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A spatiotemporal single-cell atlas of porcine development reveals
regulatory dynamics and cellular targets of domestication
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Single-cell spatlotemporal maps reveal the patterns of dynamic transitions

cell lineage development
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Figure 1. Construction of a spatiotemporal cell atlas during pig development.



Cell lineage is the primary determinant of transcriptional heterogeneity

(A) (B) (C)
E Tissue Stage Cell lineage i 0.463
® Muscle @ E38 @ Endothelial ! c 0.5
‘ Heart @ E80 ) Epithelial : o
\ Kidney @ PNO Erythroid 20 : ‘E 4
. ®Lung @ PN28 Immune : S 0.
\leer PN180 : I\NAuscIIe - 1 g_
eura 4 mm S
Stromal s ol a ‘_é - ';flél“! ________ S aé 0.3
TR s gl F e o &
1 SH ~ A ok =& 02 0136 0.144
. T £ | 5 0. 095
! o gt * LW ks 0.069 0.073
S -20 1 ® Endothelial . = 0.1 0.020
8 I 02 Epithelial g p\uscle ! o)
Erythroid 4 Heart ' = 0.0
® :\Turgglge W Kidney : : o ‘ Q) e;
it : -40 1 @ Neural g bl;'lne% | ,@Q g@Q \QQ Q',bq, °f'og -\
" N Stromal | ) & 0@@ < <€ Q. \.\\Q
d ' O@ <& 02} C)Q}
@ 2 @ -40 -20 0 20 o) AN 53
Lo @ $
o %S PC1(19.1%) & o
@

Figure 2. Dynamics of differential gene expression and transcriptional variability across developmental stages in pig.



The period from embryogenesis to birth is a critical turning point in

cellular transcriptional remodelinc
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Figure 2. Dynamics of differential gene expression and transcriptional variability across developmental stages in pig.



A developmental regulatory network in pigs reveals the heterogeneity of lineage

differentiation and mechanisms of cross-tissue coordination
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Figure 3. Transcriptional regulon modules orchestrate pig development through temporally ordered and lineage-specific programs.



The differentiation of immune cell lineages across multiple tissues follows

a conserved two-branch regulatory mechanism
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Figure 4. Developmental trajectories reveal the temporal and regulatory coordination of

immune lineage differentiation during pig development.



The differentiation of immune cell lineages across multiple tissues follows

a conserved two-branch regulatory mechanism
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Figure 4. Developmental trajectories reveal the temporal and regulatory coordination of

immune lineage differentiation during pig development.



Analysing the mechanisms of differential selection for muscle traits in

Eurasian piqg breeds at the single-cell level
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Figure 5. Single-cell mapping of domestication-associated regulatory programs highlights MYOT

as a muscle-specific target in European pigs.
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Cross-species comparisons between pigs and humans reveal

transcriptional conservation

(D)

Pulse wave arterial stiffness index

Type milk consumed: cholesterol lowering milk

Non-cancer illness code, self-reported: myositis/myopathy

Diagnoses - main ICD10: J43 emphysema

gn'esses‘ of adopted mother: chronic bronchitis/emphysema
ulse rate

:ardlomyopathg, other and unspecified

Non-cancer ilinéss code, self-reported: diabetic neuropathy/ulcers
Non-cancer illness code, self-reported: muscle/soft tissue problem
All'influenza gnol pneumoma}

Non-cancer illness code, self-reported: fibromyalgia

Non-cancer iliness code, self-reported: muscle or soft tissue injuries
Trunk fat-free mass

Whole body fat-free mass

Arm fat-free mass (left)

Leg fat-free mass (left)

Leg fat-free mass (right)

Fibromyalgia related co-morbidities

Non-cancer iliness code, self-reported: back pain
Hand grip strength (right;

Hand grip strength (left)

Pulse wave arterial stiffness index
Sleep duration
- main ICD10: N10 acute tubulo-interstitial nephritis
er illness code, self-reported: emphysema
er iliness code, self-reported: brain haemorrhage
er illness code, self-reported: pericardial problem
cer iliness code, self-reported: irregular heart beat
cer illness code, self-reported: svt 7 supraventricular tachycardia
er lliness cod a

A Muscle#Endothelial
( ) Heart#Endothelial
Kidney#Endothelial
Lung#Endothelial

Liver#Endothelial

Heart#Epithelial

Kidney#Epithelial

Lung#Epithelial

Liver#Epithelial

Kidney#Erythroid

Liver#Erythroid

Muscle#Immune

Heart#lmmune

Kidney#Immune

Lung#Immune
Liver#lmmune
Muscle#Muscle

N e, self-reported: heart failure/pulmonary odem:
Heart#Muscle G y, other and ur
Muscle#Neural r linéss code, self-reported: heart arrhythmia
cer illness code, self-reported: cholecystitis
Heart#Neural er iliness code, self-reported cardlomropa h%
Muscle#Stromal :3;';:?2(?’ Iness code, self-reported: heart valve problem/heart murmur
QRS duration
Heart#Stromal Unstable angina pectoris
Kidney#Stromal Diastolic blood pressure, automated reading
Systolic blood pressure, automated reading
Lung#Stromal iagnoses - main ICD10: 120 Angina pectoris
. Pulse rate, automated reading
Liver#Stromal ECG, heart rate
Muscle#Erythroid Non-cancer illness code, self-reported: jaundice (unknown cause)
. Non-cancer illness code, self-reported: renal/kidney failure
Heart#Erythroid Cardion  Other and ur
Lung#Neural oL hia pectons
ledication for ol, blood pressure or diabetes: blood pressure medication
C iliness code, self-reported: nephritis
- main ICD10: N10 acute tubulo-interstitial nephritis
Urea (mmol/L)
Urea (quantile) .
N er iliness code, self-reported: kidney stone/ureter stone/bladder stone
& Creatinine (quantile;
&S & Total bilirubin (umol/L)
ég Total bilirubin (quantile)
é} & Pulse wave arterial stiffness index
W linesses of adopted mother: lung cancer
linesses of adopted mother: chronic bronchitis/emphysema .
Underlying (pnmarrg cause of death: ICD10: C45.9 mesothelioma, unspecified
- main [CD10: J43 emphysema
on-cancer illness code, self-reported empnr‘sema
er iliness code, self-reported: brain haemorrhage
linesses of adopted father: lung cancer
Sleep duration Odds
All'influenza (not pneumomab . . :
Dlagnoses - main ICD10: B18 chronic viral hepatitis ratio
Asthma (mode;
100 Diagnoses - main ICD10: J46 status asthmaticus 6
Diagnoses - main ICD10: J13 pneumonia due to streptococcus pneumoniae
Forced expiratory volume in 1-second (FEV1), predicted
Asthma opportunist infections
Forced expiratory volume in 1-second (FEV1 4
Forced expiratory volume in 1-second (FEV1), best measure
75 Diagnoses - main ICD10: J15 bacterial not
:‘? Diagnoses - main ICD10: J45 asthma
< Type milk consumed: cholesterol lowering milk 2
© Diagnoses - main ICD10: B18 chronic viral hepatitis
o Viral hepatitis, IBD co-morbidity
[V} 50 Viral hepatitis )
‘E’ Nonalcoholic fatty liver disease . 0
@ Non-cancer iliness code, self-reported: hepatitis a
o Non-cancer iliness code, self-reported: cholecystitis
= Diagnoses - main ICD10: K81 cholecystitis
[ Diagnoses - main ICD10: K70 alcoholic liver disease
Ha o Gamma glutamyltransferase (U/L)
7% 25 Gamma glutamyltransferase (quantile)
[aN] g Direct bilirubin (umol/L.
a— . Alanine aminotransferase %uanme)
= Alanine aminotransferase (U/L)
o 4¢ Aspartate aminotransferase (quantile)
s 2 spartate aminotransferase (U/L)
o A 0 Direct bilirubin (quantile)
Q 0, Medication for cholesterol, blood pressure, diabetes, or take exogenous hormones:
= 4 cholesterol lowering medication
o
O

Component 1

Figure 6. Cross-species single-cell mapping reveals conserved lineage specification and disease relevance.



Summary

O This study constructed a single-cell/single-nucleus transcriptomic atlas of five key pig
tissues—Iliver, lung, kidney, heart, and longissimus dorsi—across five developmental stages
from embryonic to adult life, comprising 252,033 cells. This fills an important gap in
foundational resources for spatiotemporal multi-tissue developmental atlases in pigs.

1 Based on this resource, the study systematically characterized the transcriptional regulatory
mechanisms underlying cell lineage differentiation and tissue maturation. In particular, it
revealed immune cell developmental trajectories at the whole-organism level, as well as their
co-activated regulatory programs with endothelial and stromal cells.

U By integrating population genomic analyses, the study uncovered how domestication

genetically shaped key cell types, such as muscle and neural cells, and associated genes,
including MYOT.

O This work provides an important data resource and theoretical framework for livestock
developmental biology, precision breeding, and human disease modeling.

Rong Zhou, Zishuai Wang, Chenghao Hu, Shuhan Deng, Changyun Cai, Yanfang Wang, Shang-Tong Li, et al. 2026. A
Spatiotemporal Single-cell Atlas of Porcine Development Reveals Regulatory Dynamics and Cellular Targets of Domestication.
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