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Abstract Ginkgo biloba L. is a famous living fossil plant

endemic to China. We report twelve polymorphic simple

sequence repeat (SSRs) markers of G. biloba by mining

expressed sequence tags (ESTs). One locus was signifi-

cantly deviated from Hardy-Weinberg equilibrium. The

number of alleles per locus ranged from 2 to 5. The PIC

values were from 0.058 to 0.776. Observed and expected

heterozygosity ranged from 0.050 to 0.776, and 0.055 to

0.799, respectively. These markers will be available for

studies of population genetics, reproductive ecology and

conservation genetics for G. biloba.

Keywords Ginkgo biloba � ESTs � Microsatellites �
Genetic diversity

The genus Ginkgo (Ginkgoaceae) once contained at least

16 species widely distributing in Asia, North America and

Europe, but now, only one species, Ginkgo biloba, survived

after the Pleistocene glaciations (Willis and McElwain

2002). G. biloba is an endangered species and naturally

distributes in China. It was widely cultivated for various

aims of medicine use, food, timber, or ornament (Fan et al.

2004). Although genetic diversity had been analyzed by

both nuclear and chloroplast DNA markers (Kuddus et al.

2002; Fan et al. 2004; Shen et al. 2005; Gong et al. 2008).

No information based on microsatellite markers has been

reported. To promote genetic analysis of diversity, origin,

and evolution, a large number of microsatellite markers are

desirable.

Simple sequence repeat (SSR) markers are powerful

tools for reproducibility, co-dominant inheritance, relative

abundance and highly polymorphism. A few of SSR

markers have been developed in G. biloba for analyzing

genetic diversity and mating patterns (Yan et al. 2006).

Expressed sequence tag (EST) is sequenced portion of

complementary DNA copies of message RNA, which

represent part of the transcribed portion of the genome in

given conditions. Large numbers of ESTs of G. biloba have

been deposited in sequence database (Brenner et al. 2005),

which provide abundant resource for marker development.

EST-derived SSRs would take less expensive, effort and

time comparing with traditional methods of SSR markers

development, as well as they are theoretically transferable

between taxa due to highly conserved exon sequences

(Pérez et al. 2005). Here we report on the development of

EST-SSR markers in the G. biloba by data mining for using

in genetic enhancement projects.

The first 10,000 ESTs from Genbank data bases were

scanned for microsatellites of trinuclotide motifs with a

minimum of five repeats and dinuclotide motifs with a

minimum of ten repeats using SSRHunter v.1.3 program

(Li and Wan 2005). A set of 55 flanking SSR primer pairs

from the non-redundant ESTs were designed using PRI-

MER3.0 software (Rozen and Skaletsky 2000). The major

parameters for primer design were set as follows: primer

length from 18 to 27 nucleotides, PCR product size from

100 to 300 bp, annealing temperature from 57 to 63�C and

GC contents from 40 to 60%. Total DNA of G. biloba of 20

individuals was extracted from silica gel-dried leaves using

a modified CTAB method (Fan et al. 2004).
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PCR amplification was carried out in 20 ll reactions of

approximately 50 ng of genomic DNA, 0.1 lM of each

primer, 1 9 PCR buffer, 2.5 lM Mg2?, 0.2 lM each

dNTPs, 0.4 U of DNA Taq polymerase (Sangon). Cycling

conditions were: 2 min denaturation at 94�C; 30 cycles of

30 s at 94�C, 30 s at 55.1–64.0�C (Table 1), 30 s at 72�C;

and a final extension of 72�C for 2 min. PCR products were

resolved on 8% polyacrylamide denaturing gel, stained

with silver and photographed by Bio-Rad DOC2000.

Fifty-five sequences are suitable for primer design,

among them, 7 failed to have clear PCR products. After

screening in the 20 individuals, 36 of 48 primer pairs were

monomorphic. The 12 polymorphic loci yielded the pre-

dicted size ranges from 155–233 bp (Table 1). Linkage

disequilibrium (LD) was tested using FSTAT v2.9.3.2

(Goudet 2001). Observed (HO) and expected heterozygos-

ity (HE) were performed using the program TFPGA v1.3

(Miller 1997). Inbreeding coefficient (FIS) was calculated

by the equation of ðHE � HOÞ=HE, and bias from 0 was

tested by v2 (Workman and Niswander 1970). The poly-

morphic information content (PIC) value was estimated

according to the following formula: PIC ¼ 1�
Pn

i¼1 f 2
i ,

where fi is the frequency of the ith allele and n is the allele

number. All of 12 loci produced a total of 37 alleles, and

the number of alleles and genotypes varied from 2 to 5 and

2 to 9 per locus, respectively (Table 1). The PIC values are

from 0.058 to 0.776 (Table 1). The observed and expected

heterozygosity ranged from 0.050 to 0.783 and 0.055 to

0.799, respectively (Table 1). One locus, Gb37, was sig-

nificantly deviated from Hardy-Weinberg equilibrium after

sequential Bonferroni correction (Rice 1989). One of 66

pairwise exact tests rejected genotypic equilibrium

between loci (Gb19 and Gb33) after sequential Bonferroni

correction. These 12 polymorphic EST-derived microsat-

ellite loci developed here provide a powerful tool for fur-

ther studies in population genetics, reproductive ecology

and conservation genetics of Ginkgo biloba.
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