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Molecular phylogeny of Colysis (Polypodiaceae) based on chloroplast
rbcL. and rps4-trnS sequences
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Abstract Colysis (Polypodiaceae) is a genus with approximately 30 species found in Asia, Africa, Australia
(restricted to Queensland), and New Guinea, including ca. 15 species in China. The systematic position and taxo-
nomic circumscription of Colysis has remained unresolved since its establishment in 1849. In this work we re-
trieved the chloroplast DNA sequences rbcL. and rps4-trnS for Colysis and its closely related taxa. Two data
sets—the rbcL gene and rps4-truS region (including both the rps4 gene and the rps4-trnS intergenic spacer) were
analyzed separately and together to assess phylogenetic relationships using maximum parsimony (MP) and
Bayesian inference (BI). Both separate and combined data sets yielded largely congruent results and revealed that
Colysis formed a well-supported monophyletic group with Leptochilus Kaulf. (here designated as the C-L Clade).
Two Leptochilus species fell into different subclades of the C-L clade. Phymatosorus Pic. Serm. formed a distinct
lineage in the current analysis. The genus Microsorum Link, as traditionally defined, was polyphyletic; while M.
linguiforme, M. varians, and M. pustulatum clustered with Malaysian Lecanopteris, other microsorums were
isolated in different clades. Our phylogenetic analysis suggests that Leptochilus and Colysis may better be treated
as one genus.
Key words Colysis, rbcL, rps4-trnS, phylogeny, Polypodiaceae.
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SDNA$E R H 2 R ICTAB J5 7% (Doyle &
Doyle, 1987; Jiti #3H4%, 1996).
1.3 F5IE
1.3.1 314383t AR 4 Schneider%: (2004) I HF 5%,
FATTE B AR RV ) rbe LAE DR Rl rpsd-trn S v B
(B Hhrpsd LR rpsd-ornSIER ]G IX) o F 38 rbel
S DK T 51 W0 H 4R Little #1 Barrington (2003) % vt
WEAEME 2, FARPHI[FILi%ZE(2004) . rpsd-trnSHE A [H]
B DX B 51 40 e 51 2 I Hennequin 25 (2003) ¢ 1, 0%
YEAE M, 43 5 b rpsS: 5'-ATGTCCCGTTATCGA-
GGACC-3'; trnS: 5'-TACCGAGGGTTCGAA TC-3'.
132 PCR¥ & 4 4% & V. 7FPerkin Elmer Ge-
neAmp PCR System 9600 34T S W ARFR 450 uL,
Hpesr A 2 pL DNABR(Z12 ng, HHGel Dockl4
AT AL AS), 2.5 mmol/L MgCl,, 0.2 mmol/L
dNTPs, 1 X buffer, 0.25 pmol/L5 |4, 0.8 U Tag DNA
A, 1 ug/ul BSA, 5% DMSO. ™ HrbcLIL A 1)
A 94 °C, 2 min, TUAEME. TEIRCL R 94
°‘C, 0.5 min; 42 ‘C, 1 min; 72 °C, 1.5 min; 40/k &,
72 ‘C4EMHT min. ¥ ¥rpsd+rpsd-trnS i BIFEF 4
94 °C, 2 min, FU&ME. fEIRLLNFET: 94 C, 0.5
min; 56 ‘C, 1 min; 72 °C, 1 min; 40X EH, 72 CiEt
117 min. 388 P71 280.8%—1 . 2%E HE B HL vk i FH Gel
DocE& 7 B AT W5
1.3.3 FFIME  JrA00E/EABI 377 DNA H 8l
71X (Applied Biosystems, USA) 5%, M3'—5F1
53 AT o 5 Ktk Sl N 98 [ AE WA Bt
(NCBI) [#) & [X & ' (GenBank), 3% X J¥ 51 5 UL
*2,
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Table 1 Names and their references and synonyms of samples

Pk Species

ik B 544 Reference and synonym

IR Colysis digitata (Baker) Ching
28J#% Colysis elliptica (Thunb.) Ching
i 2% Colysis flexiloba (Christ) Ching

Lin Y-X (#£Jt:2%), 2000. 6 (2): 255.
Lin Y-X (#RJE2%), 2000. 6 (2): 249.
Ching R-C (1= 8), 1972. 1: 266. Colysis elliptica (Thunb.) Ching var. flexiloba (D.

Don) L. Shi & X. C. Zhang, Lin Y-X (#£J£2%). 2000 6 (2): 254.

W2k Bk Colysis hemionitidea (Wall. ex Mett.) C. Presl
B£8Rk Colysis hemitoma (Hance) Ching
KRBk Colysis henryi (Baker) Ching

T Colysis intermedia Ching & C. H. Wang
ZEMFZ6 5% Colysis leveillei (Christ) Ching

KARZBR Colysis longipes Ching

Lin Y-X (#£Jt:2%), 2000. 6 (2): 236.

Lin Y-X (#RJ0.2%), 2000. 6 (2): 246.

Lin Y-X (#£J3%), 2000. 6 (2): 243.

Ching R-C (1), 1964. 1: 184.

Lin Y-X (#£Jt:2%), 2000. 6 (2): 245.

Ching R-C (F1-&), 1964. 1: 186. Colysis elliptica (Thunb.) Ching var. longipes

(Ching) L. Shi & X. C. Zhang, Lin Y-X (#£J03%), 2000. 6 (2): 254.

VHE R Colysis pentaphylla (Baker) Ching

Ching R-C (Z{=8), 1933. 4: 332. Cheng X (M) et al., 2005. 21: 398. Colysis

elliptica (Thunb.) Ching var. pentaphylla (Baker) L. Shi & X. C. Zhang, Lin Y-X (}£JC
%), 2000. 6 (2): 255.

T2k Colysis pothifolia (D. Don) C. Presl

Ching R-C (F128), 1964. 1: 186. Cheng X (JKlE) et al., 2005. 21: 400. Colysis

elliptica (Thunb.) Ching var. pothifolia (D. Don) Ching, Lin Y-X (#£J02¥%), 2000. 6 (2):

252.
=Z4HR Colysis triphylla Ching
185.
DM SR Leptochilus cantoniensis (Baker) Ching

By R BR Microsorum buergerianum (Miq.) Ching

Ching R-C (Z1-8), Wang C-H (F4435), 1959. 2: 155. Ching R-C (Z&1=5), 1964. 1:

Lin Y-X ($£JE2%), 2000. 6 (2): 265.
Ching R-C (Z1_8), 1972. 1: 261. Cheng X (Jl%) et al., 2005. 21: 354. Microsorium

brachylepis (Bak.) Nakaike, Wang P-S (T#53%), Wang X-Y(TLAZ5), 2001. 443.
Lepidomicrosorum buergerianum (Miq.) Ching & Shing, Lin Y-X (#£J02%), 2000. 6 (2):

113.

PIZR R Microsorum dilatatum (Wall. ex Bedd.) Sledge Ching R-C (Z31_£)), 1972. 1: 260. Cheng X (J#[%) et al., 2005. 21: 358. Microsorum
insigne (Blume) Copel., Lin Y-X (FkJ:2%), 2000. 6 (2): 229.

VLRI BR Microsorum fortunei (T. Moore) Ching

S Microsorum punctatum (L.) Copel.

Lin Y-X (#£JE2%), 2000. 6 (2): 219.
Ching R-C (1= E), 1972. 1: 260. Microsorum punctatum (L.) Copel., Lin Y-X (#£JC

%), 2000. 6 (2): 226.

U IEBR  Paraleptochilus decurrens (Bl.) Copel.

Cheng X (Jlb¢) et al., 2005. 21: 402. Leptochilus decurrens Blume, Lin Y-X (#RJE¥%),
2000. 6 (2): 262.

TR Phymatosorus cuspidatus (D. Don) Pic. Serm.  Lin Y-X ($£JE2%), 2000. 6 (2): 156.

[H R R Phymatosorus hainanensis (Noot.) S. G. Lu

Lu SG, 1998. 11: 147-149. Lin Y-X (#KJC%), 2000. 6 (2): 161.

1.4 F5I54h

FICLUSTAL X%k {4(Thompson et al., 1997)it
TR HES o S HEA S 1K 51, 53 0l FHPAUP*
4.0b10 (Swofford, 2002) [ K i £ (Maximum
Parsimony, MP) 1 MrBayes v3.1.2 (Ronquist &
Huelsenbeck, 2003) H 1) UL M- 407 i £F 7% (Bayesian
Inference, B R K B« MPRHE K AR
(heuristic search), 1000/XEEHLFF NN, TBR (Tree
Bisection Reconnection) % £ 22 #, MULPARES
ACCTRANMUAL, A AT R AT s AN BEAT DAL AL 2,
257 (gap)VF M B 2 (missing ) IR & 4341 o 5K FH 50097
F¥ H JE(bootstrap) 73 B PFili 38 e bt & 73 SCH S HF#

7E I BLRY & G i 22 Wi, 4% H MrModeltest 2.0
(Nylander, 2004) 83153 5l & AT FE 7 B H G 1)
B IR AU AR S 4L, FEAIC (Akaike In-
formation Criterion)FR#E T, 3L IR 14
GTR+I+G # . BI X Hl MCMCMC (Metropolis-
coupled Markov Chain Monte Carlo)5.7%, PLREHLA
UG R, 1217100000018, £ 100fCHUFE 1R, JFUR
F15000 N FEAAE K ZALFEA (burn-in samples) £ 57
FEREAT PIANBE DR R IR 5 40 A 15, SR FH 23 R I it
for 5 (partition homogeneity test)(Farris et al., 1995)7F
W PR 3 BT T FEdE o
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Table 2 Taxa used in sequence analysis and their information

AL B R bRA S 8225 SOk B TS
Species” Source locality Voucher or GenBank Accession No.
reference rbcL rps4 + rpsd-trnS

HEIH- 2R R T T 2 ey Lu SG/V99 EU363232  EU363250

Colysis digitata (Baker) Ching Jianfengling, Hainan, China (PYU)

2% SR N Lu SG/B4 EU363233  —

Colysis elliptica (Thunb.) Ching Jingdian Park, Kunming, Yunnan, China (PYU)

i3 6 VYU JE 1L LuSG/EM17 EU363234 -

Colysis flexiloba (Christ) Ching Mt. Emei, Sichuan, China (PYU)

Wik Bk PNl fEp Lu SG/4B5 EU363235  EU363251

Colysis hemionitidea (Wall. ex Mett.) C. Presl Zhaotong, Yunnan, China (PYU)

-2 ik A Lu SG/S15 EU363236  EU363252

Colysis hemitoma (Hance) Ching Nanping, Fujian, China (PYU)

R VYU 1L LuSG/EM1 EU363237  EU363253

Colysis henryi (Baker) Ching Mt. Emei, Sichuan, China (PYU)

FELIR £ 3k WHLHUN Lu SG/Q8 EU363238 -

Colysis henryi (Baker) Ching Hangzhou, Zhejiang, China (PYU)

M2 Bk W LR L Lu SG/V93 EU363239 —

Colysis intermedia Ching & C. H. Wang Mt. Wuzhi, Hainan, China (PYU)

LRI R VY 11k ) 1L Lu SG/EM26 EU363240  EU363254

Colysis leveillei (Christ) Ching Mt. Emei, Sichuan, China (PYU)

KA 26 T HAE L Lu SG/V56 EU363241 -

Colysis longipes Ching Mt. Wuzhi, Hainan, China (PYU)

VELER ik 2 P Hi Lu SG/SG9 EU363242  EU363255

Colysis pentaphylla (Baker) Ching Ruili, Yunnan, China (PYU)

T 2 ik MEEEIN 23103 LuSG/V111 EU363243  EU363256

Colysis pothifolia (D. Don) C. Presl Jianfengling, Hainan, China (PYU)

=Rk R LR L LuSG/V13 EU363244  EU363257

Colysis triphylla Ching Mt. Wuzhi, Hainan, China (PYU)

2 % H A Haufler et al., AF470340° -

Colysis wrightii (Hook.) Ching Japan 2003

Lecanopteris carnosa (Reinw.) Blume F[E R 75 7. Schneider etal.,  AF470322"  AY096227*
Indonesia 2004

Lecanopteris sinuosa (Wall. ex Hook.) Copel. k= Schneideretal.,  AF470321"  AY362634"
Philippines 2004

S R TAEAT= PN Dong/1034 EU363245  EU363258

Leptochilus cantoniensis (Baker) Ching Changjiang, Hainan, China (IBSC)

B E VY1 3L Lu SG/QC14 EU363247  EU363260

Microsorum buergerianum (Miq.) Ching Mt. Qingcheng, Sichuan, China (PYU)

Microsorum commutatum (Baker) Copel. HILN Schneideretal.,  AY362571"  AY362644"
New Guinea 2004

BEELYSY A 2R W Lu SG/141 EU363248  —

Microsorum dilatatum (Wall. ex Bedd.) Sledge Mt. Dawei, Yunnan, China (PYU)

VL A2 R [ AR [ N Lu SG/B16 AY725053% —

Microsorum fortunei (T. Moore) Ching Jingdian Park, Kunming, Yunnan, China (PYU)

Microsorum grossum (Langsd. & Fisch.) Brownlie #7JLN ¥ Schneider et al.,  — AY362695"
New Guinea 2004

Microsorum linguiforme (Mett.) Copel. BILA LS Schneider etal.,  AF470334"  AY362635"
New Guinea 2004

L% E W4 N Tl Lu SG/B26 AY725053"  AY725047"

Microsorum membranaceum (D. Don) Ching var.  Jingdian Park, Kunming, Yunnan, China (PYU)

membranaceum
o Bk =G Lu SG/J17 AY725054"  AY725046"
Microsorum membranaceum (D. Don) Ching var.  Xichou, Yunnan, China (PYU)
carinatum W. M. Chu & Z. R. He

Microsorum musifolium (Copel.) Blume EJ1 RS Je 4 P IO Schneider et al., AF470333"  AY362636"
Java, Indonesia 2004

I RS AR Lu SG/V11 AF470337# EU363261

Microsorum punctatum (L.) Copel. Mt. Wuzhi, Hainan, China (PYU)
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L P dl A I NEEE S BN oS IR
Species” Source locality Voucher or GenBank Accession No.
reference rbcL rps4 + rps4-trnS

Microsorum pustulatum (G. Forst.) Copel. Brvg=s Schneider etal,,  AY362570" AY362643"
New Zealand 2004

R PN Lu SG/J18 AY725055%  AY725048"

Microsorum superficiale (Blume) Ching Xichou, Yunnan, China (PYU)

Microsorum varians (Mett.) Hennipman & Hett.  ${i H £ g Schneideretal.,,  AY362566" AY362638"
New Caledonia 2004

KRR TR Tsutsumi & Kato, AB232411%F —

Microsorum zippelii (Blume) Ching Indonesia 2006

L8 = %t - T P Lu SG/J16 EU363246  EU363259

Paraleptochilus decurrens (Blume) Copel. Xichou, Yunnan, China (PYU)

LAY S 5% JICn: Schneider etal.,  AY096203" AY096228"

Paraleptochilus decurrens (Blume) Copel. Java 2004

Yern IR R P Lu SG/C51 AF470335# EU363262

Phymatosorus cuspidatus (D. Don) Pic. Serm. Guangnan, Yunnan, China (PYU)

i H8 R Tk W AR L Lu SG/V73 EU363249  EU363263

Phymatosorus hainanensis (Noot.) S. G. Lu Mt. Wuzhi, Hainan, China (PYU)

G K L Schneideretal.,  AB043100"  AY096224"

Polypodiodes formosana (Baker) Ching Taiwan, China 2004

HA K e H 4 Schneideretal.,  AB043098"  AY362626"

Polypodiodes niponica (Mett.) Ching Japan 2004

D) WA PR ChESSEREE) © ChEEDE) |

CHIMRARIDIED

CoMYE)Y M GRS #, WIEREE N ERRFH.

1) Taxa names follow Iconographia Cormophytorum Sinicorum, Flora Reipublicae Popularis Sinicae, Pteridophyte Flora of Guizhou, Flora Yunnanica, and

Flora of Hainan; #, sequences from GenBank.

2 RS

2.1 rbcL. rpsd+rpsd—trnSIFH) B S HTRYLE R

B E B 18T AR ) I A4 b e L AE PSR 1 4 7
) W rpsd-+rpsd—trnSIT 5 ) GenBank i 5% 5 L&
2o FEXALHEZAE B (045 A GenBank H T 4 (1 AH
KIFH), rbcLIFHBK 1367 bp, Joid A Bk
g, Hrp Al AR g22240 (A P A S K R 16.24%),
5 BAL R 1290 (5 TP A B 19.44%) o« rpsdtrpsd—
ornSIT A E 1152 bp, HrPaf AR A7 fi4324N (7
YK 37.5%), 1 B 552654 (7 H1H B 1
23%).

FIHIMPFIBL S BT 5325 53 il ke 2t T 26k S S
T 2B I rbe L 3% K Ml rpsd-+rpsd—trnS I3 51 ] R 48
REW, ARG5S R RGeS b 45 1)

K3 SARRFIER AL TINS5 5

Table 3 Characteristics of the sequences and statistics of MP analysis

AR, AR S H SRR A R

A3 S AR BUJT VAL EE (R rbe L M rpsd-trpsd—trnS
RGN (HMP IR 1 (1) R G [FIBLR W $h 41 45
Ry 5, HE AN S R SCRF R, BIR
GiRt WL 1, MP R G AR AL S B7R) e MPITVEFTER
1F ARG I K (tree length) —ZUPE 45 % (consistency
index, CI)« 1784 5 #(retention index, RI) N A7 —3X
P54 (retention consistency index, RCI) W33 . P
SRS o B oM I ek 8 5 TR G e AR
VIS R A R — A S FE AR R R R (L,
C-L Clade), rbcLRlrpsd-+rpsd—trnS 505347 i) UL
0 )5 56 R 2R 350 0 100%; LAY s 5k e A 19k ) 1)
FhRBA AL, 73 7% NG Ja 1) AN [R] 3
ZAW: S R Leptochilus  cantoniensis 5 i 2%
Bk Colysis pothifolia FI-EAREE % Colysis longipes R1E

4, T A K i N ELEE WK CHMRE REAN AR OSERN
Data set Length of sequence No. of trees Length of trees CI RI RCI
rps4 + rps4—trnS 1152 6 707 0.7337 0.7854 0.5762
rbcL 1367 20 380 0.6132 0.6957 0.4265
-5 $idi Combined data 2519 4 1063 0.6704 0.7129 0.4780

CI, Consistency Index; RCI, Rescaled Consistency Index; RI, Retention Index.
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74=Colysis flexiloba
iilEColysis digitata
i Colysis wrightii

Colysis intermedia
100=Colysis longipes

iEColysis pothifolia
C-L Clade 75 Leptochilus cantoniensis

o Colysis henryi Q8
Colysis henryi EM1
100 Colysis leveillei

78— Colysis triphylla
851 =Colysis hemionitidea
— Colysis hemitoma
Colysis elliptica
70 Paraleptochilus decurrens
Colysis pentaphylla
97 (—Phymatosorus hainanensis
Phymatosorus cuspidatus
Microsorum punctaum
Microsorum dilatatum

100

100 ~Microsorum zippelii
100 Microsorum fortunei
100 98 [~ Microsorum superficiale
Microsorum buergerianum

niosa

iop [~Lecanopte
71 Lecanopteris carnosa

L—Microsorum linguiforme

100 {~Microsorum membranaceum var.membranaceum
Microsorum.membranaceum var.carinatum
Polypodiodes formosana

Polypodiodes niponica

78— Colysis hemitoma
ﬂE Colysis triphylla
82 Colysis pothifolia
C-L Clade Colysis digitata
——————————Leptochilus cantoniensis
\ 100—Colysis hemionitidea
100 Paraleptochilus decurrens Java

Paraleptochilus decurrens J16
100 E Colysis leveillei
67 Colysis henryi
' Colysis pentaphylla

100— Phymatosorus cuspidatus
—Phymatosorus hainanensis

100

100 97(—Microsorum musifolium
100 Microsorum punctaum
100 69 Microsorum punctaum
80 Microsorum grossum
'Microsorum commutatum
100 [~ Microsorum buergerianum

“Microsorum superficiale
100=—Lecanopteris sinuosa
56 Lecanopteris carnosa
100 [~ Microsorum linguiforme
Microsorum varians
Microsorum pustulatum
100 (= Microsorum membranaceum var. Membranaceum
—Microsorum.membranaceum var. Carinatum

100 — Polypodiodes formosana
L Polypodiodes niponica

100

FH VU0 23 W TR R i I BBk B S IR SR R AR EW b rbcLRGEREW; T rpsdtrpsd—tmSRGERFW; 433 LI hE%

E1
MEHAE(x100).
Fig. 1. Phylogenetic tree resulting from Bayesian analyses of the single rbcL (upper) and rps4+rps4—trnS (below) sequences of Colysis and its

related taxa. The posterior probability values (x100) are shown above branches.
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Fig. 2. Phylogenetic tree resulting from Bayesian analyses for a combined analysis of the rbcL and rps4+rps4—trnS sequences of Colysis and its
related taxa. The posterior probability values (x100) and maximum parsimony bootstrap support (BS) values are given at the nodes.
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