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Fat deposition affects  economic traits in pigs 

Production Meat quality



Pigs reflect human metabolism better than mice 

Murano et al., J Anatomy 2009



Adipose tissue is a central metabolic organ in the 
regulation of whole-body energy homeostasis

Adipose Biology

“Pig fat” as query
“Adipose” as query

“Pig fat” as query
“Adipose” as query



Characterizations of adipocytes

UCP1：Thermoregulation;
Fat depositionLEP, RETN                 CD137                    UCP1 

Thermogenic  capacity

WAT                            Beige                    Brown



② WAT browning
(mitochondria 
biogenesis)

Beige was originated by de novo biogenesis and 
WAT browning

Revised from COHEN and KAJIMURA, 2021



Gaudry et al. Sci Adv 2017
McGaugh S and Schwartz TS,  Biol Lett. 2017

Neither functional UCP1 nor BAT is present in pigs

Exon 3-5 of UCP1 was evolutionally lost

BAT is not present in the pigs

Piglets are sensitive to cold environment；
Poor thermoregulation leads to neonatal 
mortality



4 ℃,  3 hoursCold

Lin et al, J Mol Cell Biol, 2017

Tibetan pigs have an alternative pathway to maintain body 
temperature independent of muscle-mediated thermogenesis



Cold adaption of Tibetan pigs relies on beige adipogenesis

Biological Questions

1. Cellular mechanisms of cold-
induced Beige formation in 
Tibetan pigs? 

2. Can beige adipocytes be 
induced in Bama pigs when 
they are exposed to a 
prolonged cold environment?

Lin et al, J Mol Cell Biol, 2017



4℃, 3 days

Room temperature

Cold

RT

Tissue collection

Tissue Analysis

Unpublished



SnRNA-sequencing defines the cell populations from 
eight adipose tissues of both pig breeds

Unpublished data
FAP：Fibro/adipogenic progenitors  43.24%
AD:    Adipocyte,  37.75%



Functional annotation of FAP and AD

C12
TA

FAP AD Unpublished data



Breed-specific features of FAP and AD subpopulations 
in Bama and Tibetan pigs



Tibetan-IAT Tibetan-PAT Bama-IAT Bama-PAT

Wang and Seale, Nat Rev Mol Cell Biol. 2016

C12 cells (PDGFRA+ EBF2High)  are the potential beige 
precursors in IAT of Tibetan pigs



C11（ADIPOQ+HIF1Ahigh）is present in Tibetan pigs specifically



Positively selected genes in Tibetan pigs were found to be 
highly expressed in C11



Cold-induced cellular responses in adipose tissues from 
Tibetan and Bama pigs



Beige formation was observed in short time cold-treated both pigs 



② WAT browning
(mitochondria 
biogenesis)

Beige was originated by de novo biogenesis and WAT browning 

Revised from COHEN and KAJIMURA, 2021



Cold induced-beige de novo biogenesis was only found in Tibetan pigs

Tibetan-IAT : Cold induces a new cell fate from pluFAP to TGA and LYA   

Bama-IAT

pluFAP preAD

TGA LGA LYA

C12

pluFAP

RT Cold
LGA

TGA and LYA TGA and LYA

LGA
pluFAP

AD

pluFAPpluFAP

AD

pluFAP preAD

TGA LGA LYA

RT Cold



RT

Cold

Tibetan-IAT Bama-IAT

Cold induces WAT browning  in both pigs

Cold induces a stronger cellular remodeling in the adipose tissues
of Tibetan pigs

Tibetan Pig Bama Pig



Cold induces a stronger transcriptional responses 
in the adipose tissues of Tibetan pigs

Thermogenesis LipolysisAdipogenesis 



Whether beige adipocytes can be induced in Bama pigs 
pharmacologically or genetically?



ACC

FASN

SCD

Suppression of de novo lipogenesis（DNL) in both cold-treated pigs
Tibet-IAT Tibet-PAT

Bama-IAT Bama-PAT

RT

Cold

RT

Cold



Adipocyte lipid synthesis 
coupled to neuronal control of 
thermogenic programming

Suppression of DNL genes induces beige formation in mice

Whether Inhibition of DNL pathway could 
induce Beige adipocyte in Bama pigs



Suppression of DNL pathway by ACC inhibitor, TOFA, 
induces beige formation in Bama pigs

4th Sep，Dr. Cong Tao will present this data (97#)



Gene editing strategy provides the tool for generation of GM pigs  



1. Two Tibetan pig-specific cell subpopulations were identified;

2. Upon cold stimulation, beige fat was recruited by both de novo 
beige adipogenesis and WAT browning in Tibetan pigs, while 
Bama pigs lack of de novo beige adipogenesis process;

3. Beige adipocytes can be induced in Bama pigs pharmacologically.

Summary
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