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Abstract; To further understand the molecular adaptation linked to fern radiation, evolutionary patterns of the
rbcL sequences in the family Pteridaceac were examined using random-site and branch-site models along with the
estimated time-scale of pteridaceous phylogeny. By comparing Models M1a/M2a and M7/M8 under random-site
models, six amino acid sites (1491, 251M, 255V, 282F, 3598 and 375F) were found to be positively selected. The
site 282F plays an important role in maintaining Rubisco function. Under branch-site models, no adaptive site was
identified in the epiphytic clade, whereas two sites (230A and 247C) were detected in the ceratopteridoid clade. In
comparison with shade conditions, aquatic habitats may have imposed stronger selection on the pteridaceous RbcL
subunits. Moreover, the phylogenetic tree reconstructed with uncorrelated lognormal distributed relaxed clock
model shows that the pteridaceous fern radiations occurred during the Oligocene, suggesting possible roles played
by the Paleocene-Eocene Thermal Maximum. These results provide new insights into how leptosporangiate ferns
response to the terrestrial ecosystem changes caused by the rise of angiosperms.
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®1 HEYMBRE rbcl EE GenBank ERS
Table 1 Plant materials and their Genbank accession numbers of rbcL genes

G-t/ GenBank #3%5 Gi:t7) GenBank #3# 5
Species GenBank accession No. Species GenBank accession No.

Monogramma graminea EF452157 Ochropteris pallens EF452160
Monogramma sp. EF452156 XM RUBBR Preris cretica EF452170
Haplopteris elongata EF452153 HARENE Preris multifida EF452171
Antrophyum latifolium EF452138 Pteris tremula EF452174
Ananthacorus angustifolius 120932 Pteris argyraea EF452169
{BER-SR LR Adiantum malesianum EF452132 Preris quadriaurita EF452173
M SRERBR Adiantum venustum EF452136 Neurocallis praestantissima EF452158
Adiantum peruvianum EF452133 Eriosorus cheilanthoides EF452152
Argyrochosma limitanea EF452139 Jamesonia blepharum EF452154
Pellaca intermedia EF452163 Jamesonia verticalis EF452155
Pellaea truncata EF452164 Pterozonium brevifrons EF452175
Pellaea andromedifolia EF452162 Anogramma chaerophylla AY168712
BXW & EAMRBR Paragymnopters marantae EF452161 Pityrogramma calomelanos EF452166
Astrolepis sinuata EF452141 Pityrogramma jamesonii EF452167
Cheilanthes viridis EF452147 Cosentinia vellea AY168720
SR BR Aleuritopteris argentea EF452137 Acrostichum danaeifolium EF452129
BIR Chelanthes nitidula EF452146 Ceratopteris richardii EU352297
Cheilanthes micropteris EF452145 28R Bk Coniogramme fraxinea AM177359
Cheilanthes alabamensis EF452143 Cryptogramma crispa EF452148
Cheilanthes eatonii EF452144 BIEBR Thelypteris palustris w5947

Adiantopsis radiata EF452131 Cystopteris reevesiana EF452149
& ' B.0BR Doryopteris sagittifolia EF452151 Blechnum occidentale 105910

Pentagramma triangularis EF452165 AR Asplenium unilaterale EF452140
Notholaena asc henborniana EF452159 Nephrolepis cordifolia 105933

Bommeria hispida EF452142 #FIR Monachosorum henryi 05932

B 28R Doryopteris ludens EF452150 BB Preridium esculentum 105940

Actiniopteris dimorpha EF452130 R85 BR Microlepia platyphy lla U18642

Platyzoma microphy fum AY168721 B KB Polpodiodes formosana AB043100
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Fig. 1 The phylogenetic tree of rbcL gene sequences of Pteridaceae using uncorrelated lognormal distributed relaxed clock model

REBRFHH 5 A~ EE 052, AD BERLRRE , CHOFREKERE, PT B REBRSE, CE KBRS, CR AR ER . HAK RIS BREERT
0.9, REFEFRMEN T AE, REN T IOV ER, B 1 FE,2 oy b3, BXRint ARL5H =20 7%, BEX
PR ARBTG5 30T A AL B A T B9 3B R B (BE L . B JT4E) . Five major clades in Pteridaceae family are indicated (black and
white boxes): Adiantoid clade (AD); Cheilanthoid clade (CH); Pteridoid clade (PT); Ceratopteridoid clade (CE); and Cryptogrammoid clade (CR). Heavily
thickened lines indicate posterior probability =90% . Epiphytic clade is demonstrated in grey box. Geologic timescale is labelled below the phylogenetic
tree. The epoch 1 and 2 stand for Pleistocene and Pliocene, respectively. The Cretaceous/Tertiary boundary (K/T) and Pakocene/Eocene thermal

maximum (PETM) are showed with solid and dashed vertical line, respectively. Estimated divergence time of each node under UCLD are illustrated

beside them (Unit: Million years).
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Table 2 Parameter estimates and log-likelihood values under models of variable o ratios among sites

bov il . ¢ B¥fEiHE EBstimated EBEEALR
Models £ value of parameters Positive selection sites
MO BE—{E One ratio 1 -993037 »=0.056 JC None
Mla FEH{E Near neutral 2 957732 p, =0934, 0y =0.011; p, =0.066, »; =1 A5 Not allowed
M2a #3% Positive selection 4 -956921 po=0934, w,=0.011; p; =0.056, o, =1;
P>99% :282F; p >95% :1491, 251M
P, =0009, m,=2376
M3 : ESH{ Discrete 5 —9536.75 po =0.895, 0, =0.004; p, =0.086,
P>99% :1491, 251M, 255V, 282F, 3598, 375F
o, =0.348; p, =0.019, », =1.858
M7 :beta -9552.35 p=0018, ¢ =0.125 A AIF Not allowed
MS :beta Fl » -9536.48 p, =0982, p=0.052, 4 =0992 P>99% :1491, 251M, 255V, 282F, 3598, 375F
beta & o p, =0018, ®=1919
A AV SRR Branch site models

Pt 4357 Epiphytic clade
B A (o, BEHN 1)

Model A (o, =1, fixed)
BH Alw, RETHE)

Model A (w, estimated)

119 -12175.22

120 -12175.42

KBRS Ceratopteridoid clade
BE Ao, EZEN 1) 119 -12185.06

Model A (o, =1, fixed)
BH Alw, RETHE)

Model A (w, estimated)

120 -12183.02

Do =0918, w, =0; p; =0.061, ®; =1;
P2t p3=003, 0, =1
Do =0909, w;=0; p; =0.055, o, =1;

Py +p3=0.03, @, =1

Po =0.921, 0, =0.015; p, =0.056, w, =1;

P2 +p3=0.022, o, =1
Do =0931, w;=0.015; p, =0.057, »,=1;

P2 +p3=0.012, ®, =403

A AIF Not allowed

P>80% :226V, 243 T, 3488, 367G; P>50% :
32L, 219L, 226V, 232V, 243T, 2768, 3488,
358Y, 367G

A AIF Not allowed

P >99% :230A; P >95% :230A, 247C; P >
50% :31T, 226N, 230A, 247C, 359K

p* TR o AHFTANSEEE . RERMEARSSHEEBAKRES rbel ZEFFIIY, p* stands for the number of parameters in different
models. The site No. is associated with the rbcL sequence of Polypodiodes formosand™).
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Fig. 3 Spatial locations of the positively selected sites in the RbcL subunit of Coriogramme fraxinea
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Table3 Likelhood ratio statistics (2 £)

BRBHE Comparison of Models  2A€  df X FHR BN, RERFH B R R ETES
MO-M3 8125 4 949 Y1IZERMPARAEE AMEZAELSE
Mla-M2a 1623 2 599 WEEA4 6 500 J7 48 ) A 2 LR R A (B
M7-M8 a7 2 59 1), 1B, 7B R B A R BTt RERAH 55
Mga-M8 2838 1 384 IR B, UM EEEEIEN K, X

Se4E BT HER T X T A ) Rt
LRI ™ , BT A $ AR B 2T (B 20 KU B
RO BN AR BT T 4F , T EL R Wit
BARELEFTRIEROREA M. Hoh, RITER
PR A Model & 181 o R BB DL ST R E KR KRR B

Pt 4357 Epiphytic clade
A A Model A 02 1 3.84

KBRS SZ Ceratopteridoid clade
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