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Abstract

We developed nine polymorphic microsatellite loci for evening primrose (Oenothera biennis).
These loci have two to 18 alleles per locus and observed heterozygosities ranging from
0 to 0.879 in a sample of 34 individuals. In a pattern consistent with the functionally
asexual reproductive system of this species, 17/36 pairs of loci revealed significant linkage
disequilibrium and three loci showed significant deviations from Hardy-Weinberg equi-
librium. The loci will be informative in identifying genotypes in multigenerational field
studies to assess changes in genotype frequencies.
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Common evening primrose, Oenothera biennis L. (Onagraceae),
and many of its confamilial relatives, have a unique genetic
system known as permanent translocation heterozygosity
(PTH) (Holsinger & Ellstrand 1984). The genome of O. biennis
is composed of two haploid sets of seven chromosomes
which have reciprocal translocations on every chromosome.
During meiosis, the chromosomes form a single complete
ring that restricts recombination to the chromosome tips.
Subsequent balanced lethality of gametes and self-pollination
results in the production of clonally related offspring and
the maintenance of heterozygosity (Cleland 1972).

Oenothera biennis grows in recently disturbed habitats
where it forms discrete patches often comprised of a single
genotype. Genetic differentiation between patches is high
(Levin 1975), and clonal families show quantitative genetic
variation for many morphological, phenological and insect-
resistance traits (Johnson & Agrawal 2005). Genetic markers
would make it possible to test predicted evolutionary conse-
quences of the PTH genetic system (Holsinger & Ellstrand
1984) and are needed to differentiate genotypes in ongoing
multigenerational field studies of natural selection imposed
by insect herbivores. Here, we describe nine polymorphic
microsatellite loci that were isolated from O. biennis genomic
DNA.
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Plant material was collected in Tompkins County, New
York and stored at —80 °C. Whole genomic DNA was ex-
tracted with the DNeasy Plant Mini Kit (QIAGEN) from 80 to
100 mg of leaf material with the following modification
to the DNeasy Plant Mini Kit Handbook (January 2004,
QIAGEN): genomic DNA was eluted with 175 uL of buffer
AE. Extracted genomic DNA was digested with BsaAl and
Hincll and ligated to SNX linkers using T4 DNA ligase
(Hamilton et al. 1999). Ligated fragments were enriched
by hybridization with biotinylated dimeric, trimeric and
tetrameric nucleotide repeats (dimmers: GTg, and TC,;;
trimers: TTA,,, GAT,, GTT, ,,, GTA 5, TTC,, GCT, ,,, GTG, .,
GTC,,, TCC;; tetramers: TTTA; ;, GAAT; ;, GATA,, GATT; ;,
GTAT, 55, GTTA, 5, GTTT; .5, TTAC, 55, TTTC,, GATG, 5,
GGTT,, GCTT, 5, GTAG,; GTCA,,;, GTCT,,;, GTTC,,
TCAC, 55, TTCC, ,5) in three reactions with incubations
for 10 min at 97 °C followed by 30 min at 56 °C. Single-
stranded DNA was recovered using streptavidin-coated
magnetic beads (New England Biolabs). Enriched DNA
fragments were made double-stranded with the polymerase
chain reaction (PCR) using SNX primers. PCR products
were cut with the restriction enzyme Nhel (New England
Biolabs) and ligated to pUC19 plasmids (previously digested
with Xbal and dephosphorylated). These ligations were
used to transform Escherichia coli DH5-ocells and were
plated on Luria-Bertani (LB) agar/ampicillin plates.
Colonies were transferred to nylon membranes that were
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Table 1 Primer sequences, amplification conditions and diversity indices of nine microsatellite loci tor Oenothera biennis

Allele size GenBank

Locus Repeat Primer sequence (5"-3") T, range (bp) N, N H, Hg Accession no.

Oenbi2tri2 (GTT)q F: PET-TTCAGCTCCGATTGCCAAATGATGG 50 407-423 5 34 0706  0.651 EF988083
R: ATTCGCTGATGGAGCTGGGTTGTTCTT

Oenbi2tri3 (CTT)yg F: 6-FAM-CCCAATCACACCCCTCCCTCAAT 50 402-485 18 34 0.794 0.894* EF988084
R: GCGACGGTGGATAGTGGATCTTCCTCT

Oenbi2tri6 (CTT)y F: 6-FAM-CAGGCCCTTGATCCGTTACACTTACCA TD 176-198 7 33 0.879 0.710* EF988085
R: GCGCTGCTGGAAGAGACGATGCT

QOenbi2tri7 (cTT), F: VIC-CTTTTTGCCCTTCTTTGACCCCATCC TD  361-367 3 33 0242 0311 EF988086
R: GACAGCAGCAGCAGCAAAAGCAAAGA

Oenbi2tetl (AGAT), F: PET-GCCGCCCCATCAAAATATCGAGTA 50 341-364 12 30 0.867  0.882 EF988087
R: CATATACTATTTTCTGTTTAATTTTAGAATTTGGTCCTAA

Oenbi39di2 (GT), F: PET-TAACTTCGTGGAACCAGACAGACACTCTC 50 198-205 4 33 0697 0733 EF988088
R: GAAGCGACAAGGCATACACTTTCTCCTt

Oenbi39tril (CcTT), F: VIC-AACTCATACCATCCTCCTTACTTGCATCATTTA 50 229-235 2 26 0.615 0.434 EF988089
R: GCGAGAAGAGGTAGAGAAGCAGAAGGAGTTAG

Oenbi39tri4 (CTT),4 F: NED-TTTCCTCTCCTTATCTCCTCAATTCTTCTCA 50 226-244 9 27  0.778  0.797 EF988090
R: CTTGCGTTATCTTATGCGTAGCCGTTAGTTTAT

Oenbi39tet5 (ATAR),; F: 6-FAM-AATTAATTTGCTCGGACACCTTTCTT 50 277-323 14 31 0.000 0.884* EF988091

R: GAGCTATATTTTCTTCGATCATCTTGTCTA

E, forward primer; R, reverse primer; T,, annealing temperature (°C); N,, number of alleles; N, number of individuals scored; H, observed
heterozygosity; Hp, expected heterozygosity; TD, touchdown PCR. Numbers in bold indicate significant deviations from Hardy-Weinberg
equilibrium; *indicate significant deviations following Bonferroni correction; tthe first 4 nucleotides of 5" end are not insert DNA.

then hybridized to 33P radiolabelled probes of the same
repeat motifs used in the enrichment. Plasmid DNA was
isolated for sequencing by transferring individual colonies
using pipette tips into 0.5x AE buffer and then incubating
for 10 min at 97 °C. We PCR amplified inserts using the
M13 primers that flank the Xbal cloning site in pUC19 and
sequenced on an ABI PRISM 3100 DNA sequencer. We
trimmed the pUC19 vector and SNX linker from sequences
and aligned all clone sequences containing microsatellites
using the program seQMAN PrO (DNAStar, Inc.). We designed
unmodified primers for unique sequences with the program
PRIMERSELECT (DNAStar, Inc.).

PCRs were performed in a total volume of 10 pL. For the
majority of loci, the reaction included 1.0 uL genomic DNA
diluted 1:5 in water, 2 mm MgCl,, 0.2 mm of each ANTP, 0.2 um
of each forward and reverse primer and 0.1 uL (0.5 U)
Platinum Tag polymerase (Invitrogen) in 1x PCR buffer
(20 mMm Tris-HCl, pH 8.4, 50 mm KCI). Loci Oenbi39tril
and Oenbi39tri4 amplified best using 2 uL DNA diluted
1:5 in water and locus Oenbi39tril amplified best using
3 mMm MgCl,. PCRs for all primers pairs were performed
using an initial denaturation at 95 °C for 2 min followed
by 35 cycles of 95 °C for 50 s, 50 °C for 1 min and 72 °C for
1 min. Loci Oenbi2tri6 and Oenbi2tri7 followed a touchdown
protocol of 35 cycles of 95 °C for 50 s, 59-50 °C for 1 min
(the annealing temperature decreased by 1 °C each cycle
for the first 10 cycles) and 72 °C for 1 min. The forward
primer of each pair that amplified cleanly (visualized using
agarose gel electrophoresis) was labelled with a fluorescent
tag (6-FAM, PET, NED, or VIC). Fluorescent PCR products
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were diluted 1:15 in water and mixed with formamide and
Genescan LIZ-500 size standard (Applied Biosystems).
Allele sizes were determined with an ABI PRISM 3100 DNA
analyser and GENEMAPPER version 3.5 software (Applied
Biosystems).

We chose 34 individuals representative of unique clonal
genotypes to quantify variation at these loci. We converted
our data from a GENEMAPPER (Applied Biosystems) file
format using GMCONVERT (Faircloth 2006) and GENEPOP ON
THE WEB version 3.4 (Raymond & Rousset 1995). Tests for
linkage disequilibrium and deviations from Hardy-
Weinberg equilibrium (HWE) were performed using
ARLEQUIN version 3.1 (Schneider et al. 2000). The breakdown
of recombination in PTH taxa is predicted to cause
extensive linkage among genes and deviations from HWE
(Holsinger & Ellstrand 1984). Consistent with this, we
found significant deviation from random association in
25/36 pairs of loci (P < 0.05, Fisher’s method) and 17/36
pairs following Bonferroni correction. Five loci showed
significant deviations from HWE using a Markov chain
method (Guo & Thompson 1992) and three loci deviated
from HWE following Bonferroni correction. The number
of loci that deviated from HWE at the P < 0.05 level was
significantly more than expected by random chance
(binomial expansion test: P = 0.001). Observed heterozy-
gosities ranged from 0.00 to 0.879 (Table 1). The nine loci
differentiated all 34 individuals as unique genotypes
and will be informative in identifying genotypes in multi-
generational field studies to assess changes in genotype
frequencies.
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