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Comparison of the genetic diversity in two species of cycads
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Abstract.

Inter-simple sequence repeat (ISSR) markers were used to examine the level and distribution of genetic

diversity in two cycad species: Cycas parvula S.L.Yang and C. balansae Warburg. The former is found in only
two adjacent populations and the latter in a relatively wider distribution. Although genetic diversity in C. balansae
(He = 0.1301) is higher than that in C. parvula (He = 0.0538), both are still low in comparison with the mean
value (He = 0.169) in gymnosperms. This confirms the general opinion that cycads are genetic relics. The genetic
differentiation in both species, however, presents a striking contrast: G is 0.0978 in C. parvula, but 0.4003 in
C. balansae, which may be ascribed to the difference in distances between their populations.

Introduction

Genetic diversity of species is a prerequisite for their future
adaptive change and evolution in the long term (Hamrick
and Godt 1996). Since electrophoretic techniques were
first applied to examine isozyme variation in populations
(Lewontin 1974), genetic studies, with various objectives
such as genetic conservation and breeding programs, have
documented the level and distribution of genetic diversity in
awide range of species, especially those that are rare or highly
restricted distributed.

Cycads (Cycadaceae, Stangeriaceae, Zamiaceae) are a
unique group of primitive seed plants. Their origin goes
back to the Lower Permian (Zhifeng and Thomas 1989).
Although once extremely abundant across the globe in the
Mesozoic, today cycads have a limited range, with relict
and isolated populations in tropical and subtropical regions,
and most species endangered and facing possible extinction
in the wild (Osborne 1995). These living survivors with
over 250 million years of history may serve as a possible
window to address the origin and evolution of all other extant
seed plants.

Because of the antiquity and rarity of cycads, biologists
have become more interested in them recently. Previous
studies have concentrated on ecology and taxonomy (Jones
1993; Guang 1996; Wang and Liang 1996; Huang 2001),
although genetic-diversity studies have also been conducted
on a very small number of cycads. Most genetic-diversity
studies have shown that cycads are characterised by low
genetic variation within populations and high genetic
differentiation among populations. However, the opposite
has been also found in Macrozamia riedlei, M. parciflia
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and M. heteromera (Table 1). Thus, the rule of genetic
diversity in cycads, which will facilitate the effective
conservation measures for this endangered group, is
not clear-cut.

In this study, we present the results of ISSR variation
and analyses of two cycad species, Cycas parvula and
C. balansae (Cycadaceae). The former species is found in just
two adjacent regions in Yuanjiang county of south-western
China, and the distance between the two extant populations
is only 7.3 km. The latter species has a wider range, which is
highly fragmented in south-western China, North Vietnam,
Thailand, Burma and Laos (Huang 2001), with populations
being separated by distances of more than 30km. The
main aims of this study are to (i) document the levels and
distributions of genetic diversity in these two cycad species,
(ii) find possible factors which influence the distribution of
genetic variation and the rule of the genetic diversity in cycads
and (iii) present reasonable genetic conservation measures
for cycads.

Materials and methods

Leaf samples were obtained from 98 individuals representing two and
three extant populations of C. parvula and C. balansae, respectively
(Fig. 1, Table 2). Fresh leaflets were dried with silica gel and stored
at 4°C until DNA extraction. Vouchers were collected from each
population and deposited at the herbarium of Kunming Institute of
Botany, Chinese Academy of Science (KUN).

Total DNA was extracted according to the modified CTAB protocol
(Doyle 1991). DNA was then PCR-amplified by using ISSR primers
obtained from the University of British Columbia. Reactions were
carried out in a total volume of 20 uL consisting of 20 ng of template
DNA, 2.0uL 10 x PCR buffer, 2.5mm MgCl,, 0.1 mm dNTPs, 2%
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Table 1
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The level and distribution of genetic diversity in cycads

N, number of studied populations; P, percentage of polymorphic loci; A, effective number of alleles per locus;
1, Shannon’s information index; H., Nei’s genetic index; G, genetic differentiation based on H,

Species N P A. I H, Gy Method Reference

Macrozamia communis 5 50.0 1.61 0.045 - 0.270 Allozyme Ellstrand et al. (1990)
Macrozamia riedlei 15 93.0 2.43 0.274 0.263 0.092 Allozyme Byrne and James (1991)
Zamia pumia 2 16.7 1.75 0.041 0.047 - Allozyme Walters and Decker-Walters (1991)
Cycas pectinata 11 58.5 1.82  0.076  0.066 0387  Allozyme  Yang and Meerow (1996)
Cycas siamensis 13 58.9 1.48 0.134 0.114 0.291 Allozyme Yang and Meerow (1996)
Macrozamia parcifolia 2 - - 0.172 0.155 0.09 Allozyme Sharma et al. (1998)
Macrozamia heteromera - 58.0 1.30 0.060 - 0.100 Allozyme Sharma et al. (1999)
Cycas panzhihuaensi 5 - - - 0.049 0.345 Allozyme Yang and Meerow (1999)
Cycas seemannii 5 50.0 1.80 0.138 0.048 0.418 Allozyme Keppel et al. (2002)
Cycas guizhouensis 12 35.9 - 0.169 0.108 0.432 ISSR Xiao et al. (2004)

Cycas parvula 2 25 1.09  0.083 0.054  0.098 ISSR Present study

Cycas balansae 3 40.0 1.23 0.192 0.130 0.400 ISSR Present study
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Fig. 1. Map showing locations of the sampled populations of Cycas

parvula and C. balansae.

formamide, 200 nm primers, 1.0 unit of 7aq polymerase and double-
distilled water. PCR was performed with an MJ Research 96-well
thermal cycler with a hot bonnet according to the method of Ge and Sun
(1999). Amplification products were electrophoretically separated in
1.5% agarose gels buffered with 0.5 x TBE. A 100-bp DNA ladder (New
England Biolabs) was used as a size marker. A negative-control reaction
in which the template DNA was replaced by water was performed
alongside every PCR amplification in order to verify the absence
of contamination. DNA fragments were identified by image analysis
software for gel documentation (LabWorks Software Version 3.0;
UVP, Upland, CA 91786, USA) after staining with ethidium bromide.

Table 2.

Following an initial screen of 100 primers, 12 primers (USB # 807
(AG)sT, # 808 (AG)sC, # 810 (GA)sT, # 811 (GA)C, # 815 (CT)sG,
# 835 (AG)sYC, # 836 (AG)sYA, # 840 (GA)sYT, # 841 (GA)sYC,
# 842 (GA)sYG, # 843 (CT)sRA and # 857 (AC)s YG) were selected
for further analysis.

ISSR bands were scored as present or absent binary characters,
excluding smeared and weak bands. The resulting presence/absence
data matrix was analysed by POPGENE Version 1.31 (Yeh et al.
1999) to estimate the level and distribution of genetic diversity.
Parameters for the level of genetic diversity were the percentage of
polymorphic loci (P), the effective number of alleles per locus (A.),
Nei’s diversity index (H.) and Shannon’s information index (/). The
distribution of genetic diversity was measured by the coefficient of
genetic differentiation (G ), which was measured by following Nei’s
index (Nei 1973). Gene flow (Vy,) was then calculated as (1 — G)/4G
(Slatkin and Barton 1989).

In addition, an analysis of molecular variance, AMOVA Version
1.5 (Excoffier 1993), was used to analyse the proportion of the genetic
diversity within and among populations.

Results

Table 3 describes the polymorphism in these two species
revealed by ISSR. The 12 primers generated a total of 98
markers for C. parvula and 102 for C. balansae, with 24.65%
and 34.95% polymorphic loci, respectively (evaluated at the
99% level). A values of 1.0852 in C. parvula and 1.2278 in
C. balansae are rather similar; however, there is a relatively
obvious distinction in H and I between these two species:
at the population level, I ranges from 0.0643 to 0.0843 and
H. ranges from 0.0419 to 0.0546 in C. parvula, whereas [

Populations of Cycas parvula and C. balansae for ISSR analysis

Species Population code  Locality (county)  Latitude, longitude  Altitude (m)  Est. population size ~ Sample size
C. parvula YJ1 Yuanjiang 23°42'N, 101°47'E 1454 30 18
YJ2 Yuanjiang 23°40'N, 101°50'E 1445 80 20
C. balansae JP Jinping 22°41'N, 103°00'E 389 40 20
MG Maguan 22°51'N, 104°07'E 610 60 20
PB Pingbian 23°03'N, 103°43'E 745 50 20
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Table 3. Genetic diversity in Cycas parvula and C. balansae as detected by ISSR analysis
A, effective number of alleles per locus; /, Shannon’s information index; H., Nei’s genetic index; P, percentage

of polymorphic loci
Species Population A (s.d) 1(s.d.) H. (s.d.) P-value
C. parvula Total 1.0852 0.0833 0.0538 24.65
(0.2137) (0.1920) (0.1278)
YJ1 1.0690 0.0643 0.0419 13.59
(0.2092) (0.1751) (0.1183)
YJ2 1.0880 0.0843 0.0546 17.48
(0.2242) (0.1942) (0.1301)
C. balansae Total 1.2278 0.1921 0.1301 34.95
(0.3581) (0.2783) (0.1937)
Jp 1.1126 0.1013 0.0669 20.39
(0.2650) (0.2154) (0.1472)
MG 1.1730 0.1491 0.0996 29.13
(0.3263) (0.2529) (0.1755)
PB 1.1124 0.1031 0.0675 21.36
(0.2614) (0.2141) (0.1458)

Table 4. Analysis of molecular variance (AMOVA) for the populations of Cycas parvula and C. balansae by using

ISSR markers
Species Source of variance d.f. SSD MSD Variance component %Total P-value®
C. parvula Among population 1 12.1 12.102 0.467 12.55 <0.001
Within population 36 117.2 3.254 3.254 87.45
C. balansae Among population 2 122.1 61.050 2.813 37.02 <0.001
Within population 57 272.8 4.786 4.785 62.98

ASignificance tests after 5000 permutations.

ranges from 0.1013 to 0.1491 and H, from 0.0669 to 0.0996
in C. balansae. At the species level, I is 0.0833 and H, is
0.0538 in C. parvula, and 0.1921 and 0.1301 in C. balansae,
respectively.

The coefficient of genetic differentiation among
populations (Gg) is 0.0978 for C. parvula and 0.4003 for
C. balansae, and the level of gene flow (Ny,) is 2.3058 and
0.3746, respectively. This result is corroborated by AMOVA
analysis (Table 4): in C. parvula, only 12.55% of the total
genetic diversity is distributed among populations; however,
in C. balansae this value is 37.02%.

Discussion

The effective number of alleles per locus (A.) and Nei’s
diversity index (H.) are two important parameters of the
level of genetic diversity. The former reflects the allelic
richness, whereas the latter reflects the evenness as well as
the richness of alleles, which is more accurate for estimating
the genetic variation. In the present study, A, values in both
species are similar, but H, in C. balansae is approximately
twice that observed in C. parvula (Table 3). This may be
related with a severe habitat decline in both extent and
quantity in C. parvula as well as with overcollection and

exploitation. This species has been extinct across most
of the known distribution, including Honghe, Shiping and
Jianshui counties in Yunnan province (Wang and Liang
1996), for several years and is now represented by two
adjacent populations in Yuanjiang county. The remaining
few individuals in an extremely narrow range must have
been experiencing strong uniform selection effects and
genetic drift, resulting in genetic erosion. The similarity
and discrepancy in these two species indicate that the allele
number of C. parvula is in the process of rapid decline,
whereas that of C. balansae remains relatively stable.
Genetic diversity in C. balansae (H, = 0.1301) is higher
than that in C. parvula (He = 0.0538), but both are still
low in comparison with the mean value (H. = 0.169)
of the gymnosperms (Hamrick efal. 1992), particularly
at the population level (Table3). This is consistent
with the hypothesis that low genetic variation within
populations is biologically and evolutionarily typical for
cycads (Walters and Decker-Walters 1991). However, the
distribution of genetic diversity among populations contrasts
dramatically between these two species. Low differentiation
exists in C. parvula (Gg = 0.0978), whereas high genetic
differentiation occurs in C. balansae (Gg = 0.4003). The
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relatively high genetic diversity in C. balansae at species
level may result from the wider geographic range and more
significant genetic differentiation. In conclusion, our findings
agree with most previous reported ones. However, the lower
genetic differentiation in C. parvula is much closer to the
few results found in Macrozamia riedlei, M. parciflia and
M. heteromera (Table 1).

The level and distribution of genetic diversity in
natural populations of cycads are probably a comprehensive
consequence of their evolutionary history, reproduction mode
and pattern of distribution. Most cycads have a restricted
geographical range, with disjunctive populations. The genetic
consequences of habitat fragmentation depend on such
factors as distance, continuity and remnant size (Saunders
et al. 1991). Both cycads studied here are distributed patchily,
with small and isolated populations, and the estimated
number of individuals in each population is no more than
80 (Table 2). This distribution pattern may be an effect of
Pleistocene glaciations, which at their maximum would have
restricted these species to refugia, and such areas are expected
to have been small (Xiao ef al. 2004). Small population size
as well as isolation for long periods of time are usually
accompanied by inbreeding and genetic drift. In addition,
the reproduction modes of cycads, such as their dispersal
of seed and pollen, further contribute to the occurrence of
inbreeding (mentioned in detail below). These two factors
are likely to contribute to the low level of genetic diversity
and high genetic differentiation in C. balansae. The same
reasons and its much narrower range could also explain the
very low genetic diversity in C. parvula.

In addition, phylogenetic studies of cycads have shown
that the genus Cycas diverged from other cycads first in the
Mesozoic but genus Macrozamia occurred in the Miocene
and Pliocene (Norstog and Nicholls 1997; Treulein and Wink
2001). So there has been a much longer time for Cycas to
diversify prior to the isolation in the Pleistocene than for
Macrozamia. This may also be another important reason
why M. riedlei, M. parciflia and M. heteromera showed low
genetic differentiation, whereas the opposite is found in most
Cycas species (Table 1).

Dispersal ability and the distance between populations
may account for the lower genetic differentiation in
C. parvula. Dispersal ability mainly involves seed and pollen
migration. The large seeds, whose diameters are 2.3-3.0 cm
in C. parvula and 2.0-2.5cm in C. balansae (Wang and
Liang 1996), are constrained in movement by their dispersal
agents. Field observations suggest that seeds of both species
are mainly dispersed within very small circles (radius <5 m)
by gravity and rodents (also see Schneider et al. 2002) as
seedlings often occur in clusters around the mother plant.
Thus, dispersal via seed is unlikely to prevent genetic
differentiation between populations in either species. The
other means of dispersal, by comparative heavy pollen in
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Cycas (Norstog and Nicholls 1997), is mainly by beetles,
and its dispersal distance is estimated to be 2—7 km between
local populations (Yang and Meerow 1996), which is further
verified by the study of C. guizhouensis (Xiao et al. 2004).
The distance between C. parvula populations is just 7.3 km,
but the distance between C. balansae populations is more
than 30 km, which implies that dispersal by pollen can happen
to great degree between the former species, but is unlikely
between the latter populations. This is also supported by the
Np, value of these two species derived from the present study:
the estimate of Ny, was 2.3058 and 0.3746 in C. parvula and
C. balansae, respectively. Theoretically, Ny, >1 is enough to
prevent genetic differentiation among populations through
genetic drift (Wright 1965). The low Ny, value in C. balansae
indicates that genetic drift is likely to occur. However,
some gene movement between populations of C. parvula
makes its gene pool homogenise effectively. Therefore, it is
believed that the difference in distances between populations
in these two species is responsible for the distinction in their
genetic differentiation.

Declining numbers of individuals and low genetic
diversity in both C. parvula and C. balansae show that both
of them might be susceptible to environmental change and
disease (Ellstrand and Elam 1993). Protection of all existing
populations in situ against further decrease in population
number and size and loss of genetic diversity, is urgent. On
the other hand, with different genetic differentiation available
in these two species, different strategies for sampling and
propagation should be taken when ex sifu conservation is
required. For C. balansae, collections should be made from
as many populations and mothers as possible, especially
from populations harbouring relatively high genetic diversity,
such as Population Maguang. But a strategy would be
to examine the genetic diversity in these two species
from the whole range to target specific populations for
germplasm conservation.
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