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Abstract 
 

Mungbean has claimed its rich source of protein and premium quality of starch; however the disadvantage of 

antinutritional factor phytic acid in monogastric animals is needed to be decreased. Understanding both up- and 

down-stream of phytic acid biosynthetic pathway will be a great benefit for controlling the appropriate level 

phytic acid in legumes.  Cloning of D-myo-inositol 3-phosphate synthase (MIPS; EC 5.5.1.4) and phytase (EC 

3.1.3.26) were conducted. In this study MIPS cDNA from developing mungbean seeds was isolated by reverse 

transcriptase-PCR using consensus primers designed from highly conserved regions in other plant MIPS 

sequences. The 1,743 bp cDNA sequence contained a 1,533 bp coding sequence that could encode a protein of 

510 amino acids, whereas phytase sequence was isolated by reverse transcriptase-PCR using consensus primers 

designed from highly conserved regions in other plant phytase sequences. The partial clone of phytase was 862 

nucleotides in length and Northern analyses showed no transcript in dry seed. The phytase mRNA accumulated 

during the first hours of germination, and reached a maximum level after 24 hours, and the expression was 

diminished in young seedlings. While MIPS transcript was observed in cotyledons at the earliest developmental 

stages. Strong signals were detected in developing seed after 7 DAF and remained until 13 DAF, after which 

time it gradually decreased. This research will lead to a fine control of phytic acid by working at both ends to 

developing a high value-added mungbean in the near future.  

 

Media summary 

 

Facilitating the mungbean breeding program by studying the expressions of MIPS and phytase genes involved in 

phytic acid biosynthesis and degradation in mungbean aiming for lowering phytic acid to serve for feed industry. 
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Introduction 
 

One of several metabolic pathways arising from myo-inositol is the biosynthesis of phytic acid (myo-inositol-

1,2,3,4,5,6-hexakisphosphate; InsP6), the major storage form of phosphorus in plant seed (Loewus and Murthy 

2000). During seed development phytic acid is deposited as globoids or complex with seed storage proteins in 

protein bodies. The storage phytate is hydrolyzed by the activity of phytase enzymes during germination to 

provide inorganic phosphate and myo-inositol to the growing seedling. Although phytic acid function in 

phosphorus storage is important for the growth of seedlings but monogastric animals are unable to digest phytate 

(Simons et al., 1990) because they lack the digestive enzymes to hydrolyze phytic acid. Therefore, the 

development of cultivars with suitable seed phytate content is one of the major breeding objectives in several 

crop species. 

 

Understanding of gene regulation especially major genes involved in phytic acid biosynthesis and degradation is 

still limited. In this study, we have characterized MIPS and phytase cDNAs from developing mungbean seeds 

and studying their differential expressions during seed development. This information will be useful for assisting 

mungbean breeding program to improve mungbean with low phytate content that will be beneficial for feed 



industry of monogastric animals and, as well, for alleviating the pollution caused by farm waste contaminated 

with phosphate contents. 

 

Materials and methods 
 

 

Mungbean (Vigna  radiata (L.) Wilczek) seeds were grown in pot under natural light condition. The mungbean 

flowers were tagged at anthesis and their capsules were harvested at every 2-day intervals from 5 days after 

flowering (DAF) until seed maturation. Other materials (leaves, stem and roots) were obtained from middle-aged 

mungbean plants. These materials were immediately frozen in liquid nitrogen and kept at -80
�
C until further use. 

The MIPS and phytase-encoding genes were isolated by reverse transcription–PCR (RT–PCR) method, and the 

transcript levels were examined using Northern blot analysis during seed development as well as in other organs. 

The numbers of the cloned MIPS and phytase genes in the genome of Vigna radiata were determined by 

Southern blot analyses. 

 

 

Results and discussion 
 

isolation and analysis of MIPS1 cDNA 

 

A MIPS cDNA (VrMIPS1) was isolated from developing mungbean seeds using reverse transcriptase (RT) PCR. 

The 1,743 bp cDNA sequence contained a 1,533 bp coding sequence that could encode a protein of 510 amino 

acids. The deduced amino acid sequences were used to compare the amino acid composition of VrMIPS1 

polypeptide to those of other plant MIPS. The analysis revealed a high degree of sequence identity showed 95-

89% with dicotyledonous species and 88-86% with monocotyledonous species (Fig. 1). In addition, the 

phylogenetic tree constructed on the basis of multiple alignments of MIPS amino acid also showed clear 

segregation of these MIPS into dicotyledonous and monocotyledonous. 

 

The VrMIPS1 polypeptide contains four highly conserved motifs: GWGGNNG (domain 1), LWTANTERY 

(domain 2), NGSPQNTFVPGL (domain 3) and SYNHLGNNDG (domain 4) which are essential for MIPS 

functions such as GWGGNNG (domain 1) the binding of cofactor NAD
+
 and catalysis of the reaction 

(Majumder et al., 1997; Bachhawat and Mande, 1999). 

 

 
 

Fig. 1. Phylogenetic analysis of aligned amino acid sequences deduced from VrMIPS1 cDNA and other 

MIPS gene. To estimate phylogenetic relationships from the deduced amino acid sequences, a bootstrap 

majority-rule consensus tree was generated after 1000 cycles of bootstrap replicates the Neighbor-Joining 

method (Saitou and Nei 1987) of the MEGA 4 software program (Tamura et al., 2007). The numbers on 

the lines denote frequency of occurrence of bootstrapping.  

 

genomic southern analysis 

100

86

72

100

100

72

97

99

61

51

                  Identity (%) 

Vigna radiata  (ABW 99093)                    100 

Phaseolus vulgaris (CAH 68559) 95 

Glycine max (AAK 72098.1) 95 

Medicago sativa (ABO 77439.1) 90 

Passiflora sativa (ABF 51620.1) 89 

Nicotina paniculata (Q9SSV4) 91 

Nicotina tabacum (Q9LW96) 91 

Sesamum indicum (Q9FYV1) 91 

Triticum aestivum (Q9S7UO) 88 

Avana sativa (BAB40956.1) 87 

Hordeum vulgare (O 65195.1) 86 

Zea may (AAG 40328.1)  87 

Xerophyta viscosa (AAP 85531.1) 87 

Oryza sativa (BAA 25729.1) 87 

Dicotyledonous 

Monocotyledonous 
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Southern blot analysis was conducted to determine the VrMIPS1 sequence copy number in the mungbean 

genome. Genomic DNA isolated from developing mungbean seeds (7 DAF) was digested with BamHI, EcoRI, 

SalI, XbalI and probed with the 942 bp internal fragment from the VrMIPS1 gene. Digestion with BamHI, SalI 

and XbalI produced one DNA fragment, where as EcoRI digested genomic DNA displayed three fragments (Fig. 

2). The results suggest that at least 3 copies of VrMIPS1 gene are present in the mungbean genome.  

  
 

Fig. 2. Southern hybridization analysis of mungbean genomic DNA digested with the restriction enzymes 

BamHI, EcoRI, SalI and XbalI. The membrane was probed with the 942 bp internal fragment from the 

VrMIPS1 gene and DNA size markers are indicated at the left side 
 

differential expression of VrMIPS1 cDNA in mungbean 

 

Northern-blot analyses were carried out to determine the expression of the VrMIPS1 cDNA in different 

mungbean organs and various stages of seed development. The results in Fig. 4 show that the VrMIPS1 

transcript accumulates in stem, root, and developing seed, whereas slight signal could be observed in leaves. The 

VrMIPS1 transcript was also observed in the earliest developmental stages analyzed. The highest transcript 

levels of VrMIPS1 were observed at 9 DAF. As development progressed, VrMIPS1 transcript levels decreased to 

nearly not detectable at 15 DAF.  

 

 

  

 
 

Fig. 3. Differential transcription of the VrMIPS1 during seed development and different organs.               

(A) Transcription patterns of the VrMIPS1 gene in developing mungbean seeds from 5 DAF to maturity 

(M).               

(B) Transcription patterns of the VrMIPS1 gene in leaves  (L), stem (S) and root (R) of mungbean. 

 

isolation and characterization of phytase cDNA 

 

A partial phytase cDNA of 862 bp was isolated from cotyledons of germinating mungbean seeds and submited 

into the NCBI Genbank database as the accession number EU195296. Alignment of the deduced amino acid 
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sequence revealed an approximately 62% identity with Medicago truncatula phytase as well as 60% identify 

with Glycine max phytase and Oryza sativa phytase.  

 

Phytase transcript appeared during the 12 hours of germination at 25°C, reached its highest level within 24 hr, 

and then decreased progressively from hours 48 to 72. Only a very slight hybridization was observed with 

mRNA from leaves and phytase transcript was undetected in total RNA from dry seeds or root. 

 

Southern blot analysis was performed to determine the complexity of the mungbean phytase gene. Genomic 

DNA was digested with BamHI, EcoRI and HindIII and probed with partial sequence of phytase gene. Only one 

strongly hybridized band in each digest was observed, indicating that a single gene encoding the phytase is 

present in the mungbean genome. 

 

Conclusion 

 

The MIPS gene, VrMIPS1, was isolated from developing mungbean seeds. Southern blot analysis indicated that 

at least 1–3 copies of VrMIPS1 in the mungbean genome. It shares the highest homology with MIPS from 

Phaseolus vulgaris. Expression of the VrMIPS1 was found in stem, root, developing seed and VrMIPS1 

transcript was observed in cotyledons at the earliest developmental stages. The down regulation of VrMIPS1, 

especially in young seed tissues will be further investigated. 

 

Northern-blot analyses indicated that no phytase transcript was present in dry seed. The mRNA accumulated 

during the first hour in cotyledons of germinated mungbean, to reach a maximum after 24 hours, after which 

time it gradually decreased. The copy number of this gene was determined using Southern analysis indicated that 

phytase is a single copy gene in the mungbean genome. 
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