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Genetic diversity of Cycas changjiangensis
detected by allozyme analysis
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Abstract; Genetic diversity of 5 natrual populations of Cycas changjiangensis were investigatied by using alloz-
yme analysis, Allozyme data for 13 loci of 6 enzymes demonstrate high levels genetic variation within popula-
tions, the mean percentage of polymorphic loci(P)was 56, 9%. The mean number of alleles per locus( A) was
1. 62. Mean observed heterozygosity(Ho)was 0. 105,and mean expected heterozygosity(He)was 0, 164, Half
of the Wright’s F-statistics showed negative values. The analysis on population genetic structure indicated
that most variation(93. 6 %) resided within populations, with Fsy =0. 064, thus mean the genetic differentiation
between populations was low. On the basis of this study and other studies have been achived,we put forward
the in-situ conservation scheme of all populations,and ex-situ conservation of sampling from the Dongyi, Wan-
gxia and Shuitian populations of Cycas changjiangensis.
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ETEREWAE . ZTER.GE, KEFHMR
FHER Y E M I & (C. hainanensis) /N (X &,
1998), EREFERANHAED R, RITAAF
ST BEADR, RBAETHEEREA, # W
5 AR R .

BEkERAE ZTHE 70 FRATHY B
MR, NEHREENMEDHLTRERT RE
HHR OAEYREH A RBETHOT B
B2 (EH,1994;Gottlieb,1981), £ TF—EHH
07 7 e, B R K B R T AME B MR E — AT A
BERICHESNEMHAS EARBEREHR
HRE R ARG AT A0, T BT R B B S
FKROCHEBHRU S MARGE X FHEMNRMEEA TR
(B9, 1004, B M1 45,1998), BARNGLBHEDME
PLEEA BT, E NN A BT R A RGE (BRI %, 19965
Yang %,1996;Lin %,2000), 4 Yang(1996) 4 1%
SNMEIRER . BHINAETBEFERNER
PL,FEMTERRARBR, 8 KB (C. tai-
tungensis) , 7n &k (C. revoluta) F1 % B 78 7% & (C.
panzhihuaensis) —1 B AR K, R\ BETRY

A5 5, A B AR IR B A AR BN 3 B
B 5L 6 ORR VR A RE AR 77 95 %6 RO 3R [, T 45 05 9 4k T
K — BB BN AT, XXl AR R TR s
BOREBZ,19960) REF GBS0 4 ML,
AT 60 SE Mo 45 LA 3 B SR ek R AR 28 43 F K P B B9
HURTHEEBY, XEHFLEERBSTAR
FAIR L. 2 S 254 BAR T T BORBR S0 375 9k
RIS R B ML I R RR
BIEGHBAMCEE, B H R RE LI 08T
IR 3 S W SR LT 25 B0 VTR

1 MK &

1.1 RERLE
REEBBEOBEME AR RRENMEREILR
1, SREERTE N 4 B LAy, B0 X4 A o, BURE 3R
PR b4 Pt IR AR A /DA . BX 100~150
mg /N, IIA 5 5 3R B v (Soltis Bl F =
200 pLs 3RERWE ¢ B =2 ¢+ 1) B (Wendel &,
1989) , BFBS W 7E 5 000 rmin™ F &0 5 min 5, 4%

R1 FERHREEBOSHUR ERERRENMEE

Table 1 Distribution, habitat and number of collections of all fivenatural populations of Cycas changjiangensis

B o i R
. . . . No. of

Population Location site Habitat )
collections

%~ DongYi(DY) 109°08.7" E,19°09. 8" N 900 m, LI 3 ¥ # A (900 m in shrub grassland on slope) 20

Tl B Wuxiangiaol WQ)  109°16.7" E,19°04.5" N 700 m, B Hi % & M ™ # F (700 m in open evergreen broad- 11

leaved forests)

EF Wanxia(WX) 109°08.1" E,18°54,.58" N 780 m, A K& B # F (780 m,in open limestone forests) 25

7k f Shuitian(ST) 109°20.6" E,19°09.9" N 580 m, B E# # F (580 m;in open Pinus massoniana forests) 24

e Yajia(Y]) 109°23.7" E,19°06.1" N 650 m, # & % %2 M ™ # F (650 m, in open evergreen broad- 20

leaved forests)

1.2 Bk

F P 3% 30 (2000) B B9 Mulcahy 55 (4 48 #
A B TR 0 Bk e 5 e IR BB R 45 (IEF-PAGE)

(D E#ERBERET R FHEK A 1 mm?
) Watman 3 5 J8 4% % /E 09 48 8 F R b B W& (8§
B S INFEBE AR 3~4 mm &b, BB EY 1 mm, &
Bpear F 25

Bk - BkEA-BHERT . NTELRK
BKS AEERNG  EHERARESR . BEH Lo
MR ERBERESR L. BkRTEERA&S
mmX70 mm WIEKF BB WBEROTE A,
W IER (pH3. 5) . 5 #& (pH10) 2 v ¥k 1% I8 4K

£ RBERLBERBREHBE . #HHNER
fil $f1 4% BB K, B8 FE 3 0 R 50.100,200,300,400 V %
15 min,
1.3 38

B £ 242 e 5 P VAR e 1 % 8 (3 25 3, 2000)
Xt 6 FEER S ITRM ,IRAB 13 MEAIEFNLS
1.4 it o4

SN RNHERREHSHEROENRE
HCn=22), A RFEHHEELE REREHA
—ENENEERBHTERENSWRENMNE
ANEG R G B AT R B (Wendel 4,1989) . MH
BB R R A L LS 2,0 FRR, B
LS P B R [R) or 2 R BRAR B BA 4R B 2 BF a.b.c
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BAE 2 #7 i B Biosys-1 %k f4 (Swofford %,
198, AT A —BHNENERLIH
A . ZENEEARP) . FHWEREE (Ho),
TG BE(He) . M4, RA F St E &

— B (D (genetic identity) 34 8 & B8]858 40 1b
TR FIRZ AR, A 5L Wrght (1978) 8 F
it B (1-FIS)X(1-Fer)=(1-FID) R EE, XK
FIS # FIT A JRAENYFHHERRLMERHT
¥ i) 2 B SRR B Hardy-Weinberg i 1% V4 iy 2

£2 PEARKSABHNBESHYE (FHELSD)

Table 2 Genetic diversity in 5 populations of Cycas changjiangensis (mean4SD)

R B T H B A BE A EP) FHREFAE(Ho)  BERA E(Ho
Population Effective number of alleles Percentage of polylinorphic loci Observed heterozygosity  Expected heterozygosity
DY 1.6+0.1 61.5% 0.08140.026 0. ¥564:0. 049
wQ 1.740.1 53.8% 0.12640. 052 0.18140. 047
WX 1.7%0.1 61.5% 0.145+0. 050 0.1890. 050
ST 1.540.1 46.2% 0.11940. 042 0.153+40. 054
YJ 1.6+0.1 61.5% 0.0544+0,024 0.13940. 041

T Average 1.6240.1 56,946.9 0.10540. 037 0.16440,021

B For MUZRTR B BN 0% 5 BB R IR,
2 HBRE54%

2.1 EEKEMBEETRME

HAAKSNEHN 6 ANBRSL, 13 MEEN
AHH 10 MBEAK, P, DIA-1,DIA-2 1 DIA-
ISHBEAE. EBMNEAEHEN46.2%~61.5%
CE#HRN56.9%) , KB EBHHERKTFHEEH. &
MISEMERFEHBAN 162, MBEREGE
(Ho) 3 0. 105, Fe 1 J2 BE L /N (0. 054) , IR B R —
JE#EO.08D, HE3SNMEHBE 1L L., FH
EEHe K 0. 164, FEHEERAKE 2,
22 HEHRENEHEM(SULER)

RIBBTHAFTEKS NEE 10 MBENMA
B FGEITaRE. EHF KRS MEHER 6K
B A H ACP-5,DIA-4 EST-5,EST-6 #1 EST-7
SRMA, KEMNEAREGRERN/NTHEME.
BIETREBAIBA (93, 6 ) FETERA, L
SANEETRERER. SHEETHOITHERE
YA, HE BN EEILE (Fa=
0.060)8MK, B N=(1-Fs1)/4 Fo B HE R N=
3.656, SHEBR FHYMIEREMYML, #Hx
HERERAEARKX.

ATH—BAWEREAKRESCREHE
T Nei 89846 — BB (D 45 BB (D) (B Ak
B, & BB R B AR AR DA AR 5 (0. 97~1.00), 8
BT BT YR B9 S B8 0. 956) (Gottlieb,1981), i
BAEEEB M AE 0~0, 03 Z [,

AR R BE B S HE 1T R K 27 (UPGMAD 3%
HE-ANREERWE D, REHA 4 5 NEERER
BB R R, T RE 5 JE REIR BE B AN EH 2K

X3 WAFESIEBE VAN ESTMHLAN FEITE
Table 3 Summary of F-statistics at 10 loci of 5
populations in C. changjiangensis

Locus Fis T Fst
AAT-1 0. 815 0.828 0.068
ACP-1 0. 280 0. 289 0.013
ACP-5 =0. 077 -0. 065 0.011
DIA-4 -0. 207 -0.172 0.029
EST-1 0.534 -0. 547 0.028
EST-2 -0,134 -0. 054 0,071
EST-3 -0, 112 -0.052 0.053
EST-4 -0.113 -0.061 0.047
MDH-1 0,722 0,757 0.124
PRX-3 0. 950 0.954 0.084
Mean 0. 342 0.384 0.064
3 ik

R4E Hamrick 2%t 220 & 662 ¥y & i 4>
R LnSERESSMREGK O, WA RENE
BHNESMETAERN P=56. 9%, 5% FHYF
BE B, & T WY 3948, EH K IEY + 5
BFBEKE; FHHEREER K (He=0. 164)
BT B A Y Fp S H4H 0. 150) 3 T4 47 (0. 151),
BB TFYREYF0.056),5 C. siamensis(0. 134)
EEARTHEFRKEY: FHMERE E (Ho=
0.105)# 5 C. siamensis(0, 114)EE.BEHBE T
HERKHEY . WA RENABLTREETRER
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2,5 MRERBER Fer U4 0. 064, K T BF A 4 #
B9 #4948 (0. 228) B B f& ) # - ¥ 48 (0. 151) , R iR
FHFHEYFEHE.073),HHBR T C. taitun-
gensis, FHEES BN AKX, B—BRIERDF

HER.
‘_1 DY
WX
— ST
Y]
wQ
0.03 0.02 0.01 0.00

B 1 #HERESANEHREEROREE
Fig. 1 Cluster dendrogram of 5 populations of C.
changjiangensis based on genetic distance (D)

F4 PEAENHECTHYEBBRETRAKENESH
SELEEE 8 (8] B Hamrick %,1979;Lin %4,2000)

Table 4 Genetic variation and population differentiation
for C. changjiangensis as compared to other plant groups

enetic variation
Plant groups differen-
A PG Ho 1 p)
B4 YpFh All species 1.97 51.3 — 0.150 0.228
¥ f& ¥ # Endemic 1.48 26.3 — 0,056 0.141
BTF4HY Gymnosperms 1,83 53.4 — 0.151 0.073
Cycas changjiangensts 1.62 56.9 0.105 0,164 0,064
C. taitungensis 1.07 2,5 0.014 0.013 0.034
C. pectinata 1.82 58.8 0.066 0.076 —
C. pectinata var. elonga 1.41 29.4 0.069 0,078 —
C. stamensis 1.48 58.9 0.114 0.134 —
C. siamensis ssp. clivicola 1.47 41.2 0,036 0.036 —
Zamia pumila 1.21 16.7 0,047 0.041 —
Macrozamia communis 1,61 50.0 — 0,045 —

¥ :AP.Ho.He %[f]% 2. Note: A,P, Ho, He, the same as Table 2.

GLETR. AP HKERRAL B BRER
FUEREHARRESUEERE, X—FTETEERESH
H B SREVHIRE 5 — 77 & o 8ty T B Bt JL
AFERE R BE B B/ (R R B A 5 30 km), 4347
IR A B4R

Hamrick % (1979, 1987,1989,1992) K K &
REH ZHEHFREER RPN EBRREKRRHS

EERE AGREMIE. BRETRERHNEY
RPRMEFMRK BELSA RN ENERE
M GEETERGAFETERENBRYBED YR,
HRBHEY N EBEEARE , KEFGFRKTETEL
EYURZTAE.SZER BN LHMBEL A E
X ERESERTFEHBAERNARFNAER,
HWEAMRRAAFERRAEERENFZERHA,
HHFABRESZERBERMEYE NAREREEY
METFREE L TEMUNER (Yang %,1996).
FmEFRERRXNEEHBREEHHEER
RE,MEEREK . SHWE. M FEBIH EZEY
Bt % (Hamrick %,1989), #HAHE /TG ERE,
WAHTHEEEELEN TR FRERILT2 B
77, B TFHEE L (BB 20 ), RIFERMshiE
BMFERRE, FIUEBEEEE WK, AT # 5% E
e HASE .
RPN EREL L RBRRIPRBEES
B, MRS HABREHANBRETR K, WE
B BAELBAR, ZEE WK, B i, Tt B E R
PR ERHART  ERIL D RE BN REE R
BOBMEATRIPENER. Bt L RERPHF
R— ETRAKBXIUAERE, BT LA R 3
FRERBREZHEE, LRERAEHTANEERN
B, H LRI E, A AU B 20 R
B, WA NSRRI . H i, RATEBGR AR R AR B
AR MR P TN - ETRKEX=4%
SHEAFEAFHERRSHERPERMAE.
AERF3) P BA 5w X MY B R AT B
THREEIHARTRGRAF B, E AN E!
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