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Introduction 
Inbreeding results from mating between related individuals and is an unavoidable consequence 

of selection in finite populations. Its effect on fitness can be described in terms of genetic load, 

defined as the reduction in population fitness caused by deleterious alleles (Leroy, 2014). 

Genetic load consists of a realized component, expressed through increased homozygosity and 

measured as inbreeding depression, and a masked component, made up of recessive deleterious 

alleles hidden in heterozygotes that may be expressed in future inbred descendants (Whitlock 

et al., 2011). 

Traditionally, inbreeding depression has been estimated by regressing phenotypes on the 

inbreeding coefficient (bF), an approach that captures only the realized component of genetic 

load and assumes equal contribution of founders to deleterious variation (Lacy et al., 1996). To 

overcome this limitation, Casellas (2018) proposed the concept of individual inbreeding load 

(IL), defined as the cumulative effect of deleterious alleles that an individual can transmit to its 

inbred progeny. Using the Mendelian decomposition of inbreeding (García-Cortés et al., 2010), 

IL can be incorporated into linear mixed models as an additive genetic effect, allowing the joint 

estimation of realized and masked components of genetic load (Varona et al., 2019). 

In rabbits, the number of kits born alive (NBA) is a key reproductive trait affecting both fitness 

and farm productivity (Cartuche et al., 2014). Inbreeding depression in NBA has been 

associated with reduced ovulation rate, increased embryonic loss, and decreased prenatal 

survival (Curik et al., 2020). Both maternal and litter inbreeding may influence NBA, reflecting 

different pathways through which genetic load is expressed. 

The objective of this study was to jointly estimate inbreeding depression (bF) and individual 

inbreeding load (IL) for NBA in a Pannon White rabbit population, simultaneously accounting 

for maternal (bfdoe, ILdoe) and litter (bflit, ILlit) inbreeding effects within a single model. 

 

Materials & Methods 

Dataset. The dataset consisted of 33,521 kindling records from the Pannon White rabbit breed, 

developed at Kaposvár University in the late 1980s and officially recognized in Hungary in 

1992 (Kövér et al., 2023). The average number of kits born alive per kindling was 7.02 (± 3.43). 

The pedigree used included 43,858 individuals, of which 34,761 (79.2%) were inbred, with an 

average inbreeding coefficient of 0.057 ± 0.052. The average pedigree depth for the does and 

litters were 16.61 ± 13.32 and 19.71 ± 12.98, respectively. Further, the five-generation pedigree 

completeness was over 95% for the recorded individuals. 

 

Mendelian decomposition of inbreeding. In first place, we decompose the total inbreeding 

into the sum of partial inbreeding coefficients attributable to each ancestor with the algorithm 

proposed (García-Cortés et al., 2010). This decomposition enables the inbreeding load to be 
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modelled as an additive trait (Varona et al., 2019). The calculations were implemented using a 

custom program written in Fortran90. 

  

Model. The model of analysis was: 

y = fdoebfdoe+ flitbflit + Xd + Sh +Wp + Za + Kdoeidoe + Klitilit + e    (1) 

where 𝐲 is the vector of phenotypic records (NBA), bfdoe and bflit are the covariates linked with 

the total inbreeding coefficient of the dam and the individuals of the litter, respectively, and 

represents the average inbreeding depression, d is the vector of fixed effects (including order of 

parity with 6 levels), h is the vector of random herd–year–season (318 levels), p is the vector 

of the permanent environmental maternal effects, a is the vector of the direct additive genetic 

effects, 𝐢doe is the vector of the inbreeding load effects associated to dam inbreeding, 𝐢lit is the 

vector of inbreeding load effects associated to inbreeding of the kits and e stands for the vector 

of residuals. Moreover, fdoe and flit are the vectors of total inbreeding coefficients from the dam 

and the litter respectively, and X, S, Z, W, Kdoe and Klit are the incidence matrices. The 

Kx={Kdoe, Klit} matrices are lower triangular,  Kx= Tx(I-P),  where Tx ={Tdoe, Tlit} contains the 

partial inbreeding coefficients associated with all phenotypic records, I is the identity matrix 

and the matrix P has 0 in its diagonal and its elements that connects an individual with its sire 

and dam a value of 0.5.  

The relationships between random effects were: 
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Here, 𝜎a,idoe is the covariance between the additive genetic and the inbreeding load effects 

associated to the mother, 𝜎𝑎,𝑖𝑙𝑖𝑡 is the covariance between the additive genetic and the 

inbreeding load effects associated to the litter, 𝜎𝑖𝑑𝑜𝑒,𝑖𝑙𝑖𝑡 is the covariance between the inbreeding 

load effects associated to the mother and the inbreeding load effects associated to the litter, 𝜎𝑎
2 

is the additive genetic variance, 𝜎𝑖𝑑𝑜𝑒
2  the variance of the inbreeding load effects associated to 

the mother , 𝜎𝑖𝑙𝑖𝑡
2  the variance of the inbreeding load effects associated to the litter, 𝜎𝑝

2 is the 

variance of the permanent effect and 𝜎𝑒
2the residual variance. 

Results 
Inbreeding and inbreeding decomposition. From a total of 33,521 kindling records, 7,594 

dams were included in the pedigree. Among them, 1,499 dams (19.7%) were non-inbred, mostly 

from older generations (54% of them between 1987 and 1994, while there is not any born after 

2013), 3,334 (49.3%) had an inbreeding coefficient greater than 0.05, 1,701 (22.3%) greater 

than 0.10, and only 16 (0.2%) has an inbreeding coefficient over 0.25. The average inbreeding 

coefficient of dams was 0.05 (± 0.04 SD). For litters, 6,821 (20.3%) were non-inbred, 15,418 

(45.9%) had inbreeding coefficients above 0.05, 8,489 (25.3%) above 0.10, and 145 (0.4%) 

above 0.25. The Mendelian decomposition of the pedigree produced 25,826,446 coefficients 

derived from only 3,236 individuals. The average partial inbreeding coefficient was 9.69 × 10⁻⁵ 

(± 6.15 × 10⁻⁴ SD). Most of these partial inbreeding coefficients contributed less than 0.001 to 

descendant inbreeding and were excluded from further analyses. After excluding negligible 

contributions, we used 152,687 partial inbreeding coefficients for the decomposition of litter 

inbreeding, and 150,746 for the decomposition of doe inbreeding. 
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Both estimates of inbreeding depression (bfdoe and bflit) were negative. The posterior mean 

(HPD95%) was –2.99 [–5.48, –0.49] kits per unit of inbreeding for does and –5.17 [–6.89, –

3.48] kits for litters, indicating a stronger depressive effect at the litter level. The estimated 

additive genetic variance was σ²ₐ = 0.56 [0.40, 0.73]. The variance associated with maternal 

individual inbreeding load was larger (σ²ᵢdoe = 118.47 [6.83, 261.55]) than that corresponding 

to litter inbreeding load (σ²ᵢlit = 72.24 [2.22, 179.99]), suggesting a higher variability among 

maternal contributions to the transmission of deleterious alleles. These variance components 

are defined for a theoretical individual with complete inbreeding (F = 1), a scenario that is 

unlikely to occur in practice. When rescaled to a more realistic inbreeding coefficient of 0.1, 

the resulting variances decreased to 1.18 for maternal IL and 0.72 for litter IL. In this case, HPD 

would also be affected to the reescalation, been [0.06, 2.61] for σ²ᵢdoe and [0.02, 1.79] for σ²ᵢlit. 

Although HPD range decreases, it is still wide, indicating the existence of uncertainty and that 

a larger data could benefit the reduction of this uncertainty. Additional sources of variation 

included herd–year–season effects (σ²ₕ = 0.25 [0.19, 0.32]), permanent environmental effects 

(σ²ₚ = 0.98 [0.82, 1.15]), and residual variance (σ²ₑ = 9.80 [9.64, 9.97]). The effects of 

inbreeding depression and the variance of inbreeding load for litter size in Pannon White 

rabbits, for both does and litters, are presented in Fig.1. 

 

  
Figure 1. Posterior distributions of inbreeding depression effects (A: litter, B: doe) and 

inbreeding load variance (C: litter, D: doe). Green dashed vertical lines indicate the 95% highest 

posterior density intervals, with corresponding values reported in the upper-right corner of each 

panel. 
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Discussion 

The inclusion of maternal and litter inbreeding load (IL) effects provided valuable insights into 

inbreeding depression on the number of kits born alive (NBA). The low inbreeding coefficients 

observed for both dams and litters, together with the high proportion of individuals with 𝐹<0.05, 

confirm the effectiveness of the breeding program in controlling inbreeding. However, as 

previously reported (Antonios et al., 2025), the contribution of founders was heterogeneous, 

with a small proportion of ancestors responsible for most of the accumulated inbreeding. 

Both maternal and litter inbreeding negatively affected NBA, in agreement with previous 

findings in rabbits (Moura et al., 2000) and other species. The litter effect was stronger in 91% 

of samples, consistent with the biological expectation that increased homozygosity in embryos 

reduces survival (Grueber et al., 2015). However, maternal IL explained a larger proportion of 

variance, suggesting an important influence of the maternal genetic background, likely through 

uterine environment effects. 

These results emphasize the need for selection strategies that balance genetic progress with the 

control of inbreeding load, ensuring continued improvement in reproductive performance 

without compromising long-term population fitness.  

 

Conclusions 

In conclusion, this study demonstrates the feasibility and usefulness of modelling maternal and 

litter inbreeding loads for NBA in rabbits. The approach provides a richer understanding of 

inbreeding depression than traditional methods and opens opportunities for more informed 

breeding decisions. Future work should aim to validate these findings in larger datasets and 

across different populations and species, as well as to explore genomic information that could 

help identify specific genomic regions contributing to each IL. 
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