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Abstract

We isolated nine microsatellite loci from the Guanacaste tree (Enterolobium cyclocarpum)
and optimized them for future research on breeding populations of this species. Loci were
screened across 53 individuals from one population and were shown to be variable with the
number of alleles per locus ranging from five to 15. Polymorphic information content
ranged from 0.420 to 0.900 and observed heterozygosity ranged from 0.547 to 0.906.
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Enterolobium cyclocarpum (Jacq.) Griseb., the Guanacaste
tree, is a dominant canopy tree of tropical dry forests
(Janzen 1983) ranging from southern Mexico to northern
South America (Janzen 1983; Zamora 1991). This moth-
pollinated tree is a common element of primary forests
but is also found at relatively high densities in disturbed
landscapes such as pastures. Because of its relatively high
densities, detailed studies of pollination movement and
breeding patterns require the development of several
hypervariable loci. In particular, we will use the simple
sequence repeat (SSR) markers we have developed in
paternity analyses designed to determine if the effective
number of pollen parents and pollen movement distances
are significantly affected by habitat disturbances (e.g.
forest fragmentation).

We extracted total genomic DNA from seedling leaf
tissue using the QIAGEN DNeasy Plant Kit. DNA was
then serially enriched twice for microsatellites using
three probe mixes [mix 2 = (AG),, (TG),, (AAC), (AAG),
(AAT),, (ACT);, (ATC)y; mix 3=(AAAQ), (AAAG),
(AATC), (AATG), (ACAG), (ACCT), (ACTC), (ACTG),;
mix 4 = (AAAT)y (AACT); (AAGT); (ACAT)g (AGAT)g]
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following Glenn & Schable (2005). Briefly, the DNA was
digested with restriction enzyme Rsal (New England Biolabs)
and simultaneously ligated to double-stranded SuperSNX
linkers (SuperSNX-24 Forward 5-GTTTAAGGCCTA-
GCTAGCAGCAGAATC and SuperSNX-24 Reverse
5-GATTCTGCTAGCTAGGCCTTAAACAAAA). Linker-
ligated DNA was denatured and hybridized to biotinylated
microsatellite oligonucleotide mixes, which were then
captured on magnetic streptavidin beads (Dynal). Unhy-
bridized DNA was washed away and remaining DNA was
eluted from the beads, amplified in polymerase chain
reactions (PCR) using the forward SuperSNX-24 as a primer,
and cloned with TOPO TA Cloning Kits (Invitrogen). We
isolated and purified a total of 192 clones with inserts and
sequenced 96 plasmids with M13 forward and reverse
primers using the BigDye version 3.1 (Applied Biosystems)
on an ABI PRISM 3130x] sequencer. Sequences from both
strands were assembled and edited in SEQUENCHER 4.2
(Gene Codes) and exported to EPHEMERIS 1.0 (available
at www.uga.edu/srel/DNA_Lab/programs.htm) for
microsatellite searching. We designed PCR primers using
OLIGO 6.67 (Molecular Biology Insights). One primer in
each pair was modified on the 5" end with an engineered
sequence [(CAG tag 5-CAGTCGGGCGTCATCA-3’ or
M13R tag 5-GGAAACAGCTATGACCATG-3'); see www.
uga.edu/srel/DNA_Lab/protocols.htm to allow use of a
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Table 1 Characterization of nine polymorphic microsatellite loci for Enterolobium cyclocarpum. T, corresponds to highest annealing
temperature in a touchdown thermal cycling programme; size indicates the range of observed alleles in bp; k is number of alleles; PIC is
polymorphic information content, H, and Hy, are observed and expected heterozygosities, respectively; P value indicates significance of
deviation from Hardy—Weinberg equilibrium. A total of 53 individuals from a single population were genotyped

Locus

T

a
accession no.  Primer sequence 5— 3’ Repeat motif N (°C) Size(bp) k PIC Hg Hg p
Ency-4 U: GTTTCACCCAGAAGACTATAT (AC)g ... (ACAT), 53 60 194-206 6 0645 0736 0.691  0.668
EF492440 L: FAMtACTCCGTCGAAGATTAG ... (AARC)5
Ency-8 U: FAMGACAAACAAACAGAAAGGTAAT  (ARAAG), 53 60 208-224 5 0420 0566 0492 0934
EF492434 L: GGGACGCTAAAAGAAAACATA
Ency-9 U: FAMAGACCATTCCACACTTAGT (2G)4 53 60 182-222 15 0839 0774 0.861  0.004
EF492433 L: GTTTCTCACAAAAGGCTTTATC
Ency-13 U: FAMGAGAGGGGAAAAAAAATTCTA  (ATC),, 53 60 223-241 6 0652 0.698 0709 0.049
EF492439 L: GTTTGAGCAGCAATGGAACTCTAC
Ency-17 U: GTTTATTAGGAGCCTCGACTGTTA  (GTTT), 53 60 262-296 6 059 0547 0.668* 0.004
EF492438 L: NEDACCTGCACTTCCAACATAGT
Ency-21 U: GTTTGTCCAAAAGGTAGTA (AQ)g ... (aCcAT);, 53 60 285-321 15 0.900 0.906 0916  0.283
EF492432 L: NEDTAGGCTCATGTTCAGATA
Ency-22 U: TCCAGGCAGGGCAGTAGTA (CT)yy ... (ACTC), 53 60 125-149 6 0693 0774 0743 0429
EF492436 L: NEDAGCAATGGGCAAAAAAGAGT
Ency-24 U: GTTTCATGCAACGGAATATAC (CT);5 53 60 128-154 9 0575 0.604 0619 0.125
EF492435 L: NEDAGACCAGGAAACTTCACTA
Ency-33 U: NEDGATTTCTTTCTTCAGATTAT (ACAT), 53 60 156-192 10 0.690 0.717 0735  0.403
EF492437 L: GTTTACAGAAGTGAAGATTGATAT

Primers with CAG tag (5- CAGTCGGGCGTCATCA-3’) are indicated with superscript FAM or NED (except see below), which was used
for genotyping; *significant deviation from Hardy-Weinberg equilibrium is indicated at P < 0.05; tprimer tagged with M13R tag
(5"-GGAAACAGCTATGACCATG-3') and fluorescently labelled with FAM.

third primer in the PCR (identical to either the CAG or M13
tag) that is fluorescently labelled for detection on the ABI
3130x1].

We tested 24 primer pairs for amplification and poly-
morphism using DNA obtained from seedling leaf tissue
(using the same protocol as above) of seven trees originating
from seed collections made at Hacienda Solimar, southern
Guanacaste Province, Costa Rica. PCR amplifications were
performed in a 12.5-uL volume [10 mm Tris pH 8.4, 50 mm
KCl, 25.0 pg/mL BSA, 0.4 um unlabelled primer, 0.08 pm
tag-labelled primer, 0.36 uM universal dye-labelled primer,
2 mm MgCl,, 0.15 mm dNTPs, 0.5 U JumpStart Tag DNA
Polymerase (Sigma), and 20-40 ng DNA template] using
an ABI thermal cycler. Touchdown thermal cycling pro-
grammes (Don et al. 1991) encompassing a 10 °C span of
annealing temperatures ranging between 65 °C and 55 °C,
60 °Cand 50 °C or 55 °C and 45 °C were used for the ampli-
fication (see Table 1). Cycling parameters were 21 cycles of
96 °C for 20 s, highest annealing temperature (decreased
0.5 °C per cycle) for 20 s, and 72 °C for 30 s; and 15 cycles
of 96 °C for 20 s, lowest annealing temperature for 20's,
and 72 °C for 30s. PCR products were run on an ABI
3130xI sequencer and sized with Naurox size standard
prepared as described in DeWoody ef al. (2004), except that

unlabelled primers started with GTTT. Results were ana-
lysed using GENEMAPPER version 4.0 (Applied Biosystems).
Nine of the tested primer pairs amplified high-quality PCR
product showing polymorphism across seven individuals.

We further assessed variability of these nine loci on 46
additional Guanacaste seedlings for a total of 53 analyzed
individuals from the Hacienda Solimar population. Each
seedling originated from a different maternal individual.
Conditions and characteristics of the nine loci are given in
Table 1. We used cervUSs version 2.0 (Marshall et al. 1998)
to estimate the number of alleles per locus (k), observed and
expected heterozygosities, and polymorphic information
content (PIC). Deviations from Hardy-Weinberg equilib-
rium and linkage disequilibrium were determined using
GENEPOP version 3.4 (Raymond & Rousset 1995). One locus,
Ency-17, deviated from expectations of Hardy-Weinberg
equilibrium (P =0.0042) after Bonferroni correction for
multiple comparisons. Linkage was indicated in three
paired loci comparisons, Ency-4 and Ency-21, Ency-21 and
Ency-22, and Ency-21 and Ency-33 (P < 0.05), but there is
no significant indication of linkage among Ency-4, 22, and
33. These loci should now be tested with samples from
known parent-offspring pairs to ensure markers behave
as expected.
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