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Genetic structure and phylogeography of populations of Alsophila podophylla in
Hainan and Guangdong., southern China, based on c¢cpDNA trnL-F noncoding

sequences
SU Ying-Juan, WANG Ting, ZHENG Bo, JIANG Yu, OUYANG Pu-Yue, CHEN Guo-Pei, WANG Bo-

Sun  (School uf Life Sciences, Sun Yat-sen University, Guangzhou 510275, China). Acte Ecologica Simica,2004,24(5);914~919.

Abstract ; Alsophila padophylia Hook is a large perennial herbaceous fern species belonging to family Cyatheaceae in taxonomy.
In this research, population genetic structure and phylogeographical pattern of the species were inferred from variations of
chloroplast DNA (¢pDNA) tral.-F noncoding sequences. 9 natural populations were sampled, locating at Jian Feng Ling
(HNJFL), Wu Zhi Shan (HNWZS), and Diac Luo Shan (HNDLS} in Hainan Province, as well as Gui Keng (ZQDHG) . Ji
Feng Lin (ZQDHJ), Da Chong (FKHDC), Du Tian (FKHDT), Xue Si Shang You (FKHXU), and Xue Si Xia You
(FKHXD) in Guangdong Province of southern China. cpDNA #7nL-F noncoding regions were determined by cycle sequencing
or sequencing cloned PCR products. Sequence length varied from 1017 bp to 1021bp. Base composition was with high A+ T
content of 60.43% ~62. 26%. 15 haplotypes were identified based on nucleotide variation. Relatively high level of haplotype
diversity (h=0.880) and nucleotide diversity (Dij=0.00342) were detected in A. podophylla. This is probably associated
with its long evolutionary history which allowed the accumulation of genetic variation within lineages. Minimum spanning
network constructed from ¢rnl.-F haplotypes showed that haplotypes identified in Hainan populations rapidly coalesced to those
in Guangdong populations with short branch length of one or two mutations. In neighbor-joining tree, haplotypes of Hainan
and Guangdong populations were exhibited as highly mixed branches, neither forming as a monophyletic group. Gene

genealogies of trnL-F haplotypes suggested a close genetic relationship between populations of A. poedophvila distributed in
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Hainan and Guangdong. Investigations of population differentiation (Fgr = 0.12615), gene flow (Nm =3.45), AMOVA
(11-91% genetic variation was partitioned among regions, £>>0.05), and DNA divergence also demonstrated that no genetic
differentiation nccurred bewteen populations of Hainan and Guangdong. A “star like” pattern of phylogeography of haplotypes
was uncovered in A, podophylia, which meant an outcome of population expansion during its evolutionary history, and since
then there will have been insufficient time to form a more complicated population structure,

Key words: Alsophila podophylla; cpDNA tral.-F noncoding sequence; haplotype; genetic structure; geographical
differentiation

HHRE . 1000-0033(2004305-0914-06 HPEASHES Q234,Q941.Q948 X REFHFINETG A

BB (Alsophila podophylla Hook. ) BB BL (Cyatheaceae) W5 4B J& (Alsophila) BRI W IR (Subgenus Gymnosphaera)-'3,
RNEFHERVRRHMAEREHEY SEPLEYETERGBHY 2o BV ESE Bl THREIMSHEEL S EE Y
ERNOERAPHEER BEMATAREIARKE  XERFTHERFUKRPHEEESNGEE S, RENEY
B—BAEREBK 350~700m WESAT . K ATHEAEL HAABHLURESZEL. EREAWAN.oH.) 1.8
R BEMEEHAESHT VL EVRBEAMYHBRENNRAGHANEELH,

SR TR R R AN A RO ET AR BN S BE ) R REET MARERE .S
R A TR R ERRAES . AR o T BR 2 RRBE AU 15 T R A M S LB SRR AR R A, b B R TR R A Y Y R
EEHERIRPRESHEREER . E5NATE. LHFEE, HH{E R (gene genealogy ) F4%5 iL (coalescence theory) K £
HFKELFNHBRNRETRMSLTFRUFRERY . FENRKSEATUBRHRER.AGEY KSETENESE
BY, BI7EM &k DNA (cpDNAY ERBEEERFEFITRERSF A THMTEYHOMRERE TR GREEEES Y, &
RRBEMBLLEPHE ERBROBEELTES TEREYHAREHBEZ R, B4, R E%E DNA JJF G F T
LA % 22 A B R RR ) iy BUC B B8 (RFLPYAE T PCR 935 20 B % 1% 81 28 %38 3 89 K B R 38 4 (length homoplasy ) (G £ , M T
REMBEFRETEHMERR MG BEER!,

AR BT TR R 9 DB E 813 48 cpDNA tnL-F EEE R FFI5E . PP T i i
MBEZHANREHE. BMNE. (DEWBHERELEEREIERA: O TEENT UM SERRE AT LEFE
RIS (DT MR DR EENERAXHEE.

1 ¥R E
-1 HE¥HE

BEASAHRE)T AHTFREGE AR EFEKHDC), i B (FKHDT) % 8 Fi#7 (FKHXU) #1238 B K #E (FKHXD) , %8 5 83 111 5%,
HL(ZQDHG ) #1E M AR (ZQDH] ) A X % # AR 02 04 (HNJFL) L B35 1L (HNWZS) I B % 1L (HNDLS) (R 1. BAT AN M. 2%
BEWMFERTHMEEER TR WA S 50 R AR B A T 8 b R B 22 0 0 R BE 4 K F ¥ 38 850m 1l Ak
PRI ILFRE K TER 800~850m AP MM ARBR;:; BF ILFHEE K TR 600~700m IR ER. AR
B 99 #x. FEVIERFEAN  FXEEEZDEF Sm, REXNTA B THARETRERICEEARER SETRES
—20C1RH#E.

1.2 LERHF®

1.2.1 DNARBREPCRYHMEN RAMGHEMNTAERE=FRBAERCTAB R, 85 %50 5610 LT T DNA %81
AiE, HFIEBEREEAREDNA BN, & IUOpI’PCR AR FR P 3 .50 mmaol/L KCl; 10 mmol/L Tris-HCl; 1. 5 mmol/
L. MgCl;; 0.1% Triton X-100; ANTP £& 200 umol/L; # g FH B % 50ng; 2.0 8§ TagDNA B2 85 : 5[4 % 10 pmol, 1
cpDNA trnL-F 1E % % K 5| 4 R F} Taberlet % g R+, 3|9 1. 5 ATTTGAACTGGTGACACGAG-3", 3] ¥ 2. 5™
CGAAATCG GTAGACGCTACG-2’.5| M LB EAYEARFTR A SR PCR ELRBF N :94 C WM 3min; 94 C 45s,
55 C 60s,72C 908,30 T {BEP; K KPEH 72 CEM 7min. PCR HLFWERE RGNS T 5.

1.2.2 PCRYM™YHZENF B PCR ™ 5pl MF, 873 %5 PCR RAESIPHE.

1.2.3 RFEGHEWEW PCR Y5 RMMAF 1.0% BASHER 1 X TAE B3k 2h (8 EH 5V/cm) ) F H 89 K B, F
UNIQ-10 #3X DNA JB2 [543 & @ i PCR 749 . [EHEFT#8 PCR 7= 4% Al pMDI18-T Vector il & 4 . ¥ L. 5 A f1 KB 4T
H DH-So Sl (02 S AP R AE AR ERIKBER. FRPCRERATRETBAREN I ETHE SR, FHE
1 5K 1R T TR BT AR L B A pMID18-T Vector FidiE IS4 M13F #1 M13R 7E ABI377 & 3l AL F 3 .

1.3 HEah
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B E 8 tral-F EEHB X S AFEF Genbank ¥ F 25 AY303515-AY 303538, FF) ot f# B Clustal X {4V 52 /. &
BioEdit A GHFHIEBEZRAUFFANETEHR. EA DnaSP R HERFHAEEE O SBETREREE D).
Minspnet 80K E & /A B B E (Minimum Spanning Network), i PHYLIP #4098 s 4 ® 6 5 Kimura WS %K
18 15 BE B . 3 i 47 4B 4% B (Neighbor-joining Methad )43 47, 13 Bootstrap BB EBE S THAEF . P EM B REH NS T
FARERRARBEERMP P (Cyathea pseudogigantea) . KW (Cyathea pectinata ) KRS ¥ (Cyathea gigantea) T3k FI R 8
(Cyathea tinganensis YL B4 305 BBRY R EoRBRRR L AT R/ A M E M EE O FoT R ECE I /b 268, #l
P ATRREE A] 0 36 R R B AABE T R IR BN GREAT AR For=1/U+2Nm)RH P N R A S EER .
m REBEFE BRI KA Arlequin HAPHIT ST HESTH(AMOVA) T EMBA . HBERARBX AR TRE L
AR
2 TRER
2.1 BERERESHEETREHNKE

AB 7S AX PCR Y EED A MRE)S BT ENE T B8 cpDNA traL-F EHB R BEF . i@ R g 5
H 15 7~ cpDNA HAE R (haplotype) B H HF B A TR BT R B8 FKHDX05 4b, F R R 1017bp. 8 4 75 {4 £ 483.650-
654 BIE A 0L 5L 823-824 Ay K 5 B FKHDX05 8y S &
MK ZE 102lbp, A+T EEBEBE . HB SN F 60.43% ~
62. 26 % Z |, 1T & 3F 4R 05 X )% ) 40 B b M

BE P cpDNA tral-F EHRBE X FIHRERNEREMW S
BEHEREEEWDHINELl, BHPARKFAFRERENE 0=
0.880). BRRBRAMMHFEEMT LMHHBRIFMERSS) . &/HF
MEAFHERME G G EHMAT 0.556~0.818), W88
BB R B E KRR (D=0.00342) . B2 G T
HHER AT LRI, EHBES DG BEN T 0.00164 B

ZODIIIG4

ZOQDI1K3D9

FKIIDTOE

FEKHXU10

0. 00438, HFH A BAMAMFKHDCF W B H B LS4 ::J:

B . HAFRARF B TH(FKHXD) M BB M EHERS . @ ZODHGOL

MEKFE BRNEAAEREESBRTREREE (R=0. 752,

Dij=0. 0027 /NF I HEIA R A{E (h=0. 305,1):';:0. 00348}, as

2.2 MREDNA BN ELERT @
BN ABNERMERI T REES ST EERE

ROENRELTFAR B 1RET irl-F 5 X S 44 - 43

HHERTREMNBENERNE. BEEANRERTEER R

R & 8 . FKHDC07. HNWZS06 % HNJFLOL( = HNWZS01){¥ (es Y—O—co )—@ ©

A1 A~ %A, FKHDC02, FKHXU 08, FKHXU03. HNJFL02 (=

HNDLS07 — HNWZS02) ., ZQDH]01, ZQDHJ05 & ZQDHG04 % (2

LA 2 P3R4, ZQDHGOS WL 3 34 ,ZQDHGO3 L 7 MR 5 46

T F L i B A ZQDHJ04 ( = ZQDHG09 = FKHDTO08 = @

FKHXU10 = FKHXD18 = ZQDH]06 = ZQDHGO01 ) # & 2,

Bl 1 B F A EF coDNA trnL-F JE A% X 8845 2 g9 B /4 g N I
FKHXDO5 Jd] ZQDHJ04 $9 6 BRI HE . Ll 16 1 RAE S > HiE

Fig. 1 Minimum spanning network relating haplotypes of cpDNA
= U BB S Saliedgidibid s iER L p PN TRE trnL~-F noncoding sequences {ound in populations of A. podophviia
HWERFES AR RAERRRES MR ERBREARE T £ mmm, @50 #, X85 w0 % T B &R Cvathea
Hab. pseudogigantea (CS), Cyathea pectinata (CP), Cvathea giguntea

WEE TR T AR RERFT N B EE +H (CG}, and Cyathea tinganensis (CT) were used to root the tree; #
F FKHXDOS 8 55 [ ARy S R S (0 2) WA — PR AR SRFBB R M R, MRy A BR824 1 B
— A 2 B R MG R B R B X LTS M 0 5 VR TR R B A0 R 9 2 2 3 Major links between haplotypes are
S . EREHEEETH B EER, represented as thick lines; Other possible link is given as thin line;

Numbers in circles on links between haplotypes indicate the number

of mutational differences between haplotypes
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Wi AE cpDNA tral-F IERBEF MR EIELEMOMBEEFMRZ E2 (D))

Table 1 Haplotype diversity (%) and nucleolide diversity (Drj) of cpDNA trul.-F noncoding sequences of A, podophylla

Mo B 4 AR

Geographical coordinate

s

Populations

FEA B

Sample size

HH B EZENS
Nurleotide diversity (Drj)

LA

Haplotype diversity(h)

B A podophyila 99 0. 880 0. 0034240, 00036
73 Guangdong 0. 803 0. 00346 0. G0DSD
1 L B B ZQDHG 112°35 E23°08' N 12 0. 682 0. 00201 £0. 00041
&8 1L F KL ZQDH] 112°34'E23°06’N 15 0. 771 (0. 0035440, 00083
BAWM KA FKHDC 111°532'E23°26'N 10 0. 558 0. 00164 0. 00022
RO S8 i FKHXU 111°53'E23°27'N 12 0. 818 0. 00201 0. DOD18
B A TR B F # FKHXD 111°53’E23°25'N 10 0. 556 (. 00438 0. 00059
BREAEMME FKHDT 111°52°E23°27'N 8 0. 000 0. 000004 0. 00000
#® Hainan 0, 752 (0. 00274+ 0. 00014
¥ 55 2 0% 1% HNJFL 108°44'E18°23' N 10 {4, 556 0. 002194 0. 00029
MW I Iy HNWZS 109°45'E18°53'N 12 0. 727 0. 00191+ 0. 00018
P %) HNDLS 109°53'E18°48'N 10 0. 000 0. 00000 0. KOO0
2.3 FPEEGS MR H 2k FKHXDOS
HRAE BN cpDNA rrnL-F £ 5T X F 51 25 5505 B 1 B0 A 0 o FKHXD18
B AP ALIE For (0. 12645) FIE A F Nm (3. 4 ZHER G A~ i"q‘;‘sﬁ
A X B R B R AR AL . HBIX PIAKE b, ¥ RS A REIE] B0 Far 2% | HNWZS06
0. 00433~ 0. 55556 . Nm H 0. 33~ 4. 8:; "R # B E Foait T ZQDHGO1
0. 18182~0. 44444 Nm 4r F 0. 50~2. 32 (F 2). BF tral-F 3 zq“*““fﬂ
MRIEXFINERH AMOVA St . B @RHE 55. 77% 0 FKHDTO8
BMETRREEMBEN(H<0.001),32. 33 %MW METR S 4 74 65 | ZQDHY0!
ZQDHI0S
MR ANFEEE(p>0.05), LA 11. 01 A BET RO H FIKEXU03
KB (p=>0.05), Il FKHXU05
MMgiE DNABELENAE S . EHEHNKE L. B FKHXU08
BB () 1 R B 2 59 7 34 R0 8 005 B R 35 T 8 0043 30 40 | O iELe
F 1. 500~~2. 833 F1 0. 00147 ~0. 00279, T RFBEAZH B E 87 HNDLS07
AYIHUAEBUNABETREFR ISR SHNF 1. 250~6. 200 HNWZS02
1 0.00123~0.00611(X D . MEXEAKFE L, B SRR ZQDHE‘;:
WEHFEERTHENSMARTRSHR TSR 3- 600 ZQDHG04
0. 00355, FKME R/ T/ REyF PR M X EHEE. ZQDHI03
) HNJFLO1
AR, BBF L -F FREXETEIEE S KT Cyathea gigantea
FRAUEEEC=0.800MBERKEWNBEHEREEE (D)= Cyathea pectinata
0-00342), it MK FHRBL K RE — ¥ BT R E X BB K Crathea pseudogigamica
: 10 Cyathea tinganensis
HHET M T HREERERBEANBRE. F—FERHTFT
FRBRIFI BB DI RIS AU LT R EREE mo BN B . SR IR 5B TR0 B g 426 B by e oy B

BIEERBLUREC HIERE R AR STk
HEEEFHAERBREFINIT EBEATIIEERTR
RO ER R 1L 57 5 LT RE BRI AR 2L w2t

W coDNA ornl-F B R A EHNBERNE /D E RN E
MBEREN. BUBRATETHE N KA B2 R M0EEXR
I ERNERER AR AR RS SRR
SaW.FEEH A E R (HNWZS01-02, HNJFLO1-02 &

H48 cpDNA trnl-F FRBR AERPER
Fig. 2 Neighbour-joining trec of haplotypes of cpDNA trrL-F
noncoding regions of A. podophyvlia, rooted using Cyathea
psendogiganteas Cyathea pectinata, Cvathea gigantea, and Cyathea
linganensts as OUtgroups

X EAER 1000 I & Bootstrap { Numbers abave branches

indicate the bootstrap values of 1000 replicates

HNDLSOTEL 1 8% 2 PR ETERRN R BEN (ZQDHJ0O R E -4 (8 1,2), FiFb FRBEE] AL BE (Fep=0. 12645y /I EH ¥
Nm (3. 45 AMOVA #f (MK E@BET RS 11.91% ., p>>0.05) L & DNA BEXEERO—B SR M@ EEERHT
R R R R SRR . ER=ARPABENLT P TS ARMEESERR . ERT AESEE S
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FEvks R ER R K T . B SAMEEHE ATBESHUHEFE. BAEFA,.BHES B EEIE ™ AL
FE FI R Z BB B ik 20~40km WP MIBMRIER. FRFAW  HWEREH RFHEME O EEEN Kt it k.

F2 HEBEcpONAvnL-FERBEIENRBRESEHBEAN NACGIALE L) FssGIRET)
Table 2 Pairwise comparisons of Nm {(above diagonal) and Fsr(below diagonal) between populations of A. podophyiia,based on ¢cpDNA iraL-F

noncoding sequences

F 8 Populations ZADHG  ZQDH]  FKHDC FKHXU FKHXD FKHDT  HNJFL  HNWZS HNDLS

3810 R ZODHG 1. 64 0. 81 0. 83 0. 62 1. 87 0. 74 1.21 0.22
S5y AR ZQDH]J 0. 18182 1. 07 1. 03 0. 75 2. 32 C. 96 1. 39 0. 42
BATHRM FKHDC 0. 32507 0. 28829 0, 55 0. 50 0. 56 0. 50 0.70 0. 14
BalizER £ FKHXU 0. 3181% 0. 28539  0.42840 0. 51 0. 72 1. 73 0,73 0. 18
BATEET# FKHXD 0. 38191 0.35125  0.44444 0. 43568 0. 56 0. 50 0, 58 0. 25
BOAHMMEA FKHDT 0. 18182 0. 18182  0.44444  0.41558 0. 44444 0. 56 1. 25 0. 00
M5 H Jz % by HNJFL 0. 34343 0.30688  0.44444 0. 14646  0.44444 0, 44444 4, 81 0. 33
W RE WL HNWZS 0, 22874 0.21612 0.36364  0.35381  0.40152  0.27273  0.00433 0. 44
¥R % IL0 HNDLS 0. 68531 0.57143  0.76190 0.72727 0.62963 1,00000 ©Q.55556 . 51515

£33 RYSHBANEERERIHNCGIAR D AISEAZERER TR TAZT)

Table 3 Average number of nucleotide differences {above diagonal) and average number of nucleotide substitution per site (below diagonal )

between populations of A. padophylia

fi 8 Populations ZQDHG  ZQDH] FKHDC FKHXU FKHXD FKHDT HNJFL. HNWZS HNDLS

¥ 1L 8 3 ZQDHG 3. 450 2, 750 3. 000 5. 250 1. 250 2. 750 2,583 3. 250
& ¥ 1L = Mk ZQDH] 0. 00339 3. 700 3. 950 6. 200 2,200 3. 700 3.533 4. 200
BAEKMM FKHDC 0. 00270 0. 00364 3. 250 5. 500 1. 500 3. 000 2. 833 3. 500
BA%ER L # FKHXU 0. 00295 0. 00388 0. 00320 5. 750 1. 750 3. 250 3. 083 3. 750
BLOlRZERT ¥ FKHXD 0. 00517 0. 00611  0.00542 0. 00567 4. 000 5. 500 5.333 6. D00
BRERME FKHDT 0. 00123 0.00216  0.00147 0, 00172 0, 00394 1. 500 1. 333 2. 000
T gk iy HNIFL 0. 00270 0.00364  0.00295  0.00320 0.00542 0.00147 2. 833 1. 500
B R HNWZS 0. 00254 0,00347  0.00279  0.00303 0.00525 0.00131  0.00279 2. 000
M AP 1L HNDLS 0. 00320 0.00413  0.00344 0.00369 0.00591  0,00197 0.00147  0.00197

DNA WIFEHAR ETRER S BRHERIEERGED. BR, RN A BB L% (summary statistics) "M F7 3k,
BRI Fory HBERRTHAZEEREEBE ATEXLR A RAAAIBE=EMNHUMNESTEISHEET, B,
ERERMECHECEER CHATHRBEETRE RAZFCRANBEENHLRZ — AT 9080 D) BN % 1T % A
HEEERR Nm EHE 3. 49, HRERPEHBANRERN R B BB LAAVRTERARTFANERIBER I UBAT
B 5 A ol 77 B0 B S5 410 9 U 0k R 2 B O (3 R 3R R SRR A BLAE 0 7 O R T 124 S 0 A R L T R T B S R ) B
IR LHEREG. ROPREREBHEN RORER TR BRI, 0B 98P 0 B A5, HAb 8455 K 21
BAMRKABED, RESAERL AMHEMFHENAERR ARARNEENSBRE R LRGSR E AT ¥ .9 %E
MR E AR RBHB R BN R ENRANEHRT2ABRT. MER D R R REFNNESREE
4 0 TOL o B B ST T o (R 2) B RS MG R B R A FART B A9B 30, MR IE R, EREFI. B8 10 TEHA WK E
HHEA 2 77 a BIRH (Milankovitch fBF)5 7, MBS HMREEY —#)  BHBTBEL =4 KBH®D RERTFHE
KERA TR LAY T rE AR BB RO BERE b, 3 — 5 3 5 TR IR BRI U 70 |t 6 35 T 1) 0 40 06K I 06 0 &
HETHERDSMHBEEEN M2 M NTHES.
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