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Abstract: Sinocalycanthus chinensis, an endangered species endemic to China, is cultivated as an ornamental landscape tree in
China. However, S. chinensis, Chimonanthus species and Calycanthus floridus are difficult to be distinguished in seedling market
because of their similar morphological characters. In this study, ISSR (inter-simple sequence repeats) were applied to detect S.
chinensis from its closely related species. A unique 748-bp band was found in all accessions of S. chinensis. SCAR (sequence
characterized amplified regions) markers were created by cloning and sequencing the specific band, and designing a pair of
primers to amplify the band of 748 bp. Diagnostic PCRs were performed using the primer pair with the total DNAs of S. chinensis,
Chimonanthus species and C. floridus as templates, with only S. chinensis being able to be amplified. This amplification is not
only rapid (results can be obtained in less than 3 h), but is also easy to perform. Hence it is a feasible method for identifying S.
chinensis in seedling market.
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INTRODUCTION
Calycanthaceae consists of three genera: Calycanthus, Chimonanthus and Sinocalycanthus. Chimonanthus and Sinocalycanthus are restricted to
China, and Calycanthus is distributed in North
America (Zhang and Liu, 1998). Sinocalycanthus
chinensis Cheng et S.Y. Chang, the only representative in the genus Sinocalycanthus, is a deciduous
shrub endemic to China. Both biological and anthropological causes have led to the recent decline of
the species, which is now known from only two extant
natural populations (Table 1). In China, S. chinensis is
classified as second-grade protected wild plants in the
Chinese Plant Red Book (Fu, 1992).
‡

Corresponding author
Project (No. G2000046806) supported by the National Basic Research Program (973) of China
*

Although S. chinensis has very few wild populations, it is now cultivated as an ornamental landscape tree in China due to its high ornamental value
with enjoyable white flowers in early summer, with
the demand for S. chinensis being increased recently.
But for a long period, the identification of this species
relies on morphological characteristics. The insufficient ways of visual inspection (Bandana and Mahipal,
2003) tend to cause mistakes, especially when dealing
with the vegetative part of similar species or seedlings.
This situation exists in S. chinensis seedling market,
where some Chimonanthus species were sometimes
mistakenly identified as S. chinensis during seedling
period, due to morphological similarity. Therefore, it
is necessary and urgent to provide an efficient and
scientific authenticating method to identify S.
chinensis from its related species.
SCAR (sequence characterized amplified regions) markers are developed with a pair of longer
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primers (usually the extended sequence of a RAPD
(random amplified polymorphic DNA) primer) that
has a specific sequence of approximately 20 bases.
Compared with universal primers, unique primers for
special regions prevent site-competition among
primers, and make the results less sensitive to reaction
conditions and more reproducible by increasing the
specificity (Hernández et al., 1999). Reliable SCAR
markers have already been successfully derived from
RAPD fragments in Lettuca, Triticum, and Agrostis
(Paran and Michelmore, 1993; Hernández et al., 1999;
Elizabeth et al., 2003). ISSR (inter-simple sequence
repeats) are presented to detect differences between
SSRs (simple sequence repeats) (Zietkiewicz et al.,
1994). No sequence information is required prior to
analysis, and only a minute amount of DNA is needed
(Welsh and McClelland, 1990; Williams et al., 1990).
Compared with the low fidelity of RAPD in some
circumstances (Micheli et al., 1994), the longer
primers and higher annealing temperature of ISSR
can provide more reproducibility and stability (Esselman et al., 1999; Camacho and Liston, 2001; Zou
et al., 2001).
Here we use ISSR (inter-simple sequence repeats)
method to detect specific fragments among sample
species, and converse the ISSR fragments into SCAR
markers. Stable specific SCAR markers can
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help us to distinguish S. chinensis individuals from its
closely related species.

MATERIALS AND METHODS
Plant materials and DNA extraction
Fresh leaves of S. chinensis and its closely related species were sampled from natural populations
and introduced populations (Table 1). Species of
Parakmeria lotungensis (Chun et Txoong) La, Illicium henryi Diels and Chloranthus henryi Hemsley
were also selected as contrast species. Two to five
individuals of each species were tested, except C.
floridus Linn. with only one specimen. Genomic
DNA was extracted using the modified CTAB
(hexadecyltrinethyl-ammoniu bromide) method
(Doyle, 1991). DNA concentration for all samples
was estimated using a DNA ladder of known concentration and a spectrophotometer at 260 and 280 nm.
Working stocks of DNA were then prepared based on
both estimates. Total DNA was solvated in 0.1×TE
for further use.
ISSR-PCR amplification
Fifty-two primers (UBC primer set No. 9, Biotechnology Laboratory, University of British

Table 1 Sampling localities and codes of S. chinensis and its 9 close species from Calycanthus and Chimonanthus
Species
Sinocalycanthus chinensis Cheng et S.Y. Chang

Sources of materials
Sampling code (n)
Hangzhou Botanical Garden, Zhejiang
X1 (4)
Botanical Garden, Zhejiang University
X2 (2)
Mt. Tianmu, Natural Conservation Area, Zhejiang
X3 (5)
Kunming Institute of Botany, CAS, Yunnan
X4 (1)
★
Lingli, Mt. Tiantai, Zhejiang
X5 (3)
★
Jinguping, Mt. Tiantai, Zhejiang
X6 (3)
★
Mt. Qingliangfeng, Lin’an, Zhejiang
X7 (5)
★
Shunxi, Lin’an, Zhejiang
X8 (4)
Chimonanthus praecox (Linn.) Link
Hangzhou Botanical Garden, Zhejiang
1 (3)
Ch. praecox var. grandiflorus (Lindley) Makino
Hangzhou Botanical Garden, Zhejiang
2 (2)
Ch. praecox var. intermedius Makino
Hangzhou Botanical Garden, Zhejiang
3 (2)
Ch. salicifolius S.Y. Hu
Hangzhou Botanical Garden, Zhejiang
4 (4)
Ch. zhejiangensis M.C. Liu
Hangzhou Botanical Garden, Zhejiang
5 (3)
Ch. campanulatus R.H. Chang et C.S. Ding
Hangzhou Botanical Garden, Zhejiang
6 (5)
Calycanthus floridus Linn.
Raleigh, North Carolina, USA
7 (1)
C. floridus Linn.
Hangzhou Botanical Garden, Zhejiang
8 (3)
C. floridus var. oblongifolius (Nuttall) Boufford et
Hangzhou Botanical Garden, Zhejiang
9 (2)
Spongberg
Asterisk indicates wild populations of S. chinensis; n: number of specimens tested
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Columbia, Vancouver, Canada, http://www.ubc.ca/)
were screened initially to identify well amplified
(polymerase provided by Shanghai Sangon Biotechnology Co. Ltd., Shanghai, China), polymorphic
bands against all plants used in this study. Out of 52
primers tested, eleven primers, which gave the
strongest, clearest and most reproducible bands, were
then chosen for further study (Table 2). PCR reaction
mix (25 µl) contained 60 ng template DNA, 1.2 U of
Taq DNA polymerase, 1.5 mmol/L MgCl2, 0.25
mmol/L each of dATP, dTTP, dCTP, and dGTP, 0.4
µmol/L primer. Amplification was performed in a
thermal cycler (GeneAmp® PCR System 9700, Applied Biosystems, Foster City, USA) with profile: 94
°C, 5 min; 45 cycles of 94 °C 1 min, 52 °C 45 s and 72
°C 2 min; 72 °C, 5 min. A negative contrast with no
DNA was included in each PCR run. The amplification was repeated at least twice. PCR products were
separated according to size on 1.5% agarose gels in a
0.5×TBE buffer, stained with ethidium bromide (0.5
µg/ml), visualized with ultraviolet light and photographed. DNA Marker DL2000 (TaKaRa Biotechnology Co. Ltd., Dalian, China) was used.
Table 2 Eleven ISSR primers amplifying clear and reproducible banding pattern in the study
Primer code

Sequence (5′~3′)

UBC 807

(AG)8T

UBC 811

(GA)8C

UBC 817

(CA)8A

UBC 818

(CA)8G

UBC 825

(AC)8T

UBC 842

(GA)8CG

UBC 852

(TC)8GA

UBC 854

(TC)8AG

UBC 857

(AC)8GG

out with BigDye Terminator-Sequencing kit (PerkinElmer, Inc. Norfolk, Connecticut, USA). Resulting
sequence was edited by using SEQUENCHER software (v. 4.0.5 Gene Codes Corporation, Ann Arbor,
MI, USA).
Primer design and SCAR-PCR
Specific primers were designed from the sequence of the specific DNA fragments using Oligo
6.0 (Molecular Biology Insights, Inc. Cascade, CO,
USA), and synthesized by Sangon of Shanghai.
SCAR-PCR amplification was performed with the
same reaction mixture (containing 0.2 µmol/L of the
upper and lower primer), in the same thermal cycler
as described above, using a cycle of 5 min at 94 °C; 45
cycles of 1 min at 94 °C, 45 s at 65 °C, 30 s at 72 °C;
and 1 cycle of 5 min at 72 °C. Amplification products
were resolved electrophoretically by 1.5% TBE agarose gels and proved to be 748 bp.

RESULTS
Screening the specific ISSR marker
Seventeen accessions consisting of 6 species and
4 varieties (Table 1) were chosen to develop species-specific SCAR markers of S. chinensis. After
ISSR-PCRs for screening against the DNAs of the 17
accessions, we found that the bright, consistent and
specific band existed only in S. chinensis accessions.
As seen in Fig.1, ISSR primer UBC 811 provided an
approximately 750-bp band unique to the species. The
species-specific band could be obtained in both wild
1
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UBC 879

CTT CAC TTC ACT TCA

2000

UBC 880

GGA GAG GAG AGG AGA

1000

X1 X1 X1

750

Cloning and sequencing of specific ISSR fragments
The desired band only amplified in S. chinensis
was excised from agarose gel, purified by
GENECLEAN II Kit (BIO 101, Inc. Carlsbad, USA)
according to the manufacturer’s protocols, and cloned
into PUCm-T vector (Sangon, Shanghai, China).
Sequencing of the cloned PCR product was carried
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Fig.1 PCR profiles of UBC 811. Arrow indicates the
specific band
Lanes: M: Weight marker (bp); 1: Ch. praecox; 2: Ch.
praecox var. grandiflorus; 3: Ch. praecox var. intermedius; 4: Ch. salicifolius; 5: Ch. zhejiangensis; 6: Ch.
campanulatus; 7: C. floridus; 8: C. floridus var. floridus;
X1: S. chinensis
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populations and introduced populations of the species,
and was selected for conversion into species-specific
SCAR markers.
Conversion of ISSR marker into SCARs
The approximately 750-bp band amplified from
8 accessions of S. chinensis was cloned and sequenced to obtain a 748-bp sequence (GenBank accession number: bankit755109 DQ321501). It was
noted that the first and the last seventeen bases of the
748-bp sequence corresponded to the initial sequence
of UBC 811 primer. A pair of 25-bp SCAR primers
was designed from the sequence (Table 3), with the
best places of the upper primer being 28 bp from 5′ of
the sequence, and the lower primer being 25 bp from
3′ of the sequence. Due to consideration to reduce the
secondary structure between primers, the SCAR
primer pair contained no bases of the UBC 811 primer.
The reaction system and PCR conditions of diagnostic PCR are described in materials and methods. The
annealing temperature was tested from 60 °C to 65 °C,
with the best annealing temperature of these species-specific primers determined to be 65 °C. The
SCAR primer pair was named ZJUFY01/ ZJUFY02
(Table 3).
Testing designed SCAR primers
The SCAR primer pair was then used to amplify
sample DNAs listed in Table 1. The 748-bp fragment
was only amplified in all accessions of S. chinensis
(Fig.2). Besides, ZJUFY01 and ZJUFY02 were also
tested with three species from close families of S.
chinensis (namely P. lotungensis, I. henryi, and C.
henryi), but produced nothing (Fig.2). A bright,
unique and easily identifiable band could be observed
in the banding patterns of all S. chinensis individuals
collected from different localities, whereas no band
was found in any other related species, genera and
families (Fig.2). So that the SCAR primer pair
(ZJUFY01/ZJUFY02) designed in this study proved
to be a species-specific marker of S. chinensis.
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DISCUSSION AND CONCLUSION
S. chinensis has been studied extensively in
China because it is an endangered species of high
ornamental value, and is also a traditional Chinese
herbal medicine. The molecular method we reported
here is confirmed to be a credible and convenient
solution for identifying S. chinensis, other than
morphological method, especially during seedling
period. A minute amount of genomic DNA is needed.
DNA quality is not as important as in RAPD fingerprinting analysis. The longer length (25 bp) and
higher temperature (65 °C) of SCAR primers make
the reaction more specific, reproducible and stable.
Therefore, the work we did here proved SCAR
marker to be an efficient and available way for S.
chinensis species identification. It also throws light on
the authentication of Chinese herbal medicine.
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Fig.2 Banding pattern of S. chinensis (showing a
distint and reproducible band) and its closely related
species and families (showing no positive marker)
with the designed SCAR primers (ZJUFY01/
ZJUFY02)
Lanes: M: Weight marker (bp); 1: Ch. praecox; 2: Ch.
praecox var. grandiflorus; 3: Ch. praecox var. intermedius; 4: Ch. salicifolius; 5: Ch. zhejiangensis; 6: Ch.
campanulatus; 7: C. floridus; 8: C. floridus var. floridus;
9: C. floridus var. oblongifolius; Le: P. lotungensis; H: I.
henryi; K: C. henryi; X1-X8: S. chinensis: X1: Hangzhou
Botanical Garden; X2: Botanical Garden, Zhejiang
Univ.; X3: Mt. Tianmu, Natural Conservation Area,
Zhejiang; X4: Kunming Institute of Botany, CAS, Yunnan; X5: Lingli, Mt. Tiantai, Zhejiang; X6: Jinguping,
Mt. Tiantai, Zhejiang; X7: Mt. Qingliangfeng, Lin’an,
Zhejiang; X8: Shunxi, Lin’an, Zhejiang

Table 3 Species-specific SCAR primer pair derived from cloned ISSR band of S. chinensis. Optimal annealing
temperature for SCAR primer is noted
ISSR primer
UBC 811

SCAR primer
ZJUFY01
ZJUFY02

5′~3′ sequence
CATCATATACATTGTCAGGTGCTAC
GTCCCATATTCAACTGTGTTAAAGT

Annealing temperature (°C)
65
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Besides, we hope the information here would contribute to the conservation of the endangered species.
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