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The dynamic development of research techniques 
in molecular genetics resulted in a number of studies 
on gene function in livestock (7, 8). An example of 
a big-effect gene is the already well investigated and 
described ryanodine receptor (RYR1) gene, also known 
as the halothane gene (HAL), connected with porcine 
stress vulnerability (13, 20).

One of many genes influencing reproductive traits 
is the growth hormone – GH (12), which stimulates 
cell growth and differentiation. It plays a crucial role in 
gonad development, in male and female reproductive 
cell production and in embryo development (14).

The leptin gene (LEP), which influences animal 
metabolism, and its receptor gene (LEPR), found in 
the ovaries, testes, placenta, hypothalamus and pitui-
tary gland of animals, affect embyro development and 
placenta physiology (5, 21). Studies on the influence of 
genes on productive traits in pigs have been conducted 

for many years. Additionally, RYR1, GH and LEP pol-
ymorphism studies on indigenous breed populations 
make it possible to create a  unique genetic animal 
model kept as a genetic reserve (1-4, 9).

The aim of this research was to determine the effect 
of selected genotypes on the reproductive, fattening 
and carcass performance traits of two indigenous pig 
breeds, Zlotnicka White and Zlotnicka Spotted, kept 
and bred in Poland.

Material and methods
Material for analyses comprised blood collected from 65 

sows of the Zlotnicka Spotted breed (zlp) and 43 sows of the 
Zlotnicka White breed (zlb), born and kept in two herds in 
the Wielkopolska region, with only one breed kept in each 
herd. When analysing reproductive, fattening and slaughter 
traits, information was collected on 290 litters, including 
180 litters of the Zlotnicka Spotted sows and 110 litters of 
the Zlotnicka White sows, born in the years 2006-2010.
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Summary
The material for the analyses comprised blood samples collected from 65 Zlotnicka Spotted (Zlp) sows and 

43 Zlotnicka White (Zlb) sows born and kept in two herds in Wielkopolska. While analysing reproductive, 
fattening and slaughter traits, information was collected on 290 litters, including 180 litters of Zlp sows and 
110 litters of Zlb sows. Intravital measurements were taken using a Piglog 105 for the evaluation of the mean 
backfat thickness, lean meat content and loin eye thickness. The aim of the research was to determine the 
effect of selected genotypes on reproductive, fattening and carcass performance traits of the two indigenous 
pig breeds (Zlotnicka White and Zlotnicka Spotted), kept and bred in Poland.

The frequency of RYR1 genotypes indicates that the number of animals with the RYRTT genotype carrying 
a mutation in the RYR1 gene was low in the Zlotnicka breeds. In the herd of Zlb sows, a statistically significant 
negative effect of the RYRCT genotype on piglet wastage up to 21 days of age was found. The highest wastage 
rate was recorded in the group of heterozygotes. The frequency of the genotypes indicates that the DD genotype 
typical of animals with polymorphism in the GH/MspI gene occurred rarely in the analysed population of the 
Zlotnicka breeds. A statistically significant effect of the GH/MspI genotype on litter weight at 21 days of age 
was observed in the population of the Zlb sows. The heaviest piglets were born to sows with the DD genotype, 
while the lightest piglets were born to sows with the CC genotype. The frequency of the LEP genotypes indicates 
that the number of animals with the TT genotype was very low in the population of the Zlb pigs. No animal 
with the TT genotype was found in the Zlp herd.
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Identification of genotypes was based on PCR-RFLP 
analysis. It is known that the most common mutation in this 
gene is C1843T. Therefore, these studies were designed to 
detect or exclude it in the gene RYR1. For PCR-RFLP anal-
ysis, the restriction enzyme HhaI was used. The presence 
of two polymorphisms of the growth hormone gene. GH 
was also determined (using the enzymes HaeII and MspI).

In the case of genetic research on leptin frequency of 
genotypes LEP and the attendance of one polymorphism 
of this gene: A2845T, which was made using the enzyme 
XbaI were determined.

When analysing fattening and slaughter performance 
traits of sows, measurements were taken in vivo with the 
use of a Piglog 105 apparatus to record the mean backfat 
thickness from 2 measurements (mm), the meat content in 
the carcass (%) and the loin eye height (mm). Calculations 
were performed with the SAS statistical package (18), 
applying the linear models given below:

1) linear model for reproductive traits:
Yijk = µ + gi + mj + rk + eijk

where:
Yijk – expected value,
μ – overall average,
gi, – a random effect of i – RYR1 genotype, where i = 1, 2, 3;
mj – a random effect of j-litter of each sow, where j = 1, 
2, …, 10,
r k – a random effect of k – litter breed, where k = 1, 2, 3, 4;
e ijk – the effect of random error.

2) model for the analysis of variance of fattening and 
slaughter traits:

Yijk = µ + gi + rj + eijk
where:
Yijk – the expected value of the characteristic,
μ – overall average,
gi – a random effect of i – RYR1 gen-
otype, where i = 1, 2, 3;
rj – a random effect of j – litter breed, 
where j = 1, 2,
e ijk – the effect of random error.

To convert random values, probit 
transformation was used (23).

Results and discussion
When investigating the frequency 

of the RYR1 genotypes, it was 
found that 45% of Zlotnicka White 
sows had the CC genotype, 40% the 
CT genotype, and 15% of the ani-
mals had the TT genotype. Among 
the Zlotnicka Spotted sows, these 
frequencies were as follows: 56%, 
29% and 15% for CC, CT and TT, 
respectively.

Fattening and slaughter per-
formance traits measured in vivo 
included standardized daily body 
weight gains (g), the mean backfat 
thickness from 2 measurements 
(mm), the meat content in the car-

cass (%) and the loin eye height (mm) in Zlotnicka 
White and Zlotnicka Spotted pigs with a  specific 
genotype. Figure 1 presents mean values of the fat-
tening and slaughter performance traits for sows with 
different RYR1 genotypes. Table 1 presents mean 
values of the reproductive performance traits for sows 
of the Zlotnicka White and Zlotnicka Spotted breeds, 
respectively.

Polymorphism within the RYR1 gene did not have 
a statistically significant effect on daily weight gain 
values. The highest value of the loin eye diameter was 
recorded in pigs with the TT genotype (55.6 mm), and 
the lowest in the CT heterozygotes (48.1 mm), with 

Tab. 1. Mean values of reproductive performance traits in Zlotnicka White (Zlb) 
sows and Zlotnicka Spotted (Zlp) sows with different RYR1 genotypes

Trait Statistics

Genotype

Zlotnicka White Zlotnicka Spotted

CC CT TT CC CT TT

Number of piglets 
born alive

X*
SD**
CV***

  10.66
    2.69
  25.25

10.67
  2.64
24.75

    9.87
    2.39
  24.28

    8.33
    1.82
  21.94

    8.57
    1.92
  22.39

    7.83
    2.82
  36.03

Number of piglets 
in 21st day of life

X
SD
CV

    8.93
    2.07
  23.23

  8.59
  2.23
26.02

    8.61
    2.15
  25.06

    7.81
    2.07
  26.59

    8.33
    1.88
  22.58

    7.58
    2.67
  35.32

Number of gilts  
in 21st day of life

X
SD
CV

    4.17
    1.68
  40.41

  4.31
  1.51
35.14

    4.38
    1.94
  44.27

    3.86a

    1.58
  41.08

    4.27b

    1.56
  36.66

    3.16c

    1.11
  35.19

Number of boars  
in 21st day of life

X
SD
CV

    4.76
    1.69
  35.61

  4.28
  1.89
44.11

    4.23
    1.76
  41.81

    3.95
    1.56
  39.66

    4.06
    1.56
  38.41

    4.41
    1.83
  41.47

Piglet wastage  
(%)

X
SD
CV

  13.93a

  15.66
112.44

17.64b

16.83
95.43

  11.89c

  12.70
106.85

    6.37a

  13.30
208.69

    2.64b

    5.56
210.41

    2.63c

    4.82
183.15

Litter weight  
at day 21 (kg)

X
SD
CV

  42.91a

  21.39
  49.86

31.96b

  8.22
25.72

  31.42c

    7.02
  22.34

  28.16a

  12.77
  45.36

  41.65b

    7.37
  17.70

  53.60c

    8.34
  15.56

Explanations: *X – mean; **SD – standard deviation; ***CV – coefficient of variation. 
Small letters (a, b, c) describe statistically significant differences (P ≤ 0.05), and capital 
letters (A, B, C) describe highly statistically significant differences (P ≤ 0.01)

Fig. 1. Mean values of fattening and slaughter performance 
traits of Zlotnicka White and Zlotnicka Spotted sows with 
different RYR1 genotypes
Explanations: BT – backfat thickness; meat% – percentage meat 
content; LEH – loin eye height (mm); WG – weigh gain
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the differences between the above mentioned groups 
being statistically significant. A similar difference was 
observed for meat contents in the carcass. The great-
est leanness (48%) and the lowest backfat thickness 
(12.5 mm) were found in pigs with the TT genotype. 
The lowest leanness was observed in the CC homo-
zygotes. The greatest backfat thickness was recorded 
in the CT heterozygotes. Differences between the 
abovementioned means were statistically significant.

Skrlep et al. (19) analysed 257 carcasses of hybrids 
(Landrace crossed with paternal components: Pietrain 
and Hampshire). They did not find a significant effect 
of the RYR1 polymorphisms on dressing percentage, 
but observed a  significant effect of these polymor-
phisms on the quality of meat in the carcass.

With regard to the reproductive performance traits 
of Zlotnicka White sows and Zlotnicka Spotted sows 
(Tab. 1), it was found that the effect of a specific RYR1 
genotype on these traits differed in the two breeds. 
An example is the litter weight at day 21, which in 
Zlotnicka White sows with the CC genotype was the 
highest (42.9), whereas in Zlotnicka Spotted sows the 
lowest (28.2). A markedly higher piglet wastage per-
centage was recorded for Zlotnicka White pigs than 
for Zlotnicka Spotted sows, with differences between 
sows with a specific genotype being non-significant for 
Zlotnicka Spotted sows. For Zlotnicka White sows, the 
lowest wastage percentage (11.9%) was found in the 
TT homozygotes, and the level was significantly lower 
than the wastage rates for heterozygotes (CT). The 
number of piglets at day 21, similarly as the number 
of boar piglets and the number of gilts at day 21, did 
not differ between sows with different genotypes, but 
slightly lower values were found in 
Zlotnicka Spotted sows.

When investigating reproductive 
performance traits, Buczyński et al. 
(1-3) found that Zlotnicka White 
sows with the CT genotype of the 
RYR1 gene produced on average 
0.5 piglets more than sows with the 
TT genotype. A study by Matoušek 
et al. (13) confirmed better fertility 
parameters in the CT heterozygotes.

The frequency of genotypes 
for the two polymorphisms of the 
growth hormone gene (GH) was 
determined with the use of the MspI 
i  HaelII enzymes. The frequency 
of GH, identified using the MspI 
enzyme, was as follows: among 
Zlotnicka White sows, 53% had 
the CC genotype, 33% had the CD 
genotype and 14% had the DD 
genotype, whereas in Zlotnicka 
Spotted sows the distribution of 
genotypes was slightly different: 

CC was found in 43% of animals, 35% were hetero-
zygotes, and 22% were DD homozygotes.

Since the fattening, slaughter and reproductive 
performance traits of Zlotnicka White and Zlotnicka 
Spotted sows with different genotypes were similar, 
the analysis of variance was performed jointly for 
Zlotnicka White and Zlotnicka Spotted sows.

Figure 2 presents the mean values of the fattening 
performance traits for Zlotnicka White and Zlotnicka 
Spotted sows, differing in the GH/MspI polymorphism. 
The lowest values of daily weight gains and the lowest 
value of backfat thickness, as well as the highest meat 
content in the carcass, were recorded in sows with the 
DD genotype. However, differences between means 
turned out to be statistically non-significant.

Tab. 2. Mean values of reproductive performance traits in Zlotnicka White (Zlb) 
sows and Zlotnicka Spotted (Zlp) sows with different GH/MspI genotypes

Trait Statistics

Genotype

Zlotnicka White Zlotnicka Spotted

CC CD DD CC CD DD

Number of piglets 
born alive

X*
SD**
CV***

10.09
  2.34
23.20

  11.02
    2.96
  26.90

  10.87
    2.67
  24.61

    8.42
    2.04
  24.21

    8.35
    2.11
  25.28

    8.19
    1.47
  17.96

Number of piglets 
in 21st day of life

X
SD
CV

  8.37
  2.25
26.90

    9.13
    2.11
  23.13

    9.13
    1.76
  19.23

    8.09
    2.19
  27.07

    7.89
    2.22
  28.18

    7.75
    1.39
  17.94

Number of gilts 
in 21st day of life

X
SD
CV

  4.37
  1.67
38.27

    4.13
    1.81
  43.77

    4.23
    1.41
  33.22

    4.05
    1.66
  41.05

    3.89
    1.48
  38.01

    3.63
    1.54
  42.59

Number of boars 
in 21st day of life

X
SD
CV

  4.00Bb

  1.69
42.24

    5.00Aa

    1.88
  37.62

    4.90Ca

    1.69
  34.46

    4.05
    1.63
  40.34

    4.00
    1.55
  38.73

    4.13
    1.67
  40.44

Piglet wastage 
(%)

X
SD
CV

16.05
15.53
96.97

  14.25
  16.45
115.43

  13.39
  15.17
113.33

    4.16
    9.43
226.78

    5.31
  12.43
234.30

    4.91
    9.42
191.79

Litter weight 
at day 21 (kg)

X
SD
CV

29.36a

  8.98
30.60

  37.50b

  10.84
  28.91

  46.80c

  21.76
  46.50

  29.40a

    8.73
  29.60

  37.50b

  10.86
  28.80

  46.90c

  22.13
  31.20

Explanations: as in Tab. 1.

Fig. 2. Mean values of fattening and slaughter performance 
traits in Zlotnicka White and Zlotnicka Spotted sows with 
different GH/MspI genotypes
Explanations: as in Fig. 1.
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In terms of the reproductive performance traits of 
Zlotnicka White sows, females with the CC genotype 
differed highly significantly in the number of boar 
piglets reared to day 21 of life from sows that were CD 
heterozygotes and DD homozygotes. Litter weight at 
day 21 also differed highly significantly between sows 
with different GH/MspI genotypes. A similar trend was 
observed for Zlotnicka Spotted sows (Tab. 2). Sows 
with the DD genotype had a statistically significantly 
higher litter weight at day 21.

The frequency of GH/HaeII genotypes in the popula-
tion of Zlotnicka White sows amounted to 45% for the 
AA genotype, 30% for the AB heterozygotes and 25% 
for the BB homozygotes. Among Zlotnicka Spotted 
sows, the distribution of genotypes was 46%, 32% and 
22% for AA, AB and BB, respectively.

Figure 3 presents the mean values of the selected 
fattening and slaughter performance traits for Zlotnicka 
White and Zlotnicka Spotted sows with different geno-
types within the growth hormone gene GH/HaeII. The 
largest daily gains were noted for the heterozygous 
genotype AB. Growth in this group of sows amounted 
on average to 378 g. The highest percentage of 
meatiness and the biggest eye fillet were found in the 
homozygous genotype AA. These differences were not 
statistically significant. With respect to reproductive 
traits, the best parameters were obtained, regardless 
of the breed, in sows with the genotype AA in relation 
to the GH/HaeII gene.

Differences between sows with different genotypes 
in terms of the mean litter weight at day 21 and percent-
age wastage values were statistically highly significant, 
while differences in the number of live born piglets 
and piglets reared to day 21 proved to be statistically 
significant. Among other features, there were no sta-
tistically significant differences.

Rybarczyk et al. (16) determined a relationship of 
the polymorphism of the growth hormone gene (GH) 
and the RYR1 genotypes with selected traits of carcass 
quality and leanness in 126 hybrid fatteners. For the 
population, the authors obtained the following fre-
quencies: GH/MspI A = 0.78 and B = 0.22; GH/HaeII  
A = 0.86 and B = 0.14. Moreover, no relationship was 
found between the GH polymorphism and meat quality 
or meat content in the carcass. Franco et al. (6), when 
analysing the GH polymorphism, observed that it was 
connected statistically significantly with backfat thick-
ness and mean daily weight gains.

Kurył et al. (11) studied a total of 305 pigs of differ-
ent breeds, including Zlotnicka Spotted. They found 
that the frequency of individual LEP variants and GH 
genotypes depended on the breed or line. Compared 
with the CT genotype, the TT genotype in the LEP 
locus was associated with a  lower live weight, ham 
weight and fat content in ham. Moreover, the genotypes 
AA at locus GH/HaeII and BB at locus GH/MspI were 
the least advantageous in terms of the ham weight and 

meat content in the carcass, compared with the other 
genotypes in these loci. On the other hand, these geno-
types were associated with a greater carcass length.

In a  study by Rybarczyk (17), all the tested pigs 
had the TT genotype. Fatteners with genotypes GG 
G2728A and TT T3469C had a  considerably high 
carcass leanness, at a  level of 57%, and 73.5% of 
them were classified to grades S and E of the EUROP 
system. Analysis of their meat quality showed that PSE 
meat accounted for only 4.8%, at an optimal share of 
intramuscular fat.

Pripwai and Mekchay (15), when analysing 1361 
litters of pigs from commercial crossing, found that 
heterozygotes within MspI showed a  statistically 
significantly higher percentage of reared piglets in 
comparison to the GH homozygotes.

In the population analysed here, the frequency of 
three genotypes of the leptin gene (LEP) was deter-

Fig. 3. Mean values of fattening and slaughter performance 
traits in Zlotnicka White and Zlotnicka Spotted sows with 
different GH/HaeII genotypes
Explanations: as in Fig. 1.

Fig. 4. Mean values of reproductive performance traits in 
Zlotnicka White sows with different LEP genotypes
Explanations: LL21 – number of gilts in 21st day of life; LK21 – 
number of boars in 21st day of life; LP21 – number of piglets in 
21st day of life; LPZU – number of piglets born alive; U% – piglet 
wastage%; MM21 kg – litter weight at day 21
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mined. It showed that, among the Zlotnicka White 
pigs, 74% of animals had the AA genotype, 16% were 
the AT heterozygotes, and 10% were the TT homo-
zygotes. Among Zlotnicka Spotted sows, 97.5% had 
the AA genotype, 2.5% were heterozygous, and none 
was a TT homozygote, which probably results from 
the random sample collection and the relatively small 
number of data.

Figure 4 gives the mean values of reproductive per-
formance traits for Zlotnicka White sows with different 
LEP genotypes. No statistically significant differences 
were found between sows with different genotypes 
in terms of the traits analysed. Because of the small 
number of Zlotnicka Spotted sows with genotypes dif-
fering in terms of the leptin gene, no further statistical 
analysis was performed.

The leptin gene is currently believed to have a broad 
spectrum of action in animals. Leptin is known to be 
an important factor in the regulation of fat reserves, 
feed uptake and body weight. It results from many 
studies conducted to date that leptin also serves sev-
eral important roles in the regulation of reproductive 
functions (22). Kennes et al. (10) performed studies 
on Yorkshire, Landrace and Duroc pigs. The aim of 
their investigations was to find a relationship between 
the LEP gene polymorphisms, i.e. A2845T, T3996C, 
G2728A and T3469C, and pig production traits particu-
larly important from the economic point of view. These 
analyses showed that the frequency of these LEP gene 
polymorphisms in pig populations is either very low or 
these polymorphisms are not found at all. A study by 
Kennes (10) confirmed that in the genotypes of animals 
examined, as well as in many other pig breeds, e.g. in 
populations of the Zlotnicka breeds, the frequencies 
of mutated LEP alleles were low.

The prevalence of genotypes RYR1 indicates 15 
percent of the RYR (TT) individuals in the RYR1 gene 
mutation Złotnicka pig population. For the Zlotnicka 
White sow population, a statistically significant effect 
of the Gh/Mspl genotype on the litter body weight at 
day 21 was observed. The genotype frequencies of LEP 
indicate that the number of TT genotype individuals 
was very small in the Zlotnicka White pig popula-
tion. Among Zlotnicka Spotted pigs, no TT genotype 
individuals were noted. In the analysed Zlotnicka pig 
population, no statistically significant genotype effect, 
concerning the LEP gene, on reproductive traits was 
observed.
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