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Abstract.
amino acid sequences of plant GA 20-oxidase cDNA clones, oligonucleotide primers were constructed and used to amplify par-
tial sequence of the GA 20-oxidase gene of Metroxylon sagu. A 500 bp PCR product was obtained. BLAST analysis showed that
the PCR product was homologous with the GA 20-oxidase gene from other plant species. The PCR product was labelled using
the Digoxenin (DIG)-labelling system and used as a probe to obtain the full-length GA 20-oxidase gene sequence of a genomic
fragment using the genome walking method. The genomic sequence was used for primer construction which were subsequently
used to amplify a full-length cDNA copy of the GA 20-oxidase gene. The cDNA obtained was cloned into a pPCR-Script Amp
SK (+) vector for sequence confirmation. The 1161 bp sequence obtained from the cDNA copy was compared with the genomic
sequence of GA 20-oxidase. Comparison between genomic and cDNA fragments indicated that the GA 20-oxidase gene from
sago palm is comprised of two introns and three exons. Heterologous expression of the GA 20-oxidase cDNA in Escherichia coli
showed a similar expression pattern as the endogenous GA 20-oxidase of sago palm.

GA 20-oxidase is involved in controlling stem elongation, maturity and flowering. Based on published conserved
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INTRODUCTION

Sago palm (Metroxylon sagu) is one of the few tropical
crops that can tolerate wet growing conditions such as peat
swamps. In Sarawak, sago is grown as a starch crop by rural
communities living along the coastal areas of certain dis-
tricts. The total acreage of sago in Sarawak is about 65,000
hectares (ha) of which 45,000 ha are held by smallholders
and 20,000 ha consist of plantations. About 75% of the
sago planting growing area is located in the Mukah, Igan
and Oya-Dalat districts of Sibu Division and Balingian (Tie
et al., 1991). There is also a substantial acreage of sago in the
Pusa and Saratok districts of Sarawak. The total export of
Sarawak sago starch in the year 2010 was 44,192 tons.
Research on sago has begun to gain momentum since the
1970’s (Stanton, 1972). Initially R&D focused on agronom-
ic practices to improve growth and yield but later emphasis
was placed on downstream applications of sago starch. One
of the key issues for sago which needs to be critically ad-
dressed is that the palm takes about 10-12 years to reach ma-
turity depending on soil type, while other starch producing
crops, potato and cassava, take only 3 and 6 months, respec-
tively (Chulavatnatol, 2002). This reduces the competitive-
ness of sago as compared to other starch producing crops.
In most quickly maturing plant species, conventional
plant breeding techniques are very successful in generating
new elite varieties. This technique is unsuitable however for

slowly maturing plants such as sago palm. Sago is a hapax-
anthic palm flowering only once at the end of its lifetime.
Moreover quality palms are harvested prior to flowering for
maximum starch yield. Therefore, an alternative breeding
approach needs to be explored and developed.

Molecular breeding techniques appear to be the best op-
tion to obtain new improved varieties of sago palm. This
technique allows researchers to identify and manipulate the
potential genes encoding for desired traits, and transform it
into the host plant within a shorter time frame. A number
of genes involved in the starch biosynthetic pathway have
been studied in sago palm (Salleh ez a/., 2000; Salleh & Lau,
2003; Salleh ez al., 2004), however no reports have been
published to date concerning the GA 20-oxidase gene of
sago. GA 20-oxidase plays an important role in the biosyn-
thetic pathway of growth regulators that control various as-
pects of plant development, such as seed germination, stem
elongation, flower formation and fruit production (Hooley
et al., 1994; Swain & Olszewski, 1996; Weiss et al., 1992).
This gene was found to be expressed at a high level in leaves
compared to expression in the internodes (Garcia-Martinez
et al., 1997). A study of GA 20-oxidase in the rice variety
IR8 demonstrated that the mutant form of this gene (s4-1)
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resulted in greater harvesting index (Jennings, 1964; Wal-
cott & Laing, 1976). This has subsequently led to an in-
crease in the yield production of the crop throughout Asian
countries.

Over-expression of this gene has been shown to stimu-
late growth and flowering (Coles ez a/., 1999; Huang ¢t al.,
1998) and also increased seed and fruit production (Curtis
et al., 2000). Another study has shown that the antisense
expression of the GA 20-oxidase gene have caused earlier tu-
berization in potato (Solanum tuberosum). The antisense line
also produced greater yield. The over-expression line how-
ever tuberized only after 30 or more days and the yield was
also reduced as compared to control plants (Carrera ez 4.,
2000). The GA 20-oxidase gene is currently used in plant
improvement programs in a wide range of species, particu-
larly in crop plants. Thus, genetic manipulation of this gene
could be a useful avenue leading towards the generation of a
new elite sago variety. For this purpose, the main objectives
of this study were to isolate and characterize cDNA coding
for GA 20-oxidase in sago palm.

MATERIALS AND METHODS

Plant Material Preparation
leaves), trunk and root tissues used in this study were col-
lected from palms in CRAUN Research Experimental Plot,
Paya Paloh Research Station, Kota Samarahan, Sarawak. To

Leaf (young and mature

maintain freshness, tissues were kept cool on ice during the
collection process until they were processed in the labora-
tory. In the laboratory, leaf samples were briefly rinsed with
distilled water and dried using clean paper towels. The leaf
midriff was then removed. Root samples, however, required
thorough cleaning by washing with a large volume of water
prior to rinsing with distilled water. After washing, the tis-
sues were blotted dry using clean paper towels. For young
leaf base, soft shoot base and trunk tissues, no washing step
was required. To facilitate the grinding process, all tissues
were cut to approximately 1 cm? in size. Samples were then
wrapped in an aluminium foil, chilled in liquid nitrogen and
stored at -80°C until required. The samples were then used
directly for analysis of protein, RNA and DNA.

Construction of Oligonucleotide Primers Prior to generat-
ing primers for amplification of the specific target within the
sago genome, all available information from the previously
published papers regarding GA 20-oxidase genes was stud-
ied in detail (Kang e a/., 1999; Kusaba ez al., 1998; Kusaba
et al., 2001; Spielmeyer ez al., 2002; Wu et al., 1996). The
deduced amino acid sequences of GA 20-oxidase from dif-
ferent plant species were compared. Based on this informa-
tion, four forward (FAS1, FAS2, FAS3 and FASS) and two
reverse (RS1 and RS2) primers were designed. The primers
were constructed commercially after the sequences were de-
signed from published data on the conserved regions of GA
20-oxidase genes (Table 1).
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Table 1. Oligonucleotide primers used to amplify the GA
20-oxidase gene from the sago genomic DNA.

Primers Sequences
FAS1 5’-AACTACTACCCGCCATGC-3’
FAS2 5’-GGCACGGGCCCGCACTGCGAC-3
FAS3 5’-AACATCGGCGACACCTTC-3
FAS8 5-CTCCCATGGAAGGAGACC-3’
RS1 5-GAAGGTGTCGCCGATGTT-5’
RS2 5’-CGGGCACAGGAAGAACGCCAG-3’

Genomic DNA Isolation, PCR and Probe preparation
Genomic DNA was isolated according to the procedure
described by Jamel ez al. (2001). Prior to use, stock solu-
tions of genomic DNA and primers were diluted to a final
concentration of 5 ng/ul and 10 uM, respectively. The solu-
tions were stored at -20°C until required. The primers, as
described in Table 1, were used to amplify the GA 20-oxi-
dase gene from the sago genomic DNA. Six primer combi-
nations, T1 (FAS1 + RS1), T2 (FAS2 + RS1), T3 (FAS3 +
RS2), T4 (FASI + RS2), T10 (FAS8 + RS1) and T11 (FAS8
+ RS2), were used to amplify the GA 20-oxidase gene from
the genomic template. The PCR reaction was performed ac-
cording to manufacturers’ instruction (Qiagen™). The PCR
reaction comprised of 10 pl of 5x HotStar HiFidelity PCR
Buffer (containing dNTPs), 1 pl forward primer (10mM),
1 pl reverse primer (10 mM) and 1 pl HotStar HiFidelity
DNA Polymerase (2.5 units/pl) and 1 pl (5ng) DNA tem-
plate. Sterile distilled water was added to a final volume of 50
pl. DNA amplification was then carried out in a GeneAmp
PCR System 9700, Applied Biosystem, program as follows:
one initial denaturation cycle for 4 minutes at 94°C followed
by 35 cycles of 94°C for 1 minutes, 60°C for 1 minute and
72°C for 2 minutes. The final step in the last cycle at 72°C
was extended for 7 minutes. The PCR products obtained
were then separated on a 1.5% agarose gel. DNA sequence
was determined according to the procedure described in the
following section. PCR product that is homologous with
GA 20-oxidase from other plant species was labelled using
DIG-labelling system (Roche) and subsequently used as a
probe for fishing out the full-length GA 20-oxidase gene
from the sago genomic template.

Genome Walking and Cloning of the genomic sequences
Purified genomic DNA was digested with several restric-
tion enzymes, Dral, EcoRV, Pvull and Sz, provided in
the Universal GenomeWalker kit (Clontech, Heidelberg,
Germany). Ligation of the genome walker adaptor to the
genomic DNA fragment and amplification of the gene was
performed according to the manufacturers’ instructions. The
PCR product carrying the GA 20-oxidase gene fragment
was screened using a southern hybridization technique using
DIG-labelled probe. The PCR products that showed strong
hybridization with this probe was selected for sequence de-
termination.
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DNA Sequence Analysis The DNA sequence was deter-
mined using a DNA sequencing kit (Big Terminator Cycle
Sequencing Ready Reaction Kit, PE-Applied Biosystems)
with a DNA sequencer (Model ABI 310, PER-Applied Bio-
systems). For confirmation of the full length gene sequence,
DNA sequencing was also outsourced to First Base Labo-
ratories Sdn Bhd (http//www.base-asia.com/). Homology
analysis was carried out using the BLAST program (http://
www.ncbi.nlm.nih.gov/blast/). Alignment of amino acid
sequences was performed using the ClustalW verl.81 pro-
gram (http://www.clustalw. genome.ad.jp).

Total RNA Isolation and cDNA Synthesis Total RNA was
isolated from young red leaf tissue according to the proce-
dure described by Jamel ez a/. (2006). After the DNase treat-
ment, 15 to 20 pg of total RNA was used for cDNA synthe-
sis. First strand was prepared using CapFishing Full-Length
cDNA Premix kit (Seegene). The entire step was performed
in a PCR Thermalcycler (Perkin Elmer).

¢DNA Amplification After comparing the candidate ge-
nomic DNA sequence with the database, two forward
(cDF1 and cDF2) and two reverse (cDR1 and ¢cDR3) prim-
ers were synthesized for cDNA amplification (Table 2).
The initial reaction was performed using 5’RACE primers
included in a reaction mixture comprising 5 pl diluted first-
strand cDNAs, 25 pl SeeAmpTM 7aq Plus Master Mix, 1
pl 10 pM 5’-RACE primer (Forward), 1 pl 10 pM and 3
target primer (Reverse: cDR3) in a 200 pl PCR tube. The
volume was made up to 50 pl by the addition of 18 pl sterile
distilled water. PCR was carried out for 1 cycle at 94°C for 3
minutes, followed by 35 cycles at 94°C for 40 seconds, 60°C
for 40 cycles and 72°C for 1 minute. A final elongation stage
was performed at 72°C for 5 minutes. The PCR product ob-
tained was used as template in a second PCR whereby both
cDRI and ¢cDF1 were used as primers.

Table 2. Oligonucleotide sequences used for cDNA
amplification.

Primers Sequences
cDF1 5’-GTAGGTCCCCAACGAGACATG-3
cDF2 5-CCATGGTACTCTGCTCTCTTGCT-3’
cDR1 5’-CCAGCCATGTCATCACTGTGGC-3
cDR3 5-ACAAGATAAAAGAAATCCCAG-3’
5’RACE 5’-GTCTACCAGGCATTCGCTTCAT-3

About fifteen micro-
grams of genomic DNA was digested overnight with several
restriction enzymes BamH1, EcoRl and Hindlll. The di-
gested DNA was fractionated on a 1% agarose gel and trans-

Southern Hybridization Analysis

ferred onto a positively charged nylon membrane (Roche)
overnight. Detection was performed using a DIG-detection
system according to manufacturers’ instruction (Roche).
The full-length ¢cDNA fragment that encodes GA 20-oxi-
dase was used as a detection probe.
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Expression of cDNA clone in E. coli In order to study gene
expression, the full-length GA 20-oxidase gene was cloned
in the sense direction into the pPCR-Script Amp SK (+)
vector and in the correct reading frame. Gene expression
was induced by the addition of Isopropyl-B -D-thiogalact-
opyranoside (IPTG) to the culture. Protein extraction was
performed according to the protocol described by Wu ez a/.
(1996) with minor modification. Prior to extraction, the
bacterial culture was grown overnight in 2 ml LB-broth con-
taining 50 mg/L ampicillin. The culture was incubated at
37°C overnight. The overnight culture was transferred into
a 40 ml LB-broth containing 50 mg/L ampicillin with vig-
orous shaking at 200 rpm. To induce the expression of the
fusion protein, IPTG was added to a final concentration of
5 mM.

The addition of IPTG was conducted when the culture
optical density at 600 nm reached 0.5. Then the bacterial
culture was incubated for another 2 hours with agitation.
The culture was centrifuged at 6000 rpm for 10 minutes.
The liquid phase was removed and the remaining bacterial
pellet washed with 25 ml LB-broth, followed by centrifuga-
tion at 14000 rpm for 10 minutes. The cell pellet was resus-
pended in 800 pl lysis buffer (100 mM Tris-HCI, pH 8.0, 3
mM DTT, 2.5 mg/ml lysozyme). The mixture was placed at
room temperature for 10 minutes, then submerged in liquid
nitrogen for 5 minutes. The sample was thawed in an ice
bath for 15 minutes. The lysates were centrifuged at 14,000
rpm for 15 minutes and the supernatant transferred into a
new sterile microcentrifuge tube, and could then be used
directly for an enzyme assay or stored at -30°C (or at -80°C
for long term storage) for further analysis.

Production of Antibodies
the antigen which in this study, known as residue 173-184,
was prepared based on the short peptide sequence of sago
GA 20-oxidase gene (C-VHDYFVRTLGEDEF). The pep-

tide was used to induce polyclonal antibody production in

Prior to antibody production,

rabbits. The production of antigen and antibody was out-
sourced to First Base Laboratories Sdn Bhd. The antibody
obtained was stored at -30°C prior to use.

Protein extraction from sago tissue Four different type of
tissues, young red leaf, young shoot base, root and trunk,
were used for protein extraction. Protein extraction was per-
formed according to the protocol described by Ghesquiere
et al. (1987) with minor modification. Briefly, 4 g of each
tissue type was ground in liquid nitrogen using a pestle and
mortar. The powder was transferred into a new sterile mortar
which had been pre-cooled using a small amount of liquid
nitrogen. Four ml of extraction buffer (2% PVPP, 100 mM
DTT, 100 mM L-Cystine and 100 mM Potassium phos-
phate pH 7.0, 50 mM Herpes pH 7.0) was poured into the
powder and mixed using the pestle until even. The homoge-
nate was filtered using a miracloth layer by squeezing into
a 40 ml polypropylene tube. The slurry obtained was then
transferred into a 2 ml microcentrifuge tube and centrifuged
at 14,000 rpm for 20 minutes at 4°C. The supernatant was



86 AsPac ]. Mol. Biol. Biotechnol. Vol. 19 (2), 2011

transferred into a new sterile 2 ml microcentrifuge tube and
stored at -30°C or used directly for SDS-PAGE.

Western hybridization and Immunological detection
Two sets of protein samples were prepared and then separat-
ed on 15% SDS-PAGE minigel. One set of protein samples
was stained with coomassie brilliant blue. Another set was
used directly for Western transfer and did not require the
staining step. Protein transfer onto the PVDF membrane
was performed using Mini Trans-Blot (Bio-Rad) overnight.
Immunological detection was carried out according to man-
ufacturer’s instruction (Bio-Rad).

RESULTS

DNA Amplification and Probe Preparation Six primer
combinations, T1, T2, T3, T4, T10 and T11, were used to
amplify the GA 20-oxidase gene from the genomic template.
Good PCR products were obtained from each primer com-
bination tested. DNA amplification using primer combina-
tions of T1, T2, T3, T10 and T11 produced a clear single
band with estimated sizes of 200, 800, 550, 500 and 550 bp,
respectively, while DNA amplification using T4 combina-
tion produced three bands with sizes of 290, 650 and 800bp
(Figure 1). To determine which PCR product carries the
DNA sequence that encodes for GA 20-oxidase, the PCR
products obtained were purified using PCR purification kit
(Stratagene). Out of the six primer combination tested, T1
and T10 gave PCR products close to the expected size i.e.,
200 and 500 bp, respectively. To confirm, the sequence for
these fragments needed to be determined. Prior to sequence
determination, the PCR product was first purified and sub-
sequently cloned into pPCR-Script Amp SK (+) vector after
which the recombinant plasmid was transformed into E.
coli, DH5u strain. The recombinant plasmid DNA was then
isolated from each clone and used as template for DNA se-
quencing,.

M T2 T3 T4 M

MO TI1 M
— 12,000bp

Figure 1. PCR products obtained using primer combinations
T1, T2, T3, T4, T10 and T11. Genomic DNA obtained from
young red leaf was used as template. PCR products obtained were
named as follows: T1 = 200 bp; T2 = 850 bp; T3 = 550 bp; T4 =
290, 650, 800 bp; T10 = 500 bp and T11 = 600 bp.
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Sequence Determination of Probe The DNA sequence
obtained was used for similarity analysis using BLAST pro-
gram mentioned earlier. BLAST result showed that, both
clones T1 and T'10 were homologous to GA 20-oxidase gene
from other plant species. For the isolation of full-length
gene, the T10 fragment, which is 500 bp long, was selected
for use as a detection probe. The probe was labelled with
DIG-labelling system according to manufacturers’ instruc-
tion (Roche) and used for detection of GA 20-oxidase frag-
ment obtained from a genome walking trial.

Isolation of GA 20-oxidase fragment from genomic tem-
plate Based on sequence information of the GA 20-oxidase
gene from other plants species, several sets of oligonucle-
otide primers were designed and synthesized for cloning the
upstream and downstream sequences adjacent to the 500 bp
fragment obtained previously. PCR amplification, using oli-
gonucleotide primers obtained above, produced good bands.
Southern blot was carried out to identify the fragment that
encoded for GA 20-oxidase. This led to the detection of a
single fragment with a size of 1150 bp. The DNA frag-
ment was cloned into a pPCR-Script Amp SK (+) vector
followed by cloning into E. coli, DH50. The plasmid was
isolated and sent to First Base Laboratories for sequence de-
termination. BLAST analysis using the sequence obtained
showed that this fragment encoded for GA 20-oxidase. The
DNA sequence obtained was used for the construction of
primers and for cloning the fragment adjacent to the 5’ end
of the 1150 bp fragment. As a result, two other fragments
with estimated sizes about 700 and 500 bp were obtained.
Both fragments showed homology with the GA 20-oxidase
gene from other plant species. Full-length sequence for this
gene was finally obtained by combining the sequences of
all three fragments (Figure 2). Sequence alignment with
deduced amino acids of GA 20-oxidases from other plant
species showed that the gene has highly conserved regions.
This region was finally used to design primers for cloning of
full-length cDNA from sago.

Isolation of a full-length GA 20-oxidase cDNA clone 'The
nucleotide sequence of the GA 20-oxidase gene obtained
from the genomic template was used to construct prim-
ers for the isolation of a full-length gene from the cDNA
template. Based on the genomic sequence obtained, two
forward (5-GTAGGTCCCCAACGAGACATG-3’, cDFI1,
and 5-CCATGGTACTCTGCTCTCTTGCT-3’, cDF2)
and two reverse (cDR1: 5-CCAGCCATGTCATCACT-
GTGGC-3’, and cDR 3: 5-ACAAGATAAAAGAAATC-
CCAG-3’) primers were constructed. A 5RACE (5°-GTC-
TACCAGGCATTCGCTTCAT-3")
manufacturer were also included for the amplification of the
full-length gene from the cDNA template. In this study, the
first cDNA strand was generated from total RNA sample
isolated from young red leaf tissue using CapFishing Full-
Length ¢cDNA Premix Kit obtained from Seegene. To iso-
late the full-length cDNA encoded GA 20-oxidase, a direct
PCR reaction was conducted, whereby 5’RACE (forward)

Oprimer from the
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Figure 2. Nucleotide and deduced amino acid sequence for
complete genomic sequence of GA 20-oxidase cDNA after com-
bining fragments 1, 2 and 3. The start codon “ATG” and the stop
codon “tga” are shaded in black. Complete nucleotide sequence for

cDNA of this gene is shown in Figure 4.
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Figure 3. cDNA profile after PCR amplification. The first cONA
strand was generated using Seegene kit. cDNA was then amplified
with GSP-cDF1 and ¢DR3 primers. The size of the PCR product
was estimated to be around 1200 bp. MIV: Marker IV; Lane 1:
cDNA after amplification using GSP-cDF1 and cDR3; Lane 2:
First strand cDNA.
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Table 3. Comparison of sago Ms200x with GA 20-oxidase from
other plant species.

Species Common | Homology | Identity i:::st?::
P Name (%) (%)
No.
Y}it{cum Wheat 61 76 Y14008
aestivum
Zea mays Maize 66 67 BT038900
Solanum Potato 55 62 AJ291454
tuberosum
Or}fzﬂ Rice 63 52 AB077025
sativa
Lolium Perennial 62 74 DQ071620
perenne ryegrass
Lactuca | Garden 50 63 | AB012204
sativa lettuce
Beta . Common 44 63 AJ422049
vulgaris beet
Ambzfz’opslf Arabidopsis 60 62 1581592
thaliana

1 atgqtl"fctg*tctc'LgLLLLgangdgg >caaaccggacgcgccggoccogoggect
M VL C S L A T EA KPP DATPATPR RE

Bl atggeccgecgeoccag gaqtccgcgccq:thtctt“qa*qctg'rrr:ctcagc:;gcg"
M AARQESAPILVYVFDAAMVYVILSOQR

121 ccggacattccageoccagttogtetgge ccgaggaqgaLaaqcccacchqqactc‘ct;
P DI P ACQFVWEEET D P TAUDS V

181 gagqag::ctHcgtHLLL,Lgdchac.tcgg;ggc:tuc-ctccgq-gactcca:cgc_
E EL S VPLTIDILGEGT FULSGD S TA

241 gtegecgaggteteccgectegteggtgagge q:j“\q*“ggca"gqgtt ctt caggt~
VAEVY S RL VY G ERA S RH GFF Q V

301 gtc ad:vaygguatvccctucacgctcu_cgcccac‘cvcaccgctq‘qtcgacq:c*t"
V N H ¢I P S ALTULAD SHZRTCVEH RMLTF
lel ttctegatgoocgetogecgagaagceagagggccaagegaaageoccggtgagagetgcgge
F S M P L AEJ KO QRAIKT RIEKUEPPTGE 8 G
421 tatgccagcagctteategggaggttegecaateggeteccgtggaaggagac otet
Y A S s FPI 6 R FANRILEPWEKTETTILS
481 ttocogottotoctoctotectctotocccaaatategtocatgactatttegtecgeact
FRPFS S S PLSPNTIUVYHDYTFUVRT
541 cteggcgaagatttocggeagttogggacggtetaccaggagtactgcgaggcgatgagt
L ¢6EDPFRQPGT VY QETYT CEA AMS S
601 aqgctgtcgt:ggc;ataatggagqtt::tngatqavt"*tcgggtgqguﬂggg gecat
R L 3 L A I MEVUELOGMS5IUL G A H
€61 tatcgggactt:tt:caagggaa:gattcgateatqaqgc;gaacua atcccc~q gt
Y RDFFQGNDSIMUBILWNYYTY?®?PZPFOC
721 Caqadqﬁcqqicctgacc»ttggraCngCC cccatt gcgatcucacvbuccvgahcat.
Qg XK PDLTILGTOG?P RCDUEPTS SILTI
781 cttcaccaggacgacgtcggcggoctecaggtgttcaccgatggcaagtggegttocate
LHQDDV G 6L QVFTUDGIE KWRS I
841 ageccccaaaaccaatgocttegtegteaacateggegacacetteatggtactgtogaat
S P KTNATFV VY NIGDPTTF FMUVILS3SN
501 gggeggtacaagagctgec tCCaccagqcchchgddeg&ddggquﬂgagqaég ct
G RY KS CLHRAYV N K V A RK S
961 ttggecttetttctgtgee cggagat,aacaaqatag q"gcccgccggqagqqctqatg
LAFFLTCUEPEM©NIEKTIUWVREPTPE
1021 gac gLcggccacccaacgqcctacccggecttLacg qgtcggcqttgctcgagttuacc
D AGHPRA P D 5 L L E F T
1081 ragaaqﬁart1cagqgcrgacatgaagdcacLLcatgnLL'caccgagtggaLCc::cag
Q KHYRADMKTULTDATFTTEWTIILDOQ
1141 gccgggaggactgtgecacagtga
A G RTUV P Q *

cC G

Figure 4. Nucleotide and deduced amino acid sequence for
Ms200x. Stop codon “tga” is shaded.

and GSP-cDR3 (reverse) primers were used. To obtain a spe-
cific PCR product a second PCR reaction was conducted
using another set of GSP primers: reverse cDR1 and forward
cDF1 primers. The PCR product obtained earlier was used
as a template. One single band was obtained when the PCR
was conducted using cDF1 and ¢cDR1 primers. The size of
the PCR product was estimated to be between 1100 and
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Figure 5. Alignment of deduced amino acid sequence for sago //s200x cDNA with GA 20-Oxidases from other plant species. Regions
identical to all GA 20-Oxidases are shaded. Dashes were introduced for maximum sequence homology. M.s (Ms200x), T.a. (Triticum aesti-
vum), L. p (Lolium perenne), Z. m (Zea mays), O. s (Oryza sativa), A. t (Arabidopsis thaliana), B. v (Beta vulgaris), S. t (Solanum tuberosum)

and L. s (Lactuca sativa).

1300 Kb (Figure 3).

The PCR product obtained was subsequently analyzed
with southern hybridization whereby a T10 probe was used
as a detection probe. Southern hybridization data showed
that the PCR product obtained exhibited strong hybridi-
zation with a T10 probe (Data not shown). This observa-
tion suggested that the fragment obtained carries a DNA
fragment that encodes for GA 20-oxidase gene. The PCR
product was cloned into pPCR-Script Amp SK (+) vector
and transformed into E. coli DH5o. The plasmid was se-
quenced by First Base Laboratories Sdn Bhd for sequence
determination (Figure 4). The sequence obtained was com-
pared with genomic sequence of the GA 20-oxidase gene
using ClustalW ver1.81. This analysis showed that the GA
20-oxidase gene, MsGenom20ox, comprised 3 exons and 2
introns. The 3 exons are 1161 bp long and encode for 387
amino acid residues with a Mr of 42 kDa. The size of the
first, second and third exons were 567, 324 and 270 bp,

respectively. Meanwhile, the first intron occurs at base pair
568 bp from the start codon and is 84 bp long. The second
intron is located at 975 bp and is 87 bp long. This result was
in accordance with GA 20-oxidase identified from another

species, Arabidopsis thaliana (Xu et al., 1995).

Homeology analysis of full-length GA 20-oxidase ¢DNA
The nucleotide sequence for Ms200x was translated into a
deduced amino acid sequence. The amino acid sequence ob-
tained was compared with GA 20-oxidase from other plant
species, Triticum aestivum (GenBank Acc: Y14008); Lolium
perenne (DQO71620); Zea mays (BT038900); Oryza sativa
(AB077025); Arabidopsis thaliana (1581592); Beta vulgaris
(AJ422049); Solanum tuberosum (AJ291454) and Lac-
tuca sativa (AB012204). The sequence was analyzed using
ClustalW ver1.81 program, which is available online. The
sequence alignment data showed that the Ms20ox has ho-
mology to the GA 20-oxidase gene from other plant species.
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Figure 6. Southern hybridization result for sago genomic DNA
digested with three different enzymes, EcoRI (E), BamHI (B)
and HindIll (H). M: DIG-labelled Marker III and MIV: unla-
belled DNA Marker IV. DIG-labelled full-length cDNA (M.s) of
GA 20-oxidase was used as probe.

‘The nucleotide sequence homology and amino acid identity
between sago Ms200x and GA 20-oxidase from other plant
species ranged from 44 to 66% and 52 to 76% respectively
(Table 3). Thus, Ms200x may encode for GA 20-oxidase in
sago palm. It was observed that the sequence Leu-Pro-Trp-
Lys-Glu-Thr (LPWKETLSF), at residue 152-160, is highly
conserved in all GA 20-oxidase genes cloned so far (Figure
5). This sequence, however, did not show high homology
with other 2-oxoglutarate-dependent dioxygenases. A relat-
ed enzyme, GA 3P -hydroxylase, does not contain this mo-
tif. It was proposed that this motif may be involved in bind-
ing of the GA substrate (Xu ¢z a/., 1995). Other regions that
were highly conserved were HGFE, SIMRLN, TLGTGPH-
CDP, SLTILHQ, CGYASSE, SCLHRAVVN, AFFLCP and
YPDFTW (Figure 5).

DNA-blot

analysis was conducted to identify the copy number of the

Southern analysis of the GA-oxidase gene

M;s200x gene within the sago genome. The blot was hybrid-
ized with a cDNA probe against the genomic template di-
gested with EcoRl, BamHI and Hindlll. One band of esti-
mated size around 6kb was obtained for samples digested
with EcoRl and Hindlll. Meanwhile, samples digested with
BamHI produced two bands of estimated size around 2.2
and 6 kb. This indicated that there are one to two copies of
this gene in sago genome. This result was similar to the work
by Kang et al. (1999).

Another finding from the Southern blot result was that,
when digested with BamHI, the gene was cut at one site and
divided into two fragments, 2.2 and 6 kb in length, as sup-
ported by nucleotide sequence analysis which showed that
there is only one cut site, at position 1303 bp, for BamHI in
this gene. Digestion with EcoRl and Hindlll, however, only
produced one band each, as shown in southern blot result
(Figure 6). This suggested that both of these enzymes have
recognition sites only outside the gene region.
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Protein extraction from sago palm tissue In this study,
various types of sago tissue, from young red leaf, mature leaf,
trunk and root, were initially tested for protein extraction.
Various protocols described by Ainsworth ez a/. (1995) and
Ghesquiere er al. (1987) failed to produce useful protein
products for these tissues. This study demonstrated that the
selected sago tissues contained an extremely low quantity
of protein. Modification was made for each trial but the
method still failed to produce good protein profiles even af-
ter various changes were made. Buffer volume was reduced
from 6 to 4 ml for 4 g of tissue. The extraction was strictly
conducted at low temperature. Extraction buffer was pre-
cooled on ice prior to use, while the pestle was pre-cooled
using liquid nitrogen. However the extraction was still un-
successful.

A different tissue, the soft shoot base, was finally tested
for protein extraction. Unlike the other types of sago tis-
sue, high concentration of protein and a good protein profile
was obtained from this tissue (Figure 7). The concentration
of protein obtained was determined using the Bradford pro
tein assay (Bradford, 1976). This technique demonstrated
that the amount of crude protein obtained from soft shoot
base tissue could reach as high as 571 pg per gram. This
is much higher then the amount of crude protein obtained
from trunk, leaf and root tissues, which produced about 60,
49 and 41 pg per gram, respectively. This study suggested
that the amount of crude protein obtained from soft shoot
base tissue was about 10 times higher compared to either leaf
(young red leaf or mature), trunk or root tissues. The protein
obtained was separated on SDS-PAGE and used for Western
hybridization.

Western Hybridization Western blotting showed that pro-
tein samples obtained from sago tissue and its sense clone
have produced one band with a molecular weight estimated
at around 32 kDa. The protein obtained from the antisense
clone and negative control (without gene) however did not
show the presence of a 32 kDa band. The presence of a 32
kDa band in both samples, sago soft shoot base tissue (band
A) and fusion protein (Band B) suggests that, the Ms200x
clone has been successfully expressed in pPCR Script-
Amp SK (+) Vector. The presence of bands A (Figure 7a:
lanes 1, 2 and 3) and B (Figure 7a: lane 4) could be seen in
the SDS-PAGE result. The protein band for sample Ms200x
in lane number 4 showed higher intensity compared to sam-
ples from the antisense clone (Figure 7a: lane 5) and with-
out insert (Figure 7a: lane 6). The size obtained was close to
42 kDa, estimated earlier using ExPasy Protparam software
(http://au.expasy.org/tools/protparam.html). This finding
was consistent over several repetitions. The three samples
which were obtained from young shoot base tissue produced
32 kDa bands when hybridized with a polyclonal antibody
probe. A few bands of more than 50 kDa were observed
in each sample extracted from E. coli (both sense and anti-
sense clones). The cause is unknown. These bands were still
present even after several repetitions using varying antibody
concentration (antibody:buffer ratios; 1: 200, 1: 400, 1:



90 AsPac ]. Mol. Biol. Biotechnol. Vol. 19 (2), 2011

b)

M4 5 6 1

a)
1 2

3

2

GA 20-Oxidase cDNA from Sago Palm

3 M4 5 6
105.4kDa
98.2kDa
52.8kDa
32.9kDa

24 8kDa

Figure 7. a) Protein profile on 15% SDS-PAGE. Samples 1, 2 and 3 were for protein extracted from young shoot base tissue. Lane 4 is pro-
tein extracted from E. coli that carries sense strand of GA 20-oxidase gene. Lane 5: protein extracted from E. coli in antisense direction and
Lane 6: E. coli without insert. b) The protein was transferred onto the PVDF membrane and hybridized with polyclonal antibody obtained
from rabbit. Bands A and B were detected for protein extracted from sago tissue and E. coli that carries sense direction of GA 20-oxidase
gene. No 32 kDa band was observed for both antisense (Sample 5) and without insert colonies (Sample 6).

1000, and 1: 2000). In this study an antibody dilution of
1: 400 produced the best band resolution. The advantage
of using polyclonal antibody is that it allows the partial or-
full gene to be detected. The use of a polyclonal antibody
would enable the detection of gene expression in a bacte-
rial host. Thus, clones which contain a partial or full GA
20-oxidase gene can be detected. This is because polyclo-
nal antiserum is usually able to react with several epitopes,
which might be encoded by different regions of the gene of
interest (Sambrook ez al., 1989). On the other hand, mono-
clonal antibodies are able to react with only one epitope,
which might enable the detection of only a particular subset
of recombinants expressing the gene of interest (Sambrook
et al., 1989).

DISCUSSION

DNA amplification using six primer combinations have pro-
duced good PCR products of which the 500 bp fragment
was obtained. The nucleotide sequence for this fragment
has been shown to carry the gene encoding GA 20-oxidase.
Based on the nucleotide sequence obtained several sets of
Gene Specific Primer (GSP) were constructed, which were

subsequently used for the amplification of the entire frag-
ment of the GA 20-oxidase gene. By using a Genome walk-
ing technique, three partial fragments of this gene, with
sizes estimated to be 1150 bp, 700 bp and 500 bp, were ob-
tained. From the DNA sequence obtained, it was observed
that these fragments were adjacent to each other. The size

of the full-length gene obtained from the genomic template
was determined by combining the nucleotide sequences ob-
tained from the three fragments. BLAST analysis using the
full length gene sequence showed high homology with GA
20-oxidases from other plant species. The deduced amino
acid sequence for the genomic GA 20-oxidase gene was de-
termined and used for multiple sequence alignment analysis.
The multiple sequence alignment result clearly indicated the
intron-exon region. This information was used as a guide
in the construction of another set of GSP primers for the
amplification of the full-length cDNA (Ms5200x) fragment.

This study revealed that, the sago GA 20-oxidase is en-
coded by a relatively small size gene. The size of the sago
GA 20-oxidase gene, inclusive of introns, is 1332 bp, while
the cDNA is 1161 bp long. This is in line with an earlier
study which showed that GA 20-oxidase is encoded by a
small multigene family (Garcia-Martinez ez al., 1997; Phil-
lips et al., 1995; Rebers et al., 1999; Xu et al., 1995; Wu
et al., 1996). This study also showed that the genomic GA
20-oxidase (MsGenom20ox) gene comprised three exons and
two intronic regions. This was similar to the gene structure
for the GA 20-oxidase gene obtained from other plant spe-
cies such as Arabidopsis thaliana (Xu et al., 1995), barley (Jia
et al., 2009) and sunflower (Helianthus annuus) (Carzoli et
al., 2009). The three exons are 1161 bp long in total, and
encode for a product which is 387 amino acid residues long
with a M. of 42 kDa.

GA 20-oxidase genes that possess one intron, and con-
taining no introns have both been reported: OsGA200x3
(and OsGA200x7) and OsGA200x1, respectively (Han &

Zhu, 2011). OsGA200x1, which has no introns, illustrated
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NYYPXCQKP

M.s  SIMRLNYYPPCQKP
T.a  SIMRLNYYPPCQRP
L.p  SIMRLNYYPPCQRP
Z.m SIMRLNYYPPCQRP
O.s  SIMRLNYYPACQRP
A.t  SIMRLNHYPPCQTP
B.v.  SIMRLNYYPPCLKP

S.t SIMRLNYYPPCQKP
L.s SIMRLNYYPRCQKP

Figure 8. The consensus sequence NYYPXCQKP that has
been postulated to be involved in binding the 2-oxoglutarate
cofactor. M.s (Ms20ox), T.a (Triticum aestivum), L. p (Lolium
perenne), Z. m (Zea mays), O. s (Oryza sativa), A. t (Arabidopsis
thaliana), B. v (Beta vulgaris), S. t (Solanum tuberosum) and L.
s (Lactuca sativa).

that this gene probably arose from retrotransposon-based
random insertions. Alternatively, intron losses may have
occurred over the course of intron evolution (Han & Zhu,
2011). GA 20-oxidase genes without introns have so far not
been found in soybean or Arabidopsis (Han & Zhu, 2011).
BLAST analysis showed that the full-length AM5200x cDNA
shares homology with GA 20-oxidase from wheat and
maize. This strongly suggests that Ms20ox is a GA 20-oxi-
dase cDNA from sago palm. Moreover, western blot results
showed that the protein samples, obtained from E. coli cells
that carry the Ms200x gene, exhibit strong hybridization
when rabbit antiserum was used as probe. The 32 kDa band
was observed for protein obtained from E. coli strain DH50
that carries a sense clone of the Ms20ox gene. Although the
size is lower than the 42 kDa predicted earlier, this might
be due to degradation (Curtis ez al., 2000) or proteolysis
reactions (Fagoaga et al., 2007) of the major band, because
the sample had been frozen and thawed several times. This
band was not observed in the antisense and negative con-
trol (without Ms200x) samples. The presence of a 32 kDa
band in both samples, sago soft shoot base tissue (band A)
and fusion protein (Band B) suggests that the Ms20ox clone
had been successfully expressed in pPCR Script-Amp SK (+)
Vector.

However, evidence on the functional activity of the pro-
tein is still needed, which requires the use of HPLC-GCMS
facility that is equipped with a radioactive detection com-
ponent (Coles ¢z al., 1999; Fagoaga ez al., 2007; Hedden &
Wu et al., 1996; Kamiya, 1997; Kang ez al., 1999; Niki ez
al., 2001; Xu et al., 2002). This method could not be carried
out due to lack of a facility equipped for radioactive work.

Meanwhile, from the multiple sequence alignment data,
it was observed that, the LPWKETLSF motif, which is lo-
cated within residues 152 to 160, is highly conserved in all
GA 20-oxidase clones obtained so far. Xu and co-workers
(1995) proposed that this motif may be involved in the
binding of the GA substrate (Xu ¢z a/., 1995). On the other
hand, motif NYYPXCQKP which was previously postulated
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to be involved in binding the 2-oxoglutarate cofactor in GA
biosynthetic pathway (Roach ez 4/., 1995) is also present in
sago (Figure 8). Other motifs that were highly conserved are
TLGTGPHCDP, SCLHRAVVN, SLTILHQ, CGYASSE
AFFLCP, YPDFTW and HGFE. The specific functions of
these motifs are still unknown.
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