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Abstract

Preservation of genetic diversity in populations is an important task to ensure a possible long-
term response to selection in animal breeding. The purpose of this study was to consider how
pedigree analysis and gene dropping method could be used for management plans in order
to maintain genetic variation in a population under selection of Japanese quail. Therefore,
the distributions of alleles frequencies originated from founders were estimated on an actual
pedigree using gene dropping simulation software. Then, genetic contribution of founders
to the current population, components such as the F-statistics and effective population
size were estimated. The results show that from 156 founders there are only 64 of them (22
males and 42 females) in the last generation. The average genetic contribution of a founder
male and female contributing to the last generation were 1.87 and 1.40 %, respectively. A
total of 87 and 95 % of the genome in the last generation were constituted by 34 and 42
founders, respectively. The effective population size decreased as inbreeding increases.
The allele frequency averaged over replicates agreed with the genetic contribution. Some
useful information regarding the management of genetic diversity such as the probability of
allele extinction, the probability of alleles surviving at a critically low frequency and risk of
future allele extinction were derived by using these distributions. Results show that pedigree
analysis and gene dropping are valuable tools in optimizing decisions to preserve genetic
variability.
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Introduction

Along with the enhancement of genetic progress, preservation of genetic diversity in
populations is important in animal breeding. This is to ensure that a long-term response to
selection for traits of interest is achievable (Barker 2001). Because of the potentially deleterious
effects of loss of genetic diversity in small selected populations (Ralls et al. 1986), pedigree
analysis is often recommended to allow to design breeding plans to minimize the variation
in family size and maximize the genetically effective population size relative to the census
population size (Lacy 1989). The expected loss of genetic variation from the populations can
be minimized by increasing the number of descendants of poorly represented founders (Foose
et al. 1986). Although the mean of the distribution of allele frequency for a founder should
coincide with the genetic contribution computed from pedigree analysis, the probability of
allele extinction can be obtained only through the gene dropping simulation (Honda et al.
2002). Gene dropping is a simulation procedure in which two unique alleles are assigned to
each founder and the genotypes of all descendants along the actual pedigree are generated
following the Mendelian segregation rules (MacCluer et al. 1986). However, application of this
method rests on certain assumptions such as 50:50 transmission probabilities, no mutation
and no migration. The method is also flexible to extend several loci and to measure the change
in linkage disequilibrium (Baes & Reinsch 2008). This allows simulating a genome for each
animal where the number of repetitions refers to the number of unlinked loci (Suwanlee et
al. 2007). This technique provides considerably more information about population structure
than is available from calculations of the proportionate contributions of the founders
(MacCluer et al. 1986). Furthermore, parameters derived from probabilities of gene origin are
very useful to describe a population structure after a small number of generations, whereas
the use of effective population size and inbreeding for monitoring the genetic variability
over a long time period is very sensitive to the quality of available pedigree information
(Pérez Torrecillas et al. 2002). The effective population size is a key parameter in conservation
and population genetics because of its direct relationship with the level of inbreeding,
fitness and the amount of genetic variation lost due to random genetic drift (Caballero & Toro
2000). The purpose of this study was to consider how pedigree analysis and gene dropping
methods can be used for management plans for maintaining genetic variation in a selected
quail population. Therefore, by using gene dropping simulation software (Lange et al. 2001)
on an actual pedigree, the distributions of frequencies of alleles originating from founders
were estimated at the first and secondly, genetic contribution of founders to the current
population, inbreeding and effective population size were estimated. From the distributions
of frequencies of alleles, useful information for the management of genetic diversity, such as
the probability of allele extinction and the probability of alleles surviving at a critically low
frequency, were derived.

Material and methods

The experimental Japanese quail population (Coturnix coturnix) originated from a commercial
farm in Yazd city (Iran). The population had not been selected for any traits before the start
of the experiment. A total of 126 birds (generation 0) were randomly selected from the
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population and allowed to reproduce with the sex ratio of 1:2 (male:female) to establish a
selection line. In the next generation, 30 birds more were introduced (unknown parents) into
the population. These birds had then been selected for 4 wk body weight (Khaldari et al.
2010). The number of male and female birds and contributing founders in each generation
are presented in Table 1.

Table 1
The number of male and female birds, total and contributing founders in each generation of a selection
experiment for 4 wk body weight in quail

Generation Male Female Total founder Contributed founder
0 - - 126 126
1 162 175 30 113
2 202 205 - 94
3 204 206 - 69
4 169 156 - 64

The gene dropping simulation applied is illustrated in Figure 1, in which the process of one
trial of the simulation is presented with a simple pedigree. To obtain a reliable distribution of
allele frequencies in the reference population, the process was replicated 1000 times using
the Mendel software (Lange et al. 2001). The probability of extinction of alleles originating
from a founder (Pr (lost)) was calculated from the proportion of replicates in which both
alleles derived from the founder did not segregate in the reference population. Similarly, the
probability of alleles being at high risk of extinction (Pr (risk)) was obtained by the proportion
of replicates in which allele frequency (q) was within the range of 0<q<0.01. The upper limit
(0.01) of the range was chosen following MacCluer et al. (1986). Finally, the probability of
alleles surviving at a critically low frequency, conditional on the founder alleles being retained
in the reference population, was computed as:

Pr (risk)
1 —Pr(lost)

(1)

Pr (risk | survive) =

Allocation of unique hypothetical alleles (G) to
founders (F) and genotype assign to descendants
(A, B, C, D) by Mendelian segregation of founder
alleles.

Figure 1
lllustration of gene dropping simulation
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This conditional probability is an indicator for the risk of future allele extinction. It should be
noted that these three probabilities are conditional on the pedigree structure (Honda et al. 2002).

The contribution of founders and the inbreeding coefficients (F) for all the animals in
the pedigree and F-statistics were calculated using the Eva-Inbred software 1.3 (Berg 2010).
The F-statistics (F ., F.; and F) were estimated in each generation to assess the amount
of inbreeding and the population structure. The coefficient F_is the average inbreeding
coefficient and F_ is the inbreeding coefficient expected under random mating. The latter
was estimated as the average kinship between the sires and dams (parents) of the generation.
The third coefficient F is the deviation from random mating obtained by the formula of
Wright (Wright 1969) as:

o= o o)

ST

The actual inbreeding (F,) exceeds the level expected under random mating (F,;) when F >0,
implying that mating among more closely related parents than expected is predominant or
that the population is partitioned into subpopulations and mating is more or less restricted
within each subpopulation. In contrast, avoidance of inbreeding or mating between
subpopulations is predominant in populations with F <0. The effective size of the population
was estimated from the increasing rate of F., per generation (Caballero & Hill 1992, Wright
1984). The generation rate of inbreeding (AF ) of . was first computed as AF, = (F —
For)/(1=Fg ), where F  and F, are the coefficients of F_ in two successive generations.
The effective population size was then computed as 1/(2AF ;) (Nomura et al. 2001). Finally,
we reached to the following formula for calculating the average allele frequencies for each

founder:
1000

STA, _\ PG,
nRx2N <= nR

i=1

(3)

where STA is the sum of the total alleles of founder j, nR=1000 is the number of replicates, N
is the number of individuals in the last generation and p, and g, are the allele frequencies for
the two alleles of founder j in the last generation of replicate .

Results

Descriptive statistics for the number of dropped alleles from base population into each
generation are summarized in Table 2. Although the number of alleles retained in each
reference population varied among replicates of simulation, the consistently small coefficient
of variation implies that the average over replicates is a good indicator for the number of
retained alleles. The number of birds, inbred birds, F-statistics and effective population size
are presented in Table 3.

The average genetic contribution of founders to the last generation is presented in
Figure 2. The results revealed that only 64 founders consisting of 22 males and 42 females
contributed their genetic material to the last generation. The average genetic contribution
of a male and female founder to the last generation was 1.87 and 1.40 %, respectively. A total
of 87 % of the genome in the last generation has been contributed by 34 founders, with 13
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males and 21 females contributing 37 and 50 %, respectively. The relative contribution of the
22 male and 42 female founders were 41.1 and 58.9 %, respectively.

Table 2
Descriptive statistics for the number of dropped alleles per replicate and the total number of alleles assigned
to founders in each reference population (Na)

Generation Mean Min Max CV, % Na

0 252.0 252 252 0 252

1 288.7 280 295 1.2 60

2 138.5 130 145 2.1 -

3 85.8 70 95 4.2 -

4 59.6 52 67 53 -
Table 3

Number of birds, inbred birds, F-statistics and effective population size in each generation

Generation N N.inbred Fir For Fis AF Ne
0 126 0 0 0 0 0 -

1 367 0 0 0 0 0 -
2 407 14 0.0086 0.0033 0.0053 0.0033 1515
3 410 67 0.0152 0.0109 0.0044 0.0076 65.8
4 325 16 0.0168 0.0218 —0.0051 0.0m 45.5
Total 1635 197 0.0088

N: number of birds, Ne: effective population size

Genetic Contribution (%)
%] w RN w

-

0 L ——

founders

Figure 2
Genetic contributions (%) of 64 retained founders in the last generation

A more detailed description of extreme founders contributing to the last generation is
presented in Table 4. It can be seen that the genetic contribution based on the pedigree is a
good estimate of the realized contribution. It is also evident that all founders still segregating
have a considerable risk of being lost in the future, irrespective of their risk of being lost in
the previous four generations.
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Table 4
Genetic contribution based on pedigree, average allele frequency, probability of being lost and the risk of
being in future generations of founders with extreme genetic contributions

ID Sex Genetic Allele frequency Pr(lost)’ Pr(risk)? Pr(risk|survive)?
contribution  Average Vv, %
263 male 0.0577 0.0568 54.5 0.0000 0.2818 0.2818
513 female 0.0435 0.0441 62.4 0.0061 0.2455 0.2476
186 male 0.0400 0.0397 67.2 0.0061 0.3697 0.3720
220 female 0.0398 0.0419 69.9 0.0242 0.3091 0.3168
219 male 0.0398 0.0387 713 0.0242 0.3515 0.3602
505 female 0.0223 0.0223 58.1 0.0000 0.2727 0.2727
231 male 0.0015 0.0015 48 0.5636 0.1152 0.2639
147 female 0.0012 0.0008 394 0.7697 0.0545 0.2368
187 female 0.0012 0.0013 324 0.7576 0.0545 0.2250
148 male 0.0012 0.0012 45.2 0.7758 0.0485 0.2162

'probability of allele extinction, probability of alleles being at high risk of extinction, *probability of alleles surviving
at critically low frequency

Discussion
Retained alleles and founders

Variable contributions of dropped founders into the last generation (Figure 2) show that 92
founders (59 %) have no descendants. Furthermore, about 87 and 95 % of the alleles in the
last generation is contributed by only 34 and 42 founders, respectively.

After increasing the average number of retained alleles in generation 1 (due to additional
founders), there was a rapid decrease of alleles, which declined to 60 alleles in the last
generation. These 60 segregating alleles could be assigned to the 128 alleles of the 64
founders contributing to the last generation. Although the number of alleles retained varied
among replicates, the small coefficient of variation implies that the average over replicates
is a good indicator for the number of retained alleles. The major reason for decreasing the
founder’ contribution and subsequently the average number of retained alleles and also
increasing of coefficient of variation is the selection of progeny of superior founders as
parents of the next generation. The rapid loss of alleles in early generations has also been
reported (Honda et al. 2002, Rodrigafez et al. 1998).

The proportion of founders in the category of less than 10% risk of being lost (0-0.10)
decreased from 0.89 in the base population to 0.15 in the last generation. In contrast,
proportion of founders with a 50-100 % probability of being lost increased from 0.11 to 0.26.
Generally, most of the founders still contributing to the last population were at risk of being
lost in future generations.

Expectedly, the allele frequency averaged over replicates agreed with the genetic
contribution. The small coefficients of variation imply that allele frequencies had a little
variation around the average. For the 64 founders contributing to the last generation,
founders with higher genetic contribution have lower probabilities of allele extinction
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(Pr(lost)) and probability of allele extinction increased as genetic contribution decreased
(Table 4). In the management of genetic diversity, Pr (lost) gives useful information, for
example the low probability of allele extinction of the founder implies that alleles can be
surely transmitted to the progenies (Trinderup et al. 1999).

The probability of allele extinction of the three founders with the highest genetic
contributions was near zero but their surviving alleles had relatively high risks of future
extinction (0.28, 0.24 and 0.37). In contrast, the probability of allele extinction of founders
with the three lowest contributions were high (>0.75) while their surviving alleles had a
relatively low risk of future extinction. The high probability of allele extinction and the low
risk of future extinction (Pr(risk|survive)) of alleles indicated that the alleles had passed a
strong drift in the early generations. In contrast, the low probability of allele extinction and
relative high risk of future extinction state that genetic contribution of founders are not fully
informative for the distribution of allele frequency. This is in agreement with the results from
Honda et al. (2002). It is also evident from comparing two founders of 263 and 505, each in
which Pr (lost)=0 for both of them and the risk of future extinction is the same but a genetic
contribution of the former is about 2.5 times higher than that of the latter. Nevertheless, all
founders have a significant probability of future extinction.

Inbreeding and effective population size

Results from Table 3 show that the effective population size decreases asinbreeding increases.
However, the disproportionate contributions of the founders or ancestors is caused by many
factors, such as population structure, mating policy, selection etc., but estimates of effective
population size based on the increase or decrease in inbreeding would accurately reflect the
genetic history of the population, namely the size of their founder population, their mating
policy or bottlenecks due to abusive use of reproductive individuals. All these phenomena
influence the pedigree of the individual and therefore are reflected in the increase or decrease
of inbreeding (Gutie et al. 2008). In this study, the rate of inbreeding was 0.33 % in generation
2 up to 1.1% in generation 4. This result is in agreement with Brah et al. (2001) while it is in
opposite with Biedermann et al. (2009) that reported 4.62 % and 7.12 % at generation 2 and
3, respectively for a population of white park cattle. These high figures of inbreeding are due
to the small number of population (11 males and 33 females).

The effective population size is a very important parameter to monitor breeds and
breeding programmes, as it affects the inbreeding depression and the loss of genetic
variability. So the maintenance of genetic variation in breeding programmes is important
for short- and long-term selection responses as well as for conservation purposes (Hill 2000).
The large number of founders in the reference population and the low effective size in Table
2 is showing that some founders could be used more intensively than others, which is always
a function of loss of genetic diversity. This is in agreement with a report of Vostry et al. (2011)
where 98, 139 and 168 founders were in the total reference population for three breeds of
horse but the effective numbers of founders were only 43.14, 79.11 and 52.21, respectively.
Meuwissen & Woolliams (1994) suggested that if the effective population size is in the range
of 31-250, it would prevent the decline of fitness owing to inbreeding depression. Goddard &
Smith (1990) suggested 40 as a minimum effective size.
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A population with unequal representation of founders will contain less genetic variability
than a population with the same number of founders, in which the founders have made
equal contributions to future generations (Lacy 1989). This loss of variation is reflected by the
loss of heterozygosity and the loss of allelic variants. Lower heterozygosity often results in
lower average fitness of individuals (inbreeding depression) whereas a lack of allelic variants
prevents long-term adaptive response to selection (Falconer et al. 1996).

We can estimate the distribution of allele frequencies and confidence intervals for the
allele frequency by applying the gene dropping approach. This estimation can be valuable
for observing trends in active breeding populations as have been shown by Manatrinon et al.
(2009). Thus, for a sustainable development of response to selection, preservation of alleles
from the lowest contributed founders should be an urgent task.

It can be concluded that gene dropping contributes to a detailed description of the genetic
variation in a population and the risk of future loss of genetic variation. Thus, it is a valuable
tool to optimize decisions to preserve genetic variability.
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