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Lactation and mastitis

Vigieur et al.,  2009
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Problem definition

ÅPhenotypic data are heterogeneous and incomplete

ÅGenomic data are limited to several species, for the 
majority of species on one ñmodelò sequence is available

ÅHaplotype data is seldom available

ÅCausal loci are not identified, the biochemical and 
physiological understanding of complex traits is still poor
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Sequence comparison of 

Exon 4 of CSN3 gene 

from donkey, zebra and 

horse. Numbering is 

based on horse sequence 

(AY040863). The 

chymosin-sensitive region 

is underlined.

Sequence comparison between species illustrate 
common evolutionary history

Hobor et al., 2008
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Promoter regions of homologous 
genes share conserved sequence 
regions

Sequence comparison of 

promoter regions of the 

CSN3 Gene.

Hobor et al., 2008
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Conserved character of the regulatory 
mechanisms 

Conserved TFBSs in the 

promotor region of the 

CSN3 gene in nine 

mammalian species.
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Splicing signals are not unique for each 
species

Effect of the ISE1 in b-casein intron 1 in concert with the b-casein promoter on alternative splicing of pre-mRNA from pSVEDA Tot 

minigene. (A) Partial structure of hybrid minigenes (minigenes mA, mB.T-C, and mB.A-T) depicted to scale. Promoters,

a-globin (G) + b-casein (B) exons and fibronectin exons (F-1, EDA, F+1) are indicated in gray, white, and black boxes, respectively. 

In all constructs, ESE (element A) in the EDA exon was mutated (mutA) (vertical arrow). In the construct with the a-globin promoter 

(mA), the promoter was replaced by the b-casein promoter, exon 1, and part of intron 1 (Bi) (dashed lines). (B) 293T and (C) HeLa 

cells were transfected with the constructs. Upper fragments represent forms with the included EDA exon; lower fragments represent 

forms with the skipped exon and are indicated with DEDA. The numbers below each lane are the percentage of skipping of the EDA 

exon.
Lenasi et al., RNA (2006)
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Function of the RNA splicing mechanism 
across the species

Splicing patterns of equine b- and aS1-casein mRNA. (A)

Structure of b-casein gene depicted to scale; for intronic 

regions, the length of bovine introns is considered, and 

noncoding and coding exons are indicated in white and black 

boxes, respectively. Alternative splicing of exons 5, 8, and 

partially 7 is marked with lines. Alternative splicing results in 

four mRNA forms (right), the form with all exons is marked with 

B, other forms are marked with Bdelta, followed by numbers

of skipped exons. Arrows above the gene indicate primers P1ï

P5. Two SNPs in intron 1 and ESE in exon 8 are indicated by 

arrows. (B,C,D) RNA was isolated from mareôs milk; splicing 

variants were detected by RTïPCR and analyzed by 

electrophoresis. A, A/B, and B are representative

samples of three b-casein splicing patterns. (B,D) Alternative

inclusion of one weak exon at a time; upper fragments 

represent forms with included exon; lower fragments represent 

forms with skipped exon and are indicated with D followed by 

the exon number. The numbers below each lane are the 

percentage of skipping of the weak exon obtained by capillary 

electrophoresis of PCR products (mean value of analyzed 

samples). (B) Alternative inclusion of the b-casein exons 5 (left, 

primers P1/P2) and 8 (right, primers P3/P4). (D) Alternative 

inclusion of the aS1- casein exons 8 (left) and 15 (right). (C) 

Alternative inclusion of the bcasein exons 5, 8, and partially 7 

(primers P5/P4); analysis of fragments by capillary 

electrophoresis. Peaks marked with M1 and M2 represent size 

markers (100 and 10,000 bp). Analyzed fragments representing 

four mRNA forms (detection limit was set above six fluorescent 

units) are indicated in frames above the peaks. 
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Proposed model of co-transcriptional 
splicing of b-casein mRNA
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Polymorphism in the intron 1 is part of the nucleotide 
sequence, typical for ESE element

GAAGAA Ÿ GAUGAA   ;   A AGAAAAU Ÿ AUGAAAAU

Lenasi et al., RNA (2006)
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Grisart et al., 2002

DGAT1 was the first milk trait QTL 
confirmed at molecular level

Gen

L ab
Comparative genomics

11



AP-2 storyé

Lum et al., 1997
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C to G transition in the b-LG promoter 
increases AP-2 binding in vitro

Lum et al., 1997
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C to G transition increases 
proportion of b-LG in milk

Kuss et al., 2003
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gMEC model for mammary gland function

ÅCytokeratin 14/18, Ŭ-smooth muscle actin, 

CD29 and p63 staining of goat MEC. 

Luminal cells were marked by antibodies 

against cytokeratin 18 and progesterone 

receptor. Epithelial cell adhesion molecule 

(EpCAM) staining was also located in the 

luminal compartment.

ÅMorphology and proliferative potential of 

primary mammary gland cells. Epithelial 

cells build islands surrounded by myo-

epithelial cells (A). Morphology of epithelial 

cell colony resembles alveolar structures in 

the mammary gland (B). 
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Regenerative potential of gMEC fraction 
shows stem cell capacity

Expression and spatial localization of immunofluorescently detected markers in 

regenerated structures. Cytokeratin 14 and 18 expression in xenografts (ai, bi) and 

haematoxylin and eosin (H&E) staining of xenograft sections (aii, bii) after 5 weeks.
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Gene expression of 400 genes in the goat 
mammary gland after i nfe ction with S. aureus.

Pascal Rainard, 2009
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