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The main objective of the study was to assess the polymorphism in intron 2 of the GH gene
and its association with some morphological traits (body weight- BW, length of trunk with
neck- LTN, length of trunk- LT, chest girth- CG, length of breast bone- LBB, length of shank- LS).
Polymorphism in intron 2 of the GH gene was evaluated for four duck populations (Pekin
ducks AF51, Muscovy ducks from a CK and CRAMMLCFF mother and Mulard ducks).
Genetic polymorphism was determined with the PCR-RFLP method using the BsmF1 restriction
enzyme. In the studied duck sample two alleles (GH and GH") and three genotypes (GH/TT,
GH/CT, GH/CC) were found at locus GH/BsmF1. In both groups of Muscovies and in Mulards
the dominant allele was GH'. On the contrary in Pekin ducks AF51, the frequency of both alleles
was found to be similar. The most frequent genotype in the examined ducks was GH/TT. In
Pekin ducks AFS51 three genotypes were observed, while in Mulard ducks and in male
Muscovy ducks from a mother marked as CK, two genotypes (GH/TT and GH/CT) were identified.
Muscovy duck females from a CK mother and all males and females of Muscovy duck from
a CRAMMLCFF mother were monomorphic with only the GH/TT genotype detected. The results
showed that males of Pekin duck AF51 with the GH/TT genotype were characterized by
higher (P<0.01) BW value than those with the GH/CC and GH/CT genotype. In females of Pekin
ducks AF51, this same trend was observed; individuals with GH/TT genotype were superior
(P<0.05 and P<0.01) to birds with two other detected genotypes in respect to BW, CG, LBB
and LS. In the case of Mulards, ducks with the GH/TT genotype were distinguished by higher
values of all evaluated traits compared to ducks with GH/CT and GH/CC genotypes, however
most of the recorded differences were not significant. The only trait markedly impacted
(P<0.05) by the polymorphism of the GH gene intron 2 was the LS value in males.
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Advances in molecular genetics of livestock ani-
mals have led to the identification of genes or
markers associated with genes that influence
growth, carcass and meat quality traits, but also re-
productive features (CHANG et al 2012;
DVORAKOVA et al. 2012; BHATTACHARYA &
CHATTERJEE 2013, HUANG et al. 2013). The mo-
lecular basis of these characteristics is being re-
vealed by functional genomics methods, giving
opportunities to enhance genetic improvement
programs in farm animals through marker-assisted
selection (MAS) (GAO et al. 2007).

Several genes have been used as candidate genes
for marker-assisted selection for improved pro-
ductive and reproductive performance of animals;
one of these genes is the growth hormone gene
(GH) (SUPAKORN & PRALOMKARN 2013). The
expressed product of the GH gene is the protein
growth hormone (GH) (also called somatotropin),
amember of the growth hormone/prolactin family,
produced in specific cells (somatotrophs) of the pi-
tuitary gland (WALLIS 1988). It has many physio-
logical functions, such as promoting muscle
growth (GE et al. 2012), bone growth and develop-
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ment (OHLSSON ef al. 1998), regulation of fat con-
tent (ZHANG et al. 2007) and metabolism
(BAUMAN 1999). In addition, GH plays an impor-
tantrole in innate and acquired immune systems. It
has been proven to affect the proliferation of lym-
phoid cells, the activity of phagocytic cells, thy-
mulin excretion and the growth of the thymus
(GALA 1991). Studies in animals indicate that GH
is involved in the processes of sexual differentia-
tion, pubertal maturation and participates in gona-
dal steroidogenesis, gametogenesis and ovulation
(HULL & HARVEY 2001). In birds, GH has an im-
portant function in growth but is also involved in a
variety of secondary functions such as egg produc-
tion, aging and reproduction (KANSAKU et al. 2003).

Due to this functional importance, the GH gene
has been studied in a wide range of species. The
genomic structure of this gene has been examined
among others in fish (DU et al. 1993), rat (BARTA
et al. 1981), mouse (DAS et al. 1996), bovids
(WOYCHIK et al. 1982), sheep (BYRNE et al.
1987), pig (VIZE & WELLS 1987) and human
(FIDDES et al. 1979). In birds, GH ¢cDNA clones
have been isolated and sequenced from chicken
(LAMB et al. 1988), turkey (FOSTER ef al. 1990)
and duck (CHEN et al. 1988). The genomic se-
quence of the avian GH gene was first reported in
chicken (TANAKA et al. 1992).

In all mammals the GH gene extends over 2-3 kb
and comprises five exons split by four introns
(JING et al. 2006). The duck GH gene is 5.25 kb in
size, also consists of five exons and four introns,
and is structurally similar to the mammalian and
chicken GH genes (KANSAKU et al. 2008). Fur-
thermore, the GH gene is highly polymorphic in
a variety of livestock animals. Many polymor-
phisms have been identified in the GH gene of pig
(WENJUN et al. 2003), bovids (LUCY et al. 1993),
goat (MALVEIRO et al. 2001) and poultry (SHENG-
HAI et al. 2007; GHELGHACHI et al. 2013; ZHANG
et al. 2014). In ducks, the effect of GH gene poly-
morphism on important economic traits has been
noted (WU et al. 2012;2014). Moreover, in a study
conducted on ducks by HIYAMA ef al. (2012) it
was suggested that variation in the promoter of GH
may influence laying performance by changing
the expression of GH mRNA levels in the anterior
pituitary gland.

The objectives of this study were to estimate the
allele and genotype frequencies of GH/BsmFI
polymorphism of Pekin ducks strain AF51, Mus-
covy and Mulard ducks. Additionally, we investi-
gated the possible associations of duck growth
hormone gene polymorphism with body weight
and some body dimensions of ducks in order to
identify a potential marker to be used as a comple-
mentary parameter in the selection of ducks.

Material and Methods

Animals

The experiment was conducted at the Mochelek
Experiment Station in the Kuyavian-Pomeranian
Province and in the Faculty of Animal Breeding
and Biology at the University of Technology and Life
Sciences in Bydgoszcz (Poland). The tested mate-
rial consisted of 47 Pekin ducks strain AF51 (30 males,
17 females), 51 Muscovies from parents marked as
MMLCFFCZK’CK (24 males, 27 females), 46
Muscovies from MMLCFFCZK’CRAMMLCFF
parents (21 males, 25 females) and 44 Mulards —
set STE MULARD (23 males, 21 females). Ducks
were housed in pens according to sex and origin, in
a confined building on deep litter. Birds had free
access to water. Moreover, during the trial the
ducks were fed complete commercial diets ad libi-
tum according to age: a starter diet (from 1* day to
3" week of age) containing 20.0% CP and 11.7 MJ
of metabolizable energy (ME) and a grower/fin-
isher diet (from the 4™ week of age to the end of the
experiment) containing 18.5% CP and 12.2 MJ of
ME).

Drakes and ducks were weighed and measured
individually at the day of slaughter. The males and
females of Pekin ducks AF51 were killed at the 7th
week of life, the Muscovy females at the 10th week
of life and the Muscovy males and Mulards (males
and females) at the 12th week of life. Except for
body weight (BW), the following body measure-
ments were taken before slaughter: length of trunk
with neck (LTN)- between the first cervical verte-
bra and base of'tail, length of trunk (LT) — between
shoulder joint and base of tail, chest girth (CG) —
behind the wings, through the anterior border of
the breast-bone crest and the central thoracic verte-
bra, length of breast bone (LBB) — from the ante-
rior to the posterior edge, length of shank (LS) —
between the hock joint and bottom posterior area
of first toe at its base. Ducks were tape-measured
with an accuracy of 0.1 cm.

The study was carried out according to the
guidelines of the Ethical Committee in Bydgoszcz
(No. 27/2012).

Detection of polymorphism in intron 2 of the
GH gene

Genetic analyses were carried out on genomic
DNA isolated from peripheral blood drawn from a
wing vein. DNA was isolated from aliquots of
15 ul of blood samples using Gene Jet Whole
Blood Genomic DNA Purification Mini Kit
(Thermo Fisher Scientific, Waltham, USA). The
amount and quality of DNA was measured using
a NanoDrop® 2000 Spectrophotometer (Thermo
Fisher Scientific, Waltham, USA). Genomic DNA
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of each duck was stored until subjected to allelic
discrimination assays at -20°C.

GH gene genotypes in intron 2 were determined
using the PCR-RFLP method according to WU et al.
(2012). The PCR product (consisting of 765 base
pairs) was digested with 10U of restriction enzyme
Bsm FI for 4 h in 65°C. The digested fragments
were separated on 3% agarose gels with the pres-
ence of Midori Green Advanced (Nippon Genetics,
Japan). Genotypes were identified against molecu-
lar marker O’ Gene Ruler Low Range DNA Lad-
der (Thermo Fisher Scientific, Waltham, USA).

Statistical analysis

Genotype and allele frequencies were calculated
in each group of ducks. The data used to compare
the effect of polymorphism of GH gene on body
weight and some biometrical traits of ducks were
tested with the use of a model including the effect
of each genotype at locus GH/BsmFI assessed in
Pekin ducks strain AF51 at the 7th week of life,
and in Mulard ducks at the 12th week of life. The
genetic effects of GH gene polymorphism on body
weight and some biometrical traits were analyzed
using the following model:

Yijk =+ Git Dj+ Sk + giju
Where:
Yijuis the observed value of dependent variable,
wu 18 the overall mean,

G; s the fixed effect due to genotype GH/BsmF1
(i= GH/CC, GH/CT, GH/TT),

D; is the fixed effect due to duck origin (j = Pekin
duck AF51 and Mulard ducks),

Sy is the fixed effect due to sex (k=males and fe-
males),

gijk1 1s the random residual error.

Hardy-Weinberg equilibrium was assessed with
the use of a Chi square test and the statistical sig-
nificance of differences among means was calcu-
lated in accordance with the SAS Enterprise guide
9.3 software.

Results

Allele frequencies for GH gene intron 2 in four
duck populations are listed in Table 1. The domi-
nant allele of intron 2 of the duck GH gene was
GH' for three populations: Muscovy ducks (from a
CK and CRAMMLCEFF mother) and Mulards. No
marked differences were observed between fre-
quencies of alleles GH and GH” in the Pekin duck
strain AF51. The allelic distribution of GH/BsmFI
polymorphic sites in Muscovy duck populations
followed a similar pattern. The results indicate that
the GH” allele is the preponderant allele in Mus-
covy duck from a mother marked as CK. Only one
allele was found (GH") in the group of Muscovies
from a mother marked as CRAMMLCEFF.

As aresult of digestion of 765 bp target region of
the duck GH gene intron 2 by BsmFI enzyme, the
samples with 765 bp fragment (uncut) were ac-
cepted as GH/TT genotype, those with 765, 593
and 172 bp fragments as GH/CT and those with
593 and 172 bp were evaluated as GH/CC geno-
types (Fig. 1). The distribution of genotypes of the
GH gene in the four studied duck populations is
presented in Table 2.

The most frequent genotype in the examined
duck groups was GH/TT. The highest degree of ge-
netic polymorphism for the duck GH gene intron 2
was found in Pekin ducks strain AF51. Genotype
frequencies of the GH/BsmF1 locus in this duck
population were in Hardy-Weinberg equilibrium
(P=0.985).

Table 1
Allele frequencies at intron 2 locus of the GH gene depending on origin and sex of ducks
ioi Alleles
Origin of ducks Sex n -
i GH® GH"
Peki g 30 0.58 0.42
€Kin

(AF51) ? 17 0.44 0.56
e 47 0.53 0.47
M J 25 0.02 0.98

uscovy
(MMLCFFCZK’CK) e 27 0.00 1.00
I 52 0.01 0.99
M J 21 0.00 1.00

uscovy
(MMLCFFCZK’CRAMMLCFF) ¢ 25 0.00 1.00
I 46 0.00 1.00
Mulard d 23 0.20 0.80

ular

(STE MULARD) ? 21 0.17 0.83
g 44 0.18 0.82
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Fig. 1. GH/BsmF1 I%eno pe identification (line 1 — molecular

marker O’ Gene Ruler Low Range DNA Ladder — 700, 500,
400, 300, 200, 150, 100, 75, 50,%0, 25 bp; lines 2, 3, 5,6, 8,
14 genotypes GH/TT — 765 bp; lines 4, 7, 8, 13 genotypes
GH/CT — 765, 593 and 172 bp; lines 10, 12 genotypes
GH/CC - 593 and 172 bp).

Compared to Pekin ducks strain AF51, a lower
level of polymorphism for intron 2 of the GH gene
in the group of Mulard ducks was observed. In this
population, two genotypes GH/TT and GH/CT
were identified, with frequencies 0.64 and 0.36, re-
spectively. Moreover, the distribution of geno-
types in Mulard ducks was at genetic equilibrium
(P=0.140).

In terms of genotype frequencies of intron 2 of
the GH gene, the lowest level of diversity was de-
tected in Muscovy ducks, both CK and
CRAMMLCEFF. In the group of Muscovy drakes
from a CK mother, two genotypes were observed:
GH/TT (0.96) and GH/CT (0.04). In the group of
females of Muscovies CK only one genotype was
detected (GH/TT) and the Chi square test showed
that in GH/BsmF1 locus the distribution of geno-
types was in Hardy-Weinberg equilibrium (P=
0.944). Just as in the case of female Muscovies
CK, in the whole group of Muscovy ducks from a
CRAMMLCFF mother, monomorphism of the
GH gene with only the GH/TT genotype was
found. However, in contrast to Muscovies from a
mother marked as CK, genotype frequencies of the
GH gene deviated from genetic equilibrium
(P<0.001).

To study the association of the examined GH
gene (intron 2) polymorphism with morphometric
traits we analyzed the relationship between BW
and some body measurements with identified
genotypes in Pekin ducks AF51 (GH/CC, GH/CT,
GH/TT) and Mulards (GH/CT, PRL/TT). Due to the
lack of variability in Muscovies CRAMMLCFF
and very low genetic variation in Muscovies CK,
we did not evaluate the association of GH gene

Table 2
Genotype frequencies at intron 2 locus of the GH gene depending on origin and sex of ducks
Number of genotypes
Origin Sex (Frequencies of genotypes) HWE
of ducks Observed Expected P-vate
GH/TT GH/CT GH/CC GH/TT GH/CT GH/CC
~ 4.00 17.00 9.00 521 14.58 10.21 0.662
(0.13) (0.57) (0.30) (0.17) (0.49) (0.34) )
Pekin ° 6.00 7.00 4.00 5.31 8.38 3.31 0.794
(AF51) (0.35) (0.41) (0.24) (0.31) (0.49) (0.20) )
&9 10.00 24.00 13.00 10.30 23.40 13.30 0985
(0.21) (0.51) (0.28) (0.22) (0.50) (0.28) )
B 24.00 1.00 0.00 24.01 0.98 0.01 0.918
g0 aeo oo | 6w | om | am
MMLCFF Q ) ’ ’ ) ’ ’ -
(CZK’ CK) (1.00) (0.00) (0.00) (1.00) (0.00) (0.00)
&9 51.00 1.00 0.00 51.00 0.99 0.01 0.944
(0.98) (0.02) (0.00) (0.98) (0.02) (0.00)
& 21.00 0.00 0.00 21.00 0.00 0.00 B
Muscovy (1.00) (0.00) (0.00) (1.00) (0.00) (0.00)
(MMLCFF ° 25.00 0.00 0.00 25.00 0.00 0.00 B
CZK’CRA (1.00) (0.00) (0.00) (1.00) (0.00) (0.00)
MMLCFF) 79 46.00 0.00 0.00 46.00 0.00 0.00 B
(1.00) (0.00) (0.00) (0.00) (0.00) (0.00)
& 14.00 9.00 0.00 14.88 7.24 0.88 0,506
(0.61) (0.39) (0.00) (0.65) (0.31) (0.04) )
hgéﬂ;‘lf:d . 14.00 7.00 0.00 14.58 5.83 0.58 0.657
MULARD) (0.67) (0.33) (0.00) (0.69) (0.28) (0.03) :
&9 28.00 16.00 0.00 29.45 13.09 1.45 0.140
(0.64) (0.36) (0.00) (0.67) 0.30) (0.03) )
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polymorphism in intron 2 with the selected traits in
these groups. The results of the statistical analysis
of associations between the GH/BsmFI polymor-
phism and body measurements in Pekin duck
AF51 are summarized in Table 3. Males of Pekin
ducks AF51 with GH/CC and GH/CT genotype
weighed less (P<0.01) than males with the GH/TT
genotype at locus GH/BsmFIl. Furthermore, the
analysis of BW of females from different genetic
groups showed that ducks with GH/TT and GH/CT
genotypes were significantly (P<0.01) heavier
than those with the GH/CC genotype. There were
no significant (P>0.05) differences between both
Pekin duck AF51 populations (males and females)
with detected genotypes for LTN and LT. Moreo-
ver, the CG value in males of the Pekin ducks

AF51 with all identified genotypes was similar
(P>0.05). Meanwhile, in the case of females, it was
observed that individuals with genotypes GH/CT
and GH/TT in comparison with ducks with geno-
type GH/CC were distinguished by a higher
(P<0.05 and P<0.01) value of CG. The study re-
vealed no significant (P>0.05) differences for
LBB and LS values between males of Pekin ducks
with all detected genotypes. However, the com-
parison of females with the GH/CC genotype and
those with the GH/TT genotype demonstrated that
the latter had markedly higher (P<0.05) values of
LBB (+9.83%) and LS (+6.79).

Associations of GH gene polymorphism in in-
tron 2 with some body measurements of Mulard
ducks are presented in Table 4. No differences

Table 3

Association of GH gene polymorphism in 2nd intron with body weight and some body

measurements of Pekin ducks strain AF51

Traits
Genotype|Sex

BW (g) LTN (cm) LT (cm) CG (cm) LBB (cm) LS (cm)
o | 2422225179701 41500083 | 26.94:149 | 36.28+0.66 15.8320.50 6.2840.13
GH/CC 2025.00436.43" | 38.12+0.58 | 25.75:0.53 | 32.25+0.56 | 14.50:0.43" | 5.87+0.12°
¢ [2300.00£76.79%%  40.46+0.64 26.58+0.57 35.04+0.68 15.4240.37 6.15+0.10
2558.33+35.71" | 42.25+0.63 27.000.63 36.83£0.53 16.48+0.39 6.3320.10
GH/CT | ¢ |2485.71£20.07°] 39.28+0.49 26.64+0.36 35.64+0.71° 15.50+0.24 6.28+0.11
¢ 2519.23423.02° | 40.65+0.58 28.81+0.37 36.19+0.45 15.95+0.27 6.31£0.07
o |2825.00+77.19%|  40.75+0.55 27.37+0.17 38.25+0.78 16.12+0.24 6.37+0.11
GH/TT | 2 12625.00£92.42%| 40.08+0.59 27.25+0.83 36.08+1.03% 16.08+0.43° 6.33+0.12°
¢ 2705.00+64.745 | 40.35+0.40 27.30+0.32 36.95+0.68 16.10£0.21 6.35:+0.08

J <0.01 ns ns ns ns

P-value ? <0.01 ns <0.01 <0.05 <0.05

J9 <0.05 ns ns ns ns ns

BW —Body weight, LTN — Length of trunk with neck, LT — Length of trunk, CG- — Chest girth, LBB — Length of breast bone,

LS — Length of shank,

ABC Values within a row followed by different letters differ significantly (P<0.01)
abc Values within a row followed by different letters differ significantly (P<0.05), ns — P>0.05.

Table 4

Association of GH gene polymorphism in 2nd intron with body weight and some body

dimensions of Mulard ducks

Traits
Genotype| Sex
BW (g) LTN (cm) LT (cm) CG (cm) LBB (cm) LS (cm)
3272.22+128.59| 41.78+0.54 29.94+0.58 39.83+0.77 18.44+0.22 6.94+0.05
GH/CT @ 2842.86+88.93 | 41.50+0.47 28.71+0.53 38.07+0.89 17.64+0.26 6.2840.10
ae 3884.37£96.79 | 41.66+0.36 29.41+0.42 39.06+0.61 18.09+0.19 6.66+0.09
3318.18+108.98| 42.36+0.47 30.04+0.54 41.144+0.42 18.59+0.21 7.07+0.08
GH/TT @ 2857.69+97.54 |  42.07+0.47 28.92+0.55 38.38+0.60 18.11+0.25 6.61+0.08
e 3068.75+85.69 | 42.21+0.33 29.44+0.40 39.64+0.47 18.33+0.17 6.81+0.07
J ns ns ns ns ns <0.05
P-value @ ns ns ns ns ns ns
e ns ns ns ns ns ns

BW —Body weight, LTN — Length of trunk with neck, LT — Length of trunk, CG — Chest girth, LBB — Length of breast bone, LS
— Length of shank, ns — P>0.05.
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(P>0.05) were observed in BW, LTN, LT, CG and
LBB values between both Mulard duck popula-
tions (males and females) with identified geno-
types. No significant differences were found for
the LS value between females with the GH/CT and
GH/TT genotypes. However, considering the ef-
fect of GH gene polymorphism on LS of drakes, it
was observed that this value was higher for males
with GH/TT genotype (P<0.05) than for the drakes
with genotype GH/CT (+1.84%).

Discussion

In the present experiment the polymorphism of
intron 2 of the duck GH gene was examined. Previ-
ous studies had shown that the polymorphisms of
the avian GH gene can be identified not only at in-
tron 2. Polymorphisms in exon regions of this gene
were detected, among others, in ducks (CHANG et al.
2012) and geese (ZHANG et al. 2014). Meanwhile,
polymorphisms in intronic regions of the avian
GH gene were found in chickens at intron 1
(GHELGHACHI et al. 2013), at intron 2 in ducks
(WU et al. 2012), at intron 3 in geese (ZHAO et al.
2008) and chicken (ZHANG et al. 2007), but also at
intron 4 in chickens (NIE et al. 2002).

There is little information in the literature con-
cerning identification of BsmFI polymorphisms in
the 2™ intron of duck GH gene. However, it is pos-
sible to compare the frequency of GH gene alleles
and genotypes presented herein with results de-
scribed by WU et al. (2012). The allele frequencies
reported in the above-mentioned study, which was
carried out in three duck populations, differs from
the one recorded in our experiment. Moreover, the
present results were not in accordance with the
findings in WU et al. (2012) which reported that
the usage of BsmFI restriction enzyme in all duck
populations enabled the detection of three geno-
types. The observed differences may result from
the origin of experimental animals. In the current
study, the monomorphism of GH gene in second
intron observed in the whole group of Muscovy
ducks CRAMMLCEFF may have resulted from the
homozygosity of parents.

Productive performance of poultry is affected by
quantitative traits that can be influenced by many
environmental factors and genes, such as the
growth hormone gene. GH gene polymorphisms
have been studied in various poultry species, such
as chicken (ZHANG et al. 2007), quail (JOHARI ef al.
2013), goose (ZHAO et al. 2011) and ducks (WU
et al. 2014). In these poultry species a high degree
of polymorphism of the DNA sequence of the
GH gene was detected. CHANG et al. (2012) found
19 SNPs in a region of 2087 base pairs (bp) in the
duck GH gene. This study indicated that each SNP

was associated with at least one duck fertility-
related trait. However, available specialist litera-
ture shows that some SNPs in the duck GH gene af-
fected also growth and carcass traits. The effect of
avian growth hormone gene on the above-mentioned
characteristics was recorded by WU et al. (2012),
who as the first discovered BsmFI polymorphism
in duck GH gene in the second intron. This Chi-
nese research group tested three different breeds of
duck (Cherry Valley, Muscovy, Jingjiang) slaugh-
tered after 56 days of life. Considering body
weight of ducks at the day of slaughter, the results
of the present study partially confirm the observa-
tions of WU ef al. (2012). They noted that in one of
the evaluated duck breeds (Jingjiang), individuals
with genotype GH/TT were heavier than those
with GH/CT and GH/CC genotypes. In the present
study we recorded this same trend in both Pekin
AF51 and Mulard ducks. However, our findings
regarding two other breeds are not in agreement
with those described by WU ef al. (2012). In the
groups of Cherry Valley and Muscovies, the heav-
ier birds were the ones with the genotype GH/CT
(WU et al. 2012).

Because of a lack of any comparable results con-
cerning the effect of the GH gene on body measu-
rements in duck, the verification of our findings
with those in previous literature is hampered.
However, the results of our study proved that in
comparison to ducks of other genetic groups, indi-
viduals with the GH/TT genotype displayed higher
values of most of the assessed features, which indi-
cates that the GH gene may be a candidate for
a marker of biometrical traits in ducks.

In conclusion, the highest degree of polymor-
phism in the second intron of the GH gene was ob-
served in Pekin ducks strain AF51, while the popu-
lation of Muscovy ducks from a CRAMMLCFF
mother was monomorphic. The results of this
study with regard to GH/BsmF1 genotype showed
a significant influence on some biometrical traits
such as values of BW, CG, LBB, LS in Pekin
ducks AF51 and LS in Mulard ducks. GH
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