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Problem definition

A Phenotypic data are heterogeneous and incomplete

A Genomic data are limited to several species, for the
maj ority of species on one

A Haplotype data is seldom available

A Causal loci are not identified, the biochemical and
physiological understanding of complex traits is still poor
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Sequence comparison between species illustrate
common evolutionary history

donkey ACCAACATAGACTAGCT CTAATTAATAATCAACATATGCCTTACCAATATTATGCAR
zebra ACCAACATAGACTAGCT CTAATTAATAATCAACATATGCCTTACCAATATTATGCAR
horse ACCARCATAGARCTAGCTITACTAATTAATAAT CARCATATGCCTTACCAATATTATGCAR 247
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donkey GACCAGCTGCAGTTAGGCCACATGTCCAAATTCCTCAATGGCARAGTCCTGCCARATATCT
zebra GACCAGCTGCAGTTAGGCCACATGTCCAAATTCCTCAATGGCARGTCCTGCCARATATCT
horse GACCAGCTGCAGTTAGGCCACATETCCAMATTCCTCAATGGCARGTCCTGCCARATATCTE 307

FE XX EFFFET AT A AT AT AT FIT T AT AT AT A A FTA T A AT T AT A AT A A A o0

R P A AV R P H V Q I P Q@ W Q V L P N I

donkey ACCCATCCACTGTGGTACGTCATCC CCCGCATCCATCATTTAT@MSCCATTCCTCCAR Sequence comparison of
zebra ACCCATCCACTGTGGTACGTCATCCARGCCCGCATCCATCATTTATTGCCAT TCCTCCAA Exon 4 of CSN3 gene
horse ACCCATCCACTEPGGTACGTCATCCATGCECECATCCATCATTTATTGCCATTCCTCCAR 367
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donkey AGAAACTTCAGGAGAAARACAGTCATCCCTAAGATCAATACTATTGCTACTGTTGAGCCTA based on horse Sequence
zebra AGAAACTTCAGGAGARAACAGTCATCCCTAAGATCAATACTATTGCTACTGTTGAGCCTA (AY040863). The
horse  BGAANSRRCACEAG:FAACACTCAICCCTAAGATCAARACTATRCCTAGIGTTGAGCCTR 427 chymosin-sensitive region

K K o EfSiT V I P K I N T I A T V E P is underlined.

doenkey CACCTATTCCTACCCCTGAACCAACAGTGAACAATGCAGTCATTCCAGACGCCTCCTCAG

zebra CACCTEEECCTACCCCTGAACCAACAGTGAACAATGCAGTCATTCCAGACGCCEEETCAG
horse CACCTATICCTACCCCTGAACCARCAGTGAACAATGCAGT CATTCCAGACGCCTCCTCAG 487
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donkey AATTCATCATCGCCAGCACACCTGAGACTRACCACAGTIWC CAGTTACTTCAC—————————

zebra AATTCATCATCGCCAGCACACCTGAGACTACCACAGT CAGTTACTTCACCG———————

horse AT T CATCATCBECAGCACACCTEAGACTECCACABECCCABTTACTICACCTETGETCE 547 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




Conserved character of the regulatory
mechanisms

Pasition of putative TFBS' Transcription factor Conservation of putative TFBS

-1115 to -1107 S5TATS Ruminants/Equidae/Primates
-1071 to —1057 MF1 Equidae/Primates
-1048 to -1043 GRE Equidae/Primates
-1019 to —1011 STATS Ruminants/Equidae/Primates
-986 to —982 C/EBF Ruminants/Equidae/Primates
-959 to -952 MF1 Ruminants/Equidae/Primates
—942 to 937 DM Equidae
784 to =779 C/EBF Ruminants/Equidae
—741 to -736 GRE Ruminants/Equidae
-739 to -732 S5TATG Ruminants/Equidae
-725 to -721 C/EBF Ruminants/Equidae/Primates
-4 to -710 C/EBF Equidae/Primates
—709 to -705 C/EBF Equidae/Primates
—429 to 422 S5TATE partial Ruminants/Equidae/Primates
—-340 to —-336 TEP Equidae .
325 to —319 1 Equidae Conserved TFBSs in the
~316 to 312 C/EBP Equidae promotor region of the
-253 to -244 C/EBP beta Equidae . .
-241 to —236 THID Rurminants/Equidae/Primates CSN3 gene In nine
=153 to —145 5P1 Equidae mammalian Specles.
-84 to -78 Y1 Equidae
"Pesitions are numbered relative to the transcription start site.
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Splicing signals are not unigque for each
species

A MinigenemA _, PSYSI A PSy3)
| B e |
1
" G-promG1 G2 G3 F-1 T——EDA_— F+1 G3
Minigenes : AEDA
mB.T-C/mB.A-T | pSV5'i mutA pSV3'j
> = i > <
1 1 2
B-prom B1 .Gl G2 G3 F-1 T—_EDA_— F+1 G3
AT AEDA
B 293T cell line C Helacell line
- O Ll ]
8 _ % ¢ & <
o o < w o
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e W ——— AEDA = Wme . == _AEDA
-

AEDA(%) 72 41 65 AEDA(%) 85 18 46

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) 3
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Function of the RNA splicing mechanism
across the species

A [froasdingene Splicing patterns of equine b- and aS1-casein mRNA. (A)
LA, Ps g2 Py ESE pa mRBNA forms:  Structure of b-casein gene depicted to scale; for intronic
Bon - H—W—{— ] BaS regions, the length of bovine introns is considered, and
Lgups 2 34 56 N\.7 Yo 9 3;‘?8 noncoding and coding exons are indicated in white and black
AS a7 A8 boxes, respectively. Alternative splicing of exons 5, 8, and
B p-casein exons 1 - 6 (P1/P2) p-casein exons 7 - 9 (P3/P4) partially 7 is markeq with lines. Alter_native splicin_g results in _
four mRNA forms (right), the form with all exons is marked with
- & o as B, other forms are marked with Bdelta, foII_ow_ed by n_umbers
e —A% of skipped exons. Arrows above the gene indicate primers P1i
A AB B A AB B P5. Two SNPs in intron 1 and ESE in exon 8 are indicated by
A5(%) 3 33 95 AB(%) 0 9 22 arrows. (B, C,D) RNA was isol ate

variants were detected by RT1 PCR and analyzed by

C  p-casein exons 4 -9 (PS/P4) electrophoresis. A, A/B, and B are representative

Sigs e ‘ samples of three b-casein splicing patterns. (B,D) Alternative
'Ba7 |[B | [Ba7 || B B inclusion of one weak exon at a time; upper fragments

e Tk A A represent forms with included exon; lower fragments represent
g S0 vz | | M ' T M2 M | M2 forms with skipped exon and are indicated with D followed by
§ ‘é‘ " the exon number. The numbers below each lane are the
S percentage of skipping of the weak exon obtained by capillary
= W electrophoresis of PCR products (mean value of analyzed

25 50 75 100 25 50 75 100 25 50 75 100 . . . .

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

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

D a-casein exons 4 - 10 -casein eXons 1318 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

- . s . : .
a === electrophoresis. Peaks marked with M1 and M2 represent size
A AB B X A B markers (100 and 10,000_ bp)_. A_nalyzed fragments representing
AB(%) 67 51 65 A15(%) 66 56 69 four mRNA forms (detection limit was set above six fluorescent

units) are indicated in frames above the peaks. 9
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Proposed model of co-transcriptional
splicing of b-casein mRNA

Polymorphism in the intron 1 is part of the nucleotide
sequence, typical for ESE element

GAAGAA YUGBA ; A AGA A A AUUGAAAMAU




DGAT1 was the first milk trait QTL
confirmed at molecular level
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Grisart et al., 2002
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C to G transition in the b-LG promoter
Increases AP-2 binding In vitro

GATC 123456 GATC @ 5 -
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C to G transition Increases
proportion of b-LG In milk

Proportion of B-Lg in milk protein Amount of B-Lg secreted per day
[%] l9/ day]
i ot oo iy Sl e i PRI Syt sk ae Ko s ki s s A o v v
120 ofsssusnsusiaasaspnasaseeontanakis
15-.“.-..-".:..- _— 100 ____________________________
i - [
] Lo e e
104 =
) 60
5 1 40
1 20
0 11a b c 0 a b b
Genotype: CC CG GG CC CG GG CC CG GG CC CG GG
Standard
D Sm . HE T error

Kuss et al., 2003
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gMEC model for mammary glanc
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ACytokeratin 14/18, U-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.

AViorphology 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).




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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Genre expression of 400 genes in the goat
mammary gland after i nfe ction with S. aureus.

17
Pascal Rainard, 2009



