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Analysis on the genetic diversity of Angiopteris
hokouensis in habitats under different disturbances
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Abstract; Genetic diversity of 6 Angiopteris hokouensis populations collected from different habitats were analyzed by
means of intersimple sequence repeat (ISSR) markers, and 8 proper primers with rich polymorphism and stable bands
were selected from a total of 44 ISSR’ s primers. The genome DNAs of the 6 populations were amplified to a total of 144
putative bands by the 8 primers, in which 96 were polymorphism bands. Polymorphism rate was 93.7% ; Nei’ s gene di-
versity index was 0.296, Shannon information index was 0.457, and Gst was 0.152 0. The genetic distance coefficient and
the genetic similarity were 0.058 4-0.090 1 and 0.913 8-0.954 8. Cluster analysis by UPGMA indicated that the genetic
distance between the populations related to spatial distance, as well as to habitats. The results showed that A. hokouensis
populations had high levels of genetic diversity at disturbed habitats. Even there was no significant differentiation of ge-
netic diversity among populations , the populations in moderate disturbed habitats had higher genetic diversity. The genetic
diversity was not significantly related toaltitude ,slope and aspect.
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AR, st A% Z % ( Genetic diversity ) B
FUBOR B2 B AL, Hoh RZ LISy 7-F51C (RAPD F5
iC JISSR FRic \SSR BRI 25 ) I AT 5T, N LW 2 FE
PEGA TR RELH LR KRG G
PR AR AR (3 T 4, 2005 5 SCRE 9% 455, 2006 ; Ji] 12
45,2009) , 5t Z AR AR W) 2 AR R Y A N
WO SR G MY R Z R R SER PR LR
FEN BRI 3, AR AT — > W Pl B A 2 Y
LA PEFNIs AR 45 | [R] B 4 b Z2 R PR s T AR A
ZAEME (ST B, 1990) o X — AW Fifi 75, Hok i
ZAEVERE S AR RR AT ) A I3 o B 58 42 A 10
filt, M=) Z AR OR B R T T (BR R 2,
2001) . 1 EEF AR ( Intermediate Disturbance Hy-
pothesis ) 4§ HHF 7 A F 5 BE7E Hh 45 T 0K P I
HEij(( Connell ,1978; SC g e 25 ,2006) TS
BOk PR ) 22 59, B AR 3N, X FpiEs L 24
PRI AR 56 St 23 7 A E S RZ ), (H X O GE [
R Bk (Banks et al, 2013) , HEKEXAENATH
YR ERIREL T JLF- 3 S A 1, FRE RIS B2 A7
F AR AR BEW] A SR, ORI T st A8 2R
AIIRAE (2R ,1996) . WGP Fh Z i ( Sinocaly-
canthus chinensis) TE AR T E B AEE T AA K
15 B AL Z PR (5K SCRRAE, 2005) 5 WG A ( Tsoon-
giodendeon odorum ) [35t4% Z R PR & , (A XS AR 35
BORTAS AR T YU MDA W E R 2 —
(H LS ,2002) , J AR FAH (Aremisa frigida) B
TR BE RGN, 545 AR P RRAR (8R4 ,2004)
T LT YE ) A R LI ( Reaumuria soongorica) TEAS
[ PR T, RA AR K38 E 2 e T T
PRy A AR DRI 35t 4% Z2 AP K P e (ki
55,2008) o AN[ETFYCEREE T, A s A s
AR 38 ZHEE M ke X T — 2L A
AL ZREPER I fE A YR U, R e EENRZ
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PEZH AR, (EA SE A Y 7E — E R BRI TR
TEE A AT AR R R R RS R TR
VI 35 T R b R 384T 2 RV Y 20 A S A%
JriWE?

] 1S JAE % ( Angiopteris hokouensis ) A 3% JR& ik B+
TEVERR IR JR T AR, R T s A
- VWG BRI BB OC BRI T B VI
S (BRSLEAE 1959; R HEWIAE 20065 T 4% 4 5
2012) Az T i i bk B IR SR &, )

TS R R AR, Hoo i A5 2R, AR
e L 3 PR o 4 el AR AR, ARG T T R A
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TG B ARSE R/ N FIHESNAR DL S A7 AR RRIE 2578
S, WA, ZE A RS () XHZFIGR T 13
A5 (CRYEW 45,2006 ) , — JE 53 240 B A4 TR LA
TS e T AR IR S AR SCRLT 13 Rk
WFFEXS G, FIHH ISSR 23T AR iCH AR AN R P A 58
T BRI R R A T R 8 AL ZAEPERIE S, 20 B
1 1% 2 REEAR Jo AR A o0 A AR B2, B AN TRl
LR JEE AT 1 32 )3 R o FRE 382 A% 22 R PR ARR A, Do 3 8
BB R B A Rl R R 5 AT R A A
ML, RS TR R RO BP0, i
— BRI A BRI AE Y R PR iR L BE 4R

1 MR 57
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MR MR AT B R o B AR B 2R AL
SRIEHR JERE Yeim , [FIBRAE 6 MREE( R 1), B4
FE e SR AR 15 BRASRBBTEENT - | SO IR T 5%
U (EER T oA R AR M R, KRR ]
1) 3 ik S A6 B 6 A Ty, T TN T R A
()25 FHARRAT, [F) B (R A — 8 B ISR AR AR
1.2 /AL
1.2.1 % DNA 2R Z &0 RN CTAB 7%
(Murray et al, 1980 ; 4 i 345, 2001 ) #2HL DNA | F
0.8% 7R WHE I LK i T8 IS IR R 2K 55 DNA
Tt , DNA BESE T-20 °C ok RAE & H
1.2.2 ISSR 3| 4 i st B R Ak & 1EHL 8 4~ DNA 5
M, RN BB LU K24 Fi 1) 1SSR 5 49)F 51
Wit 44 A ISSR BT e, 280 I A S, ok
PP B R R H 2 SR 8 A
ISSR 5191 (35 2) X i A DNA FESiEAT9 4 .

PCR S AR ZR AR F R 25 pll, BAi DNA 32
ng - wL', Taq A 1U,dNTP 0.2 mmol - L, 5[4
1.3 mmol - L', Mg 1.5 mmol - L', ¥ HEFE)F. 94
C,5 min,38 MEH ;94 °C,455;48~58 C, 1 min;
72 C,1 min;72 °C,5 min,4 C{%7%, PCR =¥ H
2% (& EB 29 0.5 pg - mL") BYBRISAREE B H Uk A
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Table 1  General description of communit of Angiopteris hokouensis
T TR
‘ W WS FE ST B RHEANON R
i HS . et Characteristics . . .
. Altitude Aspect . Intensity of Community Population
Population Place Slope o of community .
(m) (°) . human habitat type type
habitat .
disturbance
eIk 1 WK 120 [1Gb1 5 HARB A G NE, IR 55 UAEA] KIRR-FhitE
Lengshuigou 1 Lengshuigou, Shady slope Jr T eSS B2 5 e Weak Secondary Population in
Hekou Sparse hardwood, riverside, full forest natural forest
sunlight, divers disturbance
K2 AL 150 PY 25 NTAREBOTT DLERRLAF, 45K T 58 NTAHE KA
Lengshuigou 2 Lengshuigou, Sunny slope LY i Strong Man-made Population in
Hekou Rubber tree forest, good sunlight, forest man-made forest
less complex, less species
27K 3 WK 160 PR 30 NTARAT IR R 25 T SR NTHAE NTAR-FHE
Lengshuigou 3 Lengshuigou, Sunny slope LY i Strong Man-made Population in
Hekou Rubber tree forest, good sunlight, forest man-made forest
less complex, less species
Mg 1 T RgIE AL 180 B3 40 NTARBART IR LT, 2544 Bk ANTHAL ATk
Nanxi 1 b5z el J L Shady slope %,%ﬂ'ﬁ’/" Very strong Man-made Population in
Cemetery of martyr, Rubber tree forest, good sunlight, forest man-made forest
Nanxi, Hekou less complex, less species
FE 2 TR 400 [{Gb 4 45 JEIG AR, O B S, 5 &L AR5 Jr AR FKIRMR-RITHE
Nanxi 2 131 Hl Shady slope M4 Very weak  Primitive forest Population in
131 hydropower station, Primitive dense forest, weak sun- natural forest
Nanxi, Hekou light, complicated community, di-
verse species
EEF IOISENERS 200 PR3 25 NTRRIBMT DGl RAF, St i 2D ANTHAE KT
Wangguoka Wangguoka, Sunny slope LY e Very strong Man-made Population in
Hekou Rubber tree forest, good sunlight, forest man-made forest

less complex, less species

BT 7 TR bRR R o A 1]

Fig. 1 Distribution of Angiopteris hokouensis
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Table 2 Sequence of 8 primers

s EG) g SIFSIS)

Code of Primer Code of Primer
. sequence . sequence
primer (5'-3") primer (5'-3")
P1 (ACTG), P10 (CcTC),GC
P6 (CA) (GG P11 (GAG) ,GC
P8 (CT) 4 AC P15 (GA),CTG
P9 (AGA) P29 (GAA),

Nei’s BAEZREVESE B (H) FEN ML R B (Gst) |
Nei’ s AL —8UE GBALIEES ; R SPSS17.0 %4 t

WL 3V - em? Bk 2 h, HUIKEEFIN Gene AT T M85 S A0 WA 0 AR DE MR S00T
System BEI 1R 45 AR, 05745
1.2.3 Gt od AT MAHNET UV 2 R 5 oM
Photo # /4 #1132, POPGENE32 4 #E 175t
SHUHT, BAE SRS B IR Z BTS2 BESEERBEMML

(PPB) AR HE KK Shannon ZAEPERSEL(T) |

& Z FEtE

8 ™ ISSR 5I¥I7E 6 AFhfE ALy 18 1 127 4%,
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SIEA TP 14.88 S AN
119 4~,PPB % 93.7%.,

7% 3 R, Shannon $5 %5 19 35t 4% 22 B 14 45 PP A
KANF R 7K 2>V /K8 3>FE 1> K 1>
THEFSME 2, 52BN S L ERA2H, Nei's
FE N Z R BO TR N Z5 35 Shannon #8401 1
gE R — 30, A FEELE 0.230~0.270 0 Z 8284k,

£3 6 NMAOEERMBESTERBEERSIT
Table 3 Polymorphic loci and genetic diversity

in 6 Angiopteris hokouensis populations

Shannon Nei’ s 5%

MitaS AR BN ARG
Population Sample  fiLLE  FEFEEL %fﬁé %xiz;&@
code size (PPB) (Ne) H A
(n (H)
YK 1 20 74.80 1.423 4 0.378 0.251
Lengshuigou 1
Bk 2 20 83.46  1.454 6 0.410 0.270
Lengshuigou 2
IR 3 20 78.74  1.4218 0.392 0.257
Lengshuigou 3
ME 1 20 80.31 1.423 3 0.391 0.256
Nanxi 1
PR 2 16 71.65 1.382 4 0.349 0.230
Nanxi 2
ERESRS 20 7323 1.3975  0.361 0.238
Wangguoka
-1 19.3 77.03 1.417 2 0.380 0.250
Average
RN 116 93.7 1.480 0 0.457 0.296
Total

HRAE Nei’ s FEPH ZREVEFR BT 5 A FPRE 5 15 43
fRg5 IR 6 AFIRE SRR L ZREME Hi=0.295 2, FP
NI AL ZRENE Hs=0.250 3, FhRE ] 3804% Z2RENE Dst=
0.044 9, K FHE [ AEFE — BB AE A2 57, it E b &R
B Gst=0.152 0, B 15.2% W78 SHAFAE T FhBETE],
84.8% WiBt {7 SHAETE TRIFE N . B T e (] 35t 4%
AL RBOT A B FER G Nm=2.789 4> 1, Ui A [H]
A B3 (AP AL AE — 2 ZE R, B 1k PR AL T AR 5
R FPEE R AR AL 1k
22 MBEE—BEMRESHT

Nei” s 35t f& —F0EE T8 14 P 55 B e 17 i 1] 1)
FRGRZRRIT, T H IR 6 DA E —BUE
7£.0.913 8 ~0.954 8 Z[a], {5 #E 2§ 7E 0.046 3 ~
0.090 1Z[H] (£ 4),

MR35 38t 1% 5 B, 48 477 POPGENE32 #K 1, %
FHUPGMA ¥4 2 ) P f ot 15 00 R IR (K12) 2R

x4 OEERFMENEE-BEMREES
Table 5  Genetic identity and genetic distance among

the populations of Angiopteris hokouensis

FifEgs VoK1 Vokig2 BKH3 g =, LEFR
Pooiat . ; OME1 FE2
opulation Lengshui- Lengshui- Lengshui- . . Wang-
N Nanxi 1 Nanxi 2
Code gou 1 gou 2 gou 3 guoka
BRI wwxx 09358 09433 09286 09228 09288
Lengshuigou 1
K2 00664  wrxx 09548 09201 09257 09219
Lengshuigou 2
AKE3 00584 00463 wxxx 09200 09182 09337
Lengshuigou 3
M1 00741 00833 00834 =*=xxx 09138 0.9306
Nanxi 1
AR 2 00803 00772 00853 00901 =* =% 09258
Nanxi 2
EEESRS 00738 00813 00686 00719 00771 =* % % =
Wangguoka

T MR sl — S8 XA T s e,

Note: On the diagonal, genetic identity; below diagonal, genetic distance.

22 Nanxi 2
F[EF Wangguoka

21 Nanxi 1

% 7K352 Lengshuigou 2

% 7K353 Lengshuigou 3

& 7K3E1 Lengshuigou 1

¥ 2 ISSR-PCR Fifiist f& i g SR ]
Fig. 2 Dendrogram of ISSR cluster analysis of 6 populations

KEharE 6 SRR 40 ORISR 5 — 2K
IR 2 FIRE ;58 B AR LRI 5 AR RE, DY
KA 1 R KTE 2 BKTE 3 R 1 AL KRR,

FESE TR A KA 2 A& KA 3 By fE IR
BRIV, N 0.046 3, RN —32, k¥R K 1 5
EATREE /N, 435120 0.066 4 F10.058 4, FiR
N3 YR EIR 1 MEE KRR — %, =
[BAL B 0.071 9,

Ho R K 1 ki 2 A KA 3 a5 a4 A b
BT, HOKSE VR 1 REE IR 2 25 [0 A Al
LT (HV KR 2 AUk 3 58K 1 AEBIAUR
], R 1 MR 2 AR A AN A R st
B ES
2.3 8% WEMF RS EESHENE

61V 11 3% JAE R 119 35t 1 22 RE M S5 R 33k R
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3 8 202701 2
< 80.00 F o Bo40r T g == T
@ o = - 4 0.260 | a
a .2 E i
e = a | > 0380 [ ol
o | am T = < 0.250
M5 75.00 T oo #H g O
Il?v_g T # 8 0.360 l %50.240-
° 70.00 | » o o B l
%f £ o 0.340 | %50-230
o c c b 0.220 }
® o 65.00 § 20320 5 8
5 & § = 20210}
= 60.00 ! I % 0,300 L I Z 0200 ! I
PN AL KIRFR AI#E P3N AI#k
Natural Plantation Natural Plantation Natural Plantation
forest forest forest

K3 SRR G L SRR A S

Fig. 3 Relationship between habitat types and genetic diversity

Pl HEA A DGR S BT, 45 SR 2 VR B B AN 1)
LM R (r =0.606, P=0.202) Shannon Z+E
PEFEEL(r=0.740,P=0.092 ) Fll Nei’ s 1 fL ZHEVETE
$(r=0.763,P=0.077) ¥ LB EM K LR
24 £ES5BLSHE

55 R AR TR ¥ 6 DR
IS, BT AR AL b B A v /K 98 2 YUK T 3 R
1 EE AR 2 ARERIRMBIE AR KIS 1 (R AE
)RR 2 (JRAMR) Sy — 28, T o 2 455 28 0 (1 o
e, 2507 5 3R Shannon ZREVETE S Nei” s i5f%
ZHEETRR(P>0.05) BEMEZE R (K 3),

3 itk

Connell(1978) i i Kt A SR HEH T
TP, B 25 8 B2 1 P K 7 RE 4 45 v B
ke, TR ARSI R ST
Btz — (HAAFFE T 12 Y B &E, Fox (2013) 45 X
AT 20% B 5E s BT HKE N AR 28
PR s 0, T4, JUHOR P TR Re R m
A b B AR A 3 R B Z2 AR (AR AT, 2000) , S B
e Bt 2 I & Azt AL 1k, JE O R i st A5 24
PEACE . T A A AR B ) B R N 2 — e
BRI, FBOLA R R X 2 f
FRAEAE BAT B R AP Rt i Z e Rt T 4% 3L
PR st (L S A 2 B A2

AW FEEF S LSS A IR, VR AR AR B TR] 1 3
JEBRAEA IR 35 AR 35 rh K SR B B 25 5, N AR
UM PR BT ARBFSE 6 D IRAFP IR R

B REE BB AL Z R TE A [R) T 0 R B2 i 3 7 AR
B BAARFEARY 8% Z 0, — @@ T
P B REAR 1L, BRIt 2 (H 0
FVE2E S, RN A% Z R SR SR i T
WEMXKR, 7 FIJE Pitcairn & 1Y Angiopteris
chauliodonta B 7 T 5 V5 (A e [Q 5 4f 342 JAE R ( Areh-
angiopteris itoi ) WG KA Tl X )R Y RAPD
S TARIC R, 7E N T PR Hast 4% 2 FE P IR
(Naomi et al,2004; Xu et al,2000) ., 5 iAW 4 Fh
FH L, 0] 1134 B8 R 3t A 22 FEPE R, BB i PR i
NLRETT , ELASTRIRE 7 A B 2 BT 49T 11 34 )3 Bk b
AT B 1 st 2R AP AE— B SR B A T
A b R AT AN AR Z AR AT

TR L ) PR R A e ) 4 ) S B A —
JE SR I I B AR FE | H A R T AR e R v Y st 1
ZFEE (LI A%, 2006 5K 5 215, 2005 ; B2 P 4%,
2000) . PRIk, %k 3 b B 45 BE 3 B0 3 A BT Y
T 1S5 R R R L, A AR BREE 25 1 AN ) (TR 4R, Bk
I6]) FEAN 3 il H s % Z AR R R H—
S8R J3E BB R 10 TP T RE X A LB A 2 REMK A
PR ERY R S, Bm RHE AR T R X TR
— i R, BT A A A TE S ALY 15 0 (R A
45 .2008) .,

4 i
(1)F 8 %51 WIHEAT 1SSR 43 BT, 3" 14 3 7= A

127 4447, Hodb 119 A2 5447, PPB 1 93.7%,
Ui BH 6 /N IAT I 35 88 B R R LA 1 KO 1 it AL 2R
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