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In order to investigate the population genetic structure of three sympatric Chinese
Aquilegia species, we developed a novel set of 12 SSR markers from the EST unigene
database. The number of alleles per locus ranged from one to five. The observed het-
erozygosity (H ) and the expected heterozygosity (H,) varied from 0.067 to 1.000 and
from 0.064 to 0.791, respectively. Most of the SSR loci in the three Aquilegia species
did not significantly deviate from random mating expectation and the Hardy-Weinberg
equilibrium (HWE). Because of their high level of polymorphism, the twelve EST-
SSR markers will be valuable for mating system, population genetics and conservation

studies of Aquilegia resources in the future.

Introduction

Aquilegia (Ranunculaceae), including more than
70 species, is becoming a new model plant
in ecological and evolutionary research due to
its floral diversity, variable habitats and unique
phylogenetic status (Kramer & Hodges 2010).
The floral diversity is generally related to the
specialized pollinators that prefer different floral
traits. Tang et al. (2007) investigated the flower
phenology in three sympatric Aquilegia species
(A. incurvata, A. yabeana and A. ecalcarata) in
Qinling Mountains, China and found that their
different pollinators played important roles in
reproductive isolation. The spurless A. ecalcar-
ata was pollinated by the syrphid fly Metasyr-
phus latifasciatus, while the spurred A. incurvata

and A. yabeana were mainly pollinated by differ-
ent bumblebees (Bombus trifasciatus and B. reli-
gious, respectively). We aimed to know whether
there is any interspecific gene flow and how the
behaviors of the different pollinators influence
the genetic structure of each species. In this
study, we developed a set of novel microsatellite
markers to facilitate population genetic studies
of the three Aquilegia species.

Material and methods

Perfect microsatellites were obtained by screen-
ing through the EST database of A. formosa x A.
pubescens available from Unigene Microsatellite
Database (http://veenuash.info/web1/index.htm)
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with microsatellite length greater than ten repeats
for dinucleotides, eight for trinucleotides, and
six for tetra-, penta- and hexanucleotides. Totally
386 unique EST sequences containing SSR were
derived, of which 30 EST-SSRs were randomly
selected for primer design using the software
Primer3 (Rozen & Skaletsky 1999).

EST-SSR markers were evaluated in three
Chinese Agquilegia species (A. ecalcarata,
33.623°N, 107.756°E; A. incurvata, 33.589°N,
107.790°E; A. yabeana, 34.074°N, 107.692°E).
The genomic DNA was extracted from silica-
dried leaves using CTAB method (Doyle &
Doyle 1990) and 15 individuals per species
were tested for PCR. Amplification was car-
ried out in a volume of 10 pl containing 1x Taq
PCR Mix (Xian Runde Biotechnology Co., Ltd.,
China), 0.2 uM of each primer, and 40 ng of
DNA template. PCR was performed with the
Touch Down program in MJ Research PTC-200
Thermal Cycler: 94 °C for 5 min; 20 cycles of
denature at 95 °C for 30 s; annealing tempera-
ture at 59 °C for 45 s with 0.5 °C touchdown per
cycle and extension at 72 °C for 60 s; then addi-
tional 9 cycles of the similar protocol but with
the annealing temperature at 50 °C; followed
by a final extension of 7 min at 72 °C for 6min.
The amplified products were separated in 10%
denaturing polyacrylamide gels, and visualized
by silver staining. Fragment sizes of each locus
were weighted with a 50 bp ladder using Quan-
tity One (Bio-Rad).

Results

Out of 30 microsatellite loci, 12 produced relia-
ble polymorphic products (Appendix 1). Possible
null alleles were not found in the 12 loci by using
MICRO-CHECKER 2.2.3 (Van Oosterhout et al.
2004). The program Genepop (Rousset 2008)
was used to estimate population genetic param-
eters. In A. ecalcarata, the observed (N)) and
the effective (N) numbers of alleles per locus
varied from 2 to 5, and from 1.142 to 4.787,
respectively (Appendix 2). The observed hete-
rozygosity (H ) and the expected heterozygosity
(H,) ranged from 0.133 to 1.000, from 0.124 to
0.791, respectively. In A. incurvata, N, and N,
ranged between 1-4, and 1-2.941; H_ and H,

ranged between 0-0.867 and 0-0.660, respec-
tively. In A. yabeana, N, and N_ ranged between
2-5 and 1.557-3.103; H_and H_ ranged between
0.267-0.933 and 0.358-0.678, respectively. Sev-
eral loci (Al and A6 in A. ecalcarata, A10 in A.
incurvata, Al and A10 in A. yabeana) presented
potential inbreeding. Two loci (Al and A10) sig-
nificantly deviated from Hardy-Weinberg equi-
librium in A. yabeana. Linkage disequilibrium
was detected among some pairs of EST-SSRs
loci (A1l and A9, A8 and A9, A9 and All, A10
and A11,AS and A12).

The phylogenetic tree constructed using the
UPGMA method indicated that individuals of
each species clustered into one group and the
relationship between the two Aquilegia species
with spurs (A. incurvata and A. yabeana) was
much closer (data not shown). These novel EST-
SSR markers with high polymorphism in the
three Chinese Aquilegia species provided a par-
ticularly useful tool for investigating the popu-
lation structure, phylogenetic relationships and
conservation genetics in Aquilegia.
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Appendix 2. Parameters of twelve EST-SSRs in three Chinese Aquilegia species. N, = observed number of alleles;
N = effective number of alleles; H, = observed heterozygosity; H, = expected heterozygosity; F = inbreeding coef-
ficient; P, = Chi square p value for Hardy-Weinberg equilibrium test.

Species Locus N, N, H, H, F Pe
A. ecalcarata A1 4.000 2.542 0.533 0.607 0.121 0.329
A2 4.000 3.659 0.800 0.727 -0.101 0.747
A3 2.000 1.724 0.800 0.420 -0.905 1.000
A4 2.000 1.471 0.400 0.320 -0.250 1.000
A5 4.000 2.866 0.733 0.651 -0.126 0.721
A6 2.000 1.471 0.267 0.320 0.167 0.464
A7 3.000 2.074 0.667 0.518 -0.288 0.952
A8 3.000 1.495 0.400 0.331 -0.208 1.000
A9 2.000 1.800 0.800 0.444 -0.800 0.899
A10 2.000 1.142 0.133 0.124 -0.071 1.000
A1 3.000 2.018 1.000 0.504 -0.982 1.000
A12 5.000 4.787 0.800 0.791 -0.011 0.473
A. incurvata A1 3.000 2.018 0.733 0.504 -0.454 1.000
A2 4.000 2.239 0.800 0.553 -0.446 0.974
A3 2.000 1.991 0.800 0.498 -0.607 0.9985
A4 2.000 1.965 0.600 0.491 -0.222 0.903
A5 3.000 2.632 0.867 0.620 -0.398 0.861
AB 2.000 1.069 0.067 0.064 -0.034 na
A7 3.000 2.228 0.867 0.551 -0.573 0.998
A8 1.000 1.000 0.000 0.000 na na
A9 4.000 2.941 0.667 0.660 -0.010 0.413
A10 2.000 1.385 0.200 0.278 0.280 0.326
A1 2.000 1.642 0.800 0.391 -1.045 1.000
A12 2.000 1.867 0.733 0.464 -0.579 1.000
A. yabeana A1 3.000 2.778 0.267 0.640 0.583 0.002
A2 3.000 2.663 0.667 0.624 -0.068 0.546
A3 2.000 1.991 0.867 0.498 -0.741 0.999
A4 2.000 1.965 0.600 0.491 -0.222 0.899
A5 5.000 3.103 0.733 0.678 -0.082 0.346
A6 3.000 1.590 0.400 0.371 -0.078 0.602
A7 2.000 1.557 0.533 0.358 -0.491 1.000
A8 3.000 2.866 0.667 0.651 -0.024 0.311
A9 3.000 2.663 0.933 0.624 -0.495 0.911
A10 3.000 2.273 0.333 0.560 0.405 0.005
A1 2.000 1.800 0.533 0.444 -0.200 0.896
A12 3.000 2.074 0.600 0.518 -0.159 0.742

This article is also available at http://www.annbot.net



