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Introduction
 Until the end of the 1990s, dairy cows breeding objectives’ were 
on milk production and traits, fecundity and fertility parameters and 
some physiological aspects (teats and horns) without giving impor-
tance to the milk production, the cattle functional longevity and other 
robustness parameters’ (mastitis, metritis and lameness resistances). 
These parameters are limited to the production level and they are 
essential for animals’ welfare. Lameness is the third most common 
disease in dairy cattle and its heritability is relatively low [1]. This 
genomic selection and the study of QTLs related to the lameness re-
sistance are the most efficient and the fastest solutions.

 Several researchers have studied the effects of Stat5A and GH on 
milk production and traits as well as on the fertility parameters in 
dairy cows.

 STAT5A is a gene coding for the anti-apoptotic protein (apopto-
sis is the programmed cell death mechanism) of neutrophils in cattle, 
located on chromosome 19 [2]. It is made up of 19 exonscoding, 794 
amino acid chain [2]. This protein is a member of the STAT family 
of transcription factors. In response to cytokines and growth factors, 
members of the STAT family are phosphorylated by associated recep-
tor kinases and then they form homo- or heterodimers that translocate 
to the cell nucleus where they act as transcriptional activators. It has 
been suggested that the anti-apoptotic mechanism is induced by an 
increase in Bcl-xL (B-celllymphoma-extra large) mRNA expression, 
dependent on the GM-activated STAT5 transcription factor. -CSF 
(Granulocyte-macrophage colony-stimulating factor). STATs act as 
signal transducers in the cytoplasm and activators of transcription in 
the nucleus.

 Neutrophils, the most commonly represented granulocytic 
sub-population in the blood, have a high inflammatory potential and 
can induce tissue damage. Their death by apoptosis and their safe 
removal by phagocytic cells help to limit this damage during the res-
olution of inflammation. In the absence of cytokines or other pro-in-
flammatory agents (non-inflammatory context), the elderly neutro-
phils (half-life: 6 - 18h) spontaneously enter a programmed cell death 
process before being phagocytosed by macrophages [3]. It should 
be noted that cytokines play a major role in triggering and regulat-
ing the inflammatory response [4]. They can be produced by a large 
number of distinct cells (monocytes / macrophages, endothelial cells, 
keratinocytes, fibroblasts, etc.). They can be pleiotropic and several 
cytokines can have the same action on the same cell (redundancy). 
A cell type can produce several types of cytokine. Schematically, we 
can distinguish two classes of cytokines associated with two opposite 
types of action, either pro-inflammatory or anti-inflammatory.
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Abstract
 The objective of this study consists in determining the association 
between genetic polymorphism of the STAT5A and GH genes and 
the incidence of lameness in dairy cows in Tunisia. DNA was extract-
ed from 412 blood samples from Holstein cows (lame and healthy). 
Genotyping was performed by the PCR-RFLP technique and the use 
of the BestEII and the MspI restriction enzymes, respectively for the 
Stat5A gene and the GH gene. The calculation of the association of 
lameness and its factors (parity, calving season, genetic polymor-
phism StAT5A and GH genes and levels of milk production) was 
done by the Logistic procedure. The genotypic frequencies of the 
Stat5A gene are of the order of 0.24, 053 and 0.23 respectively for 
the genotypes (GG), (GC) and (CC). For the two alleles (G and C), 
the allelic frequencies are equal; they are of the order of 0.5. For the 
GH-MspI polymorphism, the genotype frequencies are of the order 
of 0.55, 030 and 0.15, respectively for the genotypes (+/+), (+/-) and 
(-/-). The allelic frequencies are of the order of 0.7 and 0.3 respec-
tively for the (+) and (-) alleles.

 The logistic regression results reveal an association between the 
factors included in the model and the incidence of lameness. Multip-
arous cows are the most susceptible to lameness for all levels of milk 
production. The winter is the most favorable season for the incidence 

of feet pathologies. Similarly, the polymorphism of the Stat5A (pro-
duction level) and GH (production level) genes seems to affect the 
incidence of lameness. The STAT5A G allele and the GH (+) allele 
increase the incidence of podal pathologies.

Keywords: Allele; Gene; GH; Lameness; Polymorphism; STAT5A 

D:\Sindhu\PDFs\Articles\2022\Herald\02 Feb\HARVS\HARVS-22-001\10.24966\ARVS-3751\100032


Citation: Ferchichi MA, Jemmali B, Larbi MB, Gara AB (2022) The association of the genetic polymorphism of the STAT5A and GH/MspI genes and the incidence 
of lameness in Holstein cows in Tunisia. J Anim Res Vet Sci 6: 032.

• Page 2 of 6 •

J Anim Res Vet Sci ISSN: 2639-3751, Open Access Journal
DOI: 10.24966/ARVS-3751/100032

Volume 6 • Issue 1 • 100032

 We should cite that growth hormone influences reproductive func-
tions [5] and assists the body’s immune response, wound healing, and 
hematopoiesis [6]. Given the positive effects of this hormone, the cat-
tle hoof could benefit enormously (healing of wounds, help with the 
immune response, hematopoietic growth).

 [7] reported that bovine growth hormone (bGH) is a peptide with 
a molecular weight of about 22 kDa. [8] and Wallis et al. (1973) re-
ported, respectively, that it is composed of 190 or 191 amino acids, 
containing Alanine or Phenyl-Alinine. In addition, Leucine or Valine 
amino acid substitutions at residue 127 exist due to allelic polymor-
phism [9]. [10] and [11] reported that it consists of five exons separat-
ed by introns.

 Several polymorphisms have been identified in the GH gene. [12] 
and [13] detected a polymorphic site for the Msp I restriction endo-
nucleasease enzyme, the polymorphism being localized in intron 3 
of the GH gene at position 1547 [14]. [15] detected a polymorphic 
site for the restriction endonuclease Apa I. [16] and [17] detected a 
polymorphic site for Alu I, a restriction endonuclease.

 It should also be remembered that bovine GH (bovine Somatotro-
pin -STB) stimulates somatic postnatal growth and has diabetogenic, 
insulin-lactogenic and lactogenic effects in vivo. It coordinates the 
physiological processes affecting the nutrients involved in milk syn-
thesis [18]. Similarly, the latter have reported that many studies have 
focused on the influence of bovine GH (long-term administration). 
) on the performance of lactation; recombinant GH increased milk 
production, corrected the fat material to a greater extent than the GH 
of pituitary origin. [19] reported that allelic variations in the bovine 
growth hormone gene were associated with variation in milk yield 
and also carcass characteristics, such as weight gain, meat quality, and 
so on [20] and reproductive characteristics [21]. Indeed, this hormone 
contributes to the growth of the body through rapid cell division and 
skeletal growth and metabolism [22], in mammogenesis, galactopoie-
sis, lipolysis, etc.

 Several studies have been done on the association of these two 
genes with milk production and its traits, but few studies have been 
conducted on the incidence of lameness. The objective of our study is 
to study the genetic polymorphism of the STAT5A gene and the GH 
gene and their effects on the lameness incidence in Holstein cows in 
Tunisia.

Materials and Methods
Sample’s description

 Our sample was taken from a large dairy farm (Chargui), located 
in the delegation of Mateur-Bizerte (northeastern Tunisia) which be-
longs to the subhumid bioclimatic stage.

 This region is one of the basins of dairy cattle in Tunisia. The dairy 
cattle herd in this region is about 49 000, mainly composed of cows of 
the Holstein breed. That’s why, we have chosen to work on this breed.
The total enrollment for four years 2013-2017 is about 412 cows. 
Sampling is done in December and January of each crop year. The 
period choice is not arbitrary, but it was related to the incidence of 
podal diseases during the winter season.

 The sample covered three categories of cows: lame, not lame and 
lame cured bovines. The sorting on the lame has interested subjects 
with varied podal affection: cows with affection touching limbs and 
feet.

 The identification of the affected category was not taken into con-
sideration, for a clear registration failure in the health records and it 
has no influence in the results. Sampling consists of venous blood 
(jugular), the dose was approximately 5 ml, collected in EDTA (anti-
coagulant) tubes. The tubes are sent to Mateur higher school of agri-
culture and stored at -20 ° C.

Genotyping protocol

 The DNA was extracted from a blood sample using the InnuPREP 
Blood DNA Mini Kit (analytikjena, Germany) according to the man-
ufacturer’s instructions. These DNA samples were examined by elec-
trophoresis on a 1% agarose gel.

 For genotyping the STAT5A (G / C) gene, an 820 bp fragment was 
amplified by PCR using the primer pair: 5 ‘- GAGAAGTTGGCG-
GAGATTATATC-3’ and 5’-CCGTGTGTCCTCATCACCTG-3 ‘[23].
The PCR amplification was carried out using approximately 200 ng of 
genomic DNA which corresponds to 4 μl of DNA, 2.5 μl of the PCR 
buffer, 2.5 μl for each primer (sense and antisense), 2.5 μl of dNTP, 0.2 
μl of the Taq DNA Polymerase Recombinant (SEGMA-ALDRICH) 
and 10.8 μl of autoclaved water in a total reaction volume of 25 μl.

 The PCR steps were as follows: a denaturation phase at 95 ° C for 
5 minutes and then 35 cycles which contain a denaturation phase at 
95 ° C for 40 seconds, an hybridization phase at 57 ° C for 40 seconds 
then an elongation phase at 72 ° C for 40 seconds and finally, a final 
extension period at 72 ° C for 10 minutes. The PCR products were 
revealed by 1.5% agarose gel electrophoresis.

 The PCR products were digested with the BestEII restriction en-
zymes for the STAT5A gene in a reaction mixture containing 12μl of 
the PCR product, 0.3μl of restriction enzyme (BestEII), 2.5μl buffer 
(Buffer), 0.2 BSA and 10 μl of autoclaved water. The reaction mixture 
was incubated at 37 ° C for 12 hours.

 For genotyping the GH (G / C) gene, a 329bp fragment was ampli-
fied by PCR using the primer pair: 5’-CCCACGGGCAAGAATGAG-
GC-3 ‘and 5’-TGAGGAACTGCAGGGGCCCA-3’ [24]. The PCR 
amplification was carried out using approximately 200 ng of genomic 
DNA which corresponds to 4 μl of DNA, 2.5 μl of the PCR buffer, 2.5 
μl for each primer (sense and antisense), 2.5 μl of dNTP, 0.2 μl of the 
Taq DNA Polymerase Recombinant (SEGMA-ALDRICH) and 10.8 
μl of autoclaved water in a total reaction volume of 25 μl.

 The PCR steps were as follows: a denaturation phase at 95 ° C for 
5 minutes and then 35 cycles which contain a denaturation phase at 
95 ° C for 40 seconds, a hybridization phase at 60 ° C for 40 seconds 
and an elongation phase at 72 ° C for 40 seconds, and finally a final 
extension period at 72 ° C for 10 minutes. The PCR products were 
revealed by 1.5% agarose gel electrophoresis.

 The PCR products were digested with the restriction enzymes 
MspI for the GH gene in a reaction mixture which contains 12 μl of 
the PCR product, 0.3 μl of restriction enzyme (MspI), 2.5 μl of buffer 
(Buffer), 0.2 BSA and 10 μl of autoclaved water. The reaction mixture 
was incubated at 37 ° C for 12 hours.

Statistical analysis

 The database contains categorical data: (i) the genotypes of the 
two genes studied, STAT5A / BestEII and GH / MspI, (GG, GC, CC, 
++, + - and -); (ii) calving season (fall, winter, spring and summer), 
and numerical data: (i) identification of the animal; (ii) parity (1, 2 
and 3); (iii) age at calving; (iv) day milk yields test; (v) year of calv-
ing; (vi) country of animal seeds origin.
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 The analysis of the lameness incidence was done by the SAS lo-
gistic procedure (PROC LOGISTIC) using the following model:

Yijklmn=   βi STi(Npm) + βj GHj(Npm) + βk Nlk(Npm) + βl saisl(Npm) + 
eijklmn

Or

Yijklmn: dependant variable binaire of the lameness incidence. 

ST: the fixed effect of the ith genotype of the SATAT5A gene (i = 1, 2 
or 3) with same level of production (Low, Medium, High)

GH: the fixed effect of the jth gene genotype GH (j = 1, 2 or 3) with 
same level of production (Low, Medium, High)

Nl: the fixed effect of pth parity (p = 1, 2 or 3) with same level of pro-
duction (Low, Medium, High)

Sais: the fixed effect of the 1st season of calving (l = 1, 2, 3 or 4) with 
same level of production (Low, Medium, High)

eijklmn : residuals error

Results
Detection of the genetic polymorphism

 The separation of GH / MspI gene digests on the 2% agarose gel 
showed bands of 224 // 105 bp, 329 // 105 bp and 329 bp respectively 
for (+/+), (+/-) and (-/-) genotypes. The genotype frequencies are of 
the order of 0.55, 030 and 0.15 respectively for the genotypes (+/+), 
(+/-) and (-/-). The allelic frequencies of the GH / MspI gene are of the 
order of 0.7 and 0.3 respectively for the (+) and (-) allele (Table 1).

 Similarly, digestion of the products amplified by the restriction 
enzyme (BestEII) revealed bands of 676 // 44 bp, 820 // 676 // 44 bp 
and 820 bp respectively for the GG, GC and CC genotypes. Genotyp-
ic frequencies are of the order of 0.24, 053 and 0.23 respectively for 
genotypes (GG), (GC) and (CC). And the allelic frequencies of the 
STAT5A / BestEII gene are equal for the two alleles (G and C), they 
are of the order of 0.5 (table 1).

The effect of genetic polymorphisms on the prevalence of 
lameness

 All the factors included in the statistical model; Stat5A genotypes 
(level of production), GH/MspI genotypes (level of production), par-
ity (level of production), season of calving (level of production); sig-
nificantly affect the incidence of lameness in Holstein cow (P< 0.01) 
(Table 2).

 Table 3 represents the regression coefficients of the factors in-
cluded in the multivariable logistic analysis hierarchical model. The 
highest regression coefficients of the Stat5A genotype factor (level of 
production) are of the order of 0.91, 1.46 and 1.04 for GG (Low), GG 
(Medium) and GG (High) respectively.

 The highest regression coefficients for the genotype factor GH / 
MspI (level of production), are of the order of -0.83 and -0.49 re-
spectively for the genotype +/- (Low) and +/- (High). At the level of 
the parity (level of production), the highest regression coefficients are 
of the order of 0.95, 1.36 and 1.49 respectively for the third parity 
(Low), third parity (Medium) and the third parity (High) . In addition 
we note that the highest regression coefficients are recorded at the 
winter for high and low production cows.

Gene 
locus

Polymor-
phism

Allele
Genotypic

Frequencies (%)
Allelic fre-

quencies(%)

STAT5A G C GG GC CC G C

153137 G C 0.24 0.53 0.23 0.50 0.50

GH/
MspI

+ - +/+ +/- -/- + -

G C 0.55 0.30 0.15 0.70 0.30

Table 1: Genotypic and allelic frequencies (%) in the studied gene loci.

Effect DF Wald Chi-Square Pr>Chisq

Stat5A (level of production) 6 145.02 <0.01

GH/MspI (level of pro-
duction)

6 91.44 <0.01

Parity (level of production) 6 316.00 <0.01

Season (level of production) 9 118.78 <0.01

Table 2: Effect of factors included in the statistical model

DF: degree of freedom; p<0.01: signifiant

  Parameter DF Estimate 
Standard 

Error
Pr>Chisq Exp(Est)

Genotypic Stat5A 
(level of production)

CC (Low) - Referent - - -

GC (Low) 1 0.5206 0.1506 <0.01 1.683

GG (Low) 1 0.9123 0.1912 <0.01 2.490

CC(Medium) - Referent - - -

GC (Medium) 1 0.4611 0.0909 <0.01 1.586

GG (Medium) 1 1.6797 0.2357 <0.01 5.364

CC (High) - Referent - - -

GC (High) 1 0.1593 0.1295 0.21 1.173

GG (High) 1 1.0287 0.1456 <0.01 2.798

Genotypic GH/MspI 
(level of production )

+/+ (Low) - Referent - - -

+/- (Low) 1 -0.8350 0.1546 <0.01 0.434

 -/- (Low) 1 -0.6377 0.1726 <0.01 0.529

+/+ (Medium) Referent

 +/- (Medium) 1 0.0760 0.1041 0.46 1.079

 -/- (Medium) 1 -0.03914 0.1338 <0.01 0.676

+/+ (High) Referent - - -

 +/- (High) 1 -0.4981 0.1171 <0.01 0.608

-/- (High) 1 1.2230 0.2710 <0.01 3.397

Parity (level of pro-
duction)

1 (Low) Referent - - -

2 (Low) 1 0.6196 0.1590 <0.01 1.858
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Discussion
 The genotypic frequencies, resulting from the digestion of the GH 
gene by the restriction enzyme MspI, are of the order of 0.55, 030 
and 0.15 respectively for the  (+ / +), (+/-) and (- / - ) genotypes. 
The allelic frequencies of the GH / MspI gene are of the order of 0.7 
and 0.3 respectively for the (+) and (-) alleles. The allelic frequencies 
agree with those found by [25] who studied the polymorphism of the 
GH / MspI gene in the native Turkish cattle breed. They found that 
the frequency of the (-) allele varies from 0.268 to 0.357. Similarly, 
our results agree with those of [26]. The frequency of the (-) allele has 
been studied in different countries and it varies from 0.09 to 0.26 [14, 
27, 28, 19], Vukasinovic et al.,1998). On the other hand, the frequen-
cy of (-) in this study is lower than what had been found by [24, 29] 
and [30].

 The genotype frequencies are of the order of 0.24, 053 and 0.23 
respectively for the genotypes (GG), (GC) and (CC). And the allelic 
frequencies of the STAT5A polymorphism found in our current study 
agree with those of Oikonomou et al. (2011). The frequencies of the 
G and C alleles are of the order of 0.5 and 0.5, compared to 0.55 and 
0.45 in the Oikonomou et al. (2011) study. But, there is no significant 
difference between these results and those of [23].

 The association of STAT5A and GH / MspI polymorphisms and 
the incidence of lameness in Holstein cows is significant (p <0.01). 
It is noted that GG animals are the most sensitive to the incidence of 
lameness for all levels of production (low, medium and high). [31]  

and [32] mentioned that high producing cows are the most suscepti-
ble to podal pathologies. According to Oikonomou et al. (2011), the 
G allele at the Stat5A locus is associated with the increase in milk 
production. These studies revealed that cows with GG genotypes pro-
duce 435.2 kg more milk than those with CC genotypes which can  
explains the affect ofthe G allele in the incidence of lameness. The 
incidence of lameness is high in homozygous animals (+ / +) for all 
level of production (low, medium and high).

 [33] and [27] showed a significant association between the genetic 
polymorphism of the GH/ MspI gene and milk production. They men-
tioned that the (+) allele increases milk production in Holstein cows 
in China. This is consistent with our findings that the (+) allele favors 
the incidence of lameness because the most productive cows are the 
most sensitive.

 According to Table 3, the incidence of lameness increases with 
the parity for all levels of production. The incidence of these podal 
pathologies in multiparas is higher than in primiparas for the three 
different levels of production (low, medium and high). According to 
[34], the best milk productions are recorded in third and fourth lac-
tation. This leads to an imbalance between the intake of the ration 
and the production of the cows that should be accomplished by the 
concentrate. This excess of concentrate decreases animal’s rumen ph 
that cause insufficient production of biotin [35, 36].

 The latter which is synthesized by rumen bacteria is essential for 
the formation of skin, hair and horny envelopes such as the hooves 
of ruminants and pigs or hooves horses [37]. These bacteria are very 
sensitive to the low rumen pH caused by a diet rich in concentrates (in 
the first eight weeks of lactation concentrate intake is higher to meet 
production needs). Several researchers have examined this aspect of 
hoof health. It has been shown that the higher the proportion of con-
centrates in the cow ration, the less rumen microorganisms produce 
biotin [37] and [38].

 The incidence of lameness is high in cows that calve during the 
winter season compared to those that calve during the spring, summer 
and fall seasons for all level of production. In addition, our study indi-
cated that there is no difference in the incidence of this pathology for 
the fall, summer and spring seasons. Almost all of the studies mention 
the role of moisture and mild temperatures in the incidence of podal 
diseases of dairy cows, which are more common in free stalls, on 
straw areas (where contact between the animals’ feet is tighter) than 
in cubicle buildings [39].

 According to [40], cows’ hooves absorb water quickly and hoof 
hardness decreases with increasing water content. These results sug-
gest that even brief exposure of hooves to wet surfaces results in a de-
crease in their hardness. This thesis is confirmed by [41], who report 
that cows with softer hooves are more at risk for developing lameness 
problems. Also, [42-44] mention that when the hooves are softer, they 
become less resistant to microbiological and physico-chemical influ-
ences that can, among other things, be caused by exposure to excre-
ment.

 In Tunisia, the rainfall is winter type. It is thus accompanied by 
a drop in ambient temperature. During this period, there is a great 
disruption in the rationing of dairy herds because the access to fodder 
in green is often interrupted by the fall of the rains (inaccessible lands 
after the rain fall). Also, we have to note that the high calving rate 
is reached in the winter period. Thus, it is clear that many stressful  

3 (Low) 1 0.9504 0.1521 <0.01 2.587

1 (Medium) Referent - - -

2 (Medium) 1 0.5110 0.1039 <0.01 1.667

3 (Medium) 1 1.3643 0.1140 <0.01 3.913

1 (High) Referent - - -

2 (High) 1 0.9772 0.1532 <0.01 2.657

3 (High) 1 1.4960 0.1329 <0.01 4.464
Season (level of 

production) 

Autumn (Low) - Referent - - -

Summer (Low) 1 0.3083 0.1510 0.40 1.361

Winter (Low) 1 0.5508 0.1474 <0.01 1.735

Spring (Low) 1 0.0791 0.1790 0.65 1.082

Autumn (Medium) Referent

Summer (Medium) 1 0.6939 0.1208 <0.01 2.001

Winter medium 1 0.4490 0.1002 <0.01 1.567

Spring medium 1 0.0788 0.1465 0.59 1.082

Autumn (High) Referent

Summer high 1 -0.0742 0.1284 0.56 0.928

Winter high 1 1.1328 0.1545 <0.01 3.104

Spring high 1 0.1075 0.1712 0.53 1.113

Table 3: coefficient of regression of polymorphism Stat5A (level of produc-
tion, GH/MspI (level of production), Parity (level of production) and season 
(level of production).
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factors (change of rations, cold, soil moisture, calving) are not in fa-
vor of animal welfare but contrary, they are contributing factors to: (i) 
the disruption of the flora rumen (acidosis, alkalosis); (ii) disturbance 
of thermoregulation (increased lipolysis), (iii) friability of the foot 
horns, (iv) the negative affection of immunity, (v) the multiplication 
of pathogenic germs. This explains the increase in podal diseases in 
dairy cattle herds.

 To conclude, the genetic polymorphism of the genes GH / MspI 
and Stat5A) is associated with the incidence of lameness in dairy 
cows (p <0.01). The G and (+) alleles, respectively for the Stat5a and 
GH genes, seem to affect the incidence of lameness. The genotypes 
GG and (+ / +) are the most sensitive. Further studies must be done to 
confirm these results.
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