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Abstract

Introduction of exotic species in new areas through anthropic action is one of the major problems that can affect
biodiversity. Branchiomma luctuosum is known for its highly invasive potential and the actual occurrence of species
commonly associated with port activity areas is an extra evidence that this anthropogenic activity should not be
underestimated. In order to develop suitable molecular markers for future studies on colonization routes and population
dynamics of the invading individuals of B. luctuosum, nine highly polymorphic microsatellite loci were isolated and their
polymorphism levels were evaluated. These loci showed a range of number of alleles per locus from five to ten and all loci
had a high level of genetic diversity, and exhibited significant heterozygote deficiencies probably due to the presence of
null alleles. Significant deviations from the Hardy-Weinberg equilibrium were detected at several loci and most of them
were related to a heterozygous deficit. Heterozygous deficiency can be expected in this case due to the biology and
history of this invasive species, in relation to its recent introduction in the Brazilian coast and possible action of multiple

introductory events.
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Introduction introduction of exotic species may occur accidentally,

through transportation by ships and boats, or

Introduction of exotic species in new areas through intentionally, in order to control pests, provide food or

anthropic action is one of the major problems that can create new aquaculture products [1]. However, the

affect Dbiodiversity. In marine environments, an increasing maritime traffic due to expanding
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globalization, introduction of alien species has occurred
more often, especially with ballast water and biofouling
[2]. Exotic organisms wusually do not have natural
predators in the new settled environment, so they can
exponentially increase their population, which can lead to
a decline in natural populations. Therefore, the presence
of exotic organisms can cause ecological, economic, and
health risk impacts, and the competition with native
species can lead to environmental imbalance, extinctions,
and consequently, loss of biodiversity. Understanding
about biology and ecology of alien species colonization is
crucial to determine the effects of introduction and
dissemination, as well as to evaluate their interaction
with native species [2].

The genus Branchiomma is composed by about 30
widely distributed species of sessile marine sabelids,
mostly found in sheltered waters (e.g.: bays, lagoons, and
ports). Branchiomma specimens are usually found in
cracks of rocks, corals, and among the incrustating fauna
[3]- The genus presented several invasive species, such as
B. bairdi, B. boholense, B. coheni, and B. luctuosum, which
have been reported as exotic for many areas [4-6].
Originally described for the Red Sea by Grube in 1870, B.
luctuosum is known for its highly invasive potential [1].
The actual occurrence of the species commonly associated
with port activity areas is an extra evidence that
anthropogenic activity should not be underestimated [7,
8]. The first record of B. luctuosum occurring outside the
Red Sea was made in 1989 [9] for Mediterranean Sea.
Thereafter, the distribution rapidly expanded and invaded
several ports on eastern Iberian coast [1] and most of
Italian coast, spreading throughout the Mediterranean
and being considered a pest for above mentioned areas
[8]. In addition, recent records indicated that B. luctuosum
successfully crossed the Strait of Gibraltar and colonized
the Atlantic coast of Africa [2]. Concerning the Atlantic
coast of America, the first record was made by Nogueira,
et al. [7] for Brazilian coast, in a port region of Sdo Paulo
and was likely to be a case of recent introduction.
Subsequently, the species spread rapidly and have been
recorded occurring along the entire Brazilian coast from
Santa Catarina to Paraiba [10,11].

Besides the invasive nature, B. luctuosum could be
potentially used in medical therapy, since it presents a
blood pigment, an extracellular globin called
chlorocruorin, which has been investigated as a possible
artificial oxygen carrier for mammalian systems [12,13].
To develop suitable molecular markers for future studies
on colonization routes and population dynamics of B.
luctuosum, nine highly polymorphic microsatellite loci
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were isolated and their polymorphism levels were
evaluated and described in the present study.
Microsatellite markers will be a valuable tool in assessing
the demographic processes associated with invasion of
the exotic B. luctuosum from a genetic point of view.

Material and Methods

Twenty-five specimens of B. luctuosum were collected
in the southern region of Brazilian coast, in Bay of
Florianépolis, Santa Catarina, Brazil (23°38'29,9"S
048°31'34,1"W). Genomic DNA was extracted from the
body wall using a modified guanidine and phenol-
chloroform extraction protocol from Hillis, et al. [14].
Microsatellite libraries were developed by Macrogen Inc,,
(Seoul, Korea) from purified DNA of one specimen
following the methods of Jones, et al. [15] for library
construction, microsatellite enrichment and screening.
Fifty-seven pairs of primers were designed from the
enriched library using WebSat software [16]. Posteriorly,
20 primer pairs were selected to test for amplification
success and evaluate polymorphism levels for each locus.
Forward primers were synthesized with a M13 tail at
their 5'end allowing use of the tailed primer method [17].

Gradient PCR was used to define optimal annealing
temperature for each locus (Table I). Then, all loci were
amplified using one of the four fluorescent dyes (6-FAM™,
PET®, NED™ and VIC®, Applied Biosystems®). During all
the procedure, each locus was amplified with the same
fluorescent dye. PCR mix consisted of 1 U GoTaq
(Promega), 0.20 mM dNTPs, 2.5 mM MgCl;, 1 mM BSA, 0.5
UM of reverse primer, 0.25 mM of oligo marked with a dye
(tail) primer, and 0.13 of mM forward primer, with a final
volume of 15 pL per reaction containing 30 ng of DNA
template. Cycling conditions were: 94°C, 3 min, 30 cycles
at 94°C, 45 sec (s); 52°C-67°C, according to each primer,
45 s; 72°C, 45 s, 8 cycles at 94°C, 45 s; 53°C, 45 s; 72°C, 45
s and 72°C, 30 min. Samples were pooled with a size
standard (GeneScan 500-LIZ; Applied Biosystems), and
genotyped using the automated platform ABI3500.

The GeneMarker® software V 2.6.3 (SoftGenetics LLC)
was used for genotyping score and allele sizing and Excel
macro Autobin V 0.9 was employed to establish the
fragment size values of each allele in discrete units. The
possibility of occurrence of genotyping errors, such as the
presence of null alleles, was calculated using Micro-
Checker V 2.2.3 [18]. Moreover, null allele frequencies for
each locus were calculated with Cervus V 3.0.7 [19] and
number of alleles, allele frequencies, observed and
expected heterozygosities, and inbreeding index (Fis)

Copyright© Vilasboa A, et al.

Microsatellite Markers from the Invasive Worm Branchiomma Luctuosum

(Grube, 1870) (Annelida). Genom & Gene Ther Int] 2019, 3(1): 000112.



Genomics & Gene Therapy International Journal

were evaluated using Fstat V 2.9.3 [20]. The 4.2 online
version of GENEPOP [21] was used to test for linkage
disequilibrium between loci and for tests of Hardy-
Weinberg equilibrium (HWE).

Results and Discussion

From 20 tested loci, five were discarded due to
amplification failure and, then, another seven loci were
discarded due to inconsistencies in amplification or size
patterns. Genotypes were obtained for the remaining nine
loci, however, Bluc25 locus was subdivided into two loci,
since results amplifications of two distinct (and, thus, not
linked) regions of microsatellites (Table 1). The analyzed
loci showed a range of number of alleles per locus from
five to ten with expected and observed heterozygosity
ranged from 0.650 to 0.874 and from 0.000 to 0.909,
respectively (Table 2). All nine loci had a high level of
genetic diversity and exhibited significant heterozygote
deficiencies probably due to the presence of null alleles,
as suggested by Micro-Checker analysis, which indicated
no evidence for scoring error due to stuttering or
evidence for large allele dropout. Moreover, the
occurrence of null alleles has been commonly reported
during characterization of microsatellite loci and
population genetics studies, being described in many

studies with annelids [22-24]. Significant deviations
(P<0.05 after Bonferroni correction) from HWE were
detected at several loci, as shown in Table II. Most of
deviations were related to a heterozygous deficit,
evidenced by the significantly positive values of the Fis
index. Our results did not observed any significant linkage
disequilibrium between any pair of loci. Observed
heterozygous deficiency can be expected considering the
biology and history of this invasive species, specially its
recent introduction in the Brazilian coast [7] and the
possibility of multiple introductory events, which
characterizes Wahlund effect. The presence of null alleles
and consequent heterozygous deficiency, as well as
multiple recent introduction events are determining
factors for deviations from HWE.

Our findings are consistent with previous studies with
different invasive marine species, including other annelid
species, where Wahlund effect, recent introduction
events, and presence of null alleles contributed to the
deviations from HWE [22-24]. Therefore, the nine
microsatellite markers developed represent effective
molecular tools for population analysis of B. luctuosum,
and may be very useful for studies on population
dynamics of this highly invasive species.

Locus Motif Primer Sequence (5'-3') T (°C)

Bluc07 GT(12) F GACAATTCAAACTGCGACTGAC 67
R GTGTTTAGGGTTCTAGGGCAAA

Bluc08 CA(8) F CAACTGCCATACAAAACTACACTGA 67
R AGGGACAGCCAGGGTTTG

Bluc23 AC(15) F GGAGACAACATTCAAAAAGTGA 52
R GGATTCAAACTGACGACTCTG

Bluc25 GT(10) F AATTCAATGGCTAGGTCTATCC 52
R GGCTGAGAAATACAGATTTTTG

Bluc25a GT(10) F AATTCAATGGCTAGGTCTATCC 52
R GGCTGAGAAATACAGATTTTTG

Bluc27 TG(9)..TG(12) F GTTCGTTTGTCCGTTATTCAG 61
R TATGGCTTCAGCATTAAATCTG

Bluc32 TTG(7) F TGTTGCTGCTGTTGTTGTTGTA 58
R CTGACTGACACCTGACACCTATG

Bluc34 TTG(6) F CCCAACTCAAGTAACCAGTCCT 52
R CGAAACAACACTAATTCAACGC

Bluc36 GTT(4) F TTCCTTGCTGGACACTGAGATA 67
R ACAATTAGGCCAGATGAGTGCT

Table 1: Characteristics of nine polymorphic microsatellite markers developed for B. luctuosum. Locus name; Motif:
Repeat motif; F: Forward Primer Sequence; R: Reverse Primer Sequence; T: Annealing Temperature in °C.
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Locus N Na Size range (bp) H(o) H(e) Null fregq. Fis HWE

Bluc07 22 6 284-298 0.636 0.771 0.086 0.178 0.1247
Bluc08 24 8 270-284 0.583 0.867 0.1844 0.332 0.0024
Bluc23 25 9 299-319 0.64 0.723 0.0503 0.117 0.0233
Bluc25 25 6 197-207 0.76 0.809 0.0189 0.062 0.0001*
Bluc25a 25 5 348-356 0 0.65 1 1 0.0001*
Bluc27 22 5 232-240 0.909 0.754 (-)0.1073 (-)0.212 | 0.1435
Bluc32 20 5 393-411 0.3 0.755 0.4213 0.609 0.0001*
Bluc34 25 10 331-370 0.44 0.811 0.2947 0.463 0.0001*
Bluc36 25 9 267-291 0.72 0.874 0.0857 0.179 0.0001*

Table 2: Genetic variability of nine polymorphic microsatellite markers developed for B. luctuosum. Locus Name; N:
Number of individuals genotyped; Na: Number of alleles; Size ranges in base pairs; H(0): Observed heterozygosity; H(e):
Expected heterozygosity; Null freq.: Frequency of Null Alleles; Fis: Inbreeding Index; HWE: p-values of Hardy-Weinberg
equilibrium test (Bonferroni corrected alfa=0.00714). Asterisks indicate loci with significant deviation from HWE

(p<0,05).

Acknowledgements 4.

We thank Antonio Solé-Cava for the use of laboratory
during microsatellite markers development and
optimization. Fellowship for FAB was provided by CNPq
(Conselho Nacional de Desenvolvimento Cientifico e
Tecnolégico) and FAPER] (Fundacdo de Amparo a 5.
Pesquisa do Estado do Rio de Janeiro, Process:
E26/110.015/2011). EMCP received a fellowship from
CAPES (Coordenacdo de Aperfeicoamento de Pessoal de
Nivel Superior).

Compliance with Ethical Standards 6.
Conflict of Interest: The authors declare that they have
no conflict of interest.

References 7.

1. El Haddad M, Azzati RC, Garcia-Carrascosa AM (2008)
Branchiomma luctuosum (Polychaeta: Sabellidae): a
non-indigenous species at Valencia Port (western
Mediterranean Sea, Spain). Mar Biodivers Rec 1: e61.

2. Mastrototaro F, Chimienti G, Matarrese A, Gambi MC, 8.
Giangrande A (2015) Growth and population
dynamics of the non-indigenous  species
Branchiomma luctuosum Grube (Annelida, Sabellidae)
in the Ionian Sea (Mediterranean Sea). Mar Ecol
36(3): 517-529. 9.

3. Capa M, Pons ], Hutchings P (2013) Cryptic diversity,
intraspecific  phenetic plasticity and recent
geographical  translocations in  Branchiomma
(Sabellidae, Annelida). Zool Scripta 42(6): 637-655.

Vilasboa A, et al. Isolation and Characterization of New Polymorphic
Microsatellite Markers from the Invasive Worm Branchiomma Luctuosum
(Grube, 1870) (Annelida). Genom & Gene Ther Int] 2019, 3(1): 000112.

Roman S, Pérez-Ruzafa A, Lépez E (2009) First record
in the Western Mediterranean Sea of Branchiomma
boholense (Grube, 1878) (Polychaeta: Sabellidae), an
alien species of Indo-Pacific origin. Cah Biol Mar
50(3): 241-250.

Giangrande A, Cosentino A, Presti CL, Licciano M
(2012) Sabellidae (Annelida) from the Faro coastal
lake (Messina, lonian Sea), with the first record of the
invasive species Branchiomma bairdi along the Italian
coast. Mediterr Mar Sci 13(2): 283-293.

Keppel E, Tovar-Hernandez MA, Ruiz G (2015) First
record and establishment of Branchiomma coheni
(Polychaeta: Sabellidae) in the Atlantic Ocean and
review of non-indigenous species of the genus.
Zootaxa 4058(4): 499-518.

Nogueira JMM, Rossi MCS, Lopez E (2006) Intertidal
species of Branchiomma Kolliker and
Pseudobranchiomma Jones (Polychaeta: Sabellidae:
Sabellinae) occurring on rocky shores along the state
of Sao Paulo, southeastern Brazil. Zool Stud 45(4):
586.

Licciano M, Giangrande A (2008) The genus
Branchiomma (Polychaeta: Sabellidae) in the
Mediterranean Sea, with the description of B. maerli
n. sp. Sci Mar 72(2): 383-391.

Giangrande A (1989) Censimento dei policheti dei

mari italiani: Sabellidae Malmgren, 1867. Atti Soc
Toscana Sci Nat Pisa, Mem, Ser B 96: 153-18.

Copyright© Vilasboa A, et al.


https://www.cambridge.org/core/journals/marine-biodiversity-records/article/branchiomma-luctuosum-polychaeta-sabellidae-a-nonindigenous-species-at-valencia-port-western-mediterranean-sea-spain/6ED1057D317D7B9720245DC38BDA0755
https://www.cambridge.org/core/journals/marine-biodiversity-records/article/branchiomma-luctuosum-polychaeta-sabellidae-a-nonindigenous-species-at-valencia-port-western-mediterranean-sea-spain/6ED1057D317D7B9720245DC38BDA0755
https://www.cambridge.org/core/journals/marine-biodiversity-records/article/branchiomma-luctuosum-polychaeta-sabellidae-a-nonindigenous-species-at-valencia-port-western-mediterranean-sea-spain/6ED1057D317D7B9720245DC38BDA0755
https://www.cambridge.org/core/journals/marine-biodiversity-records/article/branchiomma-luctuosum-polychaeta-sabellidae-a-nonindigenous-species-at-valencia-port-western-mediterranean-sea-spain/6ED1057D317D7B9720245DC38BDA0755
https://onlinelibrary.wiley.com/doi/abs/10.1111/maec.12160
https://onlinelibrary.wiley.com/doi/abs/10.1111/maec.12160
https://onlinelibrary.wiley.com/doi/abs/10.1111/maec.12160
https://onlinelibrary.wiley.com/doi/abs/10.1111/maec.12160
https://onlinelibrary.wiley.com/doi/abs/10.1111/maec.12160
https://onlinelibrary.wiley.com/doi/abs/10.1111/maec.12160
https://onlinelibrary.wiley.com/doi/abs/10.1111/zsc.12028
https://onlinelibrary.wiley.com/doi/abs/10.1111/zsc.12028
https://onlinelibrary.wiley.com/doi/abs/10.1111/zsc.12028
https://onlinelibrary.wiley.com/doi/abs/10.1111/zsc.12028
https://ejournals.epublishing.ekt.gr/index.php/hcmr-med-mar-sc/article/view/12282
https://ejournals.epublishing.ekt.gr/index.php/hcmr-med-mar-sc/article/view/12282
https://ejournals.epublishing.ekt.gr/index.php/hcmr-med-mar-sc/article/view/12282
https://ejournals.epublishing.ekt.gr/index.php/hcmr-med-mar-sc/article/view/12282
https://ejournals.epublishing.ekt.gr/index.php/hcmr-med-mar-sc/article/view/12282
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4058.4.3
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4058.4.3
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4058.4.3
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4058.4.3
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4058.4.3
https://www.researchgate.net/publication/260461112_Intertidal_Species_of_Branchiomma_Kolliker_and_Pseudobranchiomma_Jones_Polychaeta_Sabellidae_Sabellinae_Occurring_on_Rocky_Shores_along_the_State_of_Sao_Paulo_Southeastern_Brazil
https://www.researchgate.net/publication/260461112_Intertidal_Species_of_Branchiomma_Kolliker_and_Pseudobranchiomma_Jones_Polychaeta_Sabellidae_Sabellinae_Occurring_on_Rocky_Shores_along_the_State_of_Sao_Paulo_Southeastern_Brazil
https://www.researchgate.net/publication/260461112_Intertidal_Species_of_Branchiomma_Kolliker_and_Pseudobranchiomma_Jones_Polychaeta_Sabellidae_Sabellinae_Occurring_on_Rocky_Shores_along_the_State_of_Sao_Paulo_Southeastern_Brazil
https://www.researchgate.net/publication/260461112_Intertidal_Species_of_Branchiomma_Kolliker_and_Pseudobranchiomma_Jones_Polychaeta_Sabellidae_Sabellinae_Occurring_on_Rocky_Shores_along_the_State_of_Sao_Paulo_Southeastern_Brazil
https://www.researchgate.net/publication/260461112_Intertidal_Species_of_Branchiomma_Kolliker_and_Pseudobranchiomma_Jones_Polychaeta_Sabellidae_Sabellinae_Occurring_on_Rocky_Shores_along_the_State_of_Sao_Paulo_Southeastern_Brazil
https://www.researchgate.net/publication/260461112_Intertidal_Species_of_Branchiomma_Kolliker_and_Pseudobranchiomma_Jones_Polychaeta_Sabellidae_Sabellinae_Occurring_on_Rocky_Shores_along_the_State_of_Sao_Paulo_Southeastern_Brazil
file:///C:/Users/MedWin/Downloads/136071.pdf
file:///C:/Users/MedWin/Downloads/136071.pdf
file:///C:/Users/MedWin/Downloads/136071.pdf
file:///C:/Users/MedWin/Downloads/136071.pdf

10.

11.

12.

13.

14.

15.

16.

17.

Genomics & Gene Therapy International Journal

Assis JE, Alonso C, Brito, R] et al (2012) Polychaetous
annelids from the coast of Paraiba State, Brazil.
Revista Nordestina de Biologia 21(1): 3-45.

Marques AC, Kloh ADS, Migotto AE (2013) Rapid
assessment survey for exotic benthic species in the
Sdo Sebastido Channel, Brazil. Lat Am ] Aquat Res
41(2): 398-407.

Zimmerman D, Dilusto M, Dienes ], Abdulmalik O,
Elmer J]J (2017) Direct Comparison of Oligochaete
Erythrocruorins as Potential Blood Substitutes.
Bioeng Transl Med.

Segall PE, Waitz HD, Sternberg H, Segall, ]M (2003)
Plasma expanders and blood substitutes. US Patent
No 6,506,549.

Hillis DM, Larson A, Davis SK, Zimmer EA (1990)
Nucleic acids III: sequencing. In: Moritz C et al (ed)

Molecular systematics, 3rd edn. Sunderland,
Massachusetts, pp: 318-370.
Jones KC, Levine KF, Banks JD (2002)

Characterization of 11 polymorphic tetranucleotide
microsatellites for forensic applications in California
elk (Cervus elaphus canadensis). Mol Ecol Notes 2(4):
425-427.

Martins WS, Lucas DCS, Neves KDS, Bertioli DJ (2009)
WebSat - a web software for microsatellite marker
development. Bioinformation 3(6): 282-283.

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

18.

19.

20.

21.

22.

23.

24.

Van Oosterhout C, Hutchinson WF, Wills DPM, Shipley
P (2004) Micro-checker: software for identifying and
correcting genotyping errors in microsatellite data.
Mol Ecol Notes 4(3): 535-538.

Marshall T (1998) Cervus statistical software, Ver 1.0.
Edinburg: University of Edinburgh.

Goudet ] (2002) FSTAT v.2.9.3.2: a computer program
to calculate F-statistics. ] Hered 86: 485-486.

Raymond M, Rousset F (1995) GENEPOP (Version
1.2): Population Genetics Software for exact tests and
ecumenicism. ] Hered 86(3): 248-249.

Weinmayr G, Vautrin D, Solignac M (2000) Isolation
and characterization of highly polymorphic
microsatellites from the Polychaete Pectinaria koreni.
Mar Biotechnol 2(1): 92-99.

Pettengill JB, Hadfield MG, Schug MD, Wendt DE
(2003) Characterization of six polymorphic
microsatellites for the polychaete tubeworm
Hydroides elegans and cross-species amplification in
the congener Hydroides hexagonus. Mol Ecol Notes
3(3): 369-371.

Du H, Han ], Lin K et al (2007) Characterization of 11
microsatellite loci derived from genomic sequences of
polychaete Capitella capitata complex. Mol Ecol Notes
7(6): 1144-1146.

Vilasboa A, et al. Isolation and Characterization of New Polymorphic
Microsatellite Markers from the Invasive Worm Branchiomma Luctuosum

(Grube, 1870) (Annelida). Genom & Gene Ther Int] 2019, 3(1): 000112.

Copyright© Vilasboa A, et al.


https://www.semanticscholar.org/paper/POLYCHAETOUS-ANNELIDS-FROM-THE-COAST-OF-PARA%C3%8DBA-Assis-Alonso/288bf96ba1dd67421e9cd8442d48639622799dbc
https://www.semanticscholar.org/paper/POLYCHAETOUS-ANNELIDS-FROM-THE-COAST-OF-PARA%C3%8DBA-Assis-Alonso/288bf96ba1dd67421e9cd8442d48639622799dbc
https://www.semanticscholar.org/paper/POLYCHAETOUS-ANNELIDS-FROM-THE-COAST-OF-PARA%C3%8DBA-Assis-Alonso/288bf96ba1dd67421e9cd8442d48639622799dbc
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0718-560X2013000200006&lng=es&nrm=iso&tlng=en
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0718-560X2013000200006&lng=es&nrm=iso&tlng=en
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0718-560X2013000200006&lng=es&nrm=iso&tlng=en
https://scielo.conicyt.cl/scielo.php?script=sci_abstract&pid=S0718-560X2013000200006&lng=es&nrm=iso&tlng=en
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675092/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675092/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675092/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5675092/
https://patentimages.storage.googleapis.com/88/7e/8f/6316927d0e6947/US6506549.pdf
https://patentimages.storage.googleapis.com/88/7e/8f/6316927d0e6947/US6506549.pdf
https://patentimages.storage.googleapis.com/88/7e/8f/6316927d0e6947/US6506549.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2002.00264.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2002.00264.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2002.00264.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2002.00264.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2002.00264.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2002.00264.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2646864/
https://www.nature.com/articles/nbt0200_233
https://www.nature.com/articles/nbt0200_233
https://www.nature.com/articles/nbt0200_233
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00684.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00684.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00684.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2004.00684.x
https://academic.oup.com/jhered/article-abstract/86/6/485/801357?redirectedFrom=fulltext
https://academic.oup.com/jhered/article-abstract/86/6/485/801357?redirectedFrom=fulltext
https://www.semanticscholar.org/paper/GENEPOP-(Version-1.2)%3A-Population-Genetics-Software-Raymond-Rousset/1d45d9d73c035029797bf8e06b14459ff587dac2
https://www.semanticscholar.org/paper/GENEPOP-(Version-1.2)%3A-Population-Genetics-Software-Raymond-Rousset/1d45d9d73c035029797bf8e06b14459ff587dac2
https://www.semanticscholar.org/paper/GENEPOP-(Version-1.2)%3A-Population-Genetics-Software-Raymond-Rousset/1d45d9d73c035029797bf8e06b14459ff587dac2
https://www.ncbi.nlm.nih.gov/pubmed/10804244
https://www.ncbi.nlm.nih.gov/pubmed/10804244
https://www.ncbi.nlm.nih.gov/pubmed/10804244
https://www.ncbi.nlm.nih.gov/pubmed/10804244
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2003.00453.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2003.00453.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2003.00453.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2003.00453.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2003.00453.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1471-8286.2003.00453.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2007.01811.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2007.01811.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2007.01811.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1471-8286.2007.01811.x
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Material and Methods
	Results and Discussion
	Acknowledgements
	Compliance with Ethical Standards
	References

