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Abstract: Nine SSR markers developed by a modified FIASCO ( Fast Isolation by AFLP
Sequences COntaining repeats) method were used to analyze the genetic diversity and
differentiation of three Osmunda japonica Thunb. populations, including two wild populations
from Lushan and Enshi and one cultured population from Enshi. A total of 47 alleles were
detected in the three populations, with a mean N, (number of alleles) of 5.222. The observed
heterozygosity and expected heterozygosity were 0.000 —0.944 and 0.577 — 0.834, respectively.
The Shannon index ranged from 0.962 to 1.860. Results suggested that the microsatellite loci
were highly polymorphic. For each population, the average expected heterozygosity was
higher than that of the observed heterozygosity, and the population inbreeding polymorphism
coefficient was positive, indicating the existence of non-random mating. For the three
populations, the wild population from Enshi harbored the most abundant genetic diversity,
while the cultured population had the lowest. Low levels of genetic differentiation were found

between the two wild populations ( F¢;= 0.092), which was supported by AMOVA analysis.
Key words: Osmunda japonica Thunb.; Genetic diversity; Simple sequence repeat; Fast Iso-
lation by AFLP Sequences COntaining repeats
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Table 1 Samples of Osmunda japonica
used in the study
g P
R . MRS
Population ) No. of -
Location o Characteristics
codes individuals
. |
2B 1 fﬁlol L’usklan Wi
Population 1 (29°34'21" N, 30 Wild
P 115°58'24" E)
R ite i
Eﬁ? 2 ;uoﬁ& I,Ens"hl E"EE
Population 2 (30°16713" N, 30 wild
P 109°28°30" E)
N Rt Enshi L
JEBE 3 (30°ﬁ;@9'5nzs" N 30 A
Population 3 $ Cultivated

109°49'49" E)

1.2 ZBWHE
1.2.1 #FEEZA DNA HIIRE

SR CTAB 211 I 45 A 57 A B 0 12 B Al =%
MR (250.5 g)#H 4 DNA; FlH Thermo Scien-
tific NanoDrop 2000/2000C 435656 & 11 72 £ Bt
DNA [ BEFAERE , PR 1. 5%I IR I e i vk
Kl DNA f5¢% . DNA FESL T —20°CIR-A4E . 4
M
1.2.2 SSR & FHricHIFE

BEAILIE R — 10 3R AR A JE R 41 DNA, R A
R FIASCO #1143 B SSR 41, 84
oL BRAdE . (DL ZH DNA A fil-H R0 12 432 12 3 [)
BFHEAT . SR FR R 20 pl, L7 250 ng ik 5k
K20 DNA. 0.4 U CviQl BRI Py ¥ B (NEB) |
1.0 pymol/L CviQI #3k (5'-TAGTCAGGACTCAT-
3'/5'-GACGATGAGTCCTGAC-3') , 20 mg/uL BSA,
0. 5mmol/L ATP, 0.12 U T4 DNA &% ( Pro-
mega) fil 1 x CviQl Buffer3(NEB), 25°C&/ F i
H16 h; QRNEHR)E, SR 10 5, If
F# PIG-tail i CviQI-N 5145 1% 22 7= Py i A7 85|
Y PCR Y, SRIGmY 3G YhimA 0.25 umol/L
PR FRICH (GATA) s, (AAAG),. (GAT) &
FRFATIRZE, A SR 94°CAEMET min, K%
B 1 min, 72°CHEE 1 ming Q@ H B H B #ES
MR R R £ S5 TS K PCR ¥
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B NG SR SSR 7 THRC T & S it A Z2 BB 0 P 803

P A i G N TOP10 832 25 4 i
B0°CHEIRIEFE 16 h J5 Pkt BHM: v bt 16 11 iU
BRI BT A P B A PR A w3470 P, 38 ik SS-
RHunter 1.3 #F"® #r 4% SSR 41, I Primer
Premier 5.0 %X 4 ( http: /www. premierbiosoft.
com/primerdesign/) i1 SSR J7 81 1 45 5514 51 9
(A TAY TR L) B A RAFE ) o
1.2.3 fLRZBMRKEN

SRR T 2 BT 42 XF SSR 514
() B iR R BEJ R REHLSE B 20 13 3R AR
FEHIZH DNA #1471 PCR U3, Tkl i ey g2
APk SSR Frid, PCR¥HGIAR N 10 L, 15 1 x
PCR buffer (dt 5t A B AW HE AR AR A H) |
2 mmol/L MgCl,, 0.2 mmol/L dNTP, 0.2 umol/L
9 E 514, 0.25 U Tag DNA R4 (db st H
BRAEMFARARAE]) . 29 200 ng Btk DNA;
PCR RN FE)J¥ k. 94°CHIAEME 5 min; 94°CAs Pk
1 min, 49°C ~61°CiBk 30s, 72°C#Efi 30 s, It
30 MEFR; fix)m 72°CHEAR 10 min, Fr i PCR 7
W22 6% 75 1 R DA A7 I MG R f Pl ok R e 1
1.2.4 BB

K45 DNA Marker (20 bp 1% 50 bp DNA Lad-
der Marker, TaKaRa) #3245 SSR 17 s 45 7 & [A
IR BB, PR A BRI 1, R
Zidk 0, JFHI Excel B4 J R A 04l % 4k oy
0/1 BAEM M, FH MICRO-CHECKER 2.2.3 #&
PRSI 43 BOREHR 2 5 | f F POPGENE 1.31 4tif
IR S SR AT BT, o BT 3 AN R B
R 2537 JE B number of alleles, N, ) . A&
R # (effective number of alleles, Ng) . X%
& (observed heterozygosity, H,). ##HiE
J& ( expected heterozygosity, H.) Fl & 4 45 %k
(Shannon index, /)& isfe ZHEESEL, LIS
BEN T 22 & % (inbreeding population polymor-
phism coefficient, Fg). J&#E &L 42 R %L (total
inbreeding coefficient, F) . J&&ER B ALk &
1 ( genetic differentiation coefficient, Fg) F1FEK
Hi(gene flow, Nm= 0.25(1- Fy) /F'2%); Hl
1 Arlequin 3.5 #4124 St B BESEAT 4 1 7 2240 Bt
(AMOVA) ,

2 HER55H

2.1 SSR &&M5|HHIiHiE

XTHEHLEEEY 200 A4S FepEdE Ty, A 153
ZIF5) & A BAs SSR T, FHMEHR KR 76.5%, #
A WF 58 2% JH ol B 1Y FIASCO kT & ik 32 5L R 41
SSR FRICIRCRAE R = .

FRAE S T ) 2 R AT T
42 X153 SSR R T, JIfXT 20 153 43 A 4k
FEH 4 DNA #4177 PCR 734, 53R WoxA 10 Xf
SIMTTREY B (B 1), Hrb 9 X HA Z M (F
2, R 2), ATHTHCER B BE Z T,

M

2000 bp

750 bp

250 bp

M. DL2000 marker.

B 1 SSR fii /5 OJT42 KT G HEER B R kA& T
Fig. 1 Agarose gel electrophoresis
result of SSR locus OJT42

M. 50 bp DNA ladder marker.

B 2 SSRfim OJT30 HIER 7 M5 H Rk ge B Fe ik
Fig. 2 Polyacrylamide gel electrophoresis
result of SSR locus OJT30

2.2 BXEBNBEESHEEST

*F MICRO-CHECKER 2.2.3 % ff-*f SSR #™
B R B 4y BRI B R & 3 e s A v kA
(null alleles) . T (stutters) 255 | E 4L IR, 9
AR AT S AE 3 AR SRR TR 1S i st % 2R
SR 3) Won, L] 47 NEFER, HP
PSR 8y 5.222, -394 R 25 o FE 5k
3.822; WL Z% A BE A ER A% 5 B 43 31 2A 0.000 ~
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Table 2 SSR markers for Osmunda japonica
P Hir i B/ B IR
A7 55, GenBank EiVzLGTH S1FA(5'-3") Expected Annealing
Locus . Repeat motif Primer sequence fragment size temperature
accession No. o
(bp) (C)
F. GGGTCCCCAAATGTGCTC
0JT6 KC924747 (CAT) R: CGGAATCCCCACGATGTAGT 176 51
F. GGGTCCCCAAATGTGCTC
oJT7 KC924748 (CAT) 1e R: CGGAATCCCCACGATGTAGT 191 %5
F. TCCAGAGACAAATGATGACACC
OJT15 KC924749 (TCTT)o(GT) 4 R. TCCACCCAACTCACTAAAGAAC 227 59
F. CTCTGGAATCTCTTGGGTAG
0JT30 KC924750 (AAAG)5(AG); R. CCGCTTTTTIGGTCTTTTG 219 61
F. TATTCACCAGGCTCAACTC
OJT31 KC924751 (TC) 12(AC) 49 R. CTCCATCTCTTCCTTCTCAC 120 52
F. GGGATTAATGACTCCTTCTAC
0OJT132 KC924752 (TC)4(CA) R. TITCTGATTGTGCCTGCT 220 55
F. AGCCTCCAGCACCTCAT
OJT33 KC924753 (TG) 14 R. GGTCTACACCCTCTCCATC 122 53
F. AACCAACGAGAGGAGGA
0OJT40 KC961957 (CTTT), R. CACGACGATGTAAAACGAC 262 49
F. AGACTCTGCCTGTGTTCG
OJT42 KC924755 (T0)2(TCTA) R: GATTCTTTCTGCTATGTTCCTC 239 51

R3 HEREHHNBEEESHESH

Table 3 Population genetics parameters of SSR loci

TE 3 ANEME (K 4), JUt B AR AR B (O

e WO ARCERL WA IR K
Locus P FEHE R G EiE T

IR Ne Ho He /
0JTe 4 2.404 0.000 0.587 0.991
oJT7 5 4.221 0.083 0.768 1.507
0JT15 4 2.343 0.095 0.577 0.962
0JT30 8 5.829 0.012 0.834 1.860
0JT31 4 3.031 0.125 0.675 1.205
0JT32 4 3.235 0.063 0.696 1.244
0JT33 5 4.435 0.250 0.780 1.540
0JT40 6 4616 0.944 0.789 1.632
0JT42 7 4.287 0.195 0.772 1.635
Mean  5.222 3.822 0.196 0.720 1.397

Notes: N,, Number of alleles; Ng, Effective number of al-
leles; Hy, observed heterozygosity; Hg, expected

0.944 F1 0.577 ~0.834, {& 4+ %k 0.196 Fi
0.720; FAIEEILE & 0.962 ~1.860, ¥J{H A
FWH% SSR i H ¥ B 280, v H T

1.397,

heterozygosity; /, Shannon index. Same below.

SR A8 A Z R M SE DI

BE 2) B2 47 R 450 3 TR B (3..305) FSF- 34 41 212
224 (0.666) f i, (H R BET- 33T 28 R B AIR
(0.592) ; JHILBFAE R ERE (JEHE 1) A &L
SN HEEL(3.129) FIPE-H B 2 5 B (0. 663 ) Ik
2 Bt R ERE (JRRE 3) B AH &S B (AR 45
0%, 150 IR TRt A S e A R R i AL A e
RS R R Z R A, 3 MR B i
H, BER R G R AR T A A (e, R
34ﬁw¢wﬁf¢%mxmm%

x4 INMEBXEHNEESHEESH
Table 4 Genenc diversity for the three
Osmunda japonica populations

SFRERC P SFRIHEE SRR
JEHE FOIERE ABE REE ZRY
Population Average Average Average Average
of Ng of Hy of He of Fig
JE B 1 ) 3.129 0.120 0.663 0.815
Population 1
a2 . 3.305 0.272 0.666 0.592
Population 2
JE B 3 ) 3.064 0.198 0.618 0.673
Population 3
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2.3 BXEBEBEESUST

MR 5 AT 0L, SRR 1 (ISR R ) R 2
(Rt A ) 1] EAE 2 SEEE 3 (B
) (B 19 J5 0 28 R 8053 %1 o 0.770 i1 0.658,
VR 1L 5 R B A e SR e . R AR AR5 A
SKEREMIAAAE SIS . B S EF20

® 5 HMEEBBEEHULSW
Table 5 Genetic differentiation analysis of
Osmunda japonica populations

JERENGE RO BE

¥ - %

%ﬁﬁ;E RRE GRE Ry ENR
FIS FIT FST

JF L5 Rt B A

Wild populations from 0.746 0.770 0.092 2.468

Lushan and Enshi

R T AR 5 R R R R

Wild and cultivated 0.630 0.658 0.075 3.086

populations from Enshi

Notes: Fg, Inbreeding population polymorphism coefficient;
Fir, Total inbreeding coefficient; Fgr, Genetic differ-
entiation coefficient; Nm, gene flow.

YL b 28 (For) M 0.092, J& T 45401k
(0.05 < Fgr< 0.15) % | JEHHAUA 9. 2% Ay it (£ A8
SAFAET R BEZ 18], 90.8% My 7AE A7 46 T JE BN
BB, FEHH R 15 TR ) B A AR R A A — e R
Ak, (R G e RN, Rt A4
JiE B 55 R TR A =2 1) (9 3545 3 A AP B ( Fer 38
fE% 0.075); JEH#E1 SEEE 2, JufE 2 5)EHF 3
[i] ) PRI SA(EL ( Nm) 4331 Ry 2,468 F1 3.086, it
B I L5 SR A B A S ] SRR AR T A S
R b TR TR IR0 11 [ sk 35 PR A8 R A 2%

XERE 1 SRR 2, R 2 S5/EEE 3 ZmYi

AL S EATHY AMOVA 2387 (3£ 6) KM, il 5 12
Tt T A J R Y 12, 10% 3t 45 48 S A 7 T 1
], 87.Q0%fFAET JEitE N, Uil fe s 57 32 2ok
FTTERE R AR B A S5 3 o e ey A5 22
S R BRI T EREN AL,

3 g

BXEHNBEESHEEST
SSR - Fhric BHA A8, EEMEL LK
BIEMRE SRS, O 2N TR Y
WAEE IR 2R g AU R B ) B9 FIASCO
BIFR T 9 ANURIAEE ( Pteris vittata) SSR 4y T 4#
ic, BN ST ENEEFECh 4.556 1, &
AAEHE M 0.500 ~ 1.146 (1 0.783) , Wood-
head %' JF & T 10 AN 5 BRE Athyrium disten-
tifolium B EST-SSR Z2A& M43 Fhsic, HASHLA M
SRS IEHBON 4.800 4>, ABFIEIF AT 9 Nk
% SSR A FHRICTE 3 AN E R LA I E] 47 5547
FH, SRS Rl 5.222 4, &
RIEHIEF N 0.962 ~ 1.860 (H{H 1.397), HE
F2F2%)  Woodhead 2% JF & 1) SSR #ric,
T 9 XF SSR 4r FARic B a2 840, 1l
o T4 o st 2 07 T BT

FIFHFF &9 9 4~ SSR 43 F-hric X i 1l 7k 52 B
A TR RS R A S B A Joa RN SR A S R 1 J A i
TR s ZREVETE R, 2 A0 B A o B ) 300
ARG RO T 2 A R, U 2 A T
&, BXTREE T RHARPN A AEREYLAC B B0 . 7
BRISH Y AR S R AR T, PR K IR A 2

3.1

® 6 HMEEBEIFHENN
Table 6 Analysis of molecular variance (AMOVA) for Osmunda japonica populations

. BTN e S ANS =R e YA =NV 73 % .
5 5 R 1t B2 )5 A Ju%n\i T EST R (%) e
- Sum of squares Variance Percentage of
Source of variation d.f. e L P
deviation components variation
J 1L 45 B B2 S e Wil populations from Lushan and Enshi
JEHEIA] Between populations 1 58.067 1.558 12.10 < 0.001
JEREHN Within population 58 656.600 11.321 87.90 < 0.001
POt B 4 S50 B B Wild and cultivated populations from Enshi
JETEE] Between populations 1 66.100 1.809 13.25 < 0.001
JEBEPY Within population 58 686.933 11.844 86.75 < 0.001
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Kagwm, i ARG R,
ST R YRR SR R, BRI AT
HCBIm AR 2 ABFZE R, TR R N IE 28 R B0 R IE
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eI JE RS ZRE AR, X RRSE T TR
I FEXS P AT T MR BRI 2 300, IR AT
SRIGE Y A it , E TR FI A R AR AE AT, DA
Fo & RS ARG AR B st AL A, B N TR Y
iR R AR TR AL
3.2 AEBEBEEES UMW

ARWFFEHY 2 PR AR SR T 2 W] 13545 oAk
BN, F-GEit 5 B s 1 B ) ) st 4% 434k
ZH0kH 0.092, AMOVA s fr & Rt 28] 12.10%
(it fG A8 S A7 TR #El . wedh, F-Git &
AMOVA S i, UM Y 5 7 A6 T8 1 55 8 b
JEFE] s AL s AN, IXAT BRSBTS SR Y
e 52 AR R R T B

AR b 3L R R B R s A 0 Ak Y T
7, FRREA Y LA 7 B, JRE B s R g
W, BRI TSR A R AR 5w, [ A
QUGN s S @ N DR T B e A A N DY S
JE B 18] 352 4% 20 A 55 /N 1) 30 G A8 Bk A 1 h 3k
WL, fnfar 2k £R Kk ( Adiantum reniforme var.
sinense) "' | TPHRRIARR ( Pteris vittata) '*! | AE
Hhk £ Bk ( Asplenium sarelii) "% F1 4 £ 3 15 %
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