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Abstract The medicinal herb Oldenlandia diffusa is 
known as a folk medicine for the treatment of hepatitis, sore 
throat, appendicitis, malignant tumors and urethral infection 
in Southern China and Korea. Another species O. corymbosa, 
is also used for the therapy of the similar conditions, 
however, only O. diffusa is referred to the medicinal herb by 
Chinese Pharmacopoeia. Due to their similar morphology, 
O. diffusa and O. corymbosa are often misidentified. To 
easily identify O. diffusa from O. corymbosa, the phylo-
genetic utility of nuclear ribosomal DNA (nrDNA) internal 
transcribed spacers (ITS) were investigated among different 
O. diffusa and O. corymbosa populations in Korea. The 
nrDNA ITS sequence of O. diffusa contained 791 bp, with 
GenBank accession number of JF837601-JF837602. The 
nrDNA ITS sequence of O. corymbosa was 785-786 bp, with 
GenBank accession number of JF837603-JF837611. The 
results showed that there are some certain divergences in the 
ITS region sequence between both species, even among 
different populations of the same species. Particularly, O. 
corymbosa ST-4 population showed the highest dissimilarity 
of the ITS region sequence with other nine populations of O. 
corymbosa and two populations of O. diffusa. This conse-
quence makes us further understand the molecular diver-
sification between O. corymbosa and O. diffusa, and help to 

promote the correct use and safety.

Keywords Oldenlandia diffusa, Oldenlandia corymbosa, 
internal transcribed spacer, ribosomal RNA gene, molecular 
analysis

Introduction

The herb of Oldenlandia diffusa (also known by alternate 
Hedyotis diffusa) is known as a traditional, folk medicine 
in Southern China (Liang et al. 2008). It is traditionally used 
as an herbal tea component, and for the treatment of sore 
throat, infectious diseases and malignant tumors (Shan et al. 
2001; Kitani et al. 2011; Wu et al. 2009; Xu et al. 1997). 
Another species, O. corymbos (also known by alternate 
Hedyotis corymbosa) belonging to the same genus with O. 
diffusa, is also used in modern Chinese practice for the 
treatment of viral infections, cancer, some syndromes in-
volving toxic heat, acne, boils, skin ailments, appendicitis, 
hepatitis, eye diseases and bleeding (Corbineau et al. 1980; 
Lin et al. 1987). Due to their similar morphological char-
acters (Zhao and Li 2007), both O. diffusa and O. corymbosa 
are frequently confused with each other in the wholesale 
and food markets (Liang et al. 2006; Li et al. 2010). 
However, according to the Chinese Pharmacopoeia (The 
State Pharmacopoeia Committee of China 2005), the medical 
herb refers only to the dried herb of O. diffusa (Liang et 
al. 2006). The misusing has attracted an increasing attention 
on their use security. To make sure of their secure uses, 
clearer classification between these both medicinal herbs is 
urgently needed.
  Many investigations have been reported to attempt to 
distinguish O. diffusa from O. corymbosa using various 
classification methods such as fluorescence microscopy (Lau 
et al. 2004), morphological analysis (Ko 1999; Liang et al. 
2006), chemical fingerprints (Liang et al. 2008) and DNA 
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Table 1 ITS region sequence information about GenBank accession number, the length (bp) and (G+C) % of ITS1, 5.8S and ITS2 
of 9 populations of O. corymbosa and 2 populations of O. diffusa

Species Population Accession 
number

ITS1 
integrity 
degree

ITS1 
Length 

(bp)

ITS1 
(G+C) %

ITS2 
integrity 
degree

ITS2 
Length 

(bp)

ITS2 (G+C) 
%

5.8S 
integrity 
degree

5.8S 
Length 

(bp)

5.8S (G+C) 
%

O. diffusa
LT-L JF837601 + 328 54.27 + 300 60.00 + 163 53.37
LT-S JF837602 - 232 58.62 - 263 61.22 + 163 53.37

O. corymbosa

ST-L JF837603 + 318 55.66 + 304 60.20 + 163 53.37
ST-S JF837611 - 233 58.80 - 268 61.19 + 163 53.37
ST-1 JF837605 - 232 59.05 - 279 59.86 + 163 53.37
ST-2 JF837606 - 233 57.94 - 263 61.60 + 163 53.37
ST-3 JF837607 - 226 59.29 - 279 60.57 + 163 53.37
ST-4 JF837608 - 152 62.50 - 259 58.69 + 163 53.37
ST-5 JF837609 - 232 59.05 - 268 61.19 + 163 53.37
ST-6 JF837610 - 234 58.97 - 279 59.86 + 163 53.37
ST-7 JF837604 + 322 51.86 + 301 60.80 + 163 53.37

+ presents complete sequence, - presents partial sequence

sequence analysis (Hao et al. 2004; Liu et al. 2004; Guo 
et al. 2011). Particularly, Liang et al. (2006) reported that 
the two species could be distinguished with each other 
according to transverse sections of stems; Liu et al. (2004) 
newly designed O. diffusa-specific PCR primers for internal 
transcribed spacer 2 (ITS2) region amplification to suc-
cessfully identify O. diffusa from adulterated O. corymbosa; 
Guo et al. (2011) investigated five DNA barcoding regions 
including ITS, matK, petD, trnH-psbA and rbcL among 25 
Oldenlandia species and constructed a phylogenetic tree. 
Nowadays, simple conventional morphological methodology 
for taxon classification has not satisfied the increasing 
demands of more refined identification. Compared to the 
conventional identification methods, molecular identification 
based on DNA cloning and sequencing has been considered 
a more efficient, faster means. By more rapidly providing 
more phylogenetic information, molecular marker identifi-
cation method has been more frequently utilized for phy-
logenetic analysis. Among various molecular identification 
methods, the sequence analysis of ITS, a region of ribosomal 
RNA is considered as an effective method to give a higher 
number of informative sites at species levels (Kitani et al. 
2009; Long et al. 2004).
  In this study, we investigated the 18S-26S nuclear ribosomal 
DNA (nrDNA) ITS1 and ITS2 sequence variations between 
O. diffusa and O. corymbosa, to distinguish these two similar 
species in the molecular levels. This work would provide 
more ITS sequence information on O. diffusa and O. cory-
mbosa species, help further understand the nucleotide varia-
tions among different Korea populations of O. diffusa and 

O. corymbosa, and then identify the identification efficiency 
based on ITS region sequence between the both species.

Materials and Methods

Plant materials

Nine populations of O. corymbosa and two populations of 
O. diffusa collected from Korea, were used in this study. 
The populations were named as ST-L, ST-S, ST-1, ST-2, 
ST-3, ST-4, ST-5, ST-6 and ST-7 of O. corymbosa, and 
LT-L and LT-S of O. diffusa, for the convenience of 
sample management. Mature seeds of O. diffusa and O. 
corymbosa were provided by Research and Development 
Center of Amore-Pacific Co., 446-729, Yongin, Korea. The 
mature seeds of both species were surface-sterilized with 
70% ethanol for 30 seconds and then rinsed with sterile 
water for five times. The sterilized seeds were then grown 
in a pot containing a mixture of sterilized soil and ver-
miculite (v:v, 3:1) in a green house condition with 40 ~
60% relative wet rate, a 16/8 h (light/dark) photoperiod, 
and 24±2℃. After germination, the fresh leaf tissue was 
sampled and used for DNA extraction. The total or partial 
ITS sequences of O. corymbosa and O. diffusa have been 
published by GenBank, NCBI, with the accession numbers 
shown in Table 1.

DNA extraction and PCR amplification

DNA was extracted from fresh leaves of O. diffusa and O. 
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Table 2 Homology matrix (%) of 11 total ITS region sequences

Population LT-L LT-S ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7 ST-L ST-S
LT-L 100
LT-S 97.0 100
ST-1 96.3 99.8 100
ST-2 99.2 98 98.2 100
ST-3 94.5 97.3 97.4 96 100
ST-4 94.0 94.0 94.0 94.2 93.9 100
ST-5 97.0 100 99.8 98.0 97.4 94.0 100
ST-6 96.1 100 99.9 98.0 97.3 94.0 100 100
ST-7 94.9 95.7 95.9 96.0 97.6 93.9 95.9 95.8 100
ST-L 98.4 96.4 96.3 98.5 94.1 94.0 96.4 96.1 95.3 100
ST-S 98.8 96.7 96.8 98.5 94.6 93.5 96.6 96.7 94.9 97.7 100

corymbosa using the modified cetyltrimethylammonium 
bromide (CTAB) method described by Kang et al. (1998). 
Common ITS primer sets ITS5, 5’-GAA AGT AAA AGT 
CGT AAC AAG G-3’ and ITS4, 5’- TCC TCC GCT TAT 
TGA TAT GC-3’ were used to amplify the nrDNA ITS 
region including ITS1, 5.8S rRNA, ITS2 regions (White et 
al. 1990). PCR amplification was conducted using this set 
of primers with the following program: 35 cycles of dena-
turation at 95℃ for 1 min, annealing at 53℃ for 1 min, 
and a final extension step at 72℃ for 1.5 min. All PCR 
products were purified before DNA sequence analysis 
using a QIAquick PCR Purification Kit (QIAGEN, Korea) 
according to the manufacturer’s instructions. Purified PCR 
products were then sequenced at MACRO GEN Advancing 
through Genomics (Korea).

Sequence analysis

Homology analysis of the 11 ITS region sequences were 
performed by DNAMAN 6.0 software according to the 
Observed Divergency distance method. The phylogenetic tree 
of O. corymbosa and O. diffusa were also constructed based 
on neighbor joining method using DNAMAN 6.0.

Results and Discussion

Length and G + C content

Total ITS region sequences were successfully amplified by 
PCR using common primer sets, ITS4/ITS5 from DNAs of 
nine O. corymbosa populations and two O. diffusa popu-
lations. Due to inefficient reading with nucleotide overlapping 
appeared in sequencing results, only three total ITS region 

sequences were obtained from one O. diffusa population, 
LT-L and two O. corymbosa populations, ST-L and ST-7 
(Table 1). According to the total ITS region sequences of 
O. diffusa LT-L population, the size of the total ITS region 
was 791 bp, of which 328 bp belonged to ITS1 region, 163 
bp belonged to 5.8S rRNA gene, and 300 bp belonged to 
ITS2 region. For O. corymbosa, the total ITS region ac-
counted for 785 or 786 bp varying in ST-L or ST-7 
population, respectively, of which ITS1 region accounted 
for 318 ~ 322 bp, ITS2 region for 301 ~ 304 bp, and 5.8S 
rRNA region for 163 bp with the identical size of O. diffusa 
(Table 1). Not only sequence lengths but (G+C) contents 
(%) of ITS region sequences were different among different 
populations of O. diffusa and O. corymbosa. The (G+C) 
contents (%) ranged from 54.27% to 58.62% in ITS1 region 
of O. diffusa and ranged from 51.86% to 62.50% in O. 
corymbosa (Table 1). Most of ITS2 regions showed higher 
(G+C) contents (%) than ITS1 regions, ranged from 60.00% 
to 61.22% in O. diffusa and ranged from 58.69% to 61.60% 
in O. corymbosa, except for ST-4 and ST-6 populations in 
O. corymbosa (Table 1). In this study, expectedly, the (G+C) 
contents (%) of the 5.8S rRNA region were absolutely 
identical to 53.37% among 11 sequences of both species.

Homology analysis of O. diffusa and O. corymbosa

Among nine O. corymbosa populations and two O. diffusa 
populations, ST-4 population of O. corymbosa had the 
lowest homology of 93.5% with ST-S population, according 
to the total ITS region sequence analysis (Table 2). There 
was a number of nucleotides and length variations in ITS1 
region (Fig. 1A, Table 3), but this dissimilarity was mainly 
owing to the sequence variation of the two populations in 
ITS2 region, with a low homology of 89.1% (Table 4). 
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Fig. 1 DNA alignment of O. diffusa, O. corymbosa using total ITS 
region. Partial alignment of the total ITS regions showing notable 
base phlomorphisms among different populations of O. diffusa and 
O. corymbosa in ITS1 (A) and ITS2 (B) regions. The letters on 
the top line represent the base letters in sequence alignment. 
Sequences different from the uppermost sequence are marked as 
their own sequences in lowercase. ‘-’ represents the base being 
identical to the uppermost sequence. ‘.’ represents gap

Table 3 Homology matrix (%) of 11 ITS1 region sequences

Population LT-L LT-S ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7 ST-L ST-S
LT-L 100
LT-S 99.7 100
ST-1 91.5 91.5 100
ST-2 99.1 99.1 91.5 100
ST-3 92.0 92 96.4 92.9 100
ST-4 95.4 95.4 93.4 95.4 95.4 100
ST-5 95.7 95.7 93.7 96.5 95.1 95.4 100
ST-6 95.7 95.7 93.3 96.6 94.7 95.4 100 100
ST-7 74.8 73.3 100 89.6 96.4 93.4 91.7 91.3 100
ST-L 80.1 79.6 91.0 97.0 90.6 94.1 93.9 94 72.5 100
ST-S 95.7 95.7 93.3 96.6 94.7 95.4 100 100 91.3 94 100

ST-4 population showed relatively low homology with all 
the other populations of either O. corymbosa or O. diffusa, 
except for ST-S population, according to the total ITS 
region sequence analysis (Table 2). Similar results were 
obtained from homology compared with the ITS2 region 
sequence. ST-4 population not only showed relatively low 
homology with other populations, but also appeared more 
information sites when aligned with other ITS2 region 
sequences (Fig. 1B). However, according to the ITS1 region 
sequence analysis, ST-4 population showed 93.4 ~ 95.4% 

identity with other populations, while ST-7 having 100% 
homology with ST-1, showed relatively low homology with 
other populations, especially two populations of O. diffusa 
and ST-L population (Table 3). These results were not con-
gruent with the evidence of Li et al. (2010) that O. diffusa 
and O. corymbosa could be clearly authenticated by either 
ITS1 or ITS2 region sequence. In the report of Li et al. 
(2010), O. diffusa showed its own informative nucleotide 
sites, different from those of O. corymbosa, through which 
even confused O. diffusa or O. corymbosa starting materials 
could be authenticated. In our study, both LT-L and LT-S 
populations belonged to the same species, O. diffusa, how-
ever, did not show identical nucleotide sequences in the 
ITS1 and ITS2 regions (Fig. 1A, B). In addition, ST-1 and 
ST-7 both belonging to the same species, O. corymbosa, 
showed 100% identity in ITS1 region, as well as ST-5, 
ST-6, and ST-S (Table 3). In the ITS2 region, ST-1, ST-5, 
ST-6, and ST-S populations of O. corymbosa showed 
100% identity with each other (Table 4).
  Summarizing the above results, it concluded that the 
ITS1 and ITS2 region sequences of both O. diffusa popu-
lations used in this experiment were intra-specifically con-
served, while those of O. corymbosa populations were not 
intra-specifically conversed. This suggestion was not supported 
by the evidence of Guo et al. (2011) that the total ITS 
region of O. diffusa and O. corymbosa were intra-specifically 
conserved but inter-specifically variable, thus, enough to 
differentiate these both species. In our study, the nucleotide 
variations appeared in the total ITS regions of different O. 
corymbosa populations, and some populations showed 
more similar ITS regions with O. diffusa populations, e.g. 
ST-2 had higher homology with LT-T and LT-S compared 
to other O. corymbosa populations.
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Table 4 Homology matrix (%) of 11 ITS2 region sequences

Population LT-L LT-S ST-1 ST-2 ST-3 ST-4 ST-5 ST-6 ST-7 ST-L ST-S
LT-L 100
LT-S 100 100
ST-1 95.6 94.3 100
ST-2 98.9 98.9 98.1 100
ST-3 93.4 92.1 97.8 96.2 100
ST-4 89.8 89.8 89.1 89.5 88.7 100
ST-5 96.3 96.3 100 98.1 97.8 89.1 100
ST-6 95.6 94.3 100 98.1 97.8 89.1 100 100
ST-7 96.7 91.7 96.1 98.1 96.8 89.8 95.9 96.1 100
ST-L 98.5 91.7 93.9 98.9 91.8 89.8 96.3 93.9 89.4 100
ST-S 96.3 96.3 100 98.1 97.8 89.1 100 100 95.9 96.3 100

Fig. 2 Phylogenetic tree constructed by total ITS region sequences 
of nine populations of O. corymbosa and two populations of O. 
diffusa

Fig. 3 Phylogenetic tree constructed by ITS1 region sequences of 
nine populations of O. corymbosa and two populations of O. 
diffusa

Phylogeny of O.diffusa and O. corymbosa

Based on the phylogenetic tree constructed by 11 total ITS 
region sequences, O. diffusa and O. corymbosa had not 
been anticipated divided into two clades, on the contrary, 
the LT-L population of O. diffusa population formed one 
monophyletic group with LT-S, near to ST-2 population of 
O. corymbosa, and ST-S population sharing 99% similarity 
(Fig. 2). The ST-4 population of O. corymbosa showed 
the highest dissimilarity with all populations, sharing 94% 
similarity according to clustering analysis of the total ITS 
region sequence. From the phylogenetic tree constructed 
by ITS1 region sequence, the ST-L population of O. 
corymbosa as the Outgroup shared 89% similarity with two 

monophletic groups respectively formed by three O. corymbosa 
populations and the other O. corymbosa populations inter-
fused with O. diffusa. The group simply formed by O. 
corymbosa populations shared the lowest similarity of 
96%, while the other group shared 95% similarity between 
ST-4 and other populations (Fig. 3). In the ITS2 region 
phylogenetic tree, ST-4 population of O. corymbosa became 
the Outgroup, showing 89% similarity with other populations 
(Fig. 4). All populations of O. diffusa together with popu-
lations ST-2 and ST-L of O. corymbosa formed one 
monophyletic group, showing 96% identity in the lowest 
level, while other O. corymbosa populations formed another 
monophyletic group, showing 96% identity in the lowest 
level as well (Fig. 4).
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Fig. 4 Phylogenetic tree constructed by ITS2 region sequences of 
nine populations of O. corymbosa and two populations of O. 
diffusa

  The clustering analysis on O. diffusa and O. corymbosa 
species showed that all species were not form distantly 
separate clusters, contrarily O. diffusa clade interlaced with 
some O. corymbosa populations, formed one multi-level 
group. This suggesting was not congruent with the evidence 
of Li et al. (2010) that O. diffusa and O. corymbosa could 
be recognized as distinct species in the genus Oldenlandia 
phylogenetic tree. The results could be comprehended by 
the currently available limited sampling of Asian species. 
To further understand the phylogeny of O. diffusa and O. 
corymbosa, a broader concept of samples could be inves-
tigated in the recent molecular phylogenetic analysis.
  In conclusion, the total ITS sequences of O. diffusa and 
O. corymbosa populations collected from Korea were suc-
cessfully amplified using common primer set, ITS4/ITS5. 
However, due to currently limited sampling of both species, 
O. diffusa and O. corymbosa could not yet be authenticated 
only based on ITS region sequences in the present study. 
To ensure proper use of herbal materials for efficient treat-
ment and correct identification of the two medicinal herbs, 
O. diffusa and O. corymbosa, additional markers and iden-
tification methods should be applied to achieve correct 
authentication.
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