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ABSTRACT
DNA sequence analysis of the nuclear ribosomal internal transcribed spacer (ITS) region was
exploited for its applications in the authentication of Sauropus androgynus (L.) Merr. as raw-material
herbal medicine and supplement. Leaf samples from 12 different geographic locations in Indonesia
were collected. Twelve DNA sequences from the samples were analysed. The sequences were
trimmed before sequence alignment. The sequences ranged from 626 to 664 bp in length after
trimming. Based on the multiple sequence alignment, a phylogenetic tree was generated using the
MrBayes program. It consisted of two groups: one group comprised sequences from Trawas and
the other one comprised sequences from Batu, Trawas and Surabaya. These results strongly
suggest that ITS sequence analysis is a valuable tool for distinguishing intraspecific differences
among S. androgynus cultivars from Indonesia.
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Sauropus androgynus;
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Introduction

Sauropus androgynus (L.) Merr., originally described as
Clutia androgyna Linnaeus [1], is a South-East Asian
indigenous plant belonging to the Euphorbiaceae family,
widely cultivated for traditional medicinal purposes [2].
Indonesian people traditionally use S. androgynus (com-
monly known as ‘katuk’, ‘sweet shoot leaves’ and ‘star
gooseberry’) for increasing human breast milk produc-
tion. The dark green leaves have various nutritive values
and are commonly used for human consumption in
South-East Asia. The leaves of S. androgynus are effective
as an antioxidant [3–5]. Several studies report positive
antioxidant activity of S. androgynus. For example,
Andarwulan et al. [5] found that it has the highest flavo-
noid content among 11 vegetables of Indonesian origin.
Rahmat et al. [3] showed that the antioxidant activity of
fresh and boiled shoot samples of S. androgynus was
higher than that of alpha-tocopherol. S. androgynus has
also been reported to have significant antimicrobial
activity against Klebsiella pneumoniae and Staphylococcus
aureus [6]. Yu et al. [7] showed that an isolated com-
pound from S. androgynus extract has a potential to
become an antiobesity agent by reducing the body
weight of Wistar male rats.

Accurate identification of herbal medicine species is a
prerequisite for chemical and pharmacological investiga-
tion. At present, S. androgynus is identified using

morphological characters or based on its phytochemical
content, such as rutin. However, these approaches are
inappropriate because the morphological characters of
this plant are not specific and rutin concentration largely
varies in many other plant species. Given the difficulties
in distinguishing this plant, there is a need to establish a
reliable method for its authentication of the plant as a
raw material. One of the most reliable methods for iden-
tification of herbal medicine materials is DNA analysis
based on three types of techniques: polymerase chain
reaction (PCR), hybridization and sequencing [8,9].

The sequences of the internal transcribed spacer (ITS)
regions of nuclear ribosomal DNA are frequently used
for molecular identification of crude herbs. Nuclear ribo-
somal genes in plant genomes are constituted of
individual 18S ¡ 5.8S ¡ 26S tandem repeats, which
make this region easy to amplify. The ITS regions in
angiosperms vary within approximately 500–700 bp in
length [10].

Phylogenetic studies have shown the close relationship
between Phyllanthus niruri and S. androgynus based on
several DNA regions such as ITS, matK, PHYC, accD-psal,
trnS-trnG [11–15]. S. androgynus ITS (ITS1 C 5.8S C ITS2)
ranges from 557 to 599 bp, whereas the ITS region DNA
sequence alignment is reported to be 708 bp long [14].

In this study, we investigated the intraspecific differ-
ences among S. androgynus accessions from Indonesia
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revealed based on the variability of the ITS region. To the
best of our knowledge, this is the first report showing
sequence analysis of the ITS region of S. androgynus cul-
tivars from different geographic locations in Indonesia.

Materials and methods

Plant materials

Fresh leaves of S. androgynus were used as materials. The
accessions and locations are listed in Table 1. All the
samples were authenticated by the Center of Informa-
tion and Development of Traditional Medicine (PIPOT),
Faculty of Pharmacy, University of Surabaya, East Java,
Indonesia. Young green leaves of S. androgynus were
collected, washed, mopped dry and quickly stored at
¡80 �C until use.

DNA sequencing and analysis

Total DNA was isolated from leaf samples of S. androgy-
nus using NucleoSpin® Plant II, according to the manu-
facturer’s instructions. The ITS regions were amplified by
using primers of ITS-5 (50-TAGAGGAAG GAGAAGTCG-
TAACAA-30) and ITS-4 (50-CCCGCCTGACCTGGGGTCGC-
30). In the PCR, the DNA was pre-denatured at 95 �C for
2 min, cycled 35 times at 95 �C for 30 s, 57 �C for 1 min
and 71 �C for 2 min in a T100 PCR thermal cycler (BioRad,
Hercules, CA, USA). The final extension cycle allowed an
additional incubation for 5 min at 71 �C. The PCR
products were visualized by 2% agarose gel electropho-
resis under ultraviolet (UV) light to check the presence of
amplified bands using gel documentation system Uni-
versal Hood II (BioRad). The ITS region of each sample
was sequenced in a DNA sequencer (Applied Biosystems
3730XL, Foster City, CA, USA). Purification and sequenc-
ing of ITS rDNA was conducted by Macrogen (Seoul,
Korea). ITS sequences of S. androgynus were retrieved
from GenBank and analysed together with the

sequences acquired in the present study. The ClustalW
method was used to align the DNA sequences after gen-
eration of the .ab1 files. The sequences had been
checked and trimmed before being aligned. Chromato-
grams were analysed with FinchTV. Analysis of nucleo-
tide sequences was done using BLAST (Basic Local
Alignment Search Tool, http://ncbi.nlm.nih.gov/blast) to
search for highly similar sequences in the National Cen-
ter for Biotechnology Information (NCBI) database.

Phylogenetic analysis

Phylogenetic analysis and phylogenetic tree construc-
tion were done using the MrBayes 3.2 program based on
Bayesian inference using the Markov Chain Monte Carlo
(MCMC) method. Bayesian inference and MCMC used for
phylogenetic construction were considered computa-
tionally more efficient than the standard maximum likeli-
hood method [16].

Results and discussion

The studied samples were collected from various loca-
tions with different geographic conditions, including
lowland (Surabaya), midland (Trawas) and highland
(Batu) areas (Table 1, Figure 1). All samples were similar
based on their morphological characters.

In this study, PCR and DNA-sequencing methods were
used to obtain the ITS sequences of S. androgynus acces-
sions from several different geographic locations in East
Java, Indonesia, and these sequences were compared to
GQ503380.1, and annotated in NCBI as a reference
sequence. The ITS region is characterized by moderate
variability, which is why it is mainly used for the identifi-
cation of species and varieties. To perform a comparative
analysis of the ITS nucleotide sequences of all samples,
BLAST analysis was performed. The electrophoresis pat-
terns of the ITS fragments amplified using the ITS-4 and
ITS-5 primers showed that these primers could clearly

Table 1. Samples of Sauropus androgynus used in DNA sequence analysis.
Location Sample code Altitude (meters amsl) Temperature (8C) Relative humidity (%)

Surabaya East Surabaya ST 0 29.0–30.0 73–74
Central Surabaya K 0 32.0–32.7 55–56
West Surabaya SB 0 27.7–28.6 61–67

Seloliman, Trawas PPLH P1 320 25.1–32.1 61–72
Trawas UTC area 1, sample 1 U1-A 600 25.7–31.2 61–72

UTC area 1, sample 2 U1-B 600 25.7–31.2 61–72
UTC area 1, sample 3 U1-C 600 25.7–31.2 61–72
UTC area 2 U2 640 25.7–31.9 61–72
UTC area 3 U3 610 25.7–32.1 61–72

Batu BMM, area 1 B1 840 28.1–29.5 44–45
BMM, area 2 B2 840 27.7–29.7 32–49
BMM, area 3 B3 840 27.7–29.7 30–49

Note: PPLH, Pusat Pendidikan Lingkungan Hidup/Environmental Education Center; UTC, Ubaya Training Center; BMM, Materia
Medica Batu.
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amplify particular DNA fragments. PCR amplification
using these primers specifically recognized the ITS
region, as demonstrated by the agarose gel electropho-
resis results. Figure 2 shows that a single clearly ampli-
fied band of »700 bp was generated from all samples.

The ITS regions of the 12 samples were shown to
range from 626 to 664 bp in size. The average length of
the sequences obtained using the ITS-4 and ITS-5 pri-
mers was 655.8 and 655.1 bp, respectively. The sequen-
ces of all samples showed high-quality chromatograms.

Nucleotide sequence analysis of the ITS region of the
studied S. androgynus samples was done with known
DNA sequences in the NCBI databases. When the homol-
ogous nucleotide sequences of each sample were ana-
lysed using BLAST (Table 2), the results showed that all
sequences from the samples of S. androgynus had 94%–

99% similarity with the S. androgynus voucher Telford &
Brubl 13056 (GQ503380.1), with the only exception of
the sequence from Surabaya Timur (ST). There was no
significantly similar sequence for ST because it did not
meet the default threshold of NCBI’s BLAST algorithm,
but there were some similar sequences which gave 76%
similarity with the S. androgynus 18S ribosomal RNA
gene (EU623563.1).

Figure 3 shows multiple sequence alignments of the
ITS regions from the 12 samples of S. androgynus by the
ClustalW method. The results showed that S. androgynus
from ST had a unique base-pair variation which could
distinguish it from the other 11 samples despite the fact
that they share many morphological similarities.

The multiple sequence alignment was done by com-
parison to a chosen reference sequence, GQ503380.1,
which has the topmost identity values based on the
NCBI’s BLAST searches of the 12 ITS-4 primer samples.
The multiple sequence alignment of the fragments
amplified using the ITS-5 primer was also compared to
this reference sequence. All ITS-4 primer samples
showed good matches with GQ503380.1. The multiple
sequence alignment of the ITS-5-generated fragments
gave several gaps, some from the insertion of samples
from U3 and U1-C. The conserved regions in the ITS-5-
based multiple sequence alignment were less than
those based on the ITS-4-based multiple sequence
alignment.

Figure 1. Sauropus androgynus from several locations in East Java, Indonesia.

Figure 2. PCR amplification products of ITS of S. androgynus from
12 locations. Lane 1, U1-B; Lane 2, U1-C; Lane 3, U2; Lane 4, U3;
Lane 5, U1-A; Lane 6, P1; Lane 7, DNA marker 100 bp ladder
(Promega, Madison, WI, USA); Lane 8, K; Lane 9, SB; Lane 10, ST;
Lane 11, B1; Lane 12, B2; Lane 13, B3.
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For construction of a phylogenetic tree guided by par-
simony values, the MrBayes method was used in a num-
ber of recent studies [17,18]. For building the
phylogenetic tree, only the sequences generated using
the ITS-4 primer were used because the multiple
sequence alignment showed that all sequences
obtained with this primer were more conserved than
those amplified with the ITS-5 primer.

The dendrogram presented in Figure 4 shows that the
samples from the 12 different geographic locations were

divided into two groups reflecting the relationships
between the genetic characteristics and geographical
distribution. The samples from the highland region
(Batu), B1, B2 and B3, were shown to be related to each
other. They formed the first group, with U3 from Trawas
and SB from Surabaya. The second group included the
samples P1, U1-B, U2, U1-C and U1-A, which are from
the same region, midland (Trawas). Interestingly, one
sample from Trawas (U3) showed close relationship with
the samples from Batu and was away from its original
group of midland regions. These sequence variations
might be due to intraspecies polymorphism; however,
more detailed investigations are needed to explain the
reasons behind this polymorphism.

The samples from Surabaya (ST, SB, K) did not show
close relationship. This observation is in accordance with
the study of Yunita and Sulisetiorini [19], who reported
the same results based on random amplified polymor-
phic DNA analysis of the ITS region of S. androgynus
leaves from Surabaya. Asmarayani and Pancoro [20]
revealed that the process of wide domestication could
cause high variation in ITS sequences because human
interference in plant domestication could result in
botanical evolution diversity. Genetic variation can be
indirectly caused by dispersal by humans, while these

Table 2. Homology search of S. androgynus accessions in the NCBI database.
ITS4 High similarity Accession number Total score Query coverage (%) Similarity index (%)

B1_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 909 89 94
B2_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 933 89 95
B3_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 911 89 94
K_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1079 88 99
P1_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1068 88 99
SB_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1044 89 98
ST_ITS S. androgynus 18S ribosomal RNA gene EU623563.1 423 87 76
U1_A_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1074 90 98
U1_B_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1046 89 98
U1_C_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1057 88 98
U2_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1061 89 98
U3_ITS S. androgynus voucher Telford & Bruhl 13056 (L) GQ503380.1 1061 71 98

Figure 3. Multiple sequence alignment of ITS regions from 12 samples of S. androgynus (ClustalW).

Figure 4. Phylogenetic tree of 12 samples of S. androgynus based
on the nucleotide sequence of the ITS locus.
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variations may occur due to the ability of plants to sur-
vive by adapting to their environment, breeding and
passing their genes onto the next generation. The similar
morphological characters of the studied S. androgynus
samples demonstrated that some alteration in the DNA
nucleotide bases may not directly change the morpho-
logical characters of the plants. Thus, the use of ITS
region sequences would be able to better distinguish
any intraspecific differences among S. androgynus culti-
vars. The results from this study showed that ITS
sequence analysis could be developed as a reliable
method for authentication of S. androgynus as a raw
material in the herbal medicine industry.

Conclusions

To the best of our knowledge, this is the first report show-
ing sequence analysis of the ITS region of S. androgynus
cultivars from different geographic locations in Indonesia.
The obtained results showed that the ITS sequence pro-
vides a good and reliable indicator for geographical ori-
gin. This strongly suggests that ITS sequence analysis is a
valuable tool for distinguishing the genetic relationship
among the cultivars of S. androgynus.
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