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Nile tilapia is the main farmed fish in Brazilian aquaculture. Streptococcus
agalactiae (GBS) is responsible for high mortality rates in fish farms. Genetic
improvement is considered an effective alternative for producing resistant
animals in aquaculture. The objective of this study was to estimate genetic
parameters for resistance to GBS infection in a breeding population of Nile tilapia
from Brazil, based on disease challenge using a circulating serotype (lb and ST-
NT). Furthermore, genetic correlations between resistance to GBS and average
daily gain (ADG) were estimated to determine whether these traits can be
included in selective breeding programs. Survival (SS) and time until death (TD)
were the evaluated traits. The survival of the most resistant families was
approximately 30%, indicating high phenotypic variation in resistance to the
infection. Low to moderate heritability values for resistance traits in the Nile
tilapia population were estimated, ranging from 0.14 to 0.27. Heritability for ADG
was moderate to high (0.40) based on a growth trial involving 43 families (735
animals). Phenotypic correlations between the resistance traits (SS and TD) and
ADG were positive and low, ranging from 0.09 to 0.18, whereas genetic
correlations were close to zero. Phenotypic and genetic correlations between
SS and TD were considered high and positive, ranging from 0.38 to 0.72. The
results suggest that selection for resistance against GBS does not negatively
affect juvenile weight gain in Nile tilapia.
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1 Introduction

Nile tilapia (Oreochromis niloticus) is one of the most globally farmed
fish (FAO, 2022). Brazil ranks as the fourth-largest producer of Nile
tilapia, with an average annual production growth of around 12% since
the year 2000 (FAO, 2023), accounting approximately 410 thousand tons
(IBGE - Instituto Brasileiro de Geografia e Estatistica, 2023).

Streptococcus agalactiae, also known as group B streptococcus
(GBS) is the main pathogen responsible for substantial losses in
farmed Nile tilapia. GBS is recognized for its morphological and
genetic diversity, leading to distinct host—pathogen interactions and
immune responses. These factors contribute to disease outbreaks
capable of impacting the entire fish population cultured on a farm
(Abuseliana et al., 2010). The polysaccharide capsules are
considered the major virulence factor of GBS, which are used to
identify non-typeable and typeable GBS strains into 10 distinct
serotypes (Ia, Ib, II-IX) (Slotved et al., 2007). Five capsular
serotypes (Ia, Ib, II, III, and IV) have been associated with disease
outbreaks in cultured fish in different countries (Sudpraseart et al.,
2021), with capsular serotype Ib predominating in fish infections in
the most productive regions of Brazil (Chideroli et al., 2017).

Different Brazilian strains of GBS serotype Ib have been reported,
exhibiting heterogeneity in their genome sequences and presenting
regional distribution limited according to their genotype. ST-260 and
ST-927 are mainly reported in Northeast Brazil, while the non-typeable
ST (ST-NT) is widely distributed in Central-Southeast Brazil (Barony
et al, 2017). Due to this genetic diversity and the limited cross-
protection of commercially available GBS vaccines (Chen et al,
2012), there has been particular concern about the scarcity of
commercial vaccines available in Brazil.

Recent genetic studies have suggested that selective breeding for
resistance to S. agalactiae is feasible in Nile tilapia (Shoemaker et al.,
2017; Suebsong et al., 2019; LaFrentz et al., 2020; Joshi et al., 2021a).
However, this approach has not yet been applied to Brazilian
populations. For initial studies, additive genetic variation and
reliable heritability estimates are prerequisites for any selective
breeding program. It is also essential to understand the magnitude
of genetic correlations among other commercial traits to optimize
selection and control potentially adverse correlated genetic responses.

Genetic parameters have not yet been estimated in Nile tilapia
against the main strain and lineage of GBS (serotype Ib and ST-NT) in
Brazil. Therefore, our aim was to estimate heritability for resistance
against GBS serotype Ib and ST-NT in Nile tilapia within an
experimental Brazilian population. Additionally, we investigated the
correlated response by estimating the genetic correlation between
juvenile average daily gain (ADG) and resistance traits.

2 Methods
2.1 Samples
This study was approved by the Ethics Committee on Animal

Use (CEUA number 4935/20) at the University of Sdo Paulo State
(UNESP), Jaboticabal Campus, SP, Brazil.
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The experimental population comprised 52 Nile tilapia families.
However, due to the limited number of animals in some families,
only 47 were evaluated for resistance to GBS (serotype Ib and ST-
NT) infection (RC), while a juvenile growth trial (GT) was
conducted with individuals from 43 families. Specifically, 38
families were included in both experiments (RC and GT),
allowing for the assessment of genetic correlations between the
traits. Nonetheless there were 9 families exclusively assessed for RC
and 5 exclusively for GT. The families originated from the
broodstocks of two commercial fish farms in the state of Sao
Paulo, Brazil. These farms produce the GIFT strain (Genetically
Improved Farmed Tilapia), the most popular strain in Brazil
(Santos et al,, 2019), but do not employ genetic selection by
pedigree; instead, they use mass selection. Briefly, these two
commercial populations share a common origin, derived from
genetic material imported from Malaysia (eighth generation of
the GIFT) in 2005 by the State University of Maringa - UEM,
Brazil (Santos et al., 2011). Subsequently, about 9 generations of
selection were conducted by UEM to enhance mainly growth
performance in cage farming (Yoshida et al, 2021), but not yet
for disease resistance. This genetic material has since been
disseminated to various commercial farmers, including the two
under investigation in the present study.

The tilapia families were directly sourced separately from each
commercial fish farm. In both cases, a similar method was used for
grouping broodstocks; specifically, fish breeders were randomly
placed in hapas measuring 4 x 2 x 1.5 m’ (approximately 8 hapas
per fish farm), with a stocking ratio of 40 females to 20 males. Each
experimental family was initially established by collecting eggs from
the mouths of females once per hapa. Although the sire of each
family is unknown, the procedure of only one collection per hapa
provided reliability that the same sire did not fertilize different dams
(Fessehaye et al., 2006; Zhao et al., 2016). The collected eggs were
transferred to 52 hatcheries for artificial incubation and larval
rearing. Subsequently, the swim-up fry were grown with diets
containing 45% crude protein for about 30 days. The animals
were kept separated by families until they reached the minimal
size (approximately 5.0 g and an age of 80 days) for PIT-tagging.
After pit-tagging, the fish were released to live communally in 1 m’
fiberglass tanks. All experiments for RC ang GT were conducted at
the Center of Aquaculture, UNESP, Jaboticabal, Brazil.

2.2 Records on the average daily gains in
the growth trial

The growth trial (GT) was conducted 30 days post-tagging to
assess the correlation between ADG and resistance to S. agalactiae.
Weight gain was measured in juvenile individuals with an average
age of 110 days, housed in a total of 7 fiberglass tanks, each with a
water volume of 1 m?. Specifically, approximately six individuals per
experimental family were randomly distributed in at least three
tanks (triplicate) following a balanced experimental design, totaling
around 16 individuals per experimental family and 735 juveniles in
total. The density was maintained at approximately 100 fish per m?
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in each tank. The 7 tanks were interconnected in a water
recirculation system. Throughout the GT, water temperature was
kept at 30°C (SD = 0.5°C), dissolved oxygen at 5.0 mg/L (SD = 1.0
mg/L), and pH at 7.2 (SD = 1.0).

Body weight (BW) was recorded at the beginning and end of the
60-day period. The 60-day evaluation period was chosen because
most of the animals exhibited a twofold increase in body weight,
providing a sufficient timeframe to discern significant differences
between families. Throughout the assessment, the fish were
provided with 1.2 mm pelleted feed containing 40% crude
protein, administered four times daily.

The ADG (g), average daily gain, was calculated according to
Ariede et al. (2020) as:

ADG = (Wf - Wi)/T ,

where, Wf represents the weight at the end of the measurement
period, Wi represents the weight at the beginning of the
measurement period, T represents the total time across the
measurement period (60 days).

2.3 Resistance challenge to GBS serotype
Ib and ST-NT

The disease resistance challenge (RC) against GBS infection was
performed 60 days after the GT. The bacterial isolate (45P,
GenBank Accession number KJ561066) was previously recovered
from an outbreak of GBS (serotype Ib and ST-NT) in Nile tilapia
from the Central-Southeast region of Brazil) (Sebastido et al., 2015).
The strain was identified using morphological, biochemical, and
molecular tests (16S rRNA gene sequencing) (Assane et al., 2022).
Capsular serotyping and sequence typing (Multilocus Sequence
Typing) were performed using a multiplex-PCR assay (Poyart
et al., 2007), followed by sequencing of seven housekeeping genes
(adhP, pheS, atr, glnA, sdhA, gicK, and tkt) (Jones et al., 2003).

For inoculum preparation, bacteria from freshly grown culture
plates were transferred to the BHI and incubated for 48 h at 28°C.
After growth, the culture medium was washed twice with PBS by
centrifugation at 3,000 x g for 10 min at 4°C (de Sousa et al., 2021).
The bacterial suspension was adjusted to a lethal dose of 75% (LD;5)
instead of LDs, considering previous experiences from our research
group in disease challenge, in which lower rates of mortality were
detected in the final experiments when LDs, was applied
(Mastrochirico-Filho et al, 2019). Moreover, the LD,s strategy
was implemented to ensure the maximum genetic variance for
survival status (a binary trait distinguishing between death or live
fish, as explained below in Section 2.4) while maximizing the
collection of phenotype data for the time of death.

The LD;5 was previously tested by intraperitoneal inoculation in 90
randomly selected individuals from the families (average weight of
individuals: 45 g, SD = 23 g), using three dosages of live cells of GBS
(serotype Ib and ST-NT). The dosages were adjusted based on the
optical density of the solution at 0.400, 0.600 and 0.800 at 625 nm in a
spectrophotometer (2100 Unico, Japan), following previous
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experimental challenges. Subsequently, 100 pl of the inoculum from
each dosage was removed to perform serial dilutions and direct
plate counts in duplicate. The resulting dosages were: 1.8 x 10° CFU/
mL, 3.2 x 10° CFU/mL, and 3.6 x 10° CFU/mL. Before inoculation, the
individuals were previously anesthetized with benzocaine during bath
exposures at 40 mg/L. Then, each inoculum was intraperitoneally
injected at a rate of 0.15 mL for every 10 g of body weight (Khunrang
etal,, 2023). The chosen dosage of 3.2 x 10° CFU/mL better represented
75% lethality among challenged individuals and was adopted for
the RC.

A subsample of the population (n=10) underwent routine
microbiological testing using brain and kidney tissue, which
confirmed the absence of GBS (serotype Ib and ST-NT) and other
pathogens (Laith et al., 2017). Then, for the RC, about 17 individuals
from each of the families (a total of 775 individuals) were conditioned
in a recirculation system composed of 9 fiberglass tanks (each with a
water volume of 1 m?). Each family was distributed in at least three
random replicates, similar to the setup for the GT, with about 6 fish per
family in different tanks. The experiment was performed with
controlled temperature at 30 + 0.5°C, pH 7.2, and dissolved oxygen
(> 5.0 mg/L). A total of 130 individuals was evaluated in each tank.
Prior to the inoculation of the bacteria, the individuals were weighted,
reaching an average weight of 69.6 g (SD = 49.8 g) with an average age
of 268 days (SD = 36.3 days). After the anesthesia of fish in benzocaine
(bath exposures at 40 mg/L), the predefined LD5 of live cells of GBS
(serotype Ib and ST-NT) was induced by intraperitoneal inoculation
(0.15 mL for every 10 g of BW, to avoid any experimental bias caused
by variations in BW among individuals). One additional replicate with
130 individuals was used as a control group, where the animals were
intraperitonially inoculated with the same volume of PBS (0.15 mL for
every 10 g of body weight). The control group was maintained under
the same environmental conditions.

The RC experiment was carried out for 21 days to evaluate two
resistance traits: survival status (SS) and time of death (TD) in days
(Mastrochirico-Filho et al., 2019; Ariede et al., 2020). Clinical and
behavioral signs of disease, including exophthalmia, skin darkening,
loneliness, loss of appetite, and erratic swimming, were recorded
(Suebsong et al., 2019). Dead animals with clinical signs were
counted as susceptible. When mortality was detected, the animal
was immediately removed from the experiment, and the time of
death was recorded.

To confirm infection by GBS (serotype Ib and ST-NT) during
the RC, brain and kidney samples were collected from fish nearing
death for microbiological analysis (Laith et al., 2017). Pure colonies
were utilized for bacterial DNA extraction using the DNeasy Blood
and Tissue Extraction Kit (Qiagen). Molecular identification,
including 16S rRNA gene sequencing, capsular serotyping, and
sequence typing, was performed to confirm the identity of the
recovered strain (Assane et al., 2022).

A Kaplan-Meier estimator of survival curves (Kaplan and Meier,
1958) and the log-rank test (p-value< 0.001) were conducted to assess
the variation in resistance trends between the three most and the
three least resistant families (Mastrochirico-Filho et al., 2019).
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2.4 Estimates of the variance components,
heritabilities, and genetic correlations

The resistance traits were defined and analyzed using the
following definitions:

1. TD (days): Measured along to the RC, from the occurrence
of the first mortality event to the last, or defined as the last
day of the RC period if the fish survived.

2. SS: Survival status along the RC, with 0 indicating a
deceased individual and 1 indicating a surviving
individual. This binary trait was evaluated based on two
cutoff points:

e« SSA: When cumulative mortality reached
approximately 50% (up to the 5th day of the RC),
maximizing phenotypic variance.

o SSB: At the end of the RC.

The variance components related to TD, SS and ADG were
analyzed using two different univariate animal models as described
below (following Ariede et al., 2020):

1. Linear models (LIN) were employed to analyze ADG
and TD:

yij = ,Ll+t,-+aj+eij,

where, y;; represents the phenotype for the fish j (ADG or TD),
in tank i; u represents the fixed effect of the overall mean; ¢
represents the fixed effect of the tank i; a; represents the random
animal genetic effect of individual j; and e;; represents the random
residual for the fish j.

2. A binary threshold (probit) model (THR) was utilized to
analyze SS:

Pr(Y;) = @(u+t; + a),

where, Yjj represents the phenotype (SS) for the fish j, in tank i
@ (-) represents the cumulative standard normal distribution; u
represents the fixed effect of the overall mean; t; represents the fixed
effect of the tank i; a; represents the random animal genetic effect of
individual j.

THR and LIN models were fitted using ASREML 4.0 software
(Gilmour et al.,, 2009). The significance of the fixed effect fitted in
the models was tested by the software using Wald F-statistics.
Although the fixed effect was not significant for the evaluated
traits (p-value > 0.05), it was not excluded from the models to
consider any potential influence on the results. For all the models,
the random animal genetic effect was assumed to be ~ N(0, Acra2 ),
where A is the pedigree-based additive genetic kinship matrix
among all the animals included in the population and o} is
the additive genetic variance. Residuals for LIN were assumed to
be ~ N(0, I6?2), where I is an identity matrix and o2 is the residual
variance. For the THR model, the residual variance on the
underlying scale was set to 1. Regarding the pedigree data, we
considered the genetic analysis using half-sib families with missing
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sire (as described in topic 2.1); thus, the animals from the same
family presented a kinship coefficient equal to % in the A matrix, as
described by Wright (1922).

The heritability (Falconer and Mackay, 1996) was calculated for
both models as:

2
2 O,

T o2+o0?

>

where, Gaz represents the additive genetic variance, and O'e2
represents the residual variance.

The genetic correlations ry,, ,between both trait definitions of
resistance to S. agalactiae and ADG were calculated using the
estimated covariance components in three independent bivariate
analyses (TD/SS, TD/ADG, and SS/ADG), as defined by Falconer
and Mackay (1996):

Covy(m,n)
\/ Vargm X Vargn

where, Covg(m, n) represents the genetic covariance between

Te(mn) =

the two traits, Vargm and Vargn represent the additive genetic
variance of trait m and trait n, respectively.
The phenotypic correlation ,(,,,) was calculated as:

Cov,(m, n)
\/Var,m x Var,n

where, Cov,(m,n) represents the phenotypic covariance

Tpmn) =

between the two traits, Varpm and Varpn represent the
phenotypic variance of trait m and trait n, respectively.

3 Results

3.1 Records on the average daily gains in
the growth trial

At the end of the GT, the average BW considering all families
was 78.7 g (SD = 51.7 g). Individuals of the family with the highest
BW showed an average of 119.6 g (SD = 76.5 g), while the family
with the lowest BW registered an average of 25.9 g (SD = 20.9 g).
The overall mean of ADG was 0.72 g (SD = 0.45 g), with the worst-
performing family demonstrating an average of 0.19 g and the best-
performing family an average of 1.13 g (Figure 1).

3.2 Resistance challenge to GBS serotype
Ib and ST-NT

After inoculation of the predetermined lethal dose
intraperitoneally, infected fish exhibited clinical signs of GBS
infection 24 hours post-challenge. Susceptible animals displayed
typical clinical signs of the GBS infection, and microbiological
analyses confirmed the GBS infection. At the end of the recovery
period (21 days), surviving individuals (resistant) were randomly
sampled for microbiological analysis, and they were considered
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Average daily gain (ADG) in grams of 735 individuals of Nile tilapia (Oreochromis niloticus), representing 43 families of a breeding population. The

individuals were evaluated in a growth trial for 60 days.

infected. No evidence of infection or mortality was found in the
animals belonging to the control group.

The first mortality occurred 24 hours post-challenge, while the
last mortality was recorded 15 days post-challenge. A mortality
plateau was observed 7 days post-challenge. Out of the 775 fish
challenged by GBS (Ib and ST-NT), 712 died during the observation
period, resulting in a total cumulative mortality of 91.87%.
According to Kaplan-Meyer analysis (Figure 2), the three most
susceptible families experienced 100% mortality, whereas the three
most resistant families showed close to 30% survival at the end of
the evaluation. A statistically significant difference (p-value < 0.001)
was observed between the survival curves of the least and most
resistant families.

When considering only resistant animals surviving past the 5
day, as depicted in Figure 3, i.e., applying a 50% cut-off point to the
mortality of the RC, SS varied significantly among families,
indicating substantial phenotypic variation concerning resistance
against GBS infection. The mean TD due to GBS infection ranged
from an average of 2 days (for the least resistant family) to 9 days
(for the most resistant family), with an average of 5 days (SD = 1.44
days) (Figure 3).

3.3 Estimates of the variance components,
heritabilities, and genetic correlations

Considerable additive-genetic variance components were
observed for both trait definitions of GBS resistance (SSA, SSg,
and TD) and ADG. Heritability estimates were low to moderate for
SSA (0.27 + 0.10) and SSg (0.14 + 0.06). The results indicated
moderate heritability for TD (0.24 + 0.09) and high heritability for
ADG (0.40 £ 0.09).

The phenotypic correlations between the two trait definitions of
GBS resistance and ADG were positive and low, estimated at 0.16
(SSA/ADG), 0.09 (SSg/ADG) and 0.18 (TD/ADG). The genetic
correlations of ADG with the resistance traits were low, close to
zero. Phenotypic and genetic correlations between SS,,5 and TD
were high and positive (Table 1). These findings indicate that
genetic improvement can be pursued targeting pathogen
resistance without adversely impacting weight gain in Nile tilapia.
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4 Discussion

Heritability estimates for resistance to GBS in Nile tilapia have
recently been reported in populations from the United States
(Shoemaker et al., 2017; LaFrentz et al., 2020), Thailand (Suebsong
et al.,, 2019), and the Philippines (Joshi et al., 2021a). However, there
have been no investigations addressing commercial populations of
Nile tilapia in Brazil. Therefore, one of the main outcomes of this
study was the quantification of genetic variation in resistance against
GBS serotype Ib (ST-NT variant) in an experimental breeding
population of Nile tilapia in Brazil, which has been particularly
selected for growth performance (Yoshida et al., 2021).

In Brazil, epidemiological studies of GBS serotype Ib have
identified three strains with distinct geographical distribution
patterns (Barony et al,, 2017): the ST-NT, exclusive to the Central-
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FIGURE 2

Kaplan—Meier mortality curves of Nile tilapia (Oreochromis niloticus)
families infected with Streptococcus agalactiae Ib and ST-NT during
a 21-day resistance challenge, without applying the 50% cut-off
point in mortality. The data show the cumulative mortality
corresponding to more susceptible families (dotted lines) and more
resistant families (dashed and full lines) to infection.
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FIGURE 3
Survival status (%) (bicolored bars) and average time of death (days) (solid bars) of Nile tilapia (Oreochromis niloticus) families infected with

Streptococcus agalactiae Ib and ST-NT during a 21-day resistance challenge, applying the 50% cut-off point to the mortality of the experimental
challenge. Mesh and full bars represent survival rate and time of death, respectively, for each family of Nile tilapia infected with Streptococcus

agalactiae b and ST-NT.

Southeast region; and the sequence types (ST) ST-260 and ST-927,
predominantly found in the Northeast region. The ST-NT strain
requires particular attention due to numerous reported outbreaks in
the primary region of production in Brazil (Central-Southeast region),
contributing to approximately 75% of Nile tilapia production in the
country (IBGE - Instituto Brasileiro de Geografia e Estatistica, 2023).
The ST-NT, having emerged recently (post-1956), also raises concerns
regarding vaccine efficacy (Barony et al,, 2017), as the effectiveness of
commercial vaccines against the ST-NT has not been assessed.
Furthermore, none of the previous studies on genetic parameters in
Nile tilapia have focused on this GBS serotype Ib strain. Therefore, to
maximize host resistance efficacy in field conditions, it is crucial to
conduct experimental disease challenges using strains that affect the
specific population under investigation, as was performed in this study
for the NT-ST strain.

The variation in survival rates among families was within the range
of those presented by previous studies in Nile tilapia (Shoemalker et al.,
2017; Suebsong et al., 2019; Joshi et al., 2021a, b). The low to moderate
heritability values for survival presented herein were also similar to
those previously reported for resistance against GBS in different Nile
tilapia populations, ranging from 0.21 + 0.03 (LaFrentz et al., 2020) to
0.38 + 0.11 (Shoemaker et al., 2017).

In analyzing the heritability values for SS, we posit that SSB
(W = 0.14 +
variance (constituting 91.87% of cumulative mortality) observed
throughout the entire challenge period, whereas SSA (h* = 0.27 +
0.10) represents the peak of phenotypic variance for this binary trait

0.06) might be influenced by the low phenotypic

TABLE 1 Phenotypic and genetic correlations (below and above
diagonal, respectively) between survival status (SS, and SSg), time to
death (TD) and average daily gain (ADG) in experimental families of the
juvenile Nile tilapia.

Traits SN SSg TD ADG
SSa - - 052 (0.14) ‘ 0.08 (0.03)
SSy - - 0.71 (0.01) ‘ 0.05 (0.07)
D 0.72 (0.07) 0.38 (0.01) - ‘ 0.10 (0.06)

ADG 0.16 (0.07) 0.09 (0.01) 0.18 (0.08) ‘ -

Standard errors of the estimates are in brackets.
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(50% cumulative mortality) (Drangsholt et al., 2011). In relation to
TD, the moderated heritability (K = 0.24 + 0.09) indicates that
genetic selection is viable for this trait, allowing the development of
more pathogen-tolerant populations, which provides sufficient time
to delineate targeted strategies before mass mortalities occur.

Despite the use of a relatively small sample size compared to
previous studies in aquaculture (Barria et al., 2018; Holborn et al., 2018;
Hillestad and Moghadam, 2019), the standard error of our heritability
estimates was notably low, suggesting statistical reliability for the
analyzed population (Storset et al., 2007; Evenhuis et al,, 2015; Xiong
et al., 2017; Lira et al.,, 2020). However, we cannot rule out that our
heritability values might be overestimated due to the experimental
design used for family formation, where the common environment and
additive genetic effects could not be distinctly separated, i.e., they could
be confounded by the pedigree structure assumed in the present study
(1x1). Typically, without the use of hierarchical mating (e.g., each sire
mating with several dams) or partial factorial mating to generate half-
sib families (e.g., Joshi et al., 2018), there is a limitation in segregating
the variance components of the common environment and additive
genetic components, and as a result, the heritability can be
considered inflated.

The heritability results for ADG during the juvenile stage also
0.40 + 0.09), similarly to findings from
previous studies in Nile tilapia, which reported values of 0.41 and 0.49
for different ages (Barria et al, 2020; Joshi et al., 2021a, b). Further
investigations are still needed to assess the magnitude and direction of
genetic correlations or potential re-ranking of Estimated Breeding
Values (EBVs) for growth-related traits between the juvenile and
harvest weight phases in this breeding population. A positive and
weak genetic correlation was detected between ADG and resistance
traits to GBS in Nile tilapia, similar to the results found for the genetic
relationship between growth traits and resistance to bacterial cold-

revealed a moderate value (h% =

water disease in trout (Silverstein et al., 2009); therefore, our results
suggest that selecting more resistant fish will not necessarily result in
fish with lower growth performance.

While molecular analyses offer reliability for parentage
assignment (Vandeputte and Haffray, 2014), the elevated costs
associated with these techniques limit their routine application.
Nevertheless, even in the absence of molecular analysis to accurately
assign the sire, our experimental design successfully captured the
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genetic variation between families. Additionally, since we adopted
the structure of half-sib families for our genetic analyses (despite the
higher probability of them being full-sib families), the estimation of
heritability might be underestimated, given that the genetic relation
(pedigree) is likely underestimated in such scenario.

This study represents the first characterization of genetic
parameters for resistance to GBS (Ib and ST-NT strain) within a
breeding nucleus of Nile tilapia originating from Brazil. The
heritability estimates indicate the potential for genetic
improvement of resistance to this pathogen through selective
breeding within this specific Nile tilapia population, without
adversely affecting growth performance.
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