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The study provides the first comprehensive information on the variability of milk protein genes
of Bos indicus and Bos taurus cattle breeds in Cameroon and Nigeria. The investigations
indicate a high diversity of milk protein genes for the zebu populations. Of the investigated
alleles, 21 out of 29 were observed. The method of single strand conformation polymorphism
(SSCP) was a particularly useful technique because it allowed discrimination of alleles, including
zebu-specific alleles at the CSN2 (I ) and CSN3 (AI and H ) loci, not separated by protein
electrophoretic techniques and also made possible the detection of a further CSN1S1 5k
promoter allele (CSN1S1Prom5), which is also zebu-specific. Characterization of CSN1S1Prom5

showed that it was the most variable of all described CSN1S1 promoter alleles. A potential
GATA consensus motif is created by mutations in CSN1S1Prom5. Intra-breed diversity measured
as mean effective number of alleles was higher in the zebu populations than in the taurine
breeds. Of the expected casein haplotypes, 96 out of 320 were present in the studied breeds.
2-C-A-A2-H (CSN1S1Prom2-CSN1S1C-CSN1S2A-CSN2A2-CSN3H) and 5-C-A-A2-H were zebu-
specific while 1-B-A-A2-B was specific to the taurines. Overall distribution of alleles and
haplotypes clearly separated the zebu populations from the taurine breeds. Zebu influence on
the taurine breed Namchi was detected through the occurrence of zebu alleles and haplotypes.
High variability of milk proteins also means availability of resources for breed development,
phylogenetic studies, and conservation and management decisions.
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Over the last five decades, improvement in genotyping
techniques including chromatographic, electrophoretic
and DNA-based methods have established the existence of
the four caseins (aS1-casein, CSN1S1; aS2-casein, CSN1S2;
b-casein, CSN2 and k-casein, CSN3) and two major whey
proteins (a-lactalbumin, LAA and b-lactoglobulin, LGB) in
different allelic forms, controlled by codominant autosomal
genes (for reviews see Ng-Kwai-Hang & Grosclaude, 1992;
Formaggioni et al. 1999). DNA-based methods for the
discrimination of milk protein alleles are especially useful
because they are not sex- or age-limited and also allow the
discrimination of variants not detectable at the protein
level (Prinzenberg et al. 1999).

In addition to the important function of milk as a pro-
vider of essential nutrients to man and animals, several
studies have established varied levels of relationships

between milk protein variants and production/adaptability
traits (Jairam & Nair, 1983; Hill et al. 1996; Ng-Kwai-
Hang, 1997; Freyer et al. 1999), reproductive efficiency
(Russo & Mariani, 1978), biological fitness of the newborn
(Mercier et al. 1976), manufacturing properties of milk
(Aleandri et al. 1990), as well as possible effects on human
health (Elliott et al. 1999; McLachlan, 2001). Some of the
associations have been confirmed by reports of significant
QTL for several traits including birth weight, milk yield,
milk percentage, fat percentage, milking speed and udder
depth on chromosome 6 and other chromosomes (Kühn
et al. 1999; Velmala et al. 1999; Boichard et al. 2003;
Hiendleder et al. 2003). In addition, milk protein variants
have been effectively used in the study of relationships
between different gene pools, tracing of evolutionary
history and in studying the unique characters of breeds
necessary for breed conservation programmes (Baker &
Manwell, 1980; Mahé et al. 1999; Pieragostini et al.
2000). Linkage relationship of the casein genes first*For correspondence; e-mail : Georg.Erhardt@agrar.uni-giessen.de
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provided evidence of a segregating QTL for milk yield
traits (Geldermann et al. 1985) and has also indicated
zebu gene flow in Southern European breeds (Beja-Pereira
et al. 2002; Jann et al. 2004). Polymorphism has also been
observed at promoter regions of milk protein genes (Koczan
et al. 1993; Schild & Geldermann, 1996; Prinzenberg et al.
2003) and there are also reports of alteration of putative
transcription factor binding sites (Schild & Geldermann,
1996; Prinzenberg et al. 2003), which could have effects
on gene expression (Rosen et al. 1999).

Data on the occurrence and frequencies of milk protein
variants in the different cattle breeds are far from being
complete, especially for African Bos indicus and Bos
taurus breeds (Grosclaude et al. 1974; Mahé et al. 1999).
Mahé et al. (1999) noted that this lack of data on milk
protein allelic variations on African breeds is unfortunate,
since the populations as a result of their admixed origin
present a high level of genetic diversity. MacHugh et al.
(1997) through microsatellite analysis, reported high di-
versity levels for African zebu populations. At the protein
level, Ibeagha-Awemu et al. (2004) demonstrated further
alleles at the albumin and transferrin blood protein loci in
African zebu populations. Two new milk protein alleles
of African Bos indicus and Bos taurus populations were
detected by Mahé et al. (1999). This indicates that diversity
levels at milk protein loci in African cattle populations are
high and have not yet been fully exploited.

The present study therefore aimed to assess allelic vari-
ations at milk protein loci of the main cattle breeds of
Cameroon and Nigeria, which might be necessary for
breed improvement, relationship studies and conservation
decisions and also serve as basis for other African breeds.

Materials and Methods

Samples

A total of 521 blood samples were obtained from five zebu
(Red Bororo, n=52; White Fulani, n=53; Sokoto Gudali,
n=65; Wadara, n=36; Adamawa Gudali, n=11) and two
Bos taurus (N’Dama, n=26; Muturu, n=20) breeds in
Nigeria and from four zebu (Red Bororo, n=52; White
Fulani, n=44; Banyo Gudali, n=77; Ngaoundere Gudali,
n=55) and one taurine (Namchi, n=30) breed in
Cameroon. Animals sampled were unrelated and pos-
sessed typical breed characteristics. Details of the charac-
teristics of the breeds are found in FDLPCS (1992), Felius
(1995) and Mason (1996). DNA was isolated from white
blood cells according to Montgomery & Sise (1990).

Genotyping of alleles

Alleles A and D of CSN1S2 were assessed by amplification-
created restriction site for DdeI enzyme as described by
Prinzenberg (1998). Alleles A and B of LAA and LGB were
investigated by PCR-RFLP according to, respectively, Mitra
et al. (1998) and Medrano & Aguilar-Cordova (1990).

PCR-SSCP analysis was used to investigate variations at
the CSN1S1-5k promoter region (CSN1S1Prom) (promoter
alleles 1 to 4, Prinzenberg et al. 2003), CSN1S1 (alleles
B and C, Jann et al. 2002), CSN2 (alleles A1, A2, A3, B, C
and I, Barroso et al. 1999; Jann et al. 2001) and CSN3
(alleles A, A1, B, C, E, F, G, H and I, Prinzenberg et al.
1999) genes. Allele-specific PCR and PCR-RFLP were used
to determine the presence of, respectively, CSN1S1F

(Prinzenberg et al. 1998) and CSN1S1A (Prinzenberg &
Erhardt, 1994).

Characterization of new CSN1S1Prom allele

A new allele of CSN1S1Prom identified by SSCP analysis
was characterized by cloning and sequencing. One
homozygous carrier of the new allele was PCR amplified,
gel purified (E.Z.N.A.� Gel Extraction Kit, Peqlab
Biotechnologie GmbH, Erlangen, Germany) and cloned
into pCR� 2.1 TOPO plasmid using the TOPO-TA Cloning
Kit (Invitrogen Corporation, Carlsbad, CA 92008, USA).
Both directions of three clones and additional PCR prod-
ucts were cycle sequenced using dye terminator technique
and reactions were run on an ABI PRISM� 377 DNA
Sequencer (Applied Biosystems, PE Corporation, Foster
City, CA 94404, USA) according to the manufacturer’s
instructions. Sequences were processed with Chromas
Version 1.45 (http//www.technelysium.com.au/chromas.
html) and compared with promoter sequences type 1 to 4
(GenBank Accession No. AF549499-502) with GeneDoc
(Nicholas & Nicholas, 1997; http//www.psc.edu/biomed/
genedoc). Possible transcription factor binding sites on
the new sequence were identified with DNASISTM for
Windows� (Hitachi Software Engineering America Ltd.,
San Bruno, CA 94066, USA) and TRANSFAC softwares
(Wingender et al. 2000).

Statistical analysis

Allele frequencies at the analysed loci and test for Hardy-
Weinberg equilibrium (HWE) were estimated using the
GENEPOP program (Raymond & Rousset, 2001). Casein
haplotype (CSN1S1Prom-CSN1S1-CSN1S2-CSN2-CSN3)
frequencies were determined on the basis of genotype
combinations using the EH software (Xie & Ott, 1993).
The program uses a Maximum Likelihood algorithm to
resolve the haplotype distribution including multiple het-
erozygous animals and provides data under the assump-
tion of allelic association. Mean effective number of
alleles, the reciprocal of heterozygosity (Hartl & Clark,
1989) was estimated per population using the POPGENE
program (Yeh et al. 1999).

Results

Between the breeds, differences in occurrence and fre-
quencies of the different alleles were observed (Table 1).
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Table 1. Allele frequencies of milk proteins in Bos indicus and Bos taurus cattle breeds of Cameroon and Nigeria

n

Bos indicus Bos taurus

White Fulani
(Nigeria)
53

White Fulani
(Cameroon)
44

Red Bororo
(Nigeria)
52

Red Bororo
(Cameroon)
52

Sokoto
Gudali
65

Banyo
Gudali
77

Ngaoundere
Gudali
55

Wadara
36

Adamawa
Gudali
11

Namchi
30

Muturu
20

N’Dama
26

Locus Alleles
CSN1S1 1 0.094 0.058 0.105 0.170 0.167 0.169 0.133 0.095 0.100 0.342 0.140 0.179
Prom 2 0.395 0.558 0.527 0.390 0.491 0.537 0.547 0.527 0.650 0.658 0.860 0.679

3 0.279 0.174 0.145 0.180 0.114 0.051 0.028 0.068 0.150 — — 0.142
4 0.058 0.082 0.039 0.060 0.044 0.088 0.094 0.054 — — — —
5 0.174 0.128 0.184 0.200 0.184 0.154 0.198 0.256 0.100 — — —

CSN1S1 A — — — — — — — — — — — —
B 0.344 0.432 0.349 0.402 0.379 0.333 0.312 0.340 0.500 0.618 0.789 0.920
C 0.656 0.568 0.651 0.598 0.621 0.667 0.688 0.660 0.500 0.382 0.211 0.080
F — — — — — — — — — — — —

CSN1S2 A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.950 1.000 1.000
D — — — — — — — — — 0.050 — —

CSN2 A1 0.059 0.113 0.104 0.174 0.145 0.176 0.064 0.203 0.500 0.383 0.579 0.680
A2 0.784 0.784 0.792 0.740 0.774 0.746 0.845 0.716 0.400 0.584 0.421 0.320
B 0.079 0.080 0.052 0.019 0.040 0.070 0.082 0.054 0.050 — — —
C — — — — — — — — — — — —
I 0.078 0.023 0.052 0.067 0.041 0.008 0.009 0.027 0.050 0.033 — —

CSN3 A 0.135 0.244 0.229 0.294 0.210 0.153 0.400 0.242 0.100 0.167 0.053 0.320
A1 0.135 0.186 0.167 0.167 0.096 0.146 0.064 0.068 0.050 0.133 — —
B 0.192 0.233 0.188 0.206 0.210 0.306 0.118 0.149 0.550 0.433 0.947 0.680
H 0.538 0.337 0.416 0.333 0.484 0.396 0.418 0.541 0.300 0.267 — —
C — — — — — — — — — — — —
E — — — — — — — — — — — —
F — — — — — — — — — — — —
G — — — — — — — — — — — —
I — — — — — — — — — — — —

LAA A 0.235 0.091 0.202 0.147 0.210 0.153 0.082 0.270 0.250 0.117 — —
B 0.765 0.909 0.798 0.853 0.790 0.847 0.918 0.730 0.750 0.883 1.000 1.00

LGB A 0.048 0.116 0.021 0.154 0.081 0.083 0.028 0.028 0.111 0.350 0.368 0.220
B 0.952 0.884 0.979 0.846 0.919 0.917 0.972 0.972 0.889 0.650 0.632 0.780

1MNA 2.857 2.857 2.857 2.857 2.857 2.857 2.857 2.857 2.714 2.571 1.714 1.857
2MNE 1.906 1.938 1.901 2.134 1.910 1.895 1.705 1.820 1.839 1.879 1.464 1.365

1 MNA=Mean absolute number of alleles
2 MNE=Mean effective number of alleles
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Table 2. Haplotype frequencies of casein genes (CSN1S1Prom-CSN1S1-CSN1S2-CSN2-CSN3) of Bos indicus and Bos taurus cattle breeds of Cameroon and Nigeria. Only
frequencies of haplotypes o0.001 are shown. 38 haplotype combinations involving CSN1S1Prom4 and CSN1S1Prom5 were only present in the zebu populations and not
included in table

*Haplotype n

Bos indicus Bos taurus

White
Fulani
(Nigeria)

White
Fulani
(Cameroon)

Red
Bororo
(Nigeria)

Red
Bororo
(Cameroon)

Sokoto
Gudali

Banyo
Gudali

Ngaoundere
Gudali Wadara

Adamawa
Gudali Namchi Muturu N’Dama

53 44 52 52 65 77 55 36 11 30 20 26

1-B-A-A1-AI — — 0.014 — — — — — — — — —
1-B-A-A1-B — — — 0.010 — — — — — 0.025 — 0.023
1-B-A-A2-A — 0.023 0.001 — 0.008 — — — — 0.050 — 0.097
1-B-A-A2-AI — — — — 0.008 — — — — — — —
1-B-A-A2-B — — — — — — — — — 0.025 0.289 0.020
1-B-A-A2-H 0.013 — — 0.025 0.018 — — — — — — —
1-B-D-A2-A — — — — — — — — — 0.050 — —
1-C-A-A1-A — — — — 0.008 — — — — — 0.001 —
1-C-A-A1-AI — — — — — — — 0.020 — — — —
1-C-A-A1-B 0.011 0.011 — — — — — — 0.100 — 0.026 —
1-C-A-A1-B — — — — — — — — 0.001 — — —
1-C-A-A2-A — — — 0.020 — 0.008 — 0.022 — — 0.026 —
1-C-A-A2-AI 0.024 0.023 — 0.067 0.020 0.008 — — — — — —
1-C-A-A2-B 0.013 — 0.014 0.031 0.036 0.129 0.012 — — — — —
1-C-A-A2-H 0.015 — 0.068 — 0.067 0.019 0.130 0.058 — 0.001 — —
1-C-A-I-B — — 0.014 — — — — — — — — —
2-B-A-A1-A — — 0.056 0.050 0.008 — 0.001 — — — — 0.065
2-B-A-A1-B — 0.036 — — 0.086 0.123 0.011 0.001 0.113 0.100 0.447 0.539
2-B-A-A1-H — — — — 0.001 0.015 — 0.058 0.186 — — —
2-B-A-A2-A 0.015 0.145 0.083 0.060 0.032 0.045 0.148 0.158 — 0.100 0.026 0.153
2-B-A-A2-AI 0.035 — 0.027 — — — 0.011 — — — — —
2-B-A-A2-B 0.041 0.001 0.042 0.051 0.027 0.023 0.001 — — 0.200 0.026 0.023
2-B-A-A2-H 0.013 0.156 — 0.019 0.070 — 0.016 0.024 — — — —
2-B-A-B-A — — — — — 0.001 — — — — — —
2-B-A-B-H — — — — — 0.016 — — — — — —
2-B-A-I-A 0.013 0.029 — — — — — 0.020 — — — —
2-B-D-A2-A — — — — — — — — — 0.050 — —
2-C-A-A1-A — — — — 0.018 — 0.042 0.020 — — — —
2-C-A-A1-AI — 0.011 — — — — — — — — — —
2-C-A-A1-B 0.014 — — 0.024 — — — — — — 0.105 0.053
2-C-A-A1-H — — — — 0.008 — — — — — — —
2-C-A-A2-A 0.047 0.045 0.028 0.031 0.058 0.089 0.166 — — — — 0.006
2-C-A-A2-AI 0.026 0.101 0.042 0.041 0.069 0.072 — 0.080 0.050 — — —
2-C-A-A2-B — 0.107 0.014 0.011 0.050 0.017 0.064 0.073 0.186 — 0.053 0.021
2-C-A-A2-H 0.178 0.058 0.208 0.110 0.064 0.138 0.061 0.107 0.113 0.200 — —
2-C-A-B-A — — — — — — 0.032 — — — — —
2-C-A-B-B 0.030 — — — — — 0.001 — — — — —

Table 2 continued on page 5
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The 655 bp fragment containing part of the promoter re-
gion and part of exon 1 of the CSN1S1 gene subjected to
SSCP analysis yielded four known alleles and an additional
(new) allele, whose pattern of migration on poly-
acrylamide gel was different from the others. It migrated
close to, but slower than type 1 allele. This additional
allele has been assigned number 5 or CSN1S1Prom5. The
alleles in order of increasing migration on gel are 5, 1, 2, 3
and 4.

CSN1S1Prom5 was clearly zebu-specific by occurring in
all the zebu populations at frequencies from 0.100 in
Adamawa Gudali to 0.256 in Wadara, and absent from all
the taurine populations. CSN1S1Prom2 was the most
frequent allele in all populations with generally higher
frequencies in the taurine than in the zebu populations. All
genotype combinations occurred, with 22 being the
predominant genotype.

The sequence of the new allele, CSN1S1Prom5, has
been deposited in the GeneBank with accession number
AY374986. Compared with CSN1S1Prom2 (the supposed
wild type allele) CSN1S1Prom5 is highly divergent and
characterized by 10 nucleotide substitutions, which is more
than in alleles 1, 3 and 4 and shares three substitution sites
(83ApG, 289ApC and 543GpA) with allele 1. A puta-
tive transcription factor-binding site for GATA (position
410–413) was indentified in silico using DNASISTM and
TRANSFAC, which is unique in the CSN1S1Prom5.

At the CSN1S1 locus, CSN1S1C dominated in the
zebu populations and CSN1S1B in the taurine breeds. All
populations except Namchi were monomorphic for the
A allele at the CSN1S2 locus.

Four alleles each were detected at the CSN2 (A1, A2, B
and I ) and CSN3 (A, AI, B and H) loci. Frequencies of
CSN2A2 and CSN3H were highest in eight zebu popu-
lations while CSN2A1 and CSN3B showed dominance in
the taurine breeds, Muturu and N’Dama. While the taur-
ines, Muturu and N’Dama, had only two alleles each for
these loci, Namchi had three at the CSN2 and four at the
CSN3 loci (Table 1).

Within the whey proteins, LAA and LGB, the B allele
occurred at frequencies above 0.6 in all populations. LAAA

in addition to being present in all the zebu populations at
frequencies between 0.08 and 0.27 was found in the
Namchi breed (frequency of 0.117). LGBA frequencies,
though low, were moderately higher in the taurine (0.220
to 0.368) than zebu (0.021 to 0.154) populations.

Mean absolute number of alleles (MNA) per breed was
similar within each breed group (taurine/indicine) except
for Namchi, whose value (2.571) was closer to values of
the zebu breeds (Table 1). Intra-breed diversity or mean
effective number of alleles (MNE) was highest in Red
Bororo (Cameroon) and lowest in N’Dama. Namchi’s
MNE was again highest within the taurine group, being
closer to the zebu values.

Seventeen alleles of the casein genes gave a total of
96 out of 320 expected haplotypes (Table 2). Of the
observed haplotypes, 97.9% (94) were present in the zebu3
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populations and 25% (24) in the taurine breeds. Each
of 41.5% (40) of the observed haplotypes occurred only
in one population and were considered private or
breed-specific haplotypes. The haplotypes 2-C-A-A2-H
(CSN1S1Prom2-CSN1S1C-CSN1S2A-CSN2A2-CSN3H) and
5-C-A-A2-H occurred at moderate to highest frequencies in
the zebu populations, and were considered zebu-specific
haplotypes. Nine other haplotypes (1-C-A-A2-AI, 1-C-A-
A2-B, 1-C-A-A2-H, 2-B-A-A2-H, 2-C-A-A2-A, 2-C-A-A2-AI,
3-B-A-I-A, 3-C-A-A2-AI and 5-C-A-A2-B) were present at
intermediate frequencies in most (5 to 8 populations) of
the zebu breeds and totally absent or present at very low
frequencies in the taurine breeds. These could also be
specific to this breed group. All haplotypes containing the
newly detected zebu allele CSN1S1Prom5 were absent, as
expected, in the taurine breeds. The haplotype 2-B-A-A1-B
occurred at highest frequencies in the taurine breeds. 1-B-
A-A2-B was present only in the taurine group and was
considered a taurine haplotype. Three haplotypes, 2-B-A-
A2-A, 2-B-A-A2-B, 2-C-A-A2-B, were common, occurring
in 10 to 11 populations.

Five populations (White Fulani of Nigeria, Red Bororo
of Nigeria, Sokoto Gudali and Banyo Gudali) deviated
from HWE at the CSN1S1Prom locus while one population
each deviated at the CSN1S1 (Muturu, P<0.001), CSN2
(Wadara, P<0.05) and CSN3 (White Fulani of Nigeria,
P<0.01) loci.

Discussion

In addition to demonstrating 21 alleles at the six milk
protein loci for all populations, further alleles-CSN2I and
CSN3AI and H, not detectable under protein electrophoretic
conditions (Prinzenberg et al. 1999; Jann et al. 2001),
were demonstrated and a new CSN1S1 5k promoter allele
(CSN1S1Prom5) was detected. Three of these alleles,
CSN3AI and H, and CSN1S1Prom5 are zebu-specific, in-
dicating that protein electrophoretic procedures alone are
not sufficient to detect milk protein variants in African
cattle breeds and that more variation occurs at the DNA
level. This is also demonstrated at the CSN3 locus where
Grosclaude et al. (1974) and Mahé et al. (1999) demon-
strated CSN3A as the major allele in zebu cattle. Our study,
however, shows that CSN3H is the predominant allele.
CSN3A is found at frequencies above 0.5 in most breeds
(Grosclaude et al. 1974; Erhardt, 1993a; Del Lama &
Zago, 1996; Lien et al. 1999; Mahé et al. 1999; Malik
et al. 2000). This is true for some European taurine cattle
but not for zebu breeds, owing to the failure of previous
routine protein and DNA typing techniques to discriminate
alleles CSN3AI and CSN3H from CSN3A. The high resol-
ution power of SSCP clearly gave a lead in frequency
values to the H allele followed by A and then AI for the
zebu populations in our study. Frequencies of between
0.60 and 0.95 reported for CSN3A in Madagasy zebu
(Grosclaude et al. 1974), Gyr and Nelore (Del Lama &

Zago, 1996), Sudanese Fulani and Shuwa Arab (Mahé et al.
1999) and Indian Sahiwal (Malik et al. 2000) on the basis
of protein electrophoretic or PCR-RFLP techniques are
actually the combined frequencies for CSN3 alleles A, AI

and H. Recent studies using also PCR-SSCP differentiate
the three alleles in Zebu Peul Soudanaise, Borgou (Ceriotti,
2002), Anatolian Black, Brahman, Casta Navarra, Nelore
and Santa Gertrudis (Jann et al. 2004). The frequency
value of CSN3H (0.608) for Nelore (Jann et al. 2004) is
higher than for all the zebu populations in this study.
Brazilian Nelore originates from Indian Nelore, implying
higher frequency values for Indian zebu breeds for this
allele and a possible Asiatic origin for it. The CSN3AI and H

alleles also occurred in the Namchi breed, thus suggesting
zebu gene influence.

CSN1S1Prom2 dominated in the taurine (0.658 to
0.860) more clearly than zebu populations (0.390 to
0.650) in this study, which therefore confirms its higher
distribution in the German Holstein breed (0.738,
Prinzenberg et al. 2003) and its status as the ‘wild type’
allele. Absence of CSN1S1Prom3 allele in two taurine
populations and CSN1S1Prom4 in all three taurines is in
contrast to their occurrence in the Holstein breed
(Prinzenberg et al. 2003) and could provide a further ex-
planation for the large genetic divergence between African
taurines and European taurines (MacHugh et al. 1997).
The African populations analysed were clearly separated at
this locus with types 4 and 5 seen only in the zebu popu-
lations. Since type 4 is seen at similar frequencies in the
Holstein breed (Prinzenberg et al. 2003), we suppose that
CSN1S1Prom5, which occurred at reasonable frequencies
(0.100 to 0.257) in the zebu populations analysed, is zebu-
specific. Sequence analysis of this variant clearly differ-
entiated it from types 1 to 4 and its highly variable nature
may provide a further split between Bos indicus and Bos
taurus breeds. Based on the sequence characteristics of the
promoter alleles, it is likely that all other alleles evolved
from type 2, and that while allele 4 further evolved from
allele 3, alleles 1 and 5 had a common path from allele 2,
but separated from each other at a certain point (parsi-
mony tree not shown).

In comparing CSN1S1Prom1 and CSN1S1Prom5, which
share three mutation sites, potential YY1 and AP1 tran-
scription factor binding sites lost in CSN1S1Prom1 (Prinz-
enberg et al. 2003) were not affected in CSN1S1Prom5.
Instead, mutations on CSN1S1Prom5 created a potential
GATA transcription factor binding site. This is the first
report of the presence of a potential GATA motif in the
promoter region of cattle casein genes. The function and
particular GATA binding-proteins that it may attract are not
yet known.

Investigation of the effects of CSN1S1Prom5 on milk
production traits may provide useful information explain-
ing the low milk yields of zebu cattle. Studies on the effect
of different CSN1S1 promoter genotypes in Holstein cattle
reveal significant effects on protein percentage and possible
linked loci affecting milk yield (Prinzenberg et al. 2003).
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Compared with European cattle, African taurines share
common dominant alleles for some loci (Erhardt, 1993a;
Lien et al. 1999) with great discrepancies between the two
groups at the CSN2 and CSN3 loci. While CSN2A1 and
CSN3B were the dominant alleles in two taurine breeds in
this study, and most other African taurines (Mahé et al.
1999), CSN2A2 and CSN3A are the dominant alleles in
about 60% of European taurines (Erhardt, 1993a; Lien et al.
1999; Beja-Pereira et al. 2002). High frequencies of
CSN2A2 in the European populations in these reports could
be the combined frequencies of CSN2A2 and CSN2I.
CSN2I was first detected in four European cattle breeds
by DNA-based techniques at frequencies from 0.03 to 0.14
(Jann et al. 2001) and recently observed in other African
(Ceriotti et al. 2002) and European (Jann et al. 2004)
populations at similar frequencies. The presence of
CSN2A1, recently reported to play a possible role in human
diseases such as ischaemic heart disease and type 1
diabetes mellitus in some European countries, Canada,
New Zealand and the United States (Elliott et al. 1999;
McLachlan 2001), at frequencies above 10% in the
majority of the zebu breeds in this study should be given
serious consideration in improvement decisions on the
breeds. Rare alleles A and F reported for the CSN1S1 locus
of some European cattle breeds (Bech & Kristiansen, 1990;
Erhardt, 1993b) were not present in the investigated
populations, even the African taurines. Even though
CSN1S1B dominated in the taurines in this study and oc-
curs at frequencies above 0.5 in most European breeds,
similar frequencies as observed for the studied zebu breeds
have been reported for the Jersey (Larsen et al. 1974) and
the Italian Calabrian (Bettini & Masina, 1972). Jersey and
Podolic breeds also share several other alleles with zebu
breeds (Porter, 1991; Pieragostini et al. 2000; Kaupe et al.
2004).

Observation of CSN1S2D in the Namchi breed contra-
dicts the lack of observation of polymorphism at this locus
in a previous report on African cattle (Mahé et al. 1999).
CSN1S2D was until now only observed in some European
cattle breeds (Grosclaude et al. 1978; Erhardt, 1993a) and
therefore considered a variant of limited distribution. Its
presence in the African Namchi therefore expands its
borders and its importance in relationship studies between
African and European gene pools.

Whey proteins allelic distributions in the studied popu-
lations agree with earlier observations on African cattle
breeds (Blumberg & Tombs, 1958; Aschaffenburg, 1968;
Grosclaude et al. 1974; Mahé et al. 1999) and Indian Bos
indicus breeds (Aschaffenburg, 1968; Mitra et al. 1998).
Insufficient data on LAAA distribution in African zebu breeds
led to the belief that LAAA occurred at higher frequencies
in Indian zebu (0.22 to 0.40) than in African zebu (0.03 to
0.15) (Aschaffenburg, 1968). Our results and other avail-
able data (Mitra et al. 1998; Mahé et al. 1999) indicate
that LAAA is similarly distributed in the two groups.

Resolution of alleles CSN2I and CSN3A1 and CSN3H

and the new CSN1S1 promoter allele (CSN1S1Prom5)

allowed the detection of more haplotype combinations
(96) as opposed to the 20 detected by Mahé et al. (1999),
12 by Beja-Pereira et al. (2002) and 21 by Jann et al.
(2004) and also allowed the postulation of 2-C-A-A2-H
(CSN1S1Prom2-CSN1S1C-CSN1S2A-CSN2A2-CSN3H) and
5-C-A-A2-H as the predominant haplotypes in zebu popu-
lations, instead of C-A2-A (CSN1S1C-CSN2A2-CSN3A).
C-A2-A and B-C-A-A2-H (CSN1S1PromB-CSN1S1C-
CSN1S2A-CSN2A2-CSN3H), C-C-A-A2-H, B-C-A-A2-AI and
C-C-A-A2-AI, which were contained within the zebu
haplotypes in this study have also been found at moderate
frequencies in the Mertolenga, Alentejana and Arouquesa
breeds of Spain (Beja-Pereira et al. 2002) and some Eastern
European cattle breeds (Jann et al. 2004), and may indicate
zebu gene introgression. This is supported by observations
at mtDNA (Cymbron et al. 1999). The occurrence of more
casein haplotypes in the zebu than in taurine populations
should be seen in connection with the higher level of
genetic variation in these populations, as has been de-
monstrated by observations at blood (Ibeagha-Awemu et al.
2004) and microsatellite (MacHugh et al. 1997) loci, and
implies an advantageous position for the zebu over the
taurines in diversity and association studies.

Higher intra-breed diversity levels in the zebu than the
taurine breeds were influenced by the occurrence of more
alleles at the analysed loci in these populations. Higher
diversity level in the Namchi breed than Muturu and
N’Dama could be seen as an influence from the zebu po-
pulations. This is justified by reports of higher levels of
zebu gene introgression in the Namchi than in N’Dama
and Muturu with microsatellite (Hanotte et al. 2002) and
blood protein (Ibeagha-Awemu et al. 2004) markers. A
similar level of diversity of Adamawa Gudali breed with
the other zebu populations (measured as MNE) indicates
that its low sample size did not affect distribution of its
alleles, as would have been expected. Identified HWE
disturbances for some of the populations could be the
effects of gene flow and/or genetic admixture.

The distribution of alleles, haplotypes and intra-breed
diversities shows individuals under the forces of natural
selection and present allele frequency gradients different
from those due to the effects of selection by man (e.g.,
selection for different milk production traits ; MacHugh
et al. 1994; Lien et al. 1999; Jann et al. 2004). The
populations therefore present resources that can be posi-
tively exploited for the development of specific products
and in management and conservation decisions.
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