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1 ABSTRACT 
In Senegal, the dairy production improvement of the local cattle breeds, is one of the most 
political and economic issues challenged by public authorities and stakeholders. To address 
such challenges, the study of genes related to milk production is essential to accelerate the 
genetic improvement of these cattle breeds. Among these lactoprotein genes, kappa-casein 
(CSN3) is one of the most targeted because of its effects on milk composition and cheese 
making properties. The objective of this study was to identify the kappa-casein (CSN3) 
genetic variants and to estimate its polymorphism in the Senegalese local cattle breeds. The 
animal sampling consisted of 48 cattle from the four breeds namely Gobra zebu, Maure zebu, 
Djakore and N’Dama taurine. The characterization of the CSN3 gene exon IV genetic 
polymorphism was performed using PCR-Sequencing method. The identification revealed 
four genetic variants A, B, AI and H, from which six haplotypes were resulted: AA, AAI, AH, 
AIH, BB and BH. The highest genetic variability of the CSN3 gene was observed in Maure 
zebu and Djakore with four haplotypes for each breed. Genetic variants CSN3*A and CSN3*B 
associated with high milk protein content, cheese making properties, and milk coagulation 
properties are the most represented in the Senegalese local cattle breeds. These preliminary 
results should encourage the inclusion of these genetic variants among the selection criteria 
when designing breeding programs for improving dairy production in Senegal. 

 
2 INTRODUCTION 
Senegalese local cattle consisted of three indicine 
breeds, namely Gobra zebu, Maure zebu and 
Djakore and one taurine breed, the N’Dama. 
Due to precarious breeding conditions with few 
inputs, their production remains marginal 
(Ndiaye et al., 2015; Sambe et al., 2019; Badji et 
al., 2020). Their average daily milk yield does not 
exceed 3 litres for the best producing cows 
(Bertrand, 2006; Ndiaye, 2015). Although their 
low milk production, these breeds contributed to 
over a half of the national production ~ 243.5 
million litres, representing 54% of the country’s 

milk production (MEPA, 2018). In 2017, milk 
and dairy products imports reached 46.46% of 
the national consumption (ANSD, 2020). The 
dairy bill is very expensive and is close to 60 
billion CFA francs in 2018. The introduction of 
highly performant dairy breeds through artificial 
insemination programs have been established to 
boost the milk production of the local cattle 
breeds (Ndiaye et al., 2015). However, the lack of 
an insightful national plan for the genetic 
improvement of the local cattle breeds reduces 
the chances of successful programs. The growth 

https://doi.org/10.35759/JAnmPlSci.v58-3.
mailto:morbakaryndiaye@hotmail.fr%20%20/
mailto:bakary2.ndiaye@ucad.edu.sn
file:///D:/Documents/JAPS%202023/1101-2023-JAPS=Missa%20Koffi/1.1097-2023-JAPS%20editor%20Brou%20and%20Tra.docx
file:///D:/Documents/JAPS%202023/1101-2023-JAPS=Missa%20Koffi/1.1097-2023-JAPS%20editor%20Brou%20and%20Tra.docx


Ndiaye et al., 2023                             Journal of Animal & Plant Sciences (J.Anim.Plant Sci. ISSN 2071-7024) 
                                                              Vol.58(3) : 10727 -10741    https://doi.org/10.35759/JAnmPlSci.v58-3.1 

10728 

of dairy farms on the outskirts of large cities such 
as Dakar, Thies and Touba has contributed to 
improve the national production, and the milk 
quantity consumed per capita/per year rose 
from 27 litre/inhabitant/year from 1994 to 
29.41 in 2016 (ANSD, 2020). This increasing of 
individual consumption remains low and does 
not directly affect imports of dairy products, of 
which quantities continue to rise every year. 
Those imports increased from 29,773 tonnes to 
30,618 tonnes between 2016 and 2017, 
representing an increase of 2.8% (MEPA, 2018). 
Bovine lactoproteins have been considerably 
investigated during the past years due to their 
possible association with milk yield and some 
reproductive performance in dairy cattle 
(Grosclaude et al., 1988; Dadhich et al., 2006; 
Karimi et al., 2009). Several studies showed that 
certain lactoproteins may be associated with milk 
protein content and cheese making properties 
(Bovenhuis et al., 1992; Caroli et al., 2009). 
Therefore, milk protein genes could be useful as 
genetic markers for additional selection criteria 
in the dairy industry (Otavianio et al., 2005; 
Anggraeni et al., 2010). Bovine milk contains six 
main milk protein sub-groups classified into 
soluble and insoluble fractions (Grosclaude, 
1988, Hamza et al., 2011). The soluble fraction, 
called whey protein, consists of α-lactalbumin 
and β-lactoglobulin. The insoluble fraction 
known as whole casein is the main component 
of milk proteins (78%-82%) and consists 

of𝛼𝑠1 − 𝐶𝑁, 𝛼𝑠2 − 𝐶𝑁 , 𝛽 − 𝐶𝑁 and 𝜅 − 𝐶𝑁 

(Anggraeni et al., 2010). Milk proteins 
polymorphisms are due to its extensive genetic 
variation and their variants are transmitted by 
simple and non-dominant Mendelian inheritance 

(Otaviano et al., 2005). Kappa-casein (𝜅 − 𝐶𝑁) 
differs from other caseins in structure and other 
intrinsic characteristics (Hamza et al., 2011). The 
primary structure of this protein was determined 
by Dumas et al. (1972) who described it as 
consisting of 169 amino acids of mature protein. 

The CSN3 (𝜅 − 𝐶𝑁) is subdivided into five 
exons and four introns with a high number of 
genetic variants in cattle populations (Alipanah 
et al., 2005; Getachew, 2010; Hamza et al., 2011). 
So far, thirteen milk protein variants (A, B, B2, C, 
D, E, F1, F2, G1, G2, H, I, and J) and one 
synonymous variant (AI) of CSN3 gene have 
been identified in cattle breeds with the most 
common as alleles A and B (Farrell et al., 2004; 
Caroli et al., 2009). Owing to the importance of 
bovine lactoproteins in deciphering the dairy 
abilities of cows, thus Senegalese cattle breeds 
need to be characterized at molecular level as 
alternative to traditional selection so far used in 
breeding programs. Given their low milk yield, 
the study of the main milk protein variants could 
be useful to assess genetically the dairy 
production performance of these breeds. The 
objective of this research was to identify the 
kappa-casein (CSN3) genetic variants and to 
estimate its polymorphism in the Senegalese 
local cattle breeds. 

 
3 MATERIALS AND METHODS 
3.1 Animal Sampling: The study was 
conducted from October to December 2013 in 
three (3) agro-pastoral regions in Senegal, 
namely Saint-Louis (16°02’00’’N and 
16°30’00’’W), Kaolack (14°08’35’’N and 
16°05’45’’W), Kaffrine (Latitude: 14° 06’ 21.38’’ 
N Longitude: -15° 33’ 2.88’’ W) and Kolda 
(13°01’60’’N and 14°52’00’’W) (Figure 1). These 
regions represent the main livestock breeding 
areas of Gobra zebu, Maure zebu, Djakore and 
N’Dama breeds. Samples were collected in 15 
localities within these regions and in the 

Zootechnical Research Center (ZRC) of Kolda. 
The choice of the locations in each region was 
based on the presence of the target breed. The 
animals were selected by random sampling 
according to the age and the physiological state 
of cows (lactating). The animal sample was 
composed of 48 unrelated cows with 12 from 
each breed. Blood samples were collected from 
the animal jugular vein into 4 mL vacutainer 
tubes containing the disodium salt of ethylene 
diamine tetra-acetate (EDTA) as anti-coagulant 
and stored ± 4ºC until DNA extraction. During 
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the blood sampling, adequate measures were 
taken to minimize animals’ pain and discomfort. 
This study was approved by the Ethics 

Committee of the Cheikh Anta Diop University 
of Dakar. Participants’ approval was obtained 
after fully explanations of the study. 

 

 
Figure 1:   Mapping of study sites across three agro-pastoral regions in Senegal (Saint-Louis, Kaolack, 
Kaffrine and Kolda). lat: latitude, long: longitude. The map was built using the R programming 
language (R Core Team, 2020). 
 
3.2 DNA extraction and PCR-
Sequencing: DNA was isolated from whole 
blood sample using Gentra Puregene Blood kit 
standard protocol developed by QIAGEN® 
group. The amplification of the exon IV of the 
CSN3 gene was carried out in an Eppendorf 
thermocycler (Master cycler Gradient 5331 
version 2.30.31.09) according to the 
conventional PCR protocols with forward 
primer CN-F : 5’- CAG CGC TGT GAG AAA 
GAT GA-3’ and reverse primer CN-R: 5’- CCC 
ATT TCG CCT TCT CTG TA-3’. Polymerase 
chain reaction (PCR) amplifications were 
performed using cycling conditions as: initial 
denaturation at 94°C for 3 min, followed by 34 
cycles of denaturation at 94°C for 1 min, 
hybridization at 60°C for 1 min and elongation 
of the complementary DNA strand at 72°C for 

1 min, and final elongation at 72°C for 10 min 
ended the PCR reactions. A hold at 10°C was set 
to store the PCR products until their removing 
from the thermocycler. The DNA sequencing 
was performed in South Korea from 30 µl of 
PCR product.  
3.3 Genetic Analysis: The raw sequences 
were aligned and corrected manually using 
BioEdit v7.2.0 (Hall, 1999) to determine site 
homology, to identify the different variants of 
the CSN3 gene exon IV and define haplotypes. 
To find similarity regions between the query 
sequences and the reference sequence Bos taurus 
kappa-casein (CSN3*A allele), the Basic Local 
Alignment Search Tool (BLAST) 
(https://blast.ncbi.nlm.nih.gov) available in 
GenBank was used. The CSN3 gene exon IV 
sample sequences were aligned and compared to 
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the reference sequence to identify the different 
kappa-casein variants present in the Senegalese 
local cattle breeds.   
3.4 Identification of genetic variants of 
the CSN3 gene exon IV: The identification of 

CSN3 (𝜅 − 𝐶𝑁) variants in the Senegalese local 
cattle breeds was carried out using the Bos taurus 
reference sequence CSN3*A retrieved from 
GenBank with the accession number AY380228 
(https://www.ncbi.nlm.nih.gov/nuccore/AY38
02280). This reference sequence is a fragment of 
633 bp and consists of part of intron III (4 bp), 
the whole exon IV (516 bp) and part of intron 
IV (113 bp). The reference sequence variant 
CSN3*A showed different variants previously 
described by Caroli et al. (2009) at 14 positions 
(12690/10, 12940/93, 12950/97, 12951/97, 
12971/104, 13065/135, 13068/136, 13096/145, 
13104/148, 13111/150, 13119/153, 13124/155, 
13162/167, 13165/168).  
3.5 Estimation of the kappa-casein 
genetic polymorphism within breeds: The 
sample sequences of the CSN3 gene exon IV 
enabled to emphasized punctual mutations such 
as substitutions and indels (insertions and 
deletions) within breeds through the SNPs 
(Single Nucleotide Polymorphisms) using the 
MEGA software v6.05 (Tamura et al., 2013). The 
basic genetic parameters such as the number of 
variable sites, the number of parsimony 
informative sites, the nature of mutations and 
the substitution rate (ratio 
transitions/transversions) were also calculated 
using MEGA software. In addition, haplotypic 

and nucleotide diversities (Hd and Pi) (Nei, 
1978) were estimated using the DnaSP software 
v5.10.1 (Rozas et al., 2010).  
3.6 Genetic distances and differentiation 
of the kappa-casein gene between breeds: 
The genetic distances between individuals from 
the same breed and between breeds were 
determined using the MEGA software with the 
Kimura-2Parameters model (Kimura, 1980). 
The pairwise FST values were estimated using the 
Arlequin software v3.11 (Excoffier et al., 2005). 
The FST index provides information on 
population differentiation and subdivision. 
According to Wright (1978), more the FST is 
closer to 1, more the populations are genetically 
structured. However, if the FST is equal to zero, 
there is no genetic differences between 
populations. The FST values are considered 
statistically significant at the significance level of 
P < 0.05.  
3.7 Haplotype network: The Minimum 
Spanning Tree (MST) or haplotype network was 
built using the Network software v4.6.1.3 
(Polzin and Daneshmand, 2003) based on a 
matrix of pairwise distances calculated between 
all haplotype pairs using a modified algorithm. 
The haplotype network is a tree that highlights 
clusters of individuals sharing common 
nucleotide sequences and the existence of 
possible associations between haplotypes. In the 
minimum haplotype network, each circle stands 
for a haplotype, each link represents a mutation 
and the size of each circle is proportional to its 
frequency.  

 
4 RESULTS  
4.1 Nucleotide sequences of the CSN3 
gene exon IV: A total of 48 nucleotide sample 
sequences resulted from the PCR-Sequencing. 
After data editing, 31 sequences with a length of 
418 base pairs (bp) were left and used to perform 
downstream analyses. The BLAST in GenBank 
output a similarity rate of 95%. The individuals 
removed showed a rather important nucleotide 
differences compared to those kept for this 
study during the sequence alignment. Among 
the individuals kept for the analyses, 9 were from 

the Djakore breed, 7 from the Gobra zebu, 6 
from the zebu Maure and 9 from the N’Dama 
taurine.  
4.2 CSN3 gene exon IV genetic variants 
and haplotypes: A total of 5 substitutions 
including 3 non-synonymous and 2 synonymous 
allowed to identify 4 variants out of 5 from the 
12 sites identified (Table 1). No substitution was 
found at the positions 12940, 12950, 12951, 
12971 and 13096 for all the 31 sample sequences 
of the dataset (Tables 1 and 2). Only 6 
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individuals showed no nucleotide changes at the 
CSN3*A allele reference positions and therefore 
have the variant A and are considered as AA 
haplotype. At the positions 13068/136 and 
13104/148, two non-synonymous substitutions 
(C > U) and (A > C) were observed in the 2nd 
position of the codon, respectively and from 
which resulted a change in amino acid (Thr > Ile 
and Asp > Ala) in both cases. In addition, a 
synonymous substitution in the 3rd position of 
the codon (A > G) without a change in amino 
acid was detected at the position 13165/168. 
The mutations at these 3 positions corresponded 
to the variant B (CSN3*B allele) and therefore 
the individuals having those changes in amino 
acid are from BB haplotypes. The variant AI was 
also detected and is due to a synonymous 
substitution in the 3rd position of the codon (A 
> G) at the position 13111/150 without change 
in amino acid. This mutation was observed in 4 
individuals of which 3 are AAI haplotypes 
because they only showed this transition among 

the reference positions of the CSN3*A variant. 
The remaining individual presents in addition to 
the substitution at this position (13111/150), a 
non-synonymous mutation of type transition (C 
> U) in the 2nd position of the codon at the 
position 13065/135 with a change in amino acid 
(Thr > Ile) and therefore is a AIH haplotype. 
Individuals presenting only this substitution at 
the position 13065/135 with respect to the 
CSN3*A variant are AH haplotypes. The 
substitutions at the positions 13065/135 (variant 
H), 13068/136 and 13104/148 (variant B) are 
found in one individual and constitute the BH 
haplotype. However, the substitutions found at 
the positions 13119/153 and 13124/155 did not 
correspond to any variant relative to the 
reference sequence. The positions 12690/10 and 
13162/167 were excluded during the 
identification process because having deletions 
in the 1st position of the codon compared to the 
reference sequence.  

 
Table 1. CSN3 genetic variants identified in the Senegalese local cattle breeds. 

 CSN3 variants1 

SNP, AA positions2 A B AI H 

12690 CGC    
10 Arg    
12940 
93 

ACU 
Thr 

   

12950 
97 

CGU 
Arg 

   

12951 
97 

CGU 
Arg 

   

12971 
104 

UCA 
Ser 

   

13065 
135 

ACC 
Thr 

  AUC 
Ile 

13068 
136 

ACC 
Thr 

AUC 
Ile 

  

13096 
145 

ACU 
Thr 

   

13104 
148 

GAU 
Asp 

GCU 
Ala 

  

13111 
150 

CCA 
Pro 

 CCG 
Pro 

 

13119 AUU    
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153 Ile 
13124 
155 

AGC 
Ser 

   

13162 ACT    
167 Thr    
13165 
168 

GCA 
Ala 

GCG 
Ala 

  

1Different CSN3 variants identified in Bos taurus from the CSN3*A allele corresponding to the 
reference sequence found in GenBank No. AY380228. 2SNP: single nucleotide polymorphism; AA: 
amino acid. 
 
The identification of CSN3 genetic variants 
resulted in a total of 4 which are A, B, AI and H 
identified in 16 individuals out of all the 31 
sample sequences. These variants allowed to 
classify the individuals into 6 haplotypes: AA, 
BB, AH, AAI, AIH and BH (Table 3). Among 
16 individuals identified, 4 were from the 
Djakore breed, 3 from Gobra zebu, 5 from 
Maure zebu and 4 from N’Dama taurine. The 
AA, BB and AAI haplotypes were predominant 
in the local cattle breeds in Senegal. The AA 
haplotype was identified in 6 individuals, BB 

haplotype in 3 individuals and AAI haplotype in 
3 individuals. The AIH and BH haplotypes were 
found in two breeds, respectively in Djakore and 
Maure zebu. The AH haplotype was found in 
two individuals of which one is belonged to the 
Gobra breed and the other one from the 
Djakore (Table 3). The Djakore and Maure zebu 
were the most diversified breeds with four 
different haplotypes for each. In contrast, only 3 
haplotypes have been recorded in Gobra zebu 
and 2 haplotypes in N’Dama. 

 
Table 3. Distribution of CSN3 gene haplotypes according to the four cattle breeds. 

  Djakore Gobra zebu Maure zebu Ndama taurine 

AA 0 1 2 3 

BB 1 0 1 1 

AH 1 1 0 0 

AAI 1  1 1 0 

AIH 1 0 0 0 

BH 0  0  1   0 

 
4.3 Genetic variability of the kappa-
casein (CSN3) within breeds: After correction 
and alignment, all the 31 sample sequences with 
a length of 418 sites were analysed. From the 
total sites, 76.31% were monomorphic and 
23.68% were variable sites, among which 
11.49% were singletons and the remaining 
12.20% were parsimony informative sites. The 
mutations of type transversion were 
predominant and accounted for 52.79% of all 
substitutions while transitions represented 
47.21% (Table 4). In Djakore and Gobra zebu 

breeds, transitions are found to be more 
important than transversions whereas in Maure 
zebu and N’Dama, the transversions are more 
numerous than transitions. The greatest genetic 
variability of the CSN3 gene was found in Gobra 
and N’Dama breeds (14.11% of variable sites) 
and the lowest in the Djakore breed with 2.63% 
of variable sites. The Djakore breed had the 
highest substitution rate (2.58) among the four 
local cattle breeds. The CSN3 gene variability 
showed a high haplotypic diversity and a low 
nucleotide diversity in all the four bovine breeds 
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(Hd = 0.983 ± 0.014 and Pi = 0.037 ± 0.007) 
and by breed separately (Table 4). The 
haplotypic diversity is maximum (Hd = 1) in the 
two zebu breeds and the Djakore while the 
nucleotide diversities are very low (0.009 < Pi < 

0.049). The N’Dama breed also showed when 
considered the whole population a high 
haplotypic diversity and a low nucleotide 
diversity (Hd = 0.917 ± 0.092 and Pi = 0.048 ± 
0.012).  

 
Table 4. Summary of the basic genetic diversity parameters.  

 Djakore Gobra zebu Maure zebu Ndama 
taurine 

Whole 
population 

Transitions 73 .18 50.13 47.17 42.99 47.21 

Transversions 26.82 49.87 52.83 57.01 52.79 

SV 2.63 14.11 11 14.11 23.68 

R 2.576 0.930 0.849 0.704 0.838 

Hd 1.000 ± 0.052 1.000 ± 0.076 1.000 ± 0.096 0.917 ± 0.092 0.983 ± 0.014 

Pi 0.009 ± 0.002 0.049 ± 0.015 0.040 ± 0.013 0.048 ± 0.012 0.037 ± 0.007 
SV: variable sites; R: substitution rate; Hd: haplotypic diversity; Pi: nucleotide diversity. 
 

4.4 Genetic differentiation of the Kappa-
casein (CSN3) between breeds:  Values of the 
within and between breeds’ genetic distances 
were very low in general and summarized in table 
5. The lowest intra-population genetic distance 
was observed within Djakore breed (0.010) and 
the largest in Gobra zebu (0.052). Regarding the 
inter-population genetic distances, the largest 
value was recorded between Djakore and Gobra 
zebu (0.054) and the lowest value between 
Maure zebu and the N’Dama breed (0.026). 

Considering the genetic differentiation between 
breeds, the highest pairwise FST value was 
observed between the N’Dama and the Gobra 
zebu (0.324, P = 0.01) while the lowest was 
obtained between N’Dama and Maure zebu 
(0.171, P = 0.02) (Table 6). The two non-
significant pairwise FST values were observed 
between Maure zebu and Djakore, and between 
Maure zebu and Gobra zebu. The N’Dama 
breed remains the most genetically differentiated 
among the cattle populations.  

 
Table 5. Genetic distance estimates within and between breeds. 

 Intrapopulation 
distances 

Interpopulation distances 

  
Djakore 

Gobra 
zebu 

Maure 
zebu 

Ndama 
taurine 

Djakore 0.010 ± 0.003 —    
Gobra zebu 0.052 ± 0.007 0.054 —   

Maure zebu 0.042 ± 0.006 0.046 0.047 —  

Ndama 
taurine 

0.050 ± 0.007 0.034 0.033 0.026 — 
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Table 6. Genetic differentiation estimates between breeds. 

 FST  values 

 Djakore Gobra zebu Maure zebu Ndama taurine 
Djakore — 0.175 (0.009) 0.129 (0.135) 0.198 (0.009) 
Gobra zebu  — 0.107 (0.108) 0.324 (0.009) 
Maure zebu   — 0.171 (0.018) 
Ndama taurine    — 

Significant FST values are in bold with a p-value of 5%. Values in parentheses are the p-values. 
 
4.5 Haplotype network: The Minimum 
Spanning Tree revealed two main haplogroups, 
two major haplotypes represented by individuals 
from N’Dama and Maure zebu breeds, and the 
remained are single haplotypes (Figure 2). The 
first haplogroup is constituted by BB and BH 

haplotypes while the second haplogroup 
composed of AA, AH, AAI and AIH. The 
major haplotype from the N’Dama breed 
appeared as the transitional haplotype (AA 
haplotype).  

 
 

 
Figure 2. Minimum Spanning Tree of haplotypes of the Senegalese local cattle breeds. 
 
5 DISCUSSION 
The objective of this study was to identify the 
genetic variants of the kappa-casein gene and to 
estimate its polymorphism in the Senegalese 
local cattle breeds. A total of 31 sample 
sequences were compared to the Bos taurus 
reference sequence CSN3*A variant to identify 
the main genetic variants of the kappa-casein 
gene through single nucleotide polymorphism 
(SNP) substitutions. The sequencing of the 
CSN3 gene exon IV resulted in four variants (A, 
B, AI and H) and six haplotypes (AA, BB, AAI, 

AH, BH, AIH) distributed among the local cattle 
breeds in Senegal. A total of sixteen (16) sample 
sequence out of the thirty-one (31) were 
identified. The remaining fifteen (15) were 
discarded from the dataset because showing 
mutations that are different from those present 
in the reference sequence CSN3 allele A. These 
mutations could be source of novel variants of 
the kappa-casein gene not yet identified. The 
predominance of variants A and B of the CSN3 
gene reported in this study is consistent with the 
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results found in previous work done on this gene 
around the world (Farrell et al., 2004; Anggraeni 
et al., 2010; El Nahas et al., 2013). The haplotypes 
identified are unevenly distributed among the 
four studied breeds. Maure zebu and Djakore 
breeds had all the CSN3 genetic variants 
identified and therefore the most diversified 
haplotypes. AA, BB, AAI and BH were 
identified in Maure zebu while the haplotypes 
BB, AH, AAI and AIH were identified in 
Djakore breed. Regarding the Gobra zebu, three 
variants (A, AI and H) that constituted three 
haplotypes AA, AAI and AH have been 
identified. In the N’Dama breed, only two 
variants A and B that formed haplotypes AA 
and BB were observed. The presence of CSN3 
variant B in N’Dama taurine populations from 
Ivory Coast and Senegal was reported in the late 
20th century by Mahé et al. (1999). Interestingly, 
the variants AI and H have been only identified 
in the local zebu breeds (Gobra and Maure) and 
Djakore in this study. These variants are 
considered specific to zebus and therefore are 
not found in pure taurine breeds according to 
Caroli et al. (2009) and Gallinat et al. (2013). 
When the variants AI and H are found in taurine 
breeds as the case of those from the southern 
Europe, it is the result of zebu introgression into 
taurine populations (Jann et al., 2004). In 
addition, when these variants are combined to 
form a single haplotype AIH, it is found only in 
Djakore breed. Since the CSN3 gene is non-
dominant and transmitted through Mendelian 
inheritance (Otaviano et al., 2005; Anggraeni et 
al., 2010), it is therefore easy to understand that 
this haplotype could be found in a population 
resulting from a natural crossing between the 
Gobra zebu and the N’Dama taurine. Djakore 
cattle should be considered as a hybrid 
population as its haplotype AIH is resulted from 
a genetic introgression. These results agree with 
those of Ndiaye et al. (2019) who confirmed the 
hybrid genotype of the Djakore breed from 11 
microsatellite loci markers. Characterizing 
lactoprotein variants is crucial. The kappa-casein 
protein plays an important role in the formation, 
stabilization, and aggregation of casein protein 
micelles and has effects on cheese making 

properties (Chessa et al., 2003). CSN3 variant A 
is recognized as the most common with the 
effects of increasing milk yield but lowering 
protein content (Neubauerova, 2001; Kucerova 
et al., 2005; Matejicek et al., 2008); while the 
variant B is considered favorable for the quality 
and quantity of milk-derived cheese products 
(Anggraeni et al., 2010). Denisenko (2004) 
reported that cheese abilities may be improved 
by 5% in cows with variant B compared to those 
with variant A. The presence of variant B of the 
CSN3 gene in the Senegalese local cattle, in 
particular in N’Dama breed would indicate that 
its milk might provide high protein content and 
good cheese abilities. Bovine kappa-casein 
variant B is known to be conducive to the 
production of high-quality milk and high cheese 
yield (Grosclaude, 1988; Otaviano et al., 2005; 
Matejicek et al., 2008). Such variant is included in 
dairy cattle selection strategies to improve 
productivity (Alipanah et al., 2005; Dadhich et al., 
2006; Hamza et al., 2011). Despite the milk 
quality produced by cows with variant B, cows 
with variant A would produce a higher milk yield 
as described by Bovenhuis et al. (1992). These 
authors reported a lower milk yield of 173 kg in 
cows with variant B compared to those with 
variant A. The variability of the CSN3 gene 
(23.68% of variable sites) observed in the 
Senegalese local cattle breeds confirmed the 
results obtained by Ndiaye (2014), who showed 
using the mitochondrial gene cytochrome B 
(22% of variable sites) that these cattle are 
subjected to genetic admixture. Genetic 
admixture in animals not belonging to the same 
production systems is attributable to breeding 
practices such as animal mobility for feeding, 
uncontrolled reproduction when herds meet 
during grazing and at watering points, and the 
introduction of exotic breeds to improve dairy 
production (Ndiaye, 2014; Ndiaye et al., 2014). 
The polymorphism of the kappa-casein gene in 
the Senegalese local bovine breeds in general is 
characterized by high haplotypic diversity and 
low nucleotide diversity. This presence of many 
haplotypes that differ by breed might be related 
to the multiplicity of maternal lineages as 
reported by Bradley et al. (1996) and Karpinski et 

https://doi.org/10.35759/JAnmPlSci.v58-3.
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al. (2006). In addition, such diversity in 
domesticated ruminants suggests a certain 
stability of breeding populations. The genetic 
differentiation revealed by the kappa-casein gene 
among breeds showed that the N’Dama breed is 
genetically distant from the other cattle 
populations by high and significant FST values. 
The greatest genetic differentiation was 
observed between N’Dama and Gobra zebu. 
The genetic differentiation between the N’Dama 
and other local cattle populations confirms the 
differences between taurines and zebus from 
two different subspecies of Bos taurus. This might 
be explained by the fact that the N’Dama cattle 
are breed in an environment which is not 
suitable for zebus because of trypanosomiasis 
disease presence. The production environment 
and the type of subspecies (zebu or taurine) 
would explain this high genetic differentiation 
indicating therefore the presence of well-

differentiated subpopulations. However, the 
high FST values characterizing the genetic 
differentiation among the Senegalese local cattle 
breeds do not evolve in the same direction as the 
pairwise genetic distances which are very low. 
These low values could be pinpointed to the low 
nucleotide diversity levels observed in these 
cattle breeds. The haplotypes identified through 
the CSN3 genetic variants allowed to build the 
haplotype network divided into two 
haplogroups and showing a clear separation 
between AA and BB haplotypes. The 
transitional haplotype was found to be from AA 
haplotypes and therefore confirms that the 
CSN3 allele A is indeed the reference variant. In 
other words, it is from this so-called ancestral 
haplotype, following a series of local variations 
of which the DNA sequence has been subjected, 
that the recently discovered haplotypes in the 
Senegalese local cattle breeds were derived. 

 
6 CONCLUSION 
The genetic polymorphism estimation of the 
kappa-casein gene (CSN3) revealed the existence 
of four milk protein variants A, B, AI, H and six 
haplotypes (AA, BB, AH, AAI, AIH and BH) 
which were characterized by high haplotypic 
diversity and low nucleotide diversity in the 
Senegalese local cattle breeds. Among the 
haplotypes identified, AA, BB, and AAI were 
the most spread, and are clues of good dairy 
performance in these breeds. As the variant B is 
the most desirable allele and found in almost 

three breeds, so the CSN3 BB haplotypes should 
be included among the selection criteria in 
breeding programs, by selecting animals carrying 
the variant B to better optimize production 
yields of such resilient breeds rearing in various 
breeding systems. These results give strong 
evidence that selection criteria focused on milk 
protein variants is a promising breeding strategy 
at coping the economic dairy production 
challenges. 
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Table 2. Distribution of CSN3 gene haplotypes identified 

 Haplotypes  Position des substitutions nucléotidiques/ acides aminés 

   12940/ 
93 

12950/ 
97 

12951 
/97 

12971/ 
104 

13065/ 
135 

13068/ 
136 

13096/ 
145 

13104/ 
148 

13111/ 
150 

13119/ 
153 

13124/ 
155 

13165/ 
168 

GoWd07 AA Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

GoKO25 AH Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile  ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr  ACU/Thr      

GoKO30 AAI Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCG/Pro    

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCA/Pro    

MaTS07 BH Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile AUC/Ile ACU/Thr GCU/Ala    GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr ACC/Thr ACU/Thr GAU/Asp    GCA/Ala 

MaTS13 BB Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser  AUC/Ile ACU/Thr GCU/Ala    GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser  ACC/Thr ACU/Thr GAU/Asp    GCA/Ala 

DjKb29 AIH Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile  ACU/Thr  CCG/Pro    

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr  ACU/Thr  CCA/Pro    

DjKO10 BB Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser  AUC/Ile ACU/Thr GCU/Ala    GCG/Ala 

  S ACU/Thr CGU/Arg CGU/Arg UCA/Ser  ACC/Thr ACU/Thr GAU/Asp    GCA/Ala 

DjKb28 AAI Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCG/Pro    

  S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCA/Pro    

Q: query sequence; S: reference sequence. 
 
Tableau 2: Distribution of CSN3 gene haplotypes identified (continuation and end) 

 Haplotypes  Position des substitutions nucléotidiques/ acides aminés 

   12940/ 
93 

12950/ 
97 

12951 
/97 

12971/ 
104 

13065/ 
135 

13068/ 
136 

13096/ 
145 

13104/ 
148 

13111/ 
150 

13119/ 
153 

13124/ 
155 

13165/ 
168 

DjKb30 AH Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile  ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr  ACU/Thr      

MaTS16 AA Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

MaNg23 AA Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

MaPD27 AAI Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCG/Pro    

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCA/Pro    

NdCK29 AA Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

NdMB34 AA Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

NdMB35 AA Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr      

NdMB37 BB Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser  AUC/Ile ACU/Thr GCU/Ala    GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser  ACC/Thr ACU/Thr GAU/Asp    GCA/Ala 

Q: query sequence; S: reference sequence 
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Appendix 1 : Distribution of CSN3 gene unidentified haplotypes 

 Haplotypes  Position of nucleotidic substitutions / amino acid 

   12940/ 
93 

12950/ 
97 

12951 
/97 

12971/ 
104 

13065/ 
135 

13068/ 
136 

13096/ 
145 

13104/ 
148 

13111/ 
150 

13119/ 
153 

13124/ 
155 

13165/ 
168 

DjKO04 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr GCU/Ala    GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr GAU/Asp    GCA/Ala 

DjKO16 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCG/Pro   GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  CCA/Pro   GCA/Ala 

DjKO21 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr     GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr     GCA/Ala 

DjNf23 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser  AUC/Ile ACU/Thr      

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser  ACC/Thr ACU/Thr      

DjKb27 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile  ACU/Thr GCU/Ala    GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr  ACU/Thr GAU/Asp    GCA/Ala 

GoWd06 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile  ACU/Thr ACU/Thr CCC/Pro   GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr  ACU/Thr ACU/Thr CCA/Pro   GCA/Ala 

GoPD35 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser AUC/Ile  ACU/Thr ACU/Thr    GCG/Ala 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser ACC/Thr  ACU/Thr ACU/Thr    GCA/Ala 

GoPD37 ? Q ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr  
 

   GUU/Val 

S ACU/Thr CGU/Arg CGU/Arg UCA/Ser   ACU/Thr     GCA/Ala 

Q: query sequence; S: reference sequence; ? : unidentified individuals  
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