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Abstract 
Centella asiatica (L.) is one of the most valuable medicinal plants since pre-
historic times. The pharmaceutical importance of this herb is due to the 
accumulation of large quantities of pentacyclic triterpenoid saponins, col-
lectively known as centelloids synthesized by the isoprenoid biosynthesis 
pathway. Biosynthesis of triterpenoid in the plants proceeds via either of 
the two pathways, viz. Mevalonate (MVA) pathway (in the cytosol) or 
2-C-methyl-D-erythritol 4-phosphate (MEP) pathway (in plastid). In Centel-
la, the pathway leading to the accumulation of triterpenoid is still not known 
or elucidated. Thus, to know whether the MVA or MEP pathway or a 
cross-talk between the pathway leads to the biosynthesis of triterpenoid, si-
lencing the key regulatory gene using RNAi tool, of each of the pathway and 
then analyze a metabolite is an efficient approach. The key regulatory enzyme 
of the MVA pathway i.e. 3-Hydroxy-3-methylglutaryl-coenzyme A reductase 
(HMGR) has already been successfully silenced using RNAi tool [1]. In the 
present study, the 1-deoxy-D-xylulose-5-phosphate reductoisomerase (DXR) 
a key regulatory enzyme in MEP pathway is silenced. The RNAi-DXR con-
struct in pHANNIBAL vector was cloned into a binary vector pART27 and 
subsequently transformed into Agrobacterium strain AGL1. The transient 
analysis of the RNAi-CaDXR using semi-quantitative RT-PCR confirmed the 
silencing of the endogenous DXR gene in Nicotiana and further confirmed in 
Centella asiatica. The present study is the first step aimed to delineate the 
MEP pathway using RNAi silencing approach to elucidate its role in the ac-
cumulation of triterpenoid in this important medicinal plant. 
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1. Introduction 

Centella asiatica (L.) Urban is a herbaceous medicinal plant from Apiaceae fam-
ily native to Southeast Asian countries such as India, Sri Lanka, China, Indone-
sia, and Malaysia as well as South Africa and Madagascar [2]. Available literature 
reveals that this herb has been used since time immemorial in Ayurvedic and 
Chinese traditional medicines [3]. Moreover, Centella is also listed as a drug in 
the Indian Herbal Pharmacopoeia, the German Homeopathic Pharmacopoeia 
(GHP), the European Pharmacopoeia, and the Pharmacopoeia of the People’s 
Republic of China [4] [5] [6] [7]. However, due to continuous cultivation and 
exploitation, the wild stock of this plant has been markedly depleted due to in-
sufficient replenishment so this herb is listed as threatened plant species by the 
International Union for Conservation of Nature and Natural Resources (IUCN), 
and also marked as an endangered species [8] [9] [10]. The medicinal impor-
tance of this herb is due to the accumulation of large quantities of pentacyclic 
triterpenoids saponins, collectively known as centelloids [6] which are produced 
via. isoprenoid pathway [11]. Biosynthesis of triterpenoid in most of the plants 
proceeds via either of the two pathways, viz. Mevalonate (MVA) pathway (in the 
cytosol) or 2-C-methyl-D erythritol 4-phosphate (MEP) pathway (in plastid). In 
Centella, the pathway leading to the accumulation of triterpenoid is still not 
known so many promising tools to up-regulate the key components that 
couldn’t be applied to the crop. Among many, RNAi an efficient tool to knock 
down a gene [12] can be definitely applied to suppress the key regulatory gene in 
both MVA and MEP pathway and thereby analyzing the accumulation of meta-
bolite which shall provide us with knowledge of the pathway which is responsi-
ble for the synthesis of the key compound. The key regulatory enzyme of the 
MVA pathway i.e. 3-Hydroxy-3-methylglutaryl-coenzyme A reductase (HMGR) 
has already been successfully silenced using RNAi tool [1]. In the present study, 
1-deoxy-d-xylulose 5-phosphate reductoisomerase (DXR) (EC1.1.1.267), the key 
enzyme that regulates MEP pathway [13] [14] is being silenced. Silencing the key 
regulatory enzyme of both the pathway and analyzing the metabolite shall shed 
light on the knowledge of the pathway which leads to the synthesis of key me-
tabolite. The complete gene sequence of DXR from Centella plant has already 
been submitted in NCBI (JQ965955). We have already completed in silico cha-
racterization and differential expression analysis of DXR gene. The study re-
vealed that it contained a 1425 bp ORF encoding a peptide of 474 amino acids. 
Semi-quantitative RT PCR results revealed that DXR is differentially expressed 
in various tissues with the highest expression in node followed by leaf, stem and 
root tissue. The present study is the first step aimed at knock-down DXR, a key 
regulatory enzyme of the MEP pathway and further confirmation through tran-
sient analysis.  

2. Materials and Methods 

Centella asiatica plants were collected from botanical garden of Assam Agricul-
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tural University (AAU), Jorhat, Assam, India and grown in pots using recom-
mended agronomic practices. Centella plants were grown in the moist, sandy 
loam soil and moist humid weather of Assam is very suitable for the growth of 
this medicinal perennial plant. The Pots containing Centella plants were placed 
in the greenhouse where the temperature was maintained at 30˚C ± 2˚C and 
watered regularly. The tender leaves (0.1 gm) were collected from Centella plants 
and pulverized in luquid nitrogen and the total RNA was isolated using TRizol 
reagent (Invitrogen life technologies). Total RNA integrity was assessed by elec-
trophoresis in 0.8% agarose gel using tris-borate EDTA (TBE) buffer at 5 V/cm 
for 3 h. RNA yield and quality was determined using Nano Drop spectrophoto-
meter (NanoDrop1000, Thermo-scientific) by measuring absorbance at 260 nm 
& 230 nm. 

2.1. Designing of CaDXR-RNAi Primers and Amplification of Sense  
and Antisense Strands 

In the present study, pHANNIBAL hpRNAi vector was used for cloning sense 
and anti-sense strands specific to DXR gene. Centella DXR ((GenBank accession 
number: JQ965955) gene sequence was retrieved from NCBI and primers were 
designed using GENE RUNNER software (http://www.generunner.net/) to am-
plify 273 nts of both sense and anti-sense strands specific to DXR. The forward 
and reverse primer for amplification of the sense strand was designed by adding 
5’ XhoI and EcoRI restriction enzyme site. Similarly, the forward and reverse 
primer for amplification of the antisense strand was designed by adding the 5’ 
flanking sequence of HindIII and BamHI restriction site (Table 1). The Prime 
Script First Strand cDNA Synthesis Kit (Takara, Japan) was used to synthesize 
the first strand cDNA from the total RNA (2 μg/ul). Using 1st cDNA as a tem-
plate and gene-specific primers (Bioserve, India) the target DXR gene was am-
plified. The PCR was performed in 20 ul mixture containing 1st strand cDNA as 
template 1X Taq polymerase buffer (Thermo Scientific, US), 1U Taq polymerase 
(Thermo Scientific, US), 10 pm both forward and reverse primers (Bioserve, In-
dia) and 5 mmol dNTP mixture (Thermo Scientific, US) were subjected to PCR 
in Gene Amp Thermo Cycler (Applied Biosystems) and programmed with initial 
denaturation at 94˚C for 3 min followed by 30 cycles of 94˚C for 30 sec, 55˚C for 
30 sec, 72˚C for 1.30 sec and a final extension of 72˚C for 1.30 sec. 
 
Table 1. List of CaDXR RNAi primer pair. 

Primers 
Forward Sequence (5’-3’) 

(FDXRNAi) 
Reverse Sequence (5’-3’) 

(RDXRNAi) 
Annealing 

Temperature 

Sense 
strand 

GCCTCGAGAAGTTATTGAAG
CTCACTATCT(Xho1) 

ACGAATTCGCATAGAGGGT
ACTTCACATT (EcoRI) 

55˚C for 30 
seconds 

Anti-sense 
strand 

ACGGATCCAAGTTATTGAAG
CTCACTATCT (BamH1) 

TTAAGCTTGCATAGAAGGGT
ACTTCACATT (HindIII) 

55˚C for 30 
seconds 

https://doi.org/10.4236/ajps.2020.1111124
http://www.generunner.net/


R. Sharma et al. 
 

 

DOI: 10.4236/ajps.2020.1111124 1726 American Journal of Plant Sciences 
 

2.2. Restriction Digestion and Purification of PCR Product  
(Sense and Antisense Insert) 

PCR products were subjected to double digestion with restriction enzymes Xho1 
and EcoRI (Thermo scientific) 10 U/ul for digestion of sense fragment and Hin-
dIII and BamHI (Thermo scientific) 10 U/ul concentration for antisense frag-
ment. The reaction was incubated at 37˚C for 1.30 hours. Digested products 
were checked in 1% Agarose gel and size was confirmed by 100 bp ladder (step 
up, Thermo scientific). Sense and antisense products of size 273 bp were purified 
by Gen Elute Gel Extraction Kit (Sigma, USA) according to manufactures in-
structions.  

2.3. Cloning of Sense and Anti-Sense Strands into  
pHANNIBAL Vector  

The PCR amplified and purified products were then directionally cloned into 
pHANNIBAL-RNAi vector, in which T-DNA includes a selectable marker gene 
and a strong promoter (CaMV35S) upstream of a pair of multiple cloning sites 
flanking an intron. This structure allows one to clone sense and antisense copies 
of a gene of interest, separated by the intron. Ligation reactions were carried out 
to incorporate sense and antisense strand into multiple cloning sites of the RNAi 
vector pHANNIBAL. The ligation mixture contained ~200 ng vector, ~600 ng 
insert, 10× Ligase buffer, 1 unit of T4 DNA Ligase; sterile distilled water was 
added finally to adjust the final volume to 10 μl. Ligation reactions for cohesive 
ends were incubated at 16˚C overnight. The ligation mixture was transformed 
into E. coli DH5α cells by using the heat shock method. And transformants were 
selected on LB plates containing ampicillin.  

2.4. Confirmation of Recombinant Clones by Colony PCR and  
Restriction Digestion 

The colony PCR was carried out to observe for the presence of the recombinant 
plasmids in transformed bacterial colonies wherein amplification of the inserted 
DNA was done using specific primers. A single isolated colony was picked up 
with a sterile toothpick and transferred to a micro centrifuge tube containing 50 
μl double distilled water the individual transformants were lysed in H2O with 
short heating (100˚C) step that causes the release of the plasmid DNA from the 
cell, so it can serve as the template for the amplification reaction. Primers de-
signed (Table 1) to specifically target the sense insert DNA was used to deter-
mine if the construct contains the DNA fragment of interest. The PCR profile 
used was same as mentioned above. 

Further confirmation of the colony PCR positive clones was done by double- 
digestion of the recombinant pHANNIBAL vector with Recombinant pHAN-
NIBAL vector were double-digested with different combinations of restriction 
enzymes (XhoI, EcoRI; BamHI, HindIII) to confirm the size, orientation and lo-
cation of the inserts and finally digested with NotI restriction enzyme for con-
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firmation of the presence of the RNAi cassettes. 

2.5. Cloning of Recombinant pHANNIBAL Vector in the pART27  
Binary Vector 

The pART27 binary vector was first digested with the NotI restriction enzyme. 
The RNAi cassette in the pHANNIBAL vector was released by digesting with 
the same restriction enzyme i.e. NotI. Then the binary vector was treated with 
calf alkaline phosphatase (CIP) to prevent self-ligation. CaDXR-RNAi construct 
(Figure 1) was cloned into the Not I site of binary vector pART27 using T4 
DNA ligase and transformed into E. coli strain DH5α. Insertion of the insert in-
to pART27 binary vector disrupts the expression of the lacZα, thus blue 
(non-recombinant) and white colonies (Recombinant) were observed upon 
transformation. The plasmid from the recombinant white colonies was isolated 
and the size of the insert was determined by digestion of the recombinant plas-
mid with restriction enzymes (XhoI, EcoRI, and BamHI, HindIII). 

2.6. Transient Expression Analysis of DXR-RNAi Construct in  
Nicotiana tabacum and Centella asiatica 

Binary vector pART27 with RNAi cassette was electroporated into Agrobacte-
rium strain AGL1 by using Bio-Rad Micro Pulse System. Agrobacterium cells 
were spread on solid LB medium containing Spectinomycin (100 mg/l) and ri-
fampicin (20 μg/ml) and incubated at 28˚C for 3 days. The transient expression 
analysis of RNAi-DXR in Nicotiana tabacum and Centella (Figure 2) was car-
ried out by the Agro infiltration method as described by [15]. Before infiltration, 
a small incision was made at the site of infiltration using a sterile toothpick to 
enhance the efficiency of infiltration. Infiltration was performed with 5 ml sy-
ringe by simply pressing the syringe (no needle) on the underside of the leaf and 
exerts a counter-pressure with the finger on the other side. Successful infiltration 
is often observed as a spreading “wetting” area in the leaf. The first three leaves 
counting from the top of 6-week old Nicotiana and Centella plants was used for 
infiltration of transformed A. tumefaciens strains and infiltrated into the under-
side of the leaves of both the plants to determine the sub cellular location of the 
protein [16]. After infiltration, the plants were moved back to the growth room 
and allowed to grow at 21˚C, 14 h light and 10 h dark to monitor the protein ex-
pression after 4, 6 and 8 days post infiltration (dpi). 
 

 
Figure 1. Centella DXR RNAi construct with sense and antisense DXR sequence flanking 
a pdk intron under the control of CaMV35S promoter and OCS terminator. 
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Figure 2. Agro infiltration for transient expression analysis in tobacco & centella. 

2.7. Expression of DXR-RNAi Construct Using Semi-Quantitative  
RT-PCR 

Total RNA was isolated from control (no agro infiltration) and the agro infil-
trated leaves at the interval of 4 days, 6 days and 8 days from both Nicotiana and 
Centella plants. Semi-quantitative PCR was performed by using one-step reverse 
transcription polymerase chain reaction (RT-PCR) kit (Qiagen, Germany) with 
the DXR specific primer and Ubiquitin 10 primer (Forward  
5’TGGTCAGTAATCAGCCAGTTTGG3’ and Reverse  
5’GCACCACAAATACTTGACGAACAG3’) was used as loading control. First 
strand synthesis was carried out at 50˚C for 30 minutes and second strand syn-
thesis was carried out at an annealing temperature of 55˚C for 30 seconds and 30 
cycles. At the end of the run, the reaction mixture was loaded on 1% agarose gel 
and viewed under gel documentation system. 

3. Results and Discussion 
3.1. Designing of DXR-RNAi Construct 

In many medicinal plants, the metabolic pathway responsible for the accumula-
tion of the key metabolites and its regulation is still in its infancy. And prior 
knowledge of the pathway which causes accumulation of the secondary metabo-
lite in medicinal plant Centella and their regulation is an important prerequisite 
before any molecular intervention is done.  

In the present study, total RNA was isolated from tender leaves of the Centella 
plant grown in pots by Trizol reagent. Centella being medicinal plant its tissues 
are a rich source of secondary metabolites and polyphenols which tends to 
co-precipitate with the RNA so isolation of good quality RNA from this plant 
tissues is troublesome [17]. Therefore, along with Trizol reagent β ME and PVP 
are added to the homogenized buffer. Denaturing agarose gel electrophoresis of 
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isolated RNA samples showed a clear, distinct and intact band of 28S and 18S. 
A260/A280 ratio also clearly indicates good the quality of the isolated RNA and 
the approximate yield was found to be 3.8 μg/μl. Thus, the RNA isolated was as-
sured to be of high quality and purity as evidenced by nanodrop reading as well 
as gel analysis, hence should be amenable to further downstream applications.  

The analysis of gene function by systematic mRNA ablation by RNA interfe-
rence (RNAi) has been a very viable option especially in scenarios where genetic 
knockout or any other reverse genetics approaches are not available. The appli-
cation of RNAi technology has been a transforming event in biological research 
and it has become an essential tool for the functional analysis of genes and to in-
crease the key metabolite by suppressing the expression of the deleterious gene. 
RNAi silencing mechanism has been studied in various medicinal plants to ex-
plain the metabolic pathway responsible for the synthesis of important second-
ary metabolites. In the medicinal plant, the California poppy RNAi approach 
was used to block the activity of the berberine bridge enzyme (BBE) which led to 
the accumulation of (S)-reticuline, which is an important intermediate in the 
biosynthesis of isoquinoline alkaloid [18]. However, previous efforts to accumu-
late reticuline in this medicinal plant using the antisense RNA approach were 
not successful [19] [20]. The first committed step in the synthesis of ginseno-
sides (triterpenoid saponins) a key pharmaceutical ingredient was catalyzed by 
the gene encoding oxidosqualene cyclase enzyme in the medicinal plant ginseng 
[21]. They could provide this evidence by silencing the oxidosqualene cyclase 
gene through RNAi technology hence they found up to ~85% reduction in ginse-
noside production in roots. A neurotoxin called β-oxalylaminoalanine-L-alanine 
(BOAA) [22] is found in a leguminous crop called Lathyrus sativus and on 
consuming this vegetable people suffered from a paralytic disease called, la-
thyrism. RNAi technology to silence the gene(s) responsible for the production 
of BOAA was also reported [23]. Based on these studies in our study also we 
tried to knock down the key regulatory gene DXR of MEP pathway to under-
stand the regulatory role played by this enzyme in the accumulation of sec-
ondary metabolites.  

In the present study, the pHANNIBAL RNAi vector was used to directionally 
clone PCR products of 273 bp (Figure 3) from Ca-DXR gene to be easily con-
verted into a highly effective hpRNA silencing construct. The vector pHAN-
NIBAL was designed so that sense and antisense PCR fragments could be in-
serted in the sense polylinker site (XhoI and EcoRI) and in the antisense (Hin-
dIII and BamHI) polylinker site of the vector respectively. The ligated products 
were immediately used for the transformation of E. coli DH5α competent cell 
via. heat shock method. The size of the inserts (sense and antisense) and ligation 
was confirmed by restriction digestion of the recombinant pHANNIBAL vector. 
Restriction digestion with sense restriction enzymes (XhoI and EcoRI) and anti-
sense restriction enzymes (BamHI and HindIII) confirmed the release of 273 bp 
fragments in 1% agarose gel (Figure 4). In plants, several approaches have been  
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Figure 3. Electrophoretic pattern representing of PCR amplified 
sense and anti sense strand using DXR specific primers of centella. 

 

 
Figure 4. Electrophoretic pattern representing digestion of recombinant pHANNIBAL 
vector containing sense and antisense fragment with different restriction enzymes. 
 
used to produce double-stranded RNA (dsRNA). At the beginning dsRNA was 
accomplished by transforming plants with sense and antisense RNA construct 
separately. And later on, plants were crossed to produce dsRNA. The hpRNAi 
comprise of an inversely repeated sequence of the target gene (with the spacer 
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region between the repeats) and this region is flanked by a promoter and a ter-
minator. A hairpin structure is formed when the RNA is transcribed from such a 
transgene as a result of self hybridization. Hence a single-stranded loop region is 
formed which comprise of the spacer region and the stem region encoded by 
base paired inverted repeats. The siRNA is synthesized from the whole length of 
the stem but few or none are produced from the loop [24]. In various plants 
hpRNA construct containing sense and antisense arm ranging from 98 - 853 
nucleotide gave efficient silencing of the target gene. And it was also found that 
the presence of an intron increased silencing in ihpRNA constructs to 90% - 
100%. Hence, RNAi induced silencing of the gene was much higher than ob-
tained using either co-suppression or anti-sense constructs [25]. 

It has been demonstrated that almost 100% of the plants transformed with an 
intron-containing hairpin construct showed silencing [26]. So, RNAi cassettes 
are constructed by using an intron spacer. In the present study, the pHANNIB-
AL RNAi vector was used to directionally clone PCR products from Centella 
DXR gene to be easily converted into a highly effective hpRNA silencing con-
struct 

3.2. Cloning of Hp RNAi Construct in the pART27 Binary Vector 

The recombinant pHANNIBAL vector, as well as the pART27 binary vector, was 
digested with NotI restriction enzyme (Figure 5). The digestion of pHANNIBAL 
vector at NotI site results in the release of ~3.6 kb RNAi-CaDXR gene cassette. 
This gene cassette was sub cloned in the NotI site of the binary vector pART27 
and successfully transformed in the DH5α strain of the E. coli. The transformed  
 

 
Figure 5. Electrophoretic pattern representing of pART27 binary 
vector and pHANNIBAL vector with DXR RNAi construct di-
gested with NotI restriction enzyme. 
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culture was placed on LB plates containing spectinomycin/IPTG/X-Gal plates 
for blue-white screening (Figure 6). Recombinant clones were digested with dif-
ferent enzymes to confirm the presence of sense and antisense inserts fragments 
(273 bp) (Figure 7).  

3.3. Transient Expression Analysis of Ca-DXR RNAi Construct in  
Nicotiana tabacum and Centella asiatica 

Agrobacterium competent cells are prepared by two methods depending upon 
the choice of transformation method used i.e. freeze-thaw method and electro-
poration. Though the freeze-thaw method of transformation is simple and can  
 

 
Figure 6. DH5α E. coli strain transformed with pART27 vec-
tor having pHANNIBAL DXR RNAi construct. (a) White co-
lonies represent recombinant; (b) Blue colonies represents 
non-recombinant. 

 

 
Figure 7. Electrophoretic pattern representing of recombinant 
pART27 binary vector with DXR RNAi construct digested 
with different restriction enzymes. 
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be easily performed in the lab while electroporation method requires Electropo-
rator (an instrument which uses electrical voltage to introduce pores in the cell 
membrane) which makes the method expensive but transformation efficiency is 
more in the electroporation method than in the freeze-thaw method [27]. Thus, 
in the present study electroporation was used as a method of choice. In the 
present study, the positive pART27 with RNAi-DXR construct was electropo-
rated into Agrobacterium Agl1 electro-competent cell. The electroporated mix-
ture was spread on LB agar plates having spectinomycin for selection of con-
struct and rifampicin as selection for Agrobacterium. After 48 hrs of incubation 
under 28˚C, colonies were seen in the transformed plate and no colonies were 
seen in the control plate.  

Transient expression assays provide a rapid and convenient tool for basic re-
search in plant biology. They have been developed for gene function studies [28] 
[29] and have also proved helpful for assessing the activity of gene constructs 
before undertaking stable transformation [30]. Agrobacterium-mediated tran-
sient expression systems are roughly divided into two methods, namely agroin-
filtration using a needleless syringe (syringe infiltration) and vacuum infiltration 
[31] [32]. In syringe infiltration, an Agrobacterium suspension is infiltrated into 
the abaxial side of the leaves using a needleless syringe. Using this method, the 
ability of various constructs can be accessed on the same leaf simultaneously. 
However, recombinant protein accumulation is markedly influenced by leaf age 
as well as its position [33]. Agro infiltration has been demonstrated to be effec-
tive for transient expression in many plant species including tobacco [34], gra-
pevine [35], lettuce, tomato, Arabidopsis [36], switchgrass [37], radish, pea, lu-
pine, and flax [38]. Therefore, based on these earlier reports in our study also the 
hpRNAi construct was inoculated in Nicotiana and Centella plant by using sy-
ringe Agro infiltration method. The gene construct was first tested in Nicotiana 
tabacum leaves because it is amenable to genetic transformation, can yield high 
amounts of biomass rapidly, and is a prolific seed producer for scale-up produc-
tion [39]. 

In the present investigation, the gene construct was first tested in Nicotiana 
tabacum leaves. Careful infiltration was done in the two independent leaves of 
the same tobacco plant whereas an uninfiltrated tobacco leaf of other plant was 
taken as positive control. Successful infiltration was observed by wetting area of 
the leaf.  

3.4. Expression of RNAi Construct Analyzed Using  
Semi-Quantitative RT-PCR 

Semi-quantitative RT-PCR was used to confirm the suppression of the DXR 
RNAi gene construct in the tobacco leaf tissues around the infiltration zone. The 
DXR transcript was significantly reduced compared with the controls (Figure 
8(a) and Figure 8(b)). Reduction of the DXR transcript was generally observed 
4 days post infiltration (dpi) and persisted until 8 dpi. Partial reduction of the 
DXR transcript was observed after 4 days of infiltration. However, the reduction  
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Figure 8. Electrophoretic pattern representing Semi-quantitative 
RT-PCR analysis of transient silencing of DXR gene in two inde-
pendent Tobacco leaves ((a) and (b)). lane1-Control, lane2-4 
days post infiltration, lane3-6 days post infiltration , lane4-8 days 
post infiltration. 

 

 
Figure 9. Electrophoretic pattern representing Semi-quantitative 
RT-PCR analysis of transient silencing of the DXR gene in two 
independent Centella leaves ((a) and (b)). lane1-Control, lane2-4 
days post infiltration, lane3-6 days post infiltration, lane4-8 days 
post infiltration. 

 
in the transcript increased as much as 90% - 99% after 8 days of infiltration. our 
results are in accordance with the previous finding in tobacco and potato that 
the production of siRNAs for the target gene in the infiltrated zones started as 
early as 4 days post infiltration and reached a peak abundance by day 8 [40] [41].  

After confirmation that the Ca-RNAi construct was working in Tobacco plant 
then we agroinfiltrated two independent leaves of Centella also as way as done in 
tobacco and RT-PCR was carried out using the DXR specific primers to check 
the silencing suppression of DXR specific mRNA. RT-PCR results in Centella 
revealed very less expression of DXR transcript after 4 days and no expression of 
endogenous DXR in the leaves after 8 days but strong expression of DXR (273 
bp) in the control plant was evident (Figure 9(a) and Figure 9(b)). Thus, the 
RT-PCR result revealed, that introduction of the sRNA specific to DXR gene in 
Centella asiatica limits the transcript level of endogenous DXR by activating the 
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sequence-specific RNA degradation process. 

4. Conclusion 

In the present study, we have successfully designed the DXR RNAi hairpin con-
struct and cloned it into a pART27 binary vector for plant transformation. Hen-
ceforth, the transient analysis revealed that the DXR gene is knocked down in 
agro infiltrated Centella and tobacco plant as evidenced by semi-quantitative RT 
PCR results. To date, a large number of plant genes encoding DXR have been 
cloned and characterized. The DXR gene provides the basis for increasing ter-
penoid production by genetic engineering approach. Therefore, the present 
study will be helpful to understand the triterpenoid saponins i.e., centelloids 
biosynthesis in Centella asiatica and the RNAi knockdown approach by target-
ing the key regulatory gene 1-deoxy-D-xylulose-5-phosphate reductoisomerase 
(DXR) of the MEP pathway shall serve as a benchmark to elucidate triterpenoid 
biosynthesis pathway in Centella asiatica. 
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Abbreviation 

Ca-DXR: Centella asiatica 1-deoxy-D-xylulose-5-phosphate reductoisomerase  
NCBI: National Centre for Biotechnology Information 
RT-PCR: Real-time Polymerase Chain Reaction 
Ca-RNAi: Centella asiatica RNA interference 
IUCN: International Union for Conservation of Nature and Natural Resources 
hpRNA: Hairpin RNA 
cDNA: Complementary DNA 
MEP pathway: 2-C-methyl-D-erythritol 4-phosphate MEP pathway 
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