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PREMISE: Microsatellite markers were developed for the western Mediterranean tree Tamarix
gallica (Tamaricaceae) as part of a study of its genetic diversity and structure.

METHODS AND RESULTS: Seventeen microsatellite markers were developed for T. gallica, 14
of which were polymorphic. These microsatellites have di-, tri-, and tetranucleotide repeats
with 1-13 alleles per locus and population. Levels of observed and expected heterozygosity
ranged from 0.000 to 0.900 and from 0.000 to 0.863, respectively. Six microsatellites showed
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significant deviations from Hardy-Weinberg equilibrium in at least one population. Cross-
amplification in 19 Tamarix species showed a wide transferability to other species of the

CONCLUSIONS: The 14 new polymorphic microsatellite markers will be used to assess the
genetic diversity and population genetic structure of T. gallica. Additionally, the successful
cross-species amplification suggests their potential usefulness for investigating species
delimitation and population genetics in the genus Tamarix.

KEY WORDS genetic diversity; saltcedar; simple sequence repeat (SSR) markers; species
delimitation; Tamaricaceae; Tamarix gallica.

Tamarix gallica L. is a widespread tree that forms woodlands
in the western Mediterranean Basin in saline habitats such as
salt marshes, ravines, and rivers with brackish waters (Baum, 1978).
This species is closely related to and commonly confused with T.
canariensis Willd. because of their similar morphology, anatomy,
and phenology (Villar et al., 2019). Hybridization is common in the
genus Tamarix L., making the species delimitation of T. gallica not
well resolved (Villar et al., 2019). In addition, this and various other
species of Tamarix have been reported as widespread invasives in
North America (Villar et al., 2019).

Simple sequence repeat (SSR) markers (also referred to as mi-
crosatellites) are useful tools to help resolve species delimitation.
Some microsatellite markers have already been described in the
genus Tamarix (Gaskin et al., 2006; Terzoli et al., 2010, 2013;
Zhang et al., 2019), but no study has focused on describing ge-
nomic SSR markers for T. gallica. Consequently, as part of a study
of the genetic diversity and structure of T. gallica in the western
Mediterranean Basin, the aim of this work is to characterize new
polymorphic microsatellite markers for T. gallica. Cross-species
amplification was also tested in 19 species of Tamarix to aid with
future taxon delimitation studies and population genetic studies
of the genus both in native and invaded areas, particularly with
respect to hybridization.

METHODS AND RESULTS

DNA extraction was carried out from silica gel-dried leaves by
a modified cetyltrimethylammonium bromide (CTAB) method
(Csiba and Powell, 2006). For the microsatellite library, 12 indi-
viduals of T. gallica and T. boveana Bunge were selected from two
different populations. A microsatellite library enriched with TG,
TC, AAC, AAG, AGG, ACG, ACAT, and ACTC motifs was pre-
pared from the pooled DNA by Genoscreen (Lille, France) using a
454 GS-FLX (Roche Diagnostics, Meylan, France) high-through-
put DNA sequencer (Malausa et al., 2011). Sequencing provided
22,418 reads with an average length of 220 bp. Raw sequences were
searched for microsatellites with QDD version 3.1.2 (Meglécz et al.,
2014) with default settings, which produced primers for 248 loci.
To identify and eliminate known transposable elements and con-
taminants, these sequences were queried with RepeatMasker ver-
sion open-4.0.3 (Smit et al.,, 2015) in the database Repbase version
20140131 (Bao et al.,, 2015), and with BLAST+ version 2.2.28+
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) in the National Center for
Biotechnology Information (NCBI) nucleotide database. A total of
219 loci were developed for downstream testing.

The number of primer pairs was reduced according to the fol-
lowing criteria (based on Guichoux et al., 2011 and Meglécz et al.,
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2014): (1) high number of repeats, (2) pure repeats over com-
pound repeats, (3) tri- and tetranucleotide repeats over dinucle-
otide repeats, (4) varying PCR product sizes and repeat motifs,
(5) MIN_PRIMER_TARGET_DIST > 20, and (6) DESIGN A or
B. Based on these criteria, primers for 52 loci were synthesized
(Eurofins Genomics, Ebersberg, Germany). An M13 tail was at-
tached to the 5" end of the forward primers (Schuelke, 2000). Each
locus was amplified for 12 individuals of T. gallica from four dif-
ferent populations (Appendix 1). PCRs were conducted in a final
volume of 25 pL with DreamTaq PCR Master Mix (2x) (Thermo
Scientific, Vilnius, Lithuania) with 40 ng of template DNA, and
a final concentration of 0.2 uM of each primer and 20 ng/pL of
bovine serum albumin (BSA) (Thermo Scientific). PCRs were
conducted on a GeneAmp PCR System 9700 (Applied Biosystems,
Foster City, California, USA) with the following conditions: an
initial denaturation of 95°C for 5 min; followed by 35 cycles of
95°C for 30 s, 56°C for 45 s, and 72°C for 45 s; and a final extension
at 72°C for 10 min. PCR products were run on a 2.5% agarose gel
stained with ethidium bromide. Loci with multiple bands or with
non-successful amplification across all samples were discarded.
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Fluorescent labeling of the 29 loci that amplified successfully was
performed in simplex for the 12 samples with a three-primer proto-
col including a universal M13 primer fluorescently labeled with FAM,
HEX, or TAMRA dyes (Schuelke, 2000). Fluorescent-labeled PCRs
were conducted in a final volume of 10 pL with DreamTaq PCR Master
Mix (2x) with 20 ng of template DNA, and a final concentration of
0.04 puM of the M13-tailed forward primer, 0.16 uM of the reverse
primer, 0.16 uM of the fluorescent-labeled M13 primer, and 50 ng/
uL of BSA. PCR conditions were as follows: an initial denaturation of
95°C for 5 min; followed by 30 cycles of 95°C for 30 s, 56°C for 45 s,
and 72°C for 45 s; followed by 10 cycles of 95°C for 30 s, 53°C for 45
s, and 72°C for 45 s; and a final extension at 72°C for 10 min. PCR
products were pooled in equimolar concentrations and run on an ABI
Prism 310 Genetic Analyzer (Applied Biosystems) with GeneScan 500
Size Standard (Applied Biosystems) in the Research Technical Services
of the University of Alicante (Alicante, Spain). Electropherograms
were scored with Peak Scanner Software 2 (Thermo Fisher Scientific,
Waltham, Massachusetts, USA). Markers with excessive stuttering, with
more than two alleles, or that were difficult to score were discarded,
resulting in 17 microsatellite loci, 14 of which were polymorphic

TABLE 1. Characteristics of the 17 microsatellite loci developed in Tamarix gallica that successfully amplified.

Repeat Allele size Concentration GenBank

Locus? Primer sequences (5’-3’) motif range(bp) A  Mix Fluorescent dye (F/R) (pMm)P accession no.

T125-4 F: TGGAAGGTAAGAAGAGGATAAGAGA (TGTA), 121-145 7 1 FAM 0.04/0.16 MN497849
R: AAAGCCTCACCCAAACCTCT

T133-2 F: AGCAGAATGGTTGATCCTTG (MO, 129-151 7 1 HEX 0.04/0.16 MN497850
R: TGGGTGCTAATTTCTGGAGTG

T129-2 F: CACTATAGAAATAGGTGACACATGC (CA), 115-151 16 1 TAMRA 0.06/0.24 MN497851
R: CCATTTCTAGGGTGATTAGGTTG

T163-3 F: CGAAGGTAAGACCCAGTTGC (CTC)7 186-198 5 1 TAMRA 0.04/0.16 MN497852
R: TGGAGAGTGCTTGAACTTGA

T140-31  F: TGGTTTGAAGCTTACTGGTTG (TTQ), 137-152 7 2 FAM 0.04/0.16 MN497853
R: GGATTACTTCAGAATATACAAGCTCA

T113-3 F: TGAGAAGCATTCCAAACCAA (GAT), 93-99 3 2 HEX 0.04/0.16 MN497854
R: GAGGACATTAATGCCACTGGA

T190-32  F: CTCCAATCCATCGCTCTCA (CGA), 128-135 4 2 HEX 0.04/0.16 MN497855
R: GGCGGACGACTTTGCTTAT

T190-3 F: GAAATAATCTTAACTTGATGGCCAAG (GAG), 168-189 6 2 TAMRA 0.04/0.16 MN497856
R: GGAGCTAAAGTTGAAAAAGAGTTGA

T1214-3 F: TTGACATGCCTCTTGAGGTG (ATT), 104-107 2 2 TAMRA 0.04/0.16 MN497857
R: TCCATTCCTAGTTGCTACAATCA

T145-3 F: ACTTGCTTTCTTCACCGCAT (1T, 90-117 10 3 FAM 0.04/0.16 MN497858
R: GGAGGATTTGAAGAATGTTGGA

T134-31 F: CCCTTAGCCTCCCTTGTTTC (1M, 141-168 7 3 HEX 0.04/0.16 MN497859
R: TCATGCTTGCAGAGAAGACG

T190-33  F: TTGTTGCTGATGGGTGATTC (CTT), 107-113 3 3 HEX 0.04/0.16 MN497860
R: CCTTGTACTTGAAGTGTATGGCA

T140-32  F: CCTTCACTCCTTCTGTTGCC (), 123-132 4 3 TAMRA 0.04/0.16 MN497861
R: TTGGTGGATGTGGTATGGTG

T230-2 F: AACAAAGCAAATTTGGCAGC (10, 232-265 14 3 TAMRA 0.06/0.24 MN497862
R: CGTGTTAAATTCTGGGACGG

T168-2 F: TGGACCGTCTTCTCGTCTTC (GA), 169 M — — — MN560186
R: TAAGTGATGGCACAGAACGC

T193-3 F: TGGGAGTTTAGTTGTCTGTAGCC (TTC)M 188 M — — — MN560187
R: AAGAGAAGCATCATTAGCAAGG

T300-2 F: AAACTAATCCCCAACCCTTTC (AQ), 299 Mo — — — MN560185
R: TCAGGAACAATGGCAAGTGA

Note: A = number of alleles; M = monomorphic.

“The annealing temperature was 56°C for all loci.

°PCR primer concentration.
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" (Table 1). These 14 loci were analyzed across 122 individuals from
Eﬁ ‘ %_ R S | 3 | four populations of T. gallica in subsequent analyses (Appendix 1).
T| ©° © = = To reduce the number of PCR reactions, some loci were multiplexed.
N Markers were combined to avoid size overlap, resulting in nine reac-
1 2835888388388 tions, four in simplex and five in 2-plex, that were pooled and run in
3 SO0 COCO0CS OSSO0 oo three different mixes (Table 1). For the simplex reactions, the PCR con-
E ; . ditions were the same as described above. In the 2-plex reactions, PCR
8l § SRR § ey S 2R § 52 - cond-itions were the same as des.cribed for ﬂuorefscent—labeled simplex
3 e e e e reactions except for the final primer concentrations (Table 1) and the
% double concentration of the fluorescent-labeled M13 primer (0.32
Bl SNEREIRgRE8R823 uM). Allele calling was done with Peak Scanner Software 2, and allelic
R N binning was done manually with the use of cumulative frequency plots
of size distribution (Guichoux et al., 2011).
D R GenAlIEx version 6.503 (Peakall and Smouse, 2006) was used to
_gl < ° ° calculate the number of alleles, effective number of alleles, and lev-
B I B B els of observed and expected heterozygosities for each population,
® “ © ° and to test for Hardy—Weinberg equilibrium (P < 0.05) (Table 2).
o D oo Evidence of linkage disequilibrium was assessed by GENEPOP ver-
P E8AI8LLELLEBRRSELI sion 4.7.2 (Rousset, 2008) based on 10,000 permutations (P < 0.05).
5 eeecoeeeeecocooe MICRO-CHECKER version 2.2.3 (van Oosterhout et al., 2004) was
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= Ceeeeeeeeeoeo ool (Table 2). Levels of observed and expected heterozygosity ranged
oo me o e womm|? from 0.000 to 0.900 and from 0.000 to 0.863, respectively. Almost
N ETRARLREEIEESEN nE all markers were polymorphic in the four populations, except for
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5 T214-3 and T190-33, which were only polymorphic in the Cagliari
o >
O ma g g 4o 3 population. Six microsatellites showed null alleles and significant
= - % deviations from Hardy-Weinberg equilibrium in at least one pop-
" ulation (Table 2), so these markers should be treated with caution
w
S3 = RN Q R in posterior analyses. Seven comparisons between pairs of markers
Z235| < o S & showed significant linkage disequilibrium: T125-4 with T129-2,
. o T125-4 with T163-3, T125-4 with T190-33, T133-2 with T134-31,
S|_| Lazgsxgonassass|s T129-2 with T190-33, T163-3 with T134-31, and T190-32 with
SR T|ISE838383833335885 3 T190-3. In additi formed cross-speci lification i
S|, SccooccocSSoooos | . In addition, we performed cross-species amplification in
'§ = g 88 individuals from 19 species of the genus Tamarix with the same
= Q . . s : .
§ 5| |5 Eq mmmgegs % 28 % 8|V simplex and 2-plex PCR reactions used in T. gallica (Appendix 1),
£l SCSoSococcSoo33So o | T demonstrating wide transferability to other species of the genus
-ga_ v = such as T. boveana, T. africana Poir., and T. canariensis (Table 3).
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513 SSSSSS8SSS885SS g 5 the role of interspecific hybridization in the genus.
S £ . &
‘<_l' < * x ok * * % =
5 5 O‘O’O’O‘O‘O'O‘O'O'O‘O'O'O‘Otggg ACKNOWLEDGMENTS
4] o5 L
=} — — | =T
g <& § - 3 § Er_ 5 % § § ;‘; g § ,85 ~|<gE The authors thank the director and guards of Tablas de Daimiel
e DR N K National Park for permitting collection of material. This research
o E<c was funded by the Ministerio de Agricultura, Alimentacién
k] <\O<rmmxom<rr\1ﬁoo<r-—<roo O_gg R / K
= - g8 y Medio Ambiente (Project OAPN 354/2011). A.T. was sup-
v §§§ ported by a research grant from the Ministerio de Educacion
o wly oy omhn PR a5 (FPU grant AP-2012-1954), and A.]. was supported by the grant
a SlAMRATBRCRIILARLG |52t BEST/2019/155 (Generalitat Valenciana). This study is part of the
= S|FFFFEFERRREEFRERERE|SES Ph.D. thesis of A.T.

http://www.wileyonlinelibrary.com/journal/AppsPlantSci © 2020 Terrones and Juan



40f6

Terrones and Juan—Tamarix gallica microsatellites

Applications in Plant Sciences 2020 8(1): e11317

"3|dwies Aue 1oy uonedylidule [njssa3oNs Ou sa1edIpUl ysep v ‘paylduie A|jnjssadons a1om sajduwes |je 1ey3 sa1edipul sasayuaied ulJlaguinu oN payidue A|nyssadons 1ey) sajdues JO Jaguuinu oyl a1edipul sasatiuaied Ul SISQUINN 210

(€=

— ¥ 80¢ 891291 — pOL (D) S9L-€SL — €6 Ovl-/€l  68L-€8L — LE1-SEL — saploausn |
(€=u)

eve-sec 9zl oLl ol-0sL @666 YOl @LL1bLL  TEl-6Tl % L€l S6l-€8L  [Tl-€ll  €El-6Tl — oUABDAY |
c=u)

ggz-ver  (1)€eL 80¢ (ost  (Ve6 b0l 8L/l TEl-6Ll — 6zl 681-08L  €ZL-€ll  6bL-LEL — SISURLLIALLS °|
(L=u)

g€z ezl 80¢ — 06 y01 891 9zl — 8zl 081 7! L€l — pUISSISOUIDI |
(€=

9ez-zee €zl 807-0LL  S9L-€SL % y0l n 6zl €6 v1-8T1 68l €el-€cl  epl-lEl (@09l pioynind ;|
©=u

L9T-0vC  6T1-9TL oLl 6sl-€sL 60! v01 LLL 6zl €6 8zl 68l SiL L€l — Do
(€=U

09z-S€7  9TI-€TL  80T-OLL  €5L-0SL — y01 S6l-t6l  TEL-6CL  967€6  [SL-LEL  681-98L  [Tl-6ll  6EL-lEL — poujw |
L=y

SvT-vee €zl — 0s1 66-06 b0l v/1-891 d! — a4l 98l [Ti-€TL LEl — DAYPDISONda) |
@=u

LvT-ee €zl EL1-0LL  (DoOSL  97L-66 y01 08l-l/L  zEl-6Tl — 671-97L  Sel-€8l  vEL/IL el (DeTi-LIL L2YoDURYOY °|
(L=u

134 €zl L0l oSt 9% v01 291 zel-6zl % oy l-gvl 68l 60l SEL-LEL — opidsiy ;|
(€=u

— €zl 602-0L1 — 66-€6 pOL  (DT6l-pLL  SEL-6CL  96-€6  SEL-BZL  S6L-08L  STL-HOL  GEL-LEL — pupadwiy :|
(© @ r=u

€vC-6CC  681-9CL 80786l 65105l (D)9 501 (1) s9L 6zl (196 Sl 981-18L  (NETL  6EL-lEL — poRDWIDP |
(L=u

g€z €zl €8l oSl 66 v01 89l ozl % 8zl 08l 0L SEL-lEL — SISURUIYD |
(©) @L=u)

loz-67¢  z€l-9¢L  60T-OLL  T9L-0SL  LLl-€6  [OL=bOL  L/L-S9L 6zl 9%-€6  LSl-87L  68l~/8l  EEl-SLL  6SI-lEL  Lpl=/LL SISUBLIDUDI |
8L =u)

LvTTer 6Tlbll oLl 291-0sL  ¥L1-96 y01 S6l-lLL  TEL-6TL  66-96  [SLLEL  S6L-¥8L  6TL-6lL  €EL-lEl  6TL-ELL pUDANOG |
c=u

escver 9Tl oLl S9L-95L  S01-96 701 €8l-14l  SEl-6Tl €6 lol-8zl  68l-€8l  SLl LEL — $9pIoYINa0ID |
(€=u

— zel 0lz-60¢ 9s1 — v0l — — (g6 vEL-LEL z61 — 8zl — DiiAydD |
(r=u)

ovz-9gT 6Tl 80¢ phl w019  /el-Tel — 6zl 9% 2L1-091 98l 8Ll geL-671 — synoopa|dwD ;|
(OL=u)

LyT-6TC — 600-80C  S9L-0SL  LLL-€6 v01 1£1-591 6zl 66-/8  €9L-VEL  /8Ll-¥BL  /EL-OLL  6Sl-lEl — puDYD ;|

T0€7L  TEOVLL  €E06LL  LEVELL E€SyLL  £blzl €06l  TE06LL  E-€ELLL  LEOVLL  €€9LL  T6TLL  TEELL  p-STLL sapads

*s912ads Xubwip] 61 Ul paylidwie-ssoud paljjpb xupwp] ul padojaaap 120] ayj93esodiw diydiowA|od | 9y} Jo (siied aseq ui) sabuel 9ziS *€ 379V1L

© 2020 Terrones and Juan

http://www.wileyonlinelibrary.com/journal/AppsPlantSci



Applications in Plant Sciences 2020 8(1): e11317

AUTHOR CONTRIBUTIONS

A.T. helped design the experiment, conducted the lab work, ana-
lyzed the results, and helped write the article. A.]. helped design the
experiment and write the article.

DATA ACCESSIBILITY

Sequence information for the developed primers has been depos-
ited to the National Center for Biotechnology Information (NCBI);
GenBank accession numbers are provided in Table 1.

LITERATURE CITED

Bao, W, K. K. Kojima, and O. Kohany. 2015. Repbase Update, a database of re-
petitive elements in eukaryotic genomes. Mobile DNA 6(1): 11.

Baum, B. R. 1978. The genus Tamarix. The Israel Academy of Sciences and
Humanities, Jerusalem, Israel.

Csiba, L., and M. P. Powell. 2006. Appendix 1: Isolation of total plant cellular
DNA for long-term storage: CTAB procedure. In V. Savolainen, M. P. Powell,
K. Davis, G. Reeves, and A. Corthals [eds.], DNA and tissue banking for
biodiversity and conservation: Theory, practice and uses, 114-117. Royal
Botanic Gardens Kew, Richmond, Surrey, United Kingdom.

Gaskin, J. E, A. E. Pepper, and J. R. Manhart. 2006. Isolation and characteriza-
tion of 10 polymorphic microsatellites in saltcedars (Tamarix chinensis and
Tamarix ramosissima). Molecular Ecology Notes 6(4): 1147-1149.

Guichoux, E., L. Lagache, S. Wagner, P. Chaumeil, P. Léger, O. Lepais, C.
Lepoittevin, et al. 2011. Current trends in microsatellite genotyping.
Molecular Ecology Resources 11(4): 591-611.

APPENDIX 1. Voucher information for Tamarix species used in this study.

Terrones and Juan—Tamarix gallica microsatellites « 5o0f6

Malausa, T., A. Gilles, E. Meglécz, H. Blanquart, S. Duthoy, C. Costedoat, V.
Dubut, et al. 2011. High-throughput microsatellite isolation through 454
GS-FLX Titanium pyrosequencing of enriched DNA libraries. Molecular
Ecology Resources 11(4): 638-644.

Meglécz, E., N. Pech, A. Gilles, V. Dubut, P. Hingamp, A. Trilles, R. Grenier,
and J. E Martin. 2014. QDD version 3.1: A user-friendly computer program
for microsatellite selection and primer design revisited: experimental vali-
dation of variables determining genotyping success rate. Molecular Ecology
Resources 14(6): 1302-1313.

van Oosterhout, C., W. E. Hutchinson, D. P. Wills, and P. Shipley. 2004. MICRO-
CHECKER: Software for identifying and correcting genotyping errors in
microsatellite data. Molecular Ecology Notes 4(3): 535-538.

Peakall, R. O. D., and P. E. Smouse. 2006. GenAlEx 6: Genetic analysis in Excel.
Population genetic software for teaching and research. Molecular Ecology
Notes 6(1): 288-295.

Rousset, F. 2008. GENEPOP'007: A complete re-implementation of the
GENEPOP software for Windows and Linux. Molecular Ecology Resources
8(1): 103-106.

Schuelke, M. 2000. An economic method for the fluorescent labeling of PCR
fragments. Nature Biotechnology 18(2): 233-234.

Smit, A. F. A., R. Hubley, and P. Green. 2015. RepeatMasker Open-4.0. Website
http://www.repeatmasker.org [accessed 20 December 2019].

Terzoli, S., I. Beritognolo, M. Sabatti, and E. Kuzminsky. 2010. Development of
a novel set of EST-SSR markers and cross-species amplification in Tamarix
africana (Tamaricaceae). American Journal of Botany 97(6): e45-e47.

Terzoli, S., E. Cattan, M. Sabatti, R. Valentini, A. Zilberstain, and E. Kuzminsky.
2013. Primer Note: A novel set of EST-SSR markers in Tamarix: A resource
to characterize this genus. Silvae Genetica 62(3): 104-109.

Villar, J. L., M. A. Alonso, A. Juan, J. E. Gaskin, and M. B. Crespo. 2019. Out
of the Middle East: New phylogenetic insights in the genus Tamarix
(Tamaricaceae). Journal of Systematics and Evolution 57(5): 488-507.

Zhang, R., Q. Wen, and L. Xu. 2019. Development and characterization of ge-
nomic SSR markers for Tamarix chinensis (Tamaricaceae). Applications in
Plant Sciences 7(2): e1219.
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Geographic coordinates

Species accession no.? Collection locality (WGS84) N
T. africana Poir. ABH 73511 Portugal, Baixo Alentejo, Melides, Lagoa de Melides 38.129,-8.789 2
ABH 70789 Spain, Castelldn, Burriana, Clot de la Mare de Déu 39.879, —0.055 12
ABH 70742 Spain, Murcia, Aguilas, Rambla de Minglano de Canarete 37.433,-1.629 2
T.amplexicaulis Ehrenb. ABH 70685 Algeria, Biskra, N3 crossing with Oumache, Km 336 34.719,5.739 4
T.aphylla (L) H. Karst ABH 70064 Italy, Sardinia, Oristano, Cabras, Is Aruttas 39.954, 8403 1
ABH 71909 Morocco, Nador, Berkane, Oued Moulouya 35.103, —2.360 1
ABH 54208 Morocco, Nador, Driouch 34.972,-3.360 1
T. arceuthoides Bunge MO 5568719 Iran, Esfahan, Road from Tehran to Nain, south of junction 33.0152,52.5238 1
to Esfahan
MO 5568891 Iran, Qom, old rd. from Tehran to Qom 35.1705,50.9777 1
T. boveana Bunge ABH 70782 Spain, Alicante, Santa Pola, Salinas de Santa Pola 38.184, —0.602 6
ABH 68315 Spain, Almerfa, Cabo de Gata 36.773,—-2.238 12
T. canariensis Willd. ABH 69606 Spain, Canary Islands, Gran Canaria, beach of La Aldea de 27.996,—15.824 12
San Nicolés
T. chinensis Lour. Gaskin 202 South Korea — 1
T dalmatica B. R. Baum ABH 57833 Albania, Shkoder, next to rd. at south of Shkoder 41.968, 19.547 1
ABH 57829 Albania, Vlore, Sarande, Borsh 40.047, 19.846 1
ABH 57830 Albania, Vlore, Sarande, Vrion, rd. from Greece to Sarande 39.904, 20.084 1
ABH 57843 Montenegro, Bar, south of Bar 42.093,19.104 1
T. gallica L. ABH 70037 Italy, Sardinia, Cagliari, Stani Simbirizzi 39.2631,9.2086 30
ABH 69543 Spain, Alicante, Elche, Pantano de Elche 38.3174,-0.718 30
ABH 67467 Spain, Almeria, Vera, rio Antas 37.2054, —-1.8291 30
ABH 73456 Spain, Ciudad Real, Daimiel, Tablas de Daimiel 39.1521,-3.7106 32
T hampeana Boiss. & ABH 59877 Greece, Central Greece, Molos-Agios Konstantinos, Neo 38.834,22.703 1

Heldr.
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Voucher specimen

Geographic coordinates

Species accession no.? Collection locality (WGS84) N
ABH 59025 Greece, Epirus, lgoumenitsa, Marshes at NW of 39.525,20.198 1
lgoumenitsa
ABH 57891 Montenegro, Ulcinj, Sveti Nikola, Bojana river 41.870,19.352 1
T. hispida Willd. Gaskin 10164 China — 1
T.hohenackeri Bunge MO 5568893 Iran, Gilan, rd. from Rasht to Tehran, near Gangeh, south 36.8641,49.4811 1
of Rasht
MO 5568696 Iran, Semnan, NE of Sharud toward Gorgon 36.7252,55.2975 1
T. leptostachya Bunge Gaskin 10177 China — 1
T.minoa J. L. Villar, ABH 54194 Greece, Crete, Chania, Georgioupoli 35365, 24.248 1
Turland, Juan, Gaskin,
M. A. Alonso &
M. B. Crespo
ABH 54195 Greece, Crete, Chania, near Platanias 35.356, 24.260 1
MO 6207620 Greece, Crete, Nomos Chanion, Eparchia Apokoronou 35359, 24.266 1
Georgioupoli beach
T nilotica (Enrenb.) ABH 54320 Greece, Crete, Chania, Paleochora beach 35.223,23.670 1
Bunge
ABH 54314 Greece, Crete, Heraklion, Aposelemis 35.330, 25.327 1
ABH 54317 Greece, Crete, Heraklion, Kalo Nero 35.014, 26.046 1
ABH 54326 Greece, Crete, Heraklion, near Dermatos 34.979, 25.335 1
ABH 54323 Greece, Crete, Heraklion, near Dermatos 34.979, 25324 1
ABH 54316 Greece, Crete, Lassithi, Xerokambos 35.051,26.232 1
T. parviflora DC. ABH 54197 Greece, Crete, Heraklion, near Aposelemis 35.321,25.327 1
ABH 54321 Greece, Crete, Heraklion, near Dermatos 34.979, 25324 1
ABH 55398 Spain, Alicante, Biar, Santuario Mare de Déu de Gracia 38.629, —0.760 1
T ramosissima Ledeb. W 2009-19143 Argentina, San Juan, Ullum, at Termas de Talacasto —31.03, -68.75 1
T.smyrnensis Bunge W 2003-14043 Armenia, Vayots'Dzor, Yeghegnadzor 39.68,45.22 1
Gaskin 4690-06 Turkey — 1
T. tetragyna Ehrenb. W 2007-14048 Egypt, New Valley, Western Desert Dakhleh Oasis 25.667,28.870 1
W 2007-25728 Egypt, South Sinai, Dahab, Wadi Qnai, Oase, salzreicher 28.4532,34.4492 1
Feuchtstandort
W 2007-07364 Jordan, Al Asimah, 11.5 km NE end of Dead Sea, 2 km N v. 31.833,35.676 1
Tell ktanu
T. usneoides E. Mey. ABH 58684 Namibia, Erongo, Swerkobmund —22.708, 14.961 2
ABH 58683 South Africa, Western Cape, Prince Albert, betw. Lainsburg —33.085,21.579 1

and Beaufort West

Note: N = number of individuals.

Vouchers were deposited at the herbaria of Universidad de Alicante, Spain (ABH); research collection of John F. Gaskin, Sidney, Montana, USA (Gaskin); Missouri Botanical Garden, St. Louis,
Missouri, USA (MO); and Naturhistorisches Museum Wien, Vienna, Austria (W).
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