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ABSTRACT

The botanical origins of Chinese drug materials in yams were examined among eighteen cultivarities/ species of Dioscorea by ran-
domly amplified polymorphic DNA (RAPD). DNA isolated from fresh leaves were used as a template in polymerase chain reactions (PCR)
using thirty random decamer primers. Eighteen primers produced 237 polymorphic RAPD markers, which were scored for all the lines
studied. Four primers including OPP-04, OPP-15, OPAP-04 and OPAP-10, could distinguish all tested samples. Genetic distances and sim-
ilarities among eighteen cultivarities/species were calculated, and a cluster analysis was used to generate a dendrogram showing a phylo-
genetic relationship. The studied Dioscorea species could be divided into five subgroups by phylogenetic analysis.  Genetic distance and
similarity analysis showed that line 70W37 was distantly related to 70W47, and line 70W41 was closely related to 70W59. RAPD tech-
nique could be successfully applied for the rapid identification and differentiation of Dioscorea species.
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INTRODUCTION

Yam (Dioscorea spp.) is one of very important pharma-
ceutical plants used in the traditional Chinese medicine. In
the Chinese pharmacopoeia, Pentsao, the medicinal uses of
Dioscorea rhizome are prescribed for indigestion, anorexia,
diarrhea, and diabetes (1). Yam has many superior character-
istics in the rhizome such as a high viscosity, and high con-
tents of polysaccharides, amino acids, protein, vitamins and
mineral elements. It also contains dioscin, diosgenin, phytic
acid, allantoin, dopamine, batatasin, dioscorea-musilage B,
and sterols (2, 3). Diosgenin, a steroidal sapogenin, is one of
the important starting materials for the manufacture of sexu-
al hormone drugs including oral contraceptives.  In general,
yam can be widely applied in the drug industry. 

Yam is a perennial herb, distributed in the tropical and
subtropical regions. There are more than 600 species in the
world, of which 93 species and 9 varieties are found in China,
and 14 species and 5 varieties found in Taiwan(4). Since there
is a high diversity in phenotypes, including leaf shape, stem
length, rhizome shape, rhizome skin color, and flesh color
within and among the species of Dioscorea, identification
according to their morphological characters is difficult.
Reports on identification of Dioscorea species using the

isozyme electrophoresis method and the anatomy method
have been published(5-8). Recently, molecular-based tech-
niques, such as the random amplified polymorphic DNA(9-11)

technique and analysis of DNA by polymerase chain reaction
(PCR)(12-14) have been recognized as powerful and efficient
tools to detect genetic diversity and assess phylogenic rela-
tionships. So far, only Dioscorea alata, D. pseudojaponica
and D. doryophora in Dioscorea species have been studied
(15, 16). This present study assessed the extent of genetic
diversity and determined the phylogenetic relationships
among eighteen lines of Dioscorea species by RAPD analy-
sis.

MATERIALS AND METHODS

I. Plant Materials

A total of eighteen cultivarities/species of Dioscorea
were used in this study (Table 1). Plants were cultivated in
the fields of the Taiwan Agricultural Research Institute and
the National Pingtung University of Science and Technology.
Taxonomic statuses and origins of these Dioscorea are shown
in Table 1. Twelve of eighteen cultivarities/ species originat-
ed from Taiwan, four from China, and two from Japan. "W"
in the notation represents white flesh of tuber whereas "R"
represents red flesh of tuber. * Author for correspondence. Tel: 08-7740319; 
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II. DNA Preparation

DNA was prepared by grinding one young leaf (1.0 g) in
liquid nitrogen, placing the ground tissue into a sealable plas-
tic tube, adding 10 mL of extraction buffer [100 mM Tris-
HCl, pH 8.0; 50 mM Na2EDTA, pH 8.0; 500 mM NaCl; 10
mM mercapto-ethanol] and 1 mL 20% SDS, followed by
incubating in a 65˚C water bath for 20 min. Five milliliters of
5M potassium acetate was added to each sample. After incu-
bating on ice for 20 min, samples were centrifuged at 25000
× g, 4˚C for 20 min. The supernatant was transferred to a
clean tube, and DNA was precipitated with 10 mL of cold
isopropanol and centrifuged at 12000 rpm, 4˚C for 30 min.
DNA samples were pelleted, washed in 1 mL 70% ethanol,
and dissolved in 300 µL TE buffer (10 mM Tris-HCl, pH 8.0;
1 mM EDTA, pH 8.0) and 5 µL RNase A. DNA samples
were extracted by two consecutive phenol-chlroform-
isoamyl alcohol (25:24:1) extractions and recovered by pre-
cipitation with ethanol containing 0.3 M sodium acetate.
DNA was washed twice using 70% ethanol, suspended in
distilled water, and quantitated with a spectrophotometer at
260 nm.

III. RAPD Reactions

Thirty random 10-base primers were used in this study
(Table 2). PCR was carried out in a 25 µL volume containing
10× buffer, 2.5 mM of each dNTP (dATP, dCTP, dGTP, and
dTTP), 2.0 µM of primer (Operon), 2.5 units of Taq DNA
polymerase (Boehringer Mannheim), and 5 ng template
DNA. Samples were subjected to 35 cycles consisting of
denaturation for 1 min at 94˚C, annealing for 1 min at 37˚C,
extension for 3 min at 72˚C, and one final extension cycle at
72˚C for 7 min. After completion of the PCR, 10 µL of reac-

tion mixture was loaded into a 1.2% agarose gel, containing
0.5 µg/ mL ethidium bromide for electrophoresis and subse-
quent visualization by UV transillumination. 

IV. Data Analysis

The profile of amplified DNA products from each sam-
ple was visualized in UV light. Photographs were taken and
the profile image was saved on a magnetic disc (Photo-print,
Version 98.02, Vilber Lourmat, France). The molecular
weight of each amplified band in a gel was calculated and
matching analysis was done using Bio-Profile image analysis
software (Bio-1D/Bio-gene, Version 97, Vilber Lourmat,
France). The presence and absence of amplified bands were
denoted by 1 and 0 signals for analysis of Dice genetic dis-
tance, similarity coefficient, and dendrogram using NTSYS
program.

RESULTS

I. PCR Primers and RAPD Patterns

Eighteen primers produced polymorphic products, the
remaining twelve primers produced ambiguous patterns that
could not be scored reliably. Two hundred forty-nine ampli-
fied markers were generated by using the eighteen primers,
237 of which (95.2%) were polymorphic. The number of
scored markers produced by each  primer ranged from 5 to 21
(Table 2), with an average of about l3 markers per primer. Of
eighteen primers, four primers including OPP-04, OPP-15,
OPAP-04, and OPAP-10 were able to produce distinct and
polymorphic fingerprints. Primer OPP-04 resulted in eleven
distinct fingerprints, and primers OPP-15, OPAP-04, and
OPAP-10 generated nine and four distinct fingerprints,
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Table 1. Eighteen cultivarities/ species of Dioscorea used in this study

Line notation Cultivarities/ species Origin
TNG 1                       Dioscorea alata L. Trinidad
TNG 2                      Dioscorea alata L. Taiwan
70W34 Dioscorea alata L. China
70W35                     Dioscorea alata L. China
70W47                       Dioscorea alata L. Taiwan
80W02                    Dioscorea alata L. China
70W98 Dioscorea alata L. Taiwan
70W48 Dioscorea alata L. Taiwan
70W42 Dioscorea alata L. Taiwan
70R16 Dioscorea alata L. var. purpurea (Roxb) M. Pouch. Taiwan
70R20 Dioscorea alata L. var. purpurea (Roxb) M. Pouch. Taiwan
70W41 Dioscorea batatas Decne Japan
70W59 Dioscorea batatas Decne         China
70W49   Dioscorea japonica Thumb. Japan
70W43 Dioscorea japonica Thumb. var.                Taiwan

pseudojaponica (Hay.) Yamamoto
70W51             Dioscorea doryophora Hance Taiwan
70W20              Dioscorea doryophora Hance Taiwan
70W37     Dioscorea bulbifera L. Taiwan



respectively. By comparing the polymorphic fingerprints,
eighteen cultivarities/species of Dioscorea could be clearly
differentiated (Figure 1). 

II. Genetic Distance and Similarities

Genetic distance and similarities among eighteen culti-
varities/ species were calculated. A dendrogram derived from
all the species was generated using NTSYS program. Lines
70W41 and 70W59, which originated from Japan and China,
respectively, showed the smallest genetic distance (0.184)
and the largest similarity (0.831). In contrast, lines 70W47
and 70W37, which originated from Taiwan, showed the
largest genetic distance and the smallest similarity (Table 3).
Therefore, the analysis of genetic distance and similarities
showed that line 70W47 was distantly related to 70W37, and
line 70W41 was closely related to 70W59.

III. Phylogenetic Tree

A dendrogram, based on the genetic distance from
RAPD data, is shown in Figure 2. In the phylogenetic tree,
Dioscorea species were divided into five subgroups based on
the genetic distance. The first subgroup I including lines
TNG1, TNG2, 70W34, 70W47, and 70R16, belonged to D.
alata, except 70R16, namely D. alata var. purpurea. The sec-
ond subgroup II included lines 70W41, 70W59, 70W49,
70W43, and 70W51. Lines 70W41and 70R59 belonged to D.
batatas, lines 70W59 and 70W49 belonged to D. japanica,
and line 70W51 belong to D. doryophora. The fourth sub-
group IV including lines 70W35, 80W02, 70W42, 70W98,
70W48, and 70R20, belonged to D. alata, except 70R16
belonged to D. alata var. purpurea. Subgroup III and V con-

tained 70W20 (D. doryophora) and 70W37 (D. bulbifera),
respectively. 

DISCUSSION

Molecular markers are fundamental tools for plant biol-
ogists. RAPD markers are suitable for determining similari-
ties among inbreds, establishing phylogenies, fingerprinting
varieties, tagging desirable genes, and mapping plant
genomes. RAPD markers are obtained by PCR amplification
of random DNA segments from single arbitrary primers (9-

11). Arbitrary primers used in the present study were 10 bp in
size; they had a GC content of 60% to 70 % and did not con-
tain palindromic sequence. Williams et al. 1990(17) were the
first to use this technique on plants and gave the name RAPD.
In our previous study, twelve cultivarities/species of
Dioscorea were clearly distinguished using anatomical stud-
ies and a microscopic index table(18). The relationships
among eighteen lines of Dioscorea could be definitely deter-
mined by anatomical studies. In recent years, molecular-
based  techniques such as RAPD analysis have been estab-
lished and applied to construct phylogenetic dendrograms of
closely related species, to investigate intraspecies relation-
ships, and to identify particular varieties of the crops(15, 16,

18). Their value and convenience have been widely recog-
nized and these techniques are commonly put to practical
use. 

Polymorphism detected by RAPD was determined by
the different DNA sequence of the sites, which the primer
bound, or by the insertions and deletions occurring between
these sites. In the present study, high polymorphisms among
eighteen cultivarities/species of Dioscorea studied were
obtained using eighteen primers. Of the 249 amplified prod-
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Table 2. Nucleotide sequences of the random primers used in the present experiment

Code of GC content Numbers of Numbers of amplified bands
primers sequence (%) bands polymorphic (amplified samples/total samples)
OPP-01 GTAGCACTCC 60 7 8(14/18)
OPP-02 TCGGCACGAC 70             10 11(12/18)
OPP-03 GTGATACGCC 60            15 15(12/18)
OPP-04 GTGTCTCAGG 60             13 13(16/18)
OPP-05 CCCCGGTAAG 70            21 21(17/18)
OPP-08 ACATCGCCCA 60            18 19(18/18)
OPP-10 TCCCGCCTAC 70             8 8(10/18)
OPP-12 AAGGGCGAGT 60             11 11(18/18)
OPP-15 GGAAGCCAAC 70            17 17(16/18)
OPP-17 TGACCCGCCT 60             6 6(16/18)
OPP-18 GGCTTGGCCT 70             5 5(8/18)
OPP-19 GGGAAGGACA 60            18 18(17/18)

OPAP-01 AACTGGCCCC 70            14 19(18/18)
OPAP-04 CTCTTGGGCT 60            16 18(17/18)
OPAP-05 GACTTCAGGG 60            11 13(16/18)
OPAP-06 GTCACGTCTC 60            18 18(18/18)
OPAP-08 ACCCCCACAC 70            20 20(18/18)
OPAP-10 CTGGCTTCTC 60             9 9(17/18)

Total 237 249
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Figure 1. RAPD patterns obtained from eighteen cultivarities of Dioscorea with primers (A) OPP-04, (B) OPP-15, (C)OPAP-04, and (D)OPAP-
10. Primer OPP-04 used in this study generated eleven different RAPD patterns while primers OPP-15 and OPAP-04 as well as primer OPAP-10
resulted in nine and four distinct RAPD patterns, respectively. DNA molecular weight marker (Bio 100 DNA ladderTM) is indicated as bp. 1,TNG1;
2,TNG2; 3, 20W34; 4, 70W35; 5, 70W47; 6, 80W02; 7, 70W98; 8, 70W48; 9, 70R16; 10, 70R20; 11, 70W41; 12, 70W59; 13, 70W42; 14, 70W49;
15, 70W43; 16, 70W51; 17, 70W20; 18, 70W37.
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Figure 2. The phylogenetic tree of eighteen species of Dioscorea based on genetic distances analyzed with RAPD markers.
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ucts, 237 were polymorphic. Results showed that a high
degree of genetic variability existed within intraspecies of
Dioscorea, which originated from four countries. Eighteen
species of Dioscorea were classified into five subgroups on

the basis of RAPD data, and could be clearly distinguished
by RAPD analysis by combination of four primers.

Eleven lines of Dioscorea alata were divided into two
subgroups (I and IV) by phylogenetic analysis and success-



fully distinguished by RAPD analysis based on numbers of
amplified bands. Although subgroup II, including two D.
batatas, two D. japonica, and one D. doryophora (70W51),
showing high similarity in morphological characteristic of
halberd leaf shape, they could be differentiated with RAPD
markers. Lines 70W51 and 70W20 belonged to D. doryopho-
ra, but were placed into different subgroups (II & III), indi-
cating that high genetic variation occurred in D. doryophora.
In the present study, results showed RAPD analysis was a
rapid and useful approach for distinguishing closely related
species in the Dioscorea as well as for estimating genetic dis-
tance among the species.
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