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The genetic relationship among five species of Pinellia endemic in China was examined by inter-simple
sequence repeat (ISSR) and sequence-related amplified polymorphism (SRAP) markers. Twelve ISSR
primers amplified a total of 569 DNA fragments, of which 504 (88.58%) were polymorphic, whereas 38
SRAP primer combinations amplified 1826 fragments, of which 1431 (78.37%) were polymorphic. Cluster
analysis showed that ISSR, SRAP and ISSR + SRAP dendrograms of the five species of Pinellia
generally exhibited similar clustering patterns. Pinellia ternata, Pinellia cordata, Pinellia integrifolia and
Pinellia peltata were clustered into group I, while Pinellia pedatisecta was in group Il. Group | comprises
two subgroups, that is, subgroups A and B. P. ternata and P. integrifolia were clustered into subgroup A,
while P. cordata and P. peltata were clustered into subgroup B. The results suggested that P. cordata
has the closest genetic relationship with P. peltata, and P. ternata is closely related to P. integrifolia. P.
pedatisecta is a sister group to the other species. The results of this study might be useful for guiding
the exploitation and conservation of Pinelliain China.
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polymorphism (SRAP).

INTRODUCTION

Pinellia Tenore is a small Eastern Asian genus of the
Araceae, with only 7 perennial herbaceous species
(Mayo et al.,, 1997), and mainly distributed in China,
Korea and Japan. Among the 5 species of Pinellia, only
Pinellia ternata (Thunb.) Breit. was not endemic in China.
The center of distribution was located in Central and
Eastern China (Yi, 2002). All Pinellia species were
seasonally dormant herbs growing in woodlands and
forests, on rocks with dripping water, or among crops as
weeds (e.g., P. ternata). P. ternata are important
traditional Chinese medicinal plants recorded in Chinese
herb classics more than 2000 years ago (Li, 1976) and
used for the treatment of viper bites, lumbago, allergic
reaction and externally to treat traumatic injury,
abscesses, neck sarcoma, breast mastitis and uterine
cancer (Li, 1976; Luo, 1979). P. ternata has been
embodied by the Pharmacopoeia of the People's
Republic of China (2005), and the Hubei, Jiangsu,
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Henan, Shanxi, Shandong and Sichuan provinces are the
geo-authentic producing areas.

Pinellia genus is one of the evolutionary taxa in
Araceae. Some studies of the genetic relationship in
Pinellia had been carried out (Cheng et al., 2006; Li et al.,
2000, 1999, 2008). However, most studies are limited to
a comparison between two or three species, and most of
them are based on morphological analysis. Therefore,
there has been a lack of systematic study on the genetic
relationship among the 5 species of Pinellia in China.The
inter-simple sequence repeat (ISSR) marker involves
polymerase chain reaction (PCR) amplifications of DNA
using a primer composed of a microsatellite sequence
anchored at 3' or 5' end by 2 to 4 arbitrary nucleotides
(Zietkiewicz et al., 1994). The PCR amplification of the
DNA has proven to be a rapid, simple and inexpensive
way to assess the structure and genetic diversity (Culley
et al., 2007; Gonzalez A et al., 2005; Nan et al., 2003;
Jian et al., 2002) to analyze genetic relationships among
cultivars (Martins et al.,, 2003) and to study the
evolutionary processes (Sun et al., 2005). Sequence-
related amplified polymorphism (SRAP) is a newer molecular
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Table 1. Location of five species of Pinellia (family Araceae).

SIN  species Origin Voucher

1 P. ternata Nanchong, Sichuan province Zhengsong Peng
2 P. peltata Wenzhou, Zhejiang province Zaijun Yang

3 P. cordata Lushan, Jiangxi province Zaijun Yang

4 P. inlegrifolia Xuyong, Sichuan province Zaijun Yang

5 P. Pedatisecta nanchuan, chongging Zhengsong Peng

Table 2. Primer sequence used for ISSR and SRAP analysis in this study.

SRAP primer

ISSR primer(5’ »3’)

Forward primer( 5’ »3’)

Reverse primer (5 -3’)

807 (AG)sT mel 5TGAGTCCAAACCGGATA 3 eml 5'GACTGCGTACGAATTAAT 3’
824 (TC)sG me2 5TGAGTCCAAACCGGAGC 3' em2 5'GACTGC-GTACGAATTTGC 3'
825 (AC)sT me3 5TGAGTCCAAACCGGAAT 3 em3 5'GACTGCGTACGAATTGAC 3’
826 (AC)sC me4 5TGAGTCCAAACCGGACC 3’ em4 5'GACTGCGTACGAATTTGA 3’
834 (AG)sYT - - em5 5'GACTGCGTACGAATTAAC 3’
836 (AG)sYA - - emé6 5'GACTGCGTACGAATTGCA &'
841 (GA)YC - - em7 5'GACTGCGTACGAATTCAA 3
845 (CT)eRG - - em8 5'GACTGCGTACGAATTCTG 3’
855 (AC)eYT - - em9 5'GACTGCGTACGAATTCGA 3'
856 (AC)sYA - - em10 5'GACTGCGTACGAATTCAG 3’
857 (AC)sYG - - emll 5'GACTGCGTACGAATTCCA 3’
873 (GAC A)4 - - eml2 5'GACTGCGTACGAATTATT 3’

marker first introduced by Li and Quiros (2001). The
SRAP technique consists of preferential amplification of
open reading frames (ORFs) using PCR. SRAP had been
applied extensively in genetic linkage map construction,
genetic diversity analysis and comparative genetics of
different species and other fields (Li and Quiros, 2001,
Ferriol et al.,, 2003; Guo and Luo, 2006; Ding et al.,
2008).

In the present study, we systematically investigate the
genetic relationship among the five species of Pinellia in
China using both ISSR and SRAP markers, and estimate
the genetic base of these germplasm to be used in future
conservation and breeding programs.

MATERIALS AND METHODS
Plant

A total of five Pinellia spp. were collected from their main natural
growing regions in different provinces of China and were then
planted in the botanical garden of China West Normal University,
Nanchong, China. The details on sample collection are given in
Table 1. Young leaves were collected from the field-grown plants
and stored at -80°C prior to DNA extraction.

DNA extraction

Total genomic DNA of fresh young leaves were extracted using the
cetyltrimethylammonium bromide method described by Sambrook
et al. (2001), and the quality confirmed by 1.0% (w/v) agarose gel
electrophoresis. DNA concentrations were determined with a
Photometer Nanodrop-2000C (Thermo, America), and samples
were diluted to 50 ng/ul for PCR amplification.

ISSR-PCR amplification

One hundred ISSR primers biosynthesized from the Shanghai
Sangon Biological Engineering Technology and Service Company
were screened initially. Twelve primers with good and clear
amplified bands were selected for genetic diversity analysis (Table
2). ISSR amplification was carried out using PCR instrument
MyCycler (Bio-Rad, America) in 10 pl reaction volumes containing
5 ul of 2xTaq PCR MasterMix (Tiangen Biotech, China), 3.7 ul of
ddH;0, 1 ul of DNA (50 ng/ul) and 0.8 ul of primer (10 ng/ul). PCR
amplification was performed under the following conditions: initial
5 min at 94°C, followed by 38 cycles of 30 s at 94°C, 30 s annealing
at 55°C or 52°C and 90 s extension at 72°C and a final 8 min
extension at 72°C. The PCR products were separated on 8%
denatured polyacrylamide gels. The gels were run in 1 x (tris-
borate-ethylenediaminetetraacetic acid (EDTA) (TBE)) buffer
(0.09 M Tris-borate and 0.002 M EDTA) at 300V for 4 h. The
products were visualized by silver staining using the method
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Table 3. Genetic diversity of five species of Pinellia revealed by ISSR, SRAP and combined ISSR and SRAP.

. Total Polymorphic Percentgge of Nei’s gene . Shan.non.’s

Species bands bands polymorphic bands diversity (H) information index
(PPB) y ()

ISSR
P. ternata 108 95 87.96 0.2229 0.3768
P. peltata 103 90 87.38 0.2203 0.3751
P. cordata 115 102 88.70 0.2391 0.3956
P. inlegrifolia 111 98 88.29 0.2306 0.3854
P. Pedatisecta 132 119 90.15 0.2687 0.4364
Average 113.8 100.8 88.58 0.2363 0.3939
SRAP
P. ternata 388 309 79.63 0.3196 0.4975
P. peltata 382 303 79.31 0.3001 0.4741
P. cordata 371 292 78.70 0.3015 0.4715
P. inlegrifolia 324 245 75.61 0.2704 0.4357
P. Pedatisecta 361 282 78.11 0.3091 0.4781
Average 365.2 286.2 78.37 0.3001 0.4714
Combined ISSR and SRAP
P. ternata 496 404 81.45 0.2436 0.4033
P. peltata 485 393 81.03 0.2449 0.4024
P. cordata 486 394 81.06 0.2435 0.4014
P. inlegrifolia 435 343 78.85 0.2210 0.3739
P. Pedatisecta 493 401 81.34 0.2477 0.4106
Average 479 387 80.79 0.2401 0.3983

described by Bassam et al. (1991). The ISSR-PCR was repeated
three times.

SRAP analysis

Forty-eight random SRAP primer combinations (Sangon Biotech,
Shanghai) (Li, 2001) were selected for SRAP analysis (Table 2).
SRAP amplifications were performed in 20 ul reaction volumes
containing 10 pl 2xTag PCR MasterMix (Tiangen Biotech, China),
50 ng genomic DNA and 10 ng of each primer. Amplification
conditions were as follows: initial 5 min at 94°C, 5 cycles of 94°C for
1 min, 35°C for 1 min and 72°C for 1 min; 35 cycles of 94°C for
1 min, 50°C for 1 min and 72°C for 1 min; followed by a final 10 min
extension at 72°C. Amplification products were fractionated by
electrophoresis in 8% (w/v) denaturing polyacrylamide gel at 300 W
for 4 h and were visualized by silver staining. The SRAP analysis
was repeated three times.

Data analyses

The amplified DNA fragments were recorded as either 1 or O,
representing the presence or absence of the band, respectively.
Data analyses were performed using the numerical taxonomy
multivariate analysis system (NTSYS-pc), version 2.10 software
package (Exeter Software, Setauket, New York). The genetic
similarity coefficient was calculated using Jaccard’s coefficient by
the SIMQUAL program (Rohlf FJ, 2000). The genetic diversity
parameters, including the percentage of polymorphic bands (PPB),

Shannon’s information index (I) (Shannon CE, Weaver W, 1949)
and Nei’'s gene diversity (H) (Nei, 1973) were obtained at species
level. A dendrogram (Sokal and Michener, 1958) was constructed
later based on the genetic similarity matrix by the unweighted pair
group method with arithmetic average (UPGMA) (Sneath and
Sokal, 1973).

RESULTS
ISSR analysis

Twelve ISSR primers amplified a total of 569 scorable
bands (Table 3), of which 504 were polymorphic and
accounted for 88.58%. The number of bands varied from
3 (UBC825) to 13 (UBC841), with an average of 8
polymorphic fragments per primer. Figure 1 represents
the extent of polymorphism observed among the five
species as revealed by UBCB841. Genetic similarities
among the 5 species ranged from 0.5949 to 0.7569
(Table 4). Figure 3a shows the dendrogram based on the
ISSR data. UPGMA grouped the 5 species into two main
clusters at a similarity index value of 0.6482. Cluster |
comprised 4 species that were delineated into two sub-
clusters. Sub-cluster | comprised 2 genotypes, with
species P. ternata and Pinellia integrifolia (with a 0.7569
similarity coefficient) appearing to be closely related
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Figure 1. ISSR amplified result of Pinellia by primer
UBC841. The line from left to right were 1, P. ternate; 2,
P. peltata; 3, P. cordata; 4, P. inlegrifolia; 5, P.
pedatisecta; M is DL2000 DNA marker.

Table 4. Genetic distance and similarity revealed by ISSR, SRAP and combined ISSR and SRAP.

Species P. ternata P. peltata P.cordata  P.inlegrifolia P. pedatisecta
ISSR

P. ternata Fokkk 1.2572 1.2214 0.6528 0.9983
P. peltata 0.6505 il 0.7623 1.0886 1.3576
P. cordata 0.6343 0.7292 Fhkk 1.1480 1.1293
P. inlegrifolia 0.7569 0.6713 0.6412 kk 1.0826
P. Pedatisecta 0.6481 0.5949 0.6111 0.6111 Fhkk
SRAP

P. ternata bl 0.5700 0.5633 0.5479 0.6468
P. peltata 0.6852 Hkkkx 0.4768 0.5761 0.5954
P. cordata 0.6927 0.7312 il 0.5806 0.6450
P. inlegrifolia 0.7162 0.7077 0.7115 Fhkkk 0.7786
P. Pedatisecta 0.6645 0.6861 0.6729 0.6513 Hkkokk

Combined ISSR and SRAP

P. ternata il 0.6778 0.6728 0.5857 0.7180
P. peltata 0.6798 il 0.5368 0.6744 0.7338
P. cordata 0.6818 0.7293 rrax 0.6992 0.7456
P. inlegrifolia 0.7266 0.6965 0.6892 FhkAx 0.8387
P. Pedatisecta 0.6658 0.6598 0.6564 0.6477 el

Genetic distance (above diagonal) and genetic similarity (below diagonal).

genetically, while sub-cluster Il comprised 2 genotypes, 0.7292 similarity coefficient) appearing to be closely
with species Pinellia peltata and Pinellia cordata (with a related genetically. Cluster Il consisted of one species
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Figure 2. SRAP amplified result of Pinellia by primer
ME1-EM9. The line from left to right were 1, P. ternate;
2, P. pedatisecta; 3, P. cordata; 4, P. inlegrifolia; 5, P.
peltata; M is DL500 DNA marker.

(Pinellia pedatisecta) that appeared to be distinct from all
the other species. The lane numbers correspond to the
species listed in Table 3. In the case of ISSR analysis, the
PPB varied from 87.38 (P. peltata) to 90.15% (P.
pedatisecta) within each species, and the mean value of
H was 0.2363, ranging from 0.2203 to 0.2687. The value
of | showed similar trends, ranging from 0.3751 to
0.4364.

SRAP analysis

A total of 1826 bands, of which 1431 (78.37%) were
polymorphic, were scored from 5 species using thirty
eight SRAP primers. The extent of polymorphism
revealed by the ME1-EM9 primer is as shown in Figure 2.
Percentage polymorphism ranged from 53.85% (ME1-
EM7) to a maximum of 95.83% (ME2-EM12), with an
average of 82.74%. The number of bands varied from 13
(ME1-EM7) to 28 (ME2-EM11), with an average of 21.70
polymorphic fragments per primer. Genetic similarities
among the 5 species ranged from 0.6513 to 0.7312
(Table 4). Figure 3b shows the dendrogram based on the
SRAP data. UPGMA grouped the 5 genotypes into two
main clusters at a similarity index value of 0.5750. Cluster
| comprised 4 species that were delineated into two sub-
clusters. Sub-cluster | comprised 2 species, P. ternata
and P. integrifolia (with a 0.7162 similarity coefficient),
which appeared to be closely related genetically, while
sub-cluster Il comprised 2 species, P.peltata and P.

cordata (with a 0.7312 similarity coefficient), which
appeared to be closely related genetically. Cluster I
consisted of one species (P. pedatisecta) that appeared
to be distinct from all the other genotypes. The lane
numbers correspond to the genotypes listed in Table 3. In
the case of SRAP analysis, the PPB varied from 85.61 to
79.63% within each population, and the mean value of H
was 0.3001, ranging from 0.2704 to 0.3196. The value of
| showed similar trends, ranging from 0.4357 to 0.4975.

Combined ISSR and SRAP analysis

Analysis of combined ISSR and SRAP data shows
genetic similarities among all the 5 genotypes ranging
from 0.6477 to 0.7293 (Table 4). The structure of the tree
is very similar to that from SRAP analysis. UPGMA
grouped the 5 genotypes into two main clusters at a
similarity index value of 0.6864. Cluster | comprised 4
species that were delineated into two sub-clusters. Sub-
cluster | comprised 2 genotypes, species P. ternata and
P. integrifolia (with a 0.7266 similarity coefficient), which
appeared to be closely related genetically, while sub-
cluster Il comprised 2 genotypes, species P. peltata and
P. cordata (with a 0.7293 similarity coefficient), which
appeared to be closely related genetically. However,
cluster 1l consisted of only one species (P. pedatisecta)
that appeared to be distinct from all the other species. In
the case of combined ISSR and SRAP analysis (Figure
3c), PPB varied from 78.85 (P. integrifolia) to 81.45% (P.
ternata) within each species, and the mean value of H
was 0.2401, ranging from 0.2210 to 0.2477. The value of
| ranged from 0.3739 to 0.4106.

DISCUSSION

In this study, ISSR and SRAP markers were applied to
assess the level and pattern of genetic relationship
among the five species of Pinellia. The results revealed
that ISSR and SRAP methodologies were highly effective
in demonstrating the genetic diversity among the five
species of Pinellia. The percentage of polymorphic band
(PPBs = 78.37%) generated by SRAP primer were lower
than ISSR (PPBs = 88.58%). However, the average Nei
gene diversity (Hs =0.3001) and Shannon’s information
index (Is =0.4714) at species level generated by SRAP
makers were higher than that of ISSR analysis
(Hs = 0.2363, Is = 0.3939). The possible reason was that
the ISSR and SRAP techniques target different parts of
the genome. ISSR marker amplification targets are
located in the region between simple sequence repeats
(SSRs), whereas microsatellite DNA is not a general
transcription region. In the case of SRAP, ORF, including
the intron(s) and promoter region, is the amplification
target. Therefore, combining ISSR and SRAP analysis
were effective and reliable for accurately assessing the
genetic relationship of Pinellia.
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Figure 3. Dendrogram obtained by UPGMA cluster based on data
from ISSR and SRAP analysis. (a) ISSR analysis; (b) SRAP analysis;
(c) combined ISSR and SRAP analysis.

ISSR, SRAP and ISSR + SRAP dendrograms of the five
species in Pinellia generally exhibited similar clustering
patterns. For example, species P. ternata and P.
integrifolia clustered together in each case, the same with
species P. peltata and P. cordata. However, small
differences were observed. For example, in the
dendrogram obtained by ISSR, subgroup | (species P.

ternata and P. integrifolia) appeared to be more closely
related genetically. However, in the dendrogram obtained
by SRAP, subgroup Il (species P. peltata and P. cordata)
had close relationship. The dendrogram obtained by the
combined ISSR + SRAP had a similar cluster pattern with
those generated by SRAP markers.The cluster results
based on ISSR, SRAP and combined ISSR + SRAP
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analyses showed that the species obviously clustered
into two major groups. P. ternata, P. cordata, P. integrifolia
and P. peltata were clustered into group I, while P.
pedatisecta was in group Il. Group | comprises of two
subgroups, namely, subgroups A and B. P. ternata and P.
integrifolia were clustered in subgroup A, while P. cordata
and P. peltata were clustered in subgroup B. The results
suggested that P. pedatisecta is a sister group to the
other species, and supported the results of Chen et al.
(2006) and Yi et al. (2002). P. pedatisecta and the other
species of Pinellia have significant differences in plant
morphological and pollen grain characteristics. For
example, in plant morphology, P. pedatisecta is the only
species of Pinellia that always have pedate leaf blades
and lack the transverse septum inside its spathe. In
pollen grains, P. pedatisecta has small pollen and scarce
long spines on exine (Li, 1999). P. cordata and P. peltata
had close relationships, which was consistent with the
results of Chen et al. (2006). Palynological evidence
indicated that P. cordata and P. peltata had similar pollen
grain morphologies, size and exine structure (Li et al.,
2000). In the present study, P. ternata and P. integrifolia
had a close relationship. Morphologically, P. ternata
differed from P. integrifolia; especially since P. ternata had
3-foliolate leaves, while P. integrifolia leaf blade was
ovate or oblong. However, P. ternata and P. integrifolia
had similar leaf shape, namely, ovate or oblong with
entire margin in the seedling stage. To conclude, the
results of the present study show that the SRAP and
ISSR technique is an effective and reliable additional
method for analyzing the genetic relationship and
similarities among Pinellia species.
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