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Identification of a functional single nucleotide polymorphism in the
FASN promoter associated with milk fat traits in dairy cattle

In the past decades, multiple genome-wide associa-
tion studies have been performed to identify loci af-
fecting milk production traits, including some using
imputed whole-genome sequence data (i.e. Daetwyler
et al., 2014; Fang & Pausch, 2019; Sanchez et al., 2017).
Several genome-wide association studies have linked a
polymorphism (rs136067046, BTA19: g.50775172 C>G
on ARS-UCDI.2) located in the upstream region of
FASN (encoding fatty acid synthase) to milk fat traits
in dairy cattle (Cai et al., 2020; Sanchez et al., 2019;
Tribout et al., 2020). For example, Cai and collaborators
showed that rs136067046 is associated to milk fat traits
in Nordic Holstein cows. FASN is an enzyme that plays
a critical role in de novo fatty acid synthesis in milk.
Interestingly, rs136067046 is located within an ATAC

peak (chr.19: 50773 523-50795886) found in the mam-
mary gland (Yuan et al., 2023). It is thus possible that
rs136067046 is a functional variant that directly impacts
these traits.

The ability of this SNP to alter transcription factor
binding sites was then predicted with a custom script, as
previously described (Ramirez-Ayala et al., 2021). This
analysis suggests that rs136067046 modifies the binding
sites of nine transcription factors (Table 1). Five of those
transcription factors are expressed (transcript per million
reads>0.5) in mammary gland tissue (Fang et al., 2020).
Interestingly, three of those five transcription factors are
from the Kriippel-like factor (KLF) family, a conserved
class of transcription factors. It has been shown that
KLF4 promotes milk fat synthesis in bovine mammary

TABLE 1 Prediction of the transcription factor binding sites altered by rs136067046.
Mammary
Transcription gland
SNP ID factor Database Effect Strand DNA sequence Matrix expression”
rs136067046 KIf1 Jaspar Gain - GGCCAGGCCCT MA0493.1 0.106
rs136067046 KLF1_ Hocomocol0 Gain + CAGGGCCTGGC MO01291
HUMAN
rs136067046 KIf12 Jaspar Gain = GGCCAGGCCCTGCAC MAO0742.1 0.487
rs136067046 KLF12_ Hocomocol0 Gain + CAGGGCCTGGCC MO01286
HUMAN
rs136067046 Klf4 Jaspar Gain + AGGGCCTGGC MA0039.2 5.786
rs136067046 KLF4_ Hocomocol0 Gain + AGGGCCTGGC M01293
HUMAN
rs136067046 KLF5 Jaspar Gain = GCCAGGCCCT MA0599.1 9.837
rs136067046 KLF6_ Hocomocol0 Loss + AGGGCCTG MO01294 4.508
HUMAN
rs136067046 KLF8_ Hocomocol0 Gain + CAGGGCCTG MO01295 0.075
HUMAN
rs136067046 SP3 Jaspar Gain - GCCAGGCCCTG MAO0746.1 11.641
rs136067046 SP8 Jaspar Gain = GCCAGGCCCTGC MAO0747.1 0.001
rs136067046 ZFX_ Hocomocol0 Loss - CTGGTGGCCAGGCCCTGCA MO1615 7.073
HUMAN
15136067046 Zfx Jaspar Loss + CCGTGCAGGGCCTG MAO0146.2

“Mean transcript per million reads (based on 661 mammary gland samples).
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epithelial cells by targeting the FASN promoter region
(Wu et al., 2024). The authors have shown, using yeast
one-hybrid assay, that KLF4 interacts directly with a
part of the FASN promoter region, encompassing the
location of rs136067046. It has also been shown that
KLF5 controls the expression of FASN through an in-
teraction with SREBBP-1 (Lee et al., 2009). In addition,
inactivation of KLF6 in bovine mammary epithelial cells
increases FASN expression (Igbal et al., 2022). These
studies point to the important role played by these KLF
transcription factors in the regulation of FASN. All these
findings suggest that, consequently, rs136067046 is po-
tentially a regulatory variant that might alter the expres-
sion of FASN.

To investigate the potential regulatory function of the
rs136067046 variant, we constructed and then functionally
tested two allele-specific recombinant promoter vectors
using the dual-luciferase reporter system and the bovine
mammary epithelial MAC-T cell line (Huynh et al., 1991).
Details on the plasmid constructions and luciferase assays
are provided in Supplementary Material S1. The construct
with the G allele showed a significant 2.41+£0.12 (mean
value=+standard deviation) fold increase (Student's #-test,
p=0.0008) of luciferase activity compared to the construct
carrying the C allele (Figure 1). These results show that
rs136067046 is a regulatory variant and that the G allele
might lead to an increase in FASN mRNA synthesis by
increasing its transcription rate.

In conclusion, we have demonstrated that the
rs136067046 variant has a regulatory effect on FASN
promoter activity. Further work is needed to demon-
strate that it is a causal polymorphism and directly re-
sponsible for its association with milk fat traits.

AUTHOR CONTRIBUTIONS

D.R. planned and coordinated the study, analysed the re-
sults and wrote the manuscript. M.F. and M.P. prepared
the allele-specific plasmids. L.B.B. and M.P. performed
the luciferase assays. M.B.B. and M.C. did the bioinfor-
matics analyses. A.B., HT., N.D. and V.B. contributed to
data analyses. All authors reviewed the manuscript.

ACKNOWLEDGEMENTS

The MAC-T cell line was a kind gift from Dr Doreen
Becker at the Institute for Farm Animal Biology (FBN,
Dummerstorf, Germany).

FUNDING INFORMATION

The work was part of the BovReg project, which re-
ceived funding from the European Union's Horizon 2020
research and innovation programme under grant agree-
ment No. 815668. M.B.B. was the recipient of a postdoc-
toral fellowship from the Animal Genetics division of
INRAE.

CONFLICT OF INTEREST STATEMENT
The authors declare no competing interests.

DATA AVAILABILITY STATEMENT

No data availability statement is needed as no data was
generated, except the luciferase measurements but it's
not usually required.

Mélissa Poncet'
Maureen Féménia'
Mathieu Charles'?
Maxime Ben Braiek'
Lorraine Bourgeois-Brunel'
Hiroaki Tz:miguchis’4
Nathalie Duprat’
Arnaud Boulling'
Véronique Blanquet®
Dominique Rocha'

lINRAE, AgroParisTech, GABI, Université Paris-
Saclay, Jouy-en-Josas, France

2INRAE, SIGENAE, Jouy-en-Josas, France
3Department of Experimental Embryology, Institute
of Genetics and Animal Biotechnology, Polish
Academy of Sciences, Jastrzegbiec, Poland

4African Genome Center, University Mohammed
VI Polytechnic, Ben Guerir, Morocco

SINSERM U1094, IRD UMR270, USCI501

85U8017 SUOLIIOD BATE8.D 8|qed! (dde aupy Aq peusenob a1e S9piLe YO ‘SN JO S3|nJ o} A%eig1T8UlUO AB|1/ UO (SUONIPUOD-PpUR-SUB) 0D A8 | 1M AeIq 1 Ul |Uo//SdNL) SUORIPUCD PuUe SWIe 1 8y} 88S *[7202/0T/20] uo Ariqiauliuo A|1m ‘ssbowiaa siseaun Aq 27T 96/ TTT 0T/10p/w0o A8 | Areiq1jpuljuo//sdny wouy papeojumod ‘0 ‘ZG02S9ET


https://orcid.org/0000-0001-8561-6266
https://orcid.org/0000-0001-6491-1928
https://orcid.org/0000-0003-4770-0867
https://orcid.org/0000-0001-7270-390X
https://orcid.org/0000-0001-7747-7876
https://orcid.org/0000-0002-8253-9311
mailto:
https://orcid.org/0000-0003-4998-9641

A RSNP IN FASN ASSOCIATED WITH MILK FAT TRAITS IN CATTLE

ANIMAL GENETICS RYVTEEE

INRAE, University of Limoges, CHU Limoges,
Institute of Epidemiology and Tropical Neurology,
Limoges, France

Correspondence

Dominique Rocha, INRAE, AgroParisTech,
GABI, Université Paris-Saclay, 78350, Jouy-en-
Josas, France.

Email: dominique.rocha@inrae.fr

ORCID

Maureen Féménia (© https://orcid.
org/0000-0001-8561-6266

Mathieu Charles ® https://orcid.
org/0000-0001-6491-1928

Maxime Ben Braiek @ https://orcid.
org/0000-0003-4770-0867

Hiroaki Taniguchi (® https://orcid.
org/0000-0001-7270-390X

Arnaud Boulling © https://orcid.
org/0000-0001-7747-7876

Véronique Blanquet © https://orcid.
org/0000-0002-8253-9311
Dominique Rocha ‘® https://orcid.
org/0000-0003-4998-9641

REFERENCES

Cai, Z., Dusza, M., Guldbrandtsen, B., Lund, M.S. & Sahana, G.
(2020) Distinguishing pleiotropy from linked QTL between milk
production traits and mastitis resistance in Nordic Holstein
cattle. Genetics, Selection, Evolution, 52(1), 19. Available from:
https://doi.org/10.1186/s12711-020-00538-6

Daetwyler, H.D., Capitan, A., Pausch, H., Stothard, P., van
Binsbergen, R., Brondum, R.F. et al. (2014) Whole-genome se-
quencing of 234 bulls facilitates mapping of monogenic and com-
plex traits in cattle. Nature Genetics, 46(8), 858—865. Available
from: https://doi.org/10.1038/ng.3034

Fang, L., Cai, W,, Liu, S., Canela-Xandri, O., Gao, Y., Jiang, J. et al.
(2020) Comprehensive analyses of 723 transcriptomes enhance
genetic and biological interpretations for complex traits in cat-
tle. Genome Research, 30(5), 790-801. Available from: https:/doi.
org/10.1101/gr.250704.119

Fang, Z.H. & Pausch, H. (2019) Multi-trait meta-analyses reveal 25
quantitative trait loci for economically important traits in Brown
Swiss cattle. BMC Genomics, 20(1), 695. Available from: https:/
doi.org/10.1186/s12864-019-6066-6

Huynh, H.T., Robitaille, G. & Turner, J.D. (1991) Establishment of bo-
vine mammary epithelial cells (MAC-T): an in vitro model for
bovine lactation. Experimental Cell Research, 197(2), 191-199.

Igbal, A., Yu, H., Jiang, P. & Zhao, Z. (2022) Deciphering the key
regulatory roles of KLF6 and Bta-miR-148a on milk fat metab-
olism in bovine mammary epithelial cells. Genes, 13(10), 1828.
Available from: https://doi.org/10.3390/genes13101828

Lee, MY., Moon, J.S., Park, SW., Koh, YK., Ahn, Y.H. & Kim, K.S.
(2009) KLFS5 enhances SREBP-1 action in androgen-dependent
induction of fatty acid synthase in prostate cancer cells. The
Biochemical Journal, 417(1), 313-322. Available from: https://doi.
org/10.1042/BJ20080762

Ramirez-Ayala, L.C., Rocha, D., Ramos-Onsins, S.E., Leno-
Colorado, J., Charles, M., Bouchez, O. et al. (2021) Whole-
genome sequencing reveals insights into the adaptation of
French Charolais cattle to Cuban tropical conditions. Genetics,
Selection, Evolution, 53(1), 3. Available from: https://doi.org/10.
1186/512711-020-00597-9

Sanchez, M.P., Govignon-Gion, A., Croiseau, P., Fritz, S., Hozé, C.,
Miranda, G. et al. (2017) Within-breed and multi-breed GWAS
on imputed whole-genome sequence variants reveal candidate
mutations affecting milk protein composition in dairy cattle.
Genetics, Selection, Evolution, 49(1), 68. Available from: https://
doi.org/10.1186/s12711-017-0344-z

Sanchez, M.P., Ramayo-Caldas, Y., Wolf, V., Laithier, C., El Jabri, M.,
Michenet, A. et al. (2019) Sequence-based GWAS, network and
pathway analyses reveal genes co-associated with milk cheese-
making properties and milk com-position in Montbéliarde cows.
Genetics, Selection, Evolution, 51, 34. Available from: https://doi.
org/10.1186/s12711-019-0473-7

Tribout, T., Croiseau, P., Lefebvre, R., Barbat, A., Boussaha, M.,
Fritz, S. et al. (2020) Confirmed effects of candidate variants for
milk production, udder health, and udder morphology in dairy
cattle. Genetics, Selection, Evolution, 52(1), 55. Available from:
https://doi.org/10.1186/s12711-020-00575-1

Wu, HY., Ji, Z.H., Xie, W.X., Guo, H.X., Zheng, Y., Gao, W. et al.
(2024) KLF4 promotes milk fat synthesis by regulating the PI3K-
AKT-mTOR pathway and targeting FASN activation in bovine
mammary epithelial cells. iScience, 27(6), 109850. Available
from: https://doi.org/10.1016/].is¢i.2024.109850

Yuan, C., Tang, L., Lopdell, T., Petrov, V.A., Oget-Ebrad, C., Moreira,
G.C.M. et al. (2023) An organism-wide ATAC-seq peak catalog
for the bovine and its use to identify regulatory variants. Genome
Research, 33(10), 1848-1864. Available from: https://doi.org/10.
1101/gr.277947.123

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

85U8017 SUOLIIOD BATE8.D 8|qed! (dde aupy Aq peusenob a1e S9piLe YO ‘SN JO S3|nJ o} A%eig1T8UlUO AB|1/ UO (SUONIPUOD-PpUR-SUB) 0D A8 | 1M AeIq 1 Ul |Uo//SdNL) SUORIPUCD PuUe SWIe 1 8y} 88S *[7202/0T/20] uo Ariqiauliuo A|1m ‘ssbowiaa siseaun Aq 27T 96/ TTT 0T/10p/w0o A8 | Areiq1jpuljuo//sdny wouy papeojumod ‘0 ‘ZG02S9ET


mailto:dominique.rocha@inrae.fr
https://orcid.org/0000-0001-8561-6266
https://orcid.org/0000-0001-8561-6266
https://orcid.org/0000-0001-8561-6266
https://orcid.org/0000-0001-6491-1928
https://orcid.org/0000-0001-6491-1928
https://orcid.org/0000-0001-6491-1928
https://orcid.org/0000-0003-4770-0867
https://orcid.org/0000-0003-4770-0867
https://orcid.org/0000-0003-4770-0867
https://orcid.org/0000-0001-7270-390X
https://orcid.org/0000-0001-7270-390X
https://orcid.org/0000-0001-7270-390X
https://orcid.org/0000-0001-7747-7876
https://orcid.org/0000-0001-7747-7876
https://orcid.org/0000-0001-7747-7876
https://orcid.org/0000-0002-8253-9311
https://orcid.org/0000-0002-8253-9311
https://orcid.org/0000-0002-8253-9311
https://orcid.org/0000-0003-4998-9641
https://orcid.org/0000-0003-4998-9641
https://orcid.org/0000-0003-4998-9641
https://doi.org/10.1186/s12711-020-00538-6
https://doi.org/10.1038/ng.3034
https://doi.org/10.1101/gr.250704.119
https://doi.org/10.1101/gr.250704.119
https://doi.org/10.1186/s12864-019-6066-6
https://doi.org/10.1186/s12864-019-6066-6
https://doi.org/10.3390/genes13101828
https://doi.org/10.1042/BJ20080762
https://doi.org/10.1042/BJ20080762
https://doi.org/10.1186/s12711-020-00597-9
https://doi.org/10.1186/s12711-020-00597-9
https://doi.org/10.1186/s12711-017-0344-z
https://doi.org/10.1186/s12711-017-0344-z
https://doi.org/10.1186/s12711-019-0473-7
https://doi.org/10.1186/s12711-019-0473-7
https://doi.org/10.1186/s12711-020-00575-1
https://doi.org/10.1016/j.isci.2024.109850
https://doi.org/10.1101/gr.277947.123
https://doi.org/10.1101/gr.277947.123

	Identification of a functional single nucleotide polymorphism in the FASN promoter associated with milk fat traits in dairy cattle
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


