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ABSTRACT

Oceanic archipelagos are known to host a variegndemic plant species. The genetic
diversity and structure of these species are imaporindicators of their evolutionary
history and can have consequences on the impletientaf appropriate conservation
strategies. A comprehensive consideration of the gbtheir natural history, as well as
the landscape features and the geological histotlyeoislands themselves are required
to adequately understand the geographic pattefased from genetic data. Such is the
case for guayabilloRsidium galapageium), an understudied endemic plant from the
Galapagos Islands with important ecological andnendc roles. In this study we
designed and evaluated 13 informative SSR marksisuged them to investigate the
genetic diversity, population structure and coninéygt of the guayabillo populations
from San Cristobal, Isabela and Santa Cruz islakdstotal of 208 guayabillo
individuals were analyzed, revealing a strong patiah structure between islands and
two distinct genetic lineages for the Santa Crugutation. Overall, the relatively high
genetic diversity of the species could be explaigdifferent biological, demographic
and environmental factors. For guayabillo populatisuch as the one in San Cristobal,
the history of human disturbance in their habitaiight play an important role in
explaining their reduced genetic diversity. Thexistence of two distinct lineages in
Santa Cruz, with one of them sharing genetic smtigg with individuals from San
Cristobal, could be attributed to limited, uniditiecal gene flow from the latter island
to the former. Our findings highlight the compleapplation dynamics that shape the
genetic diversity of species like the guayabillod eemphasize the importance of a
species’ evolution and natural history when intetipg its population genetics.

Keywords:
Galapagos Islands; endemic species; insular spegesetic diversity; Psidium

galapageium; microsatellites
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1. Introduction

Oceanic islands are home to unique species whigk beerged as a product of
their evolutionary histories being driven by gequnaal isolation and distinct
topological and climatic conditions. This makesnthidleal study cases for evolutionary
and ecological processes (Carlquist, 1974; Emerd002; Shaw and Gillespie, 2016).
Studying these species has been an important stagdressing evolutionary biology
guestions about key processes such as adaptapieaiason, radiation, and the link
between evolution and geography (Geist et al., 2Ri#meu et al., 2016; Shaw and
Gillespie, 2016). Among these, insular endemicsaarénteresting case of species that
may comprise distinct gene pools compared to tleiunterparts in mainland
ecosystems (e.g. Helenurm and Ganders, 1985; WeandePercival, 1990; Rumeu et
al., 2016). The genetic diversity patterns obseffeednsular organisms are diverse and
driven by multiple factors, ranging from foundereats and genetic bottlenecks that
constrain a species’ gene pool (Mayr, 1954; Hagehbt al., 2015; Stuessy et al., 2014)
to long adaptive evolutionary processes and geme that contribute to the genetic
makeup of different populations (Frankham, 1997ueSsy et al., 2014). The
geographical features of the islands inhabited Hesé¢ organisms (e.g. size, age and
habitat heterogeneity) also play major roles inpsig their population structures
(MacArthur and Wilson, 1967; Stuessy et al., 2014).

The Galapagos Islands are a prime example of cceanhipelagos; they are
conformed by 13 main islands and more than 100 misiets of volcanic origin. The
archipelago is located in the Pacific Ocean, ~1K®0off the coast of South America.
Thanks to their tropical location and oceanograigation, the Galapagos harbor a
great variety of unique species, as well as richsgstems which remain relatively
undisturbed compared to other insular systemsd§gle and Clague, 2009; Jaramillo et
al., 2011). Moreover, the overall young age of énhehipelago and the coexistence of
islands of different ages make the Galapagos iaditetting to observe evolutionary
processes in action (Jaramillo et al., 2011).

The evolution and conservation of endemic spedigeeoGalapagos have been
extensively studied. However, most research has fmmeised on animal species (Geist
et al., 2014; Shaw and Gillespie, 2016); few stsidiave explored the genetic diversity
and population structure of endemic plant specssch are direct consequences of
their evolutionary history and key indicators ogithvulnerability and responsiveness to
environmental change (Fridley et al., 2007; Jum@lgt2009; Stuessy et al., 2014).
Moreover, insular endemic species are valuable tgenesources for bioprospection
and plant breeding purposes (e.g. Guezennec et2@D6; Pailles et al., 2017).
Unfortunately, endemic insular species are intca$y vulnerable to threats which
include environmental change, disease, invasiveispehuman perturbation and habitat
loss due to their isolation, relatively small paidn sizes and restricted distribution
(Whittaker, 1998; Sakai et al., 2001). Thus, ihat surprising that in 2016, 40% of all
recognized endangered species were found in igtandystems (Island Conservation,
2016). The identification of factors that promote reegatively impact the genetic
diversity of a species and the assessment of pgslatbon structure can help establish
conservation areas, prioritize populations for epwation actions, and evaluate such
strategies adequately (Bensted-Smith, 2002; Walid Trewick, 2009; Moritz, 2002;
Gitzendanner et al., 2012).
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Multiple driving forces have been associated whle evolution and genetic
diversity of endemic species in the Galapagos dsafror instanceScalesia affinis
presents a higher genetic diversity in Isabelantlaompared to Floreana island,
partially explained by the former having a muchgér landmass and a broader
altitudinal gradient (Nielsen, 2004). Other factpestaining to the evolutionary history
of the species, including speciation mechanismagdanesis vs. cladogenesis) and other
events such as past hybridization and polyploithratshould also be considered for
interpreting genetic diversity patterns (Soltis a@altis, 2000; Stuessy et al., 2006;
Stuessy et al., 2014). It has been proposed, fample, that the Galapagos endemic
shrub Galvezia leucantha harbors high levels of genetic diversity in padedto
populations from different islands maintaining sogeme flow (Guzméan et al., 2016);
thus, all these populations still conform a singpecies (as observed in anagenesis;
Stuessy et al., 2014; Takayama et al., 2015). Eurtbre, the reproductive biology
(outcrossing vs. selfing vs. clonal reproductiomd adispersal mechanisms of the
species are also relevant factors that explaintgedeversity and structure (Crawford
and Whitney, 2010). Species that inbreed, selfupaé and/or reproduce clonally tend
to show higher levels of genetic differentiationaarg populations, especially if they are
weak dispersers (Ellstrand and Elam, 1993; Hamaruk Godt, 1996). For instance, the
low heterozygosity and high between-population edéhtiation in the Galapagos
endemicsSolanum cheesmaniae and Solanum galapagense were partially attributed to
their highly autogamous nature (Rick, 1983; Pa#eal., 2017). On the other hand, it is
thought that gynodioecious dimorphismLiycium minumum emerged as a mechanism
to promote outcrossing and to maintain genetic rditse in turn, this dimorphism
would be linked with a tetraploidization event hetevolutionary history of the species
(Sakai et al. 1995; Levin et al., 2015).

The recent geological history of the Galapagosntdathemselves must be
considered when interpreting and understandingémetic diversity and structure of an
endemic plant species. Every island of the archgeekemerged progressively due to the
eastward movement of the Nazca Plate over a maatipot (Villagomez et al., 2007;
Geist et al., 2014); thus, the older islands ofdrehipelago are located to the southeast,
while the newer ones are located to the northwasist et al., 2014). This movement of
the Nazca Plate, in combination with historical s in the sea level, lead to oceanic
barriers that separated islands that emerged twesdame hotspot and were initially
close together (Christie et al., 1992; Geist et 2014). In consequence, populations
from different islands are kept separated from eabler by considerable stretches of
ocean extending for several kilometers. Moreovieesé isolated populations may be
exposed to different environmental conditions amdifferent demographic events and
genetic processes (e.g. population size changestisa, genetic drift, mutations, etc.)
(Lombaert et al.,, 2011; Shirk et al., 2014), esshinhg distinct patterns of genetic
structure within a species and even triggering ispiea (Rumeu et al., 2016; Pailles et
al., 2017). This phenomenon has been observedlap&gos endemic plants suchSas
cheesmaniae and L. minimum, where a notorious genetic divergence arose between
populations of the older eastern islands and th&teme younger islands (Levin et al.,
2015; Pallles et al., 2017).

Guayabillo Psidium galapageium; Myrtaceae) is one of the 241 endemic plant
species in the Galapagos Islands (Jaramillo e2@14). Catalogued adear threatened
in the Red Book of endemic plants of Ecuador (Kakast al., 2017), it is one of the
few endemic tree-like plants in the archipelagod &ence a significant landscape
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component of the transition zones &hudlesia forests of several islands (San Cristobal,
Santa Cruz, Santiago, southern Isabela, Fernaneini and Floreana); its distribution
also includes drier lowland and humid highlandssiorter, 1968; McMullen, 1999).
Guayabillo serves as an anchoring substrate faremidfixing lichen (Dal Forno et al.,
2017), and chemical compounds produced by its eénave been used as a natural
repellent for parasitic and hematophagous insectsirds, including several species of
endemic finches (Cimadom et al., 2016). Its haml r@sistant wood is also used by the
islanders for house and boat construction (Wigginal., 1971). Nevertheless, as many
of the endemic plants of the Galapagos, guayalsllithreatened by human-induced
disturbances including overexploitation of its wpdbitat loss, and the presence of
invasive species (Wiggins et al., 1971; Adserseal.etl988; Frankham, 1995; Tye et
al., 2007; Dal Forno et al., 2017). The direct cetitppn between endemic and invasive
species can cause a reduction and fragmentatidneipopulations of the former, as
well as a loss of its genetic diversity (Nielsef02; Jaramillo et al., 2011; Stuessy et
al., 2014). For this reason, the introduction obtex species is of great concern in
insular ecosystems like the Galapagos (Whittake®981Tye et al., 2007). The common
guava Psidium guajava), for example, is an invasive species that shaoese of the
same ecosystems with guayabillo, raising the pmtlemisk of guava populations
outcompeting or forming interspecific hybrids wits endemic relative (which could
cause genetic erosion) (Torres and Gutiérrez, 2i8)ilarly, the Galapagos flora in
general is threatened by destructive introducedegsasuch as goats and feral livestock;
these animals have already caused an impact feralesndemic species in the islands
such agCalandrina galapagosa, S. affinis andG. leucantha (Nielsen, 2004; Jaramillo et
al., 2011; Guzman et al., 2016).

Despite its economic and ecological importance @otdntial vulnerability as an
island endemic, little is known about guayabilleiatural history and its population
genetics. In fact, the evolutionary history of tleedemic species can serve as an
important case study regarding the genetic diwersitendemic insular species. Until
recently, the idea that island plant species wepee&ed to present depauperated levels
of genetic diversity was widely accepted, (DeJoadd Wendel, 1992; Barrett, 1996;
Frankham, 1997). Although these patterns might appear in species with narrow
distributions as a consequence of bottlenecks andder effects (Frankham, 1997;
Garcia-Verdugo et al., 2015), this notion has bemurrently challenged for insular
endemics with broader distributions and non-endemimcreasingly cumulative
evidence supports the idea that insular specigsopulations can show equivalent or
even higher genetic diversity levels than theirmteaid relatives (e.g. Su et al., 2010;
Rosas-Escobar et al. 2011; Desamore et al. 201Zja>derdugo et al. 2013; Garcia-
Verdugo et al., 2015). Thus, considering the famgad distribution of guayabillo in
the Galapagos archipelago (McMullen, 1999), a iradht high genetic diversity could
be expected. A reduction of genetic diversity cdoddattributed to human disturbance
(including invasive species) or abrupt natural éverather than the progressive
evolution of the species (Whittaker, 1998; Geistakt 2014; Garcia-Verdugo et al.,
2015).

We present the design and evaluation of homologe88 primers forP.
galapageium in order to assess the genetic diversity, strectmd connectivity of three
populations of this species, in San Cristobal, étmland Santa Cruz Islands. The
parameters inferred from the genetic data were tsatkscribe the natural history of
the species in the archipelago. Moreover, our tesliowed us to discuss the effects of
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geographical distribution and human action on tkpeeted genetic diversity of the
species, further developing our understanding ef ghpulation structure patterns of
endemic insular plants. This enhanced overview u#ygbillo’s evolutionary history
and the factors driving it can be used to assessctinrent status of the guayabillo
populations and to identify potential risks for thgecies, both relevant steps for the
establishment and evaluation of conservation gjiese

2. Material and methods

2.1. Study sites and sample collection

In order to identifyP. galapageium individuals, the morphological description by Rort
(1968) was used. Guayabillo is a small tree orlslafutsmooth, pinkish gray bark (Fig.
la). Its branches are divaricate, its branchleetdeand gray. Its leaves are elliptic to
ovate, equilateral and 1.8-5.5 cm long and 0.%h6éwide. Flowers are 1-1.5 cm in
diameter, of a whitish color (Fig. 1b). Berries bav2 cm diameter, they are globose to
subglobose, glabrous, and of a pale yellow to yetiolor (Fig. 1c).

Samples fromP. galapageium individuals were collected from three islands: San
Cristobal (seven sampling locations), Santa Criuz ampling locations) and Isabela
(six sampling locations; Fig. 1d). For the selettaf these sampling locations, sites
were chosen based on previous reports of guaygimlbwlations, either documented in
the literature or through personal communicatiortk V@cal inhabitants. From this pre-
selection we chose sites close to roads or infdhbiteas, since more remote locations in
the Galapagos Islands are inaccessible for sampling
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Fig. 1. a) A guayabillo tree, b) Details of thevea and flowers of guayabillo. c) Details of the
leaves and fruits of guayabillo. (Photos: Bryan tikeaUNC-CH). d) Galapagos Islands map
indicating the sampling sites of this study in islah Santa Cruz and San Cristobal Islands. The
islands where guayabillo is distributed are hidttiggl in red; note that although guayabillo is
not officially reported as present in Floreanardlgorange label), it is actually distributed over
there as well (Bryan Reatini, pers. comm.)
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274 Two to five fresh leaves were taken from each sathpiee and stored in plastic bags,
275 which were transported to the Galapagos SciencdeCé8an Cristobal Island) for
276 storage at -20°C. A total of 208 individuals weaengpled, ranging between 4 and 34
277 samples per location (Table Al). We collected theatpst possible number of
278 individuals separated by a minimum distance of 1@@nminimize the possibility of
279 sampling genetically identical individuals.

280

281 2.2. Molecular Methods

282 2.2.1. Primer Design

283 Guayabillo specific primers for microsatellite regs were developed from a single
284 genomic DNA extraction using the Galaxy-based Waymatics pipeline reported by
285 Giriffiths et al. (2016). Sequencing was performedaa Illumina MiSeq platform at the
286  University of Manchester genomics facility usingogjun 2x250 paired-end sequencing
287 methodology (Nextera DNA Preparation Kit, lllumindSA). The sample used 0.33 of
288 a flow cell and primer design was optimized for uséh Platinum Tag DNA
289 polymerase (Invitrogen, USA) with an optimal @ 62°C (Min 59°C, Max 62°C) and a
290 maximum difference among primer pairs of 3°C.

291

292 A total of 2 x 1,783,686 raw sequence reads wesdymed, with none flagged as poor
293 quality. Sequence length ranged from 50 to 300 it avreported GC content of 40%.
294  After screening, a total of 211 primer pairs weesigned to amplify SSR regions with
295 simple motifs of 2, 3, 4 and 6 base pairs. From list, a total of 30 loci were selected
296 as candidates and their respective primers werihasized; all of them target SSR loci
297 with trinucleotide, tetranucleotide and hexanuctotmotifs (Table 1). The Tail A
298 sequence designed and reported by Blacket et @l2j2was added to all forward
299 primer sequences.

300

301 2.2.2. DNA Extraction, Amplification and Genotyping

302

303 DNA was extracted from 25mg of leaf tissue using GTAB method described by
304 Saghai-Maroof et al. (1984). Isolated DNA puritydaconcentration were measured
305 using a Nanodrop 1000 Spectrophotometer (Thermen8fic, USA) and stored in TE
306 buffer at -20°C.

307

308 After testing the 30 candidate primer sets, we csete 15 markers that amplified
309 successfully and were polymorphic (Table 1). Amgidifion conditions were
310 standardized for these 15 SSR primer sets andaalples were amplified under the
311 following cycling conditions: 15 min at 95°C; 35atgs of 30 sec at 94°C, 90 sec at the
312 standardized annealing temperature, 60 sec at 2@n at 72°C. PCR products were
313 labeled with a fluorescent dye incorporated indh&versal Tail A primer using a three-
314 primer system (Blacket et al., 2012). Amplificatiproducts were genotyped in an ABI
315 313 Genetic Analyzer (Applied Biosystems) by Ma@&odSeoul, South Korea). The
316 resulting electropherograms were analyzed usingeMarker v. 2.4.0 (SoftGenetics

317 LLC).
318
Table 1389 microsatellite loci with forward andeese primer sequences designedXagalapageium.
F Primer R Primer
Primers Forward Primer Position  Reverse Primer Position  Motifs(bases)




GYB1 GTTAGGGTCGAAACAGTCCTAAACC 101 GTGATGGTCAACAGAGGGAAATAGG 333 AAAAAT(60)
GYB2 TTTGTCACCCTACATAATTCTTCCC 58 GGAGAGAGCGAGACAAGCATAGG 301 AAAGAG(54)
GYB3* AAAAGTCAAATAAAGCCGCCTACG 28 AGGTTACTCTAATGCCCTTTCGG 460AAAT(32)
GYB4* GTAGGCTTTGAAAATTCTCATCCG 38 CTTATGGAGGCAAATTCGATCAGG 354 TTC(27)
GYB5* CACAAGTATCGTGCTACCAAATCG 80 GGCGGATATGCAAATATATGATCG 370 TTC(27)
GYB6* GCTACCTAAGTGTGGAAAGAGAACG 77 GGAAACCACTCGTGAGTATTACAGC 410 ATT(30)
GYB7* GCAGGCAAGAACAGATAGAGATCG 60 TCTTCTCAACAACCAGATTCTCACC 322 TCC(33)
GYB8* ATGGCCGGAAGAATCAAATCC 66 CATCTCTCATCTTGTTCCACATCC 347ATT(39)
GYB9* GCTCTGTTAATCTGGGCTTTGC 198CTCCTTCACAAAATTCACACTGACC 442 TTC(30)
GYB10 ATGAGAGAAGTCAAAGCAAGGAACG 48 ATTCGCTCCCAAACTAATACACACG 311 ATT(39)
GYB1l AGTGAGAGTGGGTAAAAGTCAGTGC 29 GTGAGAAATTGGGGACTATATGGG 321 TTC(36)
GYB12 ACTATTGCTGCGACGTTCTTCC 29ATGTATGCACCCTCTTGTTTTAACG 279TTC(42)
GYB13 GATCAACCTGATCCTTGAAGTGG 81 TTATCGGTTAGTGCGTCTGAAAACC 272 ATT(27)
GYB14* ATCCACTTTCATATCATGCAAGACC 37 TGCACAAATGTATCCTCTTAACTGC 280 ATT(36)
GYB15 TAAGCCTGGCCTTACTAAAATCACC 76 TATGACTTCGGAGGGACTGTGC 352AAC(27)
GYB16 CCTGGTGCAGTACTTTCATTTATAAGC 52 CAATCATCAATTTTCGCTCTTACCC 452 TTC(33)
GYB17 AGTGAGTTCGTCAAGGCAAGG 74 GAAATTATTGACATGGACCTAACCG 329 ATT(36)
GYB18* ACTGAGTTTCGATCGAGTCTATGGG 37 AGAGCCCTAAGGACTTAGAGAATGC 341 ATT(30)
GYB19 ACTGCTCAGCTCGTCTTCACC 24TTAACAGAGGAGTTGAAGGCAAAGG 259 TGC(27)
GYB20 GAGGAAGCGATAGTGTATGTTGAGC 61 CACAAAGTCCCTTTGCTTTTGC 383 ATC(33)
GYB21* CCGATTTCTGGTAAGGAGAGAGG 73TGTTGTAGTTTGTAGGTCCATGTCG 286TTC(33)
GYB22* ATGAAGATCAACCTCTTCCATTGC 150 AGTAATGACTCCGGTCAGTCTTCC 388TTC(27)
GYB23* CTTAAATTTTCCGTCTCTCTCTTCG 102 ACAAATCCACGGTAATTGTATGAGC 381 ATT(30)
GYB24 GTGTTCAGAGACATTCTATCGTTGC 143 ATTCTAGAGCCGTGACTTGTTCTCG 370TGC(30)
GYB25* GCCAGCAAATCAAAATTATCCC 103 GGACCGATCAAATCTTCTAAACC 379 ATC(27)
GYB26 GGGGAATGAGCAAGAGAAAAGG 65 GTCATTCGTGGTAGAAGTTATTCGG 389 TTC(27)

GYB27* TCTTGATGAACCAAGACCTACTGC 69 CCAAACACAAGATAACGAACTTTCC 330 ATT(36)

GYB28 GACCAGTGAATAAAAGAGTTTGTGC 50 TTGTTGAAGTGGAAAGAGAGAAACG 313 ATC(36)
GYB29* TTTGTCGGGACTCTCTAATGGC 103GAGGTTACGTAGAATTCTTGATGTGC 356 TTC(27)
GYB30 GGTCAAGCAAAAGAGAGAAATGC 30 TTTCTTGTCTTTCGTGATTCCG 197TGC(27)

*Selected loci for present study

320

321 2.3. Statistical analyses

322 There is limited information regarding the ploidyf galapageium. Our observations
323 from allele scoring suggests that up to four aflelan be found for any given locus in a
324 single individual (Fig. Al). However, 3 out of tHe& loci analyzed presented two
325 alleles, this leads us to assume an unbalanceglpa@y which can be an indicator of
326 allopolyploidy (Singhal et al., 1985). Furthermoreybridization has often been
327 observed in theéPsidium genus (Landrum, 2017). Given these observatiomk tha
328 reported polyploidies in several members of Bsalium genus (Tuler et al., 2019), we
329 treatedP. galapageium as an allotetraploid and used tpaysat package (Clark and
330 Jasieniuk, 2011) for R (R Core Development Teami52@ assign alleles to different
331 isoloci (2 isoloci per locus), thereby allowing tes process the data as diploid (Clark
332 and Schreier, 2017). Isoloci assignmenpaiysat was performed considering all the 15
333 amplified SSR loci, leading to a total of 30 potehisoloci.

334

335 Null allele frequencies for each isolocus were glalied through the De Silva method
336 (De Silva et al.,, 2005) implemented polysat. This method requires an estimated
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selfing rate which is unknown in guayabillo (altighuthe frequent occurrence of perfect
flowers in this species suggests its possibilitgrt&, 1968). Therefore, we used two
reported selfing rates (0.5 and 0.65) from theeatipselatedP. guajava (Sitther et al.,
2014). Monomorphic isoloci (isolocus GYB5_2), isdlavith null allele frequencies
>>0.3 given both selfing rates employed (GYB14_YB&4 2, GYB18_1, GYB18 2,
GYB27_2), and loci that were not assigned to isoleith an acceptable clustering
quality (GYB6, GYB25) were excluded for allele frespcy calculations and
downstream analyses that depend on allele fregeengihus, from the 15 SSR loci
originally amplified, we used 13 loci (from whichevderived 20 informative isoloci) to
describe the population genetics of our data set.

GenoDive (Meirmans and Van Tienderen, 2004) wad tsa&etermine if the analyzed
guayabillo populations deviated from Hardy-Weinbé&guilibrium (HWE). Thep-
values obtained from the HWE test were correctéuguke B-Y correction.

We used thedegenet package in R (Jombart and Ahmed, 2011) to deterritiia total
number of alleles for each isoloci. Private alelgere calculated with thpoppr
package (Kamvar et al., 2014), and allelic freqieswere obtained witholysat using
the “simpleFreq” function. Allelic richness corredtthrough rarefaction for different
sample sizes was performed with thesicSats function from the diveRsity package,
assuming 35 individuals sampled for all populati@hieenan et al., 2013). Significant
differences among the allelic richness of differisténd populations were assessed with
Kruskal-Wallis and Pairwise Wilcoxon tests. The sgmlysat package was used to
calculate the observed and expected heterozyg#diBy, Lynch distances and pairwise
Fst between islands and between sampling locationgamh island, from matrixes
created after isoloci reassignments. For assessibgeeding in guayabillo, we
calculated s for each population using the calculategdid H values. Pairwise 4t
between clusters found when we conducted PCoA aRIUETURE analyses (below)
were also estimated.

We also performed an analysis of molecular varia(B®IOVA) to evaluate the
population differentiation between island populasan GenAlEx (Peakall and Smouse,
2012), encoding all 15 SSR markers as binary dat@rincipal Coordinates Analysis
(PCoA) based on Lynch distances was also plotted) ggplot2 (Wickham, 2009).

We performed an analysis of population structureguishe STRUCTURE software
(Pritchard et al., 2000) following the parametegsatibed in Meirmans et al. (2018) for
dealing with polyploid data. We estimated the papah structure for both the
complete data set and for each island individuallsing the same parameters. We
evaluated between 1 and 10 potential genetic ckig€¢ and performed 10 independent
replicates for eacK value, consisting of 1x10ACMC steps with a 1x®&tep burn-in
period. The STRUCTURE Harvester software (Earl amh Holdt, 2012) was
employed to evaluate the optimum valuekofising the Evanno method (Evanno et al.,
2005). We used CLUMPP to estimate individual mersigr coefficients (Jakobsson
and Rosenberg, 2007), and plotted them using tI®&TRUCT software (Rosenberg,
2004). A plot of the relative migration levels beem the three island populations was
obtained by applying the Sundqvist et al. (2016)hoe implemented in thdivMigrate
function from the diveRsity package (Keenan et2413).
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Due to differences in the number of samples obthiinem each island, we created
subsamples for Isabela and Santa Cruz to matcBadheCristobal sample size. To do
so, we selected 35 individuals from Isabela andr@» Santa Cruz (we included one
random sample from each location) After this systicrdownsampling, we repeated all
the previously described analyses.

We used the following method in order to assigrangd detecting clones: we calculated
genetic distances assuming asexual reproductioerihd SMM, as implemented in the
GenoDive software. Missing data and unknown alligisage were ignored. The genetic
distance threshold used to classify individuals ckenes (a distance of 7.0) was
determined using the method suggested by Rogstatl €002); note this threshold
should not be equal to 0 due to the fact that nartatand genotyping errors may make
identical individuals have slightly different gegpes (Meirmans and Van Tienderen,
2004). Specific clones per island were obtained.teat of clonal diversity was
performed using Nei's corrected genetic distancesasmary statistic, using 999
permutations and sorting alleles over individualghiw populations. Finally, clonal
diversity statistics were calculated in GenoDivel &ootstrap tests were performed to
detect significant differences among shc (sampe-sorrected Shannon index values)
in different islands (999 permutationg)values were corrected using the B-Y method.
Clonal richness (R) was also calculated for ealemésand overall, as R = (G-1)/(N-1)
where G is the number of genotypes detected urderestablished genetic distance
threshold, and N is the total number of samples.

3. Results
3.1. Marker information and genetic diversity

All 208 individuals in our sample set were genotyjad included in our analyses.
All of the original 15 markers amplified deviatetbih HWE after B-Y correction,
except for locus GYB25 in the Isabela populationd &YB04 in the Santa Cruz
population. The information content for the 13 neaskused for data analysis (parsed as
20 isoloci) was measured through their Polymorphiormation Content indices (PIC)
and ranged between 0.006 and 0.808 (only two maderwed PIC values under 0.3),
with low inferred null allele frequencies (with tlexception of the excluded isoloci
described in Materials and Methods; Table A2). ¥asi descriptors of genetic diversity
were estimated for the populations of each of tiree sampled islands (Table 2),
showing similar patterns between the populationsatbela and Santa Cruz. Compared
to the Isabela and Santa Cruz populations, theCsiatobal population shows a smaller
number of alleles, of private alleles and both, dowobserved and expected
heterozygosities (b and H respectively), with a highersk fixation index. While a
smaller sample size for San Cristobal (N=35, comghan N=86 in Isabela and N=87 in
Santa Cruz) may account for some of these loweerobd values, our downsampled
analyses (i.e. reducing the samples from IsabalaSamta Cruz to maintain a constant
sample size for all three; see Materials and Methemtd Table A3) show a consistent
reduction in the numbers of alleles (A) and privalleles (PA) for the Santa Cruz and
Isabela populations, and a reduction in the obskefweterozygosity for the Isabela
population, but not sufficient to match the Sanstothal population Hestimates; this
supports our finding of a lower genetic diversity this island. The same trend is
maintained when assessing allelic richness (ARjected thought rarefaction among
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the three island populations, with a higher riclsnesisabela, followed by Santa Cruz
and finally San Cristobal. The difference in AR veggnificant between Isabela and the
other two islands, both Santa Cruz (B-Y correctanividse Wilcoxon testp=0.045) and
San Cristobal g=0.026); nevertheless, rarefaction-corrected AR diot show
significant differences among Santa Cruz and Sastddal. Inbreeding coefficients
(Fis) were high for the three island populations (espigcisabela and Santa Cruz) and
overall for the whole dataset.

Table 2.Genetic diversity information of the analyzBddium galapageium populations from
Isabela, Santa Cruz and San Cristobal islands: Murab individuals genotyped from each
island (N), number of alleles found (A), numberpoivate alleles (PA), rarefaction-corrected
allelic richness (AR), observed heterozygosity)Hexpected heterozygosity/gene diversity
(Hg), Fst global value for each island population, and iedmeg coefficient (f5). Overall
results along the three islands are also shown.

Island N A* PA*  AR® Hg? He? Fst Fis

Isabela 86 142 (89) 77(35)12.29 0.147 0.570 -0.173 0.742
Santa Cruz 87 105(67) 26(8) 9.97 0.157 0.426 0.085 0.631
San Cristobal 35 70(60) 5(1) 8.20 0.119 0.275 0.286 0.567

Overall 208 174 - 10.15 0.141 0.482 0.230 0.708

* Values between brackets are the number of allelgsivate alleles with a frequency >0.05 withire t
corresponding island population.

%Indicates average across all the SSR loci analyzed.

*Standardized through rarefation for N=35

3.2. Genetic differentiation of guayabillo popubsis

The genetic differentiation between islands, evadidhrough pairwise 4t genetic
distances, shows a greater divergence between dheC3istobal and Santa Cruz
populations, while Isabela remains equally divetgesm both (Table 3). This pattern
is observed with both the full and reduced datéh wibrmalized sample sizes (Table
A4). Furthermore, the clustering of individuals éa®n Lynch genetic distances shows
that the individuals from Santa Cruz are represkhtetwo groups: a first group clearly
separated from all the rest of individuals (hendéfoeferred to as Santa Cruz 1; Fig. 2,
Fig. A2), and a second group clustering closelhwiidividuals from Isabela and San
Cristobal (henceforth referred to as Santa Crugi@, 2, Fig. A2). This second group
includes individuals from three different locatiom® Santa Cruz: Granillo Rojo,
Garrapatero and Bellavista (Fig. A3). It shouldrimged, however, that the degree of
population differentiation between islands appdarde limited: an AMOVA reveals
that the majority of the genetic variation (72%ywe within populations, and 28% of
the variation occurs between Isabela, San Cris@ah@lSanta Cruz (Table 4).

Table 3.Pairwise and globaldr values between thesidium galapageium populations from the
three islands.

Isabela Santa Cruz
Santa Cruz 0.164 -
San Cristobal 0.178 0.218
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Global 0.230

Table 4.Analysis of molecular variance (AMOVA) between theece island populations of
Psidium galapageium.

Source DF SS MS Est. Var. %
Among Pops 2 691.79  345.90 5.12 28%
Within Pops 205 2653.82 12.945 12.95 72%

Total 207 3345.62 - 18.06 100%

Groups
Ow Isabela
E San Cristobal

|E| Santa Cruz 1

Santa Cruz 2

PC2 (19.74%)

- . ¢ PC1 (46.14%) % - :
Fig. 2. PCoA based on the Lynch distances founadst thePsidium galapageium individuals
sampled in the three islands: Isabela, San Criktabd Santa Cruz. For Santa Cruz, both
genetic clusters are indicated (Santa Cruz 1 anthSzruz 2).

3.3. Population structure

To explore the population structure under an adméxtmodel, the assignment
coefficients for all individuals were estimated thiferent numbers of putative lineages,
revealing higher similarities between individuatenh Isabela and San Cristobal, in
concordance with the clustering by genetic distan@ée individuals from Santa Cruz
display a greater contribution from a separate gerstock, with some individuals
showing similarities to the Isabela and San Cristopopulations (Fig. 3a). An
evaluation of the optimum number of clusters thattHe data suggests that three
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putative lineages are observable in our deteB3({ AK=289.55), which highlight a closer
resemblance between the genetic composition ofSdra Cruz outliers and the San
Cristobal population (Fig. 3b). Overall, the thrgenetic lineages are determined by
island, as would be expected given the physicahrsgjon and isolation between these
populations. A similar analysis with the downsamdpléata (Fig. A4) reveals no
observable differences when compared to the fud dat.

O o
oqp\ 'a\a‘
(\b\
@
€

a)

Isabela Santa Cruz San
Cristobal

Fig. 3.Results of the Bayesian analysis of populationcstine (Software STRUCTURE) under the
Admixture model. The results are indicated for &2K(AK=134.51), and b) K=3 which is the
optimum K value AK=289.55). These values of K correspond to the tetssor lineages
(represented by different colors) in which are gexlithePsidium galapageium individuals sampled

in Isabela, Santa Cruz and San Cristobal islantds. Santa Cruz sampling sites of Granillo Rojo,
Garrapatero and Bellavista (which mostly harboriviiddials from the Santa Cruz 2 cluster) are
marked as well.

We noted that the groupings observed through Bagasaference in STRUCUTRE
and the clusters observed in the PCoA were equiyateliably defining the main
genetic groups in the guayabillo populations of ke islands. Pairwisesfvalues
were calculated among these genetic groups, camgjdeach island population
individually, and including the Santa Cruz 1 ancht8aCruz 2 groups as separated
entities as well. Here, the highest genetic difiéegion was detected among the Santa
Cruz 1 population and the populations of the ottveo islands: Isabela and San
Cristobal. Furthermore, an important genetic défgration was observed between the
two Santa Cruz groups, comparable even to the sdtuend among populations from
different islands (Table A5).

Bayesian population structure analyses were comdu@dr each island. When
analyzing the Isabela and Santa Cruz populatioms,distinguishable population
structure within each island was observed, sugugstiidespread gene flow and an
ancient shared history within each island (Figs.af8 A6, respectively). The optimum
K value (K=2; Fig. A6a) shows two lineages in Sa@taz island, matching the Santa
Cruz 1 and Santa Cruz 2 groups found in the PCad\ @J; however, this pattern is less
clear at higher K values (Fig A6 b-d). Finally, aoma distinguishable structure is
observed in San Cristobal at K=2 and above, witlividuals from any given sampling
location tending to share their genetic backgroiiig. A7).

Although limited, some migration could exist betwebe guayabillo populations
from different islands. The relative migration ays# showed that most of the gene
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flow is directed towards Santa Cruz from both I$alend San Cristobal. Outgoing
migration from Santa Cruz and among Isabela andC3mtobal appears less prevalent,
representing approximately half or less of thatobsd towards Santa Cruz (Fig. 4).

“®

Fig. 4. Relative migration among the guayabillo ylagons from Isabela (ISA), Santa Cruz
(SCZ) and San Cristobal (SCY) islands.

3.4. Clonal assignments and clonal diversity inygidlo

A total of 201 different unique multilocus genotgpwere identified in our
dataset, and 11 of the 208 analyzed guayabilloviddals (5.28%) were identified as
clones of another individual; a lower number ofqu@ genotypes was obtained when
considering the effective number of genotypes, tialess they are still considerable
when taking into account the total number of indijals analyzed. Clonal richness and
sch values over the three populations were relgtivdgh in general terms.
Nevertheless, the San Cristobal population had highest number of individuals
sharing the same multilocus genotype (with up t@ findividuals having the same
genotype in one case); individuals assigned tes#mee clone in San Cristobal belonged
to different sampling locations. On the other hamly two individuals with the same
genotype were found in Isabela, as well as in S&na& (coexisting in the same
sampling location in both cases). Similarly, thabksla and Santa Cruz populations
showed higher clonal richness and shc values them Gistobal (Table 5); these
differences in shc were significant (Isabela vaa Saistobal:p=0.003; Santa Cruz vs.
San Cristobalp=0.003).

Table 5.Clonal diversity statistics for the three studisthmd populations, and overall values:
Number of individuals genotyped (N), number of @sror unique genotypes detected under the
established genetic distance threshold (G), clachhess (R) and Shannon diversity index for
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genotypes, corrected for sample size (shc). Cdlonk were performed twice: using the SSR
genotyping directly without allele dosage correatior polyploids, and then using the genotypes
corrected for allele dosage in polyploids.

Island N G (eff)* R shc

Isabela 86 85(84.0) 0.988 3.564
Santa Cruz 87 86(85.0) 0.988 3.574
San Cristobal 35 30(21.5) 0.853 2.111
Overall 208 201 (190.5)0.966 3.083

*Values between brackets correspond to the effectivmber of
genotypes (G).

Finally, we found low statistical support for thgplethesis that the observed
clonal diversity is explained by random mating e tthree populations (Isabela:
p=0.007; Santa Crup=0.001; San Cristobaph=0.001). This suggests that the observed
clonal diversity patterns are not due to sexuala@yction; therefore, the occurrence of
the same multilocus genotype in more than one iddal is explained more likely by
clonal or asexual reproduction rather than by sexaproduction among related
individuals.

4. Discussion
4.1. Genetic diversity in guayabillo and its comfiting factors

With an overall H of 0.482, guayabillo showed a relatively high gendiversity for a
species endemic to an insular ecosystem (Tablas23een in other widespread insular
plant species, such as the Galapagos endéossypium darwinii (Wendel and Percy,
1990), the Hawaiian endemMetrosideros polymorpha (Crawford et al., 2008), and
Periploca laevigata from the Canary and some Mediterranean Islandsc(&&erdugo

et al., 2015). Care should be taken when compatingrsity levels among different
species due to the numerous factors influencingnttad the distinct molecular
techniques used for analysis (Fernandéazuecos et al., 2014; Garcia-Verdugo et al.,
2015; Guzman et al., 2016). Even so, all the preshiomentioned studies, along with
many others (see Garcia-Verdugo et al., 2015),aseend in which insular plant
species, including several endemics, show a relgtivigh genetic diversity, contrary to
what is expected considering founder effects amtewe drift over small founding
populations (Frankham, 1997; Whittaker and FernZiRidacios, 2007). A widespread
distribution, such as guayabillo’s (occupying difiet islands and different vegetation
zones within the Galapagos archipelago; McMull€@9%t Valdebenito, 2018), could be
a very important factor that contributes to thidatigely high diversity level. A
widespread distribution usually leads to populaienth bigger effective sizes, which
in turn tend to harbor more genetic variability igHbeing more resilient to genetic drift
(MacArthur and Wilson, 1967; Frankham, 1996; Gaktéadugo et al., 2015; Costanzi
and Steiffeten, 2019). Nevertheless, in the Galapaigere are endangered species with
more restricted distributions such @slvezia leucantha (Guzman et al., 2016) and
Calandrina galapagosa (Jaramillo et al., 2011), that still possess atiretly high
genetic diversity. Then, other factors such asr#lative absence of herbivores and
competitors (Stuessy et al., 2014; Garcia-Verdugd.£2015; but see Whittaker, 1998
and Nielsen, 2004 concerning introduced specidéasygawith the tropical location and
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wide variety of climatic patterns and vegetatiome® in the Galapagos (Kricher, 2006;
Jaramillo et al., 2011), could also contributelte taintenance of the genetic diversity
of Galapagos’ endemic plants regardless of thesiridution range.

The physical characteristics of each island wheraygbillo is found could be
associated to its relatively high genetic diversitywell (Stuessy et al., 2014). Larger
islands with broader altitudinal ranges host greatitat heterogeneity (MacArthur
and Wilson, 1967; Buckley, 1985; Geist et al., 20I¢hich in turn can favor genetic
variability in a wide-distributed species as it pi$ato new niches (MacArthur and
Wilson, 1967; Stuessy et al.,, 2006; Chapman et2811,3). In fact, morphological
variation among guayabillo populations along théuwalinal gradient where the species
is distributed has been observed (Valdebenito, RAl&rge island surface areas also
translate into a greater capacity to host bigggufaiions with more genetic diversity
(MacArthur and Wilson, 1967; Frankham, 1997; Coatamd Steiffeten, 2019). In this
regard, high levels of genetic diversity in the Ha#an silverswords (Witter and Carr,
1988) and irG. darwinii (Wendel and Percy, 1990) were explained in pathbir large
population sizes. A similar scenario might be sstier for guayabillo, since the highest
genetic diversity was found in Isabela island (€a®j Table A3), which is the largest
and most elevated island in the Galapagos arclgpelaven if we only consider the
southern part of the island where guayabillo isftyu (Instituto Geofisico, n/d; Charles
Darwin Foundation, 2012; Geist et al., 2014). Altgb our sampling covered a narrow
range of the total altitudinal range (109-386 ml3,ghis pattern is still observed. On
the other hand, the San Cristobal population ptegethe lowest genetic diversity
among our sampling sites (Table 2; Table A3), ading with the island’s smaller size
and narrower altitudinal range (Latorre, 1991; GsmDarwin Foundation, 2012); our
guayabillo samples cover approximately half of ttasge (71-310 m.a.s.l.). Finally,
Santa Cruz, where we obtained an intermediatebtit not a higher AR than San
Cristobal, constitutes an intermediate altitudiaatl land mass range between Isabela
and San Cristobal (Grenier, 2007; Charles Darwingnéation, 2012). These general
trends are not surprising and have also been afden/the Galapagos endemiss
affinis (Nielsen, 2004) ands. darwinii (Wendel and Percy, 1990), which showed
greater genetic variation in Isabela compared tallemand lower islands as Santa
Cruz, Floreana (both species) and San Cristokal darwinii only). A greater
abundance and genetic diversity have also beemntegptor the endemic tomato&s
cheesmaniae and S. galapagense in western islands like Isabela, something thas wa
also tentatively attributed to the unusually higtreqgipitation for this part of the
archipelago (Rick and Fobes, 1975; Pailles e8ll,7). Knowing that plant richness is
positively linked with precipitation in the tropi¢&entry, 1982), this could also explain
the greater diversity observed in the Isabela dgoilggoopulation, as well as in the case
of other endemic plants. Thus, despite being onehef youngest islands in the
Galapagos (Geist et al.,, 2014), Isabela would ptesertain conditions that favor
diversity in endemic plant species, though othetdia should also be considered when
interpreting these genetic diversity patterns.

The limited available evidence suggests a compistutionary history for the
guayabillo which may also partially explain the gea diversity patterns observed in
the species. Firstly, guayabillo could be a polylspecies, as suggested by our
genotyping, where up to four different alleles webeserved for several loci (Fig. Al).
Furthermore, morphological studies point to guai@bbeing very phenotypically
similar to the hybrids between two mainland claslatives:Psidium oligospermum and
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P. schenckianum (Landrum, 2017)Landrum (2017) also hypothesized that the hybrids
of these two species were able to spread all onapical America following the
hybridization event, opening the possibility tha¢y may have reached the Galapagos.
With these antecedents, the Galapagos guayabililnl ¢entatively be an allopolyploid,
with P. oligospermum andP. schenckianum as putative parental species, a hypothesis
that could be confirmed through phylogenetic aredy®f the P. oligospermum
complex. In any case, hybridization is quite fragu@ thePsidium genus (Machado-
Marques et al., 2016; Landrum, 2017), and this mi@kallopolyploidy in guayabillo
could also be one of the reasons behind its relgtivhigh genetic diversity.
Allopolyploids show a tendency towards higher hetggosity and genetic variability
levels compared to diploids as they draw from tBeegpools of two separate species,
which might be the case if guayabillo is in factadliopolyploid (Soltis and Soltis, 2000;
Chen and Ni, 2006). Moreover, previous hybridizatemd allopolyploidy have been
tightly associated with the success of the coldiomaof oceanic islands by plants
(Barrier et al., 1999; Wendel and Cronn, 2003; Madl| 2013). These ideas could also
be supported by the high genetic diversity foundthe widespread tetraploic.
darwinii, for example (Wendel and Percy, 1990). Howevelygloidy is not a requisite

or a guarantee for high genetic diversity levelst iastance, the Galapagos endemic
Opuntia cacti are hexaploid and still display low genelicersity levels (Helsen et al.,
2009). Likewise, there are diploid insular planegps that show moderate to high
levels of genetic diversity (e.g. Crawford et 2D08; Takayama et al., 2013; Takayama
et al., 2015). Therefore, polyploidy is not the yoakpect of evolutionary history that
should be addressed for interpreting the genetierslity observed in guayabillo.

The mechanism of speciation may also be importanéxXplain the genetic
diversity in insular plant populations (Stuessyaét 2014; Takayama et al., 2015).
Cladogenesis, for instance, generates several taugpiecies, each one with low levels
of genetic diversity as observed in the ende@pantia cacti from different islands in
the Galapagos archipelago (Helsen et al., 2009)th@rother hand, guayabillo has not
been reported to split into separate species fardift islands (Porter, 1968; McMullen,
1999); this is also supported by our genetic dateen though we observed a genetic
structure between different islands and a limitgertisland gene flow (Fig. 3), we do
not have evidence to claim the populations fronbéts Santa Cruz and San Cristobal
are distinct species. Firstly, the pairwisgr Falues among island populations, though
high, are not high enough to reach that conclu§i@ble 3; Table A5). Secondly, we
would have expected a higher percentage of thé dotarsity explained by diversity
among islands if they were different species (T@)leFinally, most of the individuals,
including samples from distinct islands, are cliesietogether in the PCoA (with the
only exception of the Santa Cruz 1 group; Fig. IR).consequence, the history of
guayabillo aligns with the speciation mechanism awfagenesis, where different
processes such as mutation accumulation, recondmnand local adaptation would
have created more and new genetic diversity whiak kept in a single species (Stuessy
et al., 2006; Takayama et al., 2015; Stuessy ,e2@l4). Other species in the Galapagos
also continue to be a single species despite hgvapglations separated in different
islands;G. leucantha for example, keeps a moderate-low genetic diffeméan even
among islands, leading to a high genetic and mdogjical diversity within this species
as a whole (Guzman et al., 2016).

The reproductive biology of the species is alsantant to understand the
genetic diversity patterns (Stuessy et al., 200}, it is poorly understood for
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guayabillo (Valdebenito, 2018). Complementary redean outcrossing-selfing rates,
pollinization, seed dispersal and germination réde®quired to determinate the effect
of these factors on the genetic diversity of gudi@ldHowever, our genetic data could
shed some light on these topics. To begin with faumd low H, values compared to
He, as well as high § values in all the three islands (Table 2), whiciggests that
inbreeding and/or selfing (guayabillo has biseXi@kiers and selfing is concurrent in
the Psidium genus) in all guayabillo populations could be pteat (Wright, 1951;
Loeschcke et al., 1994; Frankham, 1998; Sitthed.e014). Guayabillo is also known
to reproduce through root suckers which may leadddoes (Aldaz, 2008); however, we
made sure to sample physically distant individ@@lavoid the collection of this type of
clones. No direct studies have been performedstootéer kinds of clonal reproduction
in guayabillo such as apomixis. In any case, oswlte do show a couple of individuals
from distant locations sharing the same multilogasotype. These cases appear to be
sporadic, and most of the sampled individuals e unique genotypes (Table 5).
Similarly, guayabillo presents higher clonal divgréevels than other plants which are
actually known to reproduce clonally suchZzaagphus celata (Gitzendanner et al., 2012)
andTrillium recurvatum (Mandel et al., 2019). Finally, indirect evidendeoatcrossing
in guayabillo was obtained through the observatdrflowers being visited by the
Galapagos carpenter beglocopa darwinii (Valdebenito, 2018), also an important
pollinator for several other endemic plants of @&apagos (see Jaramillo et al., 2014;
Guzmén et al.,, 2016). Likewise, the higher withstand diversity compared to the
between-island diversity (Table 4) aligns with whetuld be expected for a cross-
pollinating plant species, despite the non-negiegiB8% of among-island diversity.
Thus, in light of previous descriptions of the egy of the species (Aldaz, 2008;
Valdebenito, 2018), our genetic data suggestsghayabillo might combine different
reproductive mechanisms including selfing, outdragsand clonal reproduction in a
lower extent; the common guava, a close relativahef guayabillo, shows similar
reproductive mechanisms (Urquia et al., 2019). Tommbination could also explain the
relatively high genetic diversity we found in gubifen, as well as its success in
colonizing the Galapagos archipelago. Clonal repetidn and selfing would have
aided in the fast spread of the species over flaads during the first stages of the
colonization, while the increasing population sizedidified the endurance of high-
fitness genotypes (Pluess and Stocklin, 2004; &dwa, 2008). In fact, self-
compatibility would be the general rule for insulglants as it is essential for the
establishment in new islands (Baker, 1955; Chametral. 2012). However, this kind
of reproduction is known to reduce genetic divgrsihd drive inbreeding depression
(and its associated consequences such as diseaseptnility and low mate
availability; Kwak and Bekker, 2006, Honnay andglaamyn, 2008), as seen in the
highly autogamous endemic tomat&heesmaniae andS. galapagense (Rick, 1983;
Pailles et al., 2017). Hence, thanks to its potértapacity for combining asexual
reproduction and outcrossing, guayabillo would hals been able to maintain its
genetic diversity and a wide variety of clones amhotypes, retaining the species’
adaptive potential while keeping the advantageslafal spread (Ward et al., 2008).
This hybrid system would be beneficial in fluctugtiand unpredictable environments,
characteristics that recall the nature of the Gadap Islands (Bengtsson, 2000;
Silvertown, 2008; Capotondi et al., 2015). Thuss ihot surprising that other plants in
the Galapagos such &s galapagosa also hold considerable levels of genetic diversity
perhaps through outcrossing (Jaramillo et al., 20d/hile Lycium minumum developed
sexual dimorphism to equilibrate self-compatibibtyd outcrossing (Levin et al., 2015).
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A case could also be made regarding the effectsuofan disturbance in the
genetic diversity of the species, particularly floe San Cristobal population. The three
studied islands host permanent human populatiatsiirsome cases use guayabillo as
a source of wood. Moreover, these islands alsoasustgricultural areas in their
highlands, where local-scale cultivation and animabandry activities are developed.
However, San Cristobal contains the largest agtcall area relative to its size,
occupying the majority of its humid highlands (RavBorres et al., 2018), and one of
the oldest permanent settlements in the archipetatgblished during the second half
of the XIX century (Latorre, 1997; Lundh, 2004).€Be events could have affected the
guayabillo populations disproportionately when caneil to the other islands. Santa
Cruz was colonized more recently by humans, produaimilder historical disturbance
(Kricher, 2006; PNG, 2016), although it currentlgsts a larger human population
(INEC, 2016). On the other hand, Isabela sustdiessimallest agricultural area in
proportion to island size (Rivas-Torres et al., @0dnd the smallest human population
(INEC, 2016). Besides the direct impact on effextpopulation size and genetic
diversity decrease (Stuessy et al., 2014) as mahdease for San Cristobal, another
direct effect of these anthropogenic activities tiee fragmentation of habitats.
Fragmentation can lead to genetic drift (Frankhamale 2010), endogamy, and
inbreeding depression (Wright, 1951; Frankham, 199klsen, 2004), and could
partially explain the higher within-islandsf value observed for the San Cristobal
population (Table 2). Fragmented and decimated lptipns also experience a fast
fixation of alleles, and populations within fragniemisk differentiating to the point of
sexual incompatibility (Gitzendanner et al., 201R)is also noteworthy that the San
Cristobal population presented a lower clonal ditgrand a higher proportion of
individuals sharing the same genotype comparedamther two islands (Table 5). This
could be a consequence of the depauperated gelnedrsity in this population, leading
to less alleles and therefore, less possible gpmetyJaramillo et al., 2011$. affinis
might represent a similar scenario to guayabilloSan Cristobal: habitat loss and
intensive grazing by donkeys and goats has redtleed-loreana and Santa Cr8z
affinis populations leading to a genetic diversity deae@sielsen, 2004). Likewise,
habitat loss and aggressive herbivory from intredu@nimals has fragmented and
decimated the populations Gf galapagosa (Jaramillo et al., 2011) an@. leucantha
(Guzman et al., 2016).

Since sampling can be unfeasible in some of thellemand more remote
islands, this study could have excluded a segmettieoguayabillo genetic diversity.
The assessment of these unsampled populationsnemeabe performed in order to get
a complete picture of the diversity and evolutignhistory of the species across the
entire archipelago. However, our sampling coveesiiands with the biggest surface
areas and that represent a considerable portitimeagpecies distribution, illustrated by
the fact that the surface area of the sampleddslamceeds the combined area of all the
non-sampled islands were guayabillo populationsHzeen reported. We are therefore
confident that our results are representative ahaor component of the genetic
diversity of the species, and wouldn’t expect mabanges in the diversity patterns
observed if the smaller populations were includédrthermore, the populations
included in this study have direct contact with lmmsettlements, and are hence
interesting for conservation purposes. Regardimgl#tter point, our findings present a
positive outlook for guayabillo in general. Theatglely high levels of genetic diversity
found in this species suggest that these populkstilow some potential resilience to
environmental perturbations (Reusch et al., 20@Bnp] et al., 2009). An increased
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809 adaptive potential would certainly be an assetther species in face of threats such
810 climate change and habitat alteration associateldutoan activities (Adsersen et al.,
811 1988; Whittaker, 1998; Tye et al., 2007; Dal Foreb al,, 2017); however, the
812 survivability of any species is not determined asgolely by its genetic adaptive
813 potential, and other factors must be better stutbadhderstand the conservation status
814 of guayabillo in the archipelago. For instance, ititeractions between guayabillo and
815 multiple invasive plant species in the Galapagasitiqularly those found in the
816 highlands and transitional forests such as blacidserand Cuban cedarCedrela
817 odorata) (Sakai et al., 2001; Tye et al., 2007), remaiknawn. A particular emphasis
818 should be placed on the invasive common guava duést close relatedness to
819 guayabillo and the fact that they share similatritiigtions, life history traits, pollinators
820 and dispersers (Blake et al.,, 2012; Valdebenitol820 The high frequency of
821 hybridization events in thBsidium genus (Landrum, 2017) should also be considered,
822 as this combination of factors might facilitate theneration of (currently unreported)
823 interspecific hybrids (Torres and Gutiérrez, 20I8)is phenomenon can lead to genetic
824 erosion, outbreeding depression, and genetic swampi the guayabillo (Lépez-
825 Caamal et al., 2014, Ellstrand and Rieseberg, 2Chb&fin et al., 2019) while enriching
826 the currently low genetic diversity of the guavguplations of the Galapagos, further
827 enhancing its invasive potential (Urquia et al.120 Such a case has already been
828 reported in an insulaPsidium endemic,P. socorrense, where hybridization with an
829 introduced close relative took place in a particidane of Socorro Island (Lépez-
830 Caamal et al., 2014).

831

832 4.2. Population structure and connectivity betwistands

833

834 The observed patterns of genetic diversity do netessarily match the

835 population structures in different islands. SantaizCis the only island where two
836 clearly separated genetic clusters were found (Fys3, A2 and A4), while the
837 populations in Isabela and San Cristobal behawe siagle panmictic population. One
838 of these Santa Cruz clusters, Santa Cruz 2, wdssexely made up of individuals from
839 sampling sites within the transition zone (GranilRojo), the dry lowlands
840 (Garrapatero) and some individuals from the Be#ftavsite (which is closely located to
841 Garrapatero). On the other hand, Santa Cruz 1 prie@mtly included individuals from
842 the humid highlands and the agricultural zone (Fg#\3 and A6). These clusters may
843 correspond to two different guayabillo ecotypesy@e generalist ecotype (Santa Cruz
844 1) and a dry climate ecotype (Santa Cruz 2) adapetie transition zones and the
845 lowlands. Interestingly, Valdebenito (2018) obsérneorphological differences among
846 guayabillo individuals from the highlands and thewlands in San Cristobal,
847 (monopodial trees in the highlands, smaller shinlibe lowlands); more significantly,
848 lowland individuals would flower earlier, which ddu represent a temporal
849 reproductive barrier between them and highlandviddals. Although we did not
850 identify different genetic groups in San Cristolaal we would have expected from
851 previous observations, it highlights the possipildf two ecotypes in Santa Cruz;
852 phenological and morphological studies of guayabl this island are currently being
853 carried out (Valdebenito, pers. comm.), and theyuldiocertainly elucidate our
854 hypothesis. This would entail a degree of geneififeréntiation (observed as a high
855 proportion of within-population variability in thAMOVA; Table 4) and adaptation to
856 different climatic and ecological niches, phenomemach cannot be further explored
857 with our current data. More in-depth research i population genetics and ecology
858 of the species in this island is essential to deitee whether the concept of an ecotype
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might apply to this scenario. The emergence okdiiffit ecotypes and even parapatric
speciation along environmental gradients have Ipgeviously reported in plants, such
as the two sister species of the geasecio distributed along different altitudes at
Mount Etna in Italy which may have arisen throulgase mechanisms (Chapman et al.,
2013; Chapman et al., 2016).

It is also interesting to point out the genetic ikanities observed in the PCoA
between Santa Cruz 2 and the individuals from Sastdbal and Isabela (Figs. 2, A2
and A3). This could be interpreted as a link betw8anta Cruz 2 and the populations
on the other islands, particularly in San Cristofsale Fig 3b). Under this scenario, the
Santa Cruz 1 lineage would have naturally diverfjedh the other populations on
different islands (Table A5), while the Santa CrBzrepresents a more recent
introduction. Given this possibility, Santa CruZa? its ancestors) could have adapted
to the drier habitats before reaching Santa Crefpitg it to settle into its current
distribution (it would be expected that, upon angto a new island, plants would first
encounter the more arid habitats in the lowlands tige coast; Kricher, 2006; Rivas-
Torres et al., 2018). If this genetic connectiviitgtween Santa Cruz 2 and the other
islands is not spurious, the previously describedugation structure would be better
explained by this rationale rather than a localptatson to different environments, or
through a combination of both scenarios. Note Betta Cruz 1 appears surprisingly
distinct, even compared to other individuals of t8a@ruz (Figs. 2 and A2; Table A5).
Before, we supported the unification of guayabélfoa single species (Section 4.1), and
this seems to be true even for this separated gemoge it still maintains some (limited)
gene flow with the rest of the Santa Cruz poputaias seen in the STRUCTURE
analysis (Fig. 3) and the pairwisestFvalues (Table A5). Nevertheless, the
differentiation among the Santa Cruz 1 and Sant& Qrgroups is equivalent to the
differentiation seen among different islands, akdwise, Santa Cruz 1 is the genetic
group with the highest inter-island differentiati@@en in guayabillo (Table A5).
Therefore, this leads to either a strong (potdgtedrly) divergence of the Santa Cruz 1
group from the rest of the species, or the possilmf two different colonization events
of the ancestral guayabillo into the archipelag@aslternative hypothesis. The latter
has been proposed for another Galapagos end€nuitmn scouleri, which also displays
a notable genetic and morphological variability ffaw et al., 2016). In fact, multiple
colonization events could be relatively commongsinative plant species from oceanic
islands are usually associated with high dispersbilities, an important trait to
overcome the sea barrier on repeated occasionsagfscobar et al. 2011; Garcia-
Verdugo et al. 2013). The current data we havegtayabillo is limited, and these
hypotheses remain speculative; certainly. a broaslnpling range across the
archipelago and the use of more powerful molecwlarkers are necessary to solve the
ancestry relations among different populations larehges from different islands.

The degree of gene flow between islands is a leeyof in explaining the
previously described population structure. On aallev scale, there’s a clear genetic
differentiation between the populations of the ¢higdands, made evident by the high
pairwise Fst values observed (Table 3, Table A4) and by indiald clearly clustering
according to their island of origin (Figs. 2, 3b2 And A4b). Furthermore, a good
proportion of the alleles found in each guayaljidgpulation were private alleles (Table
2), highlighting the independent evolutionary hige on each island. Selfing,
inbreeding and clonal reproduction (to a lesseemxtin each island population would
have led to the fast fixation of distinct allelést, together with new mutations, could
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contribute to the current genetic structure andugain differentiation (Rick, 1983;
Hamrick and Godt, 1996). Moreover, this degree iffEentiation suggests a limited
gene flow between islands, similar to other endespiecies such & affinis and the
Opuntia cacti (Nielsen, 2004; Helsen et al., 2009). Theapic waters that separate the
islands are evidently an important barrier for ingdand gene flow in guayabillo and
other endemic plants of the Galapagos, especialtgidering that its fruits and seeds
are unlikely to be frequently dispersed throughglalistances over the ocean (Porter,
1968; Porter, 1976; Ward and Brookfield, 1992; Mdlgl, 1999). In addition, none of
the known animal dispersers of guayabillo seedantGTortoises and possibly, small
passerine birds (Blake et al., 2012; Guerrero arej Z009; Heleno et al., 2013)- would
frequently cross large expanses of ocean amongdsléPetren et al., 2005; Gerlach et
al., 2006; Smith, 2009). Nevertheless, we cannotuebe the possibility of occasional
gene flow between guayabillo populations on diffieriglands, potentially mediated by
human beings transporting seeds or propagativeri@abetween islands as a trading
activity (Wiggins et al., 1971), or by widespreaddageneralist pollinators like.
darwini which are also strong flyers that can be easilyiezh over the ocean by the
wind (McMullen, 1990; Smith, 2009; Traveset et 2D13; Valdebenito, 2018). In fact,
our migration analysis shows that most of the kahitnter-island migration is directed
towards Santa Cruz, in the center of the archipe{&gy. 4), matching the confluence of
sea currents and winds acting upon the Galapageslé™ 2014). Note also that this
gene flow to Santa Cruz may also explain the pmsehthe Santa Cruz 2 group and its
close relationship with the populations of the ottveo islands (Figs. 2 and 3). Despite
the notoriety of the oceanic barrier, other plaméd.. minimum (where a significant
population structure among islands was also folueglin et al., 2015) of5. leucantha
(Guzman et al., 2016) are also able to hold sones-island gene flow, which has been
attributed respectively to the action of bird disges and the long-range pollination by
X. darwinii.

In other endemic plant species of the Galapagoduding S cheesmaniae
(Pailles et al., 2017).. minimum (Levin et al., 2015) ané. darwinii (Wendel and
Percy, 1990), a clear genetic structure patterars¢ipg populations of the western and
eastern islands was observed. Such pattern aplyafelibws the progression rule,
separating populations from older and younger ddaand suggesting an east-west
migration (from old to young islands) following tihheovement of the archipelago with
the Nazca plate (Geist et al.,, 2014; Merlen, 2Qlelin et al.,, 2015; Pailles et al.,
2017). However, the natural history of guayabilpp@ars more complicated than that.
Putting aside the possibility of a second introducbf guayabillo into Santa Cruz, we
would expect a greater genetic similarity betwelasear islands (both temporally and
geographically), a pattern that doesn’t hold trixeeig the closer relation between the
populations from Isabela and San Cristobal compéoethe Santa Cruz individuals
(Figs. 2 and 3a; Geist et al., 2014). The lackroéadent clustering of individuals from
older and younger islands appears to refute thgression rule for guayabillo in the
sampled islands. Note however that the compactasghistering of the archipelago in
two-dimensional space (Geist et al., 2014; Shaw @iltespie, 2016) make this
observation not surprising. The ancestors of guligabas several other endemic
species, have not necessarily moved progressiveiy folder to younger islands,
instead moving through one or more of thousanddtefnative pathways for spreading
over the archipelago beginning from a single isld¢@eist et al., 2014). Hence, a
movement of the guayabillo from Isabela to San tGoial or vice-versa, is perfectly
possible. The majority of the Galapagos endemicispg especially the most vagile
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organisms, did not follow the progression rule dgrtheir colonization (Shaw and
Gillespie, 2016), including the endem@puntia cacti (where individuals from Isabela
were contained in the same clade as the individofalbe oldest islands, Esparfiola and
San Cristobal; Helsen et al., 2009) and severahalsi such as giant tortoises (Caccone
et al.,, 2002), Darwin finches (Grant and Grant, &00and iguanas (Gentile et al.,
2009), and various insect taxa (Schmitz et al.,72@equeira et al., 2008). There are
many other possibilities behind the biogeographstony of guayabillo, a task that
could be better addressed through phylogenetigys@eslusing appropriate markers, and
with the inclusion of samples from all the islandsere guayabillo is distributed.

5. Conclusions

Our current data highlights some of the key questithat can be postulated about
the history, evolution and future prospects of glaayabillo in the Galapagos Islands.
Its relatively high genetic diversity could suggest ancient history and extensive
opportunities to differentiate through isolatiororfr neighboring islands or through
adaptation to new microclimates and niches. Sewaspécts would be promoting this
genetic variability in guayabillo, including its @espread distribution in the
archipelago, potential allopolyploid origin follodvéoy anagenesis, and its capacity of
holding outcrossing together with selfing and cloreproduction; bigger and higher
islands with less human impact as Isabela, alsodvbe capable of harboring more
genetic diversity on them. The relatively well-chefd population structure we found in
guayabillo between different islands, may also dfeecting the effects of reproductive
mechanisms and oceanic barriers on the spreadsodghcies, shedding some light into
the main drivers of its range and mobility. Howevéner details like a weak yet
discernible differentiation process within SantaiCraise multiple hypotheses about
the adaptive processes or potential gene flow kmtwislands. It is likely that a
combination of factors drives the population dynasmf guayabillo in the Galapagos,
and the relatively recent human presence may ptagra important role in its future.

Our results provide, for the first time, an insighto the population genetics of
guayabillo while emphasizing the importance of gsygenetic tools to better understand
the natural history of a species. Likewise, thisgje data can be informative for the
implementation of conservation strategies. Forainsg, our data suggests that the San
Cristobal population could be the most vulnerabigomag the ones analyzed in this
study, prioritizing the implementation of managemections in this island. The
possible fragmentation issue and its lower clomatrdity could be one of the biggest
concerns in this case, since this may lead to imersity loss due to genetic drift, and
mate incompatibility among subpopulations (Scolrid ®ilcock, 2009; Gitzendanner
et al., 2012). Thus, multi-genotype populationsustidoe promoted and established in
this island, for example by translocating or oussing individuals from different
fragments or by allowing corridors in the farmingne of San Cristobal to favor gene
flow (Gitzendanner et al., 2012). The Isabela patoih on the other hand, thanks in
part due to the lower human impact and big dimerssaf the island, appears to harbor
the highest genetic variability in the studied msla, making it a potential germplasm
reservoir for the species. It must be also consii@iso that the populations of each
island represent unique gene pools, and in paaticeanta Cruz, counts on two very
different genetic lineages (potentially differesbgypes). These genetic clusters need to
be considered independently for conservation pepa@nd for ex-situ collections and
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potential breeding programs (Gitzendanner et 8l122 Jaramillo et al., 2011; Guzman
et al., 2016). Note that maximizing genetic divigrsis essential for restoring
endangered plant species, as has already beervethseith in the successful recovery
of C. galapagosa in San Cristobal Island (Jaramillo et al., 201Hinally, a holistic
conservation approach is necessary in the Galapagosnly to protect the guayabillo
but all its flora and fauna (Atkinson et al., 20@arrion et al., 2011; DPNG, 2016).
Finally, as basic biology questions (such as tle&plof the species) are answered and
new tools (such as genomic analysis pipelinesdaxeloped, the current state of this
endemic plant may be better understood for its aaleqgconservation.
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Appendix A. Supplementary data

Understanding the genetic diversity of the guayabillo (Psidium galapageium), an
endemic plant of the Galapagos | slands

Table Al. Sampling sites with its coordinates altitlde, and number of individuals collected there.

Altitude | Number of
Island Sampling Site Coordinates (madl) individuals | Total
1 | Ricardo Garcia 0°51.308'S 91°00.023W 148 15
2 | San Joaquin 0°49.130'S 91°01.304'W 379 18
Isabela 3 E] Basurero 0°52.359'S 91° 00.137\W 125 %6
4 | Finca Morocho 0°51.040'S 90° 59.442\W 139 2
5 | El Mango 0°53.135'S 91° 00.430'W 127 6
6 | Cerro Grande 0°49.506'S 91° 00.215'W 258 19
1 | Granillo Rojo 0° 36.931'S 90° 22.048'V 574 14
2 | Salasaca 0° 37.916'S 90° 26.188'W 382 5
Santa | 3| Camote 0° 38.279'S 90° 17.448'W 442 997
Cruz 4 | Garrapatero 0°40.367'S 90° 14.460'W 132 1
5 | Bellavista 0°41.558'S 90° 19.037'W 164 34
6 | El Chato 0°41.907'S 90°24.118'W 228 13
1 | Galapaguera 0° 54.893'S 89° 26.106'W 109 5
2 | Camino a Opuntias 0°56.120'S 89° 32.819'W 124 5
San 3 | Perimetral 0°55.917'S 89° 32.923'W 150 4
Cristobal 4 | Cerro Verde 0° 54.416'S 89° 26.513|W 206 B85
5| Las Goteras 0°53.058'S 89° 26.135'W 311 5
6 | Cerro Gato 0° 55.452'S 89° 28.172|W 161 5
7 | Centro de Reciclaje] 0°54.724'S 89° 34.794'W 8 13 6
| Total 208




Table A2. Null allele frequencies (using both, & @nd a 0.65 rate of selfing) and PICs
for the two isoloci of each analyzed SSR locus.

Null allele freq.
Null allelefreq. (SELFING PIC

(SELFING RATE=0.5) RATE=0.65)

I solocus | solocus | solocus
L ocus 1 | solocus 2 1 Isolocus2 | Isolocus1 2
GYB3 0.313 0.317 0.312 0.312 0.751 0.718
GYB4 0.225 0.175 0.229 0.174 0.411 0.545
GYB5 0.134 0.301** 0.146 0.281** 0.006 0.434**
GYB7 0.263 0.261 0.257 0.253 0.494 0.466
GYBS8 0.286 0.197 0.271 0.194 0.726 0.628
GYB9 0.070 0.180 0.071 0.171 0.674 0.758
GYB14 | 0.337* 0.347* 0.325* 0.334* 0.646* 0.653*
GYB18 | 0.388* 0.372* 0.383* 0.367* 0.678* 0.749%
GYB21| 0.279 0.306 0.264 0.293 0.708 0.620
GYB22 | 0.224 0.194 0.218 0.196 0.358 0.502
GYB23| 0.183 0.234 0.187 0.227 0.150 0.613
GYB27| 0.192 0.346* 0.189 0.333* 0.651| 0.500*
GYB29| 0.173 0.314 0.175 0.301 0.384 0.701

*Null allele frequency >>0.3 for both selfing rateliscarded from further analyses
**Discarded due to monomorphism.

Table A3. Genetic diversity information of the amad Psidium galapageium

populations from Isabela, Santa Cruz and San @astaslands, after systematic
downsampling in the Isabela and Santa Cruz samilasiber of individuals genotyped
from each island (N), number of alleles found (AJmber of private alleles (PA), mean
allelic richness after rarefaction (AR), observeetehnozygosity (), expected

heterozygosity/gene diversity gHand kst global value for each island population.
Overall results along the three islands are alsavsh

|sland N A* PA* Ho? He®
Isabela 35 | 118(97) 52(38) | 0.122| 0.588
Santa Cruz 35| 84(59 17 (9 0.156 0.412
San Cristobal 35| 70(60 12 (5 0.119  0.283
Overall 105 161 - 0.141| 0.465

* Values between brackets are the number of allelgsivate alleles with a frequency >0.05 withire t
corresponding island population.
4ndicates average across the 15 SSRs analyzed.
*standardized for N=35



Table A4. Pairwise and global sf values between thd’sidium galapageium
populations from the three islands, after systasnadwnsampling in the Isabela and
Santa Cruz samples.

Isabela | Santa Cruz
Santa Cruz 0.209 -
San Cristobal 0.212 0.328
Glaobal 0.319

Table A5. Pairwise and globakfvalues between thEesidium galapageium clusters
defined from the STRUCTURE software and PCoA grnggi

Santa Cruz | Santa Cruz
| sabela 1 2
SantaCruz 1 0.228 -
SantaCruz 2 0.132 0.166 -
San Cristobal 0.180 0.290 0.222
Global 0.314
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Fig. Al. Electropherograms obtained from the SSRldication of three guayabillo
samples showing up to four different alleles inirgle individual, depicting potential
polyploidy. A. Locus GYB25 amplified from sample B& (Isabela). B. Locus GYB23
amplified from sample CGa3 (San Cristobal). C. loo&YB09 amplified from sample
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Fig. A2. PCoA based on the Lynch distances (afystesnatic downsampling in the
Isabela and Santa Cruz samples) found betweePRdldaum galapageium individuals
sampled in the three islands: Isabela, San Criktahad Santa Cruz. For Santa Cruz,
both genetic clusters are indicated (Santa CruzdlSanta Cruz 2).



o o s .8 .
~ B . Santa Cruz
Groups:
.

o
° ® e @
° ¢ @ .® ® .
a 2 - . ° . Bellavista
] . [ ]
ﬂ" » * . . * * . * Camote
. o % . ° % L
5 * e ° . g ® Garrapatero
) ) ] - . 4
& ‘ *e . . e Granillo Rojo
™~ . *
o ] ° 3 s ElChato
b L . 28 4
8 s s & ° Salasaca
a

Other islands:

San Cristobal
® |sabela

PC1 (46.14%)

Fig. A3. PCoA based on the Lynch distances fousttvéen thd sidium galapageium
individuals sampled in the three islands. Here, dhiferent subpopulations of Santa
Cruz are represented in different colors to show Bome individuals (from Granillo
Rojo, Garrapatero and Bellavista locations) areuged with the individuals from
Isabela and San Cristobal rather than with therotftviduals from Santa Cruz.



Isabela Santa Cruz San Cristobal

Fig. A4. Results of the Bayesian analysis of popatastructure (Software STRUCTURE)
under the Admixture model, after systematic downdang in the Isabela and Santa Cruz
samples. The results are indicated for a) K=2,@nid = 3 which is the optimum K value
(AK = 250.69). These values of K correspond to thusteks or lineages (represented by
different colors) in which are grouped tRsdium galapageium individuals sampled in
Isabela, Santa Cruz and San Cristobal islands.
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Fig. A5. Population structure Bayesian analysisiltesamong localities in Isabela
Island (Admixture model). a) K=2, b) K=3, c) K=4), I§=5. The optimum K value in
this case was K=2AK=1195.71).
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Fig. A6. Population structure Bayesian analysisiitesamong localities in Santa Cruz
Island (Admixture model). a) K=2, b) K=3, ¢) K=4) §=5. The optimum K value in
this case was K=2AK=1177.14).
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Fig. A7. Population structure Bayesian analysisultes among localities in San
Cristobal Island (Admixture model). a) K=2, b) K=§,K=4, d) K=5. The optimum K
value in this case was K=2K= 533.70).
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Highlights

* Genetic diversity of Psidium galapageium, an endemic species of the Gal apagos.

* Thehighest genetic diversity was found in the biggest, |east disturbed island.

« Polyploidy, anagenesis and reproductive mechanisms could affect genetic diversity.
e Theocean could be an important barrier for inter-island gene flow in this species.

*  Development of SSR markers specific for Psidium galapageium.
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