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1. Introduction

WorldFish manages multiple family-based genetic improvement programs for tilapia and
carp species (Charo-Karisa et al., 2020; Hamilton et al., 2019a; Hamilton et al., 2019b;
Hamilton et al., 2021; Hamzah et al., 2014). In family-based genetic improvement
programs, mate allocation is a process whereby selected parents (or in some cases
families) are allocated to mating pairs prior to a spawning event. Mating pairs are then
crossed to produce next-generation families of known pedigree.

2. AllocateMate package

AllocateMate is a R package (R Core Team, 2020) comprised of two primary functions:
allocate.mate.ped and allocate.mate.H. These functions allocate parents to mating pairs
based on genetic relationships provided by the user in the form a pedigree file
(allocate.mate.ped) or a relationship matrix (allocate.mate.H). Mating lists are generated:
e that minimise the average Wright's inbreeding coefficient (F; Wright, 1922) of
offspring, by minimising the average coefficient of coancestry between parents in
mating pairs; or
e according to assortative mating principles (Saura et al., 2017), by maximising the
standard deviation of the parental mean EBVs of mating pairs.

To achieve this, all possible parental combinations are identified for a given set of parents.
The optimal combination of these mating pairs is then found, using linear programing
(Berkelaar, 2020), while constraining (Annex 1 and Annex 2):
e the number of full-sibling families each parent must contribute to (i.e.
N_AS_PARENT);
e the maxiumum inbreeding coefficient allowed in the offspring (i.e. max_F); and
e the maxiumum number of siblings from one family allowed to be crossed with
siblings of another family (i.e. n_fam_crosses) — this represents a constraint on the
generation of double first cousins and is only applicable when using the
allocate.mate.ped function.

Inputs, outputs and examples of use for the allocate.mate.ped and allocate.mate.H
functions are detailed in Annex 1 and Annex 2.

3. Application in mouth-breeding tilapias

To ensure mouth-breeding tilapia successfully spawn in a timely fashion, it is common
practice to place multiple females with one male in a mating hapa/tank (Trong, 2013). To
use AllocateMate in this circumstance, the following guidelines can be adopted.

If females in each mating hapa/tank are to be from a single full-sibling family:

¢ the allocate.mate.ped function should be used (Annex 1);

o female parental identifiers (i.e. ID’s present in the ‘parents’ data frame; Annex 1)
should be modified so that there is only one female parental ID per mating
hapa/tank, each representing multiple females from the same family; and

e N_AS PARENT in the ‘parents’ data frame should be specified as 1.
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If females in each mating hapa/tank are to be from multiple families and the average
Wright’s inbreeding coefficient is to be minimised (i.e. method = "min_F"; Annex 1 and
Annex 2):
e formales, N_AS_PARENT should be specified as the number of females to be
placed in the hapa/tank with the male;
o forfemales, N_AS PARENT should be specified as 1.

If females in each mating hapa/tank are to be from multiple families and assortative mating
principles are to be applied (i.e. method = "assortative"; Annex 1 and Annex 2), to ensure
that the female parents with the highest EBVs are not placed in the same mating
hapa/tank:

e female parents should be sorted by their estimated breeding value (EBV; Annex 1
and Annex 2) and divided into groups — individuals with the highest EBVs should be
grouped together, etc. The number of groups should equal the number of females
in each mating hapa/tank and groups should be of equal size;

e N_AS PARENT should be specified as 1; and

e allocate.mate.ped or allocate.mate.H should be run separately for each group of
females with a common group of males; and

e the mating lists from all groups should be combined upon completion.

4. Installing AllocateMate

AllocateMate Version 1.0 is available at https://github.com/mghamilton/AllocateMate or for
download as a .tar.gz ‘source file’ (https://doi.org/10.7910/DVN/Z1PXJJ). To install the
package from the .tar.gz source file:
e use the install.packages function in R — install.packages(path-to-source-file, repos =
NULL, type = "source"); or
e within R studio, go to Tools -> Install Packages and then set ‘Install From’ to
‘Package Archive File (.zip; .tar.gz)’ before browsing to find the downloaded .tar.gz
file.
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Annex 1. allocate.mate.ped function R help

allocate. mate ped {AllocatzMats} R Documentation

allocate.mate.ped

Description

This function generates a mating list for a set of parents. The mating list can be generated i) to minimise the average
inbreeding coefficient (F) of families generated or ii) according to assortative mating principles. Inputs include a list of
parents and a 3-column pedigree file specifying the ancestry of these candidates.

Usage
allocate.mate.ped(ped, parents, max F = 1, method = "min F", n fam crosses = 1)
Arguments
ped is @ 3-column dataframe with the following columns (class in parentheses):
» IV is the individual identifier of parents and their ancestors (character).
« 'DAM' is the identifier of the individual's dam (NA if unknown) (character).
« 'SIRE' is the identifier of the individual's sire (NA if unknown) (character).
parents data frame with the following columns (class in parentheses):
» |0V is the individual identifier {character).
» 'SEX'is the sex of the individual - ‘M’ or 'F", for male and female respectively (character).
+« 'EBV' Estimated breeding value (EBV) of the individual - can not be MA if applying assortative
mating as the method (numeric).
« 'M_AS_PARENT The number of families the indivdiual is to contribute to (integer).
max_F is the maxiumum inbreeding coefficient allowed in the offspring of parents (numeric between 0 and 1)
method either ‘min_F" {to minimise the average inbreeding in offspring) or 'assoriative’ (to apply assortative

mating) (character)

n_fam crosses Is the maxiumum number of siblings from one family allowed to be crossed with siblings of another
family. This represents a constraint on the generation of 'double first cousins'. (integer)

Value

'summary’ is a data frame containing a summary of all possible families generated from matings between parents:

« 'SELECTELD" N represents unselected families, Y represents selected families {i.e. mate allocations to be
generated) and All represents all possible families.

+ 'COUNT_FAMS' count of families.

« MEAN_EBV' mean of family EBVs.

« 'SD_EBV' standard deviation of family EBVs.

« 'MIN_EBVY minimum of family EBVs.

« 'MIN_EBV maximum of family EBVs.

« MEAMN_EEV' mean of family inbreeding coefficients (F).

« 'SD_EBV' standard deviation of family inbreeding cosfficients (F).
« 'MIN_EBVY minimum of family inbreeding coefficients (F).

« 'MIN_EBV' maximum of family inbreeding coefficients (F).
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‘all_families' is a data frame containing details of all possible families able to be generted from matings between parents:
« 'SIRE" male parent.
+ 'DAM' female parent.
« 'Finbreading coefficient of family members (i.e. the family F').
» 'EBV' m=an of parant EBVs (i.e. the family EBV").

« 'SELECTED' M represents an unselected family (i.e. family is not to be generated), ¥ represents a selected family
(i.e. mate allocated - family to be generatad).

‘optimal_families’ is a data frame containing details of mate allocations (i.e families to be generated from matings between
parents):

+ 'SIRE" male parent.
« 'DAM' female parent.
+ 'F'inbreading coefficient of family members (i.e. the family F').

« 'EBV' mean of parent EBVs (i.e. the family EBV").
Examples
$Retrieve example dats

data (ped)
data (parents)

output <- allocate.mate.ped(ped, parents, max F = 0.08, method = "min F", n_fam crosses = 1]
outputfsummary

head (outputzall families)

head (outputfoptimal families)
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Annex 2. allocate.mate.H function R help

allocate mate H {AllocateMate} R Documentation

allocate.mate.H

Description

This function generates a mating list for a set of parents. The mating list can be generated i) to minimisa the average
inbreeding coefficient (F) of families generated or ii) according to assortative mating principles. Inputs include a list of
parents and a relationship matrix (H) including these parents.

Usage

allocate.mate.H(H, parents, max F = 1, method = "min F")

Arguments

H is square additive genetic relationship matrix with individual idenifiers as rownames and colnames.

parents data frame with the following columns (class in parentheses):

+ 'ID" is the individual identifier (character).
+ 'SEX'is the sex of the individual - 'M' or 'F", for male and female respeactively (character).

« 'EBV" Estimated breeding value (EBV) of the individual - can not be NA if applying assortative mating as
the method (numeric).

+ 'N_AS_PARENT The number of families the indivdiual is to contribute to (integer).

max_F is the maxiumum inbreeding coefficient allowed in the offspring of parents (numeric between 0 and 1)

method  either 'min_F' (to minimise the average inbreeding in offspring) or 'assortative’ (to apply assortative mating)
(character)

Value

'summary' is a data frame containing a summary of all possible families generated from matings between male parents:

« 'SELECTED" N represents unselected families, ¥ represents selected families (i.e. mate allocations to be generated)
and All represents all possible families.

« 'COUNT_FAMS’ count of families.

« MEAMN_EBWV' mean of family EBVs.

« '3D_EBV' standard deviation of family EBVs.

« ‘MIN_EBV' minimum of family EBVs.

« 'MIN_EBV' maximum of family EBVs.

« MEAN_EBY' mean of family inbreeding coefficients (F).

« '5D_EBV' standard deviation of family inbreeding coefficients (F).
« 'MIN_EBV' minimum of family EBVs.

» 'MIN_EBV' maximum of family EBVs.

« MEAN_EBVY' mean of family inbreeding coefficients (F).

+ 'SD_EBV' standard daviation of family inbreeding coefficiants (F).
» 'MIN_EBV' minimum of family inbreeding coefficients (F).

« 'MIN_EBV' maximum of family inbreeding coefficients (F).
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‘all_families' i= a data frame containing details of all possible families able to be generated from matings between parents:

+ 'SIRE’ male parent.

« 'DAM' female parent.

» 'Finbreeding coefficient of family members (i.e. the family F').
+« 'EBV' mean of parent EBVs (i.e. the family EBY").

+« 'SELECTED' N represents an unselected family (i.e. family is not to be generated), Y represents a selected family
(i.e. mate allocated - family to be gensrated).

‘optimal_families’ is a data frame containing details of mate allocations (i.e_families to be generatad from matings between
male parents):

+ 'SIRE’ male parent.

+ 'DAM' female parent.

+ 'F'inbreeding coefficient of family members (i.e. the family F').
+ 'EBV' mean of parent EBVs (i.e. the family EBV").

Examples

fhetrieve example data
data (H)
data (parents)

output <- allocate.mate.H(H, parents, max F = 0.08, method = "min F")
oUTDUC S SUNmary

head (outputfzall families)

head (outputsfoptimal families)
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