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Abstract 

Due to the rise in substitution and adulteration of herbal products, as well as the lack of genetic information on 
Hibiscus plants, more molecular markers are needed to understand the genetic diversity and avoid their misidentifica‑
tion. There are many allelic variants of the functional genes in Hibiscus and other plants, which control their respective 
phenotypes and other characteristics. Identifying alleles of the desired trait by determining diversification through 
gene-typing allele-specific markers for authentication is, therefore, a potent strategy. The purpose of this study was 
to use insertion/deletion (InDel) markers to identify Hibiscus syriacus cultivars. We developed a novel InDel marker for 
Korean Hibiscus ‘Simbaek’, based on the trnL-F region of the chloroplast gene. Through this InDel site, a modified spe‑
cific primer pair and a novel multiplex polymerase chain reaction (PCR) system were developed for specific identifica‑
tion of the Korean Hibiscus Simbaek cultivar. The molecular markers developed in this study were highly specific and 
accurately authenticated as Simbaek from the five main cultivars of H. syriacus. Taken together, the described method 
is a potential tool for the identification and selection of germplasm resource of Simbaek cultivar.
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Introduction
Hibiscus syriacus is a deciduous shrub belonging to the 
genus Malvaceae. Hibiscus syriacus originated in the 
Korean Peninsula and southern China, and later spread 
to the Indian subcontinent and middle-eastern regions. 
In temperate regions, H. syriacus is a common ornamen-
tal species with white, pink, red, or purple flowers [1]. In 
addition to its ornamental value, dried flowers and root 
bark of H. syriacus are known for their anticancer [2], 
antidepressant [3], and antioxidant [4] properties. Hibis-
cus syriacus is also mentioned in the Korean national 
anthem as the national flower. Since there is substantial 
history and culture associated with the flower, new varie-
ties have been actively developed in Korea by natural and 
systematic selection. Each Korean hibiscus variety has 
unique and improved agronomic traits, such as appear-
ance, water resistance, and disease resistance traits. The 
Korean hibiscus cultivar, Simbaek, was developed from 
two basic cultivar lines (Hwahap and Samchunli) and 
registered in 2014. Simbaek is used as a street-side land-
scaping plant because of the beautiful flowers and lush 
branches. It has also been found to have better anticancer 
effects than the other cultivars (Additional file 1: Fig. S1). 
In herbal markets, American Hibiscus (Hibiscus sabdar-
iffa) is often regarded as an adulterant of Korean Hibiscus 
which also brings a lot of trouble to consumers.Tradition-
ally, confirming the authenticity of species or cultivars 

relies on morphological characteristics, such as growth 
environment, floral morphology, and other characteris-
tics of the plant [5]. However, as majority of the herbal 
products are packaged in the form of powders that do not 
bear the original features of the plants, identification of 
the latter by morphological and histological techniques 
becomes difficult.

DNA molecular markers have several advantages over 
morphological characterization and chemical profiling 
for identifying the origin of different varieties, since the 
genetic composition is unique for each variety irrespec-
tive of its physical form and less affected by environmen-
tal factors as well as developmental stages [6–8]. The 
insertion/deletion markers (InDels), which are structural 
variations caused by polymerase slippage, transposons, 
and unequal exchange, usually include insertion/dele-
tion and extension of base pairs. They are distributed in 
large numbers throughout the genome and are closely 
related to the gain/loss of biological functions [9–11]. 
InDels have been successfully used in rice [12], Arabi-
dopsis thaliana [13], and Panax ginseng [14] germplasm 
genetics, in which genetic and association maps of differ-
ent plants are constructed. In addition, genotyping using 
InDels through conventional gel electrophoresis does not 
produce non-specific bands. In some previous studies, 
InDels were found to be more polymorphic than micro-
satellite markers [15].
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Nevertheless, to the best of our knowledge, InDel 
markers have rarely been applied to the molecular genet-
ics of H. syriacus. In this study, we report the first InDel 
marker of Simbaek cultivar developed using an easy and 
reproducible multiplex PCR method that amplifies the 
trnL-F region. This approach can be used for basic and 
applied research on H. syriacus, which as mentioned 
above, has potentially immense value.

Materials and methods
Plant and materials
This study was carried out in accordance with the guide-
lines provided by Kyung Hee University, Yongin-si, Gyeo-
nggi-do, Republic of Korea. Four Korean cultivars of H. 
syriacus and H. sabdariffa were provided by Jangho Farm 
in Nonsan, Chungcheongnam-do, and the plant species 
were assessed by Dr. Kyung-gu Shim who has developed 
more than 100 new cultivars in Korea. All voucher speci-
mens were morphologically identified and voucher speci-
men numbers are shown in Table 1.

DNA extraction and PCR amplification of trnL‑F genome
Leaves of the five different Hibiscus cultivars were placed 
in liquid nitrogen for 1  min and crushed into powder. 
Genomic DNA was isolated using the Exgene™ Plant 
SV mini kit (GeneAll Biotechnology Co., Seoul, Korea), 
according to the manufacturer’s instructions. The primer 
pairs used for the amplification of trnL-F region were 
synthesized by Macrogen (Seoul, Korea); the sequences 
of the universal primers are listed in Table  2 [16]. The 
PCR reaction mixture consisted of 50  ng of DNA, 
0.5  µM of primers, 10  µL of Taq polymerase (GeneAll 

Biotechnology Co., Seoul, Korea), and 5  µL of distilled 
water. PCR products were analyzed by electrophoretic 
separation in a submarine horizontal agarose slab gel 
apparatus. For running the DNA samples, a gel strength 
of 2% agarose was dissolved in 0.5 X TAE buffer followed 
by heating in microwave oven. After cooling to approxi-
mately 55  °C, 0.05  µL/mL GelGreen® Nucleic Acid Gel 
Stain (Fremont, CA, USA) was added. Then, 300  mL of 
0.5X TAE buffer was poured to sufficiently submerge the 
gel in the electrophoresis tank. Electrophoresis was per-
formed at a constant voltage of 5 V/cm until the bromo-
phenol dye reached almost the end of the gel. A UV-trans 
illuminator was used to visualize the DNA fragments of 
different sizes separated in the gel (Fig. 1).

Sequencing and analysis of the PCR products
The PCR products were purified using a total fragment 
DNA purification kit (iNtRON Biotechnology, Seong-
nam, Korea), following the manufacturer’s instructions. 
The purified products were sequenced by Genotech Co. 
(Daejeon, Korea) using the designated primers. The base 
sequence was decoded by cycle sequencing, using the 
BigDye Terminator Kit (Thermo Fisher Scientific, WA, 
MA, USA). On completion of the PCR, the purified prod-
uct was dissolved in sterile water or HDF (Hi-Di For-
mamide) and mounted on the device (ABI 3730xl DNA 
analyzer) for electrophoresis using capillary method. The 
sequences of the trnL-F region were compiled using Seq-
Man software (SeqMan 2, DNASTAR, Inc., WI, USA), 
and BioEdit program (BioEdit 7.2.5, Ibis Biosciences, CA, 
USA) was applied [8]. ClustalW2 (http://​www.​ebi.​ac.​uk/​
Tools/​clust​alw2/) was used to perform multiple sequence 
alignments.

Design and modification of specific primers
Specific primers, SimF and SimR, were designed accord-
ing to the InDel site of Simbaek (Figs. 2, 3). A mismatch 
of the primer was incorporated into SimF by substitut-
ing A for G at the second base from the 3′ end. Then, the 
corresponding reverse primer, SimR, was designed. The 
sequences and positions of the specific primers are listed 
in Table 1 and Fig. 3, respectively.

Multiplex‑specific PCR
Since the InDel site was found in the trnL-F sequences 
of the chloroplast gene of H. syriacus, the primer pair 
trnF and trnL was used as the universal primer set for 
the identification of all Hibiscus cultivars. SimF and SimR 
were designed and multiplex PCR was performed for the 
specific authentication of Simbeak from other H. syriacus 
cultivars and H. sabdariffa.

PCR was performed using 50  ng of DNA in a reac-
tion volume of 20  μL that included 10  μL of Taq DNA 

Table 1  Information of the plant samples used in the study

Hibiscus samples Registration 
number

Origin GenBank 
accession number 
of trnL-F region

Samchunli 1481 Korea, Cheonan MZ127173

Simbaek 5259 Korea, Cheonan MZ127174

Jinsun 6335 Korea, Cheonan MZ127175

Jamyung 5778 Korea, Cheonan MZ127176

H. sabdariffa – USA JQ625356.1

Table 2  Primer sequences used in this study

Primer name Direction Nucleotide sequence (5′—3′)

trnL Forward CGA​AAT​CGG​TAG​ACG​CTA​CG

trnF Reverse ATT​TGA​ACT​GGT​GAC​ACG​AG

SimF Forward ATC​AAA​TCA​TTC​ACT​CCA​TGA​

SimF Reverse AGG​ATA​CGC​TTG​TAA​AAT​GGC​

http://www.ebi.ac.uk/Tools/clustalw2/
http://www.ebi.ac.uk/Tools/clustalw2/
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polymerase (GeneAll Biotechnology Co., Seoul, Korea) 
and 0.5 μM of each primer (trnF, trnL, SimF, and SimR). 
The cycling conditions were as follows: 5  min at 94  °C, 

followed by 33 cycles of 30 s at 94 °C, 30 s at 56 °C, 40 s at 
72 °C, and a final extension of 7 min at 72 °C.

Results and discussion
Sequencing analysis of the PCR products
Since chloroplast genome sequences in plants evolve 
slowly and are highly conserved between species within 
a genus, they can be utilized for species identification 
and genetic diversity studies [17]. A trnL (UAA) intron 
and an intergenic spacer trnL (UAA)-trnF (GAA) are 
present in the trnL-F region of chloroplast DNA. Owing 
to its easy amplification, trnL-F has been proven to be a 
useful gene for the identification of many plants using 
primers homologous to its exons [17–19]. The trnL-F 
regions of the five cultivars, including 20 samples, were 

Fig. 1  PCR products of five Hibiscus cultivars. Lane M: 100 kb DNA ladder; lane 1: samples of ‘Samchunli’ (H. syriacus); lane 2: samples of ‘Simbaek’ (H. 
syriacus); lane 3: samples of ‘Jinsun’; lane 4: samples of ‘Jamyung’ (H. syriacus); lane 5: samples of H. sabdariffa 

Fig. 2  Schematic diagrams of the PCR-amplified trnL-F region of 
Hibiscus. The PCR product amplified with universal primer sets, ‘trnL’ 
and ‘trnF’ and the PCR product amplified with Simbaek-specific 
primer, ‘SimF’ and ’SimR’

Fig. 3  Partial multiple alignments and primer binding sites of different Hibiscus cultivars. The arrow indicated the primer binding sites respective to 
each species and the box represents InDels
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amplified and sequenced. The universal primer set for 
the trnL-F region produced amplified PCR products of 
approximately 1100  bp lengths (Fig.  1). The four trnL-F 
sequences have been deposited at NCBI with the acces-
sion numbers MZ127173 (Samchunli), MZ127174 (Sim-
baek), MZ127175 (Jinsun), and MZ127176 (Jamyung).

Using the InDel marker for Hibiscus cultivar identification
Although considerable development has been achieved 
in recent years, problems such as genetic pollution and 
variety degradation, in Hibiscus cultivation still persist, 
which have seriously affected the breeding and function-
related studies of the plant. The accurate identification of 
different high-quality cultivars of H. syriacus is crucial 
for the cultivation of Hibiscus medicinal plants. DNA-
based molecular markers, such as random amplified 
polymorphic DNA (RAPD) [5] and restriction fragment 
length polymorphism (RFLP) [20], have been used for 
the identification of plant and animal species. Although 
the complete chloroplast genome sequence of H. syriacus 
has been published [21], there are only a few reports on 
Hibiscus species-specific markers. Due to intra-species 
polymorphism between different cultivars of Hibis-
cus, developing the exact method to identify Hibiscus is 
essential for breeding and utilizing the plant resources. 
Recently, InDel, a new type of molecular marker regarded 
as an emerging technology for genomic identification, 
has been broadly applied in ecological studies [22]. InDel 
markers have characteristics, such as genetic inherit-
ance and codominance, but to the best of our knowledge, 
there are no InDel markers developed for Hibiscus. Thus, 
to establish an economic and efficient method for the 
authentication of different H. syriacus cultivars, InDel 
genotyping using multiplex-specific PCR was performed. 
In view of the Simbaek cultivar-specific InDel sites 
explored in the trnL-F region, a pair of specific prim-
ers, SimF (5′-ATC​AAA​TCA​TTC​ACT​CCA​TGA-3′) and 

SimR (5′-AGG​ATA​CGC​TTG​TAA​AAT​GGC-3′), were 
designed with specific mismatches (Fig. 2). As shown in 
Fig. 3, the substitution of G for A at the third base from 
the 3′ terminus was deliberately introduced to ensure its 
absolute specificity and reliable discrimination between 
the alleles.

Authentication of Simbaek cultivar using multiplex‑specific 
PCR
Specific primers, together with the universal primers of 
the trnL-F region, were used to differentiate the cultivars 
Samchunli, Simbaek, Jinseon, Jamyung, and H. sabdar-
iffa, in multiple allele-specific PCR. As shown in Fig.  4, 
the DNA of different hibiscus cultivars cross-annealed 
with the specific and universal primers amplified into two 
fragment patterns. To determine the exact sequence and 
size of the multiplex PCR products, the amplicons were 
cloned and sequenced. A band at 295  bp was observed 
for Simbaek, indicating an insertion allele in the the trnL-
F region from Simbaek, while only one band at 1112 bp 
was observed for the other cultivars. Two regions of the 
trnL-F gene from chloroplasts of different H. syriacus 
cultivars were amplified using specific and universal 
primers. Mismatches in the specific primers increased 
specificity of the PCR method and avoided non-specific 
amplification. Moreover, no cross-amplification or inter-
ference was observed. Taken together, the developed 
PCR assay ensured reliable authentication of Simbaek 
cultivar via simultaneous amplification of allele in a sin-
gle reaction.

To ensure accuracy of results, the molecular identifi-
cation system usually contains three conditions: primer 
versatility, sequence quality, and species distinction. 
However, for molecular marker research, the univer-
sality of primers is the most important prerequisite, 
because the region/site they bind to is unknown [23, 
24]. This factor was also important in our research. 

Fig. 4  The PCR products in multiplex PCR using the primers, ‘trnL’, ‘trnF’, ‘SimF’, and ‘SimR’. Lane M: 100 kb ladder, lanes 1–2: samples of ‘Samchunli’ (H. 
syriacus); lanes 3–6: four different samples of ‘Simbaek’ (H. syriacus); lanes 7–8: samples of ‘Jinsun’; lanes 9–10: samples of ‘Jamyung’ (H. syriacus); lanes 
11–12: samples of H. sabdariffa; lane 13: Negative control
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For unknown samples, if the primers are not univer-
sal, PCR amplification may be affected because of the 
presence of plant secondary metabolites. Although our 
method provides a novel idea for the comprehensive 
exploration of the genetic information among different 
cultivars of H. syriacus, to understand the ecology, dis-
tribution, and cultivar evolution of H. syriacus, further 
studies focusing on the relationship between game-
tophyte and genetic traits are required. Further, the 
method developed in this study could precisely identify 
heterozygotes at the locus from homozygotes for either 
allele without requiring restriction enzyme digestion. 
In addition, the results of this method are consistent 
with those of allele assignments derived from direct 
sequencing of PCR products, thereby highlighting the 
simplicity and reliability of our method.

In conclusion, we developed a reliable and effective 
method to identify the Korean and American Hibiscus 
cultivars, using multiplex-specific PCR. By introducing 
mismatches in the specific primers, dimers, hairpins, and 
false-positive results due to faulty primers were success-
fully prevented. The method does not require sequence 
analysis of the PCR products; instead, the products can 
be conveniently evaluated using conventional gel electro-
phoresis. Furthermore, the molecular markers developed 
in this study can be widely applied in the identification of 
medicinal plants without being influenced by the growth 
stage and environmental conditions.
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