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      Davidia  Baill. (Cornaceae), a genus that was once a predomi-
nant component among the Paleocene vegetation of midlatitude 
North America, is now endemic to China ( Manchester et al., 
2009 ). The genus is well represented in the fossil record, with 
occurrences in the Paleocene and Eocene of North America, 
and in the Pliocene of East Asia in Japan ( Manchester et al., 
2009 ). The genus, which was once thought to be a member of 
the Nyssaceae, is now known to belong to the family Cornaceae 
and comprises a single extant species,  D. involucrata  Baill. The 
name  “ dove tree ”  refers to the large white bracts below each 
infl orescence that create the appearance of doves perching 
among its branches.  Davidia involucrata  has a distinctive el-
lipsoidal fruit with a woody stone containing several single-
seeded locules, each with an elongate dorsal germination valve 
( Manchester et al., 2009 ). It is natively distributed from central 
to southwestern China at elevations of 600 – 2400 m, existing in 
deciduous or evergreen broad-leaf forests ( Fu, 1992 ). The rare 
occurrence and limited distribution of natural populations has 
resulted in the dove tree being treated as an endangered species 
in China ( Fu, 1992 ), and recognized with the status Near Threat-
ened   under the International Union for the Conservation of 
Nature (IUCN) criteria (http://www.iucnredlist.org/). 

 The dove tree has received much interest in conservation and 
population restoration efforts in recent years. Moreover, it 

provides an ideal model for phylogeographic analysis to sketch 
the refugia of the Late Tertiary/Quaternary glaciations from cen-
tral to southwestern China, a center of diversity and distribution 
for Tertiary relics in East Asia. The objective of this research was 
to develop a new set of microsatellites for  D. involucrata.  

 METHODS AND RESULTS 

 We used the Fast Isolation by AFLP of Sequences Containing repeats 
(FIASCO) protocol ( Zane et al., 2002 ) to develop microsatellite markers for  D. 
involucrata . Genomic DNA was extracted from silica gel – dried leaves using 
the cetyltrimethylammonium bromide (CTAB  ) method. The DNA was digested 
with an  Mse I restriction enzyme (New England Biolabs, Ipswich  , Massachu-
setts, USA), and fragments were then ligated to the MseI adapter pair (5 ′ -TAC-
TCAGGACTCAT-3 ′ /5 ′ -GACGATGAGTCCTGAG-3 ′ ) with T 4  DNA ligase 
(Fermentas, Burlington, Ontario, Canada  ) at 37 ° C for 2 h. The products 
were diluted to 5 ×    and amplifi ed with the primer  Mse I-N (5 ′ -GAT GA-
GTCCTGAGTAAN-3 ′ ) using the following PCR program: 95 ° C for 3 min, 
20 cycles of 94 ° C for 30 s, 53 ° C for 60 s, 72 ° C for 60 s, followed by 72 ° C for 
8 min. The PCR products were purifi ed with a gel extraction kit (Sangon, 
Shanghai, China), and hybridized with two kinds of 5 ′ -biotinylated probes, 
(AC) 15 /(AG) 15 , to enrich the fragment-containing microsatellite repeats. 
Streptavidin-coated magnetic beads (Promega, Madison, Wisconsin, USA) 
were used to separate and capture the DNA fragments that were hybridized to 
the probes. Biotinylated DNA was exposed to the beads at room temperature 
for 50 min, and two washing steps followed, including three washes in TEN1000 
for 24 min, and three washes in the mixed solution (500  μ L 0.2 ×  SSC and 0.1% 
SDS) for 15 min. The recovered DNA fragments were amplifi ed with the 
 Mse I-N primer with the PCR program mentioned above (30 cycles). The PCR 
products were purifi ed and ligated into pGEM-T vector (Promega) and trans-
formed into  Trans 1-T1 Phage Resistant Chemically Competent Cells (Quanshi-
jin, Beijing, China). Recombinant clones were picked out by blue – white 
screening and tested by PCR using the primer pairs (AG) 10 /(AC) 10  and M13 +  
(5 ′ -GTAAACGACGGCCAG-3 ′ ), and (AG) 10 /(AC) 10  and M13  −   (5 ′ -GATG-
AGTCCTGAGTAAN-3 ′ ), respectively. A total of 251 transformed clones were 
identifi ed and sequenced. SSRIT (http://www.gramene.org/db/searches/ssrtool/), 

  1    Manuscript received 19 August 2011; revision accepted 4 December 2011. 
 The authors acknowledge fi nancial support from the National Natural 

Science Foundation of China (31070297 to Y.J.). We are grateful to Christina 
Thomsen for improving the English. 

  5    Author for correspondence: jiyh@mail.kib.ac.cn; chenst@mail.kib.ac.cn 

 doi:10.3732/ajb.1100414 

  AJB  PRIMER NOTES  &  PROTOCOLS IN THE PLANT SCIENCES 

  MICROSATELLITE MARKERS FOR THE RELICTUAL DOVE TREE,  
  DAVIDIA INVOLUCRATA    (CORNACEAE)    1    

   CHENGCHENG       TAO     2,3   ,   ZHENYAN       YANG     2   ,   RANRAN       LU     2,3   ,   TAO       LIU     4   ,   SHAOTIAN       CHEN     2,5   , 
 AND    YUNHENG       JI     2,5    

  2 Key Laboratory of Biodiversity and Biogeography, Kunming Institute of Botany, Chinese Academy of Sciences, 
Kunming 650204, People ’ s Republic of China;  3 Graduate University of the Chinese Academy of Sciences, Beijing 100049, 

People ’ s Republic of China; and  4 Faculty of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, 
People ’ s Republic of China 

   •     Premise of the study:  Microsatellite markers were developed for the dove tree,  Davidia involucrata  (Cornaceae), a Tertiary 
relict currently endemic to China, to investigate its population genetics and phylogeography. 

  •     Methods and Results:  Using the Fast Isolation by AFLP of Sequences Containing repeats (FIASCO) protocol, nine polymor-
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number of alleles per locus ranged from two to three, while the observed heterozygosity and expected heterozygosity ranged 
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an online sequence identifi cation software, was then used to fi nd a repeat region 
within the clones. Of these, 106 clones had suffi cient primer-designating sites 
and good repeat lengths. The primers with lengths from 17 to 22 base pairs 
were designed using Primer Premier 5.0 (PREMIER Biosoft International, Palo 
Alto, California, USA  ) and synthesized by BGI (Shenzhen, China). Poly-
morphisms of these microsatellite loci were assessed among 44 individuals of 
 D. involucrata  from three natural populations. These included: (1) Wenchuan 
population (14 individuals), Wenchuan County, Sichuan; (2) Weixi popula-
tion (15 individuals), Weixi County, Yunnan; and (3) Pingli population 
(15 individuals), Pingli County, Shanxi (Appendix 1). PCR was performed 

in 25  μ L reaction volumes, which consisted of 1  μ L of genomic DNA, 2.5 
 μ L of 10 ×  PCR buffer, 0.5  μ L of dNTP, 1  μ L of each primer (10  μ mol/L), 
and 0.3  μ L of  Taq  DNA polymerase (TaKaRa Biotechnology Co., Dalian, 
China  ). PCR amplifi cation conditions were as follows: 3 min at 93 ° C; followed 
by 33 cycles of 30 s at 93 ° C, 30 s at the optimized annealing temperature ( Table 1 ),  
and 30 s at 72 ° C; then a fi nal step of 7 min at 72 ° C. The amplifi ed fragments 
were measured by subjecting them to the SDS-polyacrylamide gel electropho-
resis (SDS-PAGE) test. Statistical analyses were performed using GENEPOP 
version 3.4 software ( Raymond and Rousset, 1995 ; http://genepop.curtin.edu.
au/) to compute allele numbers, expected heterozygosities ( H  e ), observed 

 T ABLE  1. Characterization of 18 microsatellite loci for  Davidia involucrata . 

Locus Primer sequences (5 ′  – 3 ′ ) Repeat motif Allele size (bp)  T  a  ( ° C) GenBank accession no.

di07  F: ACAGCACCAATCACAGAAG (TA) 3 (CA) 5 T(AC) 2 290 59 JN234383
 R: CCATGCCCAATGAGTATC 

di10  F: AAGCCAACCTCCCAGTCAA (AC) 6 113 58 JN234384
 R: CCACCAAATCTCGGAAAATG 

di12  F: AGGGATAGCACTCTTACACTC (TC) 5 T(GC) 2  … (CT) 5 111 58 JN234385
 R: TCTCACAAGGCTTCAACAC 

di23  F: GGAGCTGTATGTGAGATTAGTG (GT) 9 (GA) 5 135 57 JN234386
 R: GACGTTGCTGTGAGAAGTG 

di24  F: GCCAAATTGGTGCTGAA (TC) 2 (TTTG) 2 177 50 JN234387
 R: CCCTTGCCCTATTAGACA 

di28  F: TAGTCCAATCCACATTCACC (CCA) 2  … (TG) 2 (TAT) 2  … (GA) 2 117 57 JN234388
 R: ATCAGCAGTCCAGTCACATT 

di41  F: CTGCACTCTTCAGACGACA (AG) 14 155 58 JN234389
 R: CAAGGTAGATAAGGGATGGA 

di47  F: GGAAGAACGATGTCCGTGAAA (GAG) 2 (AG) 2 (GA) 3 G(GA) 3 G(GA) 4 152 57 JN234390
 R: CTTGGCAGCGTATGTGGTAATA 

di48  F: ACGGAAAAGGAACAAGC (GA) 14 195 54 JN234391
 R: ATGGGCGTTAAGACGAG 

di49  F: GGTGACCTAACCAAATAACG (AG) 5 157 58 JN234392
 R: GGGGCCTATAAATAGAACCA 

di51  F: GGGCAAACCCAAATACC (GA) 6 188 57 JN234393
 R: GATGCTGAAGGGGAAGAA 

di59  F: CTCTACTGCGCCTATCACT (TC) 14 155 50 JN234395
 R: AGCCTCTAAGCGTATCCA 

di61  F: ACCTACATGACTCAGCAAAGC (TA) 3 (TG) 6 137 59 JN234396
 R: CATACGAGATGGACACCTTT 

di72  F: CGTGTTCAAGCTCTAAGTGTATCC (AG) 15 202 58 JN234397
 R: ACAAGACAAGGGGTCAAGGGT 

di82  F: TAAAGACAAGGCAAGAGC (TC) 7 (CT) 11 146 53 JN234398
 R: CCAGAAAGTCTCACAAGG 

di86  F: TGTGAATGTAACTTTCTACCAATC (AC) 16 156 48 JN234399
 R: TACTCAAGGTTTCGAGCATG 

di101  F: AAATCATGGACCAAACCCTA (GA) 3 A(AG) 5 140 58 JN234400
 R: AGGGCAAAATAGTCTTTTCG 

di105  F: TTTGGGTGAAATAGAATGAC (GT) 10 252 48 JN234401
 R: ATTTATGAGTGCAGGTTATG 

 Note :  T  a  = annealing temperature  

 T ABLE  2. Results of initial primer screening in three populations of  Davidia     involucrata . 

Wenchuan, Sichuan Weixi, Yunnan Pingli, Shanxi

Locus  N  a  H  o  H  e  N  a  H  o  H  e  N  a  H  o  H  e 

di10 2 0.0000 0.5185* 1 0.0000 0.0000 1 0.0000 0.0000
di23 2 0.5000 0.4524 1 0.0000 0.0000 1 0.0000 0.0000
di28 1 0.0000 0.0000 1 0.0000 0.0000 2 0.0000 0.4966*
di47 2 0.2143 0.1984 1 0.0000 0.0000 2 0.3333 0.3701
di48 2 0.0714 0.0714 2 0.6000 0.4805 2 0.2667 0.3310
di59 2 0.0000 0.4233* 2 0.0000 0.3310* 2 0.0667 0.4805*
di86 3 0.5000 0.6323 1 0.0000 0.0000 1 0.0000 0.0000
di101 1 0.0000 0.0000 1 0.0000 0.0000 2 0.1333 0.1287
di105 2 0.2857 0.2540 1 0.0000 0.0000 2 0.2000 0.3701

 Note :  H  e  = expected heterozygosity;  H  o  = observed heterozygosity;  N  a  = number of alleles.
*   Statistical deviation from Hardy – Weinberg equilibrium ( P   <  0.01).
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heterozygosities ( H  o ), and deviations from Hardy – Weinberg equilibrium 
(HWE). Linkage disequilibrium tests between loci were calculated in FSTAT 
version 2.9.3 ( Goudet, 1995 ), with signifi cance levels being calibrated using 
sequential Bonferroni correction ( Rice, 1989 ). 

 The results indicated that 18 of 106 screened primers generated specifi c am-
plifi cation with the expected lengths ( Table 1 ). Among them, nine loci dis-
played polymorphism, with the number of alleles per locus ranging from two to 
three (average = 2.5011 per locus). The values of  H  o  and  H  e  for these polymor-
phic loci ranged from 0.0000 to 0.6000 and from 0.0000 to 0.6323 within the 
screened populations, respectively ( Table 2 ).  HWE tests revealed that three loci 
(di10, di28, and di59) deviated signifi cantly from equilibrium ( P   <  0.01). No 
linkage disequilibrium was detected among these markers at the stated signifi -
cance level ( P   <  0.05). 

 CONCLUSIONS 

 We identifi ed nine polymorphic microsatellite loci, each with 
two to three alleles that will be useful for characterizing the 
population genetic structure in  D. involucrata  at fi ne and range-
wide geographical scales. These loci will serve as useful mo-
lecular markers for the study of genetic diversity, gene fl ow, 
and mating systems in this plant species. We are currently using 

these markers, together with chloroplast DNA sequences, to as-
sess patterns of geographical variation and distribution of the 
dove tree, and to sketch its refugia in the Later Tertiary/Quater-
nary glaciations. This knowledge will help provide insight into 
the evolutionary history of the plant and of other Tertiary relicts 
endemic to the East Asian fl ora. 
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  A PPENDIX 1.    I nformation on voucher specimens for  Davidia involucrata . Vouchers were deposited at the herbarium of the Kunming Institute of Botany, 
Chinese Academy of Sciences (KUN).  

Population Voucher no. Collection date Geographical coordinates Elevation (m) Habitat

Wenchuan C09052402 24 May 2009 30 ° 57 ′ 00 ″ N, 103 ° 17 ′ 33 ″ E 2000 Deciduous broad-leaf forest
Weixi LiYH sn 20 Sep. 2009 26 ° 53 ′ N, 98 ° 54 ′ E 1700 Evergreen broad-leaf forest
Pingli JH003 8 Sep. 2009 32 ° 00 ′ 49 ″ N, 109 ° 18 ′ 49 ″ E 1600 Deciduous broad-leaf forest


