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PrIMER NOTE

MICROSATELLITE PRIMERS FOR A SPECIES OF SOUTH AFRICAN
EVERLASTING DAISY (HELICHRYSUM ODORATISSIMUM
(GNAPHALIEAE, ASTERACEAE)!

KELSEY L. GLENNONZ3 AND GLYNIS V. CRON?

2School of Animal, Plant, and Environmental Sciences, University of the Witwatersrand, Private Bag 3, WITS 2050
Johannesburg, South Africa

e Premise of the study: Microsatellites were developed for the widespread Helichrysum odoratissimum (Asteraceae) to estimate
gene flow across diploid populations and to test if gene flow occurs among other closely related lineages within this genus.

e Methods and Results: Ten primer pairs were developed and tested using populations across South Africa; however, only seven
primer pairs were polymorphic for the target species. The seven polymorphic primers amplified di- and trinucleotide repeats
with up to 16 alleles per locus among 125 diploid individuals used for analyses.

e Conclusions: These markers can be used to estimate gene flow among populations of known ploidy level of H. odoratissimum
to test evolutionary hypotheses. Furthermore, these markers amplify successfully in other Helichrysum species, including the
other three taxonomic Group 4 species, and therefore can be used to inform taxonomic work on these species.

Key words:

South Africa’s plant diversity is remarkable; however, the
actual number of species that comprise this diversity is unknown.
Polyploidy plays a prominent role in plant diversity in that
~15% of speciation events occur via polyploidy and ~35% of
plant genera contain polyploids (Wood et al., 2009). Recent work
highlights the gap in polyploid research in South Africa and the
need to assess the presence of polyploid species (Krej¢ikova
etal., 2013). Helichrysum odoratissimum (L.) Sweet is a native
South African perennial herb that belongs to tribe Gnaphalieae
in the Asteraceae (daisy family). The species is also part of
Hilliard’s taxonomic Group 4 in the genus, which includes
three additional species, H. gymnocomum DC., H. infaustum
J. M. Wood & M. S. Evans, and H. griseolanatum Hilliard
(Hilliard, 1983). Helichrysum odoratissimum contains three dif-
ferent ploidy levels: diploid, tetraploid, and hexaploid (2n = 14,
28, 42, respectively; Galbany-Casals and Romo, 2008). Given
that there are three ploidy levels in H. odoratissimum, poly-
ploidy may contribute to the morphological and ecological
diversity in this species, and subsequently to South Africa’s re-
markable floral diversity. We developed microsatellites for future
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work that will examine gene flow patterns among H. odoratis-
simum populations of known ploidies.

METHODS AND RESULTS

DNA was extracted from 125 H. odoratissimum diploid individuals that
were collected from across South Africa (Appendix 1) using QIAGEN’s DNeasy
Extraction kits following the manufacturer’s protocol (QIAGEN, Valencia,
California, USA). Extracted DNA was visualized on a 1% agarose gel. Four
DNA samples from four representative populations (Appendix 1) were sent to
Inqaba Biotec (Pretoria, South Africa) for initial microsatellite enrichment. At
Inqgaba, a Fast Isolation by AFLP of Sequences COntaining repeats (FIASCO)
approach was used to identify microsatellite regions (Zane et al., 2002). Briefly,
DNA is digested using Msel, resulting amplicons are enriched for repeat re-
gions using biotinylated beads, and identified enriched regions are spliced
into vectors to separate out and amplify repeat-enriched regions. Inqaba then
sequenced 10 vectors that ranged approximately 250—600 bp in size, to ensure
that the colonies contained repeat regions and no regions were over-represented.
Once enrichment was confirmed, the microsatellite library was sequenced using
next-generation sequencing (NGS) techniques. Once compiled, NGS data were
received from Inqaba and MSATCOMMANDER version 2.8 (Faircloth, 2008)
was used to identify unique microsatellite repeat regions. From these data, we
identified 30 potential regions (10 di-, 10 tri-, and 10 tetranucleotide repeats)
and developed primer pairs for these regions using Primer3 (Koressaar and
Remm, 2007; Untergasser et al., 2012; Table 1).

We tested these primer pairs for amplification success and possible poly-
morphism across 10 geographically distinct H. odoratissimum populations (10
individuals total; Appendix 1). Primers were diluted to 20 uM and tested using
the following PCR protocols. Amplifications were performed at a 10-uL final
volume of DreamTaq 2x Master Mix (ThermoFisher Scientific, Waltham,
Massachusetts, USA) with 0.2 uM of labeled forward and reverse primers, and
0.5 uL of 1 pg/mL bovine serum albumin (BSA). Two primers (Ho12, Hol3)
were amplified using the above recipe with the addition of 0.1 uM 5" M13 for-
ward primer labeled with 6-FAM dye, and touchdown PCR conditions were
followed according to Schuelke (2000). All reactions included 1 uL. DNA of
varying concentrations dependent on the sample (5-20 ng estimated from aga-
rose gel visualization). For the other eight primers, we followed the DreamTaq
PCR program outline: 95°C for 3 min; 95°C for 40 s; a specified annealing
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TasLE 1. Characteristics of 10 microsatellite loci for Helichrysum odoratissimum.?

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

Hol F: ACCACCTCCTCACCTTTICAC (AG)q 144-206 50.9 Pr032756436
R: GCCGTGGTTCTTTATTCCCG

Ho2 F: GGATGGCGATTCCCAATTIGG (AG), 155-243 50.9 Pr032756441
R: CCTCCTCACTCCTAAGCACC

Ho4 F: CAAGATGTGCAGCGAGIGAG (AC)5 159-196 50.9 Pr032756442
R: GTCACGAGAGGACCAAGGAG

Ho7 F: ATGCTGATGGTIGGCTAGGTIC (TGG),, 169-203 50.9 Pr032756444
R: ACCCCTTTCTAACCGACACC

Ho8 F: GACACCTAGCCAAGGACTGC (CAA)g 198-249 50.9 Pr032756445
R: GCGTCCCCTGAGTTCATTAC

Hol2 F: [M13F]GAGATTGGGATTTCTTCTTG (GTG) 3 153-210 TD¢ Pr032756437
R: CCACACCTTCACTACCACTAC

Hol3 F: [M13F]TATTTCAAGAAAACTGCCCTAA (ACQC),9 149-203 TD¢ Pr032756438
R: CAGATAAGTTGTTGAGGAGGA

Ho5* F: AGATGGTGGTCACTACTGCC (AC),5 195 58 Pr032756443
R: GCCCGTTCCTCTCAACAAAG

Hol7* F: CGACTGATGAGTCCTGAGTAA (AG);5 135 55 Pr032756439
R: TCATTTCCTTCACTCTCACAC

Ho18* F: TTCCTTATCAAACATTTACCG (CCA),, 304 58 Pr032756440
R: TCGTTGTTTTGTGTTGAGTATT

Note: T, = annealing temperature.

2The seven polymorphic markers of the 10 markers were tested on 125 samples (from 10 populations across South Africa), representing populations

found across South Africa (see Appendix 1).

bTwo primers (Ho12, Hol3) were amplified using an M13F tag primer and a touchdown (TD) protocol from Schuelke (2000). [M13F] = Additional
sequence added to forward primer for labeled tagging: TGTAAAACGACGGCCAG.
¢Annealing temperatures for this PCR program are 56°C and then a subsequent 53°C, following the touchdown thermocycling program outlined in

Schuelke (2000).

*Indicates that the primer was monomorphic for the species and was not used in further genetic analyses.

temperature (Table 1) for 40 s; 72°C for 30 s; 72°C for 4 min. Gel electropho-
resis was used to assess polymorphism of the primer pairs using a 4% MetaPhor
agarose gel (Lonza, Sigma-Aldrich Pty. Ltd., Johannesburg, South Africa) with
a 50-bp ladder (ThermoFisher Scientific). Genetic analyses only included mi-
crosatellites that were deemed to be polymorphic across the 10 populations
from agarose gels. Of the 30 pairs, we identified 10 primer sets that amplified
successfully and repeatedly. Of those 10 primer sets, seven were polymorphic
for our target species. We then cloned putative polymorphic amplicons from
2-5 individuals using a QTAGEN PCR Cloning? Kit (QIAGEN, Whitehead Sci-
entific (Pty.) Ltd., Johannesburg, South Africa) per the manufacturer’s instructions.
Amplified clone inserts from three individuals per primer pair (1-5 inserts per
individual depending on cloning success) were sent to the DNA Sequencing

TaBLeE 2. Genetic diversity indices across populations for the seven
polymorphic microsatellite loci.

Population® A H, H, Fig
Mike’s Pass, KZN (n = 5) 4.0 0.543 0.614 0.224
Cathkin, KZN (n = 5) 3.0 0.429 0.458 0.065
Monk’s Cowl, KZN (n = 5) 2.571 0.714 0.488 —0.463
Buffleskloof Nature Reserve, 7.286 0.795 0.773 —-0.054
MP (n=17)

Steepside, EC (n = 10) 4.857 0.706 0.710 0.005
Elliot, EC (n =30) 8.429 0.561 0.755 0.258%*
Naude’s Nek, EC (n = 6) 5.0 0.538 0.762 0.294
Circle Forest, WC (n = 13) 5.286 0.529 0.602 0.122
Swartberg, WC (n =9) 3.286 0411 0.415 0.010
Piketberg, WC (n = 25) 5.714 0.534 0.592 0.120

Note: A = average number of alleles identified for each locus; Fis = fixation
index; H, = expected heterozygosity within populations; H, = observed
heterozygosity; n = number of individuals representing each population.

4South African provinces: EC = Eastern Cape; KZN = KwaZulu-Natal;
MP = Mpumalanga; WC = Western Cape. See Appendix 1 for locality and
voucher information.

*Indicates that population was not in Hardy—Weinberg equilibrium after
a Bonferroni correction of multiple comparisons (adjusted P = 0.001).
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Unit at the Central Analytical Facility (CAF), Stellenbosch University (Stel-
lenbosch, South Africa), to verify that the amplicons contained the correct re-
peat region. Once verified, the remaining 114 individuals were amplified. Each
forward primer was given a different dye label (VIC, NED, FAM) to allow for
pooling PCR products for fragment analysis at CAF. Fragment analysis was
carried out on an ABI 3130x1 (Applied Biosystems, Foster City, California,
USA) using a GeneScan 500 LIZ Size Standard (Applied Biosystems). Chro-
matographs were scored manually using PeakScanner version 1.0 (Applied
Biosystems). Data were then formatted for population genetic analyses.

We used 125 individuals from 10 populations from across South Africa to
establish the usefulness of the seven polymorphic primers in population genetic
analyses. These individuals are known diploids from flow cytometry data
(Glennon et al., in prep.) and published chromosome counts (Galbany-Casals
and Romo, 2008). Seven of the 10 loci were polymorphic within diploid
H. odoratissimum. The number of alleles (A) and observed (H,) and expected
heterozygosity (H,) were estimated for each locus using GenoDive (Meirmans and
Van Tienderen, 2004; Table 2). Furthermore, deviation from Hardy—Weinberg
equilibrium (HWE) was tested for each population in GenoDive using a fixation
index (Fis) estimate that is equivalent to Weir and Cockerham’s (1984) F-statistics.
We conducted a Bonferroni correction for HWE significance levels due to mul-
tiple comparisons of populations across loci. Linkage disequilibrium was tested
using GenePop (Raymond and Rousset, 1995; Rousset, 2008).

The mean A per locus was 15.42 (Table 2). H, values ranged from 0.172 to
0.848, and H, values ranged from 0.367 to 0.870 across loci. Only one popula-
tion deviated from HWE (Elliot, Table 2), and Fig values ranged from —0.463 to
0.294. This deviation may be due to potential substructuring of the population,
as it spanned a large geographic area. Genetic diversity estimates across the 10
populations showed that the average A per population was 4.9 and that H, val-
ues ranged from 0.411 to 0.795 (Table 2). There was linkage disequilibrium
between three pairs of the primers (Hol/Ho2, Ho2/Ho7, Hol/Ho12), but only
in three of the 10 populations (Buffleskloof, Elliot, and Piketberg). Lastly, we
tested a total of 10 additional Helichrysum Mill. species found throughout
South Africa to test for cross-species amplification (Appendix 1). PCR amplicons
were run on a 4% MetaPhor agarose gel to determine if the loci were polymor-
phic among species. We found that the primers amplified across all of the taxa,
but bands were relatively faint for H. dasycephalum O. Hoffm., H. glomeratum
Klatt, and H. psilolepis Harv. The amplicons differed in size across all species
ranging from approximately 150 to 350 bp. We also successfully amplified
DNA from additional polyploid H. odoratissimum individuals (data not shown).
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CONCLUSIONS

These seven loci will be useful in determining patterns of gene
flow as well as other population genetic parameters for future
studies of population divergence within H. odoratissimum. The
polymorphic microsatellites amplified will be useful in studies
regarding speciation patterns in the taxonomic Group 4 of
Helichrysum, and together with the monomorphic markers may
also be potentially useful for future taxonomic revisions of
closely related Helichrysum species in South Africa.

LITERATURE CITED

FaircLoTH, B. 2008. MSATCOMMANDER: Detection of microsatellite
repeat arrays and automated, locus-specific primer design. Molecular
Ecology Resources 8: 92-94.

GALBANY-CAsALS, M., AND A. M. Romo. 2008. Polyploidy and new chro-
mosome counts in Helichrysum (Asteraceae, Gnaphalieae). Botanical
Journal of the Linnean Society 158: 511-521.

HiLLiarp, O. M. 1983. Flora of southern Africa. Botanical Research
Institute of South Africa, Pretoria, South Africa.

Koressaar, T., AND M. REmm. 2007. Enhancements and modifications of
primer design program Primer3. Bioinformatics 23: 1289-1291.
KRrEeicikova, J., R. SubovA, M. LucaNovA, P. TRAVNICEK, T. Urrus, P.

Vir, H. WEIss-ScHNEEWEISsS, ET AL. 2013. High ploidy diversity and

http://www.bioone.org/loi/apps

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 02 May 2024
Terms of Use: https://bioone.org/terms-of-use

Glennon and Cron—Helichrysum odoratissimum microsatellites

distinct patterns of cytotype distribution in a widespread species of
Oxalis in the Greater Cape Floristic Region. Annals of Botany 111:
641-649.

MEIRMANS, P., AND P. VAN TIENDEREN. 2004. GENOTYPE and GENODIVE:
Two programs for the analysis of genetic diversity of asexual organ-
isms. Molecular Ecology Notes 4: 7192-794.

RaymonD, M., AND F. Rousser. 1995.  GENEPOP (version 1.2): Population
genetics software for exact tests and ecumenicism. Journal of Heredity
86: 248-249.

Rousser, F. 2008.  GENEPOP’007: A complete reimplementation of the
GENEPOP software for Windows and Linux. Molecular Ecology
Resources 8: 103-106.

ScHUELKE, M. 2000. An economic method for the fluorescent labeling of
PCR fragments. Nature Biotechnology 18: 233-234.

UNTERGASSER, A., I. CutcuTacHE, T. KORESSAAR, J. YE, B. FAIRcLOTH, M.
RemMm, aND S. Rozen. 2012. Primer3—New capabilities and inter-
faces. Nucleic Acids Research 40: el15.

WEIR, B. S., anp C. C. CockerHAM. 1984. Estimating F-statistics for the
analysis of population structure. Evolution 38: 1358—-1370.

Woob, T. E., N. TAKEBAYASHI, M. S. BARKER, I. MAYROSE, P. B. GREENSPOON,
AND L. H. RieseBerG. 2009. The frequency of polyploid speciation in
vascular plants. Proceedings of the National Academy of Sciences,
USA 106: 13875-13879.

ZAng, L., L. BargeLLoni, aNnD T. Pararnerro. 2002. Strategies
for microsatellite isolation: A review. Molecular Ecology 11:
1-16.

3of4



Glennon and Cron—Helichrysum odoratissimum microsatellites

Applications in Plant Sciences 2016 4(5): 1500138

doi:10.3732/apps.1500138

“JuowdoaAap J[[AIBSOIOIW I0J JUIS SEM [ENPIAIPUL UR YOIy 0] suonendod ,

*so10ads wmns4yo172fy Jo $sa00ns uoneoyIdwe-sso1d 3s9) 03 pasn sojduwes ,
-ade) umIsopm = DA ‘eSuerewundy = JIN ([BIBN-NNZEMY = NZY ode) urdlseq = Df :590utAold UdLY (Inos q
"BOLIJY (INOS ‘SINGSOUUBYO[ ‘PUBISISIEMIIAN Y3 JO AJISIOATU() ‘WNLIqIoH SSOIN “H "D 18 paysodop suowroads Joyonop .

*S[ENPIAIPUT JO JOQUINU = U :2JON

ol H,6€ LY,0S6LT ‘S LLOTETo1E Od omd 81D ‘WYJOH “Q umpydadisvp ‘g
ol H,29°6T,116LT ‘S,LS LOTo1E DH ‘sueenLSpPIDS PEOA ‘Arey sidojopisd |
ol H,16°€7,1€.0€ S, £€0T,L1ST dIN 941989y INIEN JOOPsdpng 601 uo1y 897 (‘QuNyL) wnpipuapds
ol HITTLEIE *S,96°6,LY0ST dIN ‘uoyIRqIeg 9201 uoLy ofuoag (1) wnjjasopid xea sso7 (1) wnyofipnu [
ol H,6€ LY,0S0LT ‘S,LLOTETo1E Od omg :129): | Nery wnpiawo]s [
ol H,40°T.8.6C °S.88°€T,S508C NZ31 “ead [e1paye) OLTT w0y dig "yo§ suajuoany [
ol H,£ST,9508T “S.£S1T,95.8C NZ ‘180D S JUON 1601 UoID 'S (J D) wmppnoipuaddp [
oS H,21°0,6708C “S..88°6S,1€.8C NZM “P0ysaIsim SEIT uoId SUBAT 'S TN % POOM "IN [ wnisnoful “[
ol H,£51C,9508T “S.£S1T,9508C NZ ‘180D SJUON ‘us oty "D wnuosouws3 [
of 2,61 19168 ‘S,61°€1,65:,0€ OH ‘BIoPoOoM STOA PICI[[IH wnipupjoasiis |
6 H.9°S1,€0CT “S.S9°0E,1ToE€E WM ‘S1aqueng PrOA
44 Y €016ET *S,6T 11,570C¢ OM ‘SrqiaId LyOA
€l H,5€1T,850TT “S.£65.850€€ DM 189104 311D [A29): |
9 H.98°€€,808T ‘S, 1L°9S,£¥50€ OH “IoN s.opneN €¢ON
0¢ H,6€ LY,0S0LT ‘S LLOTETo1E :Dd 0mg LTOA
0l SV €8V0LT *S,16'LS,0550€ 04 ‘opisdoarg SIOA
L1 HTEL'TE0E *S,6€€ L1oST dIN 21989y IMEN JOOPSIpng 9093
S H,L06€To6T *S.87€ €066T (NZ3 10D SJUON €00
S H,€L0P16T “S,901°8S08T NZ3 ‘ssed SN 20DA
S 9L 6,5T6T ‘S.SE SY.0.6C (NZ uriyied 10O 100MS () WnuISSUDL0pO NSy H
u SJBUIPIO0d SJD WSIERI QIR (V) +JOYONOA soradg

*Apm3s sty ur pasn syenpiarpur juasardar jeys suonendod [[e JO Sa1RUIPIO0d SO PUL ‘AITEIO] UOIIOA[[0D “IOYONOA ‘Pasn SAr0adS '] XIANEdY

4 of 4

http://www.bioone.org/loi/apps

Downloaded From: https://bioone.org/journals/Applications-in-Plant-Sciences on 02 May 2024

Terms of Use: https://bioone.org/terms-of-use



