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Results to date of an applied selective breeding program in Egypt

The Indian white shrimp
(Fenneropenaeus
indicus) is an important
species in the
aquaculture industry of
Egypt, and it has been
negatively affected by
various major diseases.
Several selective
breeding programs for
farmed shrimp have
succeeded elsewhere in
improving disease
resistance against
specific pathogens,
indicating that genetic
improvement in
resistance to several
diseases is feasible.

However, for optimal
implementation of
selection for improved
disease resistance in a
breeding program, it is
critical to investigate if
significant genetic
correlations exist
between disease
resistance and other

Author with some Indian white shrimp from the selective breeding program in Egypt.
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traits of importance
included in the breeding
objective.

The selection for disease resistance is a sustainable method for developing aquaculture production by offering ways to
develop more disease resistant stocks. It is well documented that there is large additive genetic variance in resistance to
common diseases in aquaculture, and this may facilitate high response to selection. Efficient breeding programs for
shrimp should include improved disease resistance through selection.

Our research work implemented selection for increased disease resistance as a part of the selection program for Indian
white shrimp at a private shrimp farm in the AL Dibah Triangle Zone (DTZ) in Egypt. Our research is based on controlled
challenge test experiments in which shrimp from each of the individual families produced in the breeding nucleus are
exposed to WSSV, IHHNV and vibrio (EMS) using infected cohabitants (disease carriers).

The overall objectives of our project — supported by Science & Technology Development Fund (STDF), Egypt under grant
No. 5661 — were to develop a selection program for increased resistance to major shrimp pathogens in Indian white
shrimp, to investigate the level of additive genetic variation for resistance to a combined infection of WSSV, IHHNV and
vibrio (EMS) in challenge tests under commercial rearing conditions, and to develop a single, all-purpose, strain or breed
rather than several breeds specialized for particular environments (e.g. particular diseases).

We hope our work has direct economic benefits for shrimp farmers, by reducing shrimp losses due to diseases outbreaks.
Here we review some of the project’s main activities since late 2013.

View of facilities and ponds used in the selective breeding program.

Development of microsatellite markers

One of our objectives is to develop a genotyping system for Indian white shrimp (Fenneropenaeus indicus) resistant to
various diseases, using microsatellite loci as markers. This system will eventually be used to genotype the broodstock of
these species in order to monitor genetic diversity within this group as a form of broodstock management.

The markers and resulting genotype data will be used primarily for four purposes: (1) comparison of broodstock genetic
diversity among shrimp populations and estimation of genetic divergence among populations (e.g. Fst), (2) monitoring
secular changes in allele frequencies in closed broodstock, (3) parentage assignment and full-sib family identification in
broodstock, (4) forensic and intellectual property applications.

In phase |, 100 primers were designed from microsatellite sequences of F. indicus. For the optimization and polymorphism
testing of phase Il, 41 primers were initially tested. Currently, 21 primer sets have been optimized and used to amplify
microsatellites in the individuals in phase I. To date, 9 of these loci have proven polymorphic, will provide useful
information and will subsequently be used in genotyping. Polymorphism in the remainder of the loci is yet undetermined
as they are still being analyzed on polyacrylamide gels. If necessary, more loci will be added to the original 21 from the 41
primer sets that have been ordered. Completion of loci selection for use in genotyping is targeted for the end of 2016.
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Specialized strains for environments

The original goal was to produce one, all-purpose, improved strain of Indian white shrimp, but we have evolved our goal
and committed ourselves to two very different growout systems, intensive and semi-intensive. The new emphasis on
intensive environments implies that many of the shrimp will grow their entire lives at high densities without natural food
(except for biofloc) and, possibly, without some of the disease challenges found in ponds. However, we also remain
committed to semi-intensive cultivation in environments where there are natural food, predators and space for behavioral
interactions.

There may be trade-offs among traits that affect growth and survival in these two environments. Although | am not aware
of any evidence of such trade-offs in shrimp — or fish for that matter — they are found in other domestic animals. The
possibility of trade-offs between growth and disease resistance in either or both environments, remains open.

Therefore, the genetics program will develop only one strain for the first two generations and until January 2016. In the
second half of this year, this information allowed us to make an informed decision about how many strains to develop
from then on. The required information included growth and survival records on individuals which have known family
relationships with each other, and is the same information used for selection. Collection of this information should be a
routine component of any genetic programs.

Views of animals harvested from a research pond, with some being weighed in the field (left).

Relative selection intensity on growth and survival

During the first year, we worked on equal selection intensities on growth and resistance to WSSV, IHHNV and vibrio (EMS)
challenges, but more recently we adopted a relative weighting of 70:30, respectively. The balance will be achieved by
adjusting the severity of growth selection and WSSV, IHHNV and vibrio (EMS) challenges, and by skipping the challenge
entirely in some selected families or batches of families.
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Decisions on whether or not to challenge any particular group of animals can easily be made on the fly by the project’s
genetics manager if record-keeping is up to date. Analysis of possible trade-offs between growth and survival were made
during the major review in 2015 when the selection program was revised.

Incorporating improved broodstock into the production system

The plan in early 2014 was to produce each “family” of offspring from four brothers mated with four sisters. The selection
intensity on survival in 2015 was reduced and there is now increased emphasis on protecting the broodstock from piracy.

For these reasons, our new approach is to have a family breeding system in which only one male and one female (not 4 of
each) are used to produce each of the families within which selection takes place. A brother of the genetics program male
and a sister of the female will be mated for the production line.
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behind the performance of the + + .
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Fig. 1: Flow chart of the integrated genetics and production procedures.
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Genetic protection against piracy

Originally, we thought that keeping ahead of the competition by producing better PL every year would be sufficient
protection for our work, at least until a microsatellite-based identification system could be put in place. Now it seems that
an improved strain can be pilfered almost as quickly as we can develop it. Therefore, the production system has been
modified so that any production PL that are used as breeders will produce offspring that are uniformly inbred at F=0.125,
which is equivalent to half-sib mating.

The resulting inbreeding depression is around 20 percent under the stressful conditions of aquaculture production.
Subsequent generations of the pirated broodstock will have an average F=0.125, and as an additional challenge, the
inbreeding will be variable among individuals and batches, making growout performance rather unpredictable. This
genetic protection against piracy is the principal reason why the farmed production of PL will lag one year behind the PL
from the genetic program.
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Fig. 2. variation in founder contributions resulting in inbreeding and diversity loss.

Evidence from microsatellite markers for farmed shrimp inbreeding
and disease outbreaks in Egypt

The disease crisis faced by the shrimp farming industry in Egypt is a result of the interaction between management
practices that cause inbreeding, the presence of disease pathogens, and the animals’ susceptibility to disease and
environmental stresses. The inbreeding increase has promoted the incidence of various diseases, including WSSV, IHHNYV,
YHV, vibrio and EMS (AHPND).

We started a breeding program in 2013 for the selection of disease-resistant Indian white shrimp in Egypt as an applied
commercial breeding program to improve the production and profitability in shrimp aquaculture in the country. At the time,
only a portion of the population contributed genes transmitted to the next generation, reducing effective population sizes,
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and shrimp farmers were mating related shrimp and using inbred lines.

This increased the degree of inbreeding over generations, and this was noticed in the traits of interest, such as disease
resistance, growth and reproductive performance. Therefore, in our breeding program for disease resistance and growth in
Indian white shrimp, we are regularly monitor and quantifying the effects of inbreeding and proper balancing of the
response to selection and the effects of inbreeding.
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Fig. 3: (Top) lllustration of the high level of diversity; the genetic
contributions of the various founders are shown in different colors.
(Bottom) Pedigrees of 4 highly inbred families. An enlarged view is
redrawn at lower right to emphasize its resemblance to the piracy
protection scheme. Starting from the bottom row of animals and moving
up, F =0.38, 0.25. 0.125, 0.0 and 0.05 approximately.

Microsatellite markers and pedigree were both used to assess genetic variability and effective population size. Using 10
loci, selected shrimp populations for three generations showed a decline in the expected heterozygosity (15 percent) and
allelic diversity indices (52 to 93 percent), compared to the wild population (P< 0.05). Effective population size estimates
based on microsatellites declined from 46.5 to 77.0 percent in cultured populations (P < 0.05), compared to the wild
population. Working in direct contact with stakeholders has led to improvement in dissemination of the knowledge and
awareness.

Our strategy to control long-term inbreeding in breeding program is to use a relatively large number of broodstock in each
generation, and to control mating among relatives by imposing mating restrictions (use of microsatellite markers for
paternity analysis and mate design). The results have shown that the use of microsatellite markers suggest that
heterozygosity at microsatellites loci is well correlated with individual inbreeding coefficients. The decline of genetic
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variability in the cultured selected population due to domestication, and evidence of a further smaller decline in effective
population size across generations in the selected population, were observed when analyzing pedigree and microsatellite
data.

Pedigree keeping is required to prevent the decline of effective population size and maintain genetic variability in shrimp
breeding programs, while microsatellites are useful to assess effective population size changes at the population level.
However, we still allow preservation of the genetic variation necessary to continue improving the population for current
traits or others that may need to be incorporated in the future.

Ad(ditional information and references are available from the author.
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