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Summary

Inbreeding has negative effects on various pig traits, of which litter size, survival and weight
traits are of considerable interest to researchers because they have high economic importance
and affect the survival of the related pig population. These traits are complexly influenced by
many interacting biological, nutritional, management and environmental factors. Studying
the physiological mechanism of the effects of these factors including inbreeding depression
on these traits may help prevent or reduce the caused economic loss. This review briefly
summarises the physiological mechanisms affecting litter size, piglets born alive/dead and
birth weight with an emphasis on genetic and biological factors. In addition, studies detecting
genes, or quantitative trait loci that affect the traits mentioned, are also discussed.
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Introduction

Inbreeding depression, which is the reduction in performance
due to inbreeding, has been documented in pig populations
(Doekes et al., 2021; Mei et al., 2022; Wang et al., 2022; Zhang
et al.,, 2022). Studies have shown that inbreeding may lead to a
decrease in the reproductive performance, such as a negative effect
on litter size (the total of number piglets born and the number of
piglets born alive), as well as a decrease in growth traits (Kock
et al.,, 2009; Mei et al., 2022; Zhang et al., 2022). The impact of
inbreeding coefficients, determined through pedigree-based and
Single Nucleotid Polymorhism (SNP) based methods, was found
to be significant on the total number of piglets at birth (TNB) and
the number of piglets born alive (NBA) in a study conducted on
a Large White pig population. In terms of inbreeding depression
on litter weight at birth, the study found that only SNP-based
inbreeding coefficients exhibited a substantial correlation (Zhang
et al., 2022). According to Doekes et al. (2021), the detrimental
impact of inbreeding was observed in various characteristics,
and there was no indication that primary fitness traits such as
reproductive or survival traits were more affected than other
traits, such as production or morphological traits.

However, traits such as litter size, number of piglets born alive/
dead and birth weight are not only important for commercial
farms (Lee et al., 2020; Li et al., 2020; Threadgold et al., 2021) but
also for conservation. Pig breeds have been selected and various
strategies have been implemented with the aim of increasing
litter size, increasing birth weight and reducing stillborn rates
(Riddersholm et al., 2021; Threadgold et al., 2021). This is also a
concern for conservation farms, alongside their primary focus on
preserving genetic diversity. Therefore, the inbreeding depression
that occurs in these traits, together with other influencing factors,
is likely to have an impact on animal breeding programmes.

Inbreeding depression, which may arise from higher
maintenance metabolism (Ketola and Kotiaho, 2009), can be
associated with a decrease in immune response (Charpentier et
al., 2008; Reid et al., 2003). However, it is challenging to determine
and measure the physiological processes that contribute to
the negative impact on an organism's fitness resulting from
inbreeding, regardless of the genetic factors involved (Fox and
Reed, 2011; Kristensen et al., 2010; Losdat et al., 2016). Although
there have been numerous studies identifying genes influencing
litter size (Distl, 2007; Ernst and Steibel, 2013; Vaishnav et al.,
2023; Mo et al., 2022; Sell-Kubiak et al., 2022), birth weight (Te
Pas et al., 1999; Jiang et al., 2002; Tomas et al., 2006; Zhang et
al., 2014; Wang et al., 2016; Li et al., 2020; Lee et al., 2020) and
piglet born alive/dead (Cassady et al., 2001; Chen et al., 2019; Wu
et al,, 2019), the investigation of the genetic changes induced by
inbreeding remains unpublished and is a challenge due to the
incomplete understanding and discovery of the overall genetic
factors influencing these traits.

This review aims to study physiological and genetic aspects
of some fitness traits performance in pigs which are common in
studies of inbreeding depression effects.

Physiological and Genetic Aspects of Some Fitness
Traits Performance in Pigs

Litter Size

Throughout the research conducted, a consistent trend of
increasing litter size has been observed. According to Lanferdini
et al. (2018) the litter size ranged from 9 to 16 piglets through
the examined database. One year later, Feldpausch et al. (2019)
reported the average litter size was 13.18 piglets when analysing
two datasets from EU and US studies with emphasize that the EU
studies averaged 2.12 more pigs per litter comparing to the U.S.
studies. Danish pig production witnessed a significant increase
from 11.8 total born piglets per litter in 1992 to 19.6 total born
piglets per litter in 2020 (Riddersholm et al., 2021). The average
TNB was 17.1 + 3.4 (mean + SD), with 16.1 + 3.1 live born and 1.0
+ 1.4 stillborn (5.8%) piglets (Van den Bosch et al., 2022).

Litter size, as a complex and sex-limited trait, is influenced by a
range of biological, nutritional, management, and environmental
factors (Lukovi¢ and Skorput, 2015; Vaishnav et al., 2023). The
determination of physiological litter size in pigs involves several
components that contribute to its complexity, such as ovulation
rate, fertilization, embryonic development, uterus capacity
and fetal survival (Argente, 2016; Distl, 2007). Argente (2016)
found out that the selection for ovulation rate or/and prenatal
survival had been proposed to improve litter size indirectly. In
pigs, it is common to observe high rates of fertilization, typically
exceeding 90 to 95% that can provide the number of potential
embryos needed to increase litter size (Geisert and Schmitt,
2001). Therefore, embryonic loss, especially during the 2nd to
3rd week of gestation is a significant hurdle to increasing litter
size in pigs (Geisert and Schmitt, 2001). According to Langendijk
(2021), the majority of prenatal losses in pigs occur during the
embryonic phase (before day 35), with 20 to 30% of embryos
lost by day 21, and an additional 10 to 15% lost by day 35.
Variations in embryonic growth and elongation rates during the
peri-attachment period (day 12-30 of pregnancy) can potentially
modify the uterine environment, resulting in decreased survival
rates for less-developed conceptuses (Tan et al., 2022). The success
or failure of pregnancy in pigs is likely to be decided within the
first 30 days of gestation (Almeida and Dias, 2022). In the period
of mid-gestation (day 50-70 of pregnancy), accelerated fetal
growth has the potential to surpass the uterine capacity, thereby
causing the arrest of neighboring littermates due to overcrowding
of conceptus attachment sites (Tan et al., 2022).

In addition, the maternal uterine condition during gestation
is crucial for achieving good reproductive performance in pigs,
which includes factors such as litter size, number of live or stillborn
piglets and growth (Argente, 2016). If the interaction between the
embryos and the uterus is insufficient, the pregnancy may be lost,
or there may be a compromise in embryo survival (Langendijk,
2021). Moreover, a litter with many mummified fetuses found at
farrowing can be caused by various stressors experienced by the
sow or developing offspring during the earlier stages of gestation,
such as rough handling, poor nutrition, environmental stressors,
or disease stress (Hines, 2021). Maternal nutrition during
pregnancy, whether it is undernutrition or overnutrition, can
alter organ structure, impair prenatal and neonatal growth and
development and reduce feed efficiency for lean tissue gains in
pigs (Ji et al., 2017).
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Studies have consistently found a reduction in litter size
with increasing levels of inbreeding (Kock et al., 2009; Saura et
al., 2015; Zhang et al., 2022). The estimation suggests that, on
average, there is a reduction of 0.137 percent in the mean of a trait
in domestic animals including pigs for every 1 percent increase
in inbreeding, indicating the presence of inbreeding depression
(Leroy, 2014). In a separate study conducted on Austrian Large
White and Landrace pigs, it was observed that both litter and dam
inbreeding negatively impacted all reproductive traits, specifically
by 10% increase of litter and dam inbreeding coefficient, the
weaned litter size decrease 0.16 — 0.29 piglets (Kock et al., 2009).
However, in the case of Large White pigs, sire inbreeding did not
have a significant effect, while in Landrace pigs, it surprisingly
showed a significant increase of total number of piglets born
(0.45) and born alive (0.43) with 10% of sire inbreeding coefficient
(Kock et al., 2009). In addition, this research also figured out the
effects of both old and new inbreeding on reproductive traits in
general. A study on Iberian pigs also found out that an increase
of 10% in FHOM (frequency of homozygosity) on chromosome
13 was associated with a decrease of approximately 0.121 in TNB
and 0.117 in NBA (Saura et al., 2015). According to Zhang et al.
(2022) an increase of 10% in inbreeding coeflicient contributed to
a decrease of approximately 0.5 piglets both for TNB and NBA.
Sili6 et al. (2016) reported that there were significant negative
impacts of new and fast inbreeding on litter size of Torbiscal
pigs. Specifically, a 10% increase in new inbreeding resulted in
a decrease of 0.20 born piglets per litter, while 1% increases in
total and new inbreeding rates led to reductions of 0.03 and 0.02
piglets, respectively. For Gamito pigs, the reduction of 0.91 piglets
due to a 10% increase in old inbreeding and a decrease of 0.17
piglets associated with X-linked genes inbreeding were found.

Traits such as ovulation rate, embryonic survival, uterine
capacity and litter size (total number of piglets born and total
number of piglets born alive) were affected by genetic factor
(Chen et al., 2022; Yu et al.,, 2022; Zak et al., 2017; Zhang et al,,
2020). However, the heritability of the embryonic survival rate
and ovulation rate was quite high, ranging from 0.14 - 0.42 (Zak
et al., 2017) while the heritability of litter size was in lower range
0f 0.06 - 0.09 (Chen et al., 2022; Yu et al., 2022; Zhang et al., 2020).
This can be inferred that the negative effects of inbreeding on litter
size in pigs are likely mediated indirectly through the regulation
of ovulation and embryonic survival. There is a complex genetic
regulation of pigs’ litter size, with the mapping of more than 50
quantitative trait loci (QTL) associated with litter size traits in pigs
(Distl, 2007; Ernst and Steibel, 2013). Recent relevant research
has indicated that in pigs there are multiple genes that have a
significant impact on litter size and its component traits, both at
allelic and genome-wide levels (Vaishnav et al., 2023). Litter size
traits in pigs have been linked to over 12 candidate genes (Mo et
al., 2022; Sell-Kubiak et al., 2022)

While there have been numerous studies documenting
the increasing trend of litter size in commercial pigs, limited
data exists regarding litter size in conservation pigs. Litter size,
a multifaceted trait that is influenced by various biological,
nutritional, management, and environmental factors, exhibits
complexity and sexual dimorphism. This trait has also been studied
in terms of estimating the influence of inbreeding depression on
it. Despite some studies identifying genes that affect litter size, this
trait still exhibits low heritability, so the underlying physiological

mechanisms of inbreeding depression on this trait remain unclear.
Further research is needed to fully understand the genetic and
physiological aspects of inbreeding depression and its impact on
litter size.

Piglets Born Alive/Dead.

The proportion of stillborn piglets can vary from 5.0% to 14.3%
(Langendijk and Plush, 2019; Lanh and Nam, 2022). The number
of piglets born alive is determined by subtracting any stillborn
piglets from the total litter size (Threadgold et al., 2021). Modern
breeding sows have undergone selection processes to enhance
their litter sizes, resulting in increasing the number of piglets
weaned and ultimately sold. However, a correlation exists between
increased litter sizes and reduced viability of piglets (Rutherford
et al.,, 2013). To enhance the number of piglets born alive and
subsequently improve the weaning count, achieving production
targets might be more effectively accomplished by prioritizing the
reduction of stillbirths rather than solely focusing on increasing
the overall litter size (Threadgold et al., 2021).

Leenhouwers et al. (2003) classified stillbirth into four
categories: non-fresh (characterized by partial brown skin colour
resulting from tissue degradation and autolysis), prepartum
(occurring before delivery), intrapartum (taking place during
the farrowing), and postpartum (occurring shortly after birth).
Non-fresh and prepartum stillbirths are primarily attributed to
infectious agents, while intrapartum and postpartum piglet deaths
are predominantly caused by non-infectious factors (Leenhouwers
etal., 2003; Vanderhaeghe et al., 2013). Among all stillborn piglets,
10% experienced mortality shortly prior to farrowing, 75% died
during the actual farrowing process, and the remaining 15% of
death occurred immediately after farrowing (Leenhouwers et al.,
1999). Therefore, studying physiological mechanism of stillborn
piglets would focus on non-infectious factors.

Physiological mechanisms that affect piglets born alive or dead
can be influenced by various factors including genetic factors,
maternal factors (body condition, litter size, parity, gestation
length, farrowing duration), piglet factors (birth interval, birth
order, birth weight) and environmental factors (Vanderhaeghe
et al., 2013). According to Jatfa et al. (2018) approximately 70%
of the risk factors associated with stillbirth can be attributed to
non-infectious factors, in which genotype, dystocia and hypoxia
were emphasized. Therefore, in this review the component factors
namely the genotype, litter size and birth weight were considered
to clarify.

The heritability of stillborn piglets and NBA are relatively low
ranging around 0.05 — 0.08 and 0.015 - 0.12, respectively (Hollema
et al., 2020; Ogawa et al., 2019; Paixdo et al., 2019), and they are
influenced by a large number of genetic loci with effects that are
low to moderate in magnitude (Bergfelder-Driiing et al., 2015). In
addition, heritability based on the sire and dam components for
stillborn piglets ranged between 0.08 to 0.24, respectively (Strange
et al., 2013). This means that genetic factors have a limited
influence on total number of piglets born dead.

According to Vanderhaeghe et al. (2013) the incidence of
stillborn piglets was genetically affected by both sows and piglets
themselves. Leenhouwers et al. (2003) clarified that the sow's
genetic factors were found to affect the probability of mortality
during the farrowing process while the piglets' genetic factors were
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found to influence mortality rates before and right after farrowing.
Variations in the occurrence of stillbirth among different lines or
breeds of pigs can be attributed to a complex interplay of genetic
factors (Leenhouwers et al., 1999; Vanderhaeghe et al., 2010).
Although Imaeda et al. (2021) found out that the incidence of
stillborn piglets was higher in Microminipigs compared to other
pig breeds, this could be because of the too small body size of
Microminipig. Canario et al. (2006) found out that the weight
of stillborn piglets from Meishan sows was significantly lower
than piglets born from Large White, Laconie male line and
F1 Duroc x Large White sows. This difference was speculated
by the ability to limit conceptus growth and crowing uterine
based on the vascularity of the placenta and the homogeneity of
placenta weight in a litter of Meishan pigs (Canario et al., 2006).
Leenhouwers et al. (1999) similarly reported that purebred lines
tend to have a higher number of stillborn piglets (+0.5 to 1 piglet)
per litter compared to crossbred lines. However, the authors
also noted that the differences in the number of stillborn piglets
among different lines might vary depending on the litter size or
parity under consideration (Leenhouwers et al., 1999). It seems
that the incidence of stillborn piglets and total number of piglets
born alive are at some extent affected by the genetic factor, but the
majority effects are indirect through the interaction of litter size,
birth weight, parities and other components.

The latest version of quantitative trait loci (QTL) mapping in
the pig genome encompasses a total of 28,720 identified QTLs
(Chen et al., 2019). Among these QTLs, a subset of 2,129 QTLs
has been specifically identified for reproduction traits, including
163 QTLs associated with "Total number born alive", 97 QTLs
associated with "Number of stillborn", and 95 QTLs associated
with "Mummified pigs" (Chen et al., 2019). A study has identified
specific regions on the pig genome (QTL SSC5, SSC13) that
are linked to early lethality, contributing significantly to the
occurrence of stillborn piglets (Cassady et al., 2001). Wu et al.
(2019) reported some specific regions on the pig genome affecting
the number of mummified and stillborn piglets, specifically being
SSC3 (for Landrace at parity 3) and SSC9 (for Large White at
parity 2), in which the effect genes ASTN1/BRINP2 on SSC9 was
also identified.

The research findings indicated that the relationship between
litter size and stillbirth was not linear (Vanderhaeghe et al., 2013).
Both large and small litters showed an increased likelihood of
stillbirth, suggesting that the probability of stillbirth was higher in
both extremes of litter size (Vanderhaeghe et al., 2013). However,
a recent research found that each additional piglet added to the
litter resulted in a linear increase of 0.5% in the percentage of
stillbirths (Van den Bosch et al., 2022). Andersson et al. (2016)
reported that larger litters could lead to a rise in the number
of piglets born dead, a decline in the proportion of piglets
successfully weaned, and greater variability in the overall quality
of the piglets. In the presence of larger litter sizes, low-birth weight
piglets face increased disadvantages when competing with their
littermates, and this disadvantage is further intensified when the
litters come from older sows (Cabrera et al., 2012). There was a
high positive correlation (r = + 0.98) between increase number of
newborn in the litter and stillborn piglets since the proportion of
stillborn piglets increased significantly from 5.9% to 14.6% when
the number of piglets in the litter increased from 7-11 to 17-21
piglets (Siraziev and Gruzdova, 2020).

An increase in litter size is connected with fetal crowding and
the extended durations of farrowing (Rutherford et al., 2013; Van
Rens and van der Lende, 2004), which subsequently increases
the risk of hypoxia for the piglets (Herpin et al., 2001). Van den
Bosch et al. (2023) have also confirmed that prolonged farrowing
can reduce piglet survival during birth or in the first day of life
as successive uterine contractions may hinder oxygen supply
from the mother to the fetus through the placenta and umbilical
cord. According to Roongsitthichai and Olanratmanee (2021);
Threadgold et al. (2021) asphyxia and dystocia during birth are
significant factors leading to stillbirths and early mortality in
live-born piglets. However, Van den Bosch et al. (2022) found no
interaction between litter size and prolonged farrowing duration
although both of these two factors had independently detrimental
effect on stillborn piglets. In addition, Van den Bosch et al. (2022)
suggested that litter size had a greater influence on stillbirth
percentages compared to the duration of farrowing.

In another aspect, a small litter size has a negative impact on
the proportion of stillborn piglets (Canario et al., 2006; Knol et al.,
2002a), as it is potentially associated with the presence of oversized
piglets, resulting in difficulties during the farrowing process
(Vanderhaeghe et al., 2013). Furthermore, small litters (less than 6
piglets) frequently indicate reproductive abnormalities, which in
turn lead to diminished chances of piglet survival when compared
to intermediate litters (6-11 piglets) (Cecchinato et al., 2008).

In relation to stillbirth rate, a low birth weight of the litter
(< 0.8 kg) was frequently cited as a commonly reported risk
factor (Gourley et al., 2020; Le Cozler et al., 2002; Leenhouwers
et al,, 2003; Nam and Sukon, 2021; Udomchanya et al., 2019;
Vanderhaeghe et al., 2013; Zaleski and Hacker, 1993). Gourley et
al. (2020) reported that there was a significant association (P <
0.01) between an increased stillborn rate and larger litters with
heavier litter weights and lighter piglet weight at birth. There was
a significant difference in piglets birth weight of piglets born alive
and piglets born dead (1175 vs. 1002 g, P < 0.001), respectively
(Udomchanya et al., 2019). In the same research, the occurrence
of stillborn piglets was higher among piglets with a birth body
weight of < 1000 g compared to those with a birth body weight
of 1001-1300 g or > 1300 g. According to the findings, piglets
weighing between 0.1-0.6 kg more than the average birth weight
of their litter exhibited the lowest risk of intrapartum stillbirth
(Nam and Sukon, 2021). Conversely, piglets smaller than the
average birth weight of their litter and those excessively heavy had
a higher probability of being stillborn (Nam and Sukon, 2021).
The presence of a low birth weight could indicate a diminished
quality of uterine support, such as under or malnutrition of the
sow, which in turn can lead to reduced overall vitality of the litter
during the onset of parturition (Vanderhaeghe et al., 2013). In
addition, lower body weight piglets may have relatively smaller
umbilical cords that are more susceptible to umbilical rupture
(Vanderhaeghe et al, 2013). According to Mota-Rojas et al.
(2006), Zaleski and Hacker (1993) piglets with lower body weight
may exhibit reduced efficiency in utilizing oxygen due to their
lower blood haemoglobin concentration that make them more
susceptible to hypoxia during farrowing. In contrast, piglets with
heavy birth weight (> 2.1 kg) may experience dystocia, leading
to prolong farrowing duration, resulting in hypoxia (Canario
et al., 2006; Nam and Sukon, 2021; Vanderhaeghe et al., 2013).
Several studies reported a higher incidence of stillbirths and lower
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individual birth weights in male piglets compared to their female
counterparts, speculating that male piglets were more risky to be 85 T o
born dead (Canario et al., 2006; Knol et al., 2002b; Vanderhaeghe % < « < < T :’I < <
et al,, 2013). Knol et al. (2002b) documented that selecting for a FEHm A A AR 2 z oz A
higher average birth weight had the potential to reduce postnatal :% z B
mortality but concurrently could lead to an increase in the
proportion of stillborn piglets. B g =
Both litter size and birth weight have effects on piglets born = a . [—<T o
alive or dead in a way of optimum threshold, meaning that the e R = R 9
detrimental effects happen to the two extreme values of those _z 2 2 = & i” e
factors. In addition, these two factors exhibit a causal relationship -;% N § w a2 E ﬁ
that influences the piglets born alive or dead, and their interplay 18 3 2 3 S A4 3 g
is also influenced by various other factors such as environmental s |le 5 @ ¥ A
conditions and dam-piglet interactions. It is important to note =/ - - - = 4 s = -
that their effects are not independent but rather interconnected 0
within a complex system. %é
Saura et al. (2015) detected inbreeding depression on total “ § § § e 5 § E [§
number of piglets born alive in Iberian pigs, identifying one el ¥ = & = &5 4 %
region on chromosome 13 associated with inbreeding depression.
When analysing the pedigree data using all available information,
the estimates of inbreeding depression for NBA indicated a value & -
of -0.197 £ 0.092, representing the negative impact on NBA per g3 22 3 2 =2 Z =
10% increase in the inbreeding coefficient (Fped). Significant -
reductions were observed in the number of piglets per 10% g
increase in the inbreeding coefficients Fsnp (-0.121 + 0.047), Froh § a
(-0.230 + 0.087), and Froh_long (-0.181 + 0.074) for SSC13. ; E
The proportion of stillborn piglets can range from 5.0% E é
to 14.3%, and reducing stillbirths is important for improving = o
production targets. Genetic factors have a limited influence on g 2 j:
the number of stillborn piglets, with heritability estimates ranging § = g g kS
from 0.05 to 0.08. The occurrence of stillbirths is affected by genetic = o ox é <
factors in both sows and piglets. Litter size and birth weight also g 3 e o) §
play significant roles in stillbirth rates. Both large and small litter g =t i g g =
sizes increase the probability of stillbirth, and low birth weight is - g s £ = 8
associated with higher stillbirth rates. Inbreeding depression has & 3 T g = E g
been observed in some pig populations, negatively impacting the 8 = é’ 3 E g & =2
number of piglets born alive. 9 % 2 3 E 3 E§ 2
12 3 &£ 5 & & 2 &
2.3. Birth Weight
=
It can be seen from Table 1 that the average birth weight of Ié §
piglets is around 1.5 kg, ranging from 0.3 - 3.3 kg. Most of the § ] 2
published research is related to prolific pig breeds (Landrace, ., § =
Yorkshire, Duroc or mixed), so they shared similar average birth 2 g § 2 =
weights, except for Piau pig breed which is Brazilian pure pig breed S ks = § j:: .
having lower average birth weight (0.997 kg). This could be because s TEv § 3 S 5
different genotype made the birth weight variations. According to 5 g & & 2 % = g
Moreira et al. (2020) litters of high prolific sows comparing to low S § ;: § E £ = 2
prolificacy had 43% higher average birth weight of total piglets £ “ § £ 2 % e 2
born and total piglets born alive. This can be explained by the fact cl=zleg 2 E 2 T £ E % S}
that high prolific sows, after many years of selection targeting for %ﬁ 3 | = E 2 & § & § = g
. ’ . ‘ X : . 2|58 &8 <= & < & 2 <| 2
bigger litter size, have bigger litter birth weight. i g
Within commercial practice, birth weight is widely utilized as ‘g z = x 9 3T g E
the predominant indicator to assess a piglet's vigour of survival & IS 8 § = 8 8 8 = _Lé
until the weaning stage (Tucker et al., 2021). The threshold for 8 = = 8 38 % % ¢ 5| =
defining low birth weight piglets was determined based on a raw £ 8 = = = s = é % =
value derived from analysing the relationship between birth weight Z :é % = s & ° g & ;
and the statistical increase in the risk of mortality (Mugnier et al., = -§“ < & g £ £ 3B g -
2023). Sl &S &8 2 & £ & 2 B| 3
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Feldpausch et al. (2019) suggested that piglets with birth
weight around 1.11 kg had more chance to survive until weaning
than the others.

Research indicates that increased parity and larger litter
sizes have detrimental effects on piglet birth weight, resulting
in a decline in the average birth weight along with an increased
level of variability (Kitkha et al., 2017). Birth weight of the piglets
is affected by large litter size as there is an association between
larger litter sizes and reduced birth weights (Heufd et al., 2019).
Peltoniemi et al. (2021) also agreed that increasing litter sizes
concomitantly resulted in decreased piglet birth weight and
increased within-litter birth weight variations. Each additional
piglet born to a litter linearly decreased average piglet birth weight
(17.6 g, P < 0.01), increased farrowing duration (11min, P < 0.01),
and increased stillbirth (0.5%, P = 0.04) (Van den Bosch et al.,
2022). In addition, according to Riddersholm et al. (2021) the
impact of litter size on piglet birth weight (PBW) was found to
be statistically significant; for each additional piglet within a litter,
the average PBW decreased by 19.5 g for first-parity sows and
21.7 g for sows with 2nd to 9th parities. PBW of sows from parity
2-9 decreased by 25.8 g with increasing weaning to insemination
interval (P < 0.001). Furthermore, birth weight of piglets and
within-litter birth weight variations were also affected by the
parity of the sows, with unfavourable affections coming from
older sows (Riddersholm et al., 2021).

The development of the litter is influenced by the quality of
follicles, which is determined in the period prior to insemination
(Riddersholm et al., 2021). It was reported that the length of the
previous lactation had an influence on litter size (Hoshino and
Vanketsu, 2009) and a weaning-to-insemination interval of less
than eight days had a negative impact on the high within-litter
variation in piglet birth weight compared to intervals above 21
days (Wientjes et al., 2013). After the insemination, intrauterine
environment with nutritional status of the sow become important
factors for placenta and litter development (Riddersholm et al.,
2021). Inadequate placenta function poses a hindrance to the
growth and development of foetus (Town et al., 2004) as well as
the size and effectiveness of the placenta can impact PBW and its
variation (Che et al., 2017). In sows, the crowded uterine affects the
sex ratio of litter, the development of placenta and the expression
of embryonic myogenin in early gestation (Tse et al., 2008) so that
increased litter size has negative effects on piglet birth weight and
birth weight variations.

Previous research has indicated that the heritability of birth
weight was low, ranging from 0.02 to 0.21 (Kaufmann et al., 2000).
According to Zaalberg et al. (2023), heritability estimates were
high for mean litter weight at birth (0.33) but low for litter size
traits (0.04-0.08) and individual piglet weight (0.06-0.07), with
maternal heritability being significantly higher for individual
piglet weight than direct heritability. However, applying a Bayesian
multivariate threshold-linear model to a dataset of 22,483 piglets
revealed significant estimates indicating maternal and direct
heritability for birth weight ranging from 0.29 to 0.36, respectively
(Nguyen et al., 2021). Another research using the similar model
for data of 21,835 individual piglets reported similar results with
maternal and direct heritability for birth weight range from 0.28
to 0.36, respectively (Roehe et al., 2010). In relation to piglet birth

weight, the heritability of birth weight variability was documented
in previous studies, with estimates ranging from 0.08 to 0.12
(Damgaard et al., 2003; Wittenburg et al., 2008). These studies
indicated that the heritability of birth weight was in the wide range
from 0.02 to 0.36 and the variation in birth weight was influenced
significantly by both foetal genetic factors and maternal genetic
effects, making it valuable to identify the specific genes or variants
responsible for this variability.

The examination of candidate genes such as MyoD (Te Pas
et al,, 1999) , MSTN (Jiang et al., 2002), and DBH (Tomas et al.,
2006) has led to the identification of several markers associated
with birth weight. A total of 17 genomic regions associated with
birth weight were identified, with 12 of them overlapping with
previously reported QTL regions for piglet birth weight, average
birth weight and litter birth weight (Zhang et al., 2014). A
genome-wide association study (GWAS) on 82 sows with extreme
birth weight variability identified 266 genome-wide significant
SNPs (P < 0.01), enriched on chromosomes 7, 1, 13, 14, 15, and
18, and further analysis revealed genes related to plasma glucose
homeostasis (GLP1R), lipid metabolism and maternal-fetal lipid
transport (AACS, APOB, OSBPL10, and LRP1B), suggesting
their potential role in birth weight variability (Wang et al., 2016).
Recently, some more genes associated with birth weight were
reported based on genome-wide association study (GWAS), being
SKOR2, SMAD2, VAV3, NTNGTI (Li et al., 2020), and ARAP2 and
TSN (Lee et al., 2020).

The biological mechanism underlying piglet birth weight
involves a combination of genetic, maternal and uterine
environmental factors. In this combination, the heritability of
birth weight ranges from 0.02 to 0.36, indicating a significant
contribution of both foetal and maternal genetic effects. Several
candidate genes have been associated with birth weight, providing
insights into the genetic basis of birth weight variability in pigs.
Larger litter sizes have a negative effect on piglet birth weight,
resulting in decreased average birth weight and increased
variability. Factors such as the quality of follicles, weaning-to-
insemination interval, and placenta function also influence piglet
birth weight and birth weight variation within litters.

Conclusions

In conclusion, there is consistent increase in piglet litter size,
which is determined by factors like ovulation rate, embryonic
survival, uterine capacity, and genetic factors. The occurrence of
stillborn piglets is influenced by a combination of genetic factors,
litter size and birth weight, but their relationships are holistic.
Regarding piglet birth weight, various factors are involved,
including genotype, litter size, parity of the sow, follicle quality,
nutritional status of the sow and placenta function. Both foetal
and maternal genetic factors contribute to the overall variation in
birth weight, which highlights the potential for further research
in identifying specific genes or variants associated with birth
weight variability. The negative impact of inbreeding on litter size,
piglets born alive/dead, birth weight (or litter weight) is limited
to detecting an inverse correlation between inbreeding coefficient
and the traits. Further studies are needed to understand the
physiological mechanism effects.
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