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Abstract: The chloroplast ¢rnl intron and trnL-trnF intergenic spacer (IGS) sequences of one species in
Dicksoniaceae (Cibotium barometz) and 11 species in Cyatheaceae were determined by sequencing cloned PCR
products or amplified fragments directly (for Alsophila spinulosa and Cyathea tsangii, 9 and 2 individuals were
sequenced, respectively). Sizes of the sequences of the 12 species ranged between 1 004 bp to 1 082 bp. The
average contents of (A+T)% and (G+C)% were 60.9% and 39.1%, respectively. The base differences
(transition/transversion) and Kimura’s genetic distances were also computed between different species and
intraspecific individuals. After sequence alignment, maximum parsimony, maximum likelihood and neighbor-
joining methods were used to conduct phylogenetic analyses. The results indicated that Xia’s classification of
Chinese Cyatheaceae was supported, the clade consisting of Sphaeropteris brunoniana, Sphaeropteris hainanensis
and Cyathea contaminans firstly diverged from the rest members of the family, and the latter was further separated
into two subclades corresponding to the subgenus Alsophila and subgenus Gymnosphaera. Three monophyletic

terminal clades, within each the pairwise genetic distances were less than 0.008, were formed separately by

Cyathea gigantean— C. pseudogiganiea— C. tinganensis— C. pectinata, C. contaminans—-Sphaeropteris

brunoniana— S. hdainanensis, and Cyathea tsangii-

WA B W 2002-08-22 3% A % -2003-01-02 . . . .
BLWA: FF 5 RFHE 2 % BT B (30170101, 30170789), Alsophia spinulosa, suggesting that these species could
FH4A BRF LK E % B H (011125) be combined as three scparate species: Cyathea
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gigantea, Sphaeropteris brunoniana and Alsophila spinulosa. The genus Sphaeropteris was placed in the basal
position of Cyatheaceae, whereas the genus A Isophila placed as the derived sister group, which supported Tryon’s
hypothesis accounting for the evolutionary relationships within Cyatheaceae and the derivation of their indusium.
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Table 1 Origins of plant materials and sequence accession numbers

Genbank B F&
fih 4 Species 3% Origin Genbank accession
numbers

Hik iy ILHEALE L BRRIFE AY142477
Alsophila denticulata Jiulianshan Nature Reserve, Jiangxi
iy h EF R R W AY142478
Alsophila podophylla South China Botanical Garden,

the Chinese Academy of Sciences
L/ 2:4 I AREM KT AY142453-
Alsophila spinulosa Daxishan, Yingde, Guangdong AY142470

IR ESIER L

Tanglangshan, Shenzhen, Guangdong
E e st ) PEAERETEAWER AY142482
Cibotium barometz South China Botsnical Garden,

the Chinese Academy of Sciences
KHwy Wk ARRPK AY142481
Cyathea contaminans " Jianfengling Nature Reserve, Hainan
Ay NEFIRARRIEK AY142473
Cyathea gigantea Bawangling Nature Reserve, Hainan
Hiwy WRREN ARRIP K AY142476
Cyathea pectinata Jianfengling Nature Reserve, Hainan
EHpy NETE IR ARRIEK AY142475
Cyathea pseudogigontea  Bawangling Nature Reserve, Hainan
PBE Wik ABRPK AY142474
Cyathea tinganensis Jianfengling Nature Reserve, Hainan
IR . WLy QAR K AY142471,
Cyathea tsangii Jianfengling Nature Reserve, Hainan AY 142472
EWE PR BA RS X AY142479
Sphaeropteris brunoniana Jianfengling Nature Reserve, Hainan
BEAME WRIR e AR X AY142480

Sphaeropteris hainanensis Jianfengling Nature Reserve, Hainan
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PCRyMERN 4§ 100 11 PCR R Wik
th 49 #% : 50 mmol/L KCl; 10 mmol/L Tris-HCl;
1.5 mmol/L MgCl,; 0.1% Triton X-100; dNTP %
0.2 mmol; iz FjH& % 50-100 ng; 2.0 Ky Tag
DNA 48§ 314)% 40 pmol, #3# tnl AT
¢ernL-trmF 3t B [8) FR X 5| %9 K i Taberlet 5§ 1) it
#, 2|4 1: 5’-ATTTGAACTGGTGACACGAG-7 ,
a(4 2.5’ -CGAAATCGGTAGACGCTACG-¥ . 3|
Y LT AV ARER A& M. PCR RNVE
FE4:94°C30s, 60C30s, 72C90s, 25 A&
KUAEIR 72 CIE{H 7 min. PCR P=H14 B FE BB fBL
XKML S TR’

548 SRR M E i PCR % 1.0% B fig
BEBERE IXTAE 3k 2 h, ZEFT B & W HARME X
PEAGHE, B PCR 4.

RN Bl g8 PCR =4 5 PUC m-T
BWAEEE, BHILSABXBHTE DH-5a BrEips
ZEAMARST, RAKARMEERESwE. NAR
BB U e At . Rt
£ ABI377 BRI R

PCR 7= MEMNE Ex PCR 7= ¥
5u 135, #F 5195 PCR NS4 .

L€ 10%: ] 55 # 54§ CLUSTAL X k44
BE5ER. FRFFE5#% Genbank, BFEREK 1.
7 k% (Dicksoniaceae) %19 AWIER}, WREH
AREAEBOARERERBHN SHEHZE
e EBEREY), vk DNA RIS BRI

A3 5 Rt SRR TR Y B RLEE SR BE 2. &
FHRBALEBUERBERHERBER (Cbotium) &8
¥) (C. barometz) Jy5+28¥, ¥ H PAUP (Phylogenetic
Analysis Using Parsimony) Version 4.0 i} 1T & {8) 293
(Maximum Parsimony Method )43 #f; {# F§ PHYLIP
(Phylogeny Inference Package) Version 3.6 3 #4-43,5¢
R ALl 4R = (Maximum Likelihood Method) F14%
i (Neighbor-joining Method) 4r#7. WA MEGA
(Molecular Evolutionary Genetics Analysis) Version
2.1 4xit DNA 75128 R . Treeview 3442 H1 A .

2 R

SR RAEYHFEE ML AT TS
trnL-trnF 3 ERX (IGS) FEF &N T 1004 -
1082 bp 2z f]; FHe KXPRE R A BEHFF5BE
(1 004 bp), Wik K75 B (1 082 bp)., 45
ARA KB FFFIBEAE 1 065-1 071 bp 2 6], 5b3
HEERFFIBE N 1064 bp. FIBER tral-trnF
HEBMRBRFF AT.CH G REN TSRS H
% 29.6%.31.3%.20.6%F 18.5%, A+T 354 8 %
60.9%, 7§ G+C 1548 3 39.1%.,

AN EIEYIFF 5 B BB 5 3= 5l (% B fE / W {E)
AR Kinura 2RSSR TR B IR YR
R EMAE 2. BEHHEYEKREERNT
0.002-0.069. 3R B ¥5 By RGP K/ NP1 %
] AL BE RN 0.001; TR BT REYIGERE L
B9 BB AR B RREKTELEK 10 B

N2 PDONAW L AL FH ml-tmF EREREATHEARESRRIRCEN
Table 2 Base differences and genetic distances between the trnl intron and iml-#rnF IGS sequences in plants of Cyatheaceae

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 Alsophila spinulosa (S82) 0.005 0.007 0.008 0.064 0064 0.064 0.064 0060 0.065 0.054 0054 0.054 0.127
2  Alsophila spinulosa (Y20) 4/1 0.004 0.005 0061 0061 0061 0061 0059 0062 0053 0053 0053 0.123
3 Cyathea tsangii (Hainan) 4/3 22 0.001 0056 0.056 0.056 0056 0054 0.058 0.048 0.048 0.048 0.118
4 Cyathea tsangii 4/4 273 0/1 0057 0.057 0.057 0057 0055 0.056 0.049 0.049 0.049 0.119
5 Cyathea gigantea 49/10 479 4517 45/8 0002 0004 0002 0021 0.023 0.066 0.066 0066 0.132
6 Cyathea tinganensis 48/11 46/10 44/8 449, 1/1 0.004 0002 0021 0.023 0.066 0.066 0.066 0.132
7 Cyathea pseudogigontea 49/10 47/9 45/7 45/8  4/0 3/1 0.004 0.023 0.025 0.069 0.069 0.069 0.135
8 Cyathea pectinata 49/10 479 45/7 45/8 2/0 1/1 4/0 0.021 0.023 0.066 0.066 0.066 0.132
9 Alsophila denticulata 47/8 45/9 43/7 43/8 182 173 202 18/2 0.023 0.065 0.065 0.065 0.131
10 Alsophila podophylla 50/10 48/9 46/T7 46/6 2072 19/3 222 202 2072 0.068 0.068 0068 0.136
11 Sphaeropteris brunoniana  35/15 33/16 31/14 31/15 46/15 45/16 48/15 46/15 47/13 47/15 0.002 0.002 0.120
12 Sphaeropteris hainanensis  35/15 33/16 31/14 31/15 46/15 45/16 48/15 46/15 47/13 47/15 2/0 0.002 0.120
13 Cyathea contaminans 35/15  33/16 31/14 31/15 46/15 45/16 48/15 46/15 47/13 4715 20 20 0.118
14 Cibotium barometz 73/39 71/38 69/36 69/37 79/37 78/38 81/37 79/37 78/37 82/37 63/44 63/44 61/44

Z4 1-14 HEMR S . 1o 14 represent serial number of species.
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Table 3 Base differences and genetic distances between the trnl intron and trrl-trnF IGS sequences in individuals of Alsophila spinulosa

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19

8§30 S55 S23 Y14 Y9 Y13 S47 Y17 Y16 Y15 SI13 S51 S37 S57 Y8 Y10 S2 Y2 Y20

1 0.004 0.005 0.002 0.003 0.003 0.003 0.003 0.002 0.004 0.002 0.002 0.005 0.005 0.004 0.002 0.005 0.007 0.004
2 212 0.005 0.002 0.003 0.003 0.003 0.003 0.002 0.004 0.002 0.002 0.005 0.005 0.004 0.002 0.004 0.007 0.004
3 23 23 0.003 0.004 0.004 0.004 0.004 0.003 0.005 0.003 0.003 0.006 0.006 0.005 0.003 0.006 0.008 0.005
4 1 11 12 - 0.001 0.001 0001 0.001 0.000 0.002 0.000 0.000 0.003 0.003 0.002 0.000 0.003 0.005 0.002
5 12 12 173 01 0.002 0.002 0.002 0.001 0.003 0.001 0.001 0.004 0.004 0.003 0.001 0.004 0.006 0.003
6 21 21 22 10 n 0.002 0.002 0.001 0.003 0.001 0.001 0.004 0.004 0.003 0.001 0.004 0.006 0.003
7 21 21 272 10 11 2/0 0.002 0.001 0.003 0.001 0.001 0.004 0.004 0.003 0.001 0.004 0.006 0.003
8 171 21 212 10 11 210 200 0.001 0.003 0.001 0.001 0.004 0.004 0.003 0.001 0.004 0.006 0.003
9 11 11 12 00 01 1/0 10 1/0 0.002 0.000 0.000 0.003 0.003 0.002 0.000 0.003 0.005 0.002
10 31 31 32 20 21 30 3/0 30 2/0 0.002 0.002 0.005 0.005 0.004 0.002 0.005 0.007 0.004
1 11 " 12 00 0/l 70 1/ 1/ 00 2/0 0.000 0.003 0.003 0.002 0.000 0.003 0.005 0.002
12 11 11 172 00 0/ 170 10 10 00 2/0 00 0.003 0.003 0.002 0.003 0.003 0.005 0.002
13 41 a1 42 3/0 .31 40 40 40 20 50 3/0 3/0 0.006 0.005 0.003 0.006 0.008 0.005
14 32 32 33 21 22 31 31 31 171 41 P 1 51 0.005 0.003 0.006 0.008 0.005
15 22 22 213 n 172 21 21 21 0/1 3/1 11 17 41 3/2 0.002 0.005 0.007 0.004
16 111 11 172 00 01 7 1/ 10 30 20 00 00 30 21 11 0.003 0.005 0.002
17 411 n 42 30 31 40 4/0 4/0 40 5/0 3/0 3/0 60 51 41 3/0 0.008 0.005
18 52 512 513 an 2 5N 51 n n 61 a1 a1 1 er 52 4N n 0.007
19 22 22 23 1/1 12 21 21 221 111

3/1 1/1 1/1 41 32 212 1/1 4/1 5/2

F#p 1-19 ZN &S .

2l ot Sl i

1 to 19 represent the serial number of individuals.
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Fig.1 Strict consensus tree derived from maximum parsimony analysis

A ERERESTHKE, X TIESPEIEY Bootstrap
AHT(ES 1 000 YOEBEGSTRGREE. W 234, C1 245 0.931, RI
3 0.947, Branch length is indicated above each branch. Bootstrap
values of 1 000 replicates are indicated in parentheses below the
branches. Tree length is 234. Consistency index (CI) is 0.931.
Retention index (RI) is 0.947.
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S. hainanensis

Alsophila denticulata
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Cyathea pectinata Subgenus

Gymnospharea
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C. pseudogigantea
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Alsophila
Alsophila spinulosa (§2
‘= A spinulosa (Y20
0.01 - )
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Fig. 2 Phylogenetic tree constructed by maximum likelihood method

5 AU B LE A Y 2.0, S8 A9 BBLIR (5 % -2805.91, 43 3%
KRR KR H 4 . TS/Tv ratio is 2.0. The La likelihood of this
tree is -2805.9. Branch lengths are proportional to distances.
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Fig. 3 Phylogenetic tree inferred by neighbor- joining method
BRESILKERILH. 230 TS 3 1%{E4H Bootstrap
SrET (ES 1000 ) FEAMSCRFSRME . Length of branch is
proportional to distance. Bootstrap values of 1 000 replicates
are indicated in parentheses below the branches.
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