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Genetic diversity of wild Cymbidium goeringii (Orchidaceae) populations
from Hubei based on ISSR analysis
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Abstract: Wild Cymbidium goeringii (Orchidaceae) plants in Hubei Province have become endangered due
to over-harvesting and habitat fragmentation in recent years. The genetic diversity of 325 individuals from 11
populations in Hubei Province was investigated using inter-simple sequence repeat (ISSR) markers. As a re-
sult, 127 bands were amplified by 11 informative and reliable primers, of which 112 were polymorphic loci.
A relatively high level of genetic diversity was revealed: PPL=88.19%, H. = 0.2628, H,= 0.4037 (at species
level); PPL = 63.06% H.=0.1945, H,= 0.2958 (at population level). A higher level of genetic differentiation
was detected among populations with Nei's Ggr analysis and analysis of molecular variance (AMOVA; Ggr=
0.2440 Fgr=0.2207). Some differentiation may result from habitat fragmentation and barriers to gene flow.
UPGMA cluster analysis indicated that the five populations from Enshi region (BD, FBS, XE, MB, and LF)
grouped together, whereas Dawu (DW) population clustered in an isolated clade. The Mantel test showed
that genetic distance was positively correlated with geographical distance. Furthermore, the results showed
that a mixed mating system was possibly the main factor influencing the genetic structure of this species.
These results, combined with other information about C. goeringii, may provide a valuable basis for propos-
ing conservation strategies. In situ conservation will be suitable for Laifeng (LF), Jingshan (JS), and Dawu
(DW) populations with sufficient genetic diversity, while an ex situ strategy should be taken into considera-
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tion for Maoba and Xuanen populations, where only a few individuals are left.
Key words: Cymbidium goeringii, wild resource, population genetic structure, conservation
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Fig.1 Map showing loca-
tions of the 11 sampled
Cymbidium goeringii
populations from Hubei

1
Table | Habitat, altitude, longitude, latitude, and sample size of Cymbidium goeringii populations from Hubei
Population Habitat Altitude(m) Longitude Latitude Sample size
JS 400 113°09'E 31°17N 32
Mixed forest of pine and robur
DW Pine forest 110 114°06’ E 31°24'N 31
FX Robur forest 1,340 110°37"E 31°52'N 42
Sz Pine forest 360 113°06' E 31°48'N 41
TS Bamboo forest 190 114°36'E 29°44'N 48
YX 200 115°18'E 29°45'N 50
Mixed forest of pine and robur
FBS 1,000 108°27"E 30°13'N 20
Mixed forest of pine and robur
BD Pine forest 983 110°16'E 31°01'N 15
LF 759 109°23'E 29°30'N 26
Mixed forest of pine and robur
XE 860 109°30'E 30°01'N 12
Mixed forest of pine and robur
MB 794 109°03'E 30°02’' N 8
Mixed forest of pine and robur
15 uL 70 0.2 mmol/L dNTPs (Takara Biotec.), 2.0 mmol/L
11 MgCl,, 0.2 pmol/L , 0.3 U Tag DNA
2) 11 (Fermentas, Lithuania), 20 ng DNA PCR
PCR PTC-200(MJ Research, 94 2.5 min; 35 1 94
USA)PCR , 45 s, 48-58 ( ,
ISSR 15 pL , 1xBuffer, 2) 45 s, 72 2 min; 72 5
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min
1.4
1.0XTBE 1.5% 2
, , 240V 1 h, 2.1
Marker 100 bp DNA ladder (Takara Biotec.) 11 127 (
(Alpha Innotech Corpora- 9-16 ), 112
tion) 88.19% Nei’s
15 (He) 0.2628 Shannon (H,) 0.4037
DNA 42.52-75.59%
, “17, “0”, , 63.06%, JS (TS)
300-1,100 bp , , (MB) Nei’s
0/1 POPGENE 0.1500-0.2355 , 0.1945;
1.31(Yeh et al., 1999) Shannon 0.2245-0.3568 ,
Hardy-Weinberg , 0.2958,
, (3
(PPL) (Ao) 2.2
(Ae) Nei’s(1973) (He) Shannon POPGENE ,
(Ho) (H) (Gst)  0.2440,
(Hy) (Gst) AMOVA
Nei’s(1978) (D) ) Nei’s 4 22.07%
, NTSYS-pc 2.1(Rohlf, 2000) (P 0.001) , TFPGA Wright
UPGMA ARLEQUIN sy 0.2296, POPGENE AMOVA
2.0(Schneider et al., 2000)
(AMOVA) ,
TFPGA(Miller, 1997) Nei’s N = (1-Fst)/4Fst
(h)(Nei, 1978) Wright N = 0.8828
(Ds)(Weir & Cockerham, 1984) 2.3
; Nm = (1-Fst)/4Fst Nei’s (D) (M,

2 11 325 ISSR
Table 2 ISSR primers used for generating ISSR markers from 325 individuals of 11 Cymbidium goeringii populations
(5'—=3) ()
Primer Sequence Annealing temperature No. of bands scored No. of polymorphic bands

807 (AG)sT 523 16 16
811 (GA)sC 48.0 14 13
812 (GA)A 54.0 13 13
817 (CA)A 523 9 7
818 (CA)G 54.0 13 10
825 (AC)T 50.8 9

827 (AC)G 50.8 10

829 (TG)sC 58.0 11 10
834 (AG)YT 554 10 9
835 (AG)YC 48.0 9 7
840 (GA)YT 48.0 13 10

Y=(C,T)
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3
Table 3  Genetic diversity of Cymbidium goeringii populations
Nei’s Shannon
Population A, Ae H. H, PPL(%)

JS 1.7559 1.3643 0.2186 0.3363 75.59

DW 1.7087 1.3492 0.2095 0.3206 70.87

FX 1.5906 1.2913 0.1740 0.2653 59.06

SZ 1.6772 1.3124 0.1892 0.2920 67.72

TS 1.7559 1.4002 0.2355 0.3568 75.59

YX 1.7323 1.3958 0.2334 0.3528 73.23

FBS 1.5984 1.3275 0.1943 0.2940 59.84

BD 1.5276 1.2830 0.1678 0.2548 52.76

LF 1.6850 1.3555 0.2116 0.3220 68.50

XE 1.4803 1.2579 0.1546 0.2350 48.03

MB 1.4252 1.2617 0.1508 0.2245 42.52
Population level 1.6306 1.3272 0.1945 0.2958 63.06

Species level 1.8819 1.4325 0.2628 0.4037 88.19

A,, Observed number of alleles; A., Effective number of alleles; H., Nei's gene diversity; H,, Shannon's information index; PPL, Percentage of poly-
morphic loci.

4 AMOVA
Table 4 Analysis of molecular variance (AMOVA) within and among populations
(%) P
Source of variation df Variance component Percentage of total variance
Among populations 10 4.05732 22.07 <0.001
Within population 314 14.33094 77.93 <0.001
Total 324 18.38827
*P 1,023

*P-values are the probabilities of having a more extreme variance component than the observed values alone. Probabilities were calculated by1,023
random permutations of individuals across populations.

NTSYS-pc 2.1 11 UPGMA , (PPL = 88.19%, H. =
2 , (FX) 0.2628) (Goodyera procera) (PPL =
(S2) , ; 97%, He = 0.293) (Wong & Sun, 1999) ,
5 BD FBS (Paphiopedilum micranthum) (PPL =
XE MB LF 71.6%, H.=0.217) (Lietal., 2002)
; (DW) (Paphiopedilum malipoense) (PPL = 49.5%, H. =
, 0.1174) (Li et al., 2002) (Changnienia
, amoena) (PPL = 76.5%, H. = 0.1941) (Li et al.,
Mantel s 2002) ,
(r=0.25093, P=0.9704) ,
3 (Hamrick et al., 1991)
3.1

RAPD
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