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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 Brazilian coast and 

possible action of multiple introductory events.  
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Introduction of exotic species in new areas through anthropic action is one of the major problems that 

can affect biodiversity. With the increasing maritime traffic, introduction of alien species has occurred more 

often, especially with ballast water and biofouling (Mastrototaro et al. 2015). Exotic organisms usually do 

not have natural predators in the new environment and can cause deep ecological, economic and health risk 

impacts. Originally described for the Red Sea, B. luctuosum is known for its highly invasive potential (El 

Haddad et al. 2008). Currently, B. luctosum is spread in Mediterranean Sea (Giangrande, 1989), eastern 

Iberian coast (El Haddad et al. 2008), Italian coast (Licciano and Giangrande, 2008), Atlantic Coast of 

Africa (Mastrototaro et al. 2015) and Brazil (Nogueira et al. (2006). 

To develop suitable molecular markers for studies on colonization routes and population dynamics of 

B. luctuosum, nine polymorphic microsatellite loci were isolated and characterized in the present study. 

Twenty-five specimens of B. luctuosum were collected in Florianópolis (SC), South Brazil. Genomic DNA 

was extracted from the body wall using a slightly modified protocol from Hillis et al. 1990. Microsatellite 

libraries were developed following the methods of Jones et al. (2002). For genotyping, we employed the 

tailed primer method (Schuelke, 2000). PCR mix consisted of 1 U GoTaq (Promega), 0.20 mM dNTPs, 2.5 

mM MgCl2, 1 mM BSA, 0.5 μM 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 μL 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), and genotyped using the automated platform ABI3500. The 

GeneMarker® software V 2.6.3 (SoftGenetics LLC) was used for genotyping score and allele sizing. The 

possibility of occurrence of genotyping errors was calculated using Micro-Checker V 2.2.3 (Van 

Oosterhout et al. 2004). Number of alleles, allele frequencies, observed and expected heterozygosities were 

evaluated using Fstat V 2.9.3 (Goudet, 2002). The 4.2 online version of GENEPOP (Raymond and Rousset, 

1995) was used to test for linkage disequilibrium.  

         All nine loci had a high level of genetic diversity (Table 1) and exhibited significant heterozygote 

deficiencies probably due to the presence of null alleles, as suggested by Micro-Checker. Moreover, the 

occurrence of null alleles has been commonly reported for similar studies with annelids (Weinmayr et al. 

2000; Pettengill et al. 2003; Du et al. 2007). Our results did not observed any significant linkage 

disequilibrium between any pair of loci. We observed heterozygous deficiency and it was expected 

considering the biology and history of this invasive species (recent introduction and the possibility of 

multiple introductory events). Therefore, the microsatellite markers developed here may be very useful for 

studies on population dynamics of this invasive species. 
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Table I - Characteristics of nine polymorphic microsatellite markers developed for B. luctuosum. Locus name; Repeat motif; F: forward primer sequence; R: reverse primer 
sequence; N = number of samples; Na = Number of alleles; H(o) = Observed Heterozygosity; H(e) = Expected Heterozygosity.  
         

                  

Locus Primer Sequence (5'-3') Motif 
Size range 

(bp) 
N Na H(o) H(e) 

Bluc07 F GACAATTCAAACTGCGACTGAC GT(12) 284-298 22 6 0.636 0.771 
 R GTGTTTAGGGTTCTAGGGCAAA       

Bluc08 F CAACTGCCATACAAAACTACACTGA CA(8) 270-284 24 8 0.583 0.867 

 R AGGGACAGCCAGGGTTTG       

Bluc23 F GGAGACAACATTCAAAAAGTGA AC(15) 299-319 25 9 0.640 0.723 
 R GGATTCAAACTGACGACTCTG       

Bluc25a F AATTCAATGGCTAGGTCTATCC GT(10) 197-207 25 6 0.760 0.809* 
 R GGCTGAGAAATACAGATTTTTG       

Bluc25b F AATTCAATGGCTAGGTCTATCC GT(10) 348-356 25 5 0.000 0.650* 
 R GGCTGAGAAATACAGATTTTTG       

Bluc27 F GTTCGTTTGTCCGTTATTCAG TG(9)...TG(12) 232-240 22 5 0.909 0.754 
 R TATGGCTTCAGCATTAAATCTG       

Bluc32 F TGTTGCTGCTGTTGTTGTTGTA TTG(7) 393-411 20 5 0.300 0.755* 
 R CTGACTGACACCTGACACCTATG       

Bluc34 F CCCAACTCAAGTAACCAGTCCT TTG(6) 331-370 25 10 0.440 0.811* 
 R CGAAACAACACTAATTCAACGC       

Bluc36 F TTCCTTGCTGGACACTGAGATA GTT(4) 267-291 25 9 0.720 0.874* 
  R ACAATTAGGCCAGATGAGTGCT             
         

* Significant deviations from HWE       
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