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Abstract; Hybridization and polyploidation are the main machenisms of speciation of ferns, which lead to the formation of
polyploid complexes. Members of the same complex have obvious continuity and transition in morphology, and the genetic
relationships within the complex group are complicated, which cause much taxonomic confusion to ferns. Preris fauriei com-
plex is one of the most confusing complexes in Pteris. Members in this complex are highly similar in morohology and just
classified by a few tiny characteristics, such as height of plant, size of pinnae, size of the gap in the lobes, the distance be-

tween segments and the leghth of sori and so on. In order to determine the taxonomic position of some members of the com-
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plex and clarify the genetic relationships among members, three chloroplast DNA fragments, atpB, matK, and irnl-F were

selected to construct a phylogenetic tree of the Preris fauriei complex. Based on the results from molecular systematics study

and palynological study, the genetic relationships among members of the P. fauriet complex were discussed. The results

showed that the relationship between P. fauriei var. chinensis and P. fauriei was very close, and we suggset to incorporate

P. fauriei var. chinensis into P. fauriei. The relationship between P. majestica and P. fauriei was relatively far, but the spore

morphology of P. majestica overlaps with that of P. fauriei. Therefore, their genetic relationship needs further study. P. an-

gustipinnula is an independent species, different from other members of the complex. P. splendida was early differentiated as

a separate branch, but its spore morphology was variable, suggesting that it may be a hybrid origin.

Key words: Pieris fauriei complex, molecular phylogeny, palynology, genetic relationship

AN ZAE AL S RS A Y ) e Y 3 ZE AL
il ( Grant, 1981 ; Rieseberg & Willis,2007) . H T H
SR A2 AL I & A ( Chao et al., 2012b) ,
R BR & ( Preris L.) PR 25, £9°FH 250 F, i H.
FKBIZKE, ] Z o0 A T B I BT Rl X
(Tryon et al., 1990) , 7% M FALEE T H 2
R ERER I B, RIEAE Y T R — 525 HE AL 5
(] ) 96 1A T8 25 BAR A BT X3, 8 B E R
[ R AR R 1 20 5 W S A 3 S vk 5 e
7 EL BB (] A7 AE 52 9% 1 2R 2 G & (1 AR M, 2011
Chao et al.,2010,2012a,2014 ;5K K ,2013 ; Chang et
al.,2013; Jaruwattanaphan et al.,2013) , BJEE &
TR 5% 8] 1Y 2 2% & R AU B T M the 23 26 2 1)
B AT BT B A A2 A R B L BIL R DTG HE 3l X
& BRJE AR 0 W) T kR U5 5 o3 AL IR D ST

IR BRI 5 RS2 KUR B JE Hh 28 2 [
BANRHBE AR Z —, Huang et al. (2006,
2007) A% 4 HE(2011) FI5Kk R (2013) BIRF 5 R W,
ZE AL FE A G XU R ( Pteris fauriei) . /IME [
RUE Bk ( P. fauriei var. minor) . H # X & Bk ( P.
fauriei var. chinensis) 2K Z4RUBBK ( P. angustipinnu-
la) %KX B ( P. majestica ) . B AR Bk ( P.
splendida) JLVG KU FR ( P. obtusiloba) | 5 M XUE
BR (P. guizhouensis) %5 . 5 G RUR Bk A1 /IMAL FG R
FBRAN, o 5 Ry I Je I 508 0 XU BRE &
AR AL R R 1 BE 3P B R/ B T B Y
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AR ARF IR T DX 1) A G RV R (84 5 R R
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B 5282 EATD A RE R E o BV R LA A 2B
FBTERR 4R 55 T 5 A i D) AR IR KU R
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TC AL B 4 T LS 4y 24 R o v AR Bk, A gl
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(2011) 2 be) 5t RUR 3k A9 185 XA A Bk B, L
WAE T sl S AR M f AR A T A

REMRRERE & AR E 5o 26
2R AR LT TE X2 B AR o R R
T, BT 5% Huang et al. (2006,2007)
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1992 ;2= F 47 55, 2004 ; H B ¥ 55, 20055 T W] #i
2006 ; Schuettpelz et al., 2007 ; Zhang et al.,2008)
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B ,2013;Chao et al.,2014) . I, {8 [C KU &
RO 1] ) 2R GO0 B AT AT TR T

B E % T S 5L A R e B
TH I ) ) 2R 250G 28 TR AN FE Rl |, A F
FELASEREAE W2 i B0 O Bl 32208 T Ak o |
Oy T B, IR A R SRR 1 2
SR, A TP A R AR B9 23 28 S JF IR IR 3
ANt DNA H B atpB .matK 1 trnL-F WHERSG
KA, A5G U R PRI S R ] Y
RGRFR, RPN RERCEA[EE
(BB, 2016) , A S H IR 7 1A Y F it

FL4G

I OAHE %

1.1 HmRE

R 17 QXU 3k &2 6 3 1 43 A Y TR b T 2R
JUVE R BN 2 R AR R A A DX AT B A R
R HORAE 12 AN EBE, S BB RRIBEAE 5 m L)
Lo BAAUCREF T E R R (T
GRS T ar bRl , BB RERS I A
L R A SEUEAR AS A2 7R 1 B R 2 BT A bk

IR ERE &) (58 3 %) (RIKHE,1990) ,
FUEF AR KUBBR B R A T 0 R F (1),
1.2 DNA R EF

fdi MK A9 CTAB DNA 42 BO7 42 B A
DNA, XI5 2|1 DNA #4173 Sk 4k i BL apB |
matK # trnL-FPCR 4784 . H] 3 XJ 519 (3 2) 43
P34 apB . matK 1 trul-F W2 R FE R 3 A~ X IR,
PCR W ARFR N 30 pL, G B F5 4 (5 p) (1.2+
1.2) wL, ¥4 DNA 4.2~6 ng, Taqg DNA -4 0.6

wL, 1OXZZ i (£ 45 Mg®*) ,2.5 mmol - L"dNTP,
Bk (ddH,0) %,

atpB PCR L[ 45 . 56 95 C AR 7% 2 min;
IRJF 95 C A8 20 5,52 °C ik 30 s,72 °C 4E i
100 s, &3 34 W HeJa 72 °C #EMH 10 min, trnl-F
PCR PCR [N Y 25 1F . 96 94 CHAE P 5 min; SRS
94 C7AEPE 45 5,51 CiB K 1 min, 72 C ZEfH 90 s,
PEIA 34 WK B 72 CHEMH 7 min, matK PCR S
B2 J6 94 C AR PE 2 min; SR 5 94 C A8 1
45 5,51 CiB K 1 min,72 CZE{H 90 s, fEHF 34 K
)i 72 C ZEAH 10 min, PCR F=# 4 Invitrogen™
( Shanghai, China) ZEALIF-0 ¥ . matK 1 atpB F P
AGI YT | ornL-F F—~ 51 9 B a5

2 R 59

I e R R AT P TG 5 8 4 7 3 A B I R k1A
[ iy X R B, B R WUF AR A matK | atpB Fl trnl-
Fo 25 R BErY P 5IHICh 898 (1 141,360 bp,
A WP 90 A FE R 2 399 bp, AR SCXE 3 A4~ it
ZR DNA F B B30 2 I R e R 17 241 (mai-
mum parsimony method , MP) #E47 4347 , 2R FH DL - 37
43 M2 ( Bayesian inference , BI) X} B AN Fk (K] |- B
FTBA T

A, BB IR KR BR ( Preris biaurita) H
AN (outgroup ) , B HR XU Bk ( P. biaurita) ) 3
ZAH KT 51 5K A NCBI GenBank , ¥ 51 5 43 51 Ky
KF289546 .7Z1.213 F1 AY545508
2.1 & K & 29 7& ( maximum parsimony method,
MP) 53 #T45 R

FEFRAS SRR B BE 1) MP A marK 3 PR )
AR (B 1) 25 5ROk B = 5 5UR 1Y A
RIREFR (Y)) 3 AR LW, SCHF HAE S — A
I A A R R A1 1) AR TG A2 45 A A LB i A o —
RI, AREHFRIE 99% ., Hrh, >k B 5t M i+ 1L
MG R (GL) RAE— 3, H H R SCHF RN
87.2% ; K [ HoAth R 45 Ml i) 47 EC XU 3k Ay bk XU
BRAEARAE— 3, A R SCFF RN 85.2% ; AR
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Table 1 ~ Sample sources of Pteris fauriei complex

R 4 L4 5 \ " S
i FRE S ppm e
. Collection .
Species No. of samples ~ Voucher specimen

location code

LRI XB 3 Wang JM 5, Wang JM 6, Wang JM 7
Pteris angustipinnula

XX 2 Wang JM 9, Wang JM 10

IR RUR IR HN 1 Luo WQ 20150202

P. fauriet

XN 3 Wang JM 4, Wang JM 8, Wang JM 11
XX 1 Wang JM 15
GL 4 Wang JM 16, Wang JM 17, Wang JM 19, Wang JM 20
GF 2 Wang JM 21, Wang JM 23
GH 1 Wang JM 24
LL 4 Wang JM 27, Wang JM 30, Wang JM 35, Wang JM 40
LD 3 Wang JM 43, Wang JM 45, Wang JM 49
LS 6 Wang JM 60, Wang JM 61, Wang JM 63, Wang JM 66, Wang JM 69, Wang JM 71
YJ 1 Wang JM 88

R R XN 5 Wang JM 1, Wang JM 2, Wang JM 3, Wang JM 13, Wang JM 14

P. fauriei var. chinensis

AR R R Y] 3 Wang JM 77, Wang JM 78, Wang JM 79

P. majestica

R bk XU 3R XX 1 Wang JM 12

P. splendida
LL 1 Wang JM 37
LD 2 Wang JM 49, Wang JM 50

TE: XN 7P IR 57 B AR X 57 B AR APl B 5 XB. T P RN AR PR 5 XX, 7P R8T T f 4 X, HNL 9 g T048 LK i & Tids
1 GL. SNM= i1l GF. St = f@5ert s GH. SNMEEAETT; LL. STM 3 B AR 37 X = 20T R 37 3 Ui =) R AR LD. SEIH 35
BRI IXH BRI 15 LS. SN IR XS7 B AP ol LR Y. mRsRTC R A R R IIX

Note: XN. Nonggang Protection Station in Longgang Protection Area, Longzhou, Guangxi; XB. Banbi Village, Longzhou, Guangxi;
XX. Daxin Xialei Protection Reserve in Guangxi; HN. Wuzhishan, Shuiman Township, Hainan; GL. Laizi Mountain, Ceheng Guizhou;
GF. Fuyao Village, Ceheng, Guizhou; GH. Huarong, Ceheng, Guizhou; LL. Fungal Forest, Sancha River Conservation Station, Guizhou
Libo Nature Reserve; LD. Dongyang Mountain in Wengang Protection Station, Guizhou Libo Nature Reserve; LS. Shishang Forest in
Weng’ang Protection Station, Guizhou Libo Nature Reserve; YJ. Wuliangshan Nature Reserve, Jingdong, Yunnan.

£ 2 PCRyYEENFERSIM

Table 2 Primers used for amplification and sequencing

TR B Ik E4N k71l 5% R
Region Primer name Primer sequence (5'-3') Reference
aipB ATPB672F TTGATACGGGAGCYCCTCTWAGTGT Pryer et al., 2004
ATPE384R GAATTCCAAACTATTCGATTAGG Pryer el al., 2004
matK FERmatK fEDR ATTCATTCRATRTTTTTATTTHTGGARGAYAGATT Kuo et al., 2011
FERmatK rAGK CGTRTTGTACTYYTRTGTTTRCVAGC Kuo et al., 2011
trml-F e GGTTCAAGTCCCTCTATCCC Taberlet et al., 1991

f ATTTGAACTGGTGACACGAG Taberlet et al., 1991
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74.9 Pileris splendida XX
P. splendida LD
— P. angustipinnula XB
— P. angustipinnula XB
— P. angustipinnula XX
P. fauriei YJ
— P. faurie/ GF
— P. faurief GH
— P. faurie/ LL
— P. fauries LL
63.8 — P. faurie/ LL
— P. faurie/ var. chinensis LD
— P. faurie/ LD
90| — P. fauriei LS
0 — P. fauriei LS
| — P. faurie/ LS
P. fauriei XN
P. faurieif XN
P. angustipinnula XX
85.2 —P. fauriei HN
— P. faurie/ XN
— P. fauriei var. chinensis XN
63.0 — P. fauriei var. chinensis XN

w0 — P. fauriei var. chinensis XN
Gdid 648 — P. fauriei var. chinensis XN
— P. faurie/ XX
P. fauriei LS

— P. fauriei GL
87.2 — P. fauriei GL

— P. faurie/ GL

— P. fauriei GL

P. majestica YJ
P. majestica YJ
P. majestica YJ
P. biaurita

K1 TR IR A & A i S (A (]
N R R N ESE
Fig. 1 Maximum parsimony tree of Pleris fauriei

complex based on the chloroplast gene matK
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IR 35 2 2L XU Tk A R AR XU R A% B A
B — . HEAEBEE(2016) BB #4518 —
3, B R R R R 1 A 1 B A A A
FoE R EAU AR SO, BE T I b DA 8 TG R0 ik 52
BB B DT X A3 Ok 5 A TR R A B R
JRE R 1 16 T 285 B A R EA0 R AR S i (H AN HL i
BT, PR T 25 W) A Ay A 3, D DX ] 5 e AR e
BRI 4346 H B A o R, 4 00 AT B2 e A
AR 5 5 K RU R ik 1 96 - LA L35 5L A 3 i AT
A T D) A A6 5 (181 2)
2.2 DM EF 4 #7 3% ( bayesian inference, BI) 43 #7
#R

B TG RUR BR B AR 1 3 > S A R
Bt matK atpB F1 trnL-F B 55 A0 6k 38 B AR B 7R 458
FRIA] , PRI AR SC 43 51 %6 33X 3 4> I 4t A 5 I B el
N7 BI A, #4524 Tracer v1.5 AR 5, ESS
{E KT 200, H Estimates 2 IEA50 70, YA K i2
ITHY) BI A &5 R AT 5

matK A BB (B 3) R, BARFEFER A
15 B AR (HN) #2524 3 H 2 G R
FEBREEAAG J BE AL = K3, 4l ek A ) v
A TG RUR IR (XN XX) , ok B 52 B8t 10
AR I XU R (GL) Rl R 11 5t M H: At DX A9 A8 1K
U BE (GF .GH \LL LD \LS) , 55 4h , 5 1R & ) J5 56
RE R 53501 SRR BB TR | B bk XU R 23 0l 1 Ay
g —32,

atpB FEH ) B (1] 4) SCHRAE IR RUB BR AT A
BORUR BT — S (BI PP 2Ry 98%) , BB
BEARRUR R i K KU BR & H B — 3, trnl-F
SEDA ] B DX 8 BI B BUJF R BRAR ) LT 0 B 1 45 1
(P 5) o HLgh SR S A B R Ik A Ay TG RV ik 3R
3, R BR A FEACHR B N — 3,

A, 7E MP AT BI A o 1 5t = B
F IR XU BR (GL) #F A il — &R o X WIS
FRIRIY AR 838 R o T LU T B SV R L IX
Wz B e — R I RE RS RR, o B AR i, R A %L
FEARAE R A KA A — /N 5 w0
REA Y AR BE AN OIS 2500 5 B 1~ 1l Y
FEA 5 AP /DB R T B3
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100 — Pteris angustipinnula XB

P. angustipinnula XB I

P. faurie/ YJ |

65.1 — P. faurie/ var. chinensis XN
26 P. faurie/ XN

774 P. fauriei var. chinensis XN
- —— P fauriei XX

P. fauriei var. chinensis XN
P. fauriei LS
—P. faurie/ XN
P fauriei XN
P. faurie/ HN
76.5 — P. fauriei LL
— P. fauriei GF
— P. fauriei LS
— P. fauriei GH
— P. fauriei LD
— P. fauriei LL

98.2

RARR

Pteris angustipinnula

40.0

TR

P. fauriei var. chinensis

84.2 331

99.9

R

P. fauriei

33.3

97.75

[—P. fauriei GL

P. fauriei LS
P. fauriei LS

P. fauriei GL
P. fauriei GF

P. splendida LD 1

P. majestica YJ |

Ly
0.0  200.0

P. biaurita

WK R P. majestica

K2 JETEIRRURERE AR 3 AN SRIASE R T A3 B R TR 2988 (Zein) A7 4 18]

Fig. 2 Maximum parsimony tree of Pteris fauriei complex based on the combined

three chloroplast genes (left), right is the spore picture
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3.0 BERERSHERRERNX R

TE A SR 7 B a5 I 2 (R 7 91 R B A
BB MP ARFT B AR s R R IR e FG XU TR
WRAE—E, XRVAEMECKERE S S, A

7 JRU 2 Bk R AR EC RUR R 1) O R e M % 1
XU R PR3P R o R R R R R T R
FERR, i AE A IR KU IR 9 AR Fh & R M AR M
(2011) A B8 A XU 3R A9 1 R /N 48 G XU Bk
AR L2 P SO R R R U - 14 FG R
FERRb . kR (2013) IWF5E 45 R 54 2 Mg (2011)
—3, WA, P. fauriei A WHFLETE P XHEC N
AP Sl AR R 2 0 R R R ) e A
FRAE AR S A K, i FL X SRR AR AR HL A B 8 1 3
PE, MRS EAEESE (2016) B9 R B, R T TR B
A, Bl R R 5 GRS BR A 16 7 A b X G
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Pteris majestica YJ
0.99 P. splendida XX
071 P. splendida LD
P. fauriei YJ
1.00 P. angustipinnula XB
P. angustipinnula XB
0.20 P. angustipinnula XX

P. fauriei var. chinensis XN
P. fauriei var. chinensis XN
P. fauriei var. chinensis XN
P. fauriei XX

P. fauriei var. chinensis XN
P. faurie/ LS

P. angustipinnula XX

1.00

1.00

021 — P. fauriei GL
0.20 P. faurie/ GL
P. fauriei GF
P. faurie/ GL
0.20 —P. jestica YJ
L p. majestica YJ
P. biaurita

Kl 3 TR IR & A i S AL (]
matK ) T i) DL 3 g
Fig. 3 Bayesian inference tree of Pteris fauriei

complex based on the chloroplast gene matK

B, A 5% A SO R RU R R U O 380 8 TG RU Bk
W 8 P. fauriei var. chinensis YER P. fauriei )54
AbHE
32 MARERSHERRERNX R
FAANJED 7 Beiy MP AR BT A R 2 B 5 R
TR R s 8 A4 TG XU ik A2 A HG e il O3 A 8 O
— R 3Z, R B R ik -5 A R RUR ik Y 56 R
I, MR (2011) KM HAFIEE 2, 5K
REBRA — € W B S, DT e 2 4R IR, 5
IR R EA AR p 4 e . £ ERE (2016) 18
b A R B R B R XU K ) L B R
HEHR , 5 TIZE SR , Hit, F#Er
RGRRIEATFRAMII
33 ARRAEREHERRERNXR
LA BEAS I (G MP AR BT B #2646
MR — 3, 5B (2016) 94,
W—3, TAHBE(2016) & B, 2 24X 2 Bk 1 i

0.20 — Pteris majestica YJ
P. majestica YJ

P. majestica YJ
P. fauriei var. chinensis XN
P. fauriei GL
P. fauriei LL
P. fauriei var. chinensis XN
P. fauriei XN
P. fauriei XX
P. faurief GH
P. fauriei var. chinensis LD
P. fauriei var. chinensis XN
P. faurie/ LD
P. fauriei LL
P. fauriei LD
P. faurie/ GF
P. fauriei GL
P. fauriei LL
P. fauriei LS
P. fauriel var. chinensis XN
0.20 0.02 — P. fauriei LS
P. fauriei GL
— 0.98 — P. faurie/ XN

P. faurie/ XN
0.02 P. faurie/ LS

P. fauriei LS

P. faurief var. chinensis XN
P. faurie HN
P. fauriei LS
P. fauriei LL

003 0.02 EF’. fauriei LS

P. faurie/ GF
P. fauriei YJ
P. angustipinnula XB
P. angustipinnula XX
P. angustipinnula XX
P. angustipinnula XB
P. angustipinnula XB

0.98

mm

0.10 0.02

100 0.10 — P. splendida XX
L p. splendida LL
0.09 — P. splendida LD

P, splendida LD
P. fauriei LD
P. biaurita

K4 BT IR BRI & i i R [
atpB 1) 75 1 DL it 4y
Fig. 4 Bayesian inference tree of Pteris fauriei

complex based on the chloroplast gene atpB

TR AR M EL Rk, R — g R 2o, 6
b b AR G XU Bk 2 & R e EEA'#E%!’IHEE
PR, AR 98 TA R 4 4 RUR R S — I S I, 5%
BERHE R AW R A,
JAERRERSERRERNXER

R MROXUR Bk DA 24 R 2B S LT 35 P, P b
1A B ], 24 R T A7 — S AR i, 24 5 L
— X i KO L LA AR R O 5 2Pk 3 AT X T
KB (Z1 B MRIRHE,1983) , 1E 44k
R BARE A MP R FD BT AR rfr | BAAROXU R ik #1 A
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Pteris faurie/ XN
P. fauriei XN
P. fauriei var. chinensis XN
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