Supplementary Materials and Methods

Experimental design and sample collection

Blood samples were collected during a routine examination of 32 captive rhesus macaques (Macaca mulatta) at Sichuan Green-House Biotech Co., Ltd., in Meishan, China. The samples included 16 six-month-old infants and their lactating mothers (aged 6 to 10 years). The infants were still at the breast-feeding stage when their blood samples were collected. All peripheral whole blood samples were collected on 26 September 2019. Each infant lived in the same room as their mother and other adults at a density of 6–10 macaques per room. The size of each room was 5.0 m in length, 4.5 m in width, and 2.5 m in height. This study was approved by the Ethics Committee of College of Life Sciences, Sichuan University (No. 20200529001). Sample collection and utility protocols were carried out in strict adherence to the guidelines of the management committee of experimental animals of Sichuan province, China (SYXK (Sichuan) 2019-192). The fresh blood samples were withdrawn and temporarily preserved in specialized blood collection tubes (PAXgene Blood RNA tubes) for 24 h, and then stored at –80 °C until RNA extraction.

Library preparation and RNA sequencing

Total RNA was extracted following the manufacturer’s PAXgene Blood RNA kit manual (Becton, Dickinson and Company, USA). RNA quality was assessed with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). Total RNA was treated with a GlobinZero kit (Epicentre, Illumina, Madison, WI, USA) and purified with a modified Qiagen RNeasy MinElute (Qiagen Inc., Valencia, CA, USA) cleanup procedure or ethanol precipitation. Samples with RIN (RNA integrity number) values higher than 7.5 were used for library construction and sequencing. Library preparation and all sequencing runs were performed following the manufacturer’s instructions (Novogene, Beijing, China). Briefly, each cDNA sample was sonicated to 300–500 bp sized fragments and applied to paired-end library generation. All libraries were sequenced using the Illumina NovaSeq 6000 platform with a paired-end sequencing length of 150 bp (PE150) at Novogene (Beijing, China). The raw data were submitted to the NCBI Gene Expression Omnibus (GEO) under accession number PRJNA599261.

Read alignment and quality control

The rhesus macaque genome assembly Mmul_10 and reference annotation were downloaded from Ensembl (release-98, www.ensembl.org). To obtain high-quality reads, we employed the NGS QC Toolkit v2.3.3 (Patel & Jain, 2012) with stringent criteria (high-quality paired reads with more than 90% of bases with Q-value ≥20 were retained) to remove low-quality paired-end reads or reads containing adaptors. Processed reads from each sample were mapped to the reference genome using HISAT2 v2.1.0 (Kim et al., 2015). Each alignment output file was assembled into separate transcriptomes using StringTie v1.3.6 (Pertea et al., 2015), which produced a transcript GTF file. The Ensembl GTF file was then used as the reference annotation file to guide the assembly process to obtain expression values in TPM (transcripts per million) and raw read counts for each gene and transcript.

Gene cluster analysis and differentially expressed gene (DEG) analysis

Based on expression values, principal component analysis (PCA) from the plotPCA of the DESeq2 R package (Love et al., 2014) was used to visualize the relatedness of the 32 RNA-seq samples. We also used agglomerative hierarchical clustering in the ComplexHeatmap R package (Gu et al., 2016) to perform cluster analysis. Differential expression analysis was also performed using DESeq2 with raw read counts as the input. All statistical results were corrected for multiple testing with the Benjamini-Hochberg false discovery rate (FDR≤0.05) and absolute log2 fold-change ≥2 was used to determine significant differences in gene expression.

Gene enrichment analysis

To functionally classify DEGs, we performed GO and KEGG enrichment analysis using g:Profiler (Raudvere et al., 2019) and the background gene set derived from the Ensembl annotation of macaques (e98_eg45_p14_cdb968b), consistent with the reference file used for assembly. An FDR cut-off of 0.05 was considered significantly enriched.

Construction of gene co-expression modules

Gene expression data (after normalization) from all 32 macaques were used to construct multi-tissue co-expression networks, which simultaneously captured intra- and inter-tissue gene-gene interactions. We ranked all genes according to the median absolute deviation (MAD) value and selected the first 5 000 as representative genes (Langfelder & Horvath 2008). These genes were clustered according to their dissimilarity and were divided into different modules. Modules with high similarity were merged. We then calculated the connectivity of all genes in the modules with a significant module-trait relationship (>0.75) to identify hub genes.

Protein-protein interaction network analysis

Protein-protein interaction networks of hub genes and DEGs were constructed based on the STRING protein interaction database (Szklarczyk et al., 2017). Cytoscape (Shannon et al., 2003) was used to visualize the protein-protein interaction network of hub genes and DEGs and identify key regulator (driver) genes.
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Supplementary Table S1 Summary of sequencing and assembly of transcriptome
	Sample
	Age (year)
	Group
	Gender
	Clean Reads
	Raw Base (Gb)
	Clean Base (Gb)
	Mapping Rate (%)

	MCR1
	9
	MCR
	Female
	26,950,389
	8.43
	8.09
	96.93

	MCR2
	8
	MCR
	Female
	29,528,582
	9.28
	8.86
	95.92

	MCR3
	7
	MCR
	Female
	26,404,858
	8.48
	7.92
	95.71

	MCR6
	6
	MCR
	Female
	30,398,050
	9.43
	9.12
	96.01

	MCR7
	6
	MCR
	Female
	29,538,311
	9.18
	8.86
	97.32

	MCR8
	6
	MCR
	Female
	27,530,996
	8.53
	8.26
	96.51

	MCR9
	9
	MCR
	Female
	37,023,556
	11.43
	11.11
	95.93

	MCR10
	10
	MCR
	Female
	29,339,658
	9.08
	8.8
	96.35

	MCR11
	6
	MCR
	Female
	29,559,251
	9.26
	8.87
	95.43

	MCR12
	7
	MCR
	Female
	28,335,081
	8.79
	8.5
	95.94

	MCR14
	7
	MCR
	Female
	30,666,599
	9.51
	9.2
	96.48

	MCR15
	6
	MCR
	Female
	29,406,501
	9.21
	8.82
	96.62

	MCR16
	6
	MCR
	Female
	31,757,532
	9.87
	9.53
	96.23

	MCR17
	7
	MCR
	Female
	28,717,772
	8.93
	8.62
	95.74

	MCR18
	7
	MCR
	Female
	29,632,450
	9.13
	8.89
	96.20

	MCR21
	7
	MCR
	Female
	26,430,731
	8.19
	7.93
	96.53

	BCR1
	0.5
	BCR
	Female
	32,361,533
	10.02
	9.71
	97.05

	BCR2
	0.5
	BCR
	Female
	33,517,939
	10.37
	10.06
	96.85

	BCR3
	0.5
	BCR
	Female
	32,411,037
	10.04
	9.72
	96.43

	BCR6
	0.5
	BCR
	Female
	26,565,019
	8.38
	7.97
	95.91

	BCR7
	0.5
	BCR
	Female
	32,692,153
	10.14
	9.81
	97.03

	BCR8
	0.5
	BCR
	Female
	22,595,689
	6.94
	6.78
	96.45

	BCR9
	0.5
	BCR
	Female
	29,974,678
	9.25
	8.99
	96.54

	BCR10
	0.5
	BCR
	Female
	26,178,795
	8.14
	7.85
	96.70

	BCR11
	0.5
	BCR
	Male
	27,710,145
	8.6
	8.31
	96.52

	BCR12
	0.5
	BCR
	Male
	24,402,860
	7.59
	7.32
	97.32

	BCR14
	0.5
	BCR
	Male
	26,563,073
	8.24
	7.97
	96.91

	BCR15
	0.5
	BCR
	Male
	26,103,169
	8.11
	7.83
	96.63

	BCR16
	0.5
	BCR
	Male
	24,661,242
	7.65
	7.4
	97.03

	BCR17
	0.5
	BCR
	Male
	31,164,182
	9.64
	9.35
	96.60

	BCR18
	0.5
	BCR
	Male
	25,845,315
	8.21
	7.75
	96.39

	BCR21
	0.5
	BCR
	Male
	27,353,418
	8.43
	8.21
	96.93










Supplementary Table S2 GO term enrichment results of up-regulated DEGs in infants

	Source
	Term name
	Term id
	Adjusted P
	Negative log10 of adjusted P
	Term size
	Query size
	Intersection size

	GO:MF
	platelet-derived growth factor binding
	GO:0048407
	0.029696759
	1.527290939
	7
	38
	2

	GO:MF
	extracellular matrix structural constituent
	GO:0005201
	0.033669285
	1.472766107
	51
	38
	3

	GO:MF
	serine-type endopeptidase activity
	GO:0004252
	0.043913877
	1.357398223
	159
	38
	4

	GO:MF
	hydrolase activity, acting on acid phosphorus-nitrogen bonds
	GO:0016825
	0.043913877
	1.357398223
	181
	38
	4

	GO:MF
	serine hydrolase activity
	GO:0017171
	0.043913877
	1.357398223
	181
	38
	4

	GO:MF
	serine-type peptidase activity
	GO:0008236
	0.043913877
	1.357398223
	177
	38
	4

	GO:MF
	growth factor binding
	GO:0019838
	0.044271505
	1.353875713
	90
	38
	3

	GO:MF
	immunoglobulin receptor binding
	GO:0034987
	0.044271505
	1.353875713
	23
	38
	2

	GO:BP
	production of molecular mediator of immune response
	GO:0002440
	0.00022375
	3.650237734
	142
	46
	7

	GO:BP
	immune response
	GO:0006955
	0.00022375
	3.650237734
	852
	46
	14

	GO:BP
	immune system process
	GO:0002376
	0.000391919
	3.406803366
	1411
	46
	17

	GO:BP
	immunoglobulin production
	GO:0002377
	0.002734058
	2.563192236
	86
	46
	5

	GO:BP
	defense response to bacterium
	GO:0042742
	0.003460526
	2.460857921
	162
	46
	6

	GO:BP
	defense response to other organism
	GO:0098542
	0.004629894
	2.334428958
	484
	46
	9

	GO:BP
	regulation of viral genome replication
	GO:0045069
	0.005974906
	2.2236689
	56
	46
	4

	GO:BP
	viral genome replication
	GO:0019079
	0.011267244
	1.948182313
	68
	46
	4

	GO:BP
	response to external stimulus
	GO:0009605
	0.011795842
	1.928271056
	1384
	46
	14

	GO:BP
	defense response
	GO:0006952
	0.018778332
	1.726342998
	777
	46
	10

	GO:BP
	ISG15-protein conjugation
	GO:0032020
	0.018778332
	1.726342998
	6
	46
	2

	GO:BP
	regulation of viral life cycle
	GO:1903900
	0.018991813
	1.721433571
	88
	46
	4

	GO:BP
	immune effector process
	GO:0002252
	0.018991813
	1.721433571
	383
	46
	7

	GO:BP
	response to other organism
	GO:0051707
	0.018991813
	1.721433571
	653
	46
	9

	GO:BP
	response to external biotic stimulus
	GO:0043207
	0.018991813
	1.721433571
	654
	46
	9

	GO:BP
	response to biotic stimulus
	GO:0009607
	0.020928774
	1.679256212
	669
	46
	9

	GO:BP
	positive regulation of interleukin-8 biosynthetic process
	GO:0045416
	0.021007595
	1.677623658
	8
	46
	2

	GO:BP
	negative regulation of viral genome replication
	GO:0045071
	0.021007595
	1.677623658
	39
	46
	3

	GO:BP
	modification by host of symbiont morphology or physiology
	GO:0051851
	0.02517683
	1.598998949
	43
	46
	3

	GO:BP
	regulation of viral process
	GO:0050792
	0.025695596
	1.590141309
	108
	46
	4

	GO:BP
	defense response to virus
	GO:0051607
	0.025695596
	1.590141309
	108
	46
	4

	GO:BP
	interaction with symbiont
	GO:0051702
	0.026564208
	1.575703125
	46
	46
	3

	GO:BP
	positive regulation of toll-like receptor signaling pathway
	GO:0034123
	0.029526903
	1.529782105
	11
	46
	2

	GO:BP
	regulation of symbiosis, encompassing mutualism through parasitism
	GO:0043903
	0.029526903
	1.529782105
	116
	46
	4

	GO:BP
	regulation of interleukin-8 biosynthetic process
	GO:0045414
	0.029526903
	1.529782105
	11
	46
	2

	GO:BP
	response to bacterium
	GO:0009617
	0.032739891
	1.484922774
	331
	46
	6

	GO:BP
	interleukin-8 biosynthetic process
	GO:0042228
	0.032739891
	1.484922774
	12
	46
	2

	GO:BP
	humoral immune response
	GO:0006959
	0.034124531
	1.466933307
	126
	46
	4

	GO:BP
	negative regulation of viral life cycle
	GO:1903901
	0.034124531
	1.466933307
	55
	46
	3

	GO:BP
	modification of morphology or physiology of other organism involved in symbiotic interaction
	GO:0051817
	0.034775324
	1.458728812
	56
	46
	3

	GO:BP
	innate immune response
	GO:0045087
	0.035639008
	1.448074388
	346
	46
	6

	GO:BP
	ventricular cardiac muscle cell action potential
	GO:0086005
	0.037930862
	1.421007288
	14
	46
	2

	GO:BP
	negative regulation of viral process
	GO:0048525
	0.038674853
	1.412571332
	60
	46
	3

	GO:BP
	defense response to fungus
	GO:0050832
	0.041106839
	1.386085918
	15
	46
	2

	GO:BP
	response to virus
	GO:0009615
	0.044237316
	1.354211233
	143
	46
	4

	GO:BP
	replacement ossification
	GO:0036075
	0.047442152
	1.323835619
	17
	46
	2

	GO:BP
	endochondral ossification
	GO:0001958
	0.047442152
	1.323835619
	17
	46
	2

	GO:BP
	symbiotic process
	GO:0044403
	0.047442152
	1.323835619
	252
	46
	5

	GO:BP
	skeletal system morphogenesis
	GO:0048705
	0.049739352
	1.303299873
	152
	46
	4

	GO:CC
	extracellular region
	GO:0005576
	1.37E-07
	6.864124466
	1407
	43
	20

	GO:CC
	extracellular region part
	GO:0044421
	4.16E-07
	6.381103226
	1098
	43
	17

	GO:CC
	extracellular space
	GO:0005615
	4.16E-07
	6.381103226
	927
	43
	16

	GO:CC
	banded collagen fibril
	GO:0098643
	3.30E-05
	4.481670436
	7
	43
	3

	GO:CC
	fibrillar collagen trimer
	GO:0005583
	3.30E-05
	4.481670436
	7
	43
	3

	GO:CC
	specific granule
	GO:0042581
	4.39E-05
	4.357649622
	8
	43
	3

	GO:CC
	complex of collagen trimers
	GO:0098644
	0.000190105
	3.721006843
	13
	43
	3

	GO:CC
	collagen type I trimer
	GO:0005584
	0.000205812
	3.686528609
	2
	43
	2

	GO:CC
	extracellular matrix component
	GO:0044420
	0.00202499
	2.693577196
	30
	43
	3

	GO:CC
	collagen trimer
	GO:0005581
	0.006171471
	2.209611305
	45
	43
	3

	GO:CC
	secretory granule
	GO:0030141
	0.017024527
	1.768924947
	148
	43
	4

	GO:CC
	immunoglobulin complex, circulating
	GO:0042571
	0.025182646
	1.598898632
	20
	43
	2

	GO:CC
	immunoglobulin complex
	GO:0019814
	0.033508981
	1.474838781
	24
	43
	2

	GO:CC
	DNA recombinase complex
	GO:0097519
	0.034806785
	1.458336085
	1
	43
	1

	GO:CC
	gamma-catenin-TCF7L2 complex
	GO:0071665
	0.034806785
	1.458336085
	1
	43
	1

	GO:CC
	collagen type II trimer
	GO:0005585
	0.034806785
	1.458336085
	1
	43
	1


Supplementary Table S3 GO and KEGG enrichment results of unique hub genes in infants

	Source
	Term name
	Term id
	Adjusted P
	Negative log10 of adjusted P
	Term size
	Query size
	Intersection size

	GO:MF
	organic cyclic compound binding
	GO:0097159
	0.000903734
	3.043959536
	4990
	80
	47

	GO:MF
	heterocyclic compound binding
	GO:1901363
	0.000903734
	3.043959536
	4934
	80
	47

	GO:MF
	structural constituent of ribosome
	GO:0003735
	0.001621397
	2.790110737
	270
	80
	9

	GO:MF
	RNA binding
	GO:0003723
	0.030492257
	1.515810423
	915
	80
	14

	GO:BP
	ncRNA metabolic process
	GO:0034660
	5.21E-06
	5.283162022
	347
	75
	14

	GO:BP
	rRNA processing
	GO:0006364
	5.36E-06
	5.270758505
	151
	75
	10

	GO:BP
	rRNA metabolic process
	GO:0016072
	6.63E-06
	5.178209425
	161
	75
	10

	GO:BP
	ncRNA processing
	GO:0034470
	7.02E-06
	5.15352282
	271
	75
	12

	GO:BP
	ribonucleoprotein complex biogenesis
	GO:0022613
	1.11E-05
	4.955381136
	354
	75
	13

	GO:BP
	ribosome biogenesis
	GO:0042254
	1.11E-05
	4.955381136
	235
	75
	11

	GO:BP
	leukocyte differentiation
	GO:0002521
	0.000175688
	3.755256918
	314
	75
	11

	GO:BP
	lymphocyte differentiation
	GO:0030098
	0.000382512
	3.417354952
	214
	75
	9

	GO:BP
	ribosomal large subunit biogenesis
	GO:0042273
	0.000503012
	3.298421562
	75
	75
	6

	GO:BP
	immune system development
	GO:0002520
	0.000517107
	3.286419973
	522
	75
	13

	GO:BP
	RNA processing
	GO:0006396
	0.000553404
	3.256957405
	617
	75
	14

	GO:BP
	hemopoiesis
	GO:0030097
	0.000786857
	3.104104326
	467
	75
	12

	GO:BP
	lymphocyte activation
	GO:0046649
	0.000809699
	3.091676254
	395
	75
	11

	GO:BP
	leukocyte activation
	GO:0045321
	0.000809699
	3.091676254
	475
	75
	12

	GO:BP
	hematopoietic or lymphoid organ development
	GO:0048534
	0.001024817
	2.989353565
	490
	75
	12

	GO:BP
	maturation of LSU-rRNA
	GO:0000470
	0.001627224
	2.78855256
	29
	75
	4

	GO:BP
	cell activation
	GO:0001775
	0.002255674
	2.646723623
	537
	75
	12

	GO:BP
	amide biosynthetic process
	GO:0043604
	0.004716188
	2.326408883
	679
	75
	13

	GO:BP
	organonitrogen compound biosynthetic process
	GO:1901566
	0.007848865
	2.105193167
	1276
	75
	18

	GO:BP
	T cell costimulation
	GO:0031295
	0.00919027
	2.036671729
	18
	75
	3

	GO:BP
	lymphocyte costimulation
	GO:0031294
	0.01035427
	1.984880494
	19
	75
	3

	GO:BP
	translation
	GO:0006412
	0.01849063
	1.733048301
	586
	75
	11

	GO:BP
	peptide biosynthetic process
	GO:0043043
	0.021052869
	1.676688706
	598
	75
	11

	GO:BP
	gene expression
	GO:0010467
	0.021195001
	1.67376656
	3907
	75
	35

	GO:BP
	immune system process
	GO:0002376
	0.021195001
	1.67376656
	1411
	75
	18

	GO:BP
	rRNA modification
	GO:0000154
	0.024488097
	1.611044958
	27
	75
	3

	GO:BP
	cellular amide metabolic process
	GO:0043603
	0.027454778
	1.561382068
	848
	75
	13

	GO:BP
	B cell differentiation
	GO:0030183
	0.027454778
	1.561382068
	68
	75
	4

	GO:BP
	T cell receptor signaling pathway
	GO:0050852
	0.030832332
	1.510993628
	72
	75
	4

	GO:BP
	T cell activation
	GO:0042110
	0.030832332
	1.510993628
	270
	75
	7

	GO:BP
	T cell tolerance induction
	GO:0002517
	0.030832332
	1.510993628
	7
	75
	2

	GO:BP
	GTP biosynthetic process
	GO:0006183
	0.039688595
	1.401334277
	8
	75
	2

	GO:BP
	maturation of SSU-rRNA
	GO:0030490
	0.047891638
	1.319740311
	37
	75
	3

	GO:BP
	peptide metabolic process
	GO:0006518
	0.047891638
	1.319740311
	691
	75
	11

	GO:BP
	cellular nitrogen compound metabolic process
	GO:0034641
	0.049284236
	1.307291973
	4657
	75
	38

	GO:CC
	ribonucleoprotein complex
	GO:1990904
	2.09E-07
	6.678894643
	773
	79
	21

	GO:CC
	preribosome
	GO:0030684
	8.83E-06
	5.054205942
	65
	79
	7

	GO:CC
	nucleolar part
	GO:0044452
	4.12E-05
	4.385409163
	126
	79
	8

	GO:CC
	cytosolic part
	GO:0044445
	0.00014604
	3.835529509
	214
	79
	9

	GO:CC
	protein-containing complex
	GO:0032991
	0.00014604
	3.835529509
	4012
	79
	42

	GO:CC
	nucleolus
	GO:0005730
	0.000271001
	3.567028711
	528
	79
	13

	GO:CC
	cytosolic small ribosomal subunit
	GO:0022627
	0.000304963
	3.515753252
	50
	79
	5

	GO:CC
	intracellular part
	GO:0044424
	0.001085151
	2.964509905
	9779
	79
	70

	GO:CC
	small-subunit processome
	GO:0032040
	0.001326439
	2.877312726
	36
	79
	4

	GO:CC
	cytosolic ribosome
	GO:0022626
	0.001361925
	2.865846671
	121
	79
	6

	GO:CC
	ribosome
	GO:0005840
	0.001361925
	2.865846671
	316
	79
	9

	GO:CC
	small ribosomal subunit
	GO:0015935
	0.001361925
	2.865846671
	75
	79
	5

	GO:CC
	ribosomal subunit
	GO:0044391
	0.002089432
	2.679971699
	195
	79
	7

	GO:CC
	intracellular
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Supplementary Figure S1 Gene expression levels (after normalization) in 32 samples 
Lines of whiskers in box represent median.
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Supplementary Figure S2 Principal component analysis (PCA) of 32 rhesus macaques 
Analysis used gene expression values normalized by Deseq2.
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Supplementary Figure S3 Dynamic changes in expression profiles of all genes 
Values represent pairwise Pearson correlations. Correlations between two samples were 
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Supplementary Figure S4 KEGG pathway enrichment analysis of DEGs 
Bubble diagram of KEGG pathways of all DEGs in infants and mothers.
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Supplementary Figure S5 Relationship between modules and groups 
Red indicates significant correlation and blue indicates no significant correlation.
