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Abstract
Plants are a tremendous source for the discovery of new products of medicinal value for drug development. Today several distinct chemicals derived from plants are important drugs currently used in one or more countries in the world. Many of the drugs sold today are simple synthetic modifications or copies of the naturally obtained substances. The evolving commercial importance of secondary metabolites has in recent years resulted in a great interest in secondary metabolism, particularly in the possibility of altering the production of bioactive plant metabolites by means of Plant Biotechnology or Green Gene technology and tissue or  cells culture technology. Plant Biotechnology is possible tool for both studying and producing plant secondary metabolites which is called Molecular farming. Different strategies, using Plant Molecular farming system, have been extensively studied to improve the production of plant chemicals. The development of genetically transformed plant tissue cultures and mainly of roots transformed by Agrobacterium rhizogenes (hairy roots), is a key step in the use of in vitro cultures for the production of secondary metabolites. 
Hairy roots are able to grow fast without phytohormones, and to produce the metabolites of inserted genes. The conditions of transformation (nature and age of the explants, bacterial strain, bacterial density, and the protocol of infection) deeply influence the frequency of the transformation events as well as the growth and productivity of the hairy roots. Then optimization of the culture parameters (medium constituents, elicitation by biotic or abiotic stress) may enhance the capability of the hairy roots to grow fast and to produce valuable compounds.
The focus of the present paper  is the review of Hairy roots production of Plant Transformation and tissue culture technology for the production of some important plant pharmaceuticals. Also will explain the recent results in our research of Transgenic Plant with good hairy roots formation and high Catechin in Theobroma cacao and in Eucaria Gambir. So far, There is no report concerning gene transfer by Agrobacterium rhizogenes and Hairy roots induction in both plants. 
Keywords :  Molecular Farming,, Review Hairy Roots A. rhizogenese, Secondary Metabolite Catechin, T.cacao,  Eucaria gambir.
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Introduction
Green Gene Technology, Molecular Farming for Producing Pharmaceutical Products
Green gene technology or gene transfer in plant by Agrobacterium rhizogenese now becaming useful techniq for molecular farming for pharmaceutical uses. The use of plants as medicines is a very ancient story and a traditional medical practice in all the passed civilisations (Alfermann et al. 1995; Cragg et al. 1997; Balunas et al. 2005). Natural products and in particular plant metabolites are still extensively used for therapeutic applications, and it was evaluated that between 1981 and 2002, 28% of the 868 new chemical entities were natural products or derived from natural products, with another 24% created around a pharmacophore from a natural product (Balunas et al. 2005; Georgiev et al. 2007). In the early years of the twenty-first century, plants are economically important pharmaceuticals and essential for human health. Examples of important drugs obtained from plants are, morphine and codeine from Papaver somniferum, vincristrine and vinblastine from Catharanthus roseus, digoxin from Digitalis lanata (Hong et al. 2006), and quinine and quinidine from Cinchona spp. Natural products have played a major role in lead discovery, mainly in the following areas: oncology, cardiovascular and metabolic diseases, and immuno suppression. It has been estimated that between 1981 and 2002, 60% of anti-cancer drugs and 75% of anti-infectious drugs already on the market or under clinical trial were of natural origin (Guillon et al. 2006b). The antimalarial artemisinin, isolated from Artemisia annua L. is effective against multidrug resistant strains of Plasmodium, and a lead compound for the discovery of new antimalarial drugs (Yue-Zhong, 1998; Wang et al. 2006). Several clinically useful anti-cancer agents are plant products or their close derivatives: vinblastine, irinotecan, topotecan, etoposide, and paclitaxel (Lam, 2007). Huperzine A and galantamine (galanthamine) acting as acetylcholinesterase inhibitors have been approved for the treatment of Alzheimer’s disease and other neurodegenerative pathologies (Raves et al. 1997). Recently in our laboratory also some success in Plant transformation in producing in T.cacao and Eucaria gambir. Futher study to increase the product under investigation (Sumaryati et al. 2009).
 

The obtention of medicinal compounds from extraction of wild or cultivated plants can be limited by various problems: plants difficult to cultivate, risk of extinction for over exploited plants, and geopolitical problems, among other causes (Zupan et al. 1997). To try to overcome these problems, many attempts were made during the last decades to evaluate the possibility of producing medicinal compounds by in vitro plant cell and organ cultures (Srivastava, et al. 2007). However, in most cases, the compounds were undetectable or were accumulated at low levels in the cultures. Several strategies such as screening and selection of high producing cell lines, cell immobilization, elicitation, and culture of differentiated tissues were developed. In each case problems were encountered and results did not allow the development of an economically valuable commercialization of the biotechnologically produced compounds (Georgiev, et al. 2007).
 
At the present time, the more precise knowledge about A. rhizogenes transformation of plant material as well as about hairy roots and their biotechnological use for the production of pharmaceutical products offer new prospects ( Sumaryati et al).

Strains Infection and The Induction of Hairy Roots 
 
In the hairy roots disease, the infectious process by A. rhizogenes wild strains is characterized by the following four steps: 1) chimiotactism induced movement of agrobacteria towards the plant cells; 2) binding of the bacteria to the surface components of the cell wall; 3) activation of the virulence (vir) genes, and 4) transfer and integration of the transfer-DNA (T-DNA) into the plant genome (Gelvin et al. 2000). The genetic information allowing this infection process is mainly contained in the Ri plasmid (pRi) carried by the bacteria. In the pRi, the vir region concentrates 6 to 8 genes involved in the DNA transfer. The right and left T-DNA regions (TR-DNA and TL -DNA) of the pRi, which are delimited by their border sequences, are the regions that are transferred to the plant.

 

Within the TR section, loci involved in auxin biosynthesis are transferred to the plant genome, thus increasing the auxin level of the transformants. Other genes of the TR section are responsible of the synthesis of opines which are unusual amino acid sugar derivatives used by the bacteria for their feeding (Bonhomme 2000b ).

 
The wild A. rhizogenes strains, many of which have been used to produce hairy roots from medicinal plants, can be classified by their opine type. Agropine strains (A4, 15834, 1855, LBA 9402) induce agropine, mannopine and agropinic acid production while the mannopine strains (8196) and the cucumopine (Hong SB et al. 2006) strains induce the production of one single opine. Agropine strains pRi transfer independently both the TL -DNA and TR –DNA to the plant genome, while mannopine strains only transfer the TL –DNA. This pRi region contains the four rol genes A, B, C and D (Petersen et al. 1989) which enhance the auxin and cytokinin susceptibility of plant cells and are responsible for the formation of roots by transformed tissues (Verpoorte et al. 2002). The hairy root phenotype is mainly due to the rol genes (A, B, C and D), and in particular the rolB gene, though hairy roots could also be obtained after transformation of Atropa belladonna, with the rolC gene alone (  Bonhomme et al. 2000b). The choice of a bacterial strain is very important since some plants are very resistant to infection (monocots are for example harder to transform with Agrobacterium than dicotyledonous plants). Moreover, bacterial strains are more or less virulent according to the plant species. The mechanism of Agrobacterium infection and Transformation as explain as folowing:
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 Fig.1: The mechanism of Infection and Transformation of Agrobacterium in Plant
In Fig 1, there is 7 step mechanisms of Plant transformation by Agrobacterium, after plant infect by soil bacteria Agrobacterium, Plant will wounded and produce plant chemical acetosyringone. The Chemical Acetosyringone will activates the virulence gene in Ri Plasmid of Agrobacterium. The Vir protein synthesize ss T-DNA and with T-DNA transfer protein will transfer in to plant chromosome, and integration with plant chromosome. In this situation plant cells will synthesize plant growth hormones cytokinin and auxin, and important chemical for plant cells devence mechanism such as opines. The Opines then will metabolized by Agrobacterium. 
In several experiments acetosyringone was used to activate the virulence genes of Agrobacterium, and to enhance the transfer of foreign genes into the plant genome (S   G ; T; K). The optimal concentration of acetosyringone varies from one experiment to another. For the transformation of Torenia fournieri, low concentrations of this compound (10-30 µM) enhanced the transformation, but at the higher ones did not significantly increase the transformation frequency. For Nicotiana tabacum or P. Somniferum, the acetosyringone concentrations used varied between 50 and 150 µM.

Besides the use of wild strains, genetically engineered bacterial strains with modified pRi or disarmed Agrobacterium tumefaciens with a plasmid containing rol genes together or separately have been also employed for the transformation. This technique opened a wide field of applications in the regulation of biosynthetic pathways and bioconversions; however, plant transgenesis is still a discussed subject which encounters a strong opposition of the public opinion, more specifically in European countries.
 

Infection Conditions of The Plant Material 
 
Several protocols have been used for the infection of plant material by A. rhizogenes. However, the success of the transformation depends on various parameters such as the species and the age of the plant tissue, with the younger ones being in general more sensitive to bacterial infection. The bacterial strain used and the density of the bacterial suspension are also influential ( Sumaryati et al. 2009). The most commonly used explants for infection are young tissues of sterile plantlets, hypocotyl segments, cotyledons, petioles and young leaves. The contact between bacteria and plant cells can be induced by direct injection of the bacterial suspension into the plantlet or by immersion of the plant tissues in the bacterial suspension. 

The duration of the plant - bacterium contact during the inoculation and the co-cultivation are parameters that can be optimized. The average co-cultivation duration is about two or three days. After that, the explants must be transferred to a solid medium containing an antibiotic to eliminate the bacteria. Cefotaxime (250-500 mg L-1) and Timentin (200-300 mg L-1) are often used to eliminate the bacteria. The explants are then transferred onto a solid hormone-free medium in the dark at 20-25°C, and the first roots appear after a few weeks (usually 1 to 4). The roots are then transferred to erlenmeyer flasks containing liquid phytohormones-free medium. The typical transformed root phenotype is a highly branched root covered with a mass of tiny root hairs and these cultures do not require phytohormones. Concerning the growth rate, the average doubling time of hairy root lines is around 2-3 days (Sumaryati et al.2009).
T-DNA Integration
The putatively transformed roots are usually analyzed to check for T-DNA integration. Opine analysis using paper electrophoresis on root extracts is one of the techniques used to confirm the transgenic nature of the roots. Another alternative is the use of reporter genes. In this area, the use of binary vectors has proven useful for assessing the gene transfer to the plant genome, and following the long term stability of this transfer using selection or marker genes. Selection genes can be antibiotic –resistance genes such as nptII or hpt coding for neomycin phosphotransferase or hygromycin –phosphotransferase, respectively, expressed only in the transformed tissues. A study on Astragalus sinicus and Glycine max using feedback-insensitive anthranilate synthase (ASA2) cDNA isolated from a 5-methyl tryptophan (5MT)-resistant tobacco cell line showed that hairy roots transformed with a 35s-asa2 construct could be directly selected using 20–75 µM 5MT. PCR and Southern-blotting of rol genes is also another way to confirm T-DNA integration into the plant genome (Petersen et al. 1989). 

 

The infection conditions are of capital importance and the choice of the Agrobacterium strain is a first-rate parameter. The strain virulence has strong repercussions on the transformed material properties (morphology, growth rate, and metabolite level). The A. rhizogenes strain LBA 9402 has showed stronger infective ability on Rheum palmatum while A. rhizogenes strain R1601 generated a faster growing clone. In this paper, like often reported, the secondary metabolite content and composition varied significantly between clones (Alfermann et al. 1995). The T-DNA integration into the plant genome which can be linked to the bacterial strain and the number of transferred copies has consequences on the growth and secondary metabolism of the transformed roots. 

 

Effect of Medium Components On Growth And Metabolite Accumulation
 
The hairy roots growth rate is generally high, but great variations exist from one line to another. Mean doubling time after inoculation ranges from 24 to 90 h , but sometimes it is much longer. As an example, the doubling time of Galphimia glauca hairy roots was 6 days (Nader et al. 2006). Optimization of the medium composition may sometimes increase the growth rate of the roots and/or the yield of accumulated metabolites. The use of modified culture media is generally required. These modifications involve changes in sugars, nitrogen, and phosphorous sources. The effect of nitrate and ammonium concentrations on growth and alkaloid accumulation of A. belladonna hairy roots was studied (Bensaddek et al. 2001). An increase of ammonium concentration in the culture medium resulted in lowering the growth rate while an increase of the nitrate concentration had a deleterious effect on the alkaloid biosynthesis and accumulation. The highest biomass and alkaloid yields were obtained with reduced levels of both nitrogen sources. The results obtained by Sivakumar and collaborators with ginseng hairy roots suggest that mineral elements are an important regulatory factor of growth and biomass (Sivakumar et al. 2005; Yu et al. 2006). The highest biomass was obtained when 1-5 mg L-1  ABA  was  supplied in the medium,  while 0.5-1 mg L-1 2-isopentenyladenine inhibited root growth but stimulated the production of artemisinin more than 2-fold. 
Elicitation
The use of biotic or abiotic stress on tissue cultures has been shown to have an effect on the secondary metabolite accumulation (Sumaryati et al. 1991). The elicitation procedure consists in treating the cultures with a physical or a chemical agent that will cause phytoalexin production leading to defence mechanisms in the plant cells. The eliciting agents are classified in two large categories: abiotic elicitors (physical, mineral and chemical factors), and biotic elicitors which are factors of plant or pathogen origin ( Sumaryati et al. 1991). As the secondary metabolites are generally produced in nature as a defence mechanism against pathogenic and insect attack, elicitation is often used to enhance their in vitro accumulation levels. Elicitation is mainly used when the hairy root cultures have reached their stationary phase, usually around 2-3 weeks after inoculation. There are many recent examples combining hairy root culture and elicitation treatments, some of which involving the production of pharmacologically-active terpene-derived compounds.
 
Abiotic elicitors such as NiSO4 (20 µM), selenium (0.5 mM), and NaCl (0.1%) supplemented in transformed root cultures of P. ginseng, increased the saponin content 1.15-1.33 times compared to controls. Catechin also increase 3 times when MS medium containing NaCl (0.1-0.5) % were implemented (Sumaryati et al. 1991). Sodium acetate (10.2 mM), added for 24 h to the culture medium of Arachis hypogaea (peanut) hairy roots, lead to a 60-fold induction and secretion of trans-resveratrol into the culture medium. Sorbitol added as an osmoticum had a dramatic effect on tanshinone yield in Salvia miltiorrhiza Bunge hairy roots: that yield was increased 4.5-fold as compared to the control (Wang et al.2006 ). 
 
Human cholinesterases can be used as a bioscavenger of organophosphate toxins used as pesticides and chemical warfare nerve agents. The practicality of this approach depends on the availability of the human enzymes, but because of inherent supply and regulatory constraints, a suitable production system is yet to be identified (Raves et al. 1997).

Acetylcholinesterase-expressing hairy root cultures had a slower growth rate, reached to the stationary phase faster and grew to lower maximal densities as compared to wild type control cultures. Acetylcholinesterase accumulated to levels of up to 3.3% of total soluble protein, ~3 fold higher than the expression level observed in the parental plant. The results support the feasibility of using plant organ cultures as a successful alternative to traditional transgenic plant and mammalian cell culture technologies (Raves et al. 1997). The transgenic plants that accumulate recombinant human AChE-RER to commercially viable levels. demonstrate that the enzyme can be efficiently produced in hairy root cultures derived from those transgenic plants, that it can be readily purified and that it is 'biosimilar', i.e. biochemically and functionally equivalent to its transgenic plant-derived counterpart with respect to substrate hydrolysis, OP binding and pharmacokinetics. It is anticipated, but yet to be demonstrated, that the hairy root enzyme can provide similar protection to OP challenged enzymes. Thus organ cultures can provide both the high level of expression achieved with transgenic plants, with the additional containment and uniformity coming from contained clonal propagation in well-defined culture medium and conditions (Nader  et al. 2006).
Polifenol Catehin

Three diffrent varieties of T.cacao embryos, namely varieties of (Criollo, Forestero or Trinitario), and also  have better and quick respond of hairy root formation. The antioxidant content of catechin in hairy roots is higher. The  conformation of Ri plasmid T-DNA in some transform roots showing the band of TL region at 780 bp and TR at 1600 bp using DNA Ladder as standard ( Sumaryati et al. 2009). The results shows that all varieties of T.cacao (Criollo, Trinitario and Farestero) can induce hairy root formation after 6 to 7 days after infected (see fig.2). But the T.cacao Trinitario was the earliest hairy root formation. All T.cacao varieties can produce hairy root, as percentages of 100 %, with 9 treatments and 3 repeated experiments. The antioxidant catechin content by Agrobacterium induced a significant increase ( 10 times) in transform roots of T.cacao, compared to non transform T.cacao. Emazingly shoot induction was also obtained and  produce whole plants (Sumaryati et al.2009).

The conformation of plasmid Ri T-DNA of hairy roots some transformants analyses by PCR methods. The primers rol B1 (52ATGGATCCCAAATTGCTTCCCCCACGA32) and  rol B2 (53TTAGG CTTTCATTCGGGTTTACTGCAGC 33) was used. For TR-DNA the primes used is TRI (53GGAAATTGTGGCGTTGTTGTGGAC3’) and  TR2 (5’ AATCGTTCAGAGAGCGTCCGA AGTT 3’). PCR analysis of DNA electroforesis shows the band of TL region at 780 bp and TR at 1600 bp using DNA Ladder as standard (Sumaryati et al. 2009).
PCR Reaction
Polymerase chain reaction (PCR) DNA from transformed roots was extracted using the Dneasy Plant Mini Kit (Qiagen ). To verify that the transformed root clones studied were not contaminated by the Agrobacteria, The conformation of plasmid Ri T-DNA of hairy roots some transformants analyses by PCR methods. The primers rol B1 (52ATGGATCCCAAATTGCTTCCCCCACGA32) and  rol B2 (53TTAGG CTTTCATTCGGGTTTACTGCAGC 33) was used. For TR-DNA the primes used is TRI (53GGAAATTGTGGCGTTGTTGTGGAC3’) and  TR2 (5’ AATCGTTCAGAGAGCGTCCGA AGTT 3’). PCR analysis of DNA electroforesis shows the band of TL region at 780 bp and TR at 1600 bp using DNA Ladder as standard (Sumaryati et al. 2009). All the root clones analysed for the presence of the rol and aux genes were previously proved to be free of bacteria. The PCR mixture consisted of 5 ng of plant DNA, 2·5 µL of 10X Taq buffer, 1·5 µL of 25 mM MgCl2, 1·0 µL of 5 mM dNTP, 1·25 units of Taq DNA polymerase and 1 µL from each 10 pmol primer, in a final volume of 25 µL. Three independent PCR analyses were performed for each hairy root clone with a PTC-100TM thermocycler. For DNA amplification, samples were heated to 94 °C for 5 min, followed by 29 cycles at 94 °C for 30 s, 56 °C for 30 s, 72 °C for 1 min and then 56 °C for 10 min. The amplified products were separated by electrophoresis on 1·5 % agarose gels stained with 0·5 mg L–1 ethidium bromide in 0·5X TAE (Tris-acetate/EDTA electrophoresis buffer) and visualized by fluorescence under UV light. 
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Infection 

period(min)

Co-cultivation period Percentage of 

response

Number of roots per 

explant

5 48 73.5  1.07 8

10 48 68.3  1.90 10

15 48 60.0 2.16 20

20 48 54.6 1,77 13

25 48 48.2 1.65 12

Fig 1: (A) Early Hairy roots formation of Leaves Eucaria gambir (B) The 

highest  Root Formation

Tabel 1: Percentages of response and Hairy root Induction of Eucaria  gambir 
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The result shows in fig 1, above explain the hairy roots formation of Eucaria gambir,which several number of hairy roots, This investigation is the first report so far concerning A.rhizogenese transformation in Eucaria gambir and in T cacao  (Sumaryati et al.2009).The number of hairy roots is highest about (20) per explants after infected in 15 minute as compared to others period of time see Tabel 1.
Fig. 2. Hairy roots formation of T.cacao in different varieties and non transform
Non transform embryo T.cacao (b) Hairy root transformed embryo 
(a) T.cacao Criollo; (c) Hairy roots transformed embryo T.cacao Forestero
(b) and (d) Hairy roots transformed embryo T.cacao Trinitario

In fig 2, explain that the early hairy roots formation (2-3 days) observed in three different cacao varieties grown in west Sumatra.This response of hairy roots explain that the cacao embryos have good explants to use for this system of transformation.
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Fig (3-1).  Amplification of  TL-DNA fragment of hairy roots transformant and non transform of T.cacao  by A.rhizogenes strain LBA  9457. (a) Plasmid A. rhizogenes  (primer rol B), (b) hairy roots  transformant T.cacao Criollo rinitario (primer rol B), (c)  hairy roots transforman T.cacao trinitario (primer rol B),(d)dan (e) non transform T.cacao (f) Marker 1 kb DNA Ladder.

Fig  (3-2). Amplification of TR-DNA fragment of hairy roots transformant and non transform of T.cacao by A.rhizogenes LBA 9457. Marker 1 kb DNA Ladder,(b) Plasmid A. Rhizogenes strain  LBA 9457 (primer TR), (c) hairy root of T.cacao transforman Trinitario (primer TR), (d) hairy roots  T.cacao Criollo (primer TR), (e) hairy root of T.cacao transforman forestero (primer TR), (f) dan (g) Non Transform (primer TR).






FIG. 4. Different phenotypes of cacao hairy root clones in comparison with non-transformed roots (control). (A) hairy root clone T.cacao Trinitario showing a high growth rate and a large percentage of branched fine roots; (B) non-transformed root clone (C1, control); (C) hairy root clone with low growth rate and small percentage of branched fine roots; (D) hairy root clone exhibiting a normal phenotype with a large percentage of branched fine roots and an intermediate growth rate. Scale bar = 10 mm.
Discussion
The method of plant transformation by using Agrobacterium rhizogenese is possible methods to develop molecular farming machine in producing secondary metabolite in plants. Using the optimal culture conditions for cacao hairy root proliferation described above has resulted for the first time success in hairy root cultures and numerous transformed roots.  The availability of a significant number of established hairy root clones was an opportunity to study the possibility of hairy roots  mediated by A. Rhizogenes transformation and to define the morphological stability  that might an efficient method to produce pharmalogical compounds. all varieties of T.cacao namely, Criollo, Trinitario and Forestero can induce hairy root formation after 6 to 7 days infected. But the T.cacao hybrid (Trinitario), was the earliest hairy root formation. All T.cacao varieties can produce hairy root, as percentages of 100 %, with 9 treatments and 3 repeated experiments. The antioxidant catechin content by Agrobacterium induced a significant increase ( 10 times) in transform roots of T.cacao, compared to non transform T.cacao subsequently,  0.5% and 0.05% . In Eucaria gambir the highest concentration of catechin in transformant is 1%.
Abundant lateral branching has often been mentioned as one of the most typical traits within the altered phenotype of hairy roots. Cacao hairy roots showed a higher degree of lateral branching than non-transformed roots. the majority of hairy root clones displayed a growth intensity (expressed by root length). Fast growth of hairy roots has often been reported in the literature; nevertheless, that difference remains slight when compared with other species( Sumaryati et al. 2009 ).
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2. The early response of T.cacao hairy roots





3.T-DNA Conformation in Hairy root of T.cacao Transformants





4. Hairy roots Phenotypes of T.cacao








�Fig 1 diatas sudah ada,


Pada fig 1 ada fig 1 dan table1 . Ini sebenarnya fig atau table. Karma pada gambar terdapat juga table. Serta tidak ada keterkaitan dengan teks. Dan pada fig1 terdapat tulisan gambir sementara pada teks di atas tidak membicarakan ttg gambir 


Perhatian


Lihat kata kunci ada gambir.baca dg teliti, ini review


Ini pd fig 1 itu gambar, pada table %  hasilnya


�Fig 2 juga tidak ada keterkaitan dengan teks yang dituliskan di atas


Baca yg baik,Lihat  text makalah saya merahkan !


�Fig 4 tidak ada keterkaitan dengan , Perhatikan ini bentuk phenotypicnya hairy root harus mengerti transformasi gen.
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RESULTS: 1. Hairy roots of Eucaria gambir

		Infection period(min)		Co-cultivation period		Percentage of response		Number of roots per explant

		5		48		73.5 ± 1.07		8

		10		48		68.3 ± 1.90		10

		15		48		60.0±2.16		20

		20		48		54.6±1,77		13

		25		48		48.2±1.65		12



Fig 1:	(A) Early Hairy roots formation of Leaves Eucaria gambir (B) The highest 	Root Formation

Tabel 1: Percentages of response and Hairy root Induction of Eucaria 	gambir 
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