, ACT4, ACT12, and ACT11)
(McDowell et al. 1996b; Huang et al. 1996, 1997; An et al.
1999; Kandasamy et al. 1999, 2012; Meagher et al. 1999).
Vegetative actins are predominantly expressed in leaves, stems,
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roots, petals, and sepals, and reproductive actins are expressed
in pollinia, ovules, and embryonic tissues (McDowell et al.
1996a; Slajcherova et al. 2012).

A monomeric molecule of actin (42 kDa) forms a globular
(G) structure (G-actin) in a dilute salt and polymerizes into a
filamentous (F) structure (F-actin), in the form of a double
helix, when the ionic strength increases (Reisler 1993;
Dominguez and Holmes 2011). G-actin typically consists of
a polypeptide chain folded into two major α/β domains, each
consisting of two subdomains (Kabsch et al. 1990). The
structure of these domains is the same as that of the sugar
kinase/ heat shock protein 70/ACT superfamily (Dominguez
and Holmes 2011). Although the biological functions of the
actin isovariants differ, the conformation of G-actin in the
variants is similar because of the highly conserved amino acid
sequences in actin polypeptide chains.

Despite recent advances in understanding of actin gene
organization based on accessible actins from several plant
species, such as Arabidopsis (McKinney and Meagher
1998), rice (Reece et al. 1990), cotton (Li et al. 2005), and
soybean (Shah et al. 1982), the role of this gene has not yet
been examined in orchid species. Therefore, we report here
the molecular cloning and gene expression patterns of the
actin gene isolated from Ascocenda Princess Mikasa ‘Blue’
orchid flowers. A phylogenetic analysis and the three-
dimensional (3D) structures of Ascocenda actin and four other
orchid actins from GenBank were analyzed to compare the
genetic variation in the Ascocenda orchid actins with that of
the other plant actins.

Materials and methods

Total RNA extraction

Ascocenda Princess Mikasa ‘Blue’ (Ascocenda Royal
Sapphire × Vanda coerulea) was purchased from a orchid
nursery in Bangkok, Thailand. Five tissues (roots, stems,
leaves, petals and pollinia) were immediately collected and
subjected to total RNA extraction using the lithium chloride
precipitation method (Lievens et al. 1997).

Reverse transcriptase-polymerase chain reaction

Total RNA (1 μg) extracted from Ascocenda petals was re-
verse transcribed to obtain complementary DNA (cDNA)
using Ready-To-Go You-Prime First-Strand Beads (GE
Healthcare, Buckinghamshire, UK) according to the manu-
facturer’s instructions and a primer specific to the polyA tail of
mRNA (RACE-T, 5′-GAC TCG AGT CGA CAT CG (T)17-
3′). The cDNAwas amplified in an RT-PCR reaction mixture
including i-Taq™ Polymerase (iNtRON Biotechnology, Inc.,
Seongnam-si, Korea) according to the manufacturer’s

recommendations and the MikAct-F(1) (5′-AAA CTA TGG
CTGAAGCAGAGGA-3′) and RACE (5′-GACTCGAGTC
GACATCG-3′) primers under the following thermal cycling
conditions: initial denaturation for 3 min at 94 °C, 30 ampli-
fication cycles of denaturation for 30 s at 94 °C, annealing for
40 s at 60 °C, and extension for 1 min at 72 °C, and a final
extension for 5 min at 72 °C. An aliquot of the PCR product
was resolved on a 0.8 % agarose gel. Subsequently, the
1,400 bp PCR product was extracted from the agarose gel
utilizing a HiYield Gel/PCR DNA Fragment Extraction kit
(RBC Bioscience, NewTaipei City, Taiwan), cloned into
pGEM®-T Easy (Promega Co., Wisconsin, USA) and trans-
formed into XL1-blue Escherichia coli. The positive clones
were confirmed to be the actin gene by Automated DNA
Sequencing (Macrogen, Seoul, Korea).

Actin gene sequence analysis

The DNA sequence of the cloned gene was analyzed using
Blastn (Altschul et al. 1997) and Blastp (Altschul et al. 2005) in
the non-redundant protein sequence database (http://www.
blast.ncbi.nlm.nih.gov). The physicochemical parameters of
the protein sequence were calculated using ProtParam (http://
au.expasy.org/tools/protparam.html) (Artimo et al. 2012). The
inverted repeat in the act sequences was analyzed using
DNAman version 7.0 (Lynnon Corporation, Canada). The
subdomain annotation was adopted from the interaction
between actin cytoskeleton and heat shock proteins (Mounier
and Arrigo 2002) by the alignment method based on rabbit
actin (1atn chain A) (Kabsch et al. 1990) and the Conserved
Domain Database (CDD) (http://www.ncbi.nlm.nih.gov/
Structure/cdd/cdd.shtml) (Marchler-Bauer et al. 2011).

Primary structure analysis

Thirty-two total actin sequences (Ascocenda ACT and actins
from twelve monocots, eighteen dicots, and an abalone) were
retrieved from the NCBI protein database (http://www.ncbi.
nlm.nih.gov/) to identify a genetic relationship. The
evolutionary relationships between these actins, based on
their amino acid sequences, were illustrated as phylogenetic
trees using MEGA package version 5.1 (Tamura et al. 2011)
and the Maximum Likelihood method, a JTT matrix-based
model (Jones et al. 1992) and MUSCLE alignment (Edgar
2004). A bootstrap analysis with 1,000 replicates was per-
formed to assess the statistical reliability of the tree topology.

3D structure homology modeling

Identification of regions of homology between the amino acid
sequences of actins of the five orchid species, rice and
Arabidopsis with the actin of Drosophila melanogaser (3eksA)
(Nair et al. 2008) using the structural alignment tool of the
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SWISS-MODEL workspace (Bordoli and Schwede 2012). The
four main steps in this approach are following: finding the most
homologous amino acid sequences between the query and the
3eksA template; aligning query amino acid and template; gen-
erating a 3D structure based on the 3eksA template; and then
selecting for the most native conformations. The percentage
sequence identity and three-dimensional structures were deter-
mined using QMEAN4 (Benkert et al. 2011) employing the
most homologous amino acid sequence resulting from the 3eksA
sequences as standard. Figure constructions were superimposed
and performed with the Accelrys DS visualizer 4.0 (Accelrys,
Inc., San Diego, CA USA).

Gene expression analysis by qualitative real-time polymerase
chain reaction (qPCR)

To quantitate the actin transcripts in the various orchid tissues,
qPCR was performed, and 5.8S rRNA was selected as the
reference gene. One microgram of total RNA from the root,
stem, leaf, petal, or pollen was treated with RNase-free DNase-I
(Promega, USA). The total RNA was reverse transcribed into
cDNA using MikAct1-R (1401) (5′-GCT TGT GAA GCA
CAA TAA C-3′) and 5.8S rRNA (R) (5′-GCT TGA AGC
CCA GGC AGA CG-3′) with Ready-To-Go You-Prime First-
Strand Beads (GE Healthcare, UK). The 342 base pairs (bp)
corresponding to the ACT gene were amplified using the follow-
ing primers: MikAct1-F (1060) (5′-CAT TCC AGC AGATGT
GGA T-3′) and MikAct1-R (1401). In addition, 5.8S rRNA
(198 bp) was amplified with 5.8S rRNA (F) (5′-ATG ACT
CTCGACAATGGATTT-3′) and 5.8S rRNA (R) using KAPA
SYBR® FAST qPCR Kits (Kapa Biosystems, USA). Each
reaction containing 0.2 μl of cDNA template and 0.625 μM of
each primer in a final reaction volume of 10 μl was performed in
triplicate to ensure reproducibility. qPCR was performed on an
Eppendorf Mastercycler® ep realplex4 S real-time PCR instru-
ment (Eppendorf, USA) using the following conditions: dena-
turation for 3 min at 95 ° C, followed by 38 amplification cycles
of denaturation for 10 s at 95 ° C and annealing and extension for
20 s at 60 ° C. At the end of the PCR program, a melt curve was
generated to verify the homogeneity of the PCR product using
the following program: denaturation for 15 s at 95 ° C, 15 s at
60 ° C, ramping to 95 ° C over 20 min, and 15 s at 95 ° C. The
CT mean and standard deviation for SYBR were calculated
throughout. The results were analyzed by the 2-ΔΔCT method
(Livak and Schmittgen 2001).

Results and discussion

Primary structure of Ascocenda ACT

The full-length cDNA corresponding to the Ascocenda act
gene was 1,590 bp, encoding one open reading frame of 377

residues, with a calculated molecular weight of 41.65 kDa and
a theoretical isoelectric point of 5.39. The length of the
encoded Ascocenda actin was similar to the average length
of that of the other actin proteins, which were 374–376 amino
acids long (Hennessey et al. 1993), and to the molecular mass
of the crystal structure of G-actin (Dos Remedios et al. 2003).
Fig. 1 shows that the predicted Ascocenda actin polypeptide
contained four major putative domains: a functional nucleo-
tide binding domain of the sugar kinase/heat shock protein 70/
actin superfamily located at the N-terminus (Leu10 to Ala183)
and lined with 11 conserved residues (Asp13, Asn14, Gly15,
Thr16, Met18, Lys20, Gln139, Asp156, Ser157, Gly158, and
Asp159); an ATP binding site located along the entire length
of the polypeptide, with 6 conserved residues (Thr16, Asp156,
His163, Glu216, Gly304, and Lys338); a gelsolin binding site
located from Gly148 to Pro353 with 9 conserved residues
(Tyr145, Gly148, Glu169, Gly344, Ile347, Leu348, Leu351,
Ser352, and Pro353); and a profilin binding site from Tyr168
to Lys375 at the C-terminus with 11 conserved residues
(Tyr168, Glu169, Tyr171, Leu173, His175, Asp288,
Asp290, Pro353, Glu363, Arg374, and Lys375).

The flanking 3′-UTR sequence of Ascocenda mRNA
was 375 bp in length. It contained a putative uracil (U)-
rich polyadenylation signal of UUUGUA. The 3′-UTR of
the Ascocenda ACT gene lacks the classical poly (A)
signal (AAAUAA) commonly found in numerous yeast
and plant actin genes (Rothnie et al. 1994). Alternative
cis-elements, such as UGUA, UAUA, and U-rich ele-
ments, have been identified in the former (Hu et al.
2005; Ji et al. 2007). One of these elements, UGUA,
was shown to be an important functional signal in far-
upstream elements in the rice actin gene (Shen et al.
2008), an additional accessory element in the cauliflower
mosaic virus polyadenylation signal (Rothnie et al. 1994),
and the sequence-specif ic for the heterologous
polyadenylation site in yeasts and plants (Rothnie et al.
1994). According to some studies, the UUUGUA element
in all Arabidopsis vegetative actins is associated with
tissue-specific polyadenylation (Liu et al. 2010; Di
Giammartino et al. 2011). The sequence data reported
herein for the Ascocenda act gene was deposited in
GenBank under the accession number HQ596370.

Genetic relationships and phylogenetic tree for actins

A pair-wise comparison revealed that the amino acid se-
quences of Ascocenda and 30 actins isolated from the orchids
and various other plant species were highly conserved, with
93–96 % amino acid identity, whereas actin from abalone
(Haliotis diversicolor Reeve) shared 89 % identity with
Ascocenda actin (Supplementary Table 1). These 32 actins
were grouped into two clusters based on their genetic relation-
ships, amino acid composition, and multiple alignment scores
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(Fig. 2). Some orchid actins exhibited a distinct genetic rela-
tionship, thereby placing them in different clusters from the
other orchid actins. In Cluster I, Phalaenopsis True Lady
ACT1, Phalaenopsis Tropicana ACT4, and 10 other actins
from both monocots and dicots were genetically closely relat-
ed to Arabidopsis ACT1 and ACT11, which served as repre-
sentatives of reproductive actins. In contrast, AscocendaACT,
Cymbidium ensifolium ACT, and the Phalaenopsis hybrid
ACT2 were grouped in Cluster II, together with the represen-
tative of a vegetative actin, Arabidopsis ACT7. As shown in
Fig. 2, the actin members in Cluster II were further divided
into two subclusters: subcluster IIA (actins from dicots) and
subcluster IIB (actins from monocots). The Ascocenda ACT,
Cymbidium ensifolium ACT, and Phalaenopsis hybrid ACT2
were grouped in subcluster IIB, together with the vegetative
actin Arabidopsis ACT7, with 95–96 % amino acid identity.
However, the 1 % amino acid difference between Ascocenda
ACT, Phalaenopsis True Lady ACT1, and Phalaenopsis
Tropicana ACT4 led to these orchid actins being grouped in
different clusters. The vegetative actins in Cluster II with 95%
amino acid identity, on average, are more closely related than
the reproductive actins in Cluster I (93.8 % identity). These
results are consistent with the classification of eight known
functional actins isolated from A. thaliana, which were clas-
sified as vegetative or reproductive classes based on their
amino acid sequences, with 0.3–8.8 % amino acid diversity
(McDowell et al. 1996b; An et al. 1999; Bhattacharya et al.
2000; Slajcherova et al. 2012).

Amino acid variations in the actins

The multiple alignments of the 32 actins revealed that Ser159,
Tyr281, and Gly297 were the most conserved amino acid
residues (Supplementary Table 2). With regard to specific
conserved residues in each cluster, four conserved residues
(Thr131/Ala131, Ile221, Thr234, and Ala360) were consis-
tently present in Cluster I (the reproductive actins), and
Val131, Val221, Ser234, and Ser360 were consistently present
in Cluster II (the vegetative actins). Furthermore, Met201,
Asn241, and Gly362 were present in actins from dicots in
subcluster IIA, and Ile214 and Ala370 were restricted to actins
from monocots in subcluster IIB. It can be assumed that the
conserved residues can be used to group the 32 actins into
distinct clusters in the phylogenetic tree. The identification of
two conserved residues, Val221 and Ser360, in Cluster II of
the vegetative actins was consistent with previous reports of
vegetative actions in ferns and algae (An et al. 1999). How-
ever, residues Ala7 and Ser14, which are conserved in
nonmuscle β-actin in humans and most other eukaryotes
(Sheterline et al. 1995), were not very common in these 32
actins. Nevertheless, the protein alignment was useful in de-
termining the genetic relationships between these polypep-
tides, and their predicted protein structures provided an alter-
native approach for gene characterization.

There were 13 variable positions in the actins of the five
orchid species (Glu3-Asp3, Gly4-Pro4-Val4, Glu5-Asp5,
Glu6-Asp6, Ala190-Ser190, Ala131-Val131, Ile214-Met214,

Fig. 1 3D structure of the actin
protein isolated from Ascocenda
Princess Mikasa ‘Blue’. a The
four subdomains, predicted
functional regions, binding clefts,
and 13 variable residues of the
orchids are illustrated. b A
diagram of the predicted
conserved domains in the
Ascocenda actin protein. The
black bar represents the
polypeptide chain. The boxes
refer to one conserved domain of
sugar kinase/HSP70/actin. The
binding sites for sugar kinase,
ATP, gelsolin, and profilin are
indicated with a line, and the
locations of the conserved
residues are depicted with the
following symbols: sugar/kinase
(▼), ATP (Δ), gelsolin (▲), and
profilin binding sites (▲). The
four subdomains of the folded
ACT polypeptide structure are
marked with boxes over the
polypeptide chains
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Val221-Ile221, Ser234-Thr234, Ser241-Thr241, Leu268-
Met268, Ala360-Phe360-Ser360, and Ala370-Ser370)
(Fig. 3a). The amino acid at position 4 in the N-terminus of
the 32 actins was the most divergent residue. The residues at
this position (Ala4, Phe4, Gly4, Pro4, Ser4, Thr4 and Val4)
exhibited different chemical properties. Three different amino
acids, Val4, Pro4, and Gly4, were present in this position in
the orchid actins. The Phalaenopsis True Lady ACT1 and
Phalaenopsis Tropicana ACT4 reproductive actins (Fig. 3b)
contained the same amino acid, Gly4, whereas variable resi-
dues, including Gly4, Pro4, and Val4, were identified in the
Phalaenopsis ACT2, Ascocenda ACT, and Cymbidium ACT
vegetative actins (Fig. 3c). Mutating the amino acid at this
position in chicken β-actin (Aspenstrom et al. 1992),
Drosophila ACT88F (Reedy et al. 1991), or yeast ACT1
(Johannes and Gallwitz 1991; Wertman et al. 1992) affected
the activity, growth, and structure of ATPase, respectively, in
previous studies (Hennessey et al. 1993).

In the 32 actins, another four positions containing variable
residues (Thr131-Ala131, Ile221, Thr234, and Ala360) in the

reproductive actins in Cluster I were replaced with Val131,
Val221, Ser234, and Ser360, respectively, in the vegetative
actins in Cluster II . These variable residues were consistently
identified in 73 actins when the actins from 41 dicots and 22
monocots were aligned (Supplementary Fig. 1). Surprisingly,
all 73 plant actin polypeptides were two residues longer at the
N-terminus than actins from human, yeast, and fungi. Further-
more, two residues (Met201 and Gly362) were present in the
vegetative actins from dicots in subcluster IIA, and one resi-
due, Ala370, was present in the monocot actins in subcluster
IIB containing three orchid actins, with 96 % amino acid
identity. Therefore, the actins in the five orchid species placed
in Cluster I and subcluster IIB were subjected to 3D structure
analysis by comparing their 3D structures with those of actins
from rice and Arabidopsis.

3D structural analyses of orchid actins

The sequence identity between each orchid actin and that of
the 3eksA template varied approximately from 89 to 90 %

Fig. 2 Phylogenetic analysis of the 32 actin polypeptides. The tree with
the highest log likelihood (−2184.3915) is presented. The percentage of
trees in which the associated taxa clustered together is indicated next to

the branches. The tree is drawn to scale, with the branch length based on
the number of substitutions per site
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after folding into 3D structures, with a model reliability score
of 0.69–0.7 (Supplemental Table 3). The 3D structure of
Ascocenda ACT contained four domains. These four
subdomains were annotated as subdomain 1 (residues 3–34,
72–146, and 340–377), subdomain 2 (residues 35–71), and
subdomain 3 (residues 147–182 and 272–339, with the most
variable sequence region located at amino acids 312–323 and
subdomain 4 (residues 183–271) (Fig. 3a, 4). The reshuffling
of subdomains 1 and 3 was structurally related to gene dupli-
cation, whereas subdomains 2 and 4 can be viewed as large

insertions into the subdomains 1 and 3 (Dominguez and
Holmes 2011). It was not surprising that the 3D structures of
the eight plant actin samples were nearly the same in the four
subdomain structures, with the exception that the folded struc-
ture of subdomain 2 was slightly shorter at the helix DNase I-
binding loop (D-loop) region of Phalaenopsis ACT2 and
Arabidopsis ACT1 (Fig. 3b, c, 4). Two binding pockets in
the ATP binding site, the nucleotide binding cleft (upper)
associated with a divalent cation, (Mg2+), in cells and the
target binding cleft (lower), formed within the linkage regions

Fig. 3 3D structure of Ascocenda actin constructed using the Accelrys
DSVisualizer. aThe 13 variable residues identified in the orchids, together
with their predicted functional regions and binding clefts are illustrated.
The variable residues in the reproductive and vegetative actins are marked
in the green boxes with white and black, respectively. All the mutated

residues in Ascocenda actin are in red. The remaining variable residues in
the orchids are shown in black in the yellow boxes. The structures of the
actins from the b reproductive cluster and c vegetative cluster include the
specific conserved amino acids
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between domains 1 and 3 (Fig. 3a, b, 4). The CDD search
revealed that the 3D domains of Ascocenda actin were closed
related to many other domains, including functional domains
in the 1ATN chain A of rabbit actin (Kabsch et al. 1990;
Dominguez and Holmes 2011), the ATP binding site (1DGA
chain A) in Dictyostelium discoideum (Vorobiev et al. 2003),
cofilin binding site (1COF chain A) in Saccharomyces
cerevisiae (Fedorov et al. 1997), and profilin binding site
(1HLU) in Bos taurus (Chik et al. 1996).

To map the conserved and divergent residues in the G-actin
structures, the 13 divergent residues were labeled on the 3D
structures of the orchid actins and the Arabidopsis and rice
actins, the representatives of the reproductive and vegetative
actin classes (Fig. 3a). Fig. 3a and 4 show that the two most
divergent residues, Pro4 in domain 1 and Ala190 in domain 4,
are located at the center of the nucleotide binding site in the
upper cleft. None of the 13 divergent residues were located in
the following dynamic functional regions: the DNase-I bind-
ing loop (D-loop, residues 39–51), G-loop (Gly158), hinge
helix region (starting at Gln137), histidine-loop (H-loop;
methylated His73; residues 70–78), serine-loop (S-loop;
Ser14; residues 11–16), TrpHis2-loop (WH2-loop; W-loop;
residues 165–172), or the C-terminus (residue 377) based on
atomic crystal structure analysis of G-actin (Zheng et al. 2007;
Kudryashov et al. 2010; Oztug Durer et al. 2010; Dominguez
and Holmes 2011). Interestingly, Ser14 in the S-loop of ani-
mal actins was replaced with Thr16 in all the plant actins.
Ser14 plays an important role at the start of the opening and
closing of the nucleotide cleft processes by phosphorylation,
which may strengthen the traction of filaments (Dominguez
and Holmes 2011). Serine is commonly replaced by threonine
(Pearlman et al. 2011) because both amino acids can perform a
similar role in the phosphorylation mechanism (Betts and
Russell 2003). As mentioned above, this mutation did not
affect the 3D structure of actin. The activity of these actin

isoforms could be the subject of a future study of plant/animal
actin Ser14/Thr16 substitution, as the protein activity may
vary after phosphorylation of these substituted amino acids
(Kisselev et al. 2000).

Ten conserved residues (Tyr145, Ala146, Gly148, Thr150,
Gly170, Ile343, Ile347, Leu348, Leu351, and Met357) were
located in the target binding cleft. These conserved residues,
which are predominantly hydrophobic, form the major bind-
ing site of most reported actin-binding proteins (Novick and

Fig. 4 Sequence alignment of the
eight actins isolated from
Ascocenda (AscoACT),
Cymbidium (CymACT1),
Phalaenopsis (PhaACT1,
PhaACT2, and PhaACT4),
Arabidopsis (AraACT1 and
AraACT7), and rice (OryACT1)

Fig. 5 Actin gene expression in the root, stem, leaf, petal, and pollen of
Ascocenda Princess Mikasa ‘Blue’ as determined by real-time PCR. The
error bars represent the SD a. The RT-PCR products from five different
tissues were amplified for 25 cycles b
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Botstein 1985; Hennessey et al. 1992; Dominguez and
Holmes 2011). As clearly presented in Fig. 3, more variable
residues were identified in the reproductive actins (Ile7,
Val131, IIe214, Val221, Ser234, Ser237, Gly297, Ser305,
and Ala362) than in the vegetative actins (Ser201, Leu268,
Ala274 and Ala370). In addition, in the target binding cleft,
one residue, the conserved Thr353 was replaced with Pro353
in Ascocenda ACT.

The subdomain 2 structure generated from Arg41-Asp53
was identical to the D-loop in the 1ATN_A template
(Kabsch et al. 1990). However, the folding of the helix loop
in subdomain 2 of the orchid actins showed small differ-
ences (Fig. 3b, c). The D-loop plays a potential role in
binding by forming over 80 complex structures with DNase
I and small molecules, adopting an extended open loop
conformation between subdomains 1 and 3 (Kabsch et al.
1990; Dominguez and Holmes 2011). Thus, the different D-
loop structures may affect the binding activity and poly-
merization of F-actin (Chik et al. 1996; Oztug Durer et al.
2010; Dominguez and Holmes 2011). The DNase I binding
loop is directly involved in conformational changes (Otter-
bein et al. 2001), and it is likely that this non-synonymous
substitution will affect the structure and function of
Gossypium hirsutum actin (Li et al. 2005).

ACT gene expression pattern in Ascocenda Princess Mikasa
‘Blue’

Real-time quantitative PCR was performed to quantify ACT
gene expression in the vegetative (root, stem, leaf and petal)
and reproductive tissues (pollen) of Ascocenda. As illustrated
in Fig. 5, the expression of ACTwas substantially different in
the reproductive tissue compared to the vegetative tissue, with
the latter showing 15 to 20-fold higher expression.

The cloned ACT gene from the Ascocenda flower was
ubiquitously expressed in all the vegetative tissues, especially
in the petals. However, the expression of the ACT gene tran-
script was very low in pollen. This observation is in accor-
dance with ACT expression data for vegetative actins
(Arabidopsis ACT2, ACT7, and ACT8) in Arabidopsis
(Meagher et al. 1999). It is further supported by the expression
patterns of Arabidopsis ACT1, ACT3, ACT4, and ACT12,
which are strongly expressed in mature pollen but present at
low levels in the other major organs (root, stem, and flower)
(An et al. 1996; Huang et al. 1996). In addition, Arabidopsis
ACT11 was more highly expressed in ovules and, to a certain
extent, in embryos and young meristematic tissues (Huang
et al. 1997). The specialized functional expression of actin in
plants is cell- and tissue-specific for appropriate plant devel-
opment (Li et al. 2005). In addition, the gene product contains
conserved residues that are common to vegetative actins,
including Val136, Val226, Ser239, and Ser366 (An et al.
1999).

We identified and characterized a full-length cDNA of a
putative ACT gene isolated from the flowers of Ascocenda
Princess Mikasa ‘Blue’. The conserved sequences and expres-
sion patterns confirmed that the cloned ACT gene from the
petals of the orchid was a vegetative actin based on the
classification of Arabidopsis actin. The discovery of differ-
ences in the amino acid sequences of the five orchid species
may affect current vegetative and reproductive classifications.
For the most part, the variability in the amino acid sequences
of the orchid actins had no effect on the structure of actin.
However, it may affect the activity of actin, including tissue-
specific functions, in particular the Ser14 /Thr16 substitution
in the S-loop of AscocendaACTand plant actins. Therefore, it
is important to identify the role of each actin isoform.
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