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ABSTRACT

The aim of this study was to estimate the relations between the LEP/Hphl, LEP/Sau3Al
genotypes vs milk performance traits (yields of milk, protein, and fat, as well as protein and fat
content) in 905 Polish Black-and-White cows, kept in Pomerania. The frequencies of LEP/Hphl
genotypes were: AA, 0.582; AB, 0.364; BB, 0.054. The frequencies of LEP/Sau3Al genotypes
were: AA, 0.638; AB, 0.189; AC, 0.137; BB, 0.015; BC, 0.013, and CC, 0.008. Statistically
significant (P<0.01) relations between the leptin genotypes (LEP/Hphl, LEP/Sau3Al) and milk,
protein and fat yields were found. These traits were significantly higher in the LEP/Hphl AA and
LEP/Sau3 Al BB genotypes.
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INTRODUCTION

Associations between QTLs or genetic markers and milk performance traits
are being investigated on a large scale. Recently, studies have been broadened by
including research on the leptin gene. Consequently, associations between certain
genetic leptin variants and milk performance traits in cattle have been reported
(Liefers et al., 2002; Zwierzchowski et al., 2002; Buchanan et al., 2003).

Leptin is a 16 kDa polypeptide hormone, produced primarily by fat cells
(Zhang et al., 1994; Halaas et al., 1995). It is involved in maintaining the energy
balance by controlling food intake and energy expenditure (Halaas et al., 1995;
Houseknecht and Portocarrero, 1998). In addition, leptin affects functioning of
the endocrine system (Bornstein et al., 1997; Considine, 1997) and reproduction
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(Barash et al., 1996). The major site of leptin gene expression and leptin synthesis
is the white adipose tissue (Zhang et al., 1994; Ji et al., 1998), smaller amounts of
leptin are also synthesised in the placenta (Gong et al., 1996), and the mammary
gland during lactation (Smith et al., 2002).

The presence of leptin was demonstrated in colostrum and/or milk of cattle
(Bonnet et al., 2002), pigs (Estienne et al., 2000), sheep (McFadin et al., 2002),
and in human milk (Houseknecht et al., 1997).

The aim of this study was to establish possible associations between leptin
gene polymorphisms (LEP/Hphl and LEP/Sau3Al) and some milk performance
traits in Polish Black-and-White cows.

MATERIAL AND METHODS

The study involved a total of 905 Polish Black-and-White cows (the mean
percentage of Holstein-Friesian blood was 68%, range from 25 to 94%). The
cows were kept at 5 farms in Western Pomerania. All of the investigated animals
were born between 1990 and 1998 and came from 182 sires. All of the cows in
this study had completed their first lactation, 651 animals completed their first and
second lactations, and 404 completed their first, second, and third lactations.

Polymorphism was analysed at two leptin gene sites. The first polymorphic
site (LEP/Hphl) is situated in the third (the second translated) exon of the gene
(Haegeman et al., 2000) where the C/T transition occurs. The other polymorphic
site (LEP/Sau3Al) is situated within the intron sequence (Pomp et al., 1997).

The first fragment, 331 bp, of the leptin gene (LEP/Hphl) was

amplified using a pair of primers with the following nucleotide sequences:
5’-GGGAAGGGCAGAA AGATAG-3’ and 5’-TGGCAGACTGTTGAGGATC-3’
(Haegeman et al., 2000). Thermal cycling conditions included initial denaturation
at 94°C for 10 min, followed by 30 cycles of 94°C for 30 s, 55°C for 45 s, and 72°C
for 1 min, followed by a final extension at 72°C for 10 min. The PCR products
were digested with Hp#hl restriction nuclease.
Amplification of the next, 1820 bp, fragment of the leptin gene
(LEP/Sau3Al) was carried out with a pair of the following primers:
5’-GTCACCAGGATCAATG ACAT-3’ and 5’-AGCCCAGGAATGAAGTCCAA-3’
(Pomp etal., 1997). The PCR conditions were as follows: 94°C for 8 min, 35 cycles
0f 94°C - 30 s, 55°C - 45 s, 72°C - 1 min; the final step was at 72°C for 8 min. The
amplified fragments were digested with Sau3 Al restriction nuclease.

The restriction fragments obtained were separated in 2% agarose gels
with ethidium bromide and described using Vilber Lourmat software for
photodocumentation of electrophoretic separation and image storage.
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All of the cows (905) were genotyped for the LEP/Hphl polymorphism and
861 for the LEP/Sau3 Al polymorphism.

The next stage involved analysis of associations between leptin genotypes and
the following milk performance traits: milk yield (kg), protein and fat yield (kg),
protein and fat content in milk (%). Statistical analysis of milk performance traits
in relation to LEP/Hphl and LEP/Sau3 Al genotypes was carried using the SAS/
STAT (1990) package. Differences between mean values of the traits were tested
with Duncan’s multiple range test. The following linear model was applied to all
the traits analysed in the first lactation:

Y =1+ S+ R+ 0, + (SRO), + G, + If, + e

ijklmn ijklmn

where:

- observed value

M - trait mean

S. - herd effect (i = 1...5)

R, - year of birth effect (j = 1...9)

O, - sire effect (k= 1...182 for LEP/Hphl and 1...178 for LEP/Sau3Al)
(SRO)y.k - herd x year of birth x sire interaction effect

G, - genotype effect (/= 1,2,3 for LEP/Hphl and 1,2,3,4,5,6 for LEP/Sau3Al)
hf, - hf gene effect (m = 1...52 for LEP/Hphl and 1...48 for LEP/Sau3Al)

e - error.

ijklmn
’ Analogical linear models were applied to the second and the third lactations.

RESULTS

The frequencies of LEP/Hphl genotypes and alleles were: AA, 0.582; AB,
0.364; BB, 0.054; A, 0.764; B, 0.236. The frequencies of LEP/Sau3 Al genotypes
and alleles were: AA, 0.638; AB, 0.189; AC, 0.137; BB, 0.015; BC, 0.013; and
CC, 0.008; A, 0.801; B, 0.116; and C, 0.083.

Mean values of the milk performance traits studied in three consecutive
lactations in cows differing in their LEP/Hphl genotypes are given in Table 1.
Analysis of the LEP/Hphl genotype effects on milk yield during 305-day lactation
showed the highest yield in the three consecutive lactations for the cows with the
AA genotype. Differences in milk yield between cows of different LEP/Hphl
genotypes were significant (P<0.01) in lactation I and II. The AA cows produced
significantly (P<0.01) more milk in lactation I and II than the AB and BB cows,
the difference between AA and AB averaging 189 kg. The difference between AA
and BB cows was somewhat higher (194 kg). In lactation II, the milk yield of
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TABLE 1
Means and standard deviation (SD) of studied traits in reference to LEP/Hphl genotype
Milk yield Protein Fat
L Geno- n kg yield, kg content, % yield, kg content, %
wpe mean  SD mean SD mean SD mean SD mean SD

AA 524 5301%% 1425  168.2"% 48.1 3.17 0.19 2206 645 4.16 0.44
AB 331 51124 1351 1609 455 3.13 020 21024 594 411 0.44
BB 50 5107® 1262 160.6® 404 3.3 0.6 207.8% 577 4.07 0.41
Total 905 5221 1391 1651 469 315 019 2161 625 414 0.44

AA 355 57154 1486  185.8"8 S51.1 324 023 24294 738 426 054
AB 255 5636 1335 179.3* 46.6 3.19 021 23594 694 414 0.57
BB 41 55394 1325 179.9® 456 321 0.19 2272B¢ 600 4.01* 045

Total 651 5673 1418 1829 491 322 022 2388 714 419 0.55

I

AA 215 6042 1584 1966 527 320 020 2587 788 419 056
AB 161 5944 1417 1884 471 315 019 2466 725 412 060
I pp 28 5792 1680 1832 578 314 019 2317 700 400 033
Total 404 5986 1524 1924 510 3.7 020 2521 760 415 056
L - lactation
n - number of animals recorded

ABC_ within columns means bearing the same superscript differ significantly at P<0.01

the AA cows was significantly higher than that of the BB cows only, the difference
amounting to 176 kg. In lactation III, despite a similar pattern of differences in the
mean milk yield, the differences between genotypes were non-significant.

Similarly to milk yield, the AA cows showed the highest mean milk protein
yield in lactations I, II, and III (Table 1). Significant differences (P<0.01) were
revealed between different genotypes in the first two lactations. The milk protein
yield of the AA cows in lactation I was significantly higher, by 7.3 and 7.6 kg,
than that produced by the AB and BB cows, respectively. A similar pattern was
observed in lactation II, although the differences were smaller.

Analysis of fat yield demonstrated the AA cows to produce milk of the highest
fat yield in the three consecutive lactations. In lactation I and II, the AA cows
produced milk with a significantly (P<0.01) higher fat yield than that in either AB
or BB cows; the differences in lactation I were 10.4 and 12.8 kg, respectively. The
corresponding differences in lactation II amounted to 7.0 and 14.7 kg. In addition,
the AB cows showed a significantly (P<0.01) higher fat yield, compared with the
BB cows in lactation II, the difference amounting to 8.7 kg. In terms of milk per
cent fat content, significant (P<0.01) differences were observed between the AA
and BB cows in lactation II, the milk fat content in the former being higher than
that in the latter.
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Associations between LEP/Sau3 Al genotypes and the milk performance traits
analysed are described in Table 2. Because of small sample size (1 individual),
statistical analysis of lactation III disregards the CC cows.

TABLE 2
Means and standard deviation (SD) of studied traits in reference to LEP/Sau3 Al genotype
Protein Fat
- Milk yield, k;
L Gt;gg n rryield, ke yield, kg content, % yield, kg content, %
mean SD mean SD mean SD mean SD  mean SD

AA 552 5219 1444 165.34 484 3.16 020  216.1 645 414 045
AB 163 5106 1260 160.98 4223.15 0.19 2119 560 4.16 042
AC 116 5484 1375 1739 46.6 3.17 020 2274 648 4.14 043
BB 13 5823 1340 189.348¢ 489 3.19 0.19  240.0* 569  4.09 037
BC 11 5119 1150 157.9¢ 4123.07 012 2060 465  4.06 0.52
CC 6 5391 2229 177.0 7633264 010 2283 1033 418 044

Total 861 5243 1405 166.0 473 3.16 019 2171 63.1 414 044

AA 392 5644 1363 182.24 483 322 022 2402 69.9 423 056
AB 125 55758 1408 179.78 473 320 024 2348 65.6 420 050

1 AC 85 6071¢ 1578 195.9¢ 529 323 021 2520 834 413 0.60

BB 9 74094 1415 238.8*F 512 321 0.16 3074 674 415 043
BC 8 5418° 1357 171.6 444 317 009 2120 619 392 054
CC 5 6168% 1324 206.2FF 487 333 0.14 2508 895 398 0.76

Total 624 5715 1422 184.4 493 322 022 2414 715 420 055

AA 241 6005 1515 1940 513320 020 2552 750 422 057
AB 86  5957° 1572 1912° 490 3.16 018 2473* 746 407 051
AC 50 6033 1567  190.1° 520 3.14 017 2480° 832 4.05 054
BB 5 8027°0 1314 2572°P 434 321  0.19 338" 879 412 062
BC 6 4464 1739 183.0° 771 299 019 2528 1192 409 0.87
Total 388 6003 1556  193.6 515 3.18 020 2537 771 4.16 056

L - lactation
n - number of animals recorded
ABCDEF_ within columns means bearing the same superscript differ significantly at P<0.01

I

Analysis of the LEP/Sau3Al polymorphism effects on milk yield in three
consecutive 305-day lactations showed the highest means for the cows with
the BB genotype. The differences in milk yield were significant (P<0.01) in
lactation II and III. The largest difference was that between the BB and BC cows.
In lactation II and III, the BC cows produced by 1991 and 3564 kg less milk,
respectively, compared with the BB cows. In lactation I, the difference amounted
to 704 kg and was not significant.

The highest milk protein yield was found for the cows with the BB genotype. The
cows of different genotypes differed significantly (P<0.01) in terms of their mean
protein yield in each lactation. In lactation I, the BB cows produced significantly
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more protein than the AA, AB, and BC cows, the respective differences amounting
to 24, 28.4, and 31.4 kg. In lactation II, the BB cows showed a significantly higher
protein yield, compared with all other genotypes, the largest difference of 67.2
kg being that between the BB and BC cows. In addition, the latter produced
significantly less protein than the CC cows. Similarly, in lactation III, the protein
yield differed significantly between the BB and the remaining genotypes. The
largest difference (74.2 kg) was that between the BB and BC cows. Analysis of the
per cent milk protein content showed the CC cows to produce milk of significantly
higher (by 0.19%) values of the trait, compared with the BC cows in lactation I.
In lactation II, the CC and BC cows, too, showed the largest differences between
their milk protein content, but the difference was not significant.

Similarly to milk and protein yields, the highest fat yield was that produced
by the BB cows. The largest differences were those between the BB and BC
cows in lactation I and II, the difference being significant in lactation I only
(34 kg). In lactation III, the BB cows showed a significantly higher fat yield,
compared with either the AB or AC cows, the respective differences amounting
to 86.5 and 85.8 kg.

DISCUSSION

Associations between milk performance traits and genetic markers are being
investigated on a wide scale. Studies concerning associations between leptin gene
polymorphism and performance traits of dairy cattle are, however, fairly scarce.
Associations between LEP/Hphl polymorphism and milk performance traits
were followed in Holstein-Friesian cattle (Liefers et al., 2002). No significant
differences in milk, protein, and fat yields as well as in per cent fat content
between cows differing in genotypes were detected.

In contrast, associations between the LEP/Sau3Al polymorphism and milk
performance traits were detected in Holstein-Friesian and Polish Black-and-
White cows. The Holstein-Friesian cow herd studied by Liefers et al. (2002)
showed a significantly higher (1.32 kg) daily milk yield for the AB genotype cows,
compared with the AA homozygote animals. In addition, the AB cows produced
significantly more milk protein, compared with the AA group. The study involved
three genotypes: AA, AB, and BB. On the other hand, the Polish Black-and-White
cows analysed by Zwierzchowski et al. (2002) showed no associations between
the LEP/Sau3Al genotypes and the per cent content of some milk components.
The AC cows were, however, characterized by a significantly higher sum of fat,
protein, lactose, and mineral per cent content as well as significantly higher fat and
protein contents, compared with the AB genotype cows. The study did not involve
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CC cows (absent in the herd); neither did it include the BB and BC genotypes due
to the low number of cows in both. Discrepancies between our findings and those
of others can be explained by breed or population differences.

The results obtained in the present experiment show relations between leptin
gene polymorphism and milk performance in Polish Black-and-White cows.
The use of the LEP/Hphl and LEP/Sau3Al genotype appeared to be possible
for milk, fat and protein yield improvement. Thus, in selection for improvement
of these traits, cows with the LEP/Hphl AA, LEP/Sau3Al BB genotype should
be preferred. The presence of cows whose genotype contains allele C, either
homozygotes (CC) or in combination with allele A (AC heterozygotes), will be
helpful in improving those traits.

Worth mentioning is the tremendous role of leptin in metabolism. Research
involving humans and rodents showed leptin to inform the central nervous system
about the magnitude of energy reserves and to control the metabolism of major
tissues involved in energy storage and release (Halaas et al., 1995). It is suggested
that leptin may inform the hypothalamus about energy reserves sufficient to
support the energy demands of reproduction and to guarantee the success of
pregnancy and lactation (Casabiell et al., 2001). In addition, the mammary
gland is known as a leptin production site, leptin itself being detectable in milk
(Houseknecht et al., 1997; McFadin et al., 2002; Smith et al., 2002). Moreover,
significant positive correlations were reported between leptin level and fat content
in edible commercial milk (Lage et al., 2002).

CONCLUSIONS

In this study, a relation between the LEP/Hphl and LEP/Sau3Al genotypes
and milk performance traits is shown. These polymorphisms might be markers
for yields of milk and its components (protein and fat). If breeding programs are
based upon LEP/Hphl and LEP/Sau3 Al polymorphisms, a preference towards the
AA and BB genotypes, respectively, may contribute to improving milk, protein,
and fat yields.

It is necessary, however, to continue studies on associations between leptin
genotypes and milk performance traits. Continuing these investigations will
permit verification of the presented results before using them in dairy selection
programmes.
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STRESZCZENIE

Zaleznosci miedzy polimorfizmem w genie leptyny i niektérymi cechami uzytkowos$ci mlecznej
bydla

Celem badan byto ustalenie zalezno$ci migdzy genotypami LEP/Hphl i LEP/Sau3Al a cechami
uzytkowosci mlecznej (wydajnos¢ mleka, biatka i thuszczu, zawarto$¢ biatka i thuszczu w mleku) u
905 kréw rasy polskiej czarno-bialej, na Pomorzu. Czgstotliwo$¢ wystgpowania genotypoéw LEP/
Hphl byta nastgpujaca: AA - 0,582, AB - 0,364, BB - 0,054, genotypow LEP/Sau3Al wynosita: AA
-0,638,AB-0,189,AC-0,137,BB - 0,015, BC-0,013, CC - 0,008. Wykazano istotne statystycznie
(P<0,01) zaleznosci migdzy genotypami LEP/Hphl oraz LEP/Sau3Al a wydajnoscia mleka, biatka
i thuszczu badanych kréw. Istotnie wyzsze wartosci tych cech stwierdzono u kréow o genotypach
LEP/Hphl AA oraz LEP/Sau3Al BB.



