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Summary

In a genetic breeding program, the order and traceability of pedigree, phenotypes and
genotypes are of great importance. This generates the need to manage the information in a
way than can be relied upon in a reliable and timely manner. Through the software
engineering GenDataSave program was developed to store and order all the information of
genetic breeding programs in aquaculture. GenDataSave allows the analysis and visualization
of data, and creation of input files for other software related like BLUPF90, ASREML,
MateSel and FImpute. It was determined to use 2 types of database: a relational, MariaDB,
for pedigree and phenotypes and another non-relational, MongoDB, to genotype data. In this
work, 2 processes of GenDataSave are shown, one is the creation of inputs files for the
program BlupF90 than allows the calculation on genetic values, and the other process is the
generation of an economic index by animal, this for the selection of breeders for genetic
breeding programs, and also show how genetic values are related to the economic index. To
achieve system efficiency, parallel computing technique (Almasi & Gottlieb, 1989) was used
to use the hardware resources for faster information processing. This reduced the execution
time of the BlupF90 file creation task by 68.1% for phenotypes and 46.9% for genotypes.
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Introduction

Modern computing can be defined as a science that enriches and is enriched by other
disciplines. It provides links between the disciplines based on their methodologies and
perspectives, contributes to the creation of a common scientific paradigm for development,
and powerfully stimulates scientific and technological advancement (Andalia, 2005). One of
those disciplines is genetics. Genetic breeding programs are necessary for the creation of an
efficient aquaculture industry, they produce a large amount of information that is important to
maintain in an orderly manner (Evans, et al., 2013), so using a database is a key tool in the
operation. GenDataSave was created with the aim of being the interface between the user and
the database of aquaculture genetic improvement programs. with features such as statistical
analysis, reporting and file creation. The basis of this solution is its database which, was
divided into 2 types. The first, MariaDB, for pedigree and phenotypes, and another,
MongoDB, for genomics. One the analysis stage was finished; the development began where
programing techniques were used to reduce execution times. One example is the parallel
computing, process in which large processes, such as working with genomic data, are divided
into several sub-processes to increase resource efficiency. Therefore, this paper seeks to show
how GenDataSave can help manage information from aquaculture genetic improvement
programs.
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Material and methods

The GenDataSave platform was create using Visual Basic.Net an object-oriented programing

language. The database was constructed after performing an entity-relationship analysis of

raw data from: family formation, phenotyping management, tissue sample listing and animal

genotype data, among others. Once the analysis was finished, it was decided to divide it into

two different databases. MongoDB (non-relational database) for genotypes and MariaDB

(relational database) for pedigree and phenotype. For the appropriate database link, an animal

id was used, a unique code for each animal that allows the linking of the information (Figure

1).

Figure 1, GenDataSave table structure divided by database engine

The processes identified that the platform will have to address are: Import of data (families,

animals, management, phenotypes, DNA samples, EBV); display of information by different

types of analysis, e. g. number of individuals by family, analysis of phenotypes with

calculation and filtering of outliers using interquartile range rule (histograms, scatter plots,

averages by family), relative economic importance, calculation of economic index, and so on.

Another important process is to support other areas by creating input files for run other

programs related such as BLUPF90, ASREML, MateSel, FImpute. Some of these programs

use genomic information, but the management of this information requires a high processing

load, so parallel computing was chosen to make better use of computer resources. This

technique is characterized by subdividing a process into several sub-processes that optimize

the execution of the task (Figure 2).
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Figure 2, Non-parallel algorithm vs. parallel algorithm structure

In this report we will focus on two GenDataSave processes:

1. Input file creation for BLUPF90 by means of parallel computing: this process creates

input files for the BlupF90 program for the calculation of genetic values, and through

parallelization seeks to reduce the creation times of these. For the generation of these

files the data must be subjected to various statistical analyses such as the calculation of

outliers and removal of low frequency measurements.

2. Calculation of economic index per animal for breeding selection, this process seeks to

speed up the creation of an economic index of multiple traits (Hazel, 1943) by animal

based on genetic values and the economic weight of each trait for an optimal selection

of candidates depending on the productive conditions.

Results and Discussion

The process of creating files for BLUPF90 using a parallelized algorithm results in data files

that are prepared for the calculation of genetic values and summaries with those values that

statistically will not be part of the analysis. A test of the algorithm can be seen in the

following example that shows how long it takes to run with and without parallel computing.

For the test, 26 different phenotypes were used for 100,895 animals from 17 generations and

genotype information from 10,047 animals divided into: 4,805 animals with 50,000 SNPs,

5,189 animals with 500 SNPs and 53 animals with 200,000 SNPs. Table 1 shows the reduction

in time to obtain the files by parallelizing them. The phenotype and genotype column show a

reduction of 68.1% and 46.9% respectively. These results show that parallel computing would

improve the execution time of the algorithm.

Table 1, BLUPF90 file creation task duration with and without parallelism

BLUPF90 input for generation
Parallel computing Phenotypes File Genotypes File
Without 0:03:01 0:18:58
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With 0:00:58 0:10:04
Reduction: 68,1% 46,9%

Continuing with the process of calculating the economic index, we have that after saving
information of genetic values and marginal economic values for different traits GenDataSave
is able to calculate an economic index for each animal according to Equation 1

Equation 1

This index list can be exported for use in other programs such as MateSel for selection of

broodstock candidates. In addition, the system creates graphs that show how EBVs relate to

the Index as shown in Figure 3, which shows that animals with the highest economic index has

low genetic values for mortality by Salmon Rickettsial Syndrome (SRS).

Figure 3, Relationship between EBV for SRS mortality and economic index by animal

Conclusion

This work presents a database that allows organizing and storing the information of genetic

improvement programs. The parallel computing technique is useful to reduce the time

required to execute a process like the creation of files. Finally, by carrying out a good study of

the information in the future, new processes may be added to GenDataSave that allow the

development of new areas such as growth projection and comparison of production results.
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