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Recent discoveries in two milk proteins genes (CSN1S2 and LALBA) 
revealed useful markers for gene’s assisted selection in camels
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Why the αs2-casein (CSN1S2 gene)? 

12%

The αs2-casein (CN) is one of the three calcium-sensitive
phosphoproteins secreted in milk together with the αs1- and β-CN and
it is the most hydrophilic of all caseins.

Important for the stability of milk micelles and for dairy processing.
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Caseins have been recognized as a powerful molecular model for evolutionary studies and the
knowledge of tag markers within casein genes might play a fundamental role in the
understanding of species diversification.
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Martin et al., 2013
Pauciullo et al., 2019
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In dromedary and bactrian camels, a series of alternative splicing variants
with 2 non allelic variants (UP1 and UP2) have been recently described
by Ryskaliyeva et al. (2019) that reported a deep characterization of milk
protein in Old World camelids accomplished by LC-ESI-MS.

8 alleles have been identified (Cosenza et al., 2021).

DISAFA – University of Torino

4 variants A, B, C, and D have been found (Farrell et al., 2004; Ibeagha-
Awemu et al., 2007).

7 alleles associated with three different αs2-CN levels (Boisnard et al.,
1991; Ramunno et al., 2001a,b; Giambra and Erhardt, 2011). 

How much do we know about genetic diversity of CSN1S2 (αs2-CN) in the other farm animals?
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12%

If we refer to complete protein pattern, camel milk is more similar to human milk than cow’s milk: 

Significantly higher concentrations of β-CN (~65%)
Lower amounts of k-CN
Lack of β-lactoglobulin

Almost 3 times higher than the concentration found in cow milk, but very similar to that in human milk
Why α-lactalbumin (LALBA gene)? 
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α-lactalbumin belongs to the lysozyme superfamily that also includes
lysozymes c and calcium-binding lysozymes (Nitta et al., 1989)

The key function of this protein is to facilitate lactose synthesis by the
galactosyltransferase component of the enzyme system, serving as
regulatory subunit

α-la

Why α-lactalbumin (LALBA gene)? 

• Immune modulation (Cross and Gill, 2000)

• Gastric protection (Matsumoto et al., 2001) 

• Stress reduction (Markus et al., 2002)

• Antimicrobial activity (Madureira et al., 2007)

• Human Alpha-lactalbumin Made LEthal to Tumor cells – HAMLET 

(Svensson et al., 1999; 2000; Pettersson et al., 2006; Uversky et 

al., 2017)

Other biological function have been demonstrated for α-La

α-la HAMLET

Oleic acid

Ca2+
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Camelids, in particular SAC, are at increased risk of morbidity and mortality during the first months of
life. Pre-weaning mortality rates have been reported to range between 12-16%.

This is a critical factor determining 
survival of the newborn/cria Major economic consideration for producers

Why α-lactalbumin (LALBA gene)? 
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Aims

- Sequencing CSN1S2 and LALBA genes and their flanking regions (promoter and 3’-

end) in camels;

- Identifying the regulatory elements (Transcription factors binding sites, microRNA,

etc.) that may affect gene expression or change the amino acid composition;

- Identifying markers potentially useful for the selective breeding.
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How was analysis done?
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Results CSN1S2 (αs2-casein) 

 Bactrian camel: (EMBL ID: OQ720238)

 18 SNPs (5 transversions and 13 transitions)

 Dromedary camel: (EMBL ID: OQ720239)

 16 SNPs (8 transversions and 8 transitions)
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SNP g.3639C>G in 
exon 6 resulted in an 
amino acid change at 

position 36 of the 
mature protein 
(p.36Ile>Met)

Results CSN1S2 (αs2-casein) 

First allelic 
variant found 

in the Bactrian 
αs2-casein
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SNP g. 15110G>T in 
exon 17

Results CSN1S2 (αs2-casein) 

First exonic 
SNP found in 

the Dromedary 
αs2-casein

Analysis of the 3'UTR region of the dromedary CSN1S2
gene (from the first nucleotide of exon 17) to test whether 

SNP g.15110G>T could influence miRNA binding sites

miRNA Name miRNA sequence
Seed 

location

Custom target 

sequence
Target Score

T/T G/G

hsa-miR-298 AGCAGAAGCAGGGAGGUUCUCCCA 20 CTTCTGCA 93 87

hsa-miR-4418 CACUGCAGGACUCAGCAG 23 CTGCAGT 83 76

hsa-miR-3158-5p CCUGCAGAGAGGAAGCCCUUC 22 TCTGCAG 81 65

hsa-miR-548av-3p AAAACUGCAGUUACUUUUGC 25 GCAGTTT 66 -

hsa-miR-4662a-3p AAAGAUAGACAAUUGGCUAAAU 16 CTATCTT 52 -

g.15110G>T mutation affected the seed
sequence (CTATCTT) of miRNA 4662a-3p,
which is the short sequence that allows the
miRNA to act on the gene.

Additional miRNA target sites for the T allele 
higher down regulation of CSN1S2 gene
(instead no effect from the G allele).

The 75th EAAP Annual meeting – Florence 2024



Genotypes Allele frequency
TT GT GG Total T G

Observed 83 61 13
157 0.723 0.277

Expected 82.05 62.89 12.05

GG

DISAFA – University of Torino

Results CSN1S2 (αs2-casein) 

GTTT

Lower frequency the G allele  stronger chances for a
directional molecular selection in favor of this allele that could
lead to a more rapid improvement in αs2-casein yield.
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Results CSN1S2 (αs2-casein) 

VS
26 nucleotide differences were found in introns, but none of
them appeared to affect the canonical sites of the splicing
mechanism.

In silico 
analysis

+1                Exon 1

Promoter: 24 vs 22 Transcription Factors

CSN1S2 gene expression could be
different between Bactrians and
dromedaries due to differences in
the gene promoter.
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Full table available at: https://doi.org/10.3390/ani13172805
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Results

The 6th Conference of ISOCARD – Saudi Arabia 2023

The intra-species comparison of sequences showed a total of 36 SNP, 26 of which detected within the 
LALBA gene.

• 1 SNP (3.84%) was 
detected in dromedary 
camel
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Results

The 6th Conference of ISOCARD – Saudi Arabia 2023

The intra-species comparison of sequences showed a total of 36 SNP, 26 of which detected within the 
LALBA gene.

g.1229A>G
First allelic variant 

p.78Ile>Val

• 25 SNP (96.15%) were
found in SAC
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1229A>G

+1            

Missense mutation

ATT > GTT

1 2 3 4

STOP

p.78Ile>Val

Genotyping for the Exon 2

MAF was 0.31 and 0.1 in the 
Alpaca and llama, respectively 
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+1            

1 2 3 4

STOP

Iso-Electro focusing of skimmed alpaca milk confirmed the polymorphis 
at the protein level 

1229A>G

Missense mutation

ATT > GTT
p.78Ile>Val
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The inter-species comparison showed 86 additional markers as 
showed in the table

VS VS VS
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-553A>G -428C>T -308C>G -236A>T -73C>G -51C>G

+1                Exon 1
Promoter

9 SNP found in the promoter and one in the 3’ flanking region
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+1                Exon 1

Promoter
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At least 11 main consensus sequences for
TF were found.
Five were motifs shared among the 4
investigated camelids and can be
considered as essential for gene 
expression.
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+1                Exon 1

Promoter

The SNP g.-553A>G creates a putative
binding site for the TF SP1, genotype
dependent in alpacas. This motif is a well-
known enhancer element for the basal
expression of many genes, including milk
protein genes.

R= A/G

SP1
..GTATTCTATCCCTATTCCTGAGCCCTCRGCCCTATATCTGAACCAAAA..

MCM1

…ccctcGgccc… SP1 

…ccctcAgccc…

AA AG GG

SNP g.-553A>G at alpaca LALBA Allele frequency

AA AG GG TOT A G

41.25 41.25 17.50 100 0.62 0.38



Gene Reporter 
Assay
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Results …ccctcGgccc…

…ccctcAgccc…

HEK293T cells

SP1 
transcription factor



In vitro analysis

The G variant of this SNP enhances the promoter activity of the alpaca LALBA (p<0.01)
and induces the SP1 binding, which consequently up-regulates in vitro the luciferase gene
expression.
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Results …ccctcGgccc…

…ccctcAgccc…

g.-553AA

g.-553GG

SP1 
transcription factor



 We identified the first allelic variants at protein level (p.36Ile>Met in Bactrians and p.78Ile>Val in
SAC) as a result of a SNPs (g.3639C>G and g.1229A>G) found in the exon 6 and exon 2 in CSN1S2
and LALBA genes, respecitively.
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Conclusion
 A considerable number of SNPs has been found in CSN1S2 and LALBA genes and their promoters,

especially in the SAC that confirms an higher level of diversity of these genomes compared to those
of Old World camels.

 The low frequency of both g.15110G and g.-553G alleles offers an opportunity for genetic improvement 
through molecular-assisted selection.

 The results here obtained provide profitable information for the genetic progress of domestic camels
in milk proteins essential for newborn/cria resilience, human nutrition and dairy purposes.

 A gene reporter assay demonstrated higher luciferase expression as result of a new SP1 binding
site generated by the G variant of the SNP g.-553A>G found in the LALBA promoter.

 In the dromedary, the SNP g.15110G>T, found in the exon 17 of CSN1S2, shows promise to
functionally impact miRNA 4662a-3p. The low frequency of the g.15110G allele offers an opportunity
for genetic improvement through molecular-assisted selection.
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Full manuscripts are available:

Conclusion
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