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Summary

The objective of this study was to estimate direct and social genetic effects for survival
time at 50% survival (ST50) in challenges to acute hepatopancreatic necrosis disease
(AHPND) and white spot disease (WSD) in Pacific white shrimp (Penaeus vannamei).
In this paper we present the results of analyses conducted on data that originated in a
crossbreeding experiment between a Resistance line obtained from Ecuadorian shrimp
with a history of resistance to WSD and a Growth line with high genetic growth ability,
obtained by selection in a Mexican hatchery. Family-identified animals from the two
genetic lines and several crosses were inoculated by immersion in 2016 using a Vibrio
parahaemolyticus strain (M0904) in the AHPND challenge, or in a different challenge
inoculated per os with a viral strain obtained from a natural field infection of WSD in
Mexico. Full models including random direct and social effects, as well as common full
sib effects, were applied separately to data in each pure line. Our results point to the
presence of additive genetic variation in both lines evaluated that may be exploited in
breeding programs to increase AHPND and WSD resistance. Heritability estimates
were from 0.12 to 0.19. We found no evidence of social genetic effects nor full-sib
common environmental effects. Unlike natural infections, genetic differences in
infectivity or other social effects may play a secondary role in challenge tests. Further
research on the estimability and power for detecting social effects for resistance in this
type of disease data is warranted.
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Introduction

Acute hepatopancreatic necrosis disease (AHPND) and white spot disease (WSD) are
diseases with worldwide occurrence in Pacific white shrimp (Penaeus vannamei) farms
and a significant cause of economic losses in this species (Lightner & Redman, 2010;
Hong et al., 2016). An option for the control of these diseases is the use of organisms
with higher genetic resistance (Cock et al., 2009). Experimental challenge tests are
increasingly used to detect genetic differences between selection candidates and use
them in selecting for resistance in aquaculture (Ødegård et al., 2011). The importance
of social (indirect) genetic effects in groups of individuals is increasingly recognized as
a potential source of variation for quantitative traits in animal populations (Ellen et al.,
2014). The use of optimized breeding programs considering the presence of social
genetic effects may increase genetic progress when total heritable variance involving
both direct and social genetic effects is higher than the variance involving direct genetic
effects alone. Studies on the estimation of social effects for disease resistance in
aquaculture are scarce.

The objective of this study was to estimate direct and social genetic effects on
survival time in challenges to AHPND and WSD in P. vannamei.

Material and Methods

The animals were produced from crosses between two genetic lines: a line from
Ecuadorian shrimp with a history of resistance to WSD (Resistance) and a line with a
high growth potential of Mexican origin (Growth), obtained by selection over several
generations for a higher rate of growth and survival in the absence of specific
diseases. These crosses began in 2014.

Animals were produced by artificial insemination and family tagged with
elastomer marks at approximately 1.5g of weight. Seven 1000 L capacity tanks were
used for each challenge. In experimental AHPND challenges, animals were inoculated
by immersion using a Vibrio parahaemolyticus strain (M0904) originally obtained from
cultured shrimp affected with AHPND in northwestern Mexico (Soto-Rodríguez et al.,
2015). The experimental challenge for WSD was conducted using a virus strain isolated
from a field outbreak in Sinaloa, Mexico. Muscle tissue obtained from injected diseased
animals with viral loads greater than 107 copies of viral DNA/g, was homogenized and
used as inoculum to distribute in small fragments in the water to be consumed per os.
Collection of dead and dying shrimp was made every hour for each challenge.

Data was only analyzed from animals considered pure line with a composition
≥87.5% of each line. Animals from other crosses were also included in the tanks, but
their records were not considered in the analysis in order to not involve confounding
non-additive genetic effects. Animals with inbreeding coefficients >10% were also
excluded from the analyzed data. The response variable analyzed was survival time to
AHPND and WSD challenges in hours at 50% survival (ST50). Numbers of
observations for each analysis are shown on Table 1. The number of sires and dams
were 44 and 77 for the Resistance line, and 39 and 57 for the Growth line, respectively.
Statistical cross-sectional mixed models were used with WOMBAT software (Meyer,
2007) to estimate (co)variance components separately for each line. Full models
included random direct and social effects, as well as common full-sib effects. Genetic



relationships for direct and social effects were considered through complete pedigree
information from year 2002. Random tank (group) effects were also considered. Linear
age effect was also included in the WSD analysis. 

Results and Discussion

Models containing either social and full-sib common environmental effects did not
converge, indicating that the variances associated with these effects were not different
from zero. This lack of convergence is an indication of estimates close to zero for social
and full-sib common environmental effects. Results of the analyses with final models
containing animal and random group effects are shown in Table 1. Despite wide
differences in phenotypic variance between AHPND and WSD challenges, heritability
estimates and social group variance as a proportion of phenotypic variance were similar.
Heritabilities for Resistance and Growth lines were approximately similar.

Table 1. Genetic parameters for ST50 in disease challenges by genetic line1.

Disease
Genetic
line n

Mean
(hours)

Phenotypic
variance h2 g2

AHPND Resistance 2939 62.5 1472.7 0.16 ± 0.03 0.02 ± 0.01
Growth 2151 60.2 1536.1 0.18 ± 0.04 0.01 ± 0.01

WSD Resistance 2742 53.8 50.57 0.12 ± 0.03 0.01 ± 0.01
Growth 2069 51.5 71.93 0.19 ± 0.05 0.02 ± 0.01

1 h2 is heritability; g2 is group / phenotypic variance ratio

The results indicate that social effects variances are not different from zero. The
presence of direct additive genetic variation for both diseases in the two populations
studied allows for designing breeding programs to improve disease resistance within or
across populations.

In principle, this data may not be adequate to accurately estimate these type of
effects, because of the limited number of social groups available. Previous results
showed that accurate estimation of social genetic effects in aquaculture may require a
relatively large number of social groups (Sae-Lim & Bijma, 2015). On the other hand,
estimates of social genetic effects obtained in small groups may be different in groups
of larger size (Ellen et al., 2014). Therefore, it is important to conduct further research
on the possibilities of estimating these effects in real aquaculture data.

Another possible reason explaining the lack of social genetic effects in this study
is that as infection risk is standardized and disease data are obtained in a short period of
time in disease challenges, differences in infectivity that may occur in natural outbreaks
and that are expressed as social effects cannot be detected. This may be in addition to
the inherent difficulties in detecting social effects in disease data (Lipschutz-Powell et
al., 2012).

Conclusions

Social genetic effects were not different from zero for disease resistance to AHPND and
WSD. Additive genetic effects allow the use of selection to improve resistance to these
diseases. Further research is warranted in this area in aquaculture.
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