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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.
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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).
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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).

@ Springer



Conservation Genet Resour (2009) 1:81-83

82

JUSIUOD UOTJRULIOJUT

orydiowAod D74 ‘Yuaroyjeos urpeaiqur SLy (A1soFAzoreyey pajoadxe gy (K)1s034z0101oy paAIasqo O (So[o[[e PIAIesqo Jo Jequunu y ‘ormjeredwo) Suresuue (D) U]

(100 > g) wnuqinbs 31oquropp—Aprey woij ainjredop Jueoyrudis .

LDIODDOVVIOVVILIODVVY A

§74\} 760°0— S61°0 €170 L1T ¥'€9 IODIOVILODLYOVIILVOL A 2(0OV) 0LLEE6XH €990
LILVIOOVOILODIDDIOOLOD I

67€°0 987°0— 0S€0 0S+°0 091 ¥'€9 VOOVIOVIVIVIOVOILILLY A 8(OVD) 0LLEE6XH 799D
VIVOOLOLLLOLLODOVIOD ¥

9LL0 €800 66L°0 €€L0 €€t ¥'€9 OLIOIOLLLIDOILOVVVIOL A (1) L6ELE6XH 0S99
DVVDOVVOHOLYOILOOVILD A

L0 985°0 0vL0 90€°0 L81 $'€9 OLVLLLODVVVOOLIDIIDL A *(DoL) 991.L£6Xd 9¥9D
VVOOVOVOVVOOVVVIOOVVID ¥

8500 810°0— SS0°0 9500 vee ¥9 JVOOVIOVOLYOOOIDILOOLY A “(VDD) 6L89¢6Xd SPaD
VOVIOOLVIOOLOLLIVOODL ¥

6170 879°0— 18%°0 €8L°0 08I 79 DOVVOVVDHOVVIDOVIOVVL A (LLD) Tr09¢6Xd a0
JLVVOLLLLDOOLVIOLIOL -4

750 x06L°0 870 0S0°0 91 €9 VIOVIVOVIIDLIVILVIVVVID A 8I(LY) re6ve6Xd LEAD
DLLVIDVOLOVVIDIDLLLY ¥

8240) 0ST'0 9150 L8E0 IL1 9'6S IOVIOIDIDIDLILVOVIIODD A S(LVL) Y69¥€6Xd €€94D
IOIDDIOILLLYVIOVIOLD i

6120 6L¥°0 61°0 001°0 6T €9 LVVVILIDIVLLIOOVOODL A S(VOV) 099%€6XHd 7€9D
DLLOVIVOILVOLODIOVOL ¥

8500 910°0— 7900 £90°0 161 ¥'€9 DOLVVOVOOIVOVOIOOLLY A S(1LDD) 9SHre6Xd 1€9D
LOVVOVIDLIOIVIIDOVLL ¥

80S°0 682°0 €250 TLE0 881 1'sS DLLVVVIOIDOVLLLLODOLL S(VvOlL) Ivre6Xd 0£9D
VOVLLLOJLILIDIDODDOVD ¥

0950 620 6950 €01°0 SS1 1°sS VOVVOIVVOOOLVYLVVVDOD A AVDD) 01¥Ev6Xd 619D

Jnow ‘Ou UO0ISSa00r
oId SLy 2 °H (dq) az1g (Do) WL, (,£—/6) @ouanbas 1owtd yeadoy Juegauan a1 reuwnd

S[ENPIAIPUI ()7 UQ3Ids 0} pakojdwe siownid JYDJ pue rqojiq odyuiy 10j 1901 YSS-LSH A[PMI, T d[qe],

pringer

A's



Conservation Genet Resour (2009) 1:81-83

83

PCR amplification was carried out in 20 pl reactions of
approximately 50 ng of genomic DNA, 0.1 uM of each
primer, 1 x PCR buffer, 2.5 uM Mg>*, 0.2 uM each
dNTPs, 0.4 U of DNA Tag 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 (Hp) and expected heterozygos-
ity (Hg) were performed using the program TFPGA vl1.3
(Miller 1997). Inbreeding coefficient (Fis) was calculated
by the equation of (Hg — Hp)/Hg, and bias from 0 was
tested by 7> (Workman and Niswander 1970). The poly-
morphic information content (PIC) value was estimated
according to the following formula: PIC =1— Y"1, 7,
where f; is the frequency of the ith allele and  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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