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Simple Summary: One of the few cattle breeds in the world undergoing restoration is the Polish
White-Backed breed. The objective of this study was to use autosomal microsatellite markers to
investigate genetic diversity in cows of this breed, taking into account their origin, and to evaluate
their reproductive parameters. The findings of this work not only confirm the value of protecting
local cattle breeds around the world, but may also be of importance in developing selection indices
for highly productive breeds, in which reproductive functioning should be one of the most important
factors considered.

Abstract: Local breeds are the main reservoir of biodiversity of farm animals. According to FAO, they
account for 87% of all described breeds in the world. To ensure that they are adequately protected,
they should be continually monitored for genetic variation. Another crucial factor is reproduction,
which is the most important guarantee of population growth. In the present study, genetic varia-
tion in 372 Polish White-Backed cows was determined using DNA microsatellite sequences, taking
into account their parentage. Reproductive parameters were analysed as well, based on data from
3658 lactations of 1128 Polish White-Backed cows. The results indicate that despite the small initial
population and the implementation of a moderate selection of animals, the existing population of Pol-
ish White-Backed cattle has a high level of genetic variation, reflected in the degree of heterozygosity
(0.761). Regarding reproductive traits, despite their late age at first calving, Polish White-Backed
cows were shown to be distinguished by very good fertility parameters in comparison to other breeds
raised in Poland. These findings not only confirm the value of protecting local cattle breeds around
the world but may also be of importance in developing selection indices for highly productive breeds,
in which reproductive functioning should be one of the most important factors considered.
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1. Introduction

Restoration and conservation of local livestock breeds possessing unique traits is of
importance not only for agriculture and global food security but also for rural development,
nature conservation, cultural heritage, and science [1]. The most valued traits in farm
animals include longevity, good health, fertility, prolificacy, high product quality, and high
genetic variation [2,3]. Unfortunately, these traits have been reduced in highly productive
breeds by selection for high productivity. Intensive breeding selection has led to a decline
in genetic variation and to inbreeding depression. This has entailed many unfavourable
changes associated with a decline in the vigour and fertility of animals, and leading to a
reduction in their reproductive capacity, health, and survival rates [4]. Furthermore, an
increase in relatedness has been confirmed to increase calf mortality and delay growth, and
thus prolong the time that animals need to reach sexual maturity, and also increase the
risk of culling and loss of replacement heifers before their first calving [5]. A high level of
inbreeding also weakens the population due to an increase in the degree of homozygosity
and in the expression of harmful recessive alleles [6].
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The Food and Agriculture Organization (FAO) reports that among 8190 breeds of farm
animals, 87% are local breeds and 1984 breeds are endangered [7]. According to Gandini
et al. [8], there are several reasons for the marginalization of native breeds: breeding to pro-
duce more productive animals, the development of intensive production systems, human
population growth and increased demand for food, globalization, breeding and biotechno-
logical revolutions, and climate change. The development of reproductive biotechnology
and of animal feeding and production technology has led to a significant decline in the
use of local breeds of farm animals all over the world. This valuable reservoir of unique
genes has come under the threat of extinction, although studies [9,10] confirm that the
genetic diversity of native breeds may play a major role in future breeding (due to changes
in market demands, new diseases, or climate change).

One of the oldest cattle breeds in Poland is the dual-purpose (milk and beef) White-
Backed breed. According to the FAO [7], this breed is currently classified as an endangered
population. Due to ‘Holsteinization’, it was recognized as extinct in the mid-20th century.
A few individuals (about 50-100) were encountered in eastern Poland, providing the basis
for initiating the restoration process. Its restoration and inclusion in a genetic resources con-
servation programme began in the early 2000s, and, in consequence, the current population
of cows of this breed entered in breeding books numbers is 970. According to the principles
of breed restoration, animals of undocumented origin can be registered in breed books if
they conform to the breed standard. Such individuals currently account for about 30% of
the White-Backed population. In addition to the rare coat colour (side colouring) of the
Polish White-Backed breed, research by Bartowska et al. [11] and Litwinczuk et al. [12] has
shown that their milk has favourable physical and chemical characteristics, especially for
processing. Similar conclusions were drawn from an analysis of the physical and chemical
properties of the meat of Polish White-Backed cattle [13]. Their high fattening capacity has
been observed in particular on semi-intensive farms using on-farm feed from permanent
grassland [14]. These cattle are also highly effective in active nature conservation owing
to their beneficial impact on the species diversity of plants, as demonstrated in a study by
Rysiak et al. [15] carried out in the buffer zone of Polesie National Park. These are some of
the major arguments in favour of continual monitoring and recording of changes taking
place in the Polish White-Backed cattle population.

Changes in genetic variation can be monitored owing to the development of molecular
genetic analysis at the level of deoxyribonucleic acid (DNA), using proven and widely used
genetic markers. Demonstration of genetic diversity and population structure is also of great
importance for the sustainable use of genetic resources. Widely used markers in genetic
analysis of populations of farm animals are DNA microsatellite sequences, regarded as an
ideal tool due to traits, such as numerous repetitions throughout the euchromatic region of
the genome, codominance, and high polymorphism [16,17]. Their use is widespread—for
assessment of genetic diversity [17], genetic distance [2], or relationships between breeds of
farm animals [18], as well as for confirmation of origin [19].

In addition to a high level of genetic variation, reproductive parameters are an im-
portant factor determining both breeding success and economic success in livestock farm-
ing [20]. These depend on numerous factors, such as diet, the season of parturition, welfare
conditions, and intensity of production [21,22]. Low fertility—specifically additional in-
semination procedures, veterinary services, and increased culling—can increase the cost of
herd maintenance [23]. Highly productive cows are characterized by low fertility, which
prolongs the calving interval and at the same time significantly shortens the animals’
productive life [24].

The objective of the study was to use autosomal microsatellite markers to investigate
genetic diversity in Polish White-Backed cows, taking into account their origin, and to
evaluate their reproductive parameters.
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2. Materials and Methods
2.1. Genetic Analysis

The material for the study consisted of hair bulbs from 372 Polish White-Backed cows
protected by a genetic resources conservation programme, selected on the basis of parentage.
The hair bulbs were collected for the purposes of breeding work. The cows selected for the
study were unrelated, going back two generations. The animals were divided into three
groups: G1—cows with no documented origin (178); G2—cows with documentation of the
either the mother or the father (86); and G3—cows with documentation of both parents
and grandparents of the Polish White-Backed breed (108).

DNA was isolated using a commercial kit for isolation of nucleic acids from biological
traces (Sherlock AX A&A Biotechnology), according to the procedure described by the man-
ufacturer. DNA was amplified in a multiplex reaction (12 loci) using the Bovine Genotypes
Panel 1.2 Kit (ThermoFisher Scientific, Waltham, MA, USA), containing 12 markers from
the ISAG-recommended STR panel (BM1818, BM1824, BM2113, ETH3, ETH10, ETH225,
INRA23, SPS115, TGLAS53, TGLA122, TGLA126, and TGLA227).

Microsatellite sequences were amplified according to the manufacturer’s protocol,
using 12 primer pairs labelled with four fluorescent dyes. PCR products were analysed by
capillary electrophoresis in the 3130xI genetic analyser (Applied Biosystems, Waltham, MA,
USA) and separated using the GeneScan-500 LIZ Size Standard (Applied Biosystems). The
electrophoretic separation results were analysed using GeneMapper 4.0 software (Applied
Biosystems).

2.2. Analysis of Reproduction

The analysis included the entire population of Polish White-Backed cows covered by
the genetic resources conservation programme during the period from 2003 (when breed
restoration was initiated) to 2022. In total, 3658 lactations of 1128 cows were included in
the analysis, including 372 individuals analyzed for genetic variation.

Information obtained from milk performance evaluation of Polish White-Backed cows
conducted by the Polish Federation of Cattle Breeders and Dairy Farmers was grouped
according to genotype (R1—cows with no documented origin; R2—cows with documenta-
tion of the either the mother or the father; and R3—cows with documentation of parents
and grandparents of the Polish White-Backed breed) and age at first calving (early—up to
24 months; intermediate—from 24.1 to 26 months; and late—26.1 months and later).

The following reproductive parameters were determined for the groups of animals:
age at first calving, days open (number of days from calving to conception), calving interval
(number of days from calving to calving), dry period (number of days from last milking
to calving), calving-to-first-service interval (number of days between calving and the first
service), service period (number of days between the first service and conception), services
per conception (number of insemination procedures per conception), and gestation length.

2.3. Statistical Analysis

Basic parameters of genetic variation, i.e., observed number of alleles (No) and effec-
tive number of alleles (Ne), were estimated for each locus and population using GenAIEx
6.5 software [25]. Observed heterozygosity (Ho), expected heterozygosity (He), average
heterozygosity (Ha), and the fixation index (Fis) were calculated using CERVUS 2.0 soft-
ware [26]. The Hardy-Weinberg equilibrium (HWE) was determined by the chi? test, using
GENEPOP 4.0 software [27].

The information obtained from the reproductive performance evaluation of Polish
White-Backed cows was used to create a database. Statistical analysis of the database was
performed by one-way analysis of variance (ANOVA) of means for each parameter using
StatSoft Inc. STATISTICA 9.0 software. The groups had a normal distribution. Significance
of differences between values for groups was determined by Tukey’s test. Means designated
a,b differ significantly at p < 0.05; means designated A,B differ significantly at p < 0.01.
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3. Results
3.1. Results of Genetic Variation Analysis

The results of the analysis of DNA microsatellite sequences are presented in Table 1.
Among 372 samples analysed, a total of 382 different alleles were identified in the 12 mi-
crosatellite sequences. Differences were observed in the average number of alleles per
locus between groups of animals. It was highest in the group of animals of unknown
origin (12.167), intermediate in the group of cows with one known parent (11.000), and
lowest in the population with known parents and grandparents (8.667). In all three groups,
differences were noted in the number of alleles identified in individual microsatellite loci,
except for SPS115 and TGLA126, with seven and five, respectively, in all three groups. In
addition, the number of alleles in these two loci was the lowest among all those analysed
in the three groups. The locus with the highest number of alleles was also different in
each group: locus BM2113 in G1 (18 alleles), INRA23 in G2 (18 alleles), and TGLA53 in
G3 (14 alleles). In the case of the effective number of alleles (Ne), groups G1 and G2 were
shown to differ only slightly (6.450 and 6.569), while the value was much lower in G3
(4.472). In each of the groups, a substantial majority of microsatellite loci deviated from
the Hardy—Weinberg equilibrium (HWE) (at p < 0.01), except for loci ETH10, TGLA126,
and TGLA227 in G1, loci ETH10, SPS115, TGLA53, and TGLA126 in G2, and loci ETH3,
SPS115, TGLAS53, TGLA126, and TGLA227 in G3. The average heterozygosity was high
in all groups (>0.7). Observed heterozygosity was lowest in the animals with one known
parent (G2 (0.702)) and highest in those of known origin for two generations (G3 (0.755)).
The locus with the highest observed heterozygosity was BM2113 in group G3 (0.926), while
locus TGLA126 had the lowest Ho values in both G2 and G1 (0.581 and 0.595, respectively).
The estimated value of Fis, which describes an excess or deficiency of heterozygotes in
the population, ranged from —0.110 (BM2113) in G3 to 0.261 (ETH225) in G2. The average
value for this parameter was 0.00 in the group of cows of fully known origin, 0.096 in G1,
and 0.131 in G2.

3.2. Results of Reproduction Analysis

Indicators of fertility were determined in each group of Polish White-Backed cattle:
age at first calving, calving interval, days open, calving-to-first-service interval, service
period, services per conception, dry period length, and gestation length. The data in Table 2
show significant relationships between these fertility parameters and the animals’ genotype.
Cows with a fully known origin generally had more favorable reproductive parameters than
those of unknown origin. The following periods were statistically significantly (p < 0.01)
shorter in that group than in group R1: calving interval by 16.57 days and days open
by 16.15. In addition, in the R3 group, significantly fewer services per conception (1.59)
were found in relation to the R2 group (2.01) and the R1 group (1.96), which significantly
shortened the period of first service to conception. A different tendency was noted for
age at first calving, which was earliest for heifers from group R1 (unknown origin), at
811.43 days, and latest for those with one known parent (R2), at 870.69 days. Cows from
group R3 (fully known origin) first calved at the age of 850.35 days. The differences between
means were confirmed statistically (p < 0.01). The average milk yield for 305-day lactation
in the cows ranged from 4332.26 kg of milk in R1 to 4642.38 kg in R3. The differences in
milk yield were not statistically significant.
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Table 1. Measures of genetic variation in the analysed populations.

G1 G2 G3
Locus N =178 N =86 N =108 Ha
Na Ne HWE Ho He Fis Na Ne HWE Ho He Fis Na Ne HWE Ho He Fis
BM1818 10 5.028 X 0.697 0.806 0.130 10 5.974 * 0.651 0.842 0.218 7 3.050 ** 0.667 0.678 0.008 0.769
BM1824 10 6.477 e 0.685 0.850 0.189 8 6.951 o 0.744 0.866 0.131 6 3.812 o 0.630 0.745 0.146 0.813
BM2113 18 10.561 i 0.764 0.910 0.156 14 10.215 ** 0.767 0.913 0.149 10 6.037 x 0.926 0.842 —0.110 0.881
ETH3 10 6.171 o 0.742 0.843 0.115 10 4.859 e 0.651 0.804 0.180 8 3.104 NS 0.593 0.684 0.126 0.770
ETH10 8 4.035 NS 0.730 0.756 0.029 9 4.931 NS 0.721 0.807 0.096 9 3.978 x 0.741 0.756 0.010 0.766
ETH225 15 6.876 o 0.798 0.859 0.066 14 8.443 wx 0.651 0.892 0.261 8 4.567 o 0.796 0.788 —0.019 0.839
INRA23 15 7.375 i 0.685 0.869 0.207 18 10.446 o 0.721 0.915 0.203 9 5.385 i 0.796 0.822 0.022 0.861
SPS115 7 2.535 wx 0.618 0.609 —0.020 7 2.664 NS 0.605 0.632 0.032 7 2.663 NS 0.667 0.630 —0.067 0.618
TGLA53 17 9.464 ** 0.764 0.899 0.146 15 8.805 NS 0.907 0.897 —0.023 14 7.209 NS 0.852 0.869 0.011 0.881
TGLA122 17 8.395 x 0.798 0.886 0.094 12 5.569 o 0.721 0.830 0.121 12 5.134 o 0.870 0.813 —0.081 0.835
TGLA126 5 2.618 NS 0.595 0.625 0.036 5 2.438 NS 0.581 0.597 0.014 5 2.988 NS 0.722 0.671 —0.086 0.624
TGLA227 14 7.870 NS 0.865 0.878 0.009 10 7.532 ** 0.698 0.877 0.195 9 5.740 NS 0.796 0.833 0.036 0.855
12.167 + 6.450 + 0.7285+ 0.816 + 11.000 + 6.569 + 0.702 + 0.823 + 8.667 + 4472 + 0755+ 0.761 + 0.793 +

Mean + SD 4.366 2.536 0.077 0.102 0.09 3.717 2.649 0.0858 0.105 0.131 2.498 1.442 0.103 0.079 0.000 0.090

Gl—population of unknown origin; G2—population with one known parent; G3—population of known origin for 2 generations; N—number of individuals in group; Na—number
of alleles in locus; Ne—effective number of alleles; HWE—chi-square values of test for HWE; NS: p > 0.05—not significant; * p < 0.05—significant; ** p < 0.01—highly significant;
*** p < 0.001—very highly significant; Ho—observed heterozygosity; He—expected heterozygosity; Ha—average heterozygosity; Fis—Wright’s [28] fixation index.
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Table 2. Statistical analysis of reproductive traits in groups of Polish White-Backed cows.

R1 R2 R3 Total
X SD X SD X SD X SD
Number of lactations 1420 600 1638 3658
Age at first calving 811.43 A 870.69 B 850.35C 844.53
(days and months) (27.05) 139.87 (29.02) 133.67 (28.35) 124.07 (28.15) 131.61
Calving interval (days) 409.98 A 92.33 410.69 A 100.75 393.41 B 78.75 402.68 88.41
Days open (days) 129.03 A 92.23 129.28 A 100.89 112.88 B 78.75 121.84 88.37
Calving to first service (days) 81.91 54.78 80.33 52.10 79.12 48.01 80.40 51.40
First Ser"‘fde;;s;"mephon 146.89 A 72.45 4884 A 84.37 33.55B 62.36 4124 70.65
Services per conception 1.96 A 1.18 2.01 A 1.40 1.59 B 0.82 1.80 1.09
Dry period (days) 85.94 A 69.12 85.00 71.57 78.89 B 62.07 82.81 67.09
Gestation length (days) 280.96 541 281.74 592 280.30 593 280.78 5.76
305-day milk production (kg) 4332.26 843.45 4381.02 1024.36 4642.38 815.21 4461.64 912.07

Rl—population of unknown origin; R2—population with one known parent; R3—population of known origin for
2 generations; A-C—means in rows with different letters differ significantly at p < 0.01.

4. Discussion

In the present study, to describe generational changes in the genetic variation of
Polish White-Backed cows, a tested and reliable genetic tool was used—DNA microsatellite
sequences. The high average number of alleles per locus in all analysed groups of Polish
White-Backed cattle indicates high polymorphism of the microsatellite sequences used
and high genetic diversity in the population. A study by Brasil et al. [29] conducted in
nine Brazilian cattle breeds using 11 microsatellite sequences showed an equally high
average number of alleles per locus (13.1) as the present study. A much higher value
(16.36) was reported in an analysis of four Algerian cattle breeds, based on 22 microsatellite
sequences [2], and a much lower value (6.72) in an assessment of the genetic variation
of Italian and Croatian breeds [30]. The effective number of alleles can be observed to
be higher in Algerian breeds (7.17) [2] than in the present study, while in the Lebedyn
breed, it was shown to be much lower (3.208) in an analysis based on 10 microsatellite
sequences [31].

However, a decline of over 28% was noted in the average number of alleles per locus
in the group of cows of known origin for two generations relative to the group of animals
of unknown origin. The influence of breeding selection on the degree of genetic variation
in a breed is well known [32]. Polish White-Backed cattle are not subject to such rigorous
selection by breeders as highly productive breeds, such as Holstein-Friesian; however, once
breeding books for this breed have been opened outside the genetic resources conservation
programme, there is a breeding programme carried out with moderate selection. Deviation
from the Hardy—Weinberg equilibrium (HWE) in a large group of analysed microsatellite
loci can have a number of causes. The most important include genetic drift, the presence of
null alleles, and selection [33].

Our study showed a high level of expected heterozygosity (>0.7). A similar level was
noted in local Senegalese breeds of zebu cattle, ranging from 0.730 to 0.799 [34], in local
Algerian breeds, at 0.84 [2], and in Lithuanian dairy breeds, i.e., Lithuanian Red cattle and
Lithuanian Red-and-White cattle, at 0.712 and 0.732, respectively [35]. Much lower values
were obtained in studies on Lebedyn cattle (0.670) [31], Taro white cattle (0.628) [36], and
the popular Holstein-Friesian breed (0.699) [37]. The observed heterozygosity values in the
White-Backed population were also high (above 0.7). Equally high values were obtained for
the local Syrian breed Shami (0.730) [37] and for local Lithuanian breeds, namely, Black and
White (0.743), Red (0.705), and Red and White (0.724) [35]. The results of the present study
and the literature results may indicate a high degree of genetic variation in indigenous
breeds around the world.

The Fis inbreeding coefficient is a parameter indicating a reduction in heterozygotes
due to non-random mating [38]. In the case of Fis > 0, there is a deficiency of heterozygous
individuals, while Fis < 0 indicates an excess of heterozygotes. In the present study, the
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average Fis values were slightly above 0, ranging from 0.000 in G3 to 0.131 in G2. The
results are markedly lower than those reported for other European breeds [30,39,40].

An important reference point for the results pertaining to genetic variation obtained
in the present study is a paper by Sawicka-Zugaj et al. [41] presenting an assessment of
the reproductive performance and genetic variation of Polish White-Backed bulls, which
showed a high level of heterozygosity (0.7597) and high Fis (—0.0587). The authors noted
that this effect was obtained using an appropriate breed restoration plan, and, in particular,
application of the principle of leaving only one son from the father for breeding.

In the case of intensive milk production, the optimal age at first calving for maximizing
the yield and the productive life of cows in herds is considered to be 24-27 months [42]. In
the present study of cows of the Polish White-Backed breed, which is used for both milk and
meat, the average age at first calving was 28 months. A similar age—27.64 months—was
reported by Gandini et al. [43] for the local Italian breed Reggiana. This indicates that age
at first calving is later in indigenous breeds. This is not usually associated with milk yield
but with how reproduction is organized in herds. In highly productive cattle breeds, such
as Holstein-Friesian, the age at first calving is somewhat earlier—about 26 months [44].
However, at a time when efforts are made to continually increase the intensification of
production, it is believed that costs can be reduced by as much as 18% when the age at first
calving is reduced to 21 months [45,46].

A study by Bieber et al. [47] showed that European local cattle breeds have a shorter
calving interval, fewer days open, and fewer services per conception than highly productive
commercial breeds. Comparison of the results obtained for Polish White-Backed cows
with the results for Polish Holstein-Friesians reported by Bieber et al. [47] reveals that the
calving interval was much shorter in the present study, while the number of services per
conception and number of days open were slightly higher. Organized breeding of Polish
White-Backed cows of fully known origin (R3) has improved all of the analysed fertility
parameters, in particular the calving interval, the number of services per conception, and,
thus, the shorter period of first service to conception and the days open. This is the positive
effect of 20 years of well-conducted breeding work in the restored breed.

Evaluation of the milk and reproductive performance of cattle in Poland, carried out by
the Polish Federation of Cattle Breeders and Dairy Farmers [48], showed that for the entire
population of dairy cattle in Poland, of which 96.52% are Polish Holstein-Friesian cows, the
average age at first calving was 800 days (26.67 months), and the average calving interval
was 426 days. It is worth noting that the age at first calving was earliest for the Jersey
(795 days) and Polish Black-and-White Holstein-Friesian (796 days) breeds and latest for
the Polish Black-and-White (908 days) and Polish White-Backed (889 days) breeds. Given
that both the Polish Black-and-White and Polish White-Backed breeds are local breeds, a
later age at first calving can be considered a characteristic trait of native, extensively used
breeds. It is worth noting that the report shows that in 2021, Polish White-Backed cows
had the shortest calving interval (404 days) among all dairy cow populations in Poland.

5. Conclusions

Twenty years after the start of the Polish White-Backed breed restoration programme
and the implementation of moderate selection of animals, assessment of genetic varia-
tion showed that its level was high in the group of animals of fully known origin. The
high degree of heterozygosity and the inbreeding coefficient (Fis) of 0 indicate that in
situ conservation of the Polish White-Backed breed was successful. Moreover, well con-
ducted breeding work in the breed restoration process resulted in favourable reproductive
parameters, i.e., a much shorter calving interval, fewer services per conception, and, in
consequence, shorter periods from first service to conception and days open.

The results confirm the need for continuous monitoring of indigenous breeds, for
both genetic variation and production parameters, and, at the same time, can provide
inspiration and hope for organizations deciding to fight for the survival of local breeds of
farm animals—not only of cattle.
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