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Abstract Gynosaponins (Gypenosides) are major phyto-
chemicals in Gynostemma pentaphyllum (Thunb.), with
similarities to the ginsenosides present in Panax ginseng.
Gynosaponins are classified as terpenoid compounds. In
G. pentaphyllum, 25% of the total gynosaponins are similar
to ginsenosides. In this study, we analyzed the transcrip-
tional levels of the G. pentaphyllum genome to identify
secondary metabolite genes. The complete transcriptomes
for the roots and leaves were obtained using a GS-FLX
pyro-sequencer. In total, we obtained 265,340 and all reads
were well annotated according to biological databases.
Using insilico analysis, 84% of sequence were well anno-
tated and we obtained most of the secondary metabolite
genes that represent mono-, di-, tri- and sesquiterpenoids.
From our EST, most of the terpenoid genes were noted,
among those few similar genes were studied in P. ginseng
and these transcripts will help to characterize more triter-
penoid genes in G. pentaphyllum. Also help to compare
P. ginseng and G. pentaphyllum at transcriptome level.
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Introduction

Gynostemma pentaphyllum (Thunb.) Makino is a perennial
creeping herb of the genus Gynostemma in the Cucurbit-
aceae family. Its common names include dungkulcha
(Korea), Jiaogulan (China), Amachazura (Japan), five leaf
ginseng, poor man’s ginseng, and southern ginseng (Cui
et al. 1999). Gynostemma pentaphyllum is naturally dis-
tributed in shaded and humid places like forests, mountain
valleys, wood, scrub, and stream banks. It is a medicinal
plant that reportedly has the adaptogenic nature to enhance
the ‘Yin’ and ‘Yang’ properties of the human body (Raz-
movski-Naumovski et al. 2005). In traditional Chinese
medicine, Aurvedhya and Oriental medicine in Asian
countries, G. pentaphyllum is used for treatment of infec-
tion and inflammation, heat clearing, detoxification
and relieving cough. The G. pentaphyllum species com-
plex is spread throughout Asia, including India, Nepal,
Bangladesh, Sri Lanka, Thailand, Myanmar, Korea, Japan,
Vietnam and China. There are 21 subspecies of G. penta-
phyllum throughout Asian countries, with the most in
southwestern China (Ky et al. 2010). The plant is polyploid
with variation in the number of chromosomes (2n = 22,
44, 66, 88) (Jiang et al. 2009). Wild type G. pentaphyllum
was originally found in forest environments and later, due
to consumption for medicinal products the increasing need
for plant materials, cultivation of the plant was conducted
in fields. G. pentaphyllum is harvested four times a year,
and only the aerial parts of the plant, particularly the
leaves, are used in products (Razmovski-Naumovski et al.
2005). To reduce the cost of cultivation and required
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maintenance, breeders acquire advances of plant tissue
culture to cultivate plant root material in the form of hairy
roots and adventitious roots using suspension cultures
(Chang et al. 2005). The whole plant materials are con-
sumed in the form of herbal tea, tablet, capsule, or oral
fluid or in a mixture with functional foods and other plant
materials.

Worldwide, the consumption of medicinal plants and
functional foods made of medicinal plant extracts is
increasing. Epidemiological data demonstrate that a plant-
based diet can reduce the risk of chronic disease, and
numerous clinical studies have been conducted to look at
the effects of G. pentaphyllum crude extracts and isolated
compounds on the treatment of hepatitis, hypertension,
chronic bronchitis, gastritis, cancer, Parkinson’s disease,
asthma, leukemia, apoptosis, and diabetes (Razmovski-
Naumovski et al. 2005; Huyen et al. 2010; Wang et al.
2010; Choi et al. 2010; Hsu et al. 2010; Liou et al. 2010).
In holistic medical practices, plant extracts and fresh or dry
materials from medicinal plants are commonly used to
absorb the useful phyto-chemicals to balance the fluxes in
body’s metabolism. Also, the World Health Organization
(WHO) estimates that 80% of the world’s population relies
on traditional remedies for their primary health care (Kirby
and Keasling 2009). Medicinal plants consist of number of
secondary metabolites such as saponin, non-saponin, phy-
tosterols, polysaccahrides, phenol, polyacetylenes, lignans,
aminoacids, alkaloids and minerals (Xiang et al. 2010). In
G. pentaphyllum, gypenosides (Gynosaponin) are a major
medicinal component with 100 dammarane-type glyco-
sides. Similarly, Panax ginseng, which is a well known
medicinal plant in the family Araliaceae, contains ginse-
nosides (Razmovski-Naumovski et al. 2005; Hu et al. 1996;
Yin et al. 2004a, b, 2006). Phytochemical investigations
identified dammarane-type glycosides, similar to proto-
panaxadiol-type ginsenosides (i.e., ginsenosides Rb1, Rb3,
Rc, Rd, F2, Rg3) in G. pentaphyllum. In addition, natural
norisoprenoids, which are derived from carotenoids, were
isolated from G. pentaphyllum (Zhang et al. 2010). Even
though there are additional isoforms of gypenosides and
ginsenosides, very few of the minor components such as
ginsenosides Rg3 and F2, and gypenosides XVII and
LXXV have greater efficacy in treating diseases. As a
result, scientists are trying to use microbial assays to
convert gypenosides to ginsenosides, and ginsenosides to
gypenosides (An et al. 2010; Cheng et al. 2007).

Genes that are involved in the triterpenoid pathway have
not been well-studied. In comparison to true ginseng
products, G. pentaphyllum is an inexpensive substitute
because of the wide availability of the plant resource. Even
though both plants contain similar components, they are in
different families and require different cultivation times.
For P. ginseng, it takes 4-6 years to harvest ginsenosides
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(Choi 2008), a longer and more expensive cultivation
period than that of G. pentaphyllum, which takes only
3-4 months to harvest gypenosides. Scientists also have
difficulties producing new cultivars that produce high
yields of ginsenosides, and the genes involved in the
saponin cascades remain unknown. Until now, there is no
reports on genetic or molecular studies of G. pentaphyllum.
Therefore, we performed transcriptional profiling of
G. pentaphyllum to identify the secondary metabolite genes.

In plant science, the typical approach is studying the func-
tional genome through sequencing of the transcriptome, rather
than analyzing the whole genome. Next generation sequencing
(NGS) technologies enable scientists to analyze the complete
transcriptome at minimal cost. Compared to the conventional
Sanger’s sequencing method (Brautigam and Gowik 2010),
NGS produces data for the entire transcriptome. In non-model
plants, transcriptome studies are helpful for gene discovery,
transcript quantification, marker discovery, and small RNA
discovery (Morozova et al. 2009; Brautigam and Gowik 2010).
To the best of our knowledge, this is the first study to sequence
the transcriptome of G. pentaphyllum root and leaf.

Materials and methods
Plant materials

In this study, we used 3-months-old hydroponically cul-
tured G. pentaphyllum plants harvested from Gyeryong-si,
Chungcheongnam-do, Korea. Hydroponic conditions
included a photoperiod of 16 h light and 8 h dark at 24°C
for 3 months. The transcriptome of the leaves and roots
were separately sequenced.

RNA extraction and pyrosequencing

Total mRNA was extracted using the PolyATract® (Pro-
mega) kit and then used for cDNA synthesis using the
Stratascript5.0 multi-temperature reverse transcriptase
(Stratagene) kit according to the manufacturer’s instruc-
tions. Total cDNA were subjected to sequencing on a GS
FLX sequencer (454/Roche). One segment of a sequencing
plate was used for a yield of ~ 100,000 reads. The reads
were obtained as standard flowgram format (SFF) files,
which is a suitable data format for Genome Sequence
assembler (GSassembler).

Generation of the unigene dataset

The unigene dataset contains a set of non-redundant
sequences composed of singlets and contigs. Sequence files
were produced with the SFF file, and then SFF files were
processed using the GSassembler software tool kit
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provided by Roche. A de novo assembler project was
created for the short cDNA sequence reads with default
parameters. Using sffinfo tools, we obtained singleton and
contig sequences. Low quality sequences were removed
using seqtrim (Falgueras et al. 2010). The remaining
sequences were used in the functional analysis (Fig. 1).

Gene Ontology, KEGG pathway and protein family
analysis

Blast2go (B2G) is a high-throughput sequence analysis tool.
Using B2G, unigenes were subjected to a BLASTX query
against the national center for biotechnology information
(NCBI) public non-redundant (NR) database. Based on the
BLASTX results, the sequences were putatively named using
the BLAST description annotator (BDA) tool embedded in
B2G. More collective logic models were embedded in B2G to
retrieve GOs, EC numbers, and KEGG maps. GO terms were
obtained from sequence similarity and BLAST scores
(E <= 10~%) with default parameters. Those annotations were
simplified into plant functional categories using the plant
GOslim. Interproscan embedded with B2G was used to obtain
the protein domain information for the putative sequences
(Conesa and Gotz 2008) (Fig. 1).

Results and discussion

Sequencing and assembly of ESTs

G. pentaphyllum root and leaf samples were used for our study.
mRNA was isolated from each sample and used for cDNA

library construction. The total cDNA library was sequenced
using a GS FLX sequencer (454/Roche), resulting in a total of
265,340 ESTs. All the sequences were subjected to seqtrim
with the default parameter for low quality removal (Falgueras
etal. 2010), and this resulted in a total of 245,376 ESTs. These
ESTs had an average length of 340 bp, and represented
39.7 Mb of each library. A total of 79.5 Mb sequences were
analyzed (Table 1). The 245,376 ESTs were assembled with
GSassembler to produce 21,973 contigs and 26,097 singletons,
for 48,070 unique sequences. The maximum numbers of ESTs
per contig were 802 for leaf and 752 for root. Assembled
sequences functionally annotated with blast2go. Finally, all
sequences were organized into a pentaphyllum EST database
(http://www.bioherbs.khu.ac.kr/pentaphyllum/).

Table 1 Sequence assemble and annotation reports

Description No. of ESTs
Number of reads 245,376
Number of contigs 21,973
Number of reads in contigs 219,279
Number of singletons 26,097
Sequence without blast hits 11,776
Number of sequence with >70% blast 26,671
similarity score
Average blast hits per sequence 18
Number of EST without GO 3,706
Number of sequence with EC 10,655
Number of enzyme codes 1,352
Sequence only with protein ids 3,787
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ESTs against public non-redundant databases

Homology-based functional assignment for putative
sequences was accomplished through BLASTX queries
against non-redundant databases. The parameters used in
the query were an E value of 10> or below, an HSP cut-off
of 33 and a maximum of 20 blast hits per sequence (Sat-
hiyamoorthy et al. 2010b). The BLASTX identified an
average of 18 matching sequences for 36,294 (75.5%)
ESTs with 11,776 (24.4%) remaining sequences having no
meaningful matches (Table 1). Among the matching
sequences found through the BLASTX, 86.47% were
sequences from the following plants: Vitis vinifera
(17.52%), Arabidopsis thaliana (13.31%), Oryza sativa
(11.86%), Populus trichocarpa (11.39%), Ricinus com-
munis (6.91%), Arabidopsis lyrata (6.53%), Zea mays
(5.21%), Sorghum bicolor (3.93%), Glycine max (3.14%),
Physcomitrella patens (2.39%), Picea sitchensis (1.58),
Medicago truncatula (1.24%), Nicotiana tabacum (0.57),
Solanum  lycopersicum (0.46%), Solanum tuberosum
(0.43%) and other plants (13.3%) . The above-mentioned
plants have been relatively well-studied so there are more
experimental data for them than for G. pentaphyllum.
Annotations were obtained from the BLAST description
annotator (BDA) tool from BLAST result against to NR
database. These annotations of putative sequences were
used to assist for further experimental analysis.

Functional analysis and phenylpropanoid
pathway genes

Gene functional annotation is a more difficult task for
newly sequenced non-model plants than for humans,
because the plant genome has numerous genes reflecting
adaptations to environmental factors. To simplify the
annotation process, Gene Ontology (GO) has evolved
for use in the field of functional genomics. GO has been
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invaluable in the annotation of putative transcripts and has
become a de facto standard for annotating putative genes.
GO is ideal for grouping genes into clusters based on
control vocabularies and for elucidating hierarchical rela-
tionships between gene groups. Control vocabularies are
grouped into three major categories, namely molecular
function, biological processes, and cellular components
(Sathiyamoorthy et al. 2010a, b, c; The Gene Ontology
2010). In our results, 32,588 (67.7%) of the EST sequences
mapped into one, a combination of two, and three cate-
gories. We organized these groupings in a Venn diagram
individually for roots (Fig. 2a) and leaves (Fig. 2b). The
numbers of EST sequences in the categories of cellular
compound (CC), molecular function (MF) and biological
process (BP) were 23,337 (71.6%), 27,307 (83.7%) and
22,876 (70.1%), respectively. In total, 18,884 ESTs
(57.9%) mapped to a combination of the two categories of
CC and MF, 17,533 ESTs (53.8%) mapped to CC and BP,
and 20,996 ESTs (64.4%) mapped to BP and MF. There
were 16,296 ESTs (50%) mapped to all three categories.
We used plant-GOslim to screen for plant-specific GO
vocabularies. In our results, a large number of unique
sequences were grouped under the first category of
molecular function with nucleotide binding, protein bind-
ing, kinase activity, transporter activity, etc. The second
category included biological processes with subcategories
like transport, response to stress, protein modification
process, response to abiotic stimulus, catabolic process,
and cellular component organization. The third category
included cellular compounds with subcategories of plastid,
plasma membrane, mitochondrion, cytosol, and vacuole
(Supplementary Table 1). From the GO results, ESTs
which are responses to biotic and abiotic stresses, were
putatively annotated to phenylpropanoid biosynthesis
pathway, which, including 4-coumarate: ligase/Acyl: CoA
ligase (17 ESTs), caffeic acid O-methyltransferase/catechol

O-methyltransferase (10 ESTs), trans-caffeoyl-CoA
cc
12114
09133
CF MP Sk CF
8492
13093 11909 14214
10923
B Leaves
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3-O-methyltransferase-like  protein/caffeoyl-3-O-methyl-
transferase (12 ESTs), UTP-glucose glucosyltransferase
(3 ESTs), aldehyde dehydrogenase (2 ESTs), anthranilate
N-benzoyltransferase, SNG1 (sinapoylglucose 1) serine-type
carboxypeptidase sinapoylglucose-malate/O-sinapoyltrans-
ferase (2 ESTs), cinnamoyl reductase (20 ESTs), and cin-
namyl alcohol dehydrogenase/mannitol dehydrogenase (20
ESTs). Generally, the phenylpropanoid pathway genes are
involved in responses to biotic and abiotic stresses. The
phenylpropanoid pathway produces useful polymers like
lignin, tannins, anthocyanins, flavonoids, phenylpropanoid
esters, cutin and coumarins (Ferrer et al. 2008; Vogt 2010).
The role of the phenylpropanoid pathway genes in
responses to biotic and abiotic stress is well studied in
Arabidopsis. Also, a few of these genes (cinnamyl alcohol
dehydrogenase (Pulla et al. 2009), short-chain alcohol
dehydrogenase (Kim et al. 2009), and spermidine synthase
(Parvin et al. 2010)) have been studied for their involvement in
biotic stress in P. ginseng, which has similar saponin com-
pounds to those in G. pentaphyllum. In our results, there were
15,482 (32.2%) unknown ESTs that represent G. pentaphyl-
lum-specific genes that might be involved in the gypenoside
pathway. The partially annotated 32,588 (67.7%) ESTs that
are putative/hypothetical proteins need to be functionally
characterized to see if they are involved in the gypenoside
pathway. Annotation data will guide further gene selection
and functional experiments.

Protein functional domain analysis

In our results, 11,776 (24.4%) ESTs did not have a sig-
nificant match in the non-redundant database and 3,706
(7.7%) ESTs did not map to a GO. Therefore, we attempted
functional annotations of these sequences with interpro-
scan, which is designed for protein domain homology
searches (Quevillon et al. 2005). In our interproscan
results, there were 3,787 (7.8%) sequences without blast
hits and GO were assigned with interpro ids. Our analysis
also included secondary protein database ids like PFAM
(16,429), SMART (2,916), GENE3d (9,907), PROSITE
(3,530), PROFILE (5,611), PRODOM (295), SUPER-
FAMILY (12,067), PANTHER (25,575), PIR (186),
PRINTS (2,424), TIGRFAMs (792), and SINGNALP
(10,019) to EST sequences. Most of our ESTs were puta-
tively identified as proteins and also hypothetical proteins
with unknown function. These ESTs also annotated by
interpro ids and a secondary protein database id. Most of
ESTs with functional domain for pathogenic proteins were
not mapped with GO, but were annotated with interproscan
ids (Hunter et al. 2009). Pathogen proteins were classified
into five groups based on protein domains; in our study all
classes of protein domains were found. Those domains
included serine/threonine kinases, leucine-rich repeats,

leucine zippers, coiled-coils, the toll and interleukinl
receptors, and the nucleotide binding site of the WRKY
family (McHale et al. 2006; Martin et al. 2003). Genes
found among our ESTs included pore-forming toxin-like
protein hfr-2 (IPR005830, IPR0O08998), ribosome inacti-
vating protein precursor (IPR001574, IPR016138), bet-vi
allergen family protein (IPR000916), gynostemmin-like
protein (IPR0O01574, IPR0O16138, IPR016139, IPR017988,
IPRO17989), leucine-rich repeat-containing (IPR001611),

major pollen allergen carbl isoforms 1la and 1b
(IPRO00916),  trichosanthin  precursor (IPR001574,
IPRO16138, IPR0O16139, IPRO17989), brassinosteroid

insensitive 1-associated receptor kinasel (IPR000719,
IPR001245, TPRO11009, IPR017441), wrky transcription
(IPR003657, TPR0O18872), pathogen induced protein2-4
(IPR0O06016), pathogenesis-related proteinl (IPR001283,
IPR014044), pathogenesis-related proteindb (IPR000726,
IPR0O01153, IPR009009, IPR014733, IPR018226). Among
these, some genes have been studied in P. ginseng,
including the polygalacturonase-inhibiting protein assigned
with a leucine-rich repeat (IPR001611), leucine-rich
repeat-containing N-terminal domain, type 2 (IPR013210)
(Sathiyaraj et al. 2010) and other genes like PR-10 and
PR-5 (Pulla et al. 2009; Yu et al. 2009; Pulla et al. 2010).

KEGG biochemical analysis and Terpenoid backbone
pathway genes

Biochemical analysis for our ESTs was performed using
the Kyoto Encyclopedia of Genes and Genomes (KEGG).
KEGG was created with bioinformatic algorithms and is
the most accessible database of major biochemical path-
ways (Kanehisa et al. 2004). All putative transcripts were
subjected to a KEGG database query with the BLAST
score to retrieve KEGG enzyme codes and pathway maps.
From our collection of ESTs, 10,655 sequences (22.48%)
were assigned 1382 EC numbers. From that, 799 (57.8%)
enzyme numbers were assigned to 149 unique KEGG
pathways and 587 (42%) were not assigned to any path-
ways. The KEGG pathways were in sub-categories of
carbohydrate metabolism, amino acid metabolism, energy
metabolism, lipid metabolism, and secondary metabolism.
This study focused on the gypenoside-related genes and
genes in the tri-terpenoid pathway. Terpenoids are classi-
fied into groups based on the number of carbons present in
the components. The major groups are monoterpenes
(C10), sesquiterpenes (C15), diterpenes (C20), and triter-
penes (C30). In this results, genes for all major groups of
terpenoids were present in G. pentaphyllum ESTs. Basi-
cally, terpenoids are derived from two isoprenoid pathways
in plants, which are called the terpenoid backbone path-
ways. One is the cytosol MVA pathway with the end
product of IPP; another is the plastidial DXP pathway with
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Table 2 Secondary metabolite

genes of G. pentaphyllum based Pathway Enzyme EC number ESTs
on KEGG biochemical analysis Mevalonate pathway Acetyl-CoA C-acetyltransferase EC:2.3.1.9 13
Hydroxymethylglutaryl-CoA reductase (NADPH) EC:1.1.1.34 13
Isopentenyl-diphosphate Delta-isomerase EC:5.3.3.2 9
Hydroxymethylglutaryl-CoA synthase EC:2.3.3.10 4
Phosphomevalonate kinase EC:2.74.2 4
Mevalonate kinase EC:2.7.1.36 3
Diphosphomevalonate decarboxylase EC:4.1.1.33 3
Hydroxymethylglutaryl-CoA reductase EC:1.1.1.88 1
MEP/DXOP pathway 1-Deoxy-p-xylulose-5-phosphate synthase EC:2.2.1.7 19
Farnesyltranstransferase EC:2.5.1.29 13
Geranyltranstransferase EC:2.5.1.10 10
Isopentenyl-diphosphate Delta-isomerase EC:5.3.3.2 9
4-Hydroxy-3-methylbut-2-enyl diphosphate EC:1.17.1.2 7
reductase
Dimethylallyltranstransferase EC:2.5.1.1 6
4-(cytidine 5’-diphospho)-2-C-methyl-D-erythritol EC:2.7.1.148 3
kinase
2-C-methyl-p-erythritol 2,4-cyclodiphosphate EC:4.6.1.12 3
synthase
Trans-hexaprenyltranstransferase EC:2.5.1.30 3
1-Deoxy-p-xylulose-5-phosphate reductoisomerase EC:1.1.1.267 2
Di-trans, poly-cis-decaprenylcistransferase EC:2.5.1.31 2
2-C-methyl-p-erythritol 4-phosphate EC:2.7.7.60 1
cytidylyltransferase
(E)-4-hydroxy-3-methylbut-2-enyl-diphosphate EC:1.17.1.1 1
synthase
Monoterpenoid Secologanin synthase EC:1.3.39 6
biosynthesis Myrcene synthase EC:4.2.3.15 2
(R)-limonene synthase EC:4.2.3.20 1
Diterpenoid biosynthesis ~ Gibberellin 2beta-dioxygenase EC:1.14.11.15 10
Gibberellin 3beta-dioxygenase EC:1.14.11.15 10
Taxane 13alpha-hydroxylase EC:1.14.13.77 6
Taxane 10beta-hydroxylase EC:1.14.13.76 4
10-Deacetylbaccatin III 10-O-acetyltransferase EC:2.3.1.167 3
Ent-kaurene synthase EC:4.2.3.19 3
Taxadien-5alpha-ol O-acetyltransferase EC:2.3.1.162 2
Gibberellin 2beta-dioxygenase EC:1.14.11.13 2
Taxadien-5alpha-ol O-acetyltransferase EC:2.3.1.162 2
Taxadiene Salpha-hydroxylase EC:1.14.99.37 1
Sesquiterpenoid (+)-delta-cadinene synthase EC:4.2.3.13 1
biosynthesis
Carotenoid biosynthesis Carotene 7,8-desaturase EC:1.14.99.30 7
Capsanthin/capsorubin synthase EC:5.3.99.8 6
(+)-abscisic acid 8’-hydroxylase EC:1.14.13.93 4
Zeaxanthin epoxidase EC:1.14.13.90 4
Neoxanthin synthase EC:5.3.99.9 3
Phytoene synthase EC:2.5.1.32 3
Xanthoxin dehydrogenase EC:1.1.1.288 3
9-cis-epoxycarotenoid dioxygenase EC:1.13.11.51 2
Violaxanthin de-epoxidase EC:1.10.99.3 2
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Table 2 continued Pathway Enzyme EC number ESTs
Steroid Cycloartenol synthase/beta amryin synthase EC:5.4.99.8 10

biosynthesis

Squalene monooxygenase EC:1.14.99.7 7
Sterol-4alpha-carboxylate 3-dehydrogenase EC:1.1.1.170 6
(decarboxylating)
Sterol 14-demethylase EC:1.14.13.70 5
Sterol 24-C-methyltransferase EC:2.1.1.41 5
Squalene synthase EC:2.5.1.21 4
Cycloeucalenol cycloisomerase EC:5.5.1.9 3
Deltal4-sterol reductase EC:1.3.1.70 3
Methylsterol monooxygenase EC:1.14.13.72 3
Cycloeucalenol cycloisomerase EC:5.5.1.9 3
24-Methylenesterol C-methyltransferase EC:2.1.1.143 2
7-Dehydrocholesterol reductase EC:1.3.1.21 2
Cholestenol Delta-isomerase EC:53.3.5 1

the end product of IPP and DMAPP. Both pathways are
expressed in different locations. The mevalonate pathway
enzymes are located in the cytosol, and the DXP enzymes are
found in the plastid (Kirby and Keasling 2009; Yan et al.
2005). After the IPP and DMAPP pathways, the triterpene
aglycone of ginsenoside/gypnoside, protopanaxadiol, is syn-
thesized from 2,3-oxidosqualene. All genes involved in
putative ginsenoside pathways were also present in our EST
library, so we hypothesized that these genes may be respon-
sible for gypenoside production. Few genes with a role in
ginsenoside regulation, such as squalene synthase and squa-
lene epoxidase, have been well characterized in P. ginseng
(Han et al. 2010; Ju-Sun et al. 2010). G. pentaphyllum is
polyploid, and recently ginseng scientists have reported three
squalene synthases (Kim et al. 2010). In our data, we detected
squalene synthasel-2. More isoforms were present for fatty
acid genes, P450 cytochromes and glycosyl transferases. Most
of the secondary metabolite genes present in our library along
with EST counts were shown in Table 2.

Conclusion

G. pentaphyllum is a well known traditional medicinal plantin
Asian countries and has been commercialized worldwide.
Recently, scientists are searching for the novel genes that are
involved in the terpenoid pathway. Our EST library contains
most mono-, di-, tri-, and sesquiterpenes and steroidal path-
way genes. Given the difficulties in culturing P. ginseng, and
the similarities between gypenosides and ginsenosides, the
analysis of G. pentaphyllum as an alternative to P. ginseng
may be valuable to both scientists and consumers. While the
two plants are in different families, they have the same
chemical components. G. pentaphyllum is a viable alternative
model plant for P. ginseng and is a good resource for

identifying new traits and novel genes in the gypenoside and
ginsenoside pathways. From our study, 75.5% of sequences
with BLAST hits, that to 50% of sequence includes all three
categories of Gene Ontology (GO). And those 24.4% ESTs
not find any BLAST hit but 8% of ESTs annotated protein ids.
Totally, 84% sequences were well annotated with biological
schemas. Finally relational database were developed for easy
access of the data.
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