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PrIMER NOTE

IDENTIFICATION AND CHARACTERIZATION OF MICROSATELLITE
MARKERS IN PENSTEMON SCARIOSUS (PLANTAGINACEAE)!

Curis D. ANDERSON2, NATHAN J. Ricks?, KEVIN M. FARLEY?, PETER J. MAUGHAN?,
AND MIKEL R. STEVENSZ?

*Department of Plant and Wildlife Sciences, Brigham Young University, Provo, Utah 84602 USA

e Premise of the study: Penstemon scariosus var. albifluvis (Plantaginaceae) has been proposed to be federally listed as threat-

ened due to its unique, geologically oil-rich habitat. Developing simple sequence repeat (SSR) markers to study its genetic
diversity would be most useful.

Methods and Results: Using genomic reduction in combination with next-generation sequencing, we identified SSR motifs
with five to 15 perfect repeats in 1067 P. scariosus contigs. After multiple qualifying tests, 16 SSRs were selected for their
robust polymorphic reliability across 12 taxa with as high as 21 alleles in a given taxon. With the exception of two monomor-
phic loci, the observed and expected heterozygosity values ranged from 0.083 to 1.000 and 0.398 to 0.920, respectively.
Conclusions: These microsatellite markers will directly aid in studies of the genetic diversity and relatedness of P. scariosus,
P. comarrhenus, P. compactus, P. cyananthus var. cyananthus, P. fremontii var. fremontii, P. fremontii var. glabrescens,

P. gibbensii, P. strictus, and P. subglaber.
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Penstemon scariosus Pennell (Plantaginaceae) exhibits a broad
and complex range of morphological variability (Holmgren, 1984;
Neese and Atwood, 2008). Of the four penstemon varieties rec-
ognized by Neese and Atwood (2008), P. scariosus var. albifluvis
(England) N. H. Holmgren (White River penstemon), native to
the Green River Formation of the western United States, is con-
sidered the most distinct (England, 1982; Holmgren, 1984; Neese
and Atwood, 2008). Because of increasing efforts to recover
hydrocarbon deposits found in this geological formation, P.
scariosus var. albifluvis is being considered for listing under the
Endangered Species Act of 1973 (Ashe, 2013). Thus, there is an
urgent need to understand genetic diversity within P. scariosus
and especially within variety albifluvis. 1dentifying robust and
reliable P. scariosus simple sequence repeats (SSRs, i.e., micro-
satellites) would prove useful in such diversity studies.

Two previous reports of SSR markers for Penstemon Schmidel
have been reported (Kramer and Fant, 2007; Dockter et al., 2013)
in the literature. However, only two of the reported SSR mark-
ers from Kramer and Fant (2007) proved to be robust and pro-
duce reliable results, while the others were less dependable,
without modifications, in our expanded survey of P. scariosus.
Thus, the objective of this study was to develop additional ex-
tensively tested SSR markers for P. scariosus.
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METHODS AND RESULTS

DNA was extracted from lyophilized leaf tissue collected, in situ, from up to
four individual plants from each population described in Appendix 1, using
the method detailed by Todd and Vodkin (1996). To identify the SSRs, we used
the genomic reduction protocol described by Maughan et al. (2009), which has
also been successfully used to develop SSRs for Utah agave (Agave utahensis
Engelm.) and post oak (Quercus stellata Wangenh.) (Byers et al., 2014; Chatwin
et al., 2014). The genomic reduction procedure used DNA samples from two
P. scariosus var. albifluvis, six var. cyanomontanus Neese, Six var. garrettii
(Pennell) N. H. Holmgren, and eight var. scariosus. The 454 pyrosequencing of
those samples provided us with a total of 1,579,847 reads, representing over
877 Mb, equaling approximately 60,763 reads per sample or about 1,336,786 reads
across the 22 P. scariosus samples. The average read and mode lengths were 556 bp
and 594 bp, respectively. Using default parameters of the Roche Newbler assem-
bler program (version 2.3; 454 Life Sciences, Branford, Connecticut, USA), we
obtained a total of 46,628 contigs from those reads. Using the computer program
MISA (Thiel et al., 2003), we identified 1067 P. scariosus contigs with perfect
di-, tri-, tetra-, and pentanucleotide motifs with five to 15 repeat units. There were
45 sequences with two repeating motifs in a single contig meeting the above cri-
teria, while 433, 357, 107, and 144 had single di-, tri-, tetra-, and pentanucleotide
repeats within the sequences, respectively. The most common repeat motifs were
AT/AT (258), AAT/ATT (150), AAAT/ATTT (38), and AAAAT/ATTTT (20).

We randomly selected 240 putative SSRs and designed flanking primers
using Primer3 version 2.0 (Rozen and Skaletsky, 2000), with default parame-
ters except for: product size = 120-250 bp, maximum melting temperature (7))
difference = 1°C, and maximum poly X = 3. These synthesized primer pairs
(Integrated DNA Technologies, Iowa City, Iowa, USA) were first screened for
PCR amplification and polymorphism efficacy on 3% Apex SFR Agarose Su-
per Fine Resolution (Genesee Scientific, San Diego, California, USA) gels
electrophoresed at 45 V for 20-24 h. PCR amplifications were performed in
12-uL reactions consisting of 3.0 uL (30 ng/uL) DNA, 0.5 uL of each 10 pM
forward and reverse primer, 6.0 uL. MyTaq HS Red Master Mix (Bioline,
Taunton, Massachusetts, USA), and 2.0 uL. ddH,0. PCR reactions were per-
formed using a C1000 or a T100 thermal cycler (Bio-Rad, Applied Biosystems,
Foster City, California, USA) with the following parameters: 95°C for 60 s;
35 cycles of 95°C for 15 s, 60°C for 15 s, and 72°C for 10 s; and a single final
extension cycle of 72°C for 60 s.

Applications in Plant Sciences 2016 4(3): 1500105; http://www.bioone.org/loi/apps © 2016 Anderson et al. Published by the Botanical Society of America.
This work is licensed under a Creative Commons Attribution License (CC-BY-NC-SA).

lof5



Applications in Plant Sciences 2016 4(3): 1500105
doi:10.3732/apps.1500105

From the 240 primer pairs tested, we selected 17 for fluorescent labeling
of one member of each pair with one of three dyes: NED (yellow [Life Tech-
nologies, Grand Island, New York, USA]), 6-FAM (blue [Integrated DNA
Technologies]), or HEX (green [Integrated DNA Technologies]). These prim-
ers were selected based on robust repeatability and allele diversity across
30 samples. The samples included the broad geographic range of P. scariosus,
P. comarrhenus A. Gray, P. compactus (D. D. Keck) Crosswh., P. cyananthus
Hook. var. cyananthus, P. fremontii Torr. & Gray var. fremontii, P. fremontii
var. glabrescens Dorn & Lichvar, P. gibbensii Dorn, P. strictus Benth., and
P. subglaber Rydb. Labeled markers were amplified in 6-uL reactions contain-
ing 1.5 uL (30 ng/uL) DNA, 0.25 pL of each primer (10 uM each fluorescently
labeled forward and unlabeled reverse), 3.0 uL MyTaq HS Red Master Mix
(Bioline), and 1.0 pL. ddH,0. PCR reactions were performed using the following
parameters: 95°C for 60 s; 25 cycles of 95°C for 15 s, 57°C for 15 s, and 72°C
for 10 s; and a single final extension cycle of 72°C for 60 s. PCR products were
diluted 1:20, and 1 pL of each sample was vacuum dried at 45°C for approxi-
mately 30 min using an SPD1010 SpeedVac (Thermo Fisher Scientific, Waltham,
Massachusetts, USA). Samples were analyzed at the Brigham Young Univer-
sity DNA Sequencing Center (Provo, Utah, USA), utilizing the ABI 3730x1
(Applied Biosystems) with GeneScan 500 ROX Size Standard (Applied Biosys-
tems). Fragment length analysis was accomplished using Geneious version 8.0.5
(Kearse et al., 2012). Hardy—Weinberg equilibrium (HWE) for loci within a popu-
lation was calculated with GenAlEx version 6.501 (Peakall and Smouse, 2012).

Sixteen of the 17 SSRs provided reliable products across the 95 samples
listed in Appendix 1, while one marker could not be scored with precision
(Table 1). Ten of these 16 markers have not been previously reported (PS077—
PS086), and four of the previously reported (Dockter et al., 2013) markers
(PS014, PS016, PS048, PS064) were redesigned for this study to optimize for
reliability across the range of P. scariosus varieties. The two remaining markers,
Pen04 and Pen23, were SSR markers found to be viable in this study using the
same PCR primers reported by Kramer and Fant (2007). These 16 SSR markers
produced 360 unique alleles, ranging from one to 21 per taxon, or an average
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of 22.5 alleles per locus across P. scariosus and P. fremontii var. glabrescens
(Table 2). The mean observed and expected heterozygosity values for each
taxon tested were as follows: P. scariosus var. albifluvis (0.549 and 0.705),
P. scariosus var. cyanomontanus (0.586 and 0.686), P. scariosus var. garrettii
(0.496 and 0.808), P. scariosus var. scariosus (0.394 and 0.655), and P. fremontii
var. glabrescens (0.430 and 0.646) (Table 2). Within populations of varieties
albifluvis and cyanomontanus, none of the loci deviated from HWE, while two
of the loci significantly deviated from HWE in the var. scariosus popula-
tion. Interestingly, 12 of the 16 loci in the var. garrettii population demon-
strated significant deviation from HWE, which may reflect that our sampling of
this variety was from across a large geographic range representing multiple
populations (Appendix 1). Markers PS078 and PS048 were monomorphic
in P. scariosus var. cyanomontanus and P. fremontii var. glabrescens, respec-
tively (Table 2). We note, however, the limited numbers of samples tested for
these two taxa, which may account for the lack of polymorphisms (Appendix 1).
Fifteen of the 16 primer combinations produced robust, usually polymorphic,
markers across P. comarrhenus, P. compactus, P. cyananthus var. cyananthus,
P. fremontii var. fremontii, P. gibbensii, P. strictus, and P. subglaber. However,
PS078 poorly amplified with multiple weak bands in P. compactus and P. gibbensii
(Table 3).

CONCLUSIONS

The 16 markers presented here consistently produced ro-
bust data sets across the four P. scariosus varieties tested, and
15 were reliable across eight additional related taxa. The
SSRs identified in this study will provide a reliable set of
markers needed to conduct studies of the genetic diversity of
P. scariosus.

TasLe 1. Characteristics of 16 microsatellite markers developed for Penstemon scariosus.

Locus? Primer sequences (5-3") Repeat motif Allele size range (bp) T, (°C) Fluorescent label GenBank accession no.

Pen04 F: GATGGAAAATGTGCCAGGAC (TC),, 207-255 57 NED DQ917425
R: CTCTGCGGTGCATGAAAGTA

Pen23 F: TGGTCTGATTTCAGGAAAAGC (GA),; 149-195 57 FAM DQ917430
R: TGCTCAAGACGATAATAAAAGTGC

PS014 F: ATGTGCGCTCCTAACTGAAG (TGA) 173-239 57 NED JQ951616
R: ACTGTGGTACATGTTCTTTCTGA

PS016 F: GAAAGAGTCAAATGCGGACAG (CT)g 136-188 57 FAM JQ967002
R: GACGCGGTTGGCTATACAGT

PS048 F: GGGCATACAAACAGGACTTCTC (CA)y 211-252 57 NED JQ951621
R: TGCCTGTAGGTTGATTTCCTTT

PS064 F: CGGTGGATGAAGGAAACGGA (AG)g 133-204 57 FAM JQ967029
R: ACACTGACTACCAGCTTAACCG

PS077 F: TAGCCGTTAGCCAAAGCAAT (GTGTT), 112-150 57 HEX KT271761
R: ATTAATTGGACCTCCCTCCG

PS078 F: CAAAAGGGGACTTCAAACCA (AGTﬁm 131-179 57 HEX KT277090
R: TCCCAGCCTGAAGAGATACC

PS079 F: TGGAAAGAGAACCCATTTCG (CTT), 139-225 57 FAM KT277091
R: AACAGCATGGAGGTTTGGAT

PS080 F: ACCCCTACCAGTACCCACCT (AG)y 206-253 57 NED KT277092
R: CTCAATGCCAGACCACCTCT

PS081 F: TCCTTTGGCCAATCAAGAGT (AAAG); 144-190 57 FAM KT277093
R: GATGGGACCACAAAATGACA

PS082 F: CGTACAAATCCAGGTATCCGA (TTCA); 164-220 57 FAM KT277094
R: ACCTTTACAGGCTTCCTCCG

PS083 F: GGGTTGAGATCCTTAGGGGA\ (AT)y 148-204 57 NED KT277095
R: TCCTGTTTTGCACTTAGCCC

PS084 F: TACTACGTCCAGGGTAGGGG (CAGGT)q 114-143 57 HEX KT277096
R: TAAGTCAAAGCCCAAAAGGC

PS085 F: AGAGCTATCCTCCTCCTCCG (TCC), 126-176 57 HEX KT277097
R: GCACTGAAGGCGGTGATTAT

PS086 F: ACAGCCCAACCTTGAACAAC (ATAAA),...(TA),y 104-238 57 NED KT277098
R: GCTGATGATTCCACCTACACG

Note: T, = annealing temperature.

2Pen04 and Pen23 were SSR markers found to be viable in this study using the same PCR primers reported by Kramer and Fant (2007). We completely
redesigned primers for PS014, PS016, PS048, and PS064, published in Dockter et al. (2013), to make smaller, more robust, and reliable PCR products.
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P. cyananthus var. cyananthus
P. fremontii var. fremontii

P. fremontii var. glabrescens

P. gibbensii
P. strictus

P. subglaber

number of individuals.

only one individual amplified with an unknown number of alleles; N

2Numbers presented for each locus represent number of alleles observed.

Note: +
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