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Innovation &
Investment

World’s �rst fully integrated Paci�c white
shrimp genomic selection program
established in Ecuador

13 June 2022
By João L. Rocha, Ph.D. , John Buchanan, Ph.D. , Salvador A. Gezan, Ph.D. , Richard Towner, Ph.D. , Jason
Stannard  and Rafael Verduga

Successful genomic selection program for next-generation
shrimp broodstock in Ecuador uses genomic data to improve
survival and growth

(https://www.globalseafood.org)

https://www.globalseafood.org/


6/13/2022 World’s first fully integrated Pacific white shrimp genomic selection program established in Ecuador - Responsible Seaf…

https://www.globalseafood.org/advocate/worlds-first-fully-integrated-pacific-white-shrimp-genomic-selection-program-established-i… 2/13

Ecuador increased its farmed shrimp production �ve-fold in the last 10 years, reaching over 1 million metric tons in
2021 (Fig. 1). This was achieved without speci�c pathogen free (SPF) shrimp, and without foreign broodstock
purchases, genomic selection (GS) or fancy marketing claims, with just silent and anonymous hard work, devoted
and constantly improved management skills, and the implementation of functional technological solutions such as
e�cient multi-phase grow-out systems, automated feeders, improved feeds, more effective water quality
management and bottom soil bioremediation approaches, and effective local genetic programs.

It is an accomplishment unmatched by any other shrimp producing country in the world during this period. In the
last eight years, the best shrimp farms in Ecuador have more than doubled their shrimp growth rates, from under 1
grams/week at a stocking density of 10 shrimp per square meter to over 2 grams/week at 15–25 shrimp per

Authors report the �rst wide-scale application of genomic selection at
commercial scale for Paci�c shrimp, with a successful selection of next-
generation broodstock using genomic data to improve primarily survival, but
also growth rates.

Fig. 1: Ecuador’s shrimp production estimates (in metric tons), 1994-2021,
based on export data reported by the National Chamber of Aquaculture
(Cámara Nacional de Acuacultura; https://www.cna-ecuador.com/).
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square meter; doubled the productivity per hectare, from 3,500 pounds per hectare to 7,000 pounds/ha;
considerably shortened the grow-out cycles from 180–200 days to 100–120 days, which represents one additional
grow-out cycle per year; and signi�cantly reduced the feed conversion rates from ~1.9 to ~1.4.

On the genetics front, effective local breeding programs have been very successful with respect to growth rate
improvements and inbreeding management, but less successful in determining predictable improvements in the
survival rates whose performances have been more impacted by the vagaries of year and management effects.
Inspired and propelled by its success in the improvement of the growth rates of their genetic stocks, Texcumar, the
leading maturation and genetic program in Ecuador, with a daily production of 400 to 500 million nauplii
(compared to 100 million per day 10 years ago), decided in a pre-pandemic setting to launch a genomic selection
(GS) program with the objective of evaluating a new state-of-the-art genetic tool which might enable us predictable
and sustained genetic responses for farm survival rates, the missing component in our otherwise very successful
mass selection program.

(https://oceanonland.com/our-systems/?
utm_source=gsa&utm_medium=landscapebanner+&utm_campaign=algae_in_a_box&utm_id=AIB+&utm_content=gif)

Genomic selection
Throughout the last decades, with the development of next-generation sequencing technologies [which can very
quickly sequence or decipher the genetic make-up of an organism] and the identi�cation of large numbers of DNA
molecular markers of the Single Nucleotide Polymorphism, or SNPs [a single base pair variation in the DNA of an
organism] type, detailed genome sequencing and low-cost assessment of SNPs with full genome coverage became
viable for virtually any species. The concept of genomic selection (GS) was �rst introduced by Meuwissen, et al. 
(https://doi.org/10.1093/genetics/157.4.1819)and then later gradually implemented and expanded into a
condition of universal acceptance as the last frontier (https://doi.org/10.1093/genetics/157.4.1819) and most
powerful approach (https://doi.org/10.1111/j.1439-0388.2007.00702.x) in genetic improvement.

To jump from Mass Selection to Genomic Selection was not an easy
proposition. It required the hiring of a team of young university graduates who

https://oceanonland.com/our-systems/?utm_source=gsa&utm_medium=landscapebanner+&utm_campaign=algae_in_a_box&utm_id=AIB+&utm_content=gif
https://doi.org/10.1093/genetics/157.4.1819
https://doi.org/10.1093/genetics/157.4.1819
https://doi.org/10.1111/j.1439-0388.2007.00702.x
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Genomic selection can be de�ned as a strategy of genetic evaluation and selection based on a very large number
of genetic markers (over 10,000) which enable a full genomic coverage, such that all genetic loci [singular locus; a
�xed and speci�c position on a chromosome] impacting any particular trait of interest will be associated through
linkage disequilibrium [a sensitive indicator of the population genetic forces that structure a genome [all genetic
information of an organism] with at least one of the genetic markers (https://doi.org/10.1111/j.1439-
0388.2007.00702.x).

This concept is illustrated in Fig. 2, which represents the distribution – in the 44 chromosomes of the Paci�c white
shrimp (Litopenaeus vannamei) – of the 50,000 SNP markers composing the genomic chip of the Paci�c white
shrimp (Litopenaeus vannamei) developed by the Center for Aquatic Technologies (CAT
(https://aquatechcenter.com/)) in conjunction with Neogen (https://www.neogen.com) in the United States. This
genomic tool is already commercially available for different types of applications and genomic selection strategies
in L. vannamei.

In the footsteps of previous genetic improvement models – such as Mass Selection (based on multiple spawns),
Family Selection (based on individual spawns under different types of identi�cation systems), and the less
generalized Marker-Assisted Selection (capitalizing on only a few individual genic effects of larger magnitude) –
genomic selection has been introduced as the most advanced and powerful avenue for genetic improvement
currently available, capable of leveraging information on and of directly measuring a very large percentage of all
individual gene effects impacting any particular trait of interest, thus leading to greater accuracy in the selection of
broodstock and powering faster genetic gain rates for the aggregate economic net merit of any particular species
than any of the former genetic improvement approaches.

This concept has rapidly disseminated, and genomic selection has now become the backbone of dairy genetic
improvement (https://doi.org/10.1071/AN11098), and also with signi�cant contributions in other species, such as
swine (https://doi.org/10.2527/jas.2011-4044), poultry (https://doi.org/10.1186/1297-9686-45-29), some plant
species (https://doi.org/10.1016/j.xplc.2019.100005) and beef cattle (https://doi.org/10.2527/jas.2011-5005).

could handle all the sophisticated and extensive data collection processes
needed.

Fig. 2: Distribution and density of the SNPs in the 50 K L. vannamei chip.
Courtesy of the Center for Aquatic Technologies (CAT).

https://doi.org/10.1111/j.1439-0388.2007.00702.x
https://aquatechcenter.com/
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https://doi.org/10.1071/AN11098
https://doi.org/10.2527/jas.2011-4044
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In aquaculture, the concept is also gaining momentum, being most advanced and widely utilized in Atlantic salmon
breeding (https://doi.org/10.1111/age.12748), but also being considered in other species
(https://doi.org/10.3389/fgene.2018.00693), even if in more incipient development stages as compared to those of
the terrestrial species. For L. vannamei shrimp, Australia and Indonesia have generated the �rst advances, although
in a more preliminary and academic context
(http://www.aaabg.org/aaabghome/AAABG22papers/27Khatkar22121.pdf). More recently, Lillehammer, et al.
(https://doi.org/10.1038/s41598-020-77580-3), Robinson, et al.
(https://www.globalseafood.org/advocate/genomic-selection-for-resistance-to-white-spot-syndrome-virus-in-
paci�c-white-shrimp/)and Hennig, et al. (2021. Developing SPR Lines from SPF populations using Genomic
Selection. Book of Abstracts Congreso Mundial de Acuacultura AquaExpo Guayaquil, Session 4 Genetic
Improvement:33.), have produced and reported solid work to develop lines resistant to the White Spot Virus (WSSV)
based on genomic selection.

Then in 2020, Texcumar in Ecuador launched a commercial GS program, and in our opinion and to our knowledge,
this is the �rst genomic selection project that fully links and integrates with the commercial pipeline of a large-scale
shrimp genetic improvement program, with controls in place to measure the impact versus standard commercial
lines.

Genomic selection for resistance to White
Spot Syndrome Virus in Pacific white
shrimp

Genomic selection techniques show significant potential for enhancing
the species’ resistance to White Spot Syndrome Virus (WSSV) infection.

Global Seafood Alliance
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The genetic improvement advantages and bene�ts that have been attributed to and associated with the
implementation of genomic selection include:

1. Increases in the accuracy and reliability of all genetic parameters and of breeding values, especially for low
heritability traits such as survival.

2. Greater �exibility in the implementation of effective genetic schemes, enabling phenotypic [observable
physical characteristics] data collection in commercial environments and in speci�c disease challenges as
additional selection criteria.

3. Greater, and more precise and effective inbreeding [offspring from the breeding of organisms that are
closely related genetically] management.

4. Implementation of selection schemes at much earlier stages in the lifecycle, such as postlarvae (PLs) and
juveniles, therefore reducing costs and generation intervals.

5. More effective selection schemes for traits whose evaluation requires sacri�ce of the animals, such as �nal
product sensory and composition attributes (meat quality, omega 3 composition).

�. All the above leading to considerable faster rates of genetic gain for the aggregate economic net merit of
any given species.

With the application of genomic selection, additional genetic gain rates of 15 to 120 percent per year have been
documented for different species (see references cited earlier).

About 16,000 broodstock candidates “invaded” our commercial maturation
quarantine area and had to remain there idle for a three-month period awaiting
the genomic selection results.  About 50 percent of our commercial maturation
quarantine was paralyzed for about three months.
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Implementation of genomic selection in Ecuador
Our objective was to select a group of animals as broodstock for the next generation using genomic data to
improve primarily survival, but also growth rates.

The outline of the plan:

1. Place 80 fertilized shrimp females in spawning tanks. After the nauplii hatch, distribute them equally among
four larval rearing tanks (LRT).

2. Collect samples of pleopods [abdominal appendages or legs] from the fertilized females and all potential
mates. These animals were genotyped with the 50K high-density chip.

3. At the end of larval rearing 1,500 PLs from each LRT were randomly collected for genotyping using a low-
density (LD) chip to evaluate family representation before moving to nursery ponds.

4. At the end of larval rearing the PLs from each LRT were distributed equally among four nursery ponds.
5. At the end of the nursery phase, tissue samples from 3,000 juveniles per nursery pond were randomly

collected and used to evaluate family representation at the end of the nursery phase with a LD chip.
�. Each nursery pond was transferred to a grow-out pond.
7. When the grow-out ponds were harvested, 4000 animals were selected at random from each grow-out pond

and were transferred to maturation, and 3000 of these were eye-tagged, weighed and a pleopod was
collected for genotyping using the high density 50K chip.

This project included a total of 12,000 pleopod collections, with 12,000 weights measured and 12,000 eye
tags inserted over a two-week period – and then collating all this data with the rigor required for a genomic
selection project. Photo by Texcumar.
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�. Genomic-Estimated Breeding
Values, GEBVs [genetic
potential of the animals] were
calculated for the 12,000
animals, and the 800 females
and 600 males with the best
genetic potential were
selected for broodstock to
produce the next generation.

Statistical analyses and genomic evaluations
Survival: The ponds were sampled at the end of each stage in the cycle and the relative survival of each family
was determined by the change in family representation in the sample from stocking to harvest. This response is
based on the proportion of individuals that belonged to one of the identi�ed 73 families that were part of the study.
A baseline for this proportion was considered at the initial sample, at the transfer to the grow-out tanks (from the
nursery tanks), and then at the end of the experiment a second sampling was done at the harvest from the grow-
out tanks. To ensure good estimates of survival, 3,000 individuals were sampled from each pond at harvest, for a
total of 12,000 progeny. Statistical calculations of sample size indicated that this number (3,000 per pond assigned
back to family) is su�cient to detect differences in family survival with reasonable accuracy.

This massive project was conducted under a context of a full-blown pandemic.
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Using mathematical models of Genomic-BLUP, GBLUP [the method of genomic best linear unbiased prediction uses
genomic relationships to estimate the genetic merit of an individual] for survival (DA), the parent-offspring relation
was calculated by measuring the genetic similarities throughout the genome. A Parental Model was used to
estimate a breeding value for each of the parents used in the dataset. The model considered each of the ponds as
a different environment, and a different genetic variance was estimated. A common additive genetic correlation, rA
[equivalent to the correlation between breeding values] was obtained among all ponds, together with a single error
variance.

As a second stage, the GEBVs for each of the parents obtained from this model were used to estimate the offspring
genetic potential for all the other individuals with genomic information, by using the approach of conditional
estimation based on a genomic relationship matrix with all 12,663 genotypes. Since each pond was analyzed
separately, these models provide four survival GEBVs for every genotyped individual, allowing for speci�c Survival
selection for each of the different environments.

For a detailed description of the base genetic model used, contact the corresponding author.

In this model, pond is the �xed effect of the ponds, and genotype is a random effect associated with the genomic
matrix. This model considers a common correlation between ponds but with heterogeneous genetic and error
variances considered for each of the ponds. Hence, this allows each pond to have different heritability and
therefore different precision and contribution on the genetic signal.

Growth: A total of 12,663 animals were genotyped [de�ning differences in the genetic make-up, or genotype, of an
individual] from the samples collected when the ponds were harvested. A weight genomic breeding value was
calculated for all animals based on the phenotypic data and the genomic relationships. Assuming an approximate
normal distribution for the weight response, a genomic prediction animal model was �tted for this data, based on
the genotypic data. For detailed information on data processing, contact the corresponding author.

With the �tting of this model a genomic prediction, GP [tool that can predict an animal’s genetic merit based on
scoring certain DNA markers] was obtained for all the individuals that were genotyped. All different ponds were
considered a single environment in the context of the growth analyses. The GP values correspond to the overall
mean + GEBVs.

Preliminary results and discussion
The results from �tting the multi-environment GBLUP model to DA (Survival) resulted in heritability estimates of
0.08 ± 0.13, 0.23 ± 0.18, 0.23 ± 0.19 and 0.46 ± 0.17 for the four different ponds/environments. The GxE [genotype-
environment interaction] evidence gathered led us to group two of the ponds into a single environment, and thus
consider only three different Survival environments overall.

The correlations between the growth and the survival genomic breeding values for each pond were low and not
signi�cantly different from zero. Thus, the genomic breeding values for growth and survival appear to be almost
independent of each other. No disease outbreaks were reported during the grow-outs and under such no disease
scenario a null correlation between growth and survival is a reasonable expectation now corroborated by the
genomic �ndings. Regarding growth, the �tted genomic animal model (Bayes B approach) resulted in a heritability
of 0.39, which is a reasonable estimate for a growth trait, when compared to other studies.

Three environment-speci�c survival lines were established (high, medium and low density), and our results indicate
that we can expect an increase in survival ranging from 3 to 8 percent among the three different environments
considered. This is the improvement in survival expected if crosses between the highest ranked animals occur and
the progeny from these broodstock experience very similar environmental conditions. Emphasis was placed on
selection for survival and on genetic variability management to establish a sound foundation for future gains.

These are preliminary results. Farm results from the �rst-generation offspring selected under GS protocols are now
under full scrutiny and de�nitive conclusions will be the subject of future communications. We had much to learn
during the process. Mass Selection is a fairly simple scheme to run e�ciently. To jump from Mass Selection to
Genomic Selection represented a major challenge in procedures and personnel skills. We were able to implement
and complete this �rst large-scale GS project, but with a number of errors and missteps. And the costs incurred are
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high. To beat the incredible e�ciency of Mass Selection for growth under such high costs is a di�cult proposition
even for GS. And survival remains a very thorny trait to improve even under GS. With the high costs involved,
dilemmas ensue regarding: the appropriate balance between genetic variability management and immediate
selection gains; and the appropriate consideration of GxE interactions and how many different environments we
can and have to really consider.

Considering the missteps, the learning curve, and the costs, some of the initial results appear promising. We are
certainly learning and thinking. The advantages of genomic level variability management have emerged as very
interesting. And with joint projects involving several groups the costs can be diluted. The future is upon us every
day, and this �rst GS project was for us above everything else a learning experience. And from what we have
learned, with the lessons gained, it appears as if GS deserves some additional commitment and scrutiny. We
should emphasize this was not an academic experimental project, but a serious and committed effort to integrate
genomic selection fully and functionally into the commercial pipeline of our large-scale breeding program in
Ecuador.

With �ve maturation modules and 35 maturation rooms, Texcumar produces 450 million nauplii/day, about 40 to 50
percent of current Ecuador shrimp production. Photo by Texcumar.
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Conclusions
To our knowledge, ours has been the very �rst large-scale shrimp genomic selection project aiming to fully integrate
the pipeline of a commercial shrimp breeding program of large dimension. In our opinion and to our knowledge,
back in 2020 when it was launched, this was the �rst wide-scale application of genomic selection truly at
commercial scale, with controls in place to measure the impact versus standard commercial lines.

We are glad and proud that Ecuador took the lead in this endeavor, a�rming its role as the world’s largest shrimp
producer and exporter in 2020 and 2021. We found the jump from mass selection to genomic selection to not be an
easy proposition at commercial scale. But with all things considered, the �rst results on the ground appear
promising and interesting enough to deserve a second look, most especially the advantages that were identi�ed as
conferred by the sophisticated genomic variability management now made possible by GS, and which are not
amenable to the mass selection schemes.

Industry consolidation and other future trends that may take place may change the perspective on many of these
issues. Genomic selection certainly appears more appealing than classic family selection, an idea and an approach
di�cult to justify when GS is now available. But we are still evaluating if under current scenarios GS delivers
favorable cost-bene�t ratios that could enable it to outplace or even realistically complement a well-oiled and very
e�cient low-cost mass selection machine. Above all, our results comprise a great learning experience and the
lessons learned were very positive. Genomic selection in shrimp breeding may get in slowly and with a less than
smooth path, but it is a concept that has probably arrived to stay.

Authors

The best farms have passed the 2 grams/week (average) mark last year.
Currently we are already reaching 2.2 grams per week (average) in the best
farms.
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