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CHARACTERIZATION OF MICROSATELLITE LOCI FOR AN
AUSTRALIAN EPIPHYTIC ORCHID, DENDROBIUM CALAMIF ORME,
USING ILLUMINA SEQUENCING1
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AND KENNETH L. JONES®
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Premise of the study: Microsatellite loci were developed for the epiphytic pencil orchid Dendrobium calamiforme for popula-
tion genetic and phylogeographic investigation of this Australian taxon.

Methods and Results: Nineteen microsatellite loci were identified from an Illumina paired-end shotgun library of D. calami-
forme. Polymorphism and genetic diversity were assessed in 24 individuals from five populations separated by a maximum
distance of ~80 km. All loci were polymorphic with two to 14 alleles per locus, expected heterozygosity ranging from 0.486 to
0.902, and probability of identity values ranging from 0.018 to 0.380.

Conclusions: These novel markers will serve as valuable tools for investigation of levels of genetic diversity as well as patterns

of gene flow, genetic structure, and phylogeographic history.

Key words:
sequence repeat (SSR) markers.

Molecular phylogeographic approaches can provide potent
tests of historical biogeographic hypotheses, such as the influ-
ence of historical barriers to gene flow on evolutionary diversifi-
cation. The tropical rainforests of northeastern Australia harbor a
diverse flora rich in basal angiosperm lineages that has long been
thought to have been assembled principally through ecological
filtering of relict Gondwanan stock and exchange of lineages
with Malesia and Southeast Asia (e.g., Webb and Tracey, 1981;
Crayn et al., 2015). However, the role of in situ diversification in
this old biome may be underappreciated. Within this biome, a
congruent genetic discontinuity has been found in various fauna
groups (e.g., Schneider et al., 1998) and tree species (Rossetto
et al., 2009) across the biogeographic barrier known as the Black
Mountain Corridor (BMC), located between Cairns and Cape
Tribulation. To better understand the processes that gave rise to
this pattern, and the significance of in situ diversification to the
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origins and maintenance of tropical rainforest diversity, we aim
to determine the phylogeographic structure of a codistributed epi-
phytic orchid. These orchids release tiny, wind-borne seeds high
in the air column, where they can be picked up by wind currents
and potentially transported great distances.

Dendrobium calamiforme Lodd. ex Lindl., commonly known
as the pencil orchid in reference to the long, terete leaves, had
been renamed Dockrillia calamiformis (Lodd. ex Lindl.) M. A.
Clem. & D. L. Jones (Clements and Jones, 1996); however, this
was rejected by Adams (2011). This orchid is indigenous to
coastal tropical Queensland, Australia, ranging from Badu Is-
land in the Torres Strait to Mount Elliott near Townsville, with
nearly continuous distribution in its habitat across its range. It is
a canopy and subcanopy epiphyte that grows in vine forest,
swamp forest, beach forest, and riparian forest but is uncom-
mon in ever-wet closed canopy rainforest. Although it can oc-
cur on large boulders, populations reach their highest density in
large mature trees and can be locally abundant. Individuals be-
come reproductive within five years and can live for several
decades. Dendrobium calamiforme flowers in the dry season
(July to September) and, while the pollination syndrome has not
been verified, Hymenoptera, Coleoptera, and birds have been ob-
served visiting flowering plants.

The development of highly polymorphic microsatellite mark-
ers will allow insights into the levels and partitioning of neutral
genetic variation in this common epiphytic orchid. With these
markers, patterns of seed dispersal, colonization, and genetic
connectivity across the BMC will be investigated. Based on
the dispersal ability of D. calamiforme, we predict low genetic
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structure among populations straddling the BMC; however,
biogeographic disjunctions have been found in Costa Rican epi-
phytic orchids (Trapnell and Hamrick, 2004; Kartzinel et al.,
2013; Trapnell et al., unpublished) that appear to be maintained
by cryptic processes.

METHODS AND RESULTS

Total DNA was extracted from one individual of D. calamiforme, following
the cetyltrimethylammonium bromide (CTAB) protocol of Doyle and Doyle
(1990). After shearing 1 ng of genomic DNA with a Covaris S220 Focused-
ultrasonicator (Covaris, Woburn, Massachusetts, USA), a paired-end shotgun
library was prepared with the Illumina TruSeq DNA Library Kit (Illumina,
San Diego, California, USA). During library preparation, a multiplex identified
adapter was incorporated as multiple species were run together on an Illumina
MiSeq using 100-bp paired-end reads. The program PAL_FINDER_v0.02.03
(Castoe et al., 2012) was used to examine 5 million reads and identify those
containing microsatellite repeats; positive reads were targeted for primer design
using Primer3 (version 2.0.0; Rozen and Skaletsky, 1999). The frequency of de-
signed primer sequences in all reads was assessed by the software, and only
primers whose sequences occurred <2 times were selected to avoid duplicated
loci. Forty-eight loci of the 5412 that met this criterion were chosen. To use a

Trapnell et al.—Dendrobium calamiforme microsatellites

three-primer PCR with one universally labeled primer (CAG tag 5-CAGTC-
GGGCGTCATCA-3'), one primer from each pair was modified at the 5" end
with the addition of the CAG tag sequence and the 5" end of the second primer
from each pair was modified with the addition of GTTT.

The selected 48 primer pairs were tested for clean amplification and poly-
morphism across four individuals. The PCR amplifications were performed in a
12.5-uL volume (10 mM Tris [pH 8.4], 50 mM KCl, 0.25 pg bovine serum al-
bumin [BSA], 0.4 uM unlabeled primer, 0.04 uM tag-labeled primer, 0.36 uM
universal dye-labeled primer, 3.0 mM MgCl,, 0.8 mM dNTPs [Thermo
Scientific, Waltham, Massachusetts, USA], 0.5 units AmpliTaq Gold Poly-
merase [Life Technologies, Carlsbad, California, USA], and 20 ng DNA tem-
plate) using an Applied Biosystems GeneAmp PCR System 9700 (Life
Technologies). For all loci, a touchdown thermal cycling program (Don et al.,
1991) was used that had a 10°C span of annealing temperatures ranging be-
tween 65-55°C (TDG65). The cycling profile consisted of an initial denaturation
step of 5 min at 95°C followed by 20 cycles of 95°C for 30 s, highest annealing
temperature (decreased 0.5°C per cycle) for 30 s, and 72°C for 30 s; and 20
cycles of 95°C for 30 s, lowest annealing temperature for 30 s, and 72°C for 30 s;
and a final extension at 72°C for 5 min. After amplification, all PCR products
were genotyped by running on an ABI-3130xI sequencer (Life Technologies)
and using a size standard prepared according to DeWoody et al. (2004), with the
exception that primers that were not fluorescently labeled had GTTT added to
their 5" ends. Results of fragment analysis were analyzed using GeneMapper
version 3.7 (Life Technologies). Of the 48 loci tested, 19 yielded high-quality
polymorphic PCR products and were characterized by trinucleotide (12 loci)

TasLe 1. Characteristics of 19 polymorphic microsatellite loci developed for Dendrobium calamiforme.?
Locus Primer sequences (5-3") Repeat motif Allele size range (bp)® TD¢
Doca5 F: *GAAGGTGGTAGTGCCAGAGC ATC 252-297 TD65
R: AACTTGAATAACACACCCAAGC
Doca6 F: *AGTTGTAAGCAATGTGCTAGGC ATT 219-273 TD65
R: AAGGTTCAATTATTGCTCATAGGC
DocalQ F: *TTGCTCTCTCTCTTCCTACAAATGC ATCT 212-222 TD65
R: AGAGCGATAGAGAGGGTCTAAGATAGC
Docal 1 F: *GTCTTTGCTGACCAAGGTGC ATT 194-209 TD65
R: AGGAGACGAGTCCAGGATGG
Docal3 F: *CCACCTGCACCCATCTATCC TTC 175-211 TD65
R: CAACGCAAGGAAAGTCTCCG
Docal4 F: *AATGCAATGACCATAAAGTGGC ATT 251-293 TD65
R: CAACTAATCTACCATGCCTTCAAGC
Docal5 F: *GGAAGCTGTGGGATTTCTGC TTC 184-206 TD65
R: CATGCTTCACAGCCCATCC
Docal6 F: *CATTTGACGATATGGCGGG ATT 145-181 TD65
R: CCAAAGACCGCTCTTGAAGG
Docal8 F: *CATAATGGAGTCTTTCCTTCACCC ATCT 260-338 TD65
R: CTGTTGGCGACCTCAGACC
Docal9 F: *GACGACAGAATGTATGGCCG TTC 222-271 TD65
R: GACATAGATGCCGGTGAAGC
Doca25 F: *GACCTAAACTTTCAACTTATACTCATAGCC ATT 219-264 TD65
R: GCTCCTGATGCACAAATAAGAGC
Doca27 F: *CTTCAATTACCCGACGAGCC ATCT 173-175 TD65
R: GGAGACTGAGGTGAGACCAGG
Doca28 F: *TGCATTTGCTATACAAACATCCC TTC 283-313 TD65
R: GGCTTCACAGGGATTGAACC
Doca33 F: *CATATAAGATCGATAACTGATAAGACCG AATC 204-212 TD65
R: TACCATACCAGCATAGCCGC
Doca37 F: *GGCAGACAAAGAGAGAATAAGGG ATCT 195-299 TD65
R: TCTCTCAAACCCTCCACTTCC
Doca38 F: *GAGAGAGACACAAAGCAAGGG ATCT 216-276 TD65
R: TCTCTCTATCCCTCCACTGGC
Doca39 F: *AGAGAAAGCGCGAGGAGG ATCT 244-267 TD65
R: TCTCTTTATCCCTTCCCTTGC
Doca40 F: *GGATATTAGAGTATGAACAAGGCATGG ATT 402-477 TD65
R: TCTTCTTTATAGCCATCAATCAATAGG
Doca41 F: *CGCTTGAAAGCACTAAATGCC ATC 272-299 TD65
R: TGAAACAGGGCTCCAATTCC
2The GenBank accession number for all loci is SAMNO03437177.
Includes the length of the CAG tag.
¢Touchdown protocol used for PCR (see Methods and Results section).
*Indicates CAG tag (5-CAGTCGGGCGTCATCA-3’) label.
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TasLe 2. Genetic diversity values for five populations of Dendrobium calamiforme in Queensland, Australia, using 19 newly developed polymorphic

microsatellite loci.?

Bruce Hwy. at Toogood

Bruce Hwy. at Mulgrave

Font Hill Station (n = 5) Rd. (n=5) River (n=4) Barron River (n = 4) Centenary Lakes (n = 6)

Locus A H, H, P A H, H, P A H, Pp A H, H, P A H, H, Pp

Doca5® 3 0.800 0.540 0.285 4 0.400 0.640 0.188 4 0.500 0.656 0.169 4 0.250 0.656 0.169 4 0.500 0.653 0.174
Doca6 2 0.600 0.420 0425 6 0.800 0.760 0.088 4 0.750 0.656 0.169 6 1.000 0.813 0.062 7 1.000 0.806 0.062
DocalOf 2 0.00 0480 0.386 4 1.000 0.660 0.165 3 0.500 0.406 0.388 2 0.333 0.500 0.375 6 0.667 0.778 0.082
Docall 2 0.600 0.420 0425 3 0.200 0.620 0217 4 1.000 0.719 0.130 6 0.750 0.813 0.062 5 0.500 0.736 0.114
Docal3® 3 1.000 0.620 0.217 5 0.600 0.600 0.190 3 0.250 0.406 0.388 4 1.000 0.667 0.157 3 1.000 0.569 0.278
Docal4® 3 0.600 0.660 0.189 4 0.400 0.720 0.126 4 0.250 0.719 0.130 4 0.250 0.656 0.169 4 0.167 0.681 0.161
Docal5® 3 0.200 0.580 0.265 4 0.400 0.580 0.221 4 0.500 0.656 0.169 4 0.250 0.719 0.130 5 0.667 0.764 0.094
Docal6 3 0.200 0.540 0.285 5 0.800 0.740 0.106 6 1.000 0.813 0.062 4 0.750 0.656 0.169 6 0.833 0.792 0.072
Docal8 4 1.000 0.688 0.155 6 1.000 0.780 0.080 5 0.750 0.750 0.101 4 1.000 0.719 0.130 8 1.000 0.847 0.041
Docal9" 2 0.600 0420 0425 5 0.400 0.680 0.140 4 0.750 0.688 0.155 3 0.500 0.625 0211 6 0.833 0.778 0.082
Doca25" 4 0.200 0.700 0.145 4 0.400 0.580 0.221 3 0.000 0.625 0.211 3 0.250 0.531 0.283 6 0.167 0.792 0.072
Doca27® 1 0.000 0.000 1.000 2 0.000 0.320 0.514 1 0.000 0.000 1.000 1 0.000 0.000 1.000 2 0.333 0.444 0.407
Doca28" 2 0.000 0.480 0.386 2 0.000 0.375 0461 2 0.000 0.375 0461 2 0.000 0375 0461 4 0.167 0514 0.274
Doca33" 2 0.000 0.480 0.386 2 0.200 0.180 0.689 2 0.250 0.469 0.392 3 0.250 0.594 0.248 2 0.333 0.278 0.560
Doca37 2 0.400 0320 0.514 4 0.800 0.580 0.221 4 0.500 0.656 0.169 1 0.000 0.000 1.000 3 0.333 0.569 0.278
Doca38" 2 0.400 0320 0.514 5 0.600 0.780 0.084 3 0.000 0.625 0211 3 0.500 0.625 0211 7 0.667 0.806 0.062
Doca39" 2 0.000 0.480 0.386 3 0.200 0.340 0461 3 0.500 0.625 0211 2 0.000 0.500 0.375 4 0.333 0.722 0.128
Docad0" 3 1.000 0.620 0.217 6 0.600 0.800 0.068 4 0.500 0.656 0.169 6 0.500 0.813 0.062 7 0.667 0.833 0.049
Doca4l® 2 0.600 0.420 0425 6 1.000 0.780 0.080 4 1.000 0.719 0.130 5 0.750 0.781 0.083 6 1.000 0.806 0.066
Mean 2.5 0432 0484 0370 42 0516 0.606 0.227 3.5 0474 0590 0253 3.5 0439 0.581 0.282 5.0 0.588 0.693 0.161

Note: A = number of alleles identified; H, = expected heterozygosity; H, = observed heterozygosity; n = number of individuals genotyped; Py, =

probability of identity.
2See Appendix 1 for locality and voucher information.

fIndicates significant deviations from Hardy—Weinberg expectations for all 24 samples after Bonferroni corrections.

and tetranucleotide (7 loci) repeat motifs (Table 1). The remaining 29 loci did
not amplify well and therefore were not used.

We assessed the variability of these 19 loci in 24 specimens of D. calami-
forme collected from five sites, spanning a distance of 79.7 km (Appendix 1).
Vouchers from each site were deposited at the Australian Tropical Herbarium
(CNS) (Appendix 1). Each site consisted of a small number of D. calamiforme
individuals in each of two to five host trees. We used GenAlEx version 6.4
(Peakall and Smouse, 2006) to estimate the number of alleles per locus (A),
observed heterozygosity (H,), expected heterozygosity (H,), and the probability
of identity (Pp). To test for deviations from Hardy—Weinberg equilibrium
(HWE) and for linkage disequilibrium, GENEPOP version 4.0 (Rousset, 2008)
was used.

These 19 loci were highly polymorphic with mean per locus values of
A = 8.4 (range = 2-14), H, = 0.754 (0.486-0.902), and H, = 0.496 (0.043—
0.957). Mean population values were A = 3.7 (range = 2.5-5.0), H, = 0.591
(0.484-0.693), H, = 0.489 (0.432-0.588), and P;p = 0.259 (0.161-0.370)
(Table 2). After Bonferroni correction for multiple comparisons, 14 loci showed
significant deviation from expectations under HWE (Table 2). Linkage disequi-
librium was detected for 61 of the 171 paired loci comparisons, which is not
surprising considering that our samples came from multiple small populations.

CONCLUSIONS

The 19 novel microsatellites developed for D. calamiforme
revealed high levels of polymorphism and genetic diversity
and thus should prove valuable for elucidating levels and pat-
terns of genetic variation in future population genetic and
phylogeographic investigations of this species in northeastern
Australia. These highly variable markers may also be useful
for discerning species boundaries among D. calamiforme and
the putative taxa D. baseyanum St. Cloud and D. Xfoederatum
St. Cloud, which have in the past been recognized as occur-
ring in the Cairns area of northeastern Australia (Field and
Zich, 2012).
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Geographic locations and voucher information for Dendrobium calamiforme samples collected from five sites in Queensland, Australia, and

deposited in the Australian Tropical Herbarium (CNS) by Ashley R. Field (ARF).

Geographic coordinates

Site description

CNS primary collector no.

16°40'52.6”S, 145°10'47.0"E Font Hill Station in Baker and Blue Mountain Range ARF4151
16°57°02.1”S, 145°44"36.8"E Bruce Hwy. and Toogood Rd. intersection ARF4154
17°06’00.3”S, 145°47°12.0"E Bruce Hwy. crossing of Mulgrave River ARF4155
16°52729.7”S, 145°40°40.8"E Barron River off of Stony Creek Rd. ARF5152
16°54°08.6”S, 145°45’08.3"E Centenary Lakes, on track to Flecker Botanical Garden ARF4150
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