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Genetic Diversity of Huperzia serrata (Huperziaceae)
in Wuling Mountains Area Detected by AFLP
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Abstract: Hu perzia serrata ,an important traditional Chinese herb, has become a threatened species resul-
ting from over-exploitation and habitat fragmentation in China. We assessed the levels and pattern of the
genetic variation within and among four populations of this species in Wuling Mountains area using ampli-
fied fragment length polymorphism (AFLP) markers. (1)Seven primer combinations used in the study am-
plified 615 discernible bands with 549 being polymorphic,indicating a considerable high level of specific ge-
netic diversity (at species level:percentage of polymorphic loci PPB=289. 27 % , effective number of alleles
N.=1. 257, Nei’s gene diversity H=0. 178, and Shannon’s information index I,, =0. 298; at population
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level. PPB=71.42% ,N.=1.235, H=0. 154, and Shannon’s information index I,,, =0. 251). The differ-
ences among populations in levels of genetic diversity were obvious, with the highest level (PPB =
81.95%) in PBY population and the lowest level (PPB=64.55%) in TFS population. (2) A low level of
genetic differentiation among populations was detected based on Nei’s genetic diversity analysis (Ggr =
0.159) ,Shannon’s diversity index (0. 16). Further AMOVA analysis also revealed a low level of genetic
differentiation among populations (Psr=0. 242, P<0. 001). (3) An extraordinarily high level of gene flow
(N,,=2.647) may result from out-breeding and extensive wind-dispersal spores. (4)Nei’s genetic identity
(Iy) values between population pairs ranged from 0. 927 9~0. 969 4. A Mantel test showed no significant
correlation between genetic distance and geographical distance (#=0. 269, P=0. 887), suggesting that the
gene flow be not restricted geographically. In general, population genetic diversity and genetic structure are
mainly determined by population history. The level of the genetic diversity in the less disturbed and stable
populations which are dominated by clonal reproduction is lower than those of new young populations
which are built by sexual reproduction. A number of factors that might affect the genetic profiles of H. ser-
rata include clonal growth,selective effect of niche and outcrossing,as well as the effective wind-dispersal
of spores.
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Fig. 1 Geographic location of the sampled populations
of H. serrata in Wuling Maintainous area

The population codes are the same as in Table 1



13 #H

FEHUE (PBY) Ja BEAL T N TAZ RMCRAR S 19— R ikt
M Al JC o SCRY 1 A A A S PR B 100
B TR R BB AN A D322 F A T RE R TR T
PRI 4 5 B 1 7 i F (SZP) 7 T 8 PR A7 AT 8 K ) 5K
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1.2.1 E[FZA DNA EEM&N B 0.5 g TRl

ML R R CTAB 3 2 B [ 41 DNAL0. 8%
{14 3t JR W R g Pl G ) HL 4 e T R o R
Hh53 366 BE T (Spekol-1300) il 7 Hovfe B, i 0. 1%
TE #i #8 2 20 ng/pL fRAF T —20 CokAfis M.

1.2.2 AFLP 44F  AFLP 43475 I Vos &1 1
Tk AU R R AT T H k. R EcoR T/
Mse | (Biolab) U120 45 347 BR i P4 WG 10 5 $04™ 14 S
IO SR FE AN A7 AT o] 356 45 1 0 5 1 5 1 4 21 & E00/ MO0,
FIF A M JE BE 2 41 DNA K& (HSL1, HSL2) )\
36 Xf E-+3/M+3 5l ¥12H & b i 2k 57 1 151 1% 1 i
(7 X EATRE R BE RN (3R 2) . TP AN R
PEY 1 B PCR JZ i ¥ FE Gene Amp PCR System
9600(Perkin Elmer. USA) Fi#47. FrH#E L 55|
Wl B A T A . T, DNAE [ . ANTPs fl

x1 BATAFLP M4 N RERALRRER

Table 1 Populations of H. serrate for AFLP analyses
fEHAE JETERN R 523 S V. "
Population I ﬁﬁﬁ‘ Population Sample Altitude Longitude C #%?ﬁ&*ﬂ?{iﬁ bi
code _ocation size size /m latitude “ommunity type & habitat
TR . " S g0l 1 T MW A H G E A KN T BT AL
y o . T S A 2 AR b A R
/II—ILS:#/[\ fﬂuiﬁlﬂ /\JZEJ;‘ME MI:IuIr{xZi Stoneforest, 50~70 26 820~920 1218(24062/ I\}]L Secondary forest (Carpinus cordata var. chinensis) ;
o g gt ¥ Shade and moist places under rocks or shrubs
TR B g P . . onnt 1w EARNIMR, KA G 1Y% M Artificial forest (Cun-
ﬂ;%‘YE f%ia’?zj‘:ljlsjelg Pingbaying, Xianfeng 100~120 23 850~950 12%2r()?7/ I\I]“ ninghamia lanceolata) , a cutting blank of the plan-
-ounty, 7 os ted China fir
g TURAH UK RAH A B Hug: oyt TENAH R B R B BT B0
HSZP shui National Park, Shizhu County, 300~350 26 1 500~1 550 20°04' N Primary forest (Fagus lucida) ,along the quebrada,
Chongging on shade and moist places under rocks or shrubs
Beogil FPK T M &k 0% 10 bk 3 Tiefengshan 500~ 600 25 1050~1 100 108°08" E M2 AN THk 4k F & Hb Artificial forest (Cryptome-
TFS state forest, Wanzhou City, Chongqing 30°48' N ria fortunei) ,tableland under woods

R 2 AFLP L5455

Table 2

The sequence of adapters and primers in the present AFLP experiment

DNA 3L 5|4 Adapter and primer

59445 Primer code

AP R JF % Sequence of the nucleotide acid

EcoR T #3k EcoR T adapter

Mse T %% Mse ] adapter

EcoR
i 514 Rl
Primer in pre-amplification Mse |

EcoR T +3-CAA
EcoR T +3-AAT
EcoR | +3-GAA
EcoR T +3-AGT
Mse | +3-AGT
Mse | +3-CGC
Mse [ +3-CGG
Mse | +3-CTA

PESEIEY 51
Primer in selective
amplification

5'-CTCGTAGACTGCGTACC-3'
3'-CATCTGACGCATGGTTAA-5'
5'-GACGATGAGTCCTGAG-3'

3" TACTCAGGACTCAT-5'

E-00 5'-GAC TGC GTA CCA ATT C-3'

M-00 5'-GAT GAG TCC TGA GTA A-3'
E-CAA 5-GAC TGC GTA CCA ATT CCAA-3’
E-AAT 5'-GAC TGC GTA CCA ATT C AAT-3'
E-GAA 5'-GAC TGC GTA CCA ATT C GAA-3'
E-AGT 5'-GAC TGC GTA CCA ATT C AGT-3'
M-AGT 5-GAT GAG TCC TGA GTA A AGT-3'
M-CGC 5-GAT GAG TCC TGA GTA A CGC-3'
M-CGG 5'-GAT GAG TCC TGA GTA A CGG-3'
M-CTA 5'-GAT GAG TCC TGA GTA A CTA-3’
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Taq ¥ A FAY TREKRE G RAH .,

Hi T EcoR T /Mse I BRI 14 P DI i A4 35 14 i )32
AN BT FGE R ] B kAT . B — 2 (Mse |
B Y1) A48 0.5 mL BB IA 4.0 pL B AR
DNA,2.0 pLL 10 X Buffer, 0. 5 ul. Mse [ (10 U/
pLD A ddH O #h 2 % 20 pL,65 CAKRE 4 h 55—
#(EcoR | BV] 5% R :2. 0 uLL 10 X T, Bull-
er,0. 5 uL EcoR [ (10 U/ pL), E-adapter (20
pmol/L) 1 M-adapter (20 pmol/L)£% 1.0 L,0.5
pL T, DNA ligase (5 U/ pL) . ddH, O % £ % 10
pL G HINA B3k Mse T g 91 7=y b 37 “CoK ik
w8 hLlk,

WP K K. 2. 0 uL 10 X Buffer, 1. 6 uL
dNTPs(2.5 mmol/L),0. 2 pL Taq i (5 U/ pL),
20 pmol/L ffy E00 1 M00 3[#4 1.0 uL,DNA i
D& 4.0 pL A ddH, O 4R 2 20 pL. Fly
WAL .95 °C 5 min;95 C 30 5,56 'C 455,72 °C 1
min, 30 PMEF ;i f5 72 °C 10 min, Y1 7 Py R
20 A5 )G TP B EEE Y 1

PPy WK £ .2, 0 pL 10 X Buffer. 1. 6 pL
dNTPs(2. 5 mmol/L), 20 pymol/L ¥ E-primer i
M-primer 5 1.0 xL,0. 2 pL Taq (5 U/ uL),4.0
pL W89, ) ddH, O #b 2 2 20 pl, ek
PEFEFE .95 C 5 min; 95 °C 30 5,65 C 455,72 °C
1 min 3R 1 ¥, PUS D E R 1 UGR JOR AR
0.7 C, 347 13 MEH7E 95 °C 30 5,56 C 455,72
C 1 min FHEPIT 20 MER)E,72 C 10 min, & ||
F . #EPEME PCR P79 5 UG R 70 A8 PR (98 26 2
B H k.10 mmol/L EDTA(pH 8.0),0.1% —
FIREMEMm T 2.5+ 1 ELBNR S, T 95 Cik
137780 5 min J5 37 BUECE TUkOKIRS Y P, W6
pL BASPE 5 AR G U R TR 6 00 A8 T RN O Tk
BEIE R 90 W H DAL IR 2 90 min, HLIKZE RS K
FHAR e A6 0 32: 4T AFLP 84 a1,

1.2.3 BiRGitoH R AL ik A 5 Ik
EE h g B oy 5 . MEERALE BRI A
Joorml it 1A 0. kg R 0/1 R A AT POP-
GENE 1. 31 R LU stfe ZHES 8. 285
HOE 5P R (PPB) LI A5 7 3 BN A 3R
FEHEB(N Nei’s FH L #E (H) , Shannon £ #f
PefE B B (T IR FhOK P 100 L, TR R REKF |
N L) SR8 A 70 A R B (Gsr) VHERAL (N
N JERE (] 19 Nei” s 35244 5 25 (D) #1514 — 30
(Lo -4 ] UPGMA J7 3k A7 R 2K 7 i 4% Js

FEZ AL C AR . 18] WINAMOVA 1. 55 #{F
X AR PAL A T ) A 35t A A S R AT 23 7 A8 SR o M
(AMOVA) ., 15 i Jg ] 322 15 20 b R B (051
WINAMOVAL 55 8 43 Hr 19 12 35 446 5 %
1 000k B, POPGENE 1. 31 #4H1 WINAMO-
VA 1,55 BAF A ST DCFA 1L 1 il
. SR NTSYSpe 2. 11f B 5 A4 7] 9 Nei
& Li AHMIPE REC H#AT A R UPGMA R 243
Mro JH NTSYSpe 2. 11f B 1) Mantel 4655 & # 7]
182 B 5 B B R G A

2 AR5

2.1 Y#MAFERKFER AFLP &k S

A7 X5 Ao e R A A2 4 A TR EFRY 100 A4S
ARBEATY 3G TS 7 BOR BEAE 90~530 bp Z W],
HAFH] 615 J5IF M 1Y 4571 . o 549 S W ZBMESR
W TEWF KT B, 2850 H 4 FE N 89.27%,
Shannon £ ¥ {F S #8401, = 0. 298 = 0. 194,
Nei’sILHZFERE H=0. 178 £0. 138, W £ 2 fi 3L
BN, =1.893+0. 310, FELE FEH BN, = 1. 257
+0. 2493 3) KW B AXEWF AT FBAE
R Y 35t % Z AR

B3R 3 ALl 45 JE B 2 8 45 | 43 A8 Ak
TE 64.55% ~81.95% Z[a], 44 Ky 71. 42 % , A
FFAR IR Ry FEIUE = 21 1 AR > ot 1 57 > e 1y, o
PRI JE R R B R B (PPB=65.5300) 5
T IR Bk g 1l JE B LT AE ). 45 JE BE Y Shannon
ZREVEE BB, =0.209~0. 315) \Nei’s K [H
ZRERE(H=0.125~0. 197) . W 8 2 o 3 P B (N,
=1.646~1. 819) FIAT R 55 7 5L L (N = 1. 184~
1. 306) &gt f ZFEVES R B A a4 5 2 B 5
A5 AR — 2,
2.2 BEEBEEEN

POPGENE 43 #r 45 5 26 B, s Bz 1l X g 2 A A2
4 A~ 5 T 8] 19 352 4% 43 A6 R AL (Gsr) 2 0. 159, B
15,9 %6 (388 1% 78 5 A7 76 Ja BE |)  84. 106 [ 3 % A8
ST IR BE L J5 B N 09 38 1% 4 A R F B ] 1
b, JEBERIEHE N, =0.51—Gs)/Gsr | H
2. 647 , W] J& B () A7 72 R0 B ) B R A8 . AR
Shannon’s Z - PEAF B 48 8009 73 B 45 1 (3% 3) L 1F
S th Shannon’s JEHEp AL RELL (L, — 10,0 /1, 1=
0.158, RI A 15. 8% 1Y i & 78 5 4% #i 76 J& B [A]
84. 2001t e A A AL R RE A, 5 R S
POPGENE 3 45 R JLTF— 3.
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Table 3 Genetic variation of the four populations of H. serrata in Wuling mountainous area
JE FEARKL R /0 ‘ N

Population Sample size No. of polymorphic band PPB/% No Ne H I
21 f1 ¥k HSL 26 453 73.66 1.737%£0. 441 1.23340.293 0.15240. 159 0.24940.226
FEE PBY 23 504 81.95 1.81940. 385 1.30640. 307 0.19740. 164 0.31540. 229
Ji ¥ SZP 26 403 65.53 1.655+0.476 1.218+0. 284 0.14240. 159 0.23340.230
Bl TFS 25 397 64.55 1.646+0.479 1.18440. 258 0.12540. 145 0.20940.213
F-¥) Average 25 439 71.42 1. 71440, 445 1.235%0. 285 0.15440. 157 0.25140.225
YIFh Species 100 549 89.27 1.893+0. 310 1.257+0. 249 0.17840.138 0.29840. 194

FRHRTEE L TR GRS PPB. 28504 A 7% No. MM LG N B RUEA IR G H. Nei’s S5 Z R B ; 1. Shannon {5 8 2 MR 4L

Note: Population codes are given in Table 1, the figures and tables below are equivalent; PPB. Percentage of polymorphic bands; No. Observed number of alleles;

N.. Effective number of alleles; H. Nei’s gene diversity; I. Shannon’s information index.

F4 WEAHE AMOVA 53 #7
Table 4 Analysis of molecular variance (AMOVA) for H. serrata based on AFLP data

A% 5 R (4 BrE T-8)75 % 25 gy BN
Source of dfx Sum of Mean Variance Percentage of p- Dst
variation squares squares components variation/ %
J& BE ] Among populations 3 1754.199 584.733 20. 804 24.23 <C0. 001 0.242
JiE BN Within population 96 6 245.511 65. 057 65.057 75.77 <0.001
KT Total 99 7999.710 0
o PR WO AS 53 R M ME 36 L3 A M08 288 J 00 o 0 3 e O R AR 25 1 000 YR B AL HE S i 28 TH LA B0 5 D JE TR (R385 A0 AL R AR

Note; * P-values are the probabilities of having a more extreme variance component than the observed values alone. Probabilities were calculated by 1 000 ran-

dom permutations of individuals across populations;®sr. The coefficient of genetic differentiation among populations.

AMOVA 43 #fr 45 3 (R O i /s g 2 A 42 1 35
AR 5 R AR T IRAEN 5 BAE R 75. 77 % (d f
=96,P<C0.001), HA 24. 23 % Wy A8 A7 AE T i
6] (d f=3, P<C0.001) , Ja B P 1 J B ] 1) 35 4% o3 1k
P38 B 3 KOF s AMOV A Al 5501 = 3 (8] 352 4% 43
BB Psr =0. 242(P<C0.001),

2.3 EREEAEENEE—BE

f POPGENE 715t g % & B 8] 19 Nei”s jst
L 1E B (D) FE0. 031 0~0. 074 822 i), L — 5 #E (1)
FIFEE 2 0. 927 9~0. 969 4, Hrr, éIE?M‘%ﬂﬂiﬂ
JeE R ) 4 38t A% — B0 e | (I = 00969 4), jst %
PR ES fie i (D=0. 031 0) , i T8 15 2k 0 11 J 3 1] 1

WAL — BB AR (Ia = 0. 927 9), 3 A% IF 3 f2 37 (
=0.074 8) (£ 5). M Nei’s #1415 171

UPGMA HR2550 4 B8 (B 2), 788 /4 i B 0. 040
B30 I 5 43 2h 3 L« 1 A BRI BRI R A SR Oy — 4
B - FEAER U L s R4S A B ROy —4H . & Man-
tel A6 50 , J FF A) M B R 2 558t 1% IR 2 2 AR A7 A7E 12
FIIEM KK R (r=0.269,P=0.887),
2.4 NMEMEESH

A A JEEE 100 AR EAT Nei & Li AU R
#1) UPGMA R4 R s (B 3),HSL10 5
HSL 11 #9 A1 80P B 5 » 0. 928 1,7 A B 1 & 4

x5 MEBEAEIANTEEMN Nei’'s BE—HE
AL BT HIEEFES WML T I
Table 5 Nei’s genetic identity (above diagonal) and
genetic distance (below diagonal) among

H. serrata populations

J& B EAWEY N FEUE ERRas gl
Population HSL PBY SZP TFS
41 F bk HSL - 0.969 4 0.960 9 0.939 0
PR PBY 0.0310 — 0.965 7 0.967 2
5 F¥E SZP 0.039 9 0.0349 — 0.927 9
Beig 1l TFS 0.063 0 0.033 4 0.074 8 -

PEHLE PBY
_| i ¥E SZP
kW1l TFS
0.06 0.05 0.04 0.03 0.02 0.01 0.00
i e B 1

Genetic distance

2 MR A AL JEREN Nei’s 8t £ 06 85 19 UPGMA B4 E
Fig. 2 UPGMA dendrogram of H. serrata

populations based on Nei’s genetic distance
0.6 HYMTIE RECF 73O 3 41 FRIUE JadE 8 Ak
5 BRI L i e A AN AR RO T 4L FEINE R 15 A4
AR B TSP REAE 24 SRR 4L B 1 PR
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3.1 EfEsEl

N0 8l i S BOry AR 35 R WA B =k kL AT e
il Ik iz M S 03 A I BA B K P Jg A 2 R
FR R AR R I A S PR B 2 S TR R /DN B 5 /N
TE o Ja B A AR B D G AR A AR 1 U
/DT RE T A PR KT R ) AR A Y 3 52
M0 AR DT 5 B8 4 38 1% 2 R M e 0T L 3
S s EL A A v I R A LB PR — DA O R
AR W A OB R (1 38 1% 22 A PR AT SR

SRR T A R R 5 R 1Y SR AZ A AR B e T AL B el e
SR K2 JE BRI AR /N B A AR A B A3 A s
HE BUAE i B 22 D0 A0 LB B8 O L A SR 324 A
A/ E B B A B A e Z R, e 2
AR AL ZREEA UL & T C R E AR
WY R, dn 427K HE (Isoetes sinensis ) RAPD #ric
B 4 4~ JE#E PPB 4 0. 81% ~12. 90 % , ¥ Fl 7k F
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