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Molecular Identification of Cycas by Restriction Fragment
L ength Polymorphism (RFLP) and Random Amplified Polymor phic
DNA (RAPD)

Pattamon Sangin?, Amara Thongpan? AndersJ. Lindstrom?®
and Mingkwan Mingmuang®

ABSTRACT

RAPD and RFL P were used to identify nineteen species of Cycas. Ten species of these Cycas
namely C. chamaoensis, C. macrocarpa, C. pectinata, C. clivicola, C. pranburiensis, C. litoralis,
C. tansachana, C. siamensis, C. nongnoochiae and C. simplicipinna arelocally found in Thailand while
thenineremaining speciesof C. seemannii, C. wadei, C. bougainvilleana, C. chevalieri, C. diannanensis,
C. nathorstii, C. edentata, C. parvulus and C. micholitzii are from several countries around the world
but collectively planted at Nong Nooch Tropical Botanical Garden.

In the RAPD study, twenty random primers were screened to amplify the genomic DNA of
nineteen speciesof Cycas. Only fiveprimers, i.e., OPB-1, OPB-8, OPB-14, OPB-15 and OPB-17 of ten
nucleotides long were found to give polymorphic DNA patterns. These eighty-seven bands of Cycas
DNA at the size of 0.35 -2.5 kb could be used to indicate the differences of these Cycas. Asfor RFLP,
three probes were synthesized from 5S rRNA gene, 5S rRNA repeat unit gene of C. clivicola and 18S
rRNA gene of C. pranburiensis. The probes were hybridized with the genomic DNA of Cycas which
had been digested with restriction enzymes BamHI, EcoRIl and Dral. The phylogenetic trees were
constructed based on their similarity index derived from DNA polymorphism of RAPD and RFLP
separately. The RAPD data classified nineteen species of Cycas into two major groups which mostly
corresponded to their geographic origins, i.e., onegroup of Thailand origin and another of other countries.
However, the RFLP data gave a different set of grouping showing more to their morphological
characteristics but less on their geographic origins.
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INTRODUCTION but are mainly found along the intertropical belt,

i.e., Africa, India, Indonesia, and North Australia.

Cycads are ancient plants with along  Cycas is the only genus naturally grown in
continuity lineof heredity. They areclassifiedinto ~ Southeast Asia. However, representatives of
3 families, 11 genera and 250 known species  different speciesand generaof Cycad from several
distributed all over the world (Stevenson, 1992)  distinctive parts of the world are collectively
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grown for academic purpose at Nong Nooch
Tropical Botanical Garden, Chonburi province,
Thailand.

Although the species of Cycad can be
generally identified from corralloid roots,
girdlingleaf traces, secondary compounds
production or even from the isozymes (Caputo et
al., 1993), these physico-morphological properties
are also affected by the growth conditions and
environment which make the closely related
species difficult to identify. At present, there are
10 speciesof morphologically similar Cycasfound
in Thailand but their true genetic identity and
evolutionary linearenot yet known. To effectively
group them and determine their evolutionary
relationships, biomolecular technique is needed.

Random Amplified Polymorphic DNA
(RAPD) technique is a powerful tool to detect
DNA polymorphism and classify closely related
speciesin most plants (Williamset al., 1990), and
itis considered afast and easy approach to solve
the obscured identification problem. Many kinds
of plant have been fingerprinted using RAPD
markers (Dettori and Palombi, 2000) to evaluate
their phylogenetic rel ationship, genetic variability
and genetic relationships (Lerceteau et al., 1997;
Ahmad, 1999). On the other hand, Restriction
Fragment Length Polymorphism (RFLP)
technique makesthe use of specific probesfroma
cDNA or genomic DNA library of theinvestigated
speciesfor the same purpose. Thistechnique has
beenwidely used in studying genetic variation and
phylogenetic relationships among populations,
species and varieties (Lerceteau et al., 1997;
GarciasMas et al., 2000; Sun et al., 2001). Since
ribosomal DNA (rDNA) are organized in tandem
repeat units, they are often used as probes for
RFLP. Thecopy number of these unitsvariesfrom
afew hundred to thousands and are different from
species to species (Rogers and Bendich, 1987).

This paper reported on the use of RAPD
and RFLP markers to determine the relationship
among Cycas species and to assess the

organization level of genetic diversity through
phylogenetic tree.

MATERIALSAND METHODS

Plant materials

Young cycad leaves of nineteen Cycas
species were collected from the plants grown at
Nong Nooch Tropical Botanical Garden,
Chonburi, Thailand. These are C. chamaoensis,
C. macrocarpa, C. pectinata, C. clivicola,
C. pranburiensis, C. litoralis, C. tansachana,
C. siamensis, C. nongnoochiae, C. simplicipinna,
C. seemannii, C. wadei, C. bougainvilleana,
C. chevalieri, C. diannanensis, C. nathorstii,
C. edentata, C. parvulus and C. micholitzi.

DNA extraction

Genomic DNA was extracted using
hexadecetyltrimethyl ammonium bromide
(CTAB) method described by Doyle and Doyle
(1990) with some modification. About 0.3 g of
young leaves was ground to fine powder in liquid
nitrogen. One milliliter of preheated (65°C) 2X
CTAB isolation buffer (2% CTAB, 1.4 M NaCl,
20 mM EDTA, 100 mM Tris-HClI, pH 8.0 and 10
mM 2-mercaptoethanol) was added to the sample.
The homogenate was incubated at 65°C for 1 h
and then extraction was made using one equal
volume of chloroform:isoamyl acohol (24:1). The
mixture was centrifuged at 10,000 g for 10 min at
room temperature. The aqueous phase was
collected and mixed with 1/5 volume of 5X CTAB
(5% CTAB and 0.7 M NaCl) and 2/3 volume of
isopropanol. The nucleic acid pellet was air-dried
and resuspended in 100 mM TE buffer (10 mM
Tris, ImM EDTA, pH 7.0). RNase A was added
to the sample at the final concentration of 10 ng/
ml. After incubating at 37°C for 30 min, the
sample was extracted with phenol:chloroform
(1:1). 70% ethanol was added at 2X volume of
DNA to make it precipitated. Finally, the DNA
pellet was air-dried and resuspensed in 30 ml TE
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buffer. DNA pattern and concentration was
detected on a 1% agarose gel and by UV
spectrophotometer.

RAPD

The protocol for RAPD analysis was
adapted from that of Williams et al. (1990). The
volume of thefinal reaction (25 ul) consisted of 1
X buffer (10 mM Tris-HCI, pH 8.0 and 50 mM
KCl), 3.0 mM MgCl,, 1.25 U Tag DNA
polymerase, 200 uM dNTP, 10 mM random primer
(Operon), 25-100 ng of genomic DNA.
Amplificationswere madein aPerkin ElImer 9600
thermocycler with an initial denaturing step of 1
min at 94 °C, followed by 45 cycles of 1 min at
94°C, 1 min at 36°C, 2 min at 72°C and afinal
extension of 5 min at 72°C. PCR products were
subjected to 1% agarose gel electrophoresis run
at 90 V and DNA bands were visualized by
ethidium bromide staining.

RFLP

Onegram of genomic DNA was cut with
the restriction enzymes Dral, BamHI, EcoRl,
HindlIl or stul and then subjected to 1% agarose
gel electrophoresis. The gels were blotted onto a
positively charged nylon membrane (Boehringer
Mannheim) by vacuum blotter. The probes were
amplified by PCR using 18SrRNA, 5SrRNA and
5S rRNA repeat unit primer and PCR products
were labeled with digoxigenin according to the
protocol of Dig High prime DNA Labeling and
Detection Starter Kit Il (Roche). Hybridization
was detected by enhanced chemiluminescence on
Kodax X-ray film with 0.5-2 h exposure time.

Data analysis

DNA fragmentswere scored as presence
(1) or absence (0) for each primer or restriction
enzymeused. These scoreswere used to calculate
their genetic similarity according to Nei and Li
(1979), using NTSY S-pcl1.80 from which the
phenograms were constructed using a UPGMA.

RESULTSAND DISCUSSION

Primer selection and levels of polymor phism

Twenty primers were screened for the
genomic DNA amplification of nineteen Cycas
species. Only 5 primers (Table 1) were found to
give polymorphic DNA patterns. The total
numbers of 87 bands with the fragments ranging
from 0.35- 2.5 kb are shown in Figures 1 and 2.
Amplification with primers OPB-1, OPB-8 and
OPB-17 revealed unique bands of 0.8 kb, 0.6 kb
and 0.7 kb, respectively. These bands could be
used as genetic markers to identify the
relationships among Cycas since they were
specific to certain groups of Cycas (Nicolos et
al., 2000).

RAPD analysis

RAPD data were subjected to UPGMA
andNTSY S-pc (Version 1.8). Thesimilarity index
showed that the relationships among all nineteen
speciesfell in the range of 0.816-0.516 (Table 2).
Maximum similarity was between C. edentata and
C. litoralis(83.9%), whiletheleast similarity were
found between C. wadei and C. pranburiensis,
C. tansachana and C. bougainvilleana, C. wadei
and C. bougainvilleana (50.6 %). Thedistribution
of species within the clusters showed apparent
relation with geographical origin. Thedendrogram
(Figure 3) classified the 19 speciesinto two major
clusters, A and B. Cluster A contained all Cycas
of Thailand geographical origin while cluster B
contained those from other countries.

Tablel Nucleotide sequences of random
oligonucleotide primers which showed
polymorphism.

Primer no. Sequence
OPB-1 5 GTTTCGCTCC 3
OPB-8 5 GTCCACACGG 3
OPB-14 5 TCCGCTCTGG 3
OPB-15 5 GGAGGCTGTT 3
OPB-17 5 AGGAACGAAG 3
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Cluster A wasfurther separated into two
groups, Al and A ll. Al was subdivided into two
groups, | and II. Group | consisted of
C. chamaoensis, C. macrocarpa, C. pectinata,
C. clivicolaand C. siamensis. It isinteresting to
find that all Cycasof group | areof Thailand origin
especially C. chamaoensis, C. macrocarpa,
C. clivicola and C. siamensis were found only in
Thailand but C. pectinata found also in
China, Thailand and Vietnam was somewhat

(A) OPB-1
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(B) OPB-8
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separated as indicated by isozyme (Yang and
Meerow, 1996). Group Il contained C. michalitzi,
C. simplicipinna, C. edentata, C. litoralis and
C. pranburiensis. The similarity index suggested
that C. micholitzii wass closely related to
C. simplicipinna which also belonged to the same
Stangerioides section based on their morphology
(Pu and Chiu, 1990; Stevenson, 1992) (Table 5).
Thesimilarity index showed the closerelationship
of C. edentata and C. litoralis and both were also

(C) OPB-14

M12 3 4567

M 891011121314

Figurel RAPD amplification of 19 Cycas species using the primers (A) OPB-1 showing a common
band of 0.8 kb, (B) OPB-8 showing acommon band of 0.6 kb, (C) OPB-14 having ho common
band , M: 100 bp DNA size marker, lane 1 C. chamaoensis, lane 2 C. macrocarpa, lane 3 C.
clivicola, lane 4 C. michalitzi, lane 5 C. simplicipinna, lane 6 C. pectinata, lane 7 C.
pranburiensis, lane 8 C. edentata, lane 9 C. litoralis, lane 10 C. tansachana, lane 11
C. siamensis, lane 12 C. nongnoochiae, lane 13 C. wadei, lane 14 C. seemannii, lane 15
C. bougainvilleana, lane 16 C. parvulus, lane 17 C. chevalieri, lane 18 C. nathorstii, lane 19

C. diannanensis.

(B) and (C) indicated the similar DNA pattern found between

C. edentata (lane 8) and C. litoralis (lane 9) as well as those of C. parvulus (lane 16) and

C. diannanensis. (lane 19).
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in Rumphiae subsection. Group A |1 comprised
of C. tansachana, C. nongnoochiae C. seemannii
and C. wadei. The similarity index showed
the closer phylogenetic relationships of
C. nongnoochiae and C. seemannii than that
of C. tansachana. However, morphological
identification of C. nongnoochiae and

(A) OPB-15

M8 9 10 11 12 13 14

M 1516 17 18 19

C. tansachana indicated that these 2 species
bel onged to the same I ndosinenses section and al so
of Thailand origin (Table 5). It should be noted
here that all ten Cycas species of Thailand origin
were classified into cluster A using RAPD
technique and also supported by their
morphological characteristics in the close

(B) OPB-17
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M 89 10 111213 14
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Figure2 RAPD amplification of 19 Cycas species using the primers (A) OPB-15, (B) OPB-17
showing acommon band of 0.7 kb, M: 100 bp DNA size marker, lane 1 C. chamaoensis, lane
2 C. macrocarpa, lane 3 C. clivicola, lane 4 C. micholitzi, lane 5 C. simplicipinna, lane 6 C.
pectinata, lane 7 C. pranburiensis, lane 8 C. edentata, lane 9 C. litoralis, lane 10
C. tansachana, lane 11 C. siamensis, lane 12 C. nongnoochiae, lane 13 C. wadei, lane 14
C. seemannii, lane 15 C. bougainvilleana, lane 16 C. parvulus, lane 17 C. chevalieri, lane 18
C. nathorstii, lane 19 C. diannanensis. (A) and (B) indicated the similar DNA pattern found
between C. parvulus (lane 16) and C. diannanensis (lane 19).
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relationship of sub-groupings.

Cluster B consisted of C. bougain-
villeana, C. nathorstii, C. chevalieri, C. parvulus
and C. diannanensis. The similarity index
indicated that C. bougainvilleana was closely
related to C. nathorstii and both are in Cycas
section (Table5). Thenext related onein thisgroup
was C. chevalieri. As for C. parvulus and
C. diannanensis, they were identified by this
method as closely related to one another as also
supported by Wang (1996) who grouped them in
the same species based on their morphological
characteristics of having broad leaflets with flat
or undulate margins. All of Cycasin cluster B are
from other countries.

RFLP analysis
For RFLP, three probeswere synthesized

0.00

0.25 0.50

from 5S rRNA gene, 5S rRNA repeat unit gene
and 18SrRNA gene (Figures3and 4). Theprobes
were hybridized with genomic DNA of al nineteen
Cycas species, which had been digested with
restriction enzyme BamHI, EcoRl, Dral, Hindl |
and Stul. It was found that three restriction
enzymes: BamHI, EcoRI and Dral could be used
toidentify Cycasspeciesasaso seeninthegenetic
relationships of Leymus species (Anamthawat-
Jonsson and Bodvarsdottir, 2001). However,
Hindlll and Stul could not be used to identify the
differences among the nineteen Cycas species
becauserestriction sites of Hindl 1 and Stul might
be in the conserved regions on Cycas (data not
shown).

The results showed 33 polymorphic
bands which were further used to construct
phylogenetic tree by NTSY S-pc program as

1.00

0.75

Al

C. chamaoensis

C. macrocarpa

C. pectinata I

C. clivicola

C. silamensis

C. michoitzi

C. simplicipinna

C. edentata ]
C. litoralis

C. pranburiensis

Al

C. tansachana

C. nongnoochiae
C. seemannii

C. bougainvilleana
_[-: C. nathorstii
C. chevalieri

C. wadel

C. parvulus
C. diannanensis

Figure3 Phylogenetic tree of nineteen Cycas species using RAPD technique. The drogram was
generated from similarity index based on UPGMA. The speciesin bold |etterswere of Thailand

origin.
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subjected to UPGMA and resulting in the
similarity index in the range of 1.0 -0.595
(Table3). Maximum similarity at 100% wasfound
between C. wadei and C. chevalieri as well as
C. edentata and C. litoralis. Although both pairs
showed 100% similarity, but only C. edentata and
C. litoraliswasin accordancewith RAPD analysis.
The least similarity of 50% were found between
C. bougainvilleana and C. pranburiensis,
C. siamensis and C. pranburiensis,
C. nongnoochiae and C. pranburiensis. The
constructed dendrogram also separated nineteen
Cycas species into two clusters, A and B (Figure
6). Cluster A was further divided into group I, 11
and 1. Group | comprised of C. chamaoensis,
C. pectinataand C. bougainvilleana. 1t wasfound

(A)
1 2 34 5 6 7 8 9 10
Kb
-l
2—7_— - —
3_!-¢-. i
12 1314 15 18 19

i“ i

that C. pectinata and C. chamaoensiswere closely
related to each other and both were also in the
Indosi nenses section based on their morphol ogical
classification (Table 5). Group Il consisted of
C. macrocapa, C. clivicola, C. simplicipinna,
C. edentata, C. litoralis and C. nathorstii. The
similarity index indicated that C. macrocapa and
C. clivicola were closely related to one another
and having the same Thailand origin, while
C. edentataand C. litolarishad very high similarity
index which could not be separated from each
other and they were aso in the same Rumphiae
subsection (Table 5). Group 111 comprised
of C. wadei, C. chevalieri, C. parvulus,
C. diannanensis and C. seemannii. However,
C. wadei and C. chevalieri showed very high

(B)
1 2 34 5 6 7 8 9 10
Kb
35— ™ o = PR

11 12 1314 15 16 17 18 19
"“ - _' — s
—‘ —
- L] - -
ol
- dl - -
1
- i Al

-

Figure4 Southernanalysisof genomic DNA of 19 Cycas speciesdigested with BamHI and hybridized

with (A) 18S rRNA and (B) 5S rRNA lane 1 C. clivicola, lane 2 C. macrocarpa, lane 3
C. nathorstii, lane 4 C. wadei, lane 5 C. litoralis, lane 6 C. edentata, lane 7 C. chamaoensis,
lane 8 C. seemannii, lane 9 C. pranburiensis, lane 10 C. simplicipinna, lane 11 C. micholitzi,
lane 12 C. siamensis, lane 13 C. nongnoochiae, lane 14 C. tansachana, lane 15
C. diannanensis, lanel6 C. parvulus, lane 17 C. pectinata, lane 18 C. bougainvilleana, lane
19 C. chevalieri.
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Figure 6 Phylogenetic tree of nineteen Cycas species using RFLP technique. The dendrogram was
generated from similarity index based on UPGMA.. The speciesin bold letterswere of Thailand

origin.

similarity index to one another but they were in
different sections, i.e., C. wadei belonged to
Wadeanae section while C. chevalieri was in
Stangerioides section (Table 5). 5S rRNA gene
and 18SrRNA gene of these 2 species might share
the same restriction sites, which resulted in the
overlapping of the pattern. As for C. parvulus
and C. diannanensis they were closely related
as indicated by both their China origin and
their belonging to the same Stangerioides section
(Table 5).

Group B comprised of C. micholitzi,
C.siamensis, C. tansachana, C. nongnoochiaeand
C. pranburiensis. It wasfound that C. micholitzi
was closely related to C. siamensis but they were
not in the same morphological section. However,
C. tansachana and C. nongnoochiae were closely
related and both were in the same Indosinenses
section while C. pranburiensis was not found to
relate to other eighteen Cycas species and was
considered an out-group. Thiswasalso confirmed
by the extra band of 5.5 kb which was unique to
only C. pranburiensis. The phylogenetic tree

derived from RFL Ptechnique, however, illustrated
that Cycas of Thailand origin were randomly
distributed in both cluster A and B.

Levels of polymorphism between RAPD and
RFLP

Nineteen Cycas species were identified
using two different marker systems. The level of
polymorphism detected by each marker and their
similarity index which indicated their cluster
formation are shown in Table 4. For RAPD
analysis, only five out of twenty primers were
found to give polymorphic pattern among nineteen
Cycas species. The number of polymorphic bands
was 87, giving an average of 17.4 polymorphic
bands per total number of primers used. RFLP
analyses, on the other hand, three probeswere used
giving 33 total bands and the average number of
polymorphic bands per total number of probes
wasl6.5. Although the average number of
polymorphic bands per total number of
polymorphic probes/primers obtained from RFLP
and RAPD were quite close but the cluster
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formation as seen from phylogenetic tree by RAPD
data agreed more to the geographic origins while
those of RFLP data inclined to support the
grouping by morphological characters. The
differences found among the dendrogram
generated by RAPD and RFLP could be partially
explained by the different number of polymorphic
bands (87 for RAPD and 33 for RFLP). The high

number of RAPD bands may cover more genome
than RFL P bands, which cover only the conserved
regions. Since the results from RAPD method
corresponded well with both their geographic
originsand morphology, it may be amoreefficient
method for identifying different species of Cycas
than using RFLP.

Table4 Characteristic of RFLP and RAPD markers used in analyzing the genetic variability of 19

Cycas species.
RAPD RFLP
Total number of probes/primers 20 3
Number of polymorphic probes/primers 5 2
Total number of bands amplified by polymorphic probes/primers 87 33
Average number of polymorphic bands per total number of polymorphic
probes/primers 174 16.5

Table5 The origins and morphological sections of nineteen Cycas species.

Number name origin morphological section/subsection*
1 C. chamaoensis Thailand Indosinenses/I ndosinenses
2 C. macrocarpa Thailand Cycas/Cycas
3 C. clivicola Thailand Indosinenses/I ndosinenses
4 C. micholitzi Vietnam Stangerioides/Stangerioides
5 C. simplicipinna Thailand Stangerioides/Stangerioides
6 C. pectinata China, Vietnam Indosinenses/Indosinenses

and Thailand
7 C. pranburiensis Thailand Cycas/Cycas
8 C. edentata Philippines Cycas/Rumphiae
9 C. litoralis Thailand, Vietnam, Cycas’Rumphiae
Burmaand Malaysia
10 C. tansachana Thailand Indosinenses/I ndosinenses
11 C. slamensis Thailand Indosinenses/I ndosinenses
12 C. nongnoochiae Thailand Indosinenses/Indosinenses
13 C. wadei Philippines Wadeanae/-
14 C. seemannii Fiji Cycas’Rumphiae
15 C. bougainvilleana Papua New Guinea Cycas/Rumphiae
16 C. parvulus China Stangerioides/Stangerioides
17 C. chevalieri Vietnam Stangerioides/Stangerioides
18 C. nathorstii Sri Lanka Cycas/Cycas
19 C. diannanensis China Stangerioides/Stangerioides

*  classified by Stevenson (1992)
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CONCLUSION

The RAPD and RFLP were used to
identify nineteen species of Cycas. Inthe RAPD
study, only fiveprimers, i.e., OPB-1, OPB-8, OPB-
14, OPB-15 and OPB-17 were found to give
polymorphic band patterns. RAPD data were
subjected to UPGMA and analysis was done by
using NTSY S-pc (version 1.8). The similarity
index revealed that the species relationships fell
in the range of 0.816-0.516. The dendrogram
separated nineteen Cycas speciesinto two clusters
A and B. Cluster A comprised all ten Thailand
species of C. chamaoensis, C. macrocapa,
C. pectinata, C. clivicola, C. siamensis,
C. smplicipinna, C. litoralis, C. pranburiensis,
C. tansachana, C. nongnoochiae as well as
C. micholitzi, C. seemannii, C. edentata and
C. wadei from other countries. Cluster B
comprised of C. bougainvilleana, C. nathorstii,
C. chevalieri, C. parvulusand C. diannanensisall
of which are from other countries. The
phylogenetic tree of RAPD seems to show good
correlation with geographical distribution.

For RFLP, three probeswere synthesized
from 5S rRNA gene, 5S rRNA repeat unit gene
and 18SrRNA gene. The probeswere hybridized
with genomic DNA of all nineteen species of
Cycas which had been digested with restriction
enzymeBamHI, EcoRI and Dral. RFLPdatawere
subjected to UPGMA and analysis was done by
using NTSY S-pc (version 1.8). The similarity
index showed that the speciesrelationshipsfell in
the range of 1.0-0.595. The constructed
dendrogram also separated them into two clusters
AandB. Cluster A comprised of C. chamaoensis,
C. pectinata, C. bougainvilleana, C. macrocapa,
C. clivicola, C. simplicipinna, C. edentata,
C. litoralis, C. nathorstii, C. wadei, C. chevalieri,
C. parvulus, C. diannanensis and C. seemannii.
Cluster B comprised of C. micholitzii,
C. siamensis, C. tansachana and C. nongnoochiae
while C. pranburiensis was not found to relate to

eighteen other species and was considered an out-
group. The distribution of nineteen Cycas species
within the dendrogram of RFLP has no apparent
relation with the geographical origin but more
related to their morphological characteristics.
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