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Expressed sequence tags from rhizomes of Glycyrrhiza uralensis
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Abstract Glycyrrhiza uralensis (Leguminosae, Fabaceae) is the most important medicinal plant used as a natural
sweetener, in Chinese herbal medicines, and as a tobacco flavoring agent. Here, we report the generation of 56,857
expressed sequence tags (ESTs) derived from two full-length cDNA libraries produced from rhizomes (stolons) of two
strains of G. uralensis, together with differential expression data obtained by MegasortTM analysis. The MegasortTM analysis
was performed using two plant organs, namely, thickened roots and a rhizome-like organ, which differed in their
glycyrrhizin content. After clustering of the 5-end of ESTs, 5,542 contigs and 4,932 singletons were generated. A total of
10,474 nonredundant sequences were annotated on the basis of the TAIR database, of which 7,905 (75.5%) sequences
exhibited homology to the sequences of registered genes. The gene functions of these 7,905 sequences were classified into
Biological Process and Molecular Function on the basis of Gene Ontology (GO).
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Licorice is the dried roots and rhizomes (stolons)
of Glycyrrhiza uralensis, G. glabra, and G. inflata—
leguminous plants native to northern Asia, the Middle
East, and southern Europe. The use of licorice dates back
thousands of years, and it is widely used as a crude drug,
a natural sweetener for foods, and a flavoring agent for
American tobacco. In Japan, although G. uralensis
has been traditionally used to produce a crude drug
(Shibata et al. 2003), there are no cultivars or selected
strains, and the actual supply of licorice depends on
imported materials from China, Russia, Afghanistan, and
other countries. The major ingredients of licorice are
glycyrrhizin—an oleanane-type triterpenoid saponin—and
various flavonoids, particularly liquiritin, isoliquiritin, and
their aglycones. To isolate the genes involved in the
biosynthesis pathways of secondary metabolites of
licorice, we analyzed expressed sequence tags (ESTs)
derived from cDNA libraries of G. uralensis.
Glycyrrhizin is accumulated predominantly in
underground organs (rhizomes and thickened roots) of
several Glycyrrhiza species. Our extensive chemical
This article can be found at http://www.jspcmb.jp/

analyses of aboveground organs (leaves, stems, and
flowers), however, failed to detect any traces of
glycyrrhizin. These observations strongly suggest that
rhizome and root tissue are the sites of glycyrrhizin
biosynthesis for both accumulation and storage.
Two full-length cDNA libraries were constructed
independently from the rhizomes of 6- to 7-year-old
field-grown G. uralensis plants, each cultivated in
different areas in Japan. The rhizomes of “Hokkaidoiryodai” strain cultivated in Nayoro, Hokkaido prefecture,
were harvested in May, while those of “Kanzo-yashiki”
strain cultivated in Tsukuba, Ibaraki prefecture, were
harvested in October. The construction of each cDNA
library from these two sources was carried out from
mRNA following the vector-capping protocol (Kato et al.
2005) of Hitachi Instruments Service Co., Ltd. (Tokyo,
Japan) by using the vector pGCAPzf3 (Tsugane et al.
2005) or the oligo-capping protocol (Maruyama et al.
1994; Suzuki et al. 1997) of Toyobo Co., Ltd. (Osaka,
Japan) by using the vector pCMVFL3 (Invitrogen,
Carlsbad, CA, USA). The average insertion length of the
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“Hokkaido-iryodai” cDNA library and the “Kanzoyashiki” cDNA library was 1.5 and 1.2 kb, respectively.
Approximately 30,000 or 26,000 sequences were isolated
from each cDNA library. Sequencing of the 5-end of
each clone was performed on an automatic DNA
sequencer (ABI Prism 3700 or ABI Prism 3730XL,
Applied Biosystems, Foster City, USA) by using a
BigDye Terminator Cycle Sequencing kit (Applied
Biosystems).
The genes involved in secondary metabolism are
usually expressed at a low level compared to those
involved in primary metabolism. To isolate rare
transcripts, MegasortTM analysis was performed at
Takara Bio, Inc. (Otsu, Shiga) as described earlier
(Brenner et al. 2000). Two samples differing in
glycyrrhizin content, namely, thickened roots cultured in
a pot for six months and a rhizome/stolon-like organ
cultured in vitro (Kojoma et al. 2005), were used as
mRNA sources. The glycyrrhizin content of the
thickened roots and the rhizome-like organ was 0.24% of
dry weight and trace, respectively. After competitive
hybridization, the beads corresponding to high- and/or
low-expressed genes were sorted with a cell sorter. A
total of 400 beads corresponding to upregulated genes
and 200 beads corresponding to downregulated genes
were obtained, and the 5- end of each clone was
sequenced. Finally, we added 454 5-end sequences (272
upregulated genes and 182 downregulated genes)
obtained by the MegasortTM analysis to the ESTs
obtained from two cDNA libraries described above. The
complete set of ESTs has been submitted to DNA Data
Bank of Japan (DDBJ).
The 56,857 sequences derived from the two cDNA
libraries and the MegasortTM analysis were assembled
into independent clusters by the following process.
Vector-derived and ambiguous sequences were eliminated
using a combination of the PHRED program (Ewing
et al. 1998) and Cross_match software (http://www.
phrap.org). Clustering of the resulting EST dataset was
performed using the CAP3 sequence assembly program
(Huang et al. 1999). Finally, 10,474 unique sequences
longer than 200 nt were obtained and compared using the
BlastX program with an E-value threshold of 1105
against the TAIR8 database provided by The Arabidopsis
Information Resource (TAIR, http://www.arabidopsis.
org/). Of the 10,474 unique sequences, 7,905 (75.5%)
sequences showed homology to those of registered genes
in the TAIR8 database, and the remaining 2,569
sequences had no significant matches. To obtain an
overview of gene functions within the ESTs, the
annotated 7,905 sequences were categorized according
to Gene Ontology (GO) on the basis of AGI codes
and TAIR GO slim provided by TAIR. The latest file
was downloaded from the ftp site ftp://ftp.arabidopsis.
org/home/tair/Ontologies/Gene_Ontology/ATH_GO_

GOSLIM.txt on September 2, 2008. The annotation
counts and relative frequencies of GO functional
categories are summarized as pie charts of Biological
Process and Molecular Function (Figure 1). With regard
to Biological Process and Molecular Function, the
relative frequencies of annotation numbers of each
functional category were compared with those of
Arabidopsis thaliana. No significant difference was
observed in the relative frequencies of GO hits between
the two plant species (Figure 2). Recently, the genome
sequences and chromosomal structure of Lotus
japonicus, a leguminous plant, has been revealed (Sato et
al. 2008). The genome information of the model legume
will provide important knowledge for the gene discovery
and genetic improvement of Glycyrrhiza species.
Glycyrrhizin, a major bioactive component of licorice,
belongs to the family of triterpenoid saponin. Three
genes, namely, two genes encoding squalene synthase
homologs (Hayashi et al. 1999) and one gene encoding
b -amyrin synthase (Hayashi et al. 2001) involved in the
early stage of glycyrrhizin biosynthesis, were isolated
from G. glabra. However, no genes involved in
the subsequent steps of the conversion of b -amyrin
to glycyrrhizin have been isolated. Recently, a new
cytochrome P450 monooxygenase (P450) gene, namely,
CYP88D6, encoding a b -amyrin 11-oxidase involved in
the late stage of glycyrrhizin biosynthesis, was isolated
by transcript profiling-based selection from our ESTs
(Seki et al. 2008). Fifty-four P450s were found in the
ESTs by keyword search of the annotations in the TAIR8

Figure 1. Gene ontology classification of the Glycyrrhiza uralensis
ESTs. (A) Biological process, (B) Molecular function.
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Figure 2. Comparison of GO classification frequencies between the
Glycyrrhiza uralensis ESTs and Arabidopsis thaliana genes. (A)
Biological process, (B) Molecular function.

database. The other P450s involved in the oxidation of
oleanane skeleton of glycyrrhizin will be searched from
our ESTs. The study of microarray data based on the
ESTs will reveal the transcriptome profiles, leading to
the elucidation of control mechanisms of the secondary
metabolism of G. uralensis.
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