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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. i, 3 (1): 130-139, 2007

|IIII|IIIIJ.|UIIII|IIII2|UIIII|IIII3|UIIII|IIII‘:HUIIII|IIII5|UIIII|IIII6|UIllllllll'illIJ

Forward  [TRLLCAGAAR TCLTETTCCA GLCATETTIE ATTGGGATES AAGLTOLTFE RRTCCATORR ALTALLTALR 70
RCTCTATCAT GAAGTGTGAT GTGGATATLA GGAAGGATLT CTATGGTML ATTETGLTCA GTGRGEGTIC 140
BACTATGTTE CCTBGTATTG CGEACCCAT GAGCARGGAG ATCACTGLTC GTGLTCCAAD CAGCATGAAE 210
ATTARGGTCE TTECGCCAC AGAGAGAMG TACAGTGTCT GGATTGGAGG ATCTATCTTG GCATCACTCA 230
GCACLTTCCA GCABGTAAAT ATTICTTTIT ATATTTGRLT CTACTTCTTT TGTRTGATAD TTATCCRACA 350
ORF  [LTGALGBTCT TRCTTTACAD ATGTRGATTT CCAAGAGTGA GTATGATGAS TCCGGTCCAT CCATTGTCCA 420
CAGGARGTEE TTCTAMGTTT TGTARTTGLT TTTGATGGTG ATCTACATIT TTGCATTTAG TTGELTTTIT )
TTGBTGTACE GTATCAAGTE AACTCARMAG TCTGGTTTAT GTGBGGGAAG TTABCGATCA TTGTAGGACE 580
GTATACTTEA TATTGACGTA TTATTATTTT AGCCTTTCAC CTATCACCA CCATTAAGAT GATBGGCCCT 630
RAGBAGACEE CGETGGACEE ACAATTGETG CTTAATTCCT TCCTTACAAT CCATCTTTEA ACCATGCTEC 700
TTARATGEAT GTTTGGAGCT GGAGRCTGEA TTETGGTELT TCTTTTATIT ATTTARTATT CAABGETTIT 770
GAGAACATTA ATETTAATAB CTATTATTET ACGAGATTTT TTTAARAAAA AGTTAGTGLD AGTTTGCGLE a0
Reverse  [GTCALTTL TRGGAAAT | 859

Fig. 1: DNA sequence of GbACT. First box in the start of the sequence represents the forward primer while the one
in the end of the sequence represents the reverse primer. The middle box represents the Open Reading Frame
(ORF) of the GbACT sequence. The free-box region of the sequence represents the intron (UTR) region in

the GbACT sequence
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Segquences producing Ssignificant aligrments: (Bit=) Value
gi| 32156559 | gh | A¥3OS7=24.1 | Goszsypium hirsutum asctin (ACTZ) mBRNNL, T=7 o.o
gi|S321565285 | gh | AVZOST7=27.1 ] Gossvyvpiuwm hirsutwumnm actin (ACTS) mRINA 719 o.0
i | 3218658877 | ghb | A¥3OS5723 .1 Cossypiwm hirsutunm actin (ACT1) mBINA, 511 le—171)
Oi | 321856891 | gbh | A¥Y3057=25.1 | Gossypium hirsutum actin (ACTI) mRBENL, S5 Je—154
gi | 32156903 | gh | A¥30O5751 .1 | Goszsypium hirsutum asctin (ACT10) mRMNA S3=2 1l=—147
gi|224473353 | dbj|DS55414.1 | Cotton mBRNA for sactin, clone CF456, parc 532 le—-147
gi| 32156211 | gbh | A¥ZO5735.1 ) Cossypiuwm hirsutwamnm actin (ACTI1Z2) mRIMNA 5249 Fe—115
i | 32186909 | gbh | A¥30O05734.1 | Cossypium hirsutumrm actin (ACT13) mRMNA 522 le—14494
i | 321386907 | gl | A¥3IOS?3IZ .1 | Gossypium hirsutum asctin (ACT14) mwRMNA soz l=—135
Ogi| 32156905 | gh | A¥3ZOS5732 .1 | Gossypiwn hirsutwun actin (ACT11) mRIA 490 S5e-13 5
gi | 321565287 | gbh | A¥ZOST7Z25.1 ) Gossvyvpiuwm hirsutwumnm actin (ACTS) mRINA, e I=1 le-132
i | 32186915 | g | A¥3O5737 .1 Cossypiuwm hirsutun actin (ACT9) mBINA qE6 Te—-125
gi| 32186901 | gbh | A¥305730.1 | Gossypium hirsutum actin [(ACTS) mRMNL, q466 Fe=—125
gi| 321568593 | gh | A¥SOSTZ26.1 | Gossypium hirsutuam asctin (ACT3E) mBRNNL, e =11 Te—1Z2 5
gi| 321565289 | gh | A¥ZOST7Z29.1 | Gossvyvpiuwm hirsutwumnm actin (ACTT) mRINA 455 Z2e-12 5
i | 321856913 | gh | A¥3OS573 6.1 CoSssypiwm hirsutwarnm actin (ACT1S5) mRMNA o v e Fe—12 1]
ogi| 5230540 | gb | AF112536. 1| AF112538 Malwva pusilla actin (Actl) mRN 425 Ze—116
gi | 12025513 | gh | A¥014275 .1 | Loliuwm perenne actin mBENAL, partcisl cod I &0 de=—985
Ogi| 35259661 | gbh|AYSZe0221 .1 Ricinus comranis actin (ACT) mRMA, oo 3549 Ze—-94
Ol | S95803292 | gh | AVOODE935 .1 | Carica papaya actin mBRMNA, partial cds = FTe=9Y
Ogi | S6961765 | gbh | AVS4Va=2"7.1 | Witis winifera cultivar Riesling acti 335 Z2e—89

Fig. 2: GbACT DNA sequence alignment at the NCBI Database. The upper figure presents a schematic diagram of
the closest actin genes, while the lower figure represents the closest sited genes and the accession number of
these genesin gene bank
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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

130 140 150 160 170 180

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

190 200 210 220 230 240

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

AR Lelodelelcld clad clebladad e baelodecldad ilad clad s abel el dlad cboleleel bl el b el cdad s d e el b ede L AAT GbORF DNA seq.SEQ
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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
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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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GbACT alignment at the DNA and ORF levels: GbACT
sequence (Fig. 1) was aligned using the (BLAST)
programs from the (NCBI). The database showed that
the DNA sequence of the GbACT matches 189 different
actin genes from different plant species. Sixteen of them
were cotton . hirsufum actin genes as shown in Fig. 2
and Fig. 4A. All the close homologue matches of cotton
were of G. hirsutum and were of actin mRNAs. The
identified GbACT sequence was a DNA sequence
whereas the database contains the actin sequences in
the mRNAs form. Therefore, the alignment shows some
intervening regions (introns) in the middle of the
sequences aligned in Fig. 2. The first intron was of size of
~74 nucleotides and was found i common with the all
aligned actins, while the second intron was in size of ~16
nucleotides and was common in the hits of G. Hirsutum
mRNAs designated ACT2, ACTS and ACT1. For the G.
hirsutum actins (ACT1, ACT2 and ACT5) the E Value
was (0.0), which 1s highly sigmficant, shown m Fig. 2.
Multiple sequence alignment against GbACT revealed
39-97% identity between sequences (Fig. 4A and 4D). The
other mRNAs from G. hirsutum actins (ACT3, ACT4,
ACT6, ACT7, ACTE, ACT9, ACT10, ACT11, ACT12,
ACTI3, ACT14 and ACT135) showed different similarity
ranges from 91%-98% identity. On the other hand, the
Malva pusilla actin (Actl) mRNA showed 93% 1dentity
and the Glycine max actin (Soy86) gene showed 89%
identity. These results showed that these family members
are so close to each other.

Analysis of the Open Reading Frames (ORF) of
ACT1, ACT2, ACT5 and GbACT starting from the forward
primer sequence and ending with the terminal stop
codon, represented a new insight mside the translated
region and clearly demonstrates the main differences on
the DNA sequences that lead to the major changes mn the
protein expressed from these sequences. The predicted
GbACT open reading frame was shorter than Gossypitm
hirsutum ACT open reading frames, with substitutions at
the 3'end of GbACT in comparison to GhACTI1, GhACTZ2
and GhACTS.

The base substitution in the ACT1, ACT2, ACT5 and
GbACT at positions 87,105, 114, 144, 153, 162, 184, 191
and 295 were slightly acceptable because GbACT was
similar to at least one of the other actins in these
substitutions The only exceptions were m the position
(191) where the base (T) in the three actins (ACT1, ACT2,
ACTS) was substituted with (G) in GbACT. While in the
base position (295) the base (A) in the three actins was
substituted with (G) in GbACT. The base substitution was
varied differentially and considerably starting from the
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position (297) in the alignment ended with the terminal
stop codon. The stop codon was also substituted from
(TAA) in the three actins (ACT1, ACT2 and ACTS5) to the
terminal stop codon (TGA) in the GbACT (Fig 3). The 3'
end differences in the ORF was further assessed during
alignment of the translated ammo acid sequence.
Noteworthy, the alignments also showed that GbACT
sequence is shorter than Gossypium hirsutum ACTI,
ACT2 and ACTS.

The data of similarity and divergence, estimated by
the DNASTAR software program, 1s shown in Fig. 4B.
The percentage of similarity between GbACT and the
other three actins (4C71, ACT2 and ACT5) ranged from
853 to 83.6%. The ACT2 gene showed the closest
sequence similarity to the GbACT (85.3%) followed by
ACTS (84.7%) and ACT! that showed 83.6% sequence
similarity. This data goes with that of similarity and
divergence conducted from the alignment of the core
DNA sequence (Fig. 4A). The phylogeny tree showed
in Fig. 4E summarizes the data of alignment in the
ORF level and confirmed the data that obtamed and
represented by Fig. 3.

Alignment at the Amino acid level: Since the similarity
was very strong on the DNA sequence level between
the three actins (ACT1, ACTZ2 and ACTS) and the
GbACT, a more sensitive alignment was performed using
the translated amino acid sequence for the ORF. Using
amino acid sequences in multiple alignment allows for a
more semsitive comparison, revealing thid position
mutations,
conserved properties,

subsititutions between ammo acid with
frameshifts, conserved motifs
and domains.

The translated ORFs were used in comparing the
amino acid sequences from the three acting of G.
hirsutum (ACT1, ACTZ, ACT5) aligned against GbACT.
The alignment results showed a very conservative amino
acid sequence, with some substitutions at the C-terminal
(Fig. 5). The hydrophobic amine acid 1. (Leu) that was
conserved 1n the three actins is substituted with the
basic and charged amino acid Arg in GbACT at position
64, while at position 99 the amino acid methionine 1s
substituted with the hydrophobic amine acid Val and
in the position 100 the hydrophobic amino acid (Trp)
15 substituted with the polar ammo acid (Asn) in the
GbACT.

Compared to G. hirsutum actins, GbACT was
significantly shorter. The shorter region reflects a deleted
N-terminus. The Actin functional domain is present over
the entire stretch of GhACTI1, GhACT2 and GhACTS5
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while the domain is obviously trunctated at GbACT's
N-terminal (using RPS-BLAST). This may mdicate that
GbACT is an isoform of actin. GbACT missing half of
the actin domam and any known actin domain signature
motifs (results not shown), still maintains the highly
conserved actin sequence. The homology 1s mantained in
GbACT from position 1-92 of the amine acid sequence.

The lack of the actin domain N-terminal in GbACT is
mteresting since all identified actin 1soforms mamtain
the N-terminus. Mutation studies on the actin N-teminus
showed disruption of the polymerization process, with
the exception of yeast actin [21 ]. The N-terminal is present
m all i1soforms, however its sequence is not strictly
conserved. The varability m actin isoform N-terminal
sequences has been correlated to functional adaption
of the different actin forms [21]. The complete lack of the
N-terminal in GbACT malkes this an interesting discovery
for its expression, obvious conservation, yet lacking major
actin features. This suggests that GbACT 1s an 'actin-like’
isoform at best.

Another distinguishing feature for all actin isoforms,
is a characteristic acidic N-terminus [22]. The beginning of
GbACT's N-terminus consists of mostly hydrophobic
residues, however, the overall charge on the N-region of
the amino acid sequence is negative. This uncanny
resemblance supports the evidence characterising GbACT
as an 'actin-like' isoform.

A big gap was observed in the interval position
103-112 and six continuous amine acid substitutions
were observed in the positions (113-118). Where the
hydrophobic ammo acid 1 1s substituted with a
hydrophobic F, the hydrophobic V is substituted with
the polar Y and the charged H is substituted with
the hydrophobic I. While the charged and basic R is
substituted with the hydrophobic W, the charged and
basic K is substituted with the hydrophobic 1. and the
charged and polar C substituted with the charged and
polar Y successively (Fig. 5). These ammo acids
substitutions may reflect structural and functional
differences between the proteins at the C-terminal.

Profilin binds at the actin C-terminal. Profilin is a small
eukaryotic protein that binds monomeric actin preventing
polymerization. It has been shown that profilin plays an
important role in cell wall synthesis and deposition stages
during cotton fiber elongation. Actin binding affimty to
profilin increases with N-terminal deletions. The deletions
assoclated with mcreased profilin binding would occur in
either or all actin domain residue positions 176, 177, 316-
372[12] These deletions are roughly observed in GbACT,
indicating GbACT may have a stronger affimty to profilin.
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Variations within the actin gene family may represent
substitutions m less constramed regions of the sequence
or isoform-specific functional adaptation. The variations
found the C-terminal most likely represents the latter,
where the substitutions in the C-terminus is not likely to
be a random sequence variation from GhACT1, GhACT2,
GhACTS. The substitutions represent grossly
contrasting amino acid physiochemical properties,

or

mndicating a change in the physiochemical property of
the C-terminus extremity.

In the sequence RKHYCDE, at the C-terminal, the
polar  amino acids are substituted with hydrophobic
amino acids at positions 99, 115, 115 and 117. Five of the
siX amino acids are aromatic. Substitutions for aromatic
amine acids are rare and are usually associated with
functional or structural adaptations or severe mutations
[23]. Notably, the acidic (DE) amino acids in this region
were conserved, as shown m Fig. 6.

Overall the sequence similarity between the three
noted G. hirsutun: acting and GbACT was 84.8% (Fig. 4C),
mdicating a high level of homology between the
sequences and structural and functional similarity.

Phylogenetic  analysis using DNA sequences of
actin gene family members have commonly indicated
that gene families are more conserved between than
within species [21]. This was evidenced mn Fig. 4D, where
GhACT2 and GhACTS showed stronger homology to
GbACT than GhACT1. This however was not evidenced
when evolutionary distances were assessed using
ORFs or protein. In fact, evolutionary distance mcreased
respectively. This may be due to the comserved gene
architecture between GhACTZ2 and ACT5 with GbACT
which may be attributed to the conserved intron
sequences in ACT2, ACTS and GbACT. Removal of
mtron (i  ORFs) leads to mcreased evolutionary
distance of GbACT. In Fig. 4F, the phylogenetic tree
supports amino acid sequence alignment evidence for

diverged structure and function of GbACT.

CONCLUSIONS

Sequence analysis and comparison of GbACT
revealed that it 1s not a just a homolog of either of G.
hirsutum’s actins, but may be a novel 'actin-like' isoform
present, until now, umquely in G. barbadense. GbACT C-
terminal variation from GhACT]1, GhACT2 and GhACTS3,
may represent difference m profilin binding affimty
and thus cotton fiber quality and length between G.
barbadense and G. hirsutum. Further work is needed
to determine this conclusively. Structural and functional
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studies on GbACT may be insightful in determining
the effect of having an incomplete actin domain at the
N-terminal especially that specific actin interaction sites
are missing. This will be useful in determining how the
actin subdomains interact during folding and actin
polymerization. Furthermore, the characterization and
sequence analysis of the GbACT gene from Egyptian
cotton provides a useful tool to identify transcription
regulators confirming its fiber-specific expression and to
direct potential target genes for fiber quality mmprovement.
In addition, the work represented in this paper consider a
start point towards cloning and isolating the full length
c¢DNA coding for actin for the strategic development of
cotton plants with improved fiber length and quality by
using genetic transformation tools.
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