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Abstract. This paper describes the study of the common factors of mortaity of suckling piglets.
It is assumed that this parameter is influenced by recessive lethal factors of the genetic load in
population. An immediate subject of study was the chronologica analysis of mortality in piglets
from the breeding group of mini-pigs of ICG SB RAS (Institute of Cytology and Genetics
Siberian Branch of Russian Academy of Sciences) for the period from 2013 through 2019. The
results revealed increased number of dead piglets in the early postnatal period (first five days
after farrowing) over this time period. This observation was confirmed by a statistically
significant correlation coefficient between the year of birth and the number of animals that died
during the first five days of life. Mortality in the period from the 6th day to weaning, on the
contrary, decreased to probable accidental death which was non-related to genetic causes.
Observed redistribution of mortality may be associated with increased general homozygosity in
population and, in part, with the optimization of the excessive for mini-pigs multiple fertility. It
is possible that the consequence of the second cause is an increase in mortality and a decrease in
multiple pregnancy. It is assumed that in the breeding group of mini-pigs of the ICG SB RAS,
there is the process of eliminating excessive lethal ‘genetic load’ and optimizing homozygosity
to alevel ensuring maximum survival of piglets on the 6th day after birth. Results of regression
analysis showed that the mortality of piglets in 2018 reached its maximum level and in future a
decrease to the optimum level which is typical for domestic pigs is possible. In general, results
of this study suggest that newborn piglets are represented by two types. The first type includes
animals whose viability potential determined by recessive lethal ‘genetic load’ is zero — they
cannot live outside mother’s body. The second type is represented by animals with a genetic
viahility potential equal to one —they can die only from accidental death.

Key words: mini-pigs of ICG SB RAS, ‘genetic load’, homozygosity, inbreeding, mortality,
optimization of piglets number, genetic viability potential, agriculture.

INTRODUCTION
Gene pool of adomestic pig, as well as of on any other species, has the so-called
‘genetic load’ which includes neutral and lethal components (Ingue-Vechtomov, 1989;

Lyons et a., 2009). Domestic pigs exist somehowin isolated populations (herds) with
limited number of members (Bekenev, 2012; Christensen et al., 2019) where genetic
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processes typical forsuch populations take place; one of these is an increase in
homozygosity. Thisis caused by both random stochastic processes, such as gene drift,
and elimination of letha and semi-lethal mutations through selection (Li, 1976;
Ingue-V echtomov, 1989; Nikitin & Knyazev, 2015). Depletion of gene pool dueto gene
drift is somewhat balanced by the selection vector for adaptive heterozygosity, as well
as due to continuous mutagenesis of the satellite DNA (Ollivier, 2007; Jaeger €t al.,
2016). At the same time, protein-coding fragments of genome are subject to elimination
which depletes not only gene pool, but also population phenofund (Markov & Naimark,
2015). Therate of these processes depends on the size of population and the presence of
inbreeding (Li, 1976; Huisman et al., 2016). Moreover, if there is inbreeding in the
population, then not only separate loci but the entire genomes (Severtsov, 1990) or, what
isobviously moretrue, their rather large fragments, become homozygous.

The aim of this research is to study the process of elimination ‘genetic load’ from
the breeding group of mini-pigs of the ICG SB RAS associated with early mortality.
During the study period, this group was ‘closed’ (isolated), small in number, and there
was a systematic planned inbreeding in it. Herd homozygosity increased from 0.25 in
2012t00.90in 2018 (Nikitinet al., 2014 and 2018). ‘Genetic load’ of the breeding group
of mini-pigs of thelCG SB RAS should be very high and various since four initial breeds
were used for its forming — Svetlogorsk mini pigs, Large White, Landrace and
Vietnamese breeds (Nikitin et a., 2014). Moreover, it should be taken into account that
the allele pool of mini-pigs of the ICG SB RAS was formed not by the general gene pool
of these breeds, but rather by total genomes of the founders (Shatokhin et al., 2014).
Ultimately, a unique gene pool, different from other forms of domestic pig, has
developed in this population what is confirmed by the unique sets of frequencies of
erythrocyte antigens of blood groups, allotypes of serum proteins (Shatokhin et d.,
2019), endogenous retroviruses (Aitnazarov et a., 2014) and microsatellites (Traspov et
a., 2016). Each of the founders, accordingly, brought its share of genetic load into the
herd. Studying of the variety of colors of mini-pigs of the ICG SB RAS showed the
presence of ‘hidden’ variants in the initial forms (Nikitin et al., 2016 and 2017) which
are obviously a manifestation of a neutral recessive ‘genetic load’, however, the question
about the presence of early mortality lethal ‘genetic load’ remained unanswered.

MATERIALSAND METHODS

The studies were carried out according to the data of zootechnical registration of
farrowing in the breeding group of mini-pigs of the ICG SB RASfor the period of 2013—
2019. The number of animals in reproductive group during each coupling campaign in
the study period ranged from 5 to 10 boars and from 20 to 30 sows (Nikitin et ., 2018).
In the period from 01.01.2013 to 31.12.2019 were conducted 14 coupling campaigns.
There was culling of small and weak at birth animals in the first five days of their life.
All animals were separately weighed at birth and 1 month age. Upon the each fact of
mortality of an animal, the date and reason for it was specified in the zootechnica
document.

Mini-pigs of the ICG SB RAS is kept in ‘“Mini-pigs farm’ of the Federal State
Budget Scientific Institution ‘Federal Research Center Institute of Cytology and
Genetics of the Siberian Branch of the Russian Academy of Sciences’ (ICG SB RAS) in
the suburban area of Novosibirsk, in the village of Kainskaya Zaimka, Russia. Animals
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are kept in unheated pig house, on concrete floors, using sawdust as bedding (Sada &
Reppo, 2011). Feeding of animals carried out with concentrates consisting of bran, wheat
stock feed and boiled meat waste. The content and ratio of nutrients in the feeding
corresponded to the standards for feeding pigs with calculation on a live weight of
50-80 kg (Vladimirov et al., 2003). Currently, mini-pigs of the ICG SB RAS are used
as amodel for cardiac surgery experiments conducted at Meshalkin National Medical
Research Center (Chepelevaet al., 2017).

In domestic pigs, early mortality of piglets is commonly divided into two main
periods (Topchin, 2012):

1. Before regigtration in zootechnical journd, i.e. first five days after birth. This
group includes stillborn, dead at birth, small, weak and ugly pigs.

2. After registration, on the sixth day after birth and before weaning to sows.

Mortality was estimated as the ratio of the number of deaths during the first of
second period to the total number of birth expressed as a percentage. Thus, three
parameters were used:

1. Tota mortality —ratio of the number of deaths before weaning to sows, including
stillborn and ugly ones, to the number of births (%);

2. Mortality beforethe 6™ day — ratio of the number of deaths during first five days,
including stillbirths and ugly ones, to the number of births (%);

3. Mortality of sucklings — ratio of the number of deaths starting from the 6"day
until weaning to the number of births (%).

For plottingin accordance to studied parameters, we used Microsoft Excel.
Regression and correlation analyses were carried out according to recommendation (Lakin,
1990). Significance of differences in statistical parameters was evaluated using Student’s
test (Lakin, 1990). The trend was cal culated by using software Microsoft Exel 2007.

RESULTS

Six-year dynamics of changes in mortaity of piglets of mini-pigs in the ICG SB
RAS can be described by linear regression equations (Fig. 1); it allows estimating the
significance of these changes through correlation coefficients between the year of birth
and the proportion of dead piglets (Table 1).

These changes show arelevant increased death rate of piglets until the 61 day after
birth with a relevant decreased mortality starting from the 6'"day. In general, mortality
growth from birth to weaning is statistically insignificant (Table 1). This combination of
changesin three mortality parameters allows suggesting that there is a shift in the time
of piglets’ death to the earlier period, i.e. first five days after birth. If this assumptionis
true, changes in mortality before the 6™day after birth and starting from it should be:

1) symmetrical,

2) with anegative correlation between them.

Symmetry of the changesobserved means the symmetry of their linear trends,
through the intersection of which and paralel to x axis, the line of symmetry will run.
To determine the y coordinate of this line, we used linear regressionequationsfor
mortality before the 6"day and starting from it (Fig. 1). The equations were reduced to

+6472.2 —y+4491.7 . . .
=7 d :yzzT and, and then combined into equation

from which y~14.99 (Fig. 1).

3.2225
y+64722 _ —y+4491.7
3.2225  2.2238
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Figure 1. Changes in postnatal mortality of piglets of mini-pigs at the ICG SB RAS during the
period from 2013 to 2018.

Table 1. Changes in mortality of piglets of mini-pigsin ICG SB RAS

Parameter Y ear Correlation
2013 2014 2015 2016 2017 2018 coefficient

Born total heads 555 331 365 413 265 212 -

Died total heads 152 103 131 143 75 77 -

% 2738+ 31.12+ 35.89+ 34.62 +28.30+36.32+0.48
1.89 2.54 251 234 277 330
before  heads 59 63 101 98 63 66 -
the % 10.63+ 19.03 + 27.67+ 23.73 +23.77+31.13+0.84
6™ day 131 2.16 2.34 209 261 318 P<005
trend 1469 17.92 2114 2436 2758 30.81 -
After heads 93 40 30 45 12 11 -

the % 16.76 + 12.08+ 8.22+ 10.90+4.53+ 5.19+ -0.90
6" day 159 179 144 153 128 152 P<001
trend 1519 1297 1074 852 6.30 4.07 -
Trend before the % 030 293 615 937 1259 1582 -

deviation 6" day
fromtheline Afterthe % 020 202 425 647 869 1092 -
of symmetry 6" day

difference % 010 091 190 290 390 490 -
Difference between actual % -6.13 695 1945 1283 1924 2594 0.89
proportions of died before P<0.01
and after the 6" day
Average weight at birth g 701.29 709.28 669.05 682.31 706.75 651.39 -0.56

Paired values of deviations of trend linesfrom the line of symmetry should be equa
in absolute values, and their difference should be equal to zero, both in each comparison
pair and in general. However, the absolute values of deviations were actually not equal
(Table 1), and their average value over six measurements, 2.435 + 0.742, is definitely
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(P < 0.01) not equal to zero. Thus, the changesin mortality before and after the 6"day
after birth are not symmetrical, however, relevant negative correlation is observed
between them (r = -0.98, P < 0.01). Thisresult showed that, along with a redistribution
of the death time of piglets, there was adirect increase in their mortality up to the 6™"day
after birth, asit isindicated by a relevant positive correlation between the year of birth
and the difference between observed mortality values before the 6""days after birth and
starting from it (Table 1).

To assessthe nature of changesin the growth rate of piglet mortality during the first
five days after birth, the dynamics of this process was developed (Fig. 2) showing that
although this process can be described by linear regression equation in the time period
under study, it can be more adequately expressed by parabolic equation (Fig. 2).
According to parabolic equation, in 2018, the desth rate of pigletsin the first five days
after birth reached its maximum and will continueto decline. It is known that low weight
of newborn piglets (less than 600 g) is accompanied by their reduced life and
competitiveness (Pond & Houpt, 1978; Nikitin & Knyazev, 2015). Correlation between
mortality from birth to weaning and average birth weight during this year was
statigtically significant (r =-0.87, P < 0.05). At the same time, in this research, the
correlation between the year of birth and the average weight of piglet born this year is
statistically insignificant (Table 1). That is, the variation in average birth weight, unlike
mortality, is not related to the year of birth. Therefore, the correlation between mortality
and average birth weightis not indirect (mediated by year of birth), but a direct one.
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Figure 2. Increase in mortality of piglets of mini-pigs at the ICG SB RAS during the first five
days after birth in the period from 2013 to 2018.

Piglets mortality from birth to weaning will result in a reduction in the number of
piglet reared from sow (live onthe 6"day after birth) and in the number of weaned piglets
received on average from one sow. Since it cannot be excluded out that a shift in
mortality can also affect prenatal period, a decrease in total number of piglets (including
stillborn piglets) is possible.
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To assess these parameters, the dynamics of their changes were plotted (Fig. 3). It
turned out that although a decrease in multiple pregnancy was observed for six years,
correlation coefficient between it and the year of birth of piglets is datistically
insignificant and equals to -0.64. However, for parameters directly related to mortality,
itisdatistically significant (P < 0.01) and amountsto:

1) for the number of born piglets on the 6" day after birth r = -0.98;

2) for the number of piglets at weaning r =-0.91.

Statistical insignificance of correlation between multiple pregnancy and the year of
birth suggests that there is no shift in mortality to prenatal period. However, there is a
paralelism in the trends of multiple pregnancy and the number of pigletsin alitter at
weaning (Fig. 3), but at the same time, correlation coefficient between these parameters
is irrelevant (r =0.70). Since the inclination of line is determined by regression
coefficient, the absence of significant differences between two regression coefficients
indicates their possible parallelism. Regression coefficient for multiple pregnancy is -
0.1591 + 0.0954, for the number of live piglets before weaning -0.1771 + 0.0395
(Fig. 3). Difference between them is irrelevant (Student’s criterion is 0.17). Parallelism
of trends, one of which is statistically significant and the other irrelevant, as well as
irrelevant correlation between them indicate a greater exposure of the second parameter
to theinfluence of random factors. Thus, thereisreason to believe that ashift in mortality
to prenatal period exists, and itmakes sense much more than the absence of such shift.
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Figure 3. Dynamics of changes in total multiple pregnancy; piglets reared from mother and the
number of piglets at weaning per sow.

DISCUSSION
This study showed the relevancy of common division of piglets” mortality into two
periods:

1) before the 6™"day after birth;
2) starting from the 61 day after birth.
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Genetic background of thisdividing is obvious. It is due to genetically determined
viability potentia of newborns which are naturally divided into two types (Rosendo et
a., 2007; Andersen et a., 2011; Topchin, 2012; Nikitin & Knyazev, 2015):

1) Animals whose genetic viability potential (the probability of surviving until
weaning) is equal to zero. Their genotype and, accordingly, phenotype are incompatible
with life outside mother’s body. The proportion of such animals shows the level of
burdening the reproductive part of population with lethal ‘genetic load’ but is not related
to the viability of young animals during suckling period.

2) Animals whose genetic viability potential in early postnatal period of
ontogenesis can be considered as equal to one. In them, just accidental death can happen
whichis not related to their genetic characteristics.

The features of mortality changes are obviously associated with increased
homozygosity in a limited population with systematic inbreeding hat was observed
earlier (Dubinin & Glembotskiy, 1967). Was shown that the maximum frequency of
lethal alleles can reach 10%, after which these alleles were eliminated by selection
(Derkset d., 2019). Since each dying and naturally not leaving offspring animal reduces
the frequency of allele responsible for its death (Li, 1976; Altukhov, 2003), this should
form the dynamics of increased mortality described by parabolic equation (Fig. 2).
Increased homozygosity of selection group is also associated with redistribution of
mortality to an earlier period. This seems quite logical given the four-factor system of
piglets' safety, which consists of feeding sows, their maternal qualities, size of thelitter
and genetic components (Andersen et a., 2011). Moreover, thelatter isalso very difficult
(Rothschild et al., 2007; Wang et a., 2016; Stafuzza et a., 2019) and it in turn can be
decomposed into the presence of aleles that reduce viability, homozygosity and genes
that determine the live weight, sinceit isaso afactor of survival (Pond & Houpt, 1978;
Smith et a., 2007). With constant litter size and feeding conditions, as well as with the
elimination of sublethal alleles and a decrease in homozygosity, the shift in mortality
termsto an earlier period can be explained by the fact that the proportion of mortality of
small-weight pigletsin the herd increases.

Culling of weak newborns could simulate shifting mortality to an earlier period but
such cases are recorded as culling, and not as death, so this assumption is untenable. At
the same time, cumulative effect of homozygosity in many loci that reduce viability
should shift the time of death to an earlier period. It is known that one of the significant
factors of animal mortality in a highly inbreed population is the homozygous state of
lethal and sublethal alleles (Latter, 1998; Charlesworth & Willis, 2009). Therefore, the
more such loci are homozygous, the earlier the animal will die. Shift in mortality to the
first five days after birth has led to minima mortality of piglets during later period;
during last two years, it has stabilized and amounts to about 5%. Thisvalueis consistent
with the probability of accidental death non-dependent of genetic factors (Muns et al.,
2016). Therefore, thereisreason to believe that, other things being equal, achieved level
will remain such in the future.

The idea that a negative ‘genetic load’ can also perform positive functions seems
to be very interesting. If multiple pregnancy is excessive, homozygosity for recessive
lethal and sublethal alleles reduces its size and, thereby, reducing the ‘damage’ to
mother’s body and competition between littermates, increases the possibility of survival
of the remaining animals. Breeding mini-pigs aimed at downsizing is, in fact, an
artificially created situation when multiple fertility inherited from large pigsis clearly
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excessive. A rapid decrease in actual multiple pregnancy (the number of ovulated eggs)
is hardly possible, therefore, the optimization of the number of offspring in litter
(bringing it in line with the size of mother) is achieved by increasing homozygosity for
the alleles of early death. Moreover, the sooner this death occurs, the more beneficial it
will be, both for mother and for remained piglets. Mortality changes observed in the
breeding group of mini-pigs of the ICG SB RAS are consistent with this hypothesis.
They show a rapid increase in early mortality (the whole process took just six years),
with the same rapid decrease in mortality during later period. At the same time, the
number of piglets survived to weaning is reduced what can be considered as an
adaptively determined tendency for an optimal number for breeding group. It should be
noted that a decrease in the number of piglets at weaning to the value obtained in 2018
(4.22 piglets per sow) is not critical for mini-pigs at the ICG SB RAS. Much more
important is the positive effect of this reduction, i.e. lesser burden on sows, their better
devel opment, fatness, and health of piglets; thelatter, therefore, in less age become ready
for usein surgical experiments.

CONCLUSION

In general, results of this study show that in the breeding group of mini-pigs of the
Institute of Cytology and Genetics of SB RAS, the process of removing ‘genetic load’
and optimization of multiple preghancy has reached itscompletion stage. A herd of mini-
pigsat the|CG SB RASishighly inbred. According to 2018 data, similarity index forthe
animals of reproductive core calculated on the basis of the ‘blood share’ of founder is
closeto thefigure of one, that is, genetic similarity between themiscloseto that between
siblings. It isclear that the level of homozygosity with this genetic background israpidly
growing including this in the alleles that form ‘genetic’ load which caused increased
mortality. However, death of young animals from the 6"day until weaningin 2017-2018
stopped at a value close to 5%, that is, it obviously does not have genetic background
and is due to random reasons. The shift of death to the first days after birth and
achievement of maximal annual increase in mortality during this period indicate that in
the future, a decrease in piglet mortality is expected to reach the level optimal for the
breeding group of mini pigs of the Institute of Cytology and Genetics SB RAS.
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