Supplemental Information
Table S1. Summary of QTL with five or more supporting SNPs detected for birth weight, weaning weight, and yearling weight GWAA and GxE GWAA in U.S. Red Angus cattle compared to previous studies.
	All QTL
(Chr_Mb)
	Within-study evidence for pleiotropy influencing Red Angus growth traits
	Evidence for pleiotropy influencing Gelbvieh growth traits a
	Evidence for pleiotropy influencing bovine growth, feed efficiency, production, and/or carcass traits b

	2_93
	
	
	X

	2_94
	
	
	X

	5_78
	
	
	X

	6_32
	X
	
	X

	6_33
	
	
	X

	6_34
	X
	X
	X

	6_35
	X
	
	X

	6_36
	X
	X
	X

	6_37
	X
	X
	X

	6_38
	X
	X
	X

	6_39
	X
	X
	X

	6_40
	X
	X
	X

	6_41
	X
	X
	X

	6_88
	
	
	X

	7_90
	
	
	X

	7_91
	X
	
	X

	7_99
	
	
	X

	7_101
	
	
	X

	11_69
	
	
	X

	12_54
	
	
	X

	13_70
	
	
	X

	14_02
	
	
	X

	14_22
	
	
	X

	14_23
	X
	X
	X

	14_24
	X
	X
	X

	14_25
	
	X
	X

	20_03
	
	
	

	20_04
	X
	
	X

	20_05
	X
	X
	X

	20_06
	X
	
	X

	20_07
	
	
	X

	22_01
	
	
	X

	22_02
	
	
	X

	26_07
	
	
	X

	28_24
	X
	
	X

	Totals:
	16
	11
	34


a Obtained from Smith et al. 2019 [23] 
b Refer to Tables 2-7

Table S2. Summary of QTL with 2 to 4 supporting SNPs detected for birth weight in U.S. Red Angus cattle.
	Chr_Mb
	-log10
P-value
	Regression
Beta
	MAF
	Supporting
SNPs
	Positional
Candidate
Genes
	Lead SNP
Location
	Scientific Precedence [reference]; organism; trait

	6_42
	9.560
	-1.621
	0.056
	3
	LOC782172, ADGRA3
	Intergenic
	[1–5]; Cattle; Birth, weaning, and yearling weight, calving ease, yield grade, mature weight, conception rate, body condition score

	20_03
	7.565
	-0.813
	0.402
	4
	FGF18, LOC112443066
	Intergenic
	[6]; Cattle; Cell cycle regulation of granulosa cells

	7_18
	5.869
	0.958
	0.183
	3
	SH2D3A
	Intron
	[7]; Cattle; Milk yield



Table S3. Genomic inflation factors (λ) calculated using observed P-values and expected P-values for GWAA for growth traits in U.S. Red Angus beef cattle.
	Trait
	λ
	SE (λ)

	Birth Weight
	1.299
	0.002

	Weaning Weight
	1.112
	0.001

	Yearling Weight
	1.222
	0.001



Table S4. Summary of QTL with 2 to 4 supporting SNPs detected for weaning weight in U.S. Red Angus cattle.
	Chr_Mb
	-log10
P-value
	Regression
Beta
	MAF
	Supporting
SNPs
	Positional
Candidate
Genes
	Lead SNP
Location
	Scientific Precedence [reference]; organism; trait

	6_42
	6.421
	-7.430
	0.056
	4
	LOC782172, ADGRA3
	Intergenic
	[1–5]; Cattle; Birth, weaning, and yearling weight, calving ease, yield grade, mature weight, conception rate, body condition score

	14_35
	6.377
	-4.070
	0.266
	2
	LOC783431, LOC112449626,
EYA1
	Intergenic
	[8, 9]; Cattle; Transcription factor expressed in hypothalamus, controls energy balance relating to puberty

	6_33
	5.996
	-4.061
	0.299
	4
	CCSER1
	Intron
	[1, 3, 10]; Cattle, human; Carcass weight, fat thickness, conception rate, regulator of mitosis

	14_33
	5.665
	3.932
	0.279
	2
	SLCO5A1
	Exona
	[11, 12]; Frog, pig; Expressed in mature dendritic cells, maintenance of pregnancy

	14_34
	5.449
	3.402
	0.460
	4
	LACTB2
	Intron
	[13, 14]; Human, cattle; Essential to mitochondrial function, milk yield

	7_91
	5.443
	3.908
	0.219
	3
	LOC112447489
	Intron
	[7]; Cattle; Milk protein yield


a Indicates a predicted synonymous mutation Arg → Arg, exon 6

Table S5. Summary of QTL with 2 to 4 supporting SNPs detected for yearling weight in U.S. Red Angus cattle.
	Chr_Mb
	-log10
P-value
	Regression
Beta
	MAF
	Supporting
SNPs
	Positional
Candidate
Genes
	Lead SNP
Location
	Scientific Precedence [reference]; organism; trait

	6_42
	8.618
	-15.364
	0.056
	3
	LOC782172, ADGRA3
	Intergenic
	[1–5]; Cattle; Birth, weaning, and yearling weight, calving ease, yield grade, mature weight, conception rate, body condition score

	20_02
	5.526
	-6.398
	0.400
	2
	DOCK2
	Intron
	[15, 16]; Mouse; Roles in migration and activation of T cells

	21_66
	5.295
	4.889
	0.426
	4
	MEG9, LOC112443172
	Intergenic
	[17, 18]; Human, cattle; Cell proliferation and viability, natural antibodies in blood

	7_90
	5.167
	8.377
	0.107
	2
	ADGRV1
	Intron
	[3, 19, 20]; Cattle, mouse; Birth and yearling weights, conception rate, regulation of bone mineral density and fragility

	6_32
	5.094
	7.595
	0.269
	3
	GRID2
	Intron
	[7, 19, 21, 22]; Human, cattle; Mammalian nervous system mediation, dry matter intake, average daily gain, birth weight, milk fat yield



Table S6. Summary of GxE interactions with 2 to 4 supporting SNPs detected for birth weight in U.S. Red Angus cattle.
	Chr_Mb
	-log10
P-value
	Regression
Beta
	MAF
	Supporting
SNPs
	Positional
Candidate
Genes
	Lead SNP
Location
	Scientific Precedence [reference]; organism; trait

	12_33a
	5.717
	3.409
	0.068
	2
	LOC536660
	Intron
	[1, 7, 23]; Cattle; Age of puberty, protein yield, carcass weight, calf survival

	22_10b
	5.610
	2.694
	0.089
	4
	MIR128-2, LOC104975489
	Intergenic
	[7, 24, 25]; Cattle, mouse; Conception rate, milk and protein yields, body temperature under climatic stress, brain and nervous system development and maintenance of function, brain aging and neurodegeneration processes

	2_45c
	5.258
	-2.305
	0.290
	4
	RBM43, LOC107132261
	Intergenic
	[26, 27]; Human, cattle; Developmentally regulates mRNA processing, association with type II diabetes, milk, fat, and protein yields

	2_12a
	5.241
	1.547
	0.459
	3
	ZNF804A
	Intron
	[28–31]; Human, cattle; Role in signaling pathways for neuron differentiation, cell adhesion, muscular traits, expression and splicing master regulators for meat quality, fatty acid, back length


a Significant for U.S. Southeast Ecoregion
b Significant for U.S. Arid Prairie Ecoregion
c Significant for U.S. Desert Ecoregion

Table S7. Genomic inflation factors (λ) calculated using observed P-values and expected P-values for GxE GWAA for growth traits in U.S. Red Angus beef cattle.
	Trait
	λ
	SE (λ)

	BW U.S Desert Ecoregion
	0.993
	9.013E-06

	BW U.S. Southeast Ecoregion
	1.007
	9.188E-06

	BW U.S. High Plains Ecoregion
	1.019
	1.815E-05

	BW U.S. Arid Prairie Ecoregion
	1.002
	2.081E-05

	BW U.S. Foothills Ecoregion
	1.026
	2.262E-05

	BW U.S. Forested Mountains Ecoregion
	0.998
	1.299E-05

	BW U.S. Fescue Belt Ecoregion
	0.996
	1.717E-05

	BW U.S. Upper Midwest and Northeast Ecoregion
	0.981
	1.395E-05

	WW U.S. Desert Ecoregion
	1.014
	4.974E-05

	WW U.S. Southeast Ecoregion
	1.010
	1.989E-05

	WW U.S. High Plains Ecoregion
	0.999
	1.079E-05

	WW U.S. Arid Prairie Ecoregion
	0.982
	1.193E-05

	WW U.S. Foothills Ecoregion
	1.045
	2.905E-05

	WW U.S. Forested Mountains Ecoregion
	1.016
	1.194E-05

	WW U.S. Fescue Belt Ecoregion
	0.986
	2.164E-05

	WW U.S. Upper Midwest and Northeast Ecoregion
	1.008
	1.008E-05

	YW U.S. Desert Ecoregion
	1.021
	1.966E-05

	YW U.S. Southeast Ecoregion
	1.019
	2.792E-05

	YW U.S. High Plains Ecoregion
	1.013
	1.985E-05

	YW U.S. Arid Prairie Ecoregion
	0.995
	1.377E-05

	YW U.S. Foothills Ecoregion
	1.016
	7.849E-05

	YW U.S. Forested Mountains Ecoregion
	1.003
	1.128E-05

	YW U.S. Fescue Belt Ecoregion
	1.022
	1.145E-05

	YW U.S. Upper Midwest and Northeast Ecoregion
	1.022
	1.316E-05



Table S8. Summary of GxE interactions with 2 to 4 supporting SNPs detected for weaning weight in U.S. Red Angus cattle.
	Chr_Mb
	-log10
P-value
	Regression
Beta
	MAF
	Supporting
SNPs
	Positional
Candidate
Genes
	Lead SNP
Location
	Scientific Precedence [reference]; organism; trait

	8_20a
	8.443
	-91.905
	0.013
	3
	LOC616508, ELAVL2
	Intergenic
	[3, 7, 32–34]; Cattle, human; Early development, conception rate, milk fatty acids, milk fat and protein yield, daughter stillbirth, neuronal development and function, translational repressor during oocyte growth

	15_24a
	6.588
	-74.087
	0.012
	2
	ANKK1
	Exonb
	[3, 7, 35, 36]; Human, mouse, cattle; Neurogenesis, insulin sensitivity and obesity risk, embryonic myogenesis and muscle regeneration, milk yield, conception rate

	10_73a
	5.707
	-36.843
	0.049
	2
	LOC112448663, LOC515823
	Intergenic
	[1, 37–40]; Cattle; Stature, calving ease, rump angle, ketosis, milk fat yield, conception rate

	5_60c
	5.592
	118.728
	0.024
	3
	TMTC1
	Intron
	[41, 42]; Human; Controlling cellular metabolism, proliferation, and differentiation, regulation of glucose homeostasis

	10_63d
	5.584
	-6.643
	0.235
	3
	LOC112448561, LOC782100
	Intergenic
	[3, 38, 43]; Cattle; Conception rate, rump angle

	16_75c
	5.543
	19.687
	0.305
	2
	LOC112441795, LOC112441796
	Intergenic
	[1, 3, 7, 14]; Cattle; Somatic cell score, milk protein yield, conception rate, ribeye area

	19_15a
	5.526
	-60.631
	0.021
	2
	UNC45B
	Intron
	[7, 40, 44]; Human, cattle; Striated muscle formation, eye development, milk fat yield, conception rate

	7_98a
	5.474
	17.984
	0.161
	3
	LOC104969002, LOC100847536
	Intergenic
	[40, 45–50]; Cattle; Shear force, temperature associated thermotolerance, conception rate, intramuscular fat percentage, residual feed intake

	1_61c
	5.304
	-95.209
	0.013
	2
	LSAMP, TRNAC-GCA
	Intergenic
	[3, 31, 51–54]; Rats, mouse, cattle; Formation of neuronal connections during development of the limbic system, conception rate, milk fatty acid, methane production and digestion, dry matter intake, residual feed intake

	7_44a
	5.301
	-35.491
	0.027
	3
	TCF3, LOC781086
	Intergenic
	[3, 7, 55–57]; Mouse, zebrafish, cattle, human; Embryonic development, cell maintenance and differentiation in the central nervous system, regulator of muscle tissue, puberty onset, milk fat yield, conception rate, osteogenesis

	27_39e
	5.248
	8.056
	0.436
	4
	PSD3
	Intron
	[2, 3, 7, 33, 38, 58–60]; Human, cattle; Obesity and type II diabetes, milk fat percentage, mature weight, body height, intramuscular fat, shear force, conception rate

	6_42f
	5.236
	9.807
	0.443
	3
	ADGRA3
	Intron
	[1–4, 19, 33, 43, 54]; Cattle; Milk fatty acid, yield grade, birth weight, calving ease, conception rate, body condition score, milk yield, mature weight 

	14_44g
	5.217
	19.114

	0.024

	2
	LOC101905345, LOC112449520

	Intergenic
	[14, 39, 43, 61, 62]; Cattle; Conception rate, stillbirth, scrotal circumference, somatic cell score, residual feed intake

	25_02a
	5.194
	-59.160
	0.023
	2
	SYNGR3
	3'UTR
	[7, 45, 48, 63]; Mouse, cattle; Conception rate, calf survival, milk and fat yield, age at puberty, shear force 

	9_84f
	5.121
	23.636
	0.054
	2
	GRM1
	Intron
	[31, 64]; Cattle; Fatty acid in muscle, milk energy

	8_15a
	5.049
	71.649
	0.013
	2
	LINGO2
	5'UTR
	[2, 59]; Cattle; Milk fatty acids, mature weight


a Significant for U.S. Desert Ecoregion, 
b Indicates a nonsynonymous mutation Arg → His, exon 8 
c Significant for U.S. Foothills Ecoregion
d Significant for U.S. High Plains Ecoregion
e Significant for U.S. Arid Prairie Ecoregion
f Significant for U.S. Southeast Ecoregion
g Significant for U.S. Upper Midwest & Northeast Ecoregion
F
Table S9. Summary of GxE interactions with 2 to 4 supporting SNPs detected for yearling weight in U.S. Red Angus cattle.
	Chr_Mb
	-log10
P-value
	Regression
Beta
	MAF
	Supporting
SNPs
	Positional
Candidate
Genes
	Lead SNP
Location
	Scientific Precedence [reference]; organism; trait

	8_15a
	6.201
	228.864
	0.025
	2
	LOC112447774
	3’ UTR
	[2, 59]; Cattle; Milk fatty acid association, conception rate

	8_18a
	6.156
	207.614
	0.024
	2
	LOC101904667, LOC112447778
	Intergenic
	[1–3]; Cattle; mature weight, conception rate, body structure, calving ease

	12_50a
	6.062
	169.881
	0.041
	4
	TBC1D4
	Intron
	[3, 14, 40, 45, 65]; Human, cattle; Insulin and exercise response signaling, mediator of glucose uptake, conception rate, shear force, somatic cell score

	14_18b
	6.045

	-9.269

	0.431
	4
	LOC100139328

	Intron
	[3, 62, 66–69]; Cattle, mice; Milk fatty acid, conception rate, scrotal circumference, carcass weight, mitochondrial activity, metabolic homeostasis, and body weight

	24_06a
	5.990

	-204.590

	0.019

	4
	LOC112444205, LOC101907394

	Intergenic
	[3, 43, 66, 70]; Cattle; Conception rate, milk fatty acid association

	24_07a
	5.900
	203.114
	0.011
	3
	SOCS6, RTTN
	Intergenic
	[14, 43, 66, 71, 72]; Mouse, human, cattle; Cell growth suppressor, embryonic development, response to insulin stimulation implicated in regulation of food intake and body weight, neuronal differentiation, brain development, severe growth failure, milk protein percentage and fatty acids, conception rate

	23_38c
	5.672
	-10.683
	0.348
	2
	MBOAT1
	Intron
	[54, 73, 74]; Mouse, cattle; Neurite outgrowth and function, cell membrane biogenesis, mid-test metabolic weight test association

	11_30c
	5.648
	-9.976
	0.474
	2
	LOC112448871, TRNAC-GCA
	Intergenic
	[7, 27, 40, 43]; Cattle; Conception rate, milk fat yield and percentage, milk protein percentage

	11_53d
	5.563
	11.977
	0.133
	2
	LOC112448898, LOC101903989
	Intergenic
	[40, 45, 75]; Cattle; Fatty acid in intramuscular fat, shear force, milk fatty acid, conception rate

	2_76e
	5.386
	10.244
	0.485
	3
	LOC101902632, CNTNAP5
	Intergenic
	[54, 76, 77]; Human, cattle; Regulator of synapse formation and neurotransmission, body length, hip cross height, mid-test metabolic weight test association

	27_39f
	5.248
	8.056
	0.436
	4
	PSD3
	Intron
	[2, 3, 7, 33, 38, 58–60]; Human, cattle; Obesity and type II diabetes, milk fat percentage, mature weight, body height, intramuscular fat, shear force, conception rate

	14_58g
	5.509
	-18.835
	0.401
	4
	OXR1
	Intron
	[3, 46, 62, 78–80]; Human, mouse, cattle; Cell cycle regulation and apoptosis, protection of neuronal cells from oxidative stress, regulation of glucose metabolism in the brain, bicep weight, chuck roll weight, shear force, conception rate, scrotal circumference

	23_45c
	5.317
	-9.576
	0.478
	2
	LOC112443738
	Intron
	[31, 81]; Cattle; Fatty acid in muscle, milk fatty acid association

	12_43g
	5.049
	-22.956
	0.190
	2
	LOC107132995, KLHL1
	Intergenic
	[2, 43, 82–86]; Human, rat, cattle, dog; Neurite outgrowth, milk yield and lactation persistence, sperm motility, conception rate, mature weight, yearling height, body weight


a Significant for U.S. Foothills Ecoregion
b Significant for U.S. Fescue Belt Ecoregion
c Significant for U.S. Upper Midwest & Northeast Ecoregion
d Significant for U.S. High Plains Ecoregion
e Significant for U.S. Forested Mountains Ecoregion
f Significant for U.S. Arid Prairie Ecoregion
g Significant for U.S. Southeast Ecoregion
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