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Summary

The Yellowtail kingfish (Seriola lalandi) is a native fish of Chile and one of the key species
for the diversification of the Chilean aquaculture. Therefore, it is important to determine the
genetic variability across populations in order to be able to establish a sustainable breeding
program. In a companion paper, we describe the development of genomic resources for
implementing the Chilean breeding program for this species. Paternity assignment is a key
issue when implementing breeding programs in this species. The objectives of this work
were: (i) identify the population structure of wild and commercial populations of S. lalandi
and (ii) study the reproductive behavior of commercial broodstock through a paternity testing,
considering the communal spawning behavior if this species. We used a set of microsatellite
marker to genotype group of wild S. lalandi of three locations join to four sets of commercial
broodstock and larvae generated from different spawning during the reproductive season. The
parentage analysis showed that the average male/female ratio contribution in a spawning
event was 2.6, showing that female of S. lalandi require more than one male for each
spawning event. Additionally, we observed that males participate in more events of spawning
than females during the season. The Structure analysis showed that a number of cluster with
best assignment according to delta K was K=2, which supports the idea that broodstock
population was originated from two different populations. This study provides useful genetic
information for the long-term development of the Chilean Yellowtail kingfish industry.
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Introduction

The Yellowtail kingfish (Seriola lalandi) is a marine fish endemic of Chile, with a
worldwide-distribution including the Pacific and South Atlantic coast. In the last twenty years
the countries that commercially culture this species, which include Japan, Australia, New
Zeland, USA, Mexico, Netherlands, South Africa and Chile have increased In the recent
years, the importance of this species in Chilean aquaculture has increased, becoming one of
the key species for the diversification of the aquaculture in this country. For the
implementation of the initial group of broodstock of S. lalandi in Chilean aquaculture, wild
specimens were captured from several locations, making relevant to know the genetic
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structure of these population for managing of the aquaculture and fisheries of this species in
Chile.

The production of offspring in captivity is relevant for sustainable aquaculture production of
S. lalandi, but this require phenotypes and pedigree information to be obtained for the
selection of broodstock. However, in S. lalandi the assignment of offspring in the productive
system is affected by the reproductive biology of the species, since the species show
spontaneous mating behavior, therefore it is not possible to manipulate matings artificially
(Palomino et al. 2014). For these reasons, the development of molecular tools to assign the
offspring to the corresponding broodstocks is relevant to evaluate the genetic contribution of
each fish and for the establishment of pedigree for breeding programs. In this work, we
evaluated a set of microsatellites markers of S. lalandi to (i) identify the population structure
across several locations of the north Chilean cost and for (ii) study the reproductive behavior
of commercial broodstock through a paternity study for offspring assignment. This
information is relevant for long-term development of the Chilean Yellowtail kingfish industry.

Material and methods

Fish sampled

Seventy-one wild S. lalandi were captured from 4 sampling points at 3 different location by
local fisherman in February of 2017. The locations corresponding to Coquimbo region were
Punta de Choros and Guanaqueros, while in the Atacama region 2 sampling point were taken
from different locations of Caldera. The commercial fish correspond to four sets of
broodstock (18, 22, 25 and 30 fish) at the hatchery production center of Acuinor SA
company, located in Caldera, Chile. Each set was maintained in separated indoor tanks (2.5 m
depth, 20,000 Lts), daily feeding ad libitum, with different photoperiods for each set and
temperatures between 18 to 20°C. From each broodstock, a fin portion was sampled and
stored in ethanol at -20°C. Larvae generated from each broodstock set was sampled randomly
at different time points (between 3 to 14 points per set) during the corresponding spawning
season (2015-2016) of each set of broodstock and according to the availability of larvae. The
larvae sampled at each point were stored in ethanol at -20°C. A subset of larvae of each time
point was randomly chosen for posterior DNA purification, with a total of 174, 169, 166 and
66 larvae per broodstock tank, respectively.

Primer selection, DNA extraction, PCR and capillary electrophoresis

PCR primers used were previously published (Fernandez et al. 2015) or generated in our
laboratory. The genomic DNA was purified from the larvae and from fin samples with the
NucleoSpin Plant II kit (Macherey-Nagel). The samples were quantified with the Qubit
dsDNA BR Assay Kit (Thermo Fisher Scientific). For the PCR reaction, we develop and
optimized multiplex reaction, generating three sets of multiplex with four fluoroforated
microsatellites markers in each multiplex (6-FAM, NED, VIC or PET (Applied Biosystems)).
The PCR multiplex reaction were performed in a T100 thermal cycler (Bio Rad). The
Veterinary Genetics Laboratory of the UC Davis performed the capillary electrophoresis using
an ABI 3730. The analysis of fluorescent DNA fragments was performed with Peak scanner
software v1.10 (Thermo Fisher Scientific).



Genetic contribution analysis and population structure analysis

The parentage inference analysis was performed using the four sets of broodstock and the
larvae sets with Colony software (Jones & Wang 2010). The most probable father and mother
were assigned for pedigree reconstruction. With this information, the average number of
males and females participating in each spawning event within broodstock tank was
determined, along with their percentage contribution to the offspring. The population
structure analysis was performed on the wild and the commercial broodstock of S. lalandi,
using the Structure 2.3.4 software (Pritchard et al. 2000), assuming from one to eight
populations (K=1 to K=8), with twenty runs for each K based on an ancestry admixture
model. The optimal number of clusters was determined using the Structure Harvester
software (Evanno et al. 2005), considering Mean Ln P(K) and delta K across all the runs
simulated.

Results and Discussion

Parentage analysis and genetic contribution of broodstock

The average number of males contributing in each spawning event ranged from 4.2 to 5.7,
while in females ranged from 2.1 to 2.8 (Table 1). The number of males was higher than
females, providing genetic evidence that female of S. lalandi require more than one male for
each spawning event. This was concordant with the average male/female ratio contributing to
spawning event (Table 1), showing that generally two males fertilized with one female. The
contribution of parents during the spawning season show that several males and females do
not contribute to the offspring. On the other hand some males and females up to 25 and 37%
to the offspring, respectively. The average contribution to the offspring in females (9.4%) was
higher compared with males (5.9%), probably associated with the proportion of
males/females in the spawning. We observed that males in average participate in more
spawning events than females (3.98 vs 2.5). These results showed that each female can
participate in several spawning events during the same reproductive season.

Table 1. Contribution of broodstock to each spawning per broodstock set and sex ratio.

Parameter Set 1 Set 2 Set 3 Set 4
Total

average

Average n° of males contributing to each spawning event 4.3 5.4 4.2 5.7 4.9

Average n° of females contributing to each spawning event 2.1 2.2 2.6 2.7 2.4

Average ratio males/female in each spawning 2.4 3.1 2.2 2.8 2.6

Average % of contribution of males 8.3 6.3 5.7 3.1 5.9

Average % of contribution of females 15.3 10.2 5.7 6.4 9.4

Population structure analysis

The results showed that the cluster with highest values of mean LnP(K) was K=2 (Figure
1A), showing that this number gives the best assignment across all K simulated. This was
consistent with the higher value of delta K for cluster K=2 (Figure 1B). The two populations
identified in the analysis were not associated with the sampled locations (Figure 2). Even
more, the main difference in the structure was observed in the broodstock individuals,



explained by initial founding of the broodstock from different locations across the Chilean
coast, including some of the sampled locations join to other locations not sampled in this
study. This suggest that exist more than a single population of S. lalandi, considering the
observed in broodstock of the Chilean industry, wich was conformed from two different
populations. Respect to the wild population evaluated in this study, a minor degree of
admixture could be suggested according the results.

Figure 1. Result of Structure analysis across K values for LnP(K) (A) and for delta K (B).

Figure 2. Structure plot for individual assignment in wild (1=Caldera, 2=Guanaqueros,
3=Punta de Choros) and broodstock (4) populations.

Conclusion

Individual variability was observed in the contribution of parent to the offspring in the
spawning events evaluated. According to spawning contribution observed, females tend to
show pulses of egg production, while males show a more even contribution during the
spawning season, obtaining genetic evidence that generally a female was fertilized by two or
more males during one spawning event. Additionally, we showed that wild populations
evaluated join to the commercial stock of broodstock of S. lalandi are conformed for at least
two different populations. This study provides useful genetic information for the long-term
development and management of the Chilean Yellowtail kingfish industry, species of high
importance for the diversification of Chilean aquaculture with native species.
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