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Abstract 

  Sweet proteins are the natural alternative to the artificial sweeteners as well as flavor enhancers. Among 
other sweet protein, thaumatin protein was isolated from Thaumatococcus daniellii Benth plant fruit. In this 
study, pinII Ti plasmid vector was constructed with thaumatin gene, where thaumatin was placed under the 
control of the duel cauliflower mosaic virus 35S promoter into rice (Oryza sativa L. var. japonica cv. 
‘Dongjinbyeo’) by Agrobacterium-mediated transformation to generate transgenic plants. Thirteen plant lines 
were regenerated and the transgenic rice lines were confirmed by different molecular analysis. The genomic 
PCR result revealed that all of the plant lines were transgenic. The single copy and intergenic plant lines were 
selected by Taqman PCR analysis and FST analysis, respectively. Expression of thaumatin gene in transgenic 
rice resulted in the accumulation of thaumatin protein in the leave. Thaumatin protein was also accumulated 
in leave of T1 generation. Sensory analysis result suggested that the thaumatin protein expressing transgenic 
lines exerted sweet tasting activity. These results demonstrated that thaumatin was expressed in transgenic rice 
plants. 

Keywords: Agrobacterium tumefaciens; Oryza sativa L; protein expression; taqman PCR; thaumatin 

Introduction 

  In daily life, sugar is the popular sweetener which is used to prepare different types of foods or beverages. 
But over intake of such high caloric food product can create various complexities like dental caries, diabetic, 
obesity, etc. Patients with these types of diseases were using low caloric artificial sweeteners. The example of 
low caloric artificial sweeteners is acesulfame K, cyclamate, aspartame and saccharin. Later, it was found that 
these low caloric artificial sweeteners created some other complexities, for example, bladder cancer, brain 
tumors, heart failure, psychological problems, mental disorders. Hence, there was an extreme necessity of 
alternative safe and healthy sweetener which could be able to exert sweetness property (Faus, 2000; Kant, 
2005). Sweet proteins have traditional use and have been used to alter flavor or taste by suppressing the original 
taste of food and beverages. Recently, these proteins have been used as flavor enhancers and sweetening agents 
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in the food processing industry. The sweet tasting proteins can exert their activities at very low concentrations 
and because of this property, they could be consumed by patients with tooth decay and diabetes. After the 
commercialization of thaumatin, there has been an accretive interest in these sweet proteins (Witty and 
Higginbotham, 1994; Sun et al., 2006). Thaumatococcus daniellii is a West African rain forest shrub. The fruit 
obtained from T. daniellii plant has been used by native people to sweeten tea, palm wine and bread. The fruits 
were used by the West African people as sweeteners and flavor enhancers in food products (Etheridge, 1994). 
The active ingredient of the fruit is thaumatin (Van der Wel and Loeve, 1972; Witty and Higginbotham, 1994; 
Gibbs et al., 1996; Akter et al., 2016). It does not cause tooth decay. Moreover, it is safe to use by diabetic 
patients. At least eighteen investigations were executed from 1975 to 1985 and results pointed out no safety 
concerns (Higginbottom, 1985). The use of this sweet protein has many advantages. However, the commercial 
availability of thaumatin is very less as the natural source of this protein is T. daniellii plant which is not easy to 
grow outside of its natural atmosphere. On the basis of public's increasing demand for the particular product, 
extraction of thaumatin protein from the T. daniellii fruit may not be able to keep up with demand. Hence, as 
an alternative to the production of thaumatin from its native source, efforts have been made to produce 
recombinant thaumatin in foreign host (Daniell et al., 2000; Szwacka et al., 2002; Masuda et al., 2004). For 
easy accessibility, thaumatin proteins have been cloned into plants or microorganisms to express recombinant 
sweet protein. For the expression of thaumatin sweet protein in microbes, it was transformed into bacteria 
Bacillus subtilis, Escherichia coli, Streptomyces lividans; yeast Pichia pastoris, Saccharomyces cerevisiae; fungus 
Aspergillus oryzae, Aspergillus niger var. awamori, Aspergillus awamori, Penicillium roquefortii (Baneyx, 1999; 
Daniell et al., 2000; Edens et al., 1982; Edens et al., 1984; ; Illingworth et al., 1988; Illingworth et al., 1989; 
Hahm and Batt, 1990; Weickmann et al., 1994; Faus et al., 1996; Makrides, 1996; Faus et al., 1997; Faus et al., 
1998; Hannig et al., 1998; Moralejo et al., 1999; Masuda et al., 2004). Thaumatin was also expressed into plant 
systems like, tomato, potato, pear, cucumber, strawberry (Witty, 1990; Lebedev et al., 2002; Szwacka et al., 
2002; Bartoszewski et al., 2003; Schestibratov and Dolgov, 2005). Until now, there is no report about the 
expression of thaumatin in rice. 

  The development of genetic transformation technology for plants has enabled the expression of various 
foreign genes in plants. Plants can be employed as bio-factories to produce valuable recombinant proteins, such 
as vaccines, mammalian hormones, antibodies, food additives and biopharmaceuticals (Hood and Jilka, 1999; 
Yoshida and Shinmyo, 2000; Daniell et al., 2001; Hood et al., 2002; Streatfield and Howard, 2003; Horn et 
al., 2004). In present study, we attempted to express the sweet protein, thaumatin, in rice (Oryza sativa L.). 
Rice is the very important crop plant because it is the staple food which feeds almost 50% of the world’s 
population. Moreover, rice is widely grown all over the world. Expression of recombinant thaumatin in 
transgenic rice could provide an alternative expression system of this protein. Recombinant thaumatin was 
expressed in transgenic rice and displayed sweet tasting activity. In our sense, this is the first effort of expressing 
of thaumatin in transgenic rice. 

 
 
Materials and Methods 
 
Bacterial strains and plant materials 
In this study, the bacterial strains of Escherichia coli DH5α and Agrobacterium tumefaciens EH105 

were taken from Plant Biotechnology Laboratory, Horticulture Life Science Department, Hankyong National 
University, Republic of Korea. E. coli DH5α was used for cloning and A. tumefaciens EH105 was used for 
plant transformation. Rice cultivar (Oryza sativa L. var. japonica cv. ‘Dongjinbyeo’) seeds were collected from 
National Agrobiodiversity Center (National Agrobiodiversity Center, RDA, Suwon, Republic of Korea). 
Moreover, all chemical reagents used in this study were commercial products of the highest grade available. 
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Synthesize of thaumatin gene and vector construction  
The gene sequences of the thaumatin (GenBank Accession No: M21211.1), which harbor Flag-tag at 

the 3′-terminus was synthesized by Bioneer. The synthetic thaumatin gene was cloned into pGEM B1 vector 
including restriction sites ‘XhoI and BamHI’ (https://www.bioneer.co.kr/index.php/; Bioneer, Daejeon, 
Republic of Korea). 

Synthesized thaumatin gene was digested from pGEM B1 vector with ‘XhoI and BamHI’ and inserted 
into digested pinII Ti-plasmid vector. Thaumatin gene was driven by duel cauliflower mosaic virus 35S 
promoter (2x CaMV 35S) where terminator was protease inhibitor II (pinII-T). BAR, Basta resistance gene 
was used as selectable marker gene. The constructed vector was transformed into E. coli DH5α strain and 
named as pinII-thaumatin vector. T-DNA of pinII-thaumatin vector is shown in Figure 1. Transfection quality 
vector DNA was extracted from E. coli DH5α and confirmed bacterial colony with Wizard® Plus SV Minipreps 
DNA Purification System Protocol-Promega (Promega, USA) according to the manufacturer’s instructions. 
Shortly, E. coli DH5α was cultured in luria-bertani (LB) broth medium for 16 h at 37 °C and the bacterial cells 
were collected by centrifugation. Cells were re-suspended into cell resuspension solution where alkaline 
protease solution and neutralization solution were added followed by centrifugation. After washing, the 
plasmid DNA was eluted by elution buffer and stored at -20 °C for further analysis. 
 

 
Figure 1. T-DNA region of pinII-thaumatin. Thaumatin, thaumatin gene; FLAG, Flag-tag 
epitope; RB, right border; LB, left border; Nos-T, nopaline synthase terminator; Pin-T, pinII 
terminator; 2xCaMV 35S, Duel Cauliflower mosaic virus 35S promoter; CaMV 35S, 
Cauliflower mosaic virus 35S promoter; Bar, selectable marker gene, basta resistant gene. 

 
 
 

Agrobacterium-mediated transformation and plant regeneration 
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The prepared recombinant expression pinII-thaumatin vector was transformed into rice calli by 
EHA105 strain (A. tumefaciens). The infected calli were cultured on 2N6-acetosyringone medium plate (co-
culture medium) and subcultured on 2N6-carbenicillin and PPT medium plate (selection medium). 1/2 MS 
(Murashige-Skoog) plates were used to grow the plants. The MS plates were supplemented with PPT and PPT 
was used to screen for PPT-resistant plant lines. To be confirmed the presence of transgene in the rooted shoots, 
PCR amplification was performed for regenerated plants before transferring them to plastic pots. Insertion of 
the foreign gene in plant genome was confirmed by PCR amplification of BAR gene (primers are listed in Table 
1). 

 
Table 1. Primers list for PCR amplification, FST analysis and RT-PCR amplification 

Primer name Sequence (Primer direction 5’-3’) 

For BAR gene  

Fw1 CGT CAA CCA CTA CAT CGA GA 

Rv1 TTG CGC GCT ATA TTT TGT TTT 

For thaumatin gene  

Fw2 ATG GCT ACC TTC GAA ATC GT 

Rv2 GGC AGT TGG ACA GAA GGT AA 

For FST analysis  

Barcode adaptor Fw (F1) ACA CTC TTT CCC TAC ACG ACG CTC 

D35sP Rv (R1) TGG AGT AGA CGA GAG TGT CGA AGC TTC 

Nos T Fw  (F2) TCG TTC AAA CAT TTG GCA AT 

Common adaptor Rv (R2) CTC GGC ATT CCT GCT GAA CCG CTC TT 

For RT-PCR  

RT-Fw3 CTG GTG ACT GTG GTG GTT TG 

RT-Rv3 GCA CAT CTG ACG CCT CTA CA 

Actin RT-Fw GGC TGT TTT CCC TAG TAT CG 

Actin RT-Rv GTA CGT CCA CTG GCA TAC AG 

 
Plant growth conditions 
Wild type (non-transgenic) and transgenic plants were grown in a growth chamber with a photoperiod 

of 16 h light/8 h dark, 23/16 °C day/night temperature, 50% relative humidity (RH) and light intensity of 500 
lmol m-2 s-1. The development and seed production of wild type and transgenic rice lines were grown in the 
greenhouse at 20-22 °C during the day and 19-21 °C at night, 40-75 %RH. The supplemental light was used 
when light intensity went below 300 lmol m-2 s-1 during 600-2200 h. 

 
Screening of promoter activity by gus assay 
To check 2x CaMV 35S promoter activity, pinII-Gus recombinant vector was constructed by inserting 

GUS gene into the ‘XhoI and BamHI’ site of pinII vector. The GUS gene was controlled by a 2x CaMV 35S 
promoter which is used to construct pinII-thaumatin recombinant vector. The T-DNA of pinII-Gus vector is 
shown in Figure 2. The pinII-Gus vector was transformed into rice calli by Agrobacterium-mediated 
transformation. The infected calli were cultured on 1/2 MS plates. For the GUS assay analysis, both pinII-Gus 
vector inserted calli and untransformed calli (wild type) were used. The samples from the putative calli were 
incubated at 37 °C for overnight in a gus solution (consisting of 50 mM NaPO4 (pH 7.0), 10 mM EDTA, 0.1% 
(v/v) triton X-100, 0.84 g/L K-Ferrocyanide, 0.66 g/L K-Ferricyanide, 0.1 g/L K-chloramphenicol and 1.0 g/L 
X-glucuronide). After incubation time, the solution was removed and calli were washed by 75% ethanol. For 
promoter activity checking, visual color was observed. 
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Figure 2. T-DNA region of pinII-GUS. GUS, GUS gene; RB, right border; LB, left border; nos-T, 
nopaline synthase terminator; PinII-T, pinII terminator; d35sP, Duel Cauliflower mosaic virus 35S 
(2xCaMV 35S) promoter; 35sP, Cauliflower mosaic virus 35S (CaMV 35S) promoter; Bar, selectable 
marker gene, basta resistant gene; pinII-GUS-35sP vector contains CaMV 35S promoter (35sP); pinII-
GUS vector contains 2XCaMV 35S promoter (d35sP) 

 
Molecular analysis 
Genomic DNA isolation 
For the isolation of genomic DNA, CTAB method was used. Briefly, samples were grinded until juice 

came out from the tissue. Then the juice was mixed with 1 mL CTAB extraction buffer (consisting of 2% 
CTAB (hexadecyl trimethyl-ammonium bromide), 1.4 M NaCl, 20 mM EDTA and 100 mM Tris-HCl, pH 
8.0). Afterwards, it was incubated for 30 min at 65 °C water bath. 30 min later, the samples were centrifuged 
at 25 °C at 12,000 rpm for 15 min. Aqueous phase was collected and transferred into new 1.5 mL tube and 
equal volume of chloroform:isoamyl was added. After centrifugation, the aqueous phase was collected in a new 
1.5 mL centrifuge tube and isopropanol was added. The samples were incubated at 4 °C for an hour and DNA 
was pelleted after centrifugation for 15 min. 70% ethanol was used to wash the pelleted DNA and the washed 
DNA was air dried. The dried DNA was suspended in sterile water supplemented with 10 mg/mL RNase and 
stored at -20 °C for further use. The relative purity and concentration of extracted DNA was estimated by 
Nano-Drop-1000 (NanoDrop Technologies, Inc. USA). 
 

Polymerase chain reaction (PCR) analysis 
The RNase treated genomic DNA samples of wild type (WT) and pinII-thaumatin T0 plant lines were 

used for PCR amplification. Reactions have a final volume of twenty μL consisting of 10 pmol forward primer, 
10 pmol reverse primer, 10x PCR buffer, dNTP, Taq polymerase, sterile H2O and DNA template. T0 
transgenic plant lines were confirmed by amplifying BAR gene (selectable marker gene). For BAR gene 
amplification conditions were: denaturation at 95 °C for 5 min, followed by 35 cycles of amplification (94 °C 
for 1 min, 55 °C for 1 min, 72 °C for 2 min), 72 °C for 7 min and holding at 4 °C. The presence of the thaumatin 
gene in transgenic lines was confirmed by PCR amplification using thaumatin gene specific primers. 
Amplification conditions were: denaturation at 95 °C for 5 min, followed by 35 cycles of amplification (94 °C 
for 1 min, 56 °C for 1 min, 72 °C for 2 min), 72 °C for 7 min and holding at 4 °C (primers are listed in Table 
1). 
 

Taqman real-time quantitative PCR (qPCR) 
For TaqMan real-time quantitative PCR analysis, LightCycler® 480 Probes Master kit (Roche) was used. 

TaqMan real-time quantitative PCR was carried out with a LightCycler® 480 machine. For this analysis, the 
reactions have a final volume of ten μL. It is consisting of following reagents: forward primer (0.5 μM), reverse 
primer (0.5 μM), LightCycler 480 Probes Master (1×), TaqMan probes (0.2 μM) and DNA template (2.5 μL) 
and the amplification conditions were: denaturation at 95 °C (10 min), followed by 50 cycles of amplification 
95 °C (10 s), 56 °C (30 s) and cooling at 40 °C (10 s). Genomic DNA samples were tested using qPCR for both 
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5' and 3' regions of the ribosomal RNA gene for selection of single copy and the method was performed 
according to Wang et al., 2015. 

 
Flanking sequence tags (FSTs) analysis 
Genomic DNA was extracted from all of T0 transgenic plants and Taqman PCR analysis was performed 

to select single copy in the transgenic lines. Later, those single copied plants genomic DNA was used for inverse 
PCR (IPCR) (for FSTs analysis). Using the FSTs, the estimated position of genome, where T-DNA was 
inserted was confirmed after matching through NCBI blast program. IPCR is a method that relies on the 
results of digestion of the genome near the inserted T-DNA by a specific restriction enzyme and in this study, 
ApeKI restriction enzyme was used. The FSTs reaction was performed for both left border (LB) and right 
border (RB) of the T-DNA to enhance the recovery efficiency of FSTs.  

In a new micro-centrifuge tube, 10 μL of plant genomic DNA was taken and ApeKI restriction enzyme 
was used to digest. For digestion of genomic DNA, the final volume was 20 μL of a mixture consisting of sterile 
water, NEB buffer, working adaptor and ApeKI in proportion. The samples were incubated at 75 °C for 3 h 
and then kept on ice. The ApeKI adapter was then ligated to the digested genomic DNA by mixing 20 μL of 
each digested DNA with 50 μL of a mixture containing sterile H2O, 10X T4 DNA ligase buffer and T4 DNA 
ligase. The samples were then incubated at 22 °C for 2 h, after which the T4 DNA ligase was inactivated by 
incubating the samples at 65 °C and this solution was kept at 4 °C until further experiment. Five μL of adapter-
ligated genomic DNA was transferred to a new tube, followed by addition of 20 μL of a mixture containing 
autoclaved H2O, Taq DNA polymerase, 10X PCR buffer, dNTPs, forward primer and reverse primer. To 
amplify the regions flanking the LB of the T-DNA insert, F1 and R1 primers were used and amplification 
condition for 36 cycles were: consisting of 1 min at 94 °C, 2 min at 58 °C, and 2 min at 72 °C. For amplification 
of the regions flanking the RB of the T-DNA insert, the F2 and R2 primers were employed and amplification 
condition for 36 cycles were: consisting of 1 min at 94 °C, 2 min at 55 °C, and 2 min at 72 °C (primers are listed 
in Table 1). 
 

Total RNA preparation and reverse transcriptase polymerase chain reaction (RT-PCR) analysis 
RNA sample was isolated from both WT (untransformed) and transgenic plant leave. The leave was 

grinded to fine powder using liquid-N2 and FavorPrepTM Plant Total RNA Mini Kit (FAVORGEN, 
Republic of Korea) was used to isolate total RNA according to the manufacturer’s instructions. In brief, the 
grinded fine powder was suspended in lysis buffer. Then the suspension was incubated at room temperature 
for 5 min and centrifuged at 18000xg for 1 min. The supernatant was collected and DNase I was added to avoid 
genomic DNA contamination. After washing and the RNA sample was eluted and stored at - 70 °C for further 
analysis. The cDNA was synthesized from total RNA using Inclone TM One-step RT-PCR kit [Hot-Taq] 
Inclone Biotech, Republic of Korea) according to the manufacturer’s instructions (primers are listed in Table 
1). 
 

Extraction and stable expression analysis of thaumatin protein by western blot 
The protein sample was extracted from both WT (untransformed) and transgenic plant leave. The leave 

was grinded with the use of extraction buffer [ consisting of 2.0M KPO4 (pH 7.8), 0.5 M 
ethylenediaminetetraacetic acid (EDTA), Triton X-100, 1.0 M dithiothreitol (DTT), 80% glycerol and H2O]. 
The liquid was collected and centrifuged at 4 °C at 15,000 rpm for 20 min. After centrifugation, the 
supernatant was collected and used for further analysis. Protein concentration was determined according to 
Bradford (1976) method using Bio-Rad protein stain with bovine serum albumin as a standard.  

The protein samples were prepared from the wild type (untransformed) as well as transgenic plant lines 
and loaded on 12.0% (w/v) SDS polyacrylamide gels (Laemmli, 1970) and electro-blotted onto PVDF 
membrane (Bio-Rad). The membrane was then incubated in blocking solution [5% (w/v) non-fat dried milk 
in TBS-T buffer (20 mM Tris-Cl, pH 7.5, 500 mM NaCl, and 0.05% Tween 20). Monoclonal ANTI-FLAG® 
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M2-Peroxidase (HRP) antibody produced in mouse (sigma, catalogue number A8592) was used as a primary 
antibody (1:1000, v/v) and Goat Anti-Rabbit IgG H&L (HRP) (abcam, catalogue number ab6721) was used 
as the secondary antibody (1:4000, v/v). The blots were then developed using the enhanced chemiluminescence 
(ECL) developing system (ATTO Corporation, Japan). 
 

Sensory analysis 
Sweetness assay (blind test) of transgenic plants developed by thaumatin gene was performed 

according to Witty and Harvey (1990) and Bartoszewski et al. (2003) with modifications. Five participants 
were asked to taste leaves samples and describe the taste. Five volunteer participants were consisting of both 
males and females (ages 22 to 60 years). None of the participants exhibited any irregularities in their sense of 
taste. All participants were randomly selected and given full disclosure of the aim of the study and their roles. 
For this assay, leave of both wild type (untransformed) and transgenic lines were used. Fresh leave samples were 
collected from green house and washed with water. Grinded to fine powder by liquid nitrogen, freeze dried the 
sample. Afterwards, sample was dissolved in water and participants were asked to taste samples and describe 
the taste. Three transgenic samples were given to participants (prepared from the transgenic lines T-10, T-11, 
T-12 and the untransformed control). The subject’s mouth was rinsed three times by drinking water after each 
test. The order of presentation of the samples was randomized and the blind taste test was repeated three times. 
 
 

Results and Discussion 
 
Screening of promoter activity by gus assay 
Promoter activity is very important for gene expression. In present study 2x CaMV 35S promoter was 

used to overexpress thaumatin gene in rice plants. To confirm the promoter activity, pinII-GUS vector was 
constructed, where GUS gene was driven by 2x CaMV 35S promoter. For GUS assay, wild type calli 
(untransformed) and pinII-GUS vector inserted calli were taken and placed into gus solution. After overnight 
incubation in the gus solution, the positive calli turned to green color. From the GUS assay result, it was found 
that, the wild type did not turn to green. But the GUS gene inserted calli turned into green color (positive 
result) (Figure 3). This result indicated that the 2x CaMV 35S promoter was working properly and perfectly. 
 

Generation and characterization of pinii-thaumatin transgenic plants 
PinII-thaumatin recombinant vector was constructed with thaumatin gene and transformed into rice 

calli by Agrobacterium-mediated transformation (Figure 4), where thaumatin gene expression was driven by 
2x CaMV 35S promoter (Figure 1). Transgenic plants containing pinII-thaumatin were generated using PPT. 
After infection of rice calli by EHA105, thirteen PPT resistant calli were regenerated (100%). 

To confirm gene insertion into rice genome, genomic DNA was isolated from thirteen T0 lines and 
PCR amplification was performed for transgene and specific gene insertion. For the confirmation of transgenic 
plants, PCR analysis was performed with thirteen T0 plants and results showed positive amplification of BAR 
gene (Figure 5A). When the PCR analysis was performed for thaumatin gene, the result revealed that all the 
thirteen lines were positive for thaumatin gene insertion (Figure 5B). Then all of those T0 transgenic lines were 
transferred into soil pot and grown for further experiments. 
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Figure 3. Analysis of GUS activity (promoter activity check by GUS assay) in callus transformed with 
Agrobacterium containing GUS reporter gene 
The wild type (WT) (untransformed) callus, pinII-GUS vector containing 2XCaMV 35S (d35sP) promoter and 
pinII-GUS-35sP vector containing CaMV 35S (35sP) promoter, respectively, culli were placed into gus solution. After 
incubation, positive result showed green color for both pinII-GUS and pinII-GUS-35sP vectors, respectively, while 

pinII-GUS (containing 2XCaMV 35S promoter) showed significantly more activity than pinII-GUS-35sP 
(containing CaMV 35S promoter). Hence, 2XCaMV 35S promoter was selected during pinII-thaumatin vector 
construction. Moreover, WT callus did not turn into green color. A; Pictures of representative callus from 
histochemical analysis of GUS assay. B; Time course changes of GUS activity in transgenic callus suspension culture. 
Data presented are means ± SD of three independent replicated experiments. 

 

 
Figure 4. Agrobacterium-mediated transformation and development of transgenic rice plants 
with thaumatin. a-b, seed sowing and callus formation; c, callus infection; d, callus formation after 
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infection; e, multi-shoot differentiation; f-g, regenerated plants in rooting medium; h, 
acclimation in soil 
 

 
 

Figure 5. Polymerase chain reaction for pinII-thaumatin 
(A) Transgenic plants confirmation by BAR gene insertion PCR. WT, wild type (untransformed); P, pinII-thaumatin 
plasmid; 1 ~ 13, T-01 ~ T-13, regenerated plant lines with pinII-thaumatin. (B) Thaumatin gene specific PCR 
amplification. WT, wild type (untransformed); P, pinII-thaumatin plasmid; 1 ~ 13, T-01 ~ T-13, regenerated plant 
lines with pinII-thaumatin. 

 
Selection of single copy transgenic lines by Taqman PCR 
The genomic DNA was isolated from the fresh leave of each of transgenic plant lines. Then the genomic 

DNA sample was used and the transgene copy numbers in the transgenic rice genomes were analyzed by 
Taqman PCR where actin gene and NOS gene probes were used. The copy number values of ten transgenic 
lines showed between 0.5 and 1.0, thus indicating single copy of transgene. From the analysis result, it was found 
that out of thirteen T0 plants, seven lines (T-02, T -06, T-07, T -09, T-10, T-11 and T-12) contained single 
copy of gene. It indicated that single copy ratio of the thaumatin gene in the rice genome was 53.8%. The 
remaining plant lines contained three or more copies of the gene (Table 2, Figure 6). 
 

Table 2. Copy number frequency of pinII-thaumatin in T0 trasnformants 

Lines 
TaqMan copy assay Single copy  

(%) 1 copy 2 copies Multi copies 

13 7 0 6 53.8 
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Figure 6. TaqMan PCR analysis of thaumatin gene for copy number assays using TaqMan probe 
for selecting single copy in T0 transgenic rice. Homo, T0 Homo; Hetero, T0 hetero; NT, 
negative control; + single copy, -, multicopy; T-01 ~ T-13, T0 transgenic lines. Each level is 
generated from the DNA template of independent T0 transgenic lines 

 
Intergenic line selection using inverse PCR (IPCR) 
FSTs analysis was made based on Thole et al. (2009) by extraction and restriction digest of genomic 

DNA followed by ligation of an adapter to the genomic DNA. Afterwards, PCR amplification of the regions 
flanking the T-DNA insert(s) using primers specific to the adapter and the T-DNA. And then PCR product 
was sequenced and sequencing result was analyzed by NCBI blastn program to identify the position of T-DNA 
in rice genome. There were seven T0 transgenic plants subjected to IPCR analysis using specific primers for 
ApeKI adapter and T-DNA primers flanking the RB and LB sites. Based on the nucleotide sequences of the 
FSTs analysis through the NCBI blastn program, it allowed selection of three intergenic lines (42.9%).  

Result suggested that the T-DNA of T-10 fell between Os03g0844450 (exosome complex component 
MTR3) and Os03g0845000 (Putative pirin-like protein) in chromosome 3 (Chr03), between Os02g0668700 
(GRAS (GAI-RGA-SCR) plant-specific transcription factor) and Os02g0669500 (Similar to H0211B05.7 
protein) genes in Chr02 for T-11, between Os03g0837900 (Streptomyces cyclase/dehydrase family protein) 
and Os03g0838500 (Peptidase S8, subtilisin-related domain containing protein) genes in Chr03 for T-12 line 
(Figure 7.). 
 

Figure 7. Identification of pinII-thaumatin insertion transgenic plants 
The genomic structures of insertion alleles were determined by FST analysis in which genes (boxes) and T-DNA of 
pinII-thaumatin are shown, respectively. Os03g0844450, exosome complex component MTR3; Os03g0845000, 
Putative pirin-like protein; Os02g0668700, GRAS (GAI-RGA-SCR) plant-specific transcription factor; 
Os02g0669500, Similar to H0211B05.7 protein; Os03g0837900, Streptomyces cyclase/dehydrase family protein; 
Os03g0838500, Peptidase S8, subtilisin-related domain containing protein. 
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RNA expression analysis by RT-PCR 
Three T0 transgenic plants (T-10, T-11 and T-12) were used in RNA expression analysis. Total RNA 

was extracted from leave of both WT (untransformed) and transgenic plants for thaumatin gene expression 
analysis. RT-PCR was performed to examine thaumatin mRNA expression levels in transgenic rice lines T-10, 
T-11 and T-12. Expression of thaumatin was confirmed in all these three transgenic lines. Such amplification 
was not observed in WT plants line (Figure 8). The RNA expression analysis result confirmed the presence of 
thaumatin gene in its transgenic lines, whereas no transcripts were detected in wild type. 

 
Figure 8. Expression analysis for thaumatin gene in transgenic lines 
Gene expression analysis by RT-PCR. Total RNA was isolated from wild type and transgenic lines. 0.3 μg of this RNA 
was amplified with gene specific primers. Rice actin gene was amplified as a loading control. WT, wild type 
(untransformed); 10, T-10; 11, T-11; 12, T-12 transgenic lines of pinII-thaumatin. 

 
 

Expression of thaumatin protein in transgenic plants 
To confirm the expression of thaumatin protein, total soluble protein was extracted from the leave of 

T0 transgenic rice lines (T-10, T-11 and T-12) and WT line and analyzed by western blot. Result showed that 
thaumatin protein was expressed in all T-10, T-11 and T-12 transgenic lines but there was no such protein 
expression in WT (untransformed) plant. The thaumatin protein expressing T0 lines were transferred to soil 
and grown in green house and T1 seeds were collected. T1 seeds were germinated in soil for analysis of the 
stability of transgene expression and inheritance. The presence and expression of the transgene in T1 seedlings 
of the transgenic lines were investigated by genomic polymerase chain reaction as well as western blot analysis 
(Figure 9). The thaumatin protein expression in the leave of the T1 generation was similar to that of the T0 
progeny. These results confirmed that the thaumatin protein is expressed as well as inherited in transgenic rice 
plants as the generations advance. 

 

 
Figure 9. Stable expression analysis for thaumatin protein in transgenic lines by western blot 

Protein sample was isolated from wild type and transgenic lines. Monoclonal ANTI-FLAG® M2-Peroxidase (HRP) 
antibody produced in mouse (sigma) was used as primary antibody and Goat Anti-Rabbit IgG H&L (HRP) (abcam) 
was as secondary antibody. Lane WT, wild type (untransformed); 10, T-10; 11, T-11; 12, T-12 transgenic lines of 
pinII-thaumatin. 

 
Sensory analysis 
The sweet tasting activity of recombinant thaumatin protein was assayed by sensory analysis using blind 

taste test of five participants. It was found that the transgenic lines developed with thaumatin had sweet tasting 
activity, while the wild type (untransformed) did not exert such activity. All five volunteer participants 
described the sweet tasting activity of leave samples from transgenic lines (developed by thaumatin) as strongly 
distinguishable from the wild type (untransformed) leave sample. These observations suggested that transgenic 
rice lines expressing thaumatin in its transgenic plant lines. 
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Consumption of high caloric food made by sugar or refined sugar can cause numerous complexities such 
as obesity and related problems like, dental caries, sleep apnoea, type II diabetes and osteoarthritis. Other side 
effects such as, brain tumors, bladder cancer, higher probability of heart diseases, even mental disorders also can 
be caused. Therefore, there was an inquest necessity of low caloric and natural alternatives to sugar which can 
be safely used in foods, beverages and medicines. Thaumatin sweet protein could be a potential alternative as 
low caloric sugar (Price et al., 1970; Assadi-Porter et al., 2000; Kant, 2005; Akter et al., 2016). But the enough 
production of thaumatin protein from its natural source (T. daniellii) is impossible as it is difficult and 
expensive to grow the T. daniellii plants other than its environment. There are many report of expression of 
thaumatin in different foreign hosts such as E. coli, B. subtilis, S. lividans, P. pastoris, S. cerevisiae, A. oryzae, A. 
niger var. awamori, fungus P. roquefortii, tomato, potato, cucumber, pear and strawberry (Baneyx, 1999; 
Bartoszewski et al., 2003; Daniell et al., 2000; Edens et al., 1982; Edens et al., 1984; Faus et al., 1996; Faus et 
al., 1997; Faus et al., 1998; Hahm and Batt, 1990; Hannig et al., 1998; Illingworth et al., 1988; Illingworth et 
al., 1989; Lebedev et al., 2002; Makrides, 1996; Masuda et al., 2004; Moralejo et al., 1999; Schestibratov and 
Dolgov, 2005; Szwacka et al., 2002; Weickmann, Blair and Wilcox, 1994; Witty, 1990). Until now there is no 
report about the transformation of this valuable natural sweetener, thaumatin, into rice plant system. In this 
study, transgenic rice plants were used for stable expression of natural sweetener, thaumatin. In our knowledge, 
it is the first-time attempt of expression of thaumatin transgene in rice line. There are many reports showed 
that transgenic plants have been developed as recombinant protein expression systems. Plant expression systems 
have different benefits: there is lack of animal pathogens, possibility of large scale production, proteins 
expression in seeds provides a natural site for the long term storage and effective production costs (Daniell et 
al., 2001; Hood and Jilka, 1999; Hood et al., 2002; Horn et al., 2004; Howard and Hood, 2005; Lamphear et 
al., 2005; Streatfield, 2007; Streatfield and Howard, 2003; Sun et al., 2007; Yoshida and Shinmyo, 2000). The 
expression of transgenic proteins in eatable crops has the specific benefit to synthesis products that can be 
directly eaten (Streatfield and Howard, 2003). 

The present study showed the genetically stable expression of thaumatin protein in transgenic rice 
plants. Furthermore, thaumatin in transgenic rice controlled by 2x CaMV 35S promoter and the purpose of 
this study was to develop a new rice cultivar with thaumatin sweet protein. The expression of transgenes in 
plant lines is influenced by the T-DNA insertion site and the transgene copy number. It also cannot be ruled 
out that the insertion of transgene loci may cause stability problems to the plant itself, if disrupting certain parts 
of the genome (Colinas et al., 2008). Therefore, in contrast to other transgenic studies, we focused on a single 
copy and intergenic locations of transgenes, starting from T0 generation in order to ensure a stable expression. 
We can conclude our outcome depending on different experiments in T0 and T1 generations such as mRNA 
expression analysis of thaumatin in transgenic rice lines as well as western blot analysis where specific antibody 
was used and result confirmed the thaumatin was stably expressed in transgenic rice lines. Moreover, the 
sweetness property of transgenic plants was checked. According to the participants, transgenic lines exerted 
sweet tasting activity. In the present study, we have shown that rice plant expression system can be used for the 
expression of thaumatin protein. Hence, transgenic plants can be considered as an alternative production 
system to increase the availability of this sweet protein. 

 
 
Conclusions 
 
Low caloric, healthy and natural sweetener is essential for everyday life because ingestion of high calorie 

food can cause various diseases. Hence, if thaumatin protein could be expressed in crop plants, it might be an 
alternative source of low caloric sweetener. In this study, it is shown that the expression of thaumatin in 
transgenic lines by selecting single and intergenic lines from thaumatin transgenic rice lines. Moreover, the 
stable expression of thaumatin was observed as generation advances. The sweet taste assay proved the sweet 
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tasting activity of transgenic lines. Finally, it could be concluded that the developed transgenic plants with 
thaumatin could be able to express thaumatin protein. 
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