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The international seafood trade has adopted the food chain or “from farm to fork” concept in terms of standards
and regulations regarding food quality, safety and authenticity, from primary production to the consumer. This
has led to an increasing need for traceability, but administrative traceability systems (physical labeling, informa-
tion recording and automatic data treatment) are not flawless and require validation through analytical proce-
dures. Currently, DNA-based methods used for species identification and population genetics, coupled with
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M;'t‘gus allocation algorithms can be used to verify administrative traceability systems. We evaluated the potential of a
Mussels panel of nine microsatellite markers combined with allocation algorithms for their ability to assign Mytilus indi-
Traceability viduals from southern Chile to their geographical origin, evaluating the performance of four assignment

methods: genetic distance and frequency-based criteria and a Bayesian based method using prior information
or not. The reallocation test showed that the Bayesian method with prior information performed best. When test-
ed with a real traceability verification case, the frequency-based algorithm showed the best results, re-allocating
individuals to their original population at least 6 times more often than individuals from other locations in a chal-
lenging scenario with low genetic differentiation among locations. In order to apply this allocation method for
traceability purposes, it would be necessary to strengthen this SSR panel with more informative loci and comple-
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ment it with SNP markers.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Marine mussels are one of the most cultivated and marketed bi-
valves, with the Mytilus genus used widely in prepared food products.
Mussel culture in southern Chile is an important economic activity,
yielding 14.9% of the world's Mytilidae aquaculture production in 2010
(FAO, 2012). Most of our national landings are processed then destined
for export.

Currently, availability and international trade of seafood are based on
Codex Alimentarius provisions and other food standards related to quality,
safety, sustainability, and regulations (CE.N®104/2000; CE.N°178/2002).
These standards incorporate the food chain or “from farm to fork” con-
cept (Moretti, Turchini, Bellagamba, & Caprino, 2003). Compliance with
these standards and regulations has been enforced via several adminis-
trative traceability systems, including physical labeling, recording of
information and automatic data entry to identify, among other elements,
the components, origin, dates, transformations and processing condi-
tions that the product underwent throughout the food chain.
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DNA-based methods can verify the accuracy of traditional identifica-
tion methods such as product labeling, determining the species present
in foodstuffs including derived products and allowing for identification
of different taxonomic levels, from single individuals to breeds, local
populations and species, along the food chain (Negrini et al., 2008). Sea-
food traceability encompasses three levels (Ogden, 2008): identification
of the species, geographical origin determination, and supply chain
tracking and tracing. In order to develop DNA-based traceability in the
Mytilus species, questions for at least the first two levels must be
addressed: What species is it? and Where was it caught?. Next, suitable
molecular markers must be selected, along with clustering and assign-
ment methods to apply them, and then it must be evaluated whether
the quality of these outputs shows an acceptable level of certainty for
further application (Ogden, 2008).

Genetic traceability is based on genome studies, employing different
DNA markers, that is, physically identifiable locations within a chromo-
some called “loci” (singular “locus”). These loci may be located in
expressed regions of DNA (Woolaver, Nichols, Morton, & Stutchbury,
2013), or more often, in DNA segments with unknown coding function
(Collard, Jahufer, Brouwer, & Pang, 2005; Hayes, Sonesson, & Gjerde,
2005). DNA markers show allelic variants that result in polymorphism-
producing DNA mutations. These variants can be identified by molecular
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techniques used to classify the genotype, and these techniques can be
applied to identify individuals, populations, species, or groups of inter-
est. The use of DNA markers for traceability purposes has been explored
for foodstuffs (Dalvit, De Marchi, & Cassandro, 2007; Schwagele, 2005)
and seafood (Bossier, 1999). In mussels, the first level of traceability is
currently fulfilled by genetic species identification methods, employed
to investigate commercial fraud by species substitution (Fernandez-
Tajes et al., 2011; Santaclara et al., 2006). Inoue, Waite, Matsuoka, Odo,
and Harayama (1995) developed a PCR-length polymorphism analysis
that allowed for genetic identification of three Mytilus species (Mytilus
edulis, Mytilus trossulus and Mytilus galloprovincialis), using a region of
polyphenolic adhesive protein. Later, Santaclara et al. (2006) added a
step based on PCR-RFLP (restriction fragment length polymorphism)
analysis of the same gene, in order to differentiate between Mytilus
chilensis and M. galloprovincialis. Furthermore, RAPD (random amplified
polymorphic DNA) (Rego et al., 2002), FINS (forensically informative nu-
cleotide sequencing) (Santaclara et al., 2006), and AFLP (amplified frag-
ment length polymorphism) (Groenenberg et al., 2011) methodologies
have been employed for Mytilus species identification, although to a
lesser extent.

Geographical origin of the mussels, the second level of traceability,
cannot be established merely by identifying the species, due to the
worldwide distribution of Mytilus (Gérard, Bierne, Borsa, Chenuil, &
Féral, 2008; Westfall & Gardner, 2013; Wonham, 2004) and hybrid
zones (Dias et al.,, 2009; Gardner & Westfall, 2012; Kijewski, Wijsman,
Hummel, & Wenne, 2009). Determining the geographical origin of the
sample is equivalent to identifying its biological population (Ogden,
2008). To this end, various chemical markers (trace elements coupled
with chemometric analysis) (Costas-Rodriguez, Lavilla, & Bendicho,
2010), proximate composition, mineral, free amino acids, fatty acids,
and volatile compound analysis (Fuentes, Fernandez-Segovia, Escriche,
& Serra, 2009) have been used to characterize mussels from different
Spanish regions, showing different degrees of correlation with geo-
graphical origin. DNA-based methods using different molecular markers
have also been used for this purpose. These methods require detailed
knowledge of the genetic diversity and population structure in a given
geographical area in order to assign an individual to its source popula-
tion (Blohm et al., 2007). To study genetic diversity and population
structure in mussels, various DNA markers have been used, such as
allozymes (Koehn, Milkman, & Mitton, 1976; Skibinski, Beardmore, &
Cross, 1983), sequencing of the mitochondrial cytochrome c oxidase sub-
unit I (COI) gene (Ghabooli et al., 2013), ISSR (inter simple sequence re-
peat) (Varela, Gonzalez-Tizon, Marifias, & Martinez-Lage, 2007), SNP
(single-nucleotide polymorphism) (Zbawicka, Drywa, Smietanka, &
Wenne, 2012), and microsatellite or SSR (simple sequence repeats).
SSR markers are tandemly repeated motifs of 1 to 6 DNA base pairs,
which are abundantly distributed within genomes and usually charac-
terized by a high number of alleles. In mussels, microsatellites have
been used extensively in genetic diversity evaluation and population
structure assessment by several authors in different geographical
areas (Diz & Presa, 2008, 2009; Li, Wang, & Bai, 2009; Shields, Heath,
& Heath, 2010; Wei, Wood, & Gardner, 2013a, 2013b).

Recent advances in statistical and mathematical methods for
assigning individuals to populations, combined with hardware resources
supporting computationally-demanding analysis, have yielded promis-
ing tools. Assignment methods use genetic information to ascertain pop-
ulation or cluster membership of individuals. Computational methods
have been developed specifically to assign individuals to predefined
(baseline populations) or non-predefined (clusters) categories (Manel,
Gaggiotti, & Waples, 2005). These methods have been implemented
using frequentist or likelihood methods (maximum likelihood or Bayes-
ian methods). Frequentist approaches use statistical hypothesis testing
and give a p-value derived from a predefined or simulated frequency
distribution. Likelihood methods assume that observed data arises
from a probabilistic model with unknown parameters and use data to
estimate those parameters, in order to assess the degree of uncertainty

associated with these estimates (Manel et al., 2005; Negrini et al.,
2008). Another approach is to use Bayesian inference that derives the
posterior distribution, taking into account prior probability and a
“likelihood function” derived from the observed data, allowing for in-
corporation of existing knowledge into data analysis (Beaumont &
Rannala, 2004).

At present, to determine the geographic origin in Mytilus, as well as
other marine (cod, herring, sole, hake, gilthead sea bream, blue marlin,
golden humped tench, and Asian sea bas) (De Innocentiis et al., 2005;
Glover et al., 2010; Lo Presti, Kohlmann, Kersten, Gasco, & Di Stasio,
2010; Martinsohn & Ogden, 2009; Nielsen et al., 2012; Sorenson,
McDowell, Knott, & Graves, 2013; Stewart, James, Roden, & Dutton,
2013; Yue et al., 2012) and terrestrial species (cattle, wild boars and
pigs) (Caratti et al,, 2010; Negrini et al., 2007; Negrini et al., 2008;
Ramos, Megens, Crooijmans, Schook, & Groenen, 2011), molecular
markers coupled with assignment methods are becoming strong trace-
ability tools.

The current study was designed to evaluate the potential of micro-
satellite markers combined with allocation algorithms for assigning
Mytilus individuals from southern Chile to their geographical origin, as
a tool for verifying and validate administrative traceability systems.

2. Materials and methods
2.1. Mussel sample collection and SSR genotyping

Samples of mussels (n = 50 by location) were collected in southern
Chile in six sites from 41°31'S; 72°20'W to 50°50'S; 74°00’W (Fig. 1), in-
cluding one wild population and five seed collection centers. In these
collection centers, larvae from the natural environment are fixed to
mesh collectors to provide the Mytilus industry with seeds. All samples
were collected sub-tidally. Shell size of 15-25 mm was considered as
seed, and larger sizes as adult (Table 1). Approximately 50-100 mg of
fixed mantle edge tissue was used for DNA extraction by the phenol-
chloroform method, adapted to mussels as described in Larrain, Diaz,
Lamas, Vargas, and Araneda (2012).

Nine SSR loci were assayed; for five of these, primers were taken from
published sources: Mgul and Mgu3 (Presa, Pérez, & Diz, 2002), MT203
and MT282 (Gardestrom, Pereyra, & André, 2007) and Med737 (Lallias,
Stockdale, Boudry, Lapegue, & Beaumont, 2009). Primers for the other
four loci: Mg15 (AY102082, F: ATCATGGTCTCACGGCAACCTT and R:
GCGTCGAAACAGTGTTAGTCAACC), Mg17 (AY102084, F: CCACTCAAAC
GGTAGGAGGTTTCA and R: GGGCGGTTTAGCTGATGTTGGTA), Mg56
(AF445374.1, F: GACCCCATACCAAAGCAAAC and R: TCGCCTTAGCAGGG
TGAAAT) and MIT02 (EH663073, F: GGACCATCTGCGTAGATTCA and R:
GGTGGGCGTAGTTATTTCTG) were re-designed using the sequences pub-
lished on the GenBank and AmplifX freeware program (http://crn2m.
univ-mrs.fr/recherche/brue/jullien-nicolas/programmation/amplifx).
Thermal profile was 95 °C for 5 min, followed by 35 cycles at 95 °C for
1 min, specific Tm for 20-40 s (Table 2), 72 °C for 50 s with a 10 min
final extension step at 72 °C. PCR was performed in a total volume of
15 pL containing 1.5 pL of 10x PCR buffer, and standardized conditions
for each microsatellite are described in detail in Table 2. A negative con-
trol with template DNA replaced with water was performed for each set
of amplifications to diminish genotyping errors due to contamination.
For genotyping, polyacrylamide gels (6%) with silver staining were
used. For every gel, the size of amplified fragments was estimated from
10 bp DNA ladder (Invitrogen®) or Hyperladder V (BioLine®).

2.2. Data analysis

Micro-Checker (Van Oosterhout, Hutchinson, Wills, & Shipley, 2004 )
was used to test for the presence of null alleles, stuttering and large
allele dropout. GENEPOP 4.0.10 (Raymond & Rousset, 1995; Rousset,
2008) was used to test genotypic distributions of conformance to
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Fig. 1. Location of sampling sites in southern Chile. Sample codes are indicated in Table 1.

Hardy Weinberg (HW) expectations and to estimate Wright's fixation
index (Fsr) according to Weir and Cockerham (1984).

Four assignment methods were assayed to assign reference popula-
tions as possible origin of individuals, based on multilocus genotypes.
1) The genetic distance-based criterion (Cornuet, Piry, Luikart, Estoup,
& Solignac, 1999) was used to compute Nei's Da genetic distance (Nei,
Tajima, & Tateno, 1983) between the individual to be allocated and
each reference population, assigning it to the population with the low-
est genetic distance. 2) The frequency-based method of Paetkau,

Table 1
Sampling location, source, sampling date and stage of development of mussel samples.

Calvert, Stirling, and Strobeck (1995) was used to allocate the individual
to the reference population with the most likely allele frequency. 3) The
Bayesian-based method of Pritchard, Stephens, and Donnelly (2000)
operating in an “unsupervised” mode, in which no prior information
about the origin of individuals input into the model was used to
simultaneously delineate clusters of individuals based on their
multilocus genotypes by maximizing HW and linkage equilibrium be-
tween the members and assigning individuals to the identified clusters
(Baudouin, Piry, & Cornuet, 2004; Manel et al., 2005). As clusters are

Code Sampling location Source Sampling date Stage of development
South latitude/west longitude

1-PA Piedra Azul Seed collection center 24.06.2009 Seed
41° 32/ 55.35"/72° 46’ 14.35"

1-PI Pichicolo Seed collection center 24.06.2009 Seed
42° 02’ 23.76"/72° 35' 27.17"

1-LA Caleta La Arena Seed collection center 24.06.2009 Seed
41° 41’ 00.00""/72° 40’ 18.92"

1-CN Canutillar Seed collection center 24.06.2009 Seed
41° 31/ 13.90"/72° 20’ 15.69"

2-CB Canal Coldita-Piedra Blanca Seed collection center 25.06.2009 Seed
43° 14/ 48.827/73° 41 42.77""

3-IP [sla Peel Wild population 16.02.2009 Adult

50° 50’ 29.83"/74° 00’ 41.27"
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Table 2
PCR conditions of the nine microsatellite loci used in genetic diversity and population structure studies of Chilean mussel (Mytilus chilensis).
Mgul Mgu3 MT203 MT282 Mg15 Mg17 Mg56 Med737 MIT02
Component [concentration]
MgCl [mM] 15 2.0 2.0 20 2.0 2.0 2.0 1.5 20
dNTP (each) [uM] 100 100 167 100 133 100 100 80 100
Primer F and R (each) [uM] 0.6 0.2 03 03 03 0.5 0.2 0.2 0.4
Taq [U] 0.5 03 03 03 04 04 0.5 0.4 0.5
DNA [ng] 40 30 30 40 40 40 40 40 40
Annealing conditions
Temperature [°C] 54 59 59 58 50 60 67 63 53
Time [s] 40 30 20 20 20 30 20 30 30

abstract objects that are not necessarily coincident with sampling sites,
allocation was considered correct when the individual was included in
the cluster with the highest proportion of individuals from its location.
4) The same Bayesian method operating in a “supervised” mode, was
used to incorporate the multilocus genotypes of individuals and prior
information about the geographical origin of the samples. In this case,
the baseline populations are effectively represented by sampling sites.
The first two statistical criteria, genetic distance and allele frequency,
were implemented using the software package GeneClass2, assigning
a population of origin for each individual with an assignment threshold
(p-value of 0.05), using the leave one out procedure (Piry, 2004). The
population of origin was defined as that from which the individual
was sampled. The probability of assigning an individual to a population
was calculated using the likelihood method without associated proba-
bilities, and expressed as a score (Piry, 2004). The Bayesian method
was implemented in Structure 2.3.3 (Pritchard et al., 2000), assign-
ments of individuals were conducted under the mixture model, which
assumes that individuals were taken from groups that are not pure
but rather have some degree of mixing. In both Bayesian methods, a
50,000 initial burn-in was used to minimize the effect of the starting
configurations, followed by 100,000 Markov chain iterations; these
values, recommended by Falush, Stephens, and Pritchard (2007), were
adequate to achieve convergence with our data. In all cases, six repeated
runs were performed, selecting the parameter K = 6, the number of lo-
cations analyzed.

The performance of all four assignment methods was evaluated in
re-allocation assays, carried out by analyzing for each population:
i) Sensitivity (S), calculated as the number of individuals correctly
assigned to their original location, divided by the total number of indi-
viduals sampled from that location. This index reflects how good a test
is at correctly assigning individuals to a location. ii) Specificity (E), cal-
culated as the number of individuals properly excluded from the popu-
lation, divided by the total number of individuals who do not belong to
the population. This index reflects how good the test is at correctly ex-
cluding individuals who do not belong to that location (Altman &
Bland, 1994; Loong, 2003). iii) Average probability assignment score
(AP), calculated per location as the average of the likelihood of each suc-
cessful re-assignment to the respective location. iv) Likelihood ratio
(LR+), calculated as S / (1-E). This statistic summarizes how many
times more (or less) likely it is that individuals belonging to a location
will be assigned to this location as compared to individuals belonging
to another location (Deeks & Altman, 2004).

3. Results

Micro-Checker did not detect large allele dropout, but stuttering was
suggested for locus Mgul and Med737 in some sampling sites. In gener-
al, there were warnings for the presence of null alleles in all six locations
across loci, with the exception of five locations for locus MT282, one lo-
cation for Med737, and two locations for MIT02. The nine microsatellite
loci were polymorphic in all locations, and 68 alleles were detected
among the analyzed individuals. Allele frequencies are shown in
Table S1 — Supplementary material. Correcting allele frequencies for

null alleles among populations of Mytilus did not change the outcome
of the statistical tests of differentiation (Diz & Presa, 2008). Other au-
thors (Chapuis & Estoup, 2007; Hauser, Seamons, Dauer, Naish, &
Quinn, 2006) showed that the presence of null alleles in microsatellite
loci had a minor effect on the estimation of population differentiation,
genetic distance determination, and assignment of individuals to popu-
lations (Carlsson, 2008); consequently, we decided not to correct the al-
lele frequencies for the presence of null alleles.

The global Fsr value shows that the genetic differentiation between
the six sites was 0.042 and indicates that 4.2% of total allele frequency
variance lies among sample sites and is highly significant (P < 0.001).
Therefore, 95.8% of the variance between allele frequencies is explained
by variation within sites.

The genetic distance and the frequency-based methods imple-
mented in GeneClass2 properly re-allocated 152 individuals
(50.7%) to their localities of origin (Table 3). The Bayesian-based
method implemented in Structure 2.3.3 considering only multilocus
genotyping data (unsupervised mode) performed poorly, properly
re-assigning only 105 individuals (35.0%). When information on
the location of origin of the individuals was taken into account, cor-
rect assignment rose sharply to 286 individuals (95.3%) successfully
re-allocated to the six sites of origin (Table 3). In general, average
sensitivity (S) across allocation algorithms was low, with the excep-
tion of the Bayesian method with prior information (S = 0.95). Spec-
ificity was high for all methods (E > 0.87), with the highest value
again for the Bayesian method with prior information (E = 0.99).
The probability of assignment was poor (PA = 0.19) for the genetic
distance-based method. The other three methods showed values
<0.7, with the best performance once again for the Bayesian method
using prior information. According to the likelihood ratio index, the
Bayesian method in an “unsupervised” mode showed the lowest av-
erage LR +, re-allocating individuals to their original population at
least 3.7 times more often than individuals from other locations
(Table 3). The genetic distance and frequency based methods per-
formed better, showing an average LR+ index of 5.4 and 6.0
respectively.

4. Discussion

Product labeling is the basic information source for determining the
species present in a seafood product, identifying its geographical origin
upstream in the supply chain (tracing), and following a product through
the supply chain (tracking). This information is used by customers to
make their choice and by authorities or manufacturers to verify legal
compliance and make recalls when necessary. DNA-based techniques
can be used to verify the accuracy of the labeling information and to
audit administrative traceability systems (Yue et al., 2012). We focused
on Mytilus, which are already analyzed using genetic species identifica-
tion methods to investigate commercial fraud by species substitution
(Fernandez-Tajes et al., 2011; Santaclara et al., 2006). Geographic origin
was assessed using a nine-microsatellite panel, along with different al-
location algorithms, to test the assignment of individuals to populations
in southern Chile.
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Table 3
Performance of the assignment methods tested for the nine microsatellite loci in Chilean mussel (Mytilus chilensis) individuals from six locations.

Software Correct allocation 1-PA 1-PI 1-IA 1-CN 2-CB 3-1P Average

fc\xigg:iltc;]nm Number of individuals (%)

GeneClass2 152 50.7 S 048 0.36 0.80 0.32 0.56 0.52 0.51
Frequency E 0.88 0.86 0.96 0.83 0.80 0.89 0.87
Paetkau et al. (1995) AP 0.72 0.62 0.90 0.62 0.75 0.74 0.73

LR+ 4.00 257 20.00 1.88 2.80 473 6.00

GeneClass2 152 50.7 S 0.54 0.26 0.80 0.28 0.70 0.46 0.51
Genetic distance Nei et al. (1983) E 0.88 0.89 0.94 0.83 0.73 094 0.87
Cornuet et al. (1999) AP 0.19 0.18 0.20 0.18 0.19 0.19 0.19

LR+ 4.50 2.36 13.33 1.65 2.59 767 535

Structure 2.3.3 105 35.0 S 0.34 0.26 0.56 0.24 0.42 0.28 0.35
Bayesian without prior information E 0.86 0.87 0.95 0.84 0.87 0.83 0.87
Pritchard et al. (2000) AP 0.70 0.70 0.73 0.60 0.67 0.79 0.70

LR+ 243 2.00 1120 1.50 3.23 1.65 3.67

Structure 2.3.3 286 95.3 S 0.92 0.96 1.00 0.94 0.96 0.94 0.95
Bayesian with prior information E 0.99 1.00 1.00 0.98 0.99 1.00 0.99
Pritchard et al. (2000) AP 094 091 0.98 0.91 0.96 094 094

LR+ 92.00 © © 47.00 96.00 o -
S: Sensitivity.
E: Specificity.

AP: Average probability assignment score.
LR +: Likelihood ratio.

Population structure refers to the subdivision of a metapopulation
into subgroups of individuals that are on average more related to each
other than to other members of a wider population (Balding, 2006) as
a result of the processes of genetic drift, natural selection, mutation,
and gene flow. Divergent selection and genetic drift promote the gener-
ation of genetic structure while genetic flow homogenizes the subpop-
ulations (Jones & Wang, 2012). The power of assignment depends
closely on the level of population structure in the zone under study,
reflected in levels of differentiation among locations. Wright's Fsr statis-
tic is widely used to estimate the proportion of genetic diversity among
populations and reflects different degrees of allele frequency divergence
among locations, ranging from 0 (no difference in allele frequencies
among locations) to 1 (maximum variance in allele frequencies
among locations) (Holsinger & Weir, 2009; Meirmans & Hedrick,
2011). Levels of differentiation required for reasonable assignment suc-
cess are usually cited as Fsr values of 0.05-0.10 (Hauser et al.,, 2006); in
our results, global Fs; was lower (0.042). For traceability purposes, this
finding poses a challenging scenario, as the power of the assignment is
directly correlated with the genetic differentiation between popula-
tions. However, despite low genetic differentiation between the Mytilus
sampling sites in southern Chile, our dataset performed better
(50.1% correct assignments) than a panel of 13 SSR assayed in blue mar-
lin between more separated locations (Atlantic and Pacific populations)
(41.0% correct assignments) (Sorenson et al., 2013), but was overcome
by a panel of 7 SSR assayed in golden humped tench between Italian
lakes (64-92% correct assignations) (Lo Presti et al,, 2010). This finding
was possibly attributable to different connectivity conditions between
relatively separate lakes and the sea, determining gene flow and larval
dispersal. Also a panel of 9 SSR applied to Atlantic cod in Norway
farms achieved 75% of correct assignations (Glover et al., 2010) and a
panel of 16 SSR loci previously selected by its assignment power and
used in farmed Asian sea bass showed 96.7% of correct assignments
(Yue et al., 2012). This better results found in farmed fishes are not sur-
prising due to the reported differences in allele frequencies between
farms and commercial strains in cultivated fish species, as is the case
for Atlantic salmon and rainbow trout (Glover, 2008; Glover, Hansen,
& Skaala, 2009; Glover, Skilbrei, & Skaala, 2008). This effect does not
occur in Mytilus aquaculture, where seeds are collected from the natural
environment with no artificial selection.

In general, the weakest assignation method was the Bayesian without
prior information, and the best was the Bayesian method including this
information. However for traceability purposes, the true membership

of individuals is usually the information being verified, and therefore
would not be available in real analysis; therefore, this method is not an
appropriate alternative for traceability purposes. Bayesian analysis has
the potential to incorporate other information to complement genetic
data, for example, oceanographic information, chemical markers, or be-
havioral data, to improve inference when the population structure is
weak as with many marine species (Selkoe, Henzler, & Gaines, 2008).
But routine use of such methods is not particularly simple, because
Bayesian analysis involves numerical solutions using the Markov chain
Monte Carlo (MCMC) approach, which is demanding in computation
time and resources, and also requires a certain degree of experience to
determine the simulation parameters (e.g., the number of initial simula-
tions, or “burn-in period,” the number of replicates, and the number of
populations) (Baudouin et al., 2004).

Although distance-based criteria are less sensitive to deviations from
HW equilibrium due to null allele, this method was not suitable because
the average assignment probability was very low (0.19). Genetic dis-
tances were developed to differentiate between species, to visualize
evolutionary changes over long periods of time based primarily on
dismissing mutations and gene flow. Small changes occurring within a
species, where the effect of the mutation is low or negligible compared
to gene flow, do not allow for proper discrimination among populations
of the same species (Flury, Weigend, Ding, Taubert, & Simianer, 2007;
Toro, Fernandez, & Caballero, 2009).

In our situation, with six locations of similar sample sizes (n = 50),
the prevalence or a priori probability of an individual belonging to each
group is 17% (1/6). The method with the worst performance (Bayes-
ian without prior information) correctly re-allocated (35%) at least
twice the number of individuals expected purely by chance; more-
over, the frequency-based method correctly re-assigned 50% of the
individuals. This is a promising value considering the existing popu-
lation structure in the zone, and considering that the assayed micro-
satellite panel has only nine loci and that assignment success
increases with the number of loci. To increase assignment perfor-
mance to the level required for traceability purposes, the panel
must be improved by incorporating more microsatellite loci and
adding SNP (single nucleotide polymorphisms) markers. Recently
SNPs were described in the Mytilus species from European samples
(Vera et al., 2010; Zbawicka et al., 2012) and in fish species, also
these markers are used to generate forensically-validated panels
for geographic origin assignment to investigate illegal fishing in the
FishPopTrace project (Martinsohn & Ogden, 2009).
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5. Conclusion

The frequency-based algorithm showed the best performance in
matching Mytilus individuals from southern Chile to their geographical
origin, reaching preliminary but promising values of 50% of correct as-
signment in a challenging scenario with low genetic differentiation
among locations. In order to apply this allocation method for traceability
purposes, the panel would need to be improved by incorporating more
informative loci and complementing it with SNP markers.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.foodres.2014.02.016.
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