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ABSTRACT

Global warming, climate change and crop extensification in marginal dryland areas are related to long dry season and water
deficit. The water availability is an important factor in improving plant production. Application of drought tolerant rice
cultivars is one of several options that might be used. Genetic engineering at the level of transcription factors is particularly
promising strategy to develop drought tolerant rice varieties. Transcription factors regulate a wide range of target genes in
which of them contribute to stress tolerance. HD Zip genes are transcription factor that potential in the adaptation of plants
to some environment stresses including water deficit. HD-ZIP oshox4 (oryza sativa homeobox) gene controlled by 35S
promotor is inserted into pCAMBIA 1300 vector with hpt (hygromycin) gene as a selectable marker. The aim of this research
is to obtain transgenic rice plant from transformation with 35S-oshox4 plasmid, segregation analysis of marker gene (hpt) by
PCR method at T0 and T1 generation, and hygromycin resistance analysis of seeds. Recombinant plasmid was transformed
into rice genome of IRAT 112 and rojolele cultivars using Agrobacterium tumefaciens. The results showed that
transformation efficiency of IRAT 112 was 5.7-13.6% and 26-66,7% for rojolele. While regeneration efficiency for IRAT 112
is 4.7-43.7% and 23-44.1% for rojolele. The result of hygromycin resistance test at T1 seeds were obtained 14 lines cv.
rojolele segregation Mendelian for hpt gene. The PCR analysis using specific primers for hpt gene at the parent (T0) from 14
lines showed that 7 lines contain the gene. At the second generation (T1), PCR analysis using hpt primers showed that 3
from 4 lines were followed Mendelian segregation pattern by the presence of specific band.

© 2009 Biodiversitas, Journal of Biological Diversity
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INTRODUCTION

Global warming, unpredictable climate change and
crop extensification in marginal dryland area are
related to long dry season and deficit water. Water
availability is a major limiting factor for increase of
food production. According to Gorantla et al. (2005),
rice crop consume about 90% from total water that is
utilized for agricultural need at Asian. About 80% of
total rice crop need water because most of rice crops
are irrigated rice field (55%) and rain field (25%).
Water deficit caused stress for plant. Water deficit will
be major problem which influence global productivity.
The drought stress effect could be lost of productivity
until more than 70% (Bray et al., 2000).

In attempt to dissolve of that problem, drought
tolerance plant was used. Drought tolerance plant

could be obtained by some technique, such as
genetic transformation and plant breeding. The
important thing in creating this plant is understanding
drought tolerant. Drought tolerance character is
encoded by many genes. Shinozaki and Yamaguchi
Shinozaki (1997, 2007) classified this into two groups;
first, protein that most probably function in drought
(protection factors of macromolecules, enzymes for
osmolyte biosynthesis, detoxification enzymes, water
channel, transporter); and second is regulatory
protein (protein kinase, protein phosphatase, enzyme
phospholipid metabolism and transcription factors).

Genetic Transformation at transcription factor level
will enable to obtain of drought tolerant rice, because
transcription factor regulate other genes that
responsible to drought tolerance. Some of
transcription factors have been characterized, for
example DREB (dehydration responds element
binding) (Yamaguchi Shinozaki and Shinozaki, 2001;
Sakuma et al., 2006), SNAC (stress responsive
NAC1) (Hu et al., 2006), and HD Zip (Homeodomain
leucine zipper) (Meijer et al., 1997; Deng et al., 2002).
The over expression of these gene in some plants



BIODIVERSITAS  Vol. 10, No. 2, April 2009, pp. 63-6964

caused increase of drought tolerance (Scarpella et
al., 2005; Hu et al., 2006).

HD Zip genes were reported to be related with
adaptation and development of plants under stressful
environment. HD Zip genes in rice plant are classified
into family I, II, III that consist of 33 HD Zip genes
oshox (oryza sativa homeobox) which is spread in 12
chromosomes. There are only two genes oshox have
been identified which is oshox1 (HD Zip II) and
oshox4 (HD Zip I) that regulate by drought stress. The
expression of genes are up and down regulated
under drought situation and depend on plant
sensitivity to drought (Purwantomo, 2007; Agalou et
al., 2008).

Research Centre for Biotechnology LIPI have
obtained first generation (T0) of putative transgenic
rice from rojolele and IRAT 112 cultivars that
transformed with transcription factor HD Zip oshox4
gene. This gene is controlled with constitutive
promotor CaMV 35S (cauliflower mozaic virus).
Cassette 35S oshox4 and terminator were inserted in
pCAMBIA 1300 plasmid on HindIII site. Hygromycin
phosphotransferase (hpt) gene to generate
hygromycin antibiotic resistance for transformant
selection. The recombinant plasmid was designated
as 35S oshox4 and transformed into javanica cultivar
(rojolele) and indica cultivar (IRAT 112) using
Agrobacterium tumefaciens (A. tumefaciens).

The aim of research is to obtain transgenic rice
plant transformed with 35S-oshox4 plasmid, to
evaluate lines containing hpt gene based on PCR
analysis, to evaluate expression and segregation
pattern of hpt using bioassay hygromycin seeds.

MATERIALS AND METHODS

Rice cultivar of javanica rojolele and indica IRAT
112 transformed by 35S-oshox4 plasmid were made
available Dr. A.H Meijer and Dr Pieter B.F. Ouwerkerk
(Institute of Molecular Plant Science, Leiden
University). Strain A. tumefaciens using EHA 105
resistance to rifampycin antibiotic. Analysis
transformant at first (T0) and second (T1) generation
plant population that property RC Biotechnology LIPI.
Materials for DNA isolation comprise: isolation buffer
[lysis buffer (Tris HCl pH 7.5 0.2 m, EDTA 0.05 M,
NaCl 2 m, and CTAB 2%)]; extraction buffer
[extraction buffer (sorbitol 0.35 m, Tris HCl pH 7.5 0.1
m, and EDTA 5 mM); sarkosil 5%], N2 liquid,
chloroform: isoamylalcohol (24:1), isopropanol,
ethanol 70%, TE buffer (Tris HCL pH 8.0 10 mM and
EDTA PH 8.0 1 mM). Material used for PCR reaction:
plant DNA, PCR buffer, dNTPs, primary gos-5
forward and reverse (5’CCGACCTCGAGGACATCGG
CAACAG 3’) and (5’ GCCGAGAGCAGCAGGAACTT
GACAGG 3’), primary hpt forward and reverse (5’
GATGCCTCCGCTCGAAGTAGCG 3’) and (5’
GCATCTCCCGCCCGTGCAC 3 ’), dH2O, agarose gel
and Tris Boric Acid EDTA buffer (TBE). Material those

were utilized for hygromycin test: 50 mg/mL
hygromycin, sterile aquadest, sterile filter paper,
alcohol 70%, benlate 3%, and NH4ClO 2%.

Genetic transformation into rice genome
Recombinant plasmid 35S-oshox4 was inserted

into A. tumefaciens strain EHA 105 by electroporation
method. Bacteria were cultured in solid AB medium
which contained rifampycin 20 mg/L and kanamycin
50 mg/L. Bacteria culture were then incubated at
28C for 3 days. This culture was used for co-
cultivation.

Transformation into embriogenic callus using
A.tumefaciens was perfomed following methods as
described elsewhere (Hiei et al., 1994). A.
tumefaciens was subcultured in AAM liquid medium
without antibiotic and shaked to 1-2 hours until OD600:

0,4-0,5. The embryogenic callus from cv. rojolele and
cv. IRAT 112 were induced in IK3 medium (LS media
that contains 2,4-D 2,5 mg/L and solidified with
phytagel 0,2%) (Slamet-Loedin et al., 1997). Callus
induction was done for 2 weeks in dark room. For
infection, callus is soaked in A. tumefaciens culture
up to 30 minutes. Callus and bacteria at co-cultivation
in IK3-AS medium (IK3 contain of acetosyringone 100
mM) and incubation on 25C for 3 days in dark. After
co cultivation, callus washed by cefotaxime 400 mg/L
and cultured at IK3C250 H50 as selection medium (IK3
contain of cefotaxime 250 mg/L and hygromycin 50
mg/L) for 2 weeks. Callus were subculture at second
selection medium for two weeks IK3C50 H50. The
resistance callus to hygromycin were subculture into
R3B medium for regeneration (LS + IAA 0,5 mg/L +
BAP 0,3 mg/L and phytagel 0,5%) (Slamet-Loedin et
al., 1997). Obtained plantlets were moved into MS
medium without hormone. The normal plantlets were
acclimatized into soil medium at greenhouse.

DNA isolation for PCR
DNA Isolation for PCR from leaf (2-3 weeks plant).

Isolation method as follows: leaf 5 cm length was
inserted put into microtube 1.5 mL, add with N2 liquid
then grinded and added with 750 L isolation buffer.
The mixtures were then incubated at 65oC for 1 hour.
Later tube is added 750 L chloroform:
isoamylalchohol (24:1) and centrifuge 5 minutes at
12.000 rpm, 4oC. The supernatant was transferred
into new tube and added with 400 L isopropanol
(cold), then centrifuge for 6 minutes at 12.000 rpm on
4oC. Supernatant was discarded and pellet was
washed by ethanol 70% then centrifuge at 12.000
rpm on 4oC for 3 minutes. Supernatant is discarded
and pellet in tubes dried. Palette from DNA was
dissolved by TE 50 L and stored at 20oC.

PCR analysis at T0 plant
Plants DNA were obtained from T0 and T1

population. PCR reaction is enclosed with primer gos-
5 I as internal rice gene. Negative control using DNA
plant controls (without transformation) and water,
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while positive control uses 35S-oshox4 plasmid. PCR
reaction mixtures were as follows: 1x PCR buffer,
dNTP 0.05 mM, Taq Polymerase 0.05 u, primer 2. 5
ng/µL gos-5 reverse and forward, primer 2.5 ng/µL
hpt reverse and forward. PCR temperature and cycle
it one denaturation cycle (95oC, 10 minutes): 40
amplification cycles [denatures 95oC 1 minute,
annealing 55oC 1 minute, synthesis 72oC 1 minute];
72oC 10 minutes (final elongation); 4oC (store).

Hygromycin test
As many as 76 lines rice seed T1 (planted 50

seeds for each line). Seeds was husked, washed with
sterile aquadest and followed with alcohol 70% for 1
minute and washed with sterile aquadest. Seeds were
then soaked with benlate 3% solution for 30 minutes
and washed with sterile distilled water until clear.
Finally, seeds were washed by 2% NH4ClO for 30
minutes and rinsed with sterile distilled water for 5
minutes 10 times repeatedly at laminar air flow.
Planted seed on sterile filter paper already been
damped by 50 mg/L hygromycin. As for control, filter
paper was just soaked with distilled water. Seed were
placed in dark room to stimulate germination for 3
days, then moved under lamplight. The observation
for seedling growth was carried out 2 weeks after
plantation under following classification: normal
seedling, abnormal and not grown (total number of
normal seedling as amount of plant individual that
using chi square to observe segregation pattern hpt
gene). With opportunity point 5% and degree of
freedom 1, therefore point chi square shall be smaller
than F table (3,84). It means pattern of segregations
follow Mendelian which is 3: 1. Equation for tests chi
square as follows:

2 = (O i – E i)
2

E i

O i = phenotype’s observing point goes to i.
E i = phenotype’s expectation point goes to i.

PCR analysis of T1 plant
The normal seedling based on hygromycin test

and segregation follows Mendelian (base on chi
square) were planted on soil medium at greenhouse.
Thirty seeds for each line were planted. DNA
template for PCR reaction was isolated from leaf
derived from 2-3 weeks old seedling according to the
method described previously. PCR analysis was
performed to confirm the presence of hpt gene on
second generation plant (T1). PCR conditions were
the same with T0 analysis plant.

RESULT AND DISCUSSION

Transformation into rice genome
The transformation result into genome of two

cultivar rice is presented at Table 1. Based on this

table transformation efficiency and regeneration of cv.
rojolele was higher than that of cv. IRAT 112. The
rojolele cultivar was relatively easy to form
embryogenic callus than IRAT 112. Successful
genetic transformation is related with embryogenic
callus formation and plant regeneration system.
According to Ge et al. (2006) callus induction and
regeneration in rice tissue culture depend on a
number of factors, such as genotype of the donor
plant, type and physiology status of the explants,
composition and concentration of the basal salt and
organic components, and plant growth regulators in
the culture medium. Among these factors, genotypic
difference is the most important.

IRAT 112 Cultivar consists of indica rice. Most of
the indica varieties belong to the group I, which these
varieties have been quite recalcitrant cultivars
(difficult for regeneration and transformation) in tissue
culture and genetic transformation (Wunn et al., 1996;
Zhang et al., 1998). Even success of transformation
in indica rice was reported, but the results showed
either low transformation efficiency or success only
with very specific genotype (Zhang et al., 1997; Lin
and Zhang, 2005). Therefore low efficiency and
regeneration on IRAT 112 suggest the genotype of
plant. The lower transformation efficiency on this
genotype also occur in other cultivars such as IR72
and IR 64 each by level efficiencies 4.2% and 2.5
10.1% (Aldemita and Hodges, 1996; Hiei et al., 2006;
Khanna and Raina, 2002). Although recently reported
that the transformation efficiency in ten indica rice
cultivars could be obtained until 30% for each
immature embryo with optimation things (Hiei et al.,
2006). In the meantime on rojolele cultivar
transformation efficiency and regeneration were
higher than IRAT 112 because rojolele belong to
javanica rice. This genotype (javanica) is easier for
transformation and regeneration and is not a
recalcitrant type.

Table 1. Summary of transformation using of recombinant
plasmid 35S-oshox4 on cv. IRAT 112 and rojolele.
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IRAT112 469 64 3 13,6 4,7
840 48 21 5,7 43,7

Rojolele 60 40 15 66,7 37,5
923 240 106 26,0 44,1
584 213 49 36,5 23,0

Hygromycin test on T1 generation
Hygromycin test on seed (the seed from T0 plant)

conducted to select a lot of number from lines
putative transgenic. This analysis will reduce
economic cost. The selection based on selectable
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marker could be an indicator for the presence other
gene in the same of T-DNA. This examination is gone
upon the expression of hpt gene as a selectable
marker. With expression of hpt gene be provided that
target gene oshox4 have also been integrated into
rice genome. It is because hpt gene inserted on the
same T-DNA with oshox4 gene (Figure 1).

Hygromycin is an antibiotic resistance marker
commonly used for genetic transformation on
monocotyledon plant especially Gramineae (Bashir et
al., 2004). This antibiotic hampered synthesis of
protein by troubles translocation so causes error
translation on ribosome 80S (Bashir et al., 2004).
Hygromycin phosphotransferase enzyme obtained
from hpt gene could detoxificate of hygromycin B
antibiotic (Rodriguez and Nottenburg, 2003) and
catalyze phosphorrylation of hydroxyl group in
hygromycin antibiotic so that this antibiotic not active
and not poison for plant cell (Brasileiro and Aragao,
2001). The analysis result in the second generation
(T1) and lines used for hygromycin test were
presented on Table 2.

Water was used as control solution to observe seed
germination from each line, whereas hygromycin
solution as treatment solution. Seed which
germinated and form normal seedling on hygromycin
solution suggest that it may contain hpt expressed
gene. Hygromycin was degraded by this plant,
therefore it was not toxic and might not caused any
trouble (Figure 2). Phenomenon of which hpt gene is
integrated in the plant, genome but failed to express
called gene silencing. There are three assumption of
gene silencing which are cis inactivation, trans
inactivation and co suppression. Cis-trans-inactivation
occurred at transcription. Cis-inactivation occurs if 1
or many gene copies integrated on one locus in or
near to genome sequent with high methylation. So,
integrated gene will be methylation and not expression.
Trans-inactivation occurred when insertion gene
integrated on different locus and one of its integration
experience cis- inactivation so becomes silencer to
the homolog. Co- suppression happening on post
transcription, processing, localization and or mRNA
degradation while affluent mRNA production under
strong promoter (Taylor, 1997). Other opinion was
named of co-suppression occurred by involves
coordinate silencing; sometimes coordinate reactivation
from transgenic with endogenous homology or among
2 homolog transgenic (Matzke and Matzke, 1995).

Base on this experiment, 14 lines of plant
expressing hpt gene were obtained and the gene was
segregated follows of Mendelian (3:1). These lines
were from rojolele cultivar: T1.B.4.2, T1.B.6.1, T1.B.9. 3,
T1.B.17. 3, T1.B. 17.4, T1.B.18.1, T1.B.28.1, T1.C.2.7,
T1.C.2.10, T1.C.2.16, T1.C.2.18, T1.C.8. 1, T1.C.12.2,
and T1.C.13.1. The absence of hygromycin resistance
from IRAT 112 cultivar might suggest that integrated
gene was difficult to obtain, or the inserted gene was not
expressed. PCR analysis to evaluate parent containing
hygromycin from IRAT 112 was not performed.

PCR analysis of T0 plant
The aim of PCR analysis for hpt gene was to

evaluate integration of the selectable marker and the
segregation based on number of integrated plants.
The 14 lines plant with Mendelian segregation based
on hygromycin test from the second generation (T1)
were planted in soil medium in green house with 30
seedlings for each line. Parallel with this activity, PCR
analysis was done for the 14 plant as the parent (T0).

Table 2. Analysis of hpt gene expression on T1 generation
seed which transform with oshox4 gene.
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IRAT 112 Rojolele
T1.I.B.1.1 5 106.78 T1.R.B.16.6 12 64.00
T1.I.B.2.2 12 66.67 T1.R.B.17.1 15 49.00
T1.I.B.2.3 2 131.44 T1.R.B.17.2 7 99.23
T1.I.B.2.4 5 109.72 T1.R.B.17.3 38 0.03
T1.I.G.1.1 3 121.00 T1.R.B.17.4 34 0.82
T1.I.G.1.2 3 118.02 T1.R.B.18.1 41 2.78
T1.I.G.3.1 5 139.26 T1.R.B.19.1 22 23.68
T1.I.G.4.1 7 93.44 T1.R.B.26.1 27 9.00
T1.I.G.5.1 6 102.92 T1.R.B.28.1 35 0.33
T1.I.G.6.1 0 144.00 T1.R.B.29.1 28 8.33
T1.I.G.7.1 20 32.67 T1.R.B.29.2 5 103.84
T1.I.G.7.2 23 22.43 T1.R.B.29.3 14 53.78
T1.I.G.7.3 4 116.74 T1.R.B.29.4 14 61.50
T1.I.G.7.4 5 103.84 T1.R.B.30.1 20 30.54
T1.I.G.7.5 10 75.11 T1.R.C.2.1 2 131.44
T1.I.G.7.7 18 38.27 T1.R.C.2.4 19 34.29
T1.I.G.9.1 19 32.11 T1.R.C.2.7 41 1.97
T1.I.G.9.2 9 78.19 T1.R.C.2.8 20 30.54
T1.I.G.9.3 5 106.78 T1.R.C.2.9 19 29.96
T1.I.G.9.4 7 93.44 T1.R.C.2.10 35 0.11
T1.I.G.9.5 7 96.33 T1.R.C.2.11 27 10.35
T1.I.G.11.1 9 83.82 T1.R.C.2.12 30 4.00
T1.I.G.12.1 9 83.82 T1.R.C.2.13 26 14.11
T1.I.G.13.1 8 92.83 T1.R.C.2.15 30 6.00
Control
IRAT

1 139.11 T1.R.C.2.16 38 0.17

T1.R.C.2.18 37 0.03
Rojolele T1.R.C.4.1 26 12.58
T1.R.A.1.5 19 34.29 T1.R.C.4.2 29 5.44
T1.R.B.2.1 31 4.51 T1.R.C.4.3 19 27.86
T1.R.B.4.1 21 27.00 T1.R.C.6.2 24 16.00
T1.R.B.4.2 33 2.16 T1.R.C.7.1 28 7.11
T1.R.B.6.1 32 2.46 T1.R.C.8.1 39 0.24
T1.R.B.8.1 19 25.79 T1.R.C.8.2 22 21.78
T1.R.B.8.2 20 28.44 T1.R.C.9.1 29 6.54
T1.R.B.8.3 17 42.46 T1.R.C.10.1 13 64.03
T1.R.B.8.4 8 84.26 T1.R.C.12.2 39 0.24
T1.R.B.9.1 28 8.33 T1.R.C.13.1 43 3.23
T1.R.B.9.3 33 1.53 T1.R.C.15.1 30 4.00
T1.R.B.11.1 16 46.86 Control

rojolele
7 99.23

3.84

Note: bold is lines with Mendelian segregation.
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Figure 1. The recombinant vector construction 35S Oshox4 is utilized on the research.

A B C D E

Figure 2. The hygromycin test at transformant seeds (T1). Resistance to hygromycin solution (A), resistance to solution
without hygromycin (B), transformant susceptible to hygromycin solution (C), seeds control in hygromycin solution (D),
seeds control in solution without hygromycin (E).
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Figure 3. PCR result using hpt and gos-5 primers A. first generation (T 0), B. Second generation (T1).

Target gene to be amplificated is hpt and gos-5
with amplification product 429 and 231 bp
respectively. According to Meijer et al. (1991) one of
gene in rice genome, so called gos-5 can be served
as internal control. Internal control is subjected to
confirm that DNA used fine. Proper DNA and PCR
reaction were expected to give a 231 bp length of
PCR product in all samples including control (non
transformation). The specific primer(s) was designed
for amplification of specific gene(s). PCR analysis
using hpt and gos-5 primers were done on 14 lines
plant at first generation (T0). The analysis result
showed that 7 lines plant T0 contain hpt gene and
amplification product of gos-5 were present in all lines
tested. Those are T0.C.4.2, T0.C.4.3, T0.C.8.1, T0.C.9.1,
T0.C.12.2, T0.C.13.1, and T0.C.15.1. The result of PCR
analysis on 14 lines (T0) was presented on Figure 3A.

The PCR result at second generation (T1) using
hpt primers was done for 4 lines which were T1.C.4.2,
T1.C.4.3, T1.C.8.1 and T1.C.13.1. Tree of four lines
were Mendelian segregation based on chi square
tested. Those lines were T1.C.8.1, T1.C.13.1 and
T1.C.4.2. The Mendelian segregation means that hpt
was integrated in rice genome and inherited on its
generation. PCR result was presented on Figure 3B.

CONCLUSION

The transformation and regeneration for IRAT 112
callus cultivar using the recombinant plasmid 35S
Oshox4 is lower than that of rojolele. Transformation
efficiency for IRAT 112 is 5.7-13.6% whereas 26-
66.7% for rojolele. Regeneration of IRAT 112 callus
between 4.7-43.7% and 23- 44.1% for rojolele.
Fourteen lines of rojolele cultivar at second
generation (T1) were Mendelian segregation (3:1) for
hpt gene. The lines are T1.B.4.2, T1.B.6.1, T1.B.9.3,
T1.B.17 3, T1.B.17.4, T1.B.18.1, T1.B. 28.1, T1.C.2.7,
T1.C.2.10, T1.C.2. 16, T1.C.2.18, T1.C.8. 1, T1.C. 12. 2
and T1.C.13.1. PCR analysis using hpt primers for 14
lines parents (T0) showed that 7 lines contain hpt
genes. The lines are T0.C.4.2, T0.C.4.3, T0.C.8.1,
T0.C.9.1, T0.C.12.2, T0.C.13.1, and T0.C. 15.1. Three of
4 lines at second generation (T1) were Mendelian
segregation based on PCR analysis indicated by the
presence of specific band for hpt gene. The third lines
are T1.C.4.2, T1.C.8.1, and T1.C.13.1. Integration of hpt
gene as selectable marker in the genome suggest
that oshox4 gene is also integrated into genome
because both genes are from the same of T-DNA.

B

A
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