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RAPD analysis of the genetic variation within populations of a

relict tree fern, Alsophila spinulosa (Cyatheaceae)

WANG Ting,SU Ying-Juan,LLI Xue-Yan,ZHENG Bo,CHEN Guo-Pei, WANG Bo-Sun
(School of Life Sciences. Zhongshan University, Guangzhou 510275.,China). Acta Ecologica Sinica,2003.23(6):1200~
1205.

Abstract : RAPD markers were used to assess genetic variation within and among relict populations of the
tree fern Alsophila spinulosa (Cyatheaceae) from Jian Feng Ling (JFL) and Ba Wang Ling (BWL) in
Hainan Province,as well as Tang Lang Shan (TLS),Hei Shi Ding (HSD) and Da Xi Shan (DXS) in
Guangdong Province of southern China. Twenty-eight random primers detected 118 sites of which 33
(27.9%) were polymorphic. Calculations of Shannon diversity,Nei genetic differentiation,and AMOVA all
consistently indicate that the JFL population possesses the greatest genetic diversity,followed in order by
the BWL, TLS., HSD, and DXS populations. The genetic variation was found to be partitioned mainly
among rather than within populations. Percentages of genetic diversity among populations as determined by
Shannon index were 79.10% and 77.85% based on phenotype and gene frequencies, respectively. Nei’s
gene diversity coefficient (Gsr) was 80. 69%. AMOVA also demonstrated that these relict populations are

highly differentiated (@, =0.8286.,P<C0.001). Overall.very low levels of genetic diversity were detected
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within A. spinulosa. Shannon diversity within the species was 0.0641 from phenotype frequencies and

0.1124 from gene frequencies,whereas the corresponding total Nei gene diversity was 0. 0770. UPGMA

analysis based on Jaccard similarity coefficients showed that these five populations cluster into two groups:

the JFL and BWL populations together,and the HSD,TLS,and DXS populations in a second cluster. The

UPGMA results were also supported by a principle components analysis (PCA) of RAPD phenotypic data.

A strategy for the conservation of A. spinulosa based on genetic diversity is proposed.

Key words : Alsophila spinulosa; genetic variation; population genetics; RAPD
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(500mM KCI, 100mM Tris-HCI, 1. 0% Triton X- 1 RAPD
100, 20mM MgCl,) 2. 5pl, (1.5pM) 0. 3ul, Table 1 Random oligonucleotide primers and
dNTP (0.2 mM) 0. 5pl, 1pL. (70ng), Taq sequences for RAPD analysis
0. 5ul (0. 5U), 20pLL 0 (5'—>3") (5'—=>3")
:94C 200s 94C 60s.36C 60s:72C  Primers Y primers oI
(5'—=>3") (5'—=3"
120540 A 10min.. Gene Ty CCTT GACG CA SI51 TCAG GGAG GT
Amp PCR System 2400 (Perkin Elmer Corporation) $29 GGGTAACG CC  S152 TTAT CGCC CC
o 1.5% s S46  ACCT GAAC GG S155 ACGC ACAA CC
. R S61  TTCG AGCC AG  S165 TGTT CCAC GC
1.3 S64 CCGC ATCT AC  S283 ACAG CCTG CT
L3.1 . S65 GATG ACCG CC  S286 AAGG CTCA CC
S85  CTGA GACG GA  S291 AGAC GATG GG
0. 99, © 890 AGGG CCGT CT  $390 TGGG AGAT GG
S91  TGCC CGTC GT  S482 TCTG TCGG TC
R S97  ACGA CCGA CA  S492 AGTA GGGC AC
1.3.2  Shannon Shannon S99  GTCA GGGC AA  S501 TGCG GGTCCT
S106 ACGC ATCG CA  S506 GTCT ACGG CA
’ S134 TGCT GCAG GT S507 ACTG GCCT GA
S145 TCAG GGAG GT S512 ACAG GTGC GT
H=— Zm'lnm‘
%0 s 7 o
1.3.3 RAPD ) Hardy-Weinberg ,
PopGen32 Shannon . . .
1.3.4 (AMOVA), AMOVAI155 N
o} (D),
1.3.5 UPGMA Jaccard (o] =
1.3.6 NTSYSpc2 (PCA).
2
28 5 59 DNA RAPD s
1~8 , 300~3000bp, 28 118 s
4.21, 28 s 7 s 25% 33
s 27.97%.
,28 S97  S512 2 1 s
2.88%; , S64 S97 2 N 3.96% s
S64 897 4 2 , 5.94% . 4 S64,
S97,S145  S506 11,4 1 , 6.60% 3 ,
4 S64,597,S145 S506 1,1,6 2 s 9.09%,
s > > >
> .
Shannon , 0~0.2383
. Shannon s (0.0276),
(0.0187), (0.0089), (0.0074), (0.0044),
0.0134, 0.0641, s
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79.10%, 20.90% C 3, Shannon
0~0.4420 ; (0.0359),
(0.0267) ., (0.0235) . (0.0200) .,
(0.0182), 77.85%, 22.15C  3),
Nei R 2
> Table 2 Percentage of polymorphic sites within species
> > > , and populations of A. spinulosa
Gsr 0.8069C 4), Shannon
Num. Percentage
° Popula-  Num. of Num. of
o ] les  sites of polymor- of polymor-
AMOVA tons sampies - sites phic sites  phic sites
(82.8600).  17.14% DXS 11 104 3 0. 0288
¢ 5, HSD 8 101 4 0. 0396
(P, =0. 8286,P<C0. 001), TLS 14 101 6 0. 0594
Jaccard UPGMA BWL 10 106 7 0. 0660
JFL 16 110 10 0. 0909
) : (1) - .
Total 59 118 33 0.2797
3 (2) R
’ C . RAPD
(PCA) UPGMA o 2 3 3-D
rJ'FL
LBWL
DXS
[TLS
HSD
FERTU I T 1 P bl )
0.87 0.89 051 0.93 0.95
Jaccard similarity coefficient
1 Jaccard UPGMA 2 RAPD (PCA)
Fig. 2 Principal component analysis (PCA) based on
Fig. 1 Dendrogram established from Jaccard similarity RAPD phenotypic characters

coefficients between populations by UPGMA method
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s ; ( Shannon .
Shannon s 79.10%,77.85%
80.69%); AMOVA (P, =0.8286.,P<0.001),

3 Shannon

Table 3 Genetic diversity of A. spinulosa populations estimated from Shannon informantion index

(H,,—
DXS HSD TLS BWL FL
! H pop H;, Hyop/Hyyp Hop)/Hyp
@ 0.0044 0.0074 0.0089 0.0187 0.0276 0.0134 0.0641 0. 2090 0.7910
2°0.0182 0.0200 0.0235 0.0267 0.0359 0.0249 0.1124 0.2215 0.7785
(DDiversity from phenotype frequences; @ Diversity from gene frequences
4
Table 4 Gene diversity of the populations of A. spinulosa
Num.  Num. of effective I s Dsr i Gsr
of allele allele
DXS 1. 0288 1. 0288 0.0127 0.0149 0.0621 0.0770 0. 8069
TLS 1.0594 1.0263 0.0153
HSD 1. 0339 1. 0245 0.0137
BWL 1. 0678 1.0272 0.0167
JFL 1.0909 1. 0325 0.0220
R 5 AMOVA
s ; Table 5 Analysis of molecular variance (AMOVA) for
, the populations of A. spinulosa
o P
( S f Varia
bo- 1 = ¢ Percentage P-value
squares components
’ ’ D 26.2908  0.8089 0.1714  <C0.001
° ’ @ 109. 4527 3.9115 0. 8286 <0. 001
° (DWithin population; @ Among populations
(Adiantum capillus-veneris)
s bzl (Gleicheniaceae)
Sticherus flabellatus (74.34%), (25.66%) o,
s s Botrychium pumicola ,
(Fi=0 .+ Gy=0.117;F,=0.95 , G4=0.0950)1%, ,
b o b
[3]
[14
, Shannon
0.0641  0.1124,Nei 0. 0161, 40%19,
s s s N

“@

. (bottleneck effect)” (founder effect)”



6 RAPD 1205
» . . RAPD (Saxifraga
cernua) s 05
(Pinus resinosa) bl
b b
9’ ’
References:
[1] Tryon R M. The classification of Cyatheaceae. Contr. Gray. Herb. , 1970, 200: 3~53.
[ 2] Tryon A F and Lugardon B. Spores of the Pteridophyta. Berlin: Springer-Verlag. 1990.
[3] ChenZ Y.Tao G D.Xu Z F. A study on the biological characteristics and the endangering factors of Alsophila
spinulosa. Acta Botanica Yunnanica, 1990, 12(2):186~190.
[ 4] Avise J] C and Hamrick ] L. Conservation Genetics: Case Histories from Nature. New York: Chapman &. Hall,
Inc. , 1996.
[5] Drummond R S M. Keeling D J. Richardson T E. et al. Genetic analysis and conservation of 31 surviving

(7]

[8]

L9]
(10]

[11]

[12]

[13]

[14]

[15]

[16]

[3]

individuals of a rare New Zealand tree, Metrosideros bartlettii (Myrtaceae). Mol. Ecol., 2000, 9: 1149~1157.
Ellstrand N C and Elam D R. Population genetic consequences of small population size. Implications for plant
conservation. Ann. Rev. Ecol. Syst., 1993, 24: 217~242.

Steward C N Jr and Excoffier L. Assessing population genetic structure and variability with RAPD data:
Application to Vaccinium macrocarpon (American Cranberry). Jowr. Evol. Biol. , 1996, 9. 153~171.

SuY J, Wang T, Yang W D,et al. DNA extraction and RAPD analysis of Podocarpus. Acta. Sci. Natur. Univ.
Sunyatseni s 1998, 37(4): 13~18.

Jaccard P. Nouvelles reserches sur la distribution florale. Bull. Soc. Vaud. Sci. Nat., 1908, 44. 223~270.
Cosner M E and Crawford D J. Comparisions of isozyme diversity in three rare species of Coreopsis (Asteraceae).
Syst. Bot., 1994, 19.: 350~358.

Keiper F J and McConchie R. An analysis of genetic variation in natural population of Sticherus flabellatus [R.
Br. (St John)] using amplified fragment length polymorphism (AFLP) markers. Mol. Ecol., 2000, 9: 571~
582.

Pryor K V, Young J E, Rumsey F J, et al. Diversity, genetic structure and evidence of outcrossing in British
populations of the rock fern Adiantum capillus-veneris using microsatellites. Mol. Ecol. , 2001, 10: 1881~1894.
Camacho F J and Liston A. Population structure and genetic diversity of Botrychium pumicola (Ophioglossaceae)
based on inter-simple sequence repeats (ISSR). Amer. Jour. Bot., 2001, 88: 1065~1070.

Conant D S. Observations on the reproductive biology of Alsophila species and hybrids (Cyatheaceae). Ann.
Missouri Bot. Gard., 1990, 77: 290~296.

Bauert M R, Kalin M, Baltisberger M, et al. No genetic variation detected within isolated relict populations of
Saxifraga cernua in the Alps using RAPD markers. Mol. Ecol. , 1998, 7: 1519~1527.

Mosseler A J, Egger K N and Innes D J. Life history and the loss of genetic diversity in red pine. Amer. Jour.

Bot. , 1993, 80: 240.

s , . . » 1990, 12(2): 186~190.



