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Abstract: Actin 1s a ubiquitous and highly conserved microfilament protein that 1s playing an important role
mn fiber quality and fiber cell developmental stages in cotton plants. Actin regulates microtubule's filaments and
cellulose deposition ortentation during cotton fiber cell development which directly affects fiber quality. Actins
in plants are encoded by a multigene family that comprises dozens or even hundreds of actin genes that display
high sequence homology and partially overlapping expression patterns. The aim of this work 13 to identify and
characterize one of the actin related gene family in Egyptian cotton (G. barbadense) and compare its sequence
with other actin sequences from G. hirsutim. In this work, P1-derived Artificial Chromosome (PAC) library was
screened for actin gene using the GhACT2 degenerate primers. Fourteen actin positive PAC clones were
identified. One of the clones was further characterized as a partial sequence of the cotton actin relating gene
family (GbACT) by sequence analysis and a homology search of GenBank databases. Comparison of the
deduced polypeptide of GbACT with other actins proteins from upland cotton species revealed several
homologous regions. Sequence alignment of GbACT revealed 16 matches of upland cotton acting (Gossypitm
hirsutum). Multiple mega-alignment between the most close actins (GhACT, GRACT2 and GhACTS) dentified
from the upland cotton database was performed using DNASTAR lasergene program software. The GbACT
gene showed 93.8-97.7% sequence similarity, 83.6-85.3% at the open reading frame (ORF) level and 84.8% amino
acid similarity were detected.
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INTRODUCTION

Cotton fiber quality and/or fiber cell developmental
stages are essentially based on cell wall biogenesis
and highly affected by cytoskeleton. Cytoskeleton 1s a
dynamic structure mvolved in many key processes
including cell division, organelle movement and formation
of cell wall. It 13 composed of three fibrous elements,
the microtubules, actin filaments and intermediate
filaments [1].

Actin filaments found in plant cells during all cell
cycle stages and involved in transport of secretory
vesicles, facilitate the delivery of membrane and cell wall
components in these vesicles to the plasma membrane
and, thereby, promote cell expansion. Actin cytoskeleton

is essential for cell elongation and cell tip growth [2]. Due

to its multifunctional roles in cell multiplication, growth
and development, actin is one of the most abundant
proteins in many eukaryotic cells and i1s conserved in
many species [3].

Actin controls polar cell growth through its
mteraction with several actin-binding proteins [4].
Genetic studies showed that the actin cytoskeleton by
mteracting with ARP2/ARP3 protein complex, plays a
pivotal role in controlling fiber cell shape and several
other cell types [5].

Actins in plants are encoded by a multigene family
that comprises dozens or even hundreds of actin genes
that display high sequence homology and partially
overlapping expression patterns [2]. Genes encoding
actin have been identified and cloned from many species
[6, 7], including partial actin sequence [&].
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In Arabidopsis, the actin gene family contains 10
distinct members, of which eight are functional genes and
two are pseudogenes [9]. Disruption of actin cytoskeleton
during trichome development in Arabidopsis thaliana
by any of actin interacting drugs resulted in randomly
distorted trichomes with un-extended branches [10].
Mutations in actin 2 (ACT2) and actin 7 (ACT7) genes,
which are responsible for the development of actin
arrays resulted i dramatic reducton of root hair
length [11].

In cotton fiber cells the predominant functionally
expressed forms of actin genes are GhACTI1, GhACT2,
GhACT4, GhACTS and GhACTI11. Silencing of the
GhACT]1 gene m . hirsutum showed short fibers,
sterile ovules and small bolls which illustrate the role
of GhACT] m fiber maturation process. Moreover, n
GhACT1-knocked out cotton plants, fiber
elongation rate was slower by 3 folds, reflecting the
role of actin on pollination, seed development, fiber
quality and productivity [12].

In other plant species, the actin gene family also
appears to have dozens of members [13-15]. Studies on

actin

actin sequences revealed that structural and fimetional
divergence occurred within the gene family during
evolution [9, 16]. The diversity of these functional roles
1s paralleled by diversity within plant actin gene families.
Plant actins are very similar to other eukaryotic actins
(<83-88% amino acid identity with most ammal and fungal
acting) [17]. Plant actins are encoded by gene families that
are much more diverse than those in other eukaryotes.

Efforts have been made toward genomics and
functional genomics of cotton fiber development.
Actin genes 1n a few plant species such as Arabidopsis
have been well-characterized, however our knowledge
of cotton actin genes need to be explored. The objective
of this work was to identify one of the actin related
gene family in Egyptian cotton (G. barbadense ) and
compare 1its sequence with other actin sequences from
G. hirsutum.

MATERIALS AND METHODS

Plant material: Seeds of the Egyptian extra long stable
variety (Giza88) Gossypium barbadense 1.. were de-linted
and planted in greenhouse. GizaB88 seeds were kindly
provided from Cotton Research Institute (CRI),
Agricultural Research Center (ARC), Giza, Egypt.

Nucleic acid isolation: Genomic DNA was isolated from
young cotton leaves (Giza88) using Qiagen DNeasy ™
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Plant Mini kit (Cat. No. 691 04) following the manufacture
manual. Total RNA was 1solated using SV total RNA
Promega kit (Cat. No. Z3100) following the manufacture
manual. Nucleic acids samples were stored at -80°C.

Construction and screening of PAC library: The pPACe4
(19.5 kb) vector used m the study was developed by
Frengen et al. [18] and kindly provided by the Children’s
Hospital Osakland Research Imstitute (CHORI)
(http://bacpac.chori.org/ppacd.htm). The vector was
purified using plasmid Qiagen Max kit (Cat. No. 12163)
following the manufacturer manual. pPACe4 vector
was ligated to the high molecular weight (HMW) DNA as
described by Momtaz ef af. [19]. BAC library construction
was performed as described previously [20]. About 500
of recombinant PAC clones were used as templates for
PCR-based screening as described by Momtaz et al. [20].
The GhACT? forward and reverse degenerate primers for
actin gene family were used as described by L1 ef al. [12].
PCR-based screening reactions were fractionated on 4%
TAE agarose gel. Fourteen actin positive PAC clones
were identified.

Sequence alignment and data analysis: One of the
fourteen positive actin clones designated as (GbACT)
was sequenced using the ABI PRISM Big Dye Termmator
Cycle Sequencing Ready Reaction Kit (PE applied
Biosystems, USA) in conjunction with ABI PRISM (310
Genetic Analyzer). Sequence alignment was performed
using the Basic Local Alignment Search Tool (BLAST)
programs from the National Center for Biotechnology
Information (NCBI). Data analysis of the sequence on the
levels of DNA, Open Reading Frame (ORF) and amino
acid were performed using the DNASTAR lasergene
software.

RESULTS AND DISCUSSION

PAC library construction and screening: The
constructed PAC library produced 3000 clones. Of the
clones, 10 % showed insert smaller than 50 Kb, 5 %
showed insert size larger than 100 Kb and 85% of the
clones showed 50-70 Kb insert. The library provides 0.3
haploid genome equivalents to (>88%) probability of
finding any specific sequence [20]. The library was
subjected to PCR-based screening using GhACT2
degenerate forward pnmer (TGCCCAGAAGTCCTCTT
CCAQG) and reverse primer (GCGCGGTCAAACTTCTG
GGAAAAT) as described by Momtaz et al. [20]. Fourteen
actin positive PAC clones were identified.






World J. Agric. ., 3 (1): 130-139, 2007

TGCCCGGAAGTCCTCTTCCAGCCATCTTTCATTGGGATGGAAGCTGCTGGAATCCATGAA Majority
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TGCCCGGAAGTCCTCTTCCAGCCATCTTTCATIL'GGGATGG AGCTGCTGGAATCCATGA Al Actl ORF DNA seq.SEQ
TGCCCGGAAGTCCTCTTCCAGACATCTTTCATTGGGAITGGRAGCTGCTGGAATCCAT GA Al Act2 ORF DNA seq.SEQ
TGCCCGGAAGTCCTCTTCCAIWMACATCTTTCATTGGGAITGGRAGCTGCTGGAATCCAT GA A Act5 ORF DNA seq.SEQ

rcocecdilearcroccrorroorcdorTcFTToATTCCoAFc R ACCTFCOTFCCAATCCATGAA Gb ORF DNA seq.SEQ

ACTACCTACAACTCTATCATGAAGTGTGATGTGGATATCAGGAAGGATCTCTATGGTAAC Majority
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61 [ACTACCTACAACTCTATCATGAAGT GATGTGGATATCAGGAAGGATCTCTATGGTAA (| Act2 ORF DNA seq.SEQ
61 JACTACCTACAACTCTATCATGAAGTGEGATGTGGCGATATCAGGAAAGATCTCTATGGT AAC Acts ORF DNA seq.SEQ

61 lAcTACCTACAACTCTATCATCAACTCTCATCTCCATATCACCAAGCCATCTCTFATCGTAAL GhORFDNAseq.SEQ

ATTGTGCTCAGTGGGGGTTCAACTATGTTCCCTGGTATTGCGGACCGCATGAGCAAGGAG Majority

61 ACTACCTACAACTCTATCATGAAGTiGATGTGGATATCAGGAAGGATCTCTA'.C'GGTAAC Actl ORF DNA seq.SEQ
C
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121 ATTGTGCTCAGTGGGGGTTCAACI_C'ATGTTCCd_ClGGTATTGC'.A]GACCGCATGAGCAAGGAG Actl ORF DNA seq.SEQ
121I/ATTGTGCTCAGTGGGGGTTCAACTATGTTCCCTGGTATTGCGGACCGCATGAGCAAGGA @ Act2 ORF DNA seq.SEQ
121/ATTGTGCTCAGTGGGGGTTCAACTATGTTCCCTGGTATTGCGGACCGCATGAGCAAGGA @ Act5 ORF DNA seq.SEQ

121 T T T CTFCACTECCCEFFCAACTATFCTFCOCTFCCTFATFCLOCACCCEATCACCAAGCCAD GhORFDNA seq.SEQ

ATCACTGCTCTTGCTCCAAGCAGCATGAAGATTAAGGTCGTTGCGCCACCAGAGAGAAAG Majority
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181 ATCACTGCI.AlCTTGCTCCAAGCAGCATGAAGATTAAGGTCGTTGCGCCACCAGAGAGAAAG Actl ORF DNA seq.SEQ
181|ATCACTGCTCTTGCTCCAAGCAGCATGAAGATTAAGGTCGTTGCGCCACCAGAGAGAAA( Act2 ORF DNA seq.SEQ
181|ATCACTGCTCHTGCTCCAAGCAGCATGAAGATTAAGGTCGTTGCGCCACCAGAGAGAAA( Act5 ORF DNA seq.SEQ

181lAFcAcTocTddFecFccANACOACCATCAACATTIAACCTCCTFCLLGCACCACAGAGCAAAD GhORFDNA seq.SEQ

TACAGTGTCTGGATTGGAGGATCTATCTTGGCATCACTCAGCACCTTCCAGCAGATGTGG Majority

250 260 270 280 290 300

241ITACAGTGTCTGGATTGGAGGATCTATCTTGGCATCACTCAGCACCTTCCAGCAGAT GT G( Actl ORF DNA seq.SEQ

241ITACAGTGTCTGGATTGGAGGATCTATCTTGGCATCACTCAGCACCTTCCAGCAGAT GT G Act2 ORF DNA seq.SEQ

241 TACAGTGTCTGGATTGGAGGATCTATCTTGGCATCACTCAGCACCTTCCAGCAM@—T—G—G Act5 ORF DNA seq.SEQ
A
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ATTTCCAAGGGTGAGTATGATGAGTCCGGTCCATCCATTGTCCACAGGAAGTGCTTCTAA Majority

310 320 330 340 350 360

301ATTTCCAAGGGTGAGTATGATGALAITCCGGTCCATCCATTGTCCACAGGAAGTGCTTCTAA Actl ORF DNA seq.SEQ
301JATTTCCAAGGGTGAGTATGATGAGTCCGGTCCATCCATTGTCCACAGGAAGTGCTTCTA Al Act2 ORF DNA seq.SEQ
301(ATTT G T TAT T TG Tr i TG T, C TpAAl Act5 ORF DNA seq.SEQ
301 TT----HTTA T- G TACHTWETHTT GH- GATGGTTGTCCKHACA RF DNA seq.SEQ

Decaratinn 'Necaration #1' Shade (with <alid hrinht Wellow) fecidiies that match th

Decaratinn 'Necaratinn #2' Roy fecidiiak that mateh the Cone

Fig. 3: Mega alignment between the GbACT and the ACT1, ACT2 and ACT5 on the level of the Open Reading
Frames (ORFs). The alignment started from the Forward primer represented in long green box. The start
codon (ATG) and the Stop codon (TAA and TGA) represented in small green boxes
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Fig. 4: (A) Percent of identity (similarity) and divergence between the three actins from G. hirsutum (ACT1, ACT2,
ACT5) and the GbACT on the DNA sequence level. B) Percent of identity (similarity) and divergence
between the ACT1, ACT2, ACT5 and the GbACT on the Open Reading Frame (ORF) level. (C) Percent of
identity (similarity) and divergence between the ACT1, ACT2, ACT5 and the GbACT on the amino acid
sequence level. (D) A phylogeny tree summarizes the relationship between the GbACT and the ACT1, ACT2
and ACT5 on the level of DNA sequence. (E) A phylogeny tree summarize the relationship between the
GbACT and the ACT1, ACT2 and ACT5 on the Open Reading Frame (ORF) level. (F) A phylogeny tree
summarizes the relationship between the GbACT and the ACT1, ACT2 and ACT5 on the amino acid
sequence level
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Fig. 5: Mega-alignment between the GbACT and the ACT1, ACT2 and ACT5 on the level of amino acid sequence.
The alignment started from the methionin start codon (M) and ended with a stop codon

c s 1 e(Me n@®an®@iWm(DOW v
CHEM oio oo o0figioioioigioioioinoioioio C
sto il O o o:oipipioioipio o oio 0@ s
oo Dio0 0i0 0i0:i0i0i0i0:0i0 0i0 0O T
pto o:io M0 00 00 0:0:0i0:0:0 0:i0;:0 P
afoioino o D 0 0o p0:0ipinD:o 0 0. 0 @ n)
Gfo o:o0o o oo 0 0 00 0 000 0 D 0 G
Nfoioioioi oo 0 0ip nio:oipioino 0o N
pfo:oio oo o0 o o000 0ioininio oo (D)
Efoio‘o o o:0 0 0 @O0 0:0 0:0 0 0 0 O (E)
efooioino o0 00 Dinin oiog . o0ipiaQ Q
Hio:oino nio:o o:oio: 0foio o{1)oino 0 H
Rfoioioioio o 0 0 0:0:0 fo:of1) 0 o (R)
Kfo:oioioioio oo o:o:o:0 oio(1)o0 0 (K)
mfoioio 0o 0 o 00 0:i0i0io;n o0 {1)n M
tfo oioioio o o000 1 o000 o(1) I
Lfo oo oioio 0 0:0ioio1:1:o0i0 M0 0 )
viOo 00 0 0.0 0.0:0i0:0:0:0:1:0 M
Floioio o o o oip oioigio o ioid [ | F
vfi1:oio nio oo 0 oioloioioinim 10 ¥
Wio: o0 0. 0.0 .1:0 0:0:0:1:0:0.0 oo (W)

C S T P A G NUDTETGOTHTRIEKM.I v F

Fig. 6: Table represents the residue substitutions of the amino acid sequences of GbACT compared to that residue in
the amino acid sequence found in the ACT1, ACT2 and ACT5 genes. Acidic residues circled in red, basic
residue circled in blue and the hydrophobic residues circled in green. Number and the kind of residue
substitutions that found between the aligned amino acid sequences circled in purple
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