Supplementary Table S2. Candidate genes associated to production traits in Bos indicus cattle

	Study No*
	Study
	Gene
	Associated Traits

	1
	Dixit et al. 2020
	CSN1S1
	Milk production (casein gene; dairy ROH)

	1
	Dixit et al. 2020
	CSN1S2
	Milk production (casein gene; dairy ROH)

	1
	Dixit et al. 2020
	CSN2
	Milk production (casein gene; dairy ROH)

	1
	Dixit et al. 2020
	CSN3
	Milk production; mammary gland development

	1
	Dixit et al. 2020
	HMGA2
	Body stature (short stature in Vechur)

	1
	Dixit et al. 2020
	PTGFR
	Milk production (dairy breed ROH islands)

	2
	Carrara et al. 2023
	ATP10D
	Meat redness

	2
	Carrara et al. 2023
	CNGA1
	Meat redness

	2
	Carrara et al. 2023
	COMMD8
	Meat redness

	2
	Carrara et al. 2023
	COX7B2
	Meat redness

	2
	Carrara et al. 2023
	GABRA2
	Milk production (BTA6 ROH region)

	2
	Carrara et al. 2023
	GABRA4
	Milk production and meat redness

	2
	Carrara et al. 2023
	GABRB1
	Milk production and meat redness

	2
	Carrara et al. 2023
	GABRG1
	Milk production (BTA6 ROH region)

	2
	Carrara et al. 2023
	KHDRBS2
	Fertility and reproductive traits

	2
	Carrara et al. 2023
	NFXL1
	Meat redness

	3
	Nayak et al. 2025
	BBX
	Bone development

	3
	Nayak et al. 2025
	CACNA1H
	Udder cleft; puberty age; sperm/conception traits (Gir)

	3
	Nayak et al. 2025
	DHX57
	Conception rate; puberty age; pregnancy rate (Gir)

	3
	Nayak et al. 2025
	EIF2AK3
	Conception rate; puberty age; pregnancy rate (Gir)

	3
	Nayak et al. 2025
	ENTHD1
	Calving ease and stillbirth (Gir and Tharparkar)

	3
	Nayak et al. 2025
	FRY
	Udder cleft; stature; milk protein; teat length

	3
	Nayak et al. 2025
	GDF9
	Reproductive traits under selection in Gir

	3
	Nayak et al. 2025
	KCNIP4
	Udder cleft; puberty age; sperm/conception traits (Gir)

	3
	Nayak et al. 2025
	ME3
	Conception rate; puberty age; pregnancy rate (Gir)

	3
	Nayak et al. 2025
	NYAP2
	Foot angle; teat placement; productive life; strength

	3
	Nayak et al. 2025
	PRDM16
	Udder cleft; attachment depth and height

	3
	Nayak et al. 2025
	RNF10
	Udder height; PTA type

	3
	Nayak et al. 2025
	RXFP2
	Teat placement; udder structure; teat length

	3
	Nayak et al. 2025
	SLC4A4
	Conception rate; puberty age; pregnancy rate (Gir)

	3
	Nayak et al. 2025
	SREBF2
	Dairy form; feet and leg conformation; net merit

	3
	Nayak et al. 2025
	VWF
	Foot angle

	5
	Naval-Sanchez et al. 2020
	HMGA2
	Navel/sheath score; body height (indicine sweep)

	5
	Naval-Sanchez et al. 2020
	LEMD3
	Body height (indicine selective-sweep enrichment)

	6
	Peripolli et al. 2020
	NADK2
	Milk yield/protein; coat texture QTL region

	6
	Peripolli et al. 2020
	RANBP3L
	Milk yield/protein; coat texture QTL region

	6
	Peripolli et al. 2020
	VRK1
	Interval to first estrus after calving

	7
	Mauki et al. 2022
	ATOH8
	Reproduction-related selection signature

	7
	Mauki et al. 2022
	SERPINE2
	Skeletal muscle growth

	10
	Bahbahani et al. 2018
	AFP
	Ovulation; female fertility

	10
	Bahbahani et al. 2018
	SRD5A3
	Male reproductive development; fertility

	11
	Maiorano et al. 2018
	ADAMTS3
	Longevity

	11
	Maiorano et al. 2018
	CNTN3
	Meat tenderness

	11
	Maiorano et al. 2018
	CTNNA2
	Muscle quality; lipomatous myopathy

	11
	Maiorano et al. 2018
	DUSP10
	Fat metabolism and adipogenesis

	11
	Maiorano et al. 2018
	FAM184B
	Meat and carcass traits

	11
	Maiorano et al. 2018
	FTO
	Milk composition; production traits

	11
	Maiorano et al. 2018
	GC
	Body conformation

	11
	Maiorano et al. 2018
	HS3ST5
	Reproductive seasonality

	11
	Maiorano et al. 2018
	KCNIP4
	Milk composition; production traits

	11
	Maiorano et al. 2018
	LCORL
	Growth; meat and carcass; reproduction

	11
	Maiorano et al. 2018
	NCAM1
	Adipocyte differentiation; meat and carcass

	11
	Maiorano et al. 2018
	NCAPG
	Growth; meat and carcass; reproduction

	11
	Maiorano et al. 2018
	NSG1
	Milk yield and fat/protein contents

	11
	Maiorano et al. 2018
	ROBO1
	Milk composition

	11
	Maiorano et al. 2018
	SLC24A4
	Fertility; calving interval and days open

	11
	Maiorano et al. 2018
	TMEM117
	Body condition score; fatty acid composition

	11
	Maiorano et al. 2018
	TRAPPC9
	Milk composition; reproduction

	11
	Maiorano et al. 2018
	WNT7A
	Growth traits; muscle regeneration

	12
	Cortez et al. 2022
	ALDOC
	Glycolysis; carbohydrate metabolism

	12
	Cortez et al. 2022
	B4GALT2
	Glycolipid metabolism

	12
	Cortez et al. 2022
	DECR2
	Fatty acid degradation

	12
	Cortez et al. 2022
	ELOVL7
	Fatty acid elongation

	12
	Cortez et al. 2022
	FGF10
	Fibroblast growth factor; growth

	12
	Cortez et al. 2022
	SCD
	Fatty acid biosynthesis; meat fat content

	12
	Cortez et al. 2022
	SPATA2
	Spermatogenesis

	12
	Cortez et al. 2022
	TG
	Thyroglobulin; growth and metabolism

	12
	Cortez et al. 2022
	TGFB3
	Growth factor signaling

	13
	Braga et al. 2025
	ACER3
	Milk yield

	13
	Braga et al. 2025
	AQP8
	Embryo development; milk secretion

	13
	Braga et al. 2025
	CCND2
	Stature

	13
	Braga et al. 2025
	DACH2
	Puberty; ovarian function

	13
	Braga et al. 2025
	FSHR
	Early reproductive traits; follicle development

	13
	Braga et al. 2025
	HMGA2
	Growth and stature

	13
	Braga et al. 2025
	IGF2
	Growth regulation

	13
	Braga et al. 2025
	NCAPG
	Stature and growth

	13
	Braga et al. 2025
	PLAG1
	Growth; stature; milk composition

	13
	Braga et al. 2025
	SAMD5
	Sire conception rate

	13
	Braga et al. 2025
	SNORA70
	Scrotal circumference

	13
	Braga et al. 2025
	WDR36
	Blastocyst development

	14
	Zavarez et al. 2015
	SPOCK1
	Puberty and fertility

	15
	Bahbahani et al. 2017
	LEMD3
	Anatomical/organ development

	15
	Bahbahani et al. 2017
	LOX
	Lung and blood vessel development

	15
	Bahbahani et al. 2017
	RARA
	Spermatogenesis

	15
	Bahbahani et al. 2017
	RXFP2
	Testicular descent; fertility

	15
	Bahbahani et al. 2017
	SPAG7
	Spermatogenesis

	15
	Bahbahani et al. 2017
	SPATA24
	Spermatogenesis

	16
	Alshawi et al. 2019
	DNMBP
	Milk-fat composition

	16
	Alshawi et al. 2019
	LPCAT2
	Milk protein and fat content

	16
	Alshawi et al. 2019
	NCAM2
	Milk fat, protein, and yield

	16
	Alshawi et al. 2019
	PCDH15
	Meat quality; intestinal membrane integrity

	16
	Alshawi et al. 2019
	SLC24A3
	Fertility traits

	16
	Alshawi et al. 2019
	SLC4A4
	Rumen development; milk quality/production

	16
	Alshawi et al. 2019
	TMPRSS15
	Milk fat, protein, and yield

	17
	Taye et al. 2017
	CIB1
	Male fertility under heat stress

	17
	Taye et al. 2017
	CSF1
	Reproduction; fertility under heat stress

	17
	Taye et al. 2017
	ESR2
	Spermatogenesis; fertility under heat stress

	17
	Taye et al. 2017
	GNRH1
	Gametogenesis under heat stress

	17
	Taye et al. 2017
	MC2R
	Ovarian function under heat stress

	17
	Taye et al. 2017
	RXFP3
	Spermatogenesis; fertility under heat stress

	18
	Liu et al. 2020
	CHSY3
	Meat tenderness

	18
	Liu et al. 2020
	CLSTN2
	Meat quality; adipocyte proliferation

	18
	Liu et al. 2020
	DPYD
	Marbling fat; meat quality

	19
	Illa et al. 2021
	ADGRL4
	Milk yield

	19
	Illa et al. 2021
	CCDC152
	Lactation persistency

	19
	Illa et al. 2021
	CCL28
	Lactation persistency; mammary/mastitis

	19
	Illa et al. 2021
	COL25A1
	Carcass traits

	19
	Illa et al. 2021
	CPNE4
	Growth

	19
	Illa et al. 2021
	CYP2U1
	Milk fat secretion

	19
	Illa et al. 2021
	DENND1A
	Reproduction; embryo production

	19
	Illa et al. 2021
	GHR
	Milk yield

	19
	Illa et al. 2021
	HADH
	Milk fat secretion

	19
	Illa et al. 2021
	HMGCS1
	Lactation persistency

	19
	Illa et al. 2021
	MAP3K1
	Milk fat percentage; milk production

	19
	Illa et al. 2021
	MRPL3
	Milk protein content

	19
	Illa et al. 2021
	MRPS30
	Lactation persistency

	19
	Illa et al. 2021
	NEK11
	Milk protein content

	19
	Illa et al. 2021
	NIM1K
	Lactation persistency

	19
	Illa et al. 2021
	NKX2-1
	Reproduction; calving interval traits

	19
	Illa et al. 2021
	NNT
	Lactation persistency

	19
	Illa et al. 2021
	NUDT16
	Milk protein content

	19
	Illa et al. 2021
	OSTC
	Sperm membrane integrity

	19
	Illa et al. 2021
	PTGFR
	Milk yield

	19
	Illa et al. 2021
	RALGAPA1
	Growth

	19
	Illa et al. 2021
	RPS6KA2
	Milk production

	19
	Illa et al. 2021
	SGMS2
	Milk fat secretion

	19
	Illa et al. 2021
	SLC25A21
	Milk fat secretion

	19
	Illa et al. 2021
	ZNF131
	Lactation persistency

	19
	Illa et al. 2021
	ZNF469
	Milk yield; mastitis resistance

	20
	Zhang et al. 2021
	DDX4
	Spermatogenesis; reproductive performance

	20
	Zhang et al. 2021
	KIT
	Spermatogenesis; male fertility

	20
	Zhang et al. 2021
	PDGFD
	Fat deposition; marbling; possible hump

	21
	Naji et al. 2022
	CDH12
	Milk fatty acid desaturation; longevity

	21
	Naji et al. 2022
	CYP2U1
	Milk fat secretion (indicine CHBI_Low)

	24
	Dominguez et al. 2026
	HOXC10
	Small stature; body size patterning

	24
	Dominguez et al. 2026
	HOXC11
	Small stature; body size patterning

	24
	Dominguez et al. 2026
	HOXC6
	Small stature; body size patterning

	24
	Dominguez et al. 2026
	HOXC8
	Small stature; body size patterning

	24
	Dominguez et al. 2026
	HOXC9
	Small stature; body size patterning

	24
	Dominguez et al. 2026
	IGF2BP2
	Early reproductive maturity; growth

	24
	Dominguez et al. 2026
	KL
	Early reproductive maturity; fertility

	24
	Dominguez et al. 2026
	LRP1
	Early reproduction; energy homeostasis

	24
	Dominguez et al. 2026
	NXPH4
	Small stature; neuronal morphology

	24
	Dominguez et al. 2026
	PDS5B
	Early reproductive maturity; gametogenesis

	24
	Dominguez et al. 2026
	STAC3
	Small stature; neuromuscular morphology

	24
	Dominguez et al. 2026
	STARD13
	Small stature; morphology

	25
	Luo et al. 2022
	PFN1
	Growth; skeletal homeostasis

	25
	Luo et al. 2022
	WASF2
	Growth; body size (Chinese indicine ancestry)

	26
	Terefe et al. 2023
	CHADL
	Growth; skeletal/carcass development

	26
	Terefe et al. 2023
	GNAS
	Growth; milk yield; carcass quality

	26
	Terefe et al. 2023
	RARA
	Spermatogenesis; fertility

	26
	Terefe et al. 2023
	THRA
	Growth and production traits

	28
	Neumann et al. 2025
	PPP1R3B
	Milk fat percentage

	28
	Neumann et al. 2025
	SRGAP1
	Meat quality; feed efficiency

	28
	Neumann et al. 2025
	TNKS
	Milk fat percentage

	29
	Ayalew et al. 2024
	ACAA1
	Mammary epithelial cell proliferation

	29
	Ayalew et al. 2024
	ACACA
	Milk fat

	29
	Ayalew et al. 2024
	ACER3
	Mammary gland development

	29
	Ayalew et al. 2024
	ADAMTS12
	Milk production

	29
	Ayalew et al. 2024
	ANGPT1
	Milk composition traits

	29
	Ayalew et al. 2024
	ARHGEF4
	Milk yield

	29
	Ayalew et al. 2024
	ATP1B2
	Milk yield and composition

	29
	Ayalew et al. 2024
	CRIM1
	Milk protein

	29
	Ayalew et al. 2024
	CSF1
	Mammary gland development

	29
	Ayalew et al. 2024
	DLK1
	Milk protein and milk fat

	29
	Ayalew et al. 2024
	ERBB3
	Mammary development

	29
	Ayalew et al. 2024
	FABP3
	Milk fat

	29
	Ayalew et al. 2024
	GMDS
	Milk production

	29
	Ayalew et al. 2024
	HNRNPL
	Milk yield

	29
	Ayalew et al. 2024
	MED1
	Mammary gland development

	29
	Ayalew et al. 2024
	P4HTM
	Milk traits

	29
	Ayalew et al. 2024
	PRKG1
	Milk fatty acid traits

	29
	Ayalew et al. 2024
	SLC4A4
	Milk production

	30
	King et al. 2022
	KCNMB2
	Reproductive efficiency

	30
	King et al. 2022
	MYLK3
	Reproductive efficiency

	30
	King et al. 2022
	ZEB2
	Polledness; developmental morphology

	31
	Genuino et al. 2025
	ADAMTS16
	reproductive functions; gonad development

	31
	Genuino et al. 2025
	BSPRY
	health and reproduction QTL

	31
	Genuino et al. 2025
	BUB1B
	residual feed intake

	31
	Genuino et al. 2025
	CDK5R2
	meat color

	31
	Genuino et al. 2025
	COL8A1
	muscle development

	31
	Genuino et al. 2025
	CPNE4
	body size

	31
	Genuino et al. 2025
	CPVL
	sperm motility; desert/arid adaptation

	31
	Genuino et al. 2025
	CREB5
	calving interval

	31
	Genuino et al. 2025
	CSGALNACT1
	follicular development

	31
	Genuino et al. 2025
	CSMD2
	weight gain efficiency

	31
	Genuino et al. 2025
	CSNKA2IP
	sterility; calving ease

	31
	Genuino et al. 2025
	DHRS11
	meat quality/differential expression in meat

	31
	Genuino et al. 2025
	EXOC2
	insemination interval; conception rate

	31
	Genuino et al. 2025
	FGFR4
	yearling weight and carcass traits

	31
	Genuino et al. 2025
	FSTL5
	muscle development

	31
	Genuino et al. 2025
	GRIP1
	estrus detection; uterine epithelial changes

	31
	Genuino et al. 2025
	GRM8
	body size

	31
	Genuino et al. 2025
	HIBADH
	sperm motility

	31
	Genuino et al. 2025
	IL1RL1
	obesity/adiposity

	31
	Genuino et al. 2025
	JAZF1
	body size

	31
	Genuino et al. 2025
	KPNA7
	oocyte development

	31
	Genuino et al. 2025
	KREMEN2
	adipogenesis and myogenesis

	31
	Genuino et al. 2025
	MXD3
	growth traits; body height/length/weight

	31
	Genuino et al. 2025
	MYH10
	yearling weight

	31
	Genuino et al. 2025
	MYOF
	calving ease; pregnancy rate

	31
	Genuino et al. 2025
	NPTX2
	embryonic development

	31
	Genuino et al. 2025
	NSD1
	feed efficiency

	31
	Genuino et al. 2025
	PDE10A
	ovarian pathways; oocyte maturation

	31
	Genuino et al. 2025
	PRELID1
	yearling weight and carcass traits

	31
	Genuino et al. 2025
	PRR12
	milk yield and protein percentage

	31
	Genuino et al. 2025
	PRRG2
	milk yield and protein percentage; early pregnancy

	31
	Genuino et al. 2025
	RABGAP1
	ovulatory process

	31
	Genuino et al. 2025
	RCN3
	milk yield and protein percentage

	31
	Genuino et al. 2025
	SH3D19
	placental retention

	31
	Genuino et al. 2025
	SHOC2
	feed efficiency

	31
	Genuino et al. 2025
	SLC28A3
	nutrient absorption

	31
	Genuino et al. 2025
	SMURF1
	gonadal growth; embryonic differentiation; placental formation

	31
	Genuino et al. 2025
	SRRM2
	milk yield and protein percentage

	31
	Genuino et al. 2025
	SUCLG1
	meat tenderness; lipid metabolism

	31
	Genuino et al. 2025
	SYNE1
	reproductive and fertility traits

	31
	Genuino et al. 2025
	TCF25
	meat quality

	31
	Genuino et al. 2025
	VAV3
	bone growth

	31
	Genuino et al. 2025
	WNT10A
	meat color

	31
	Genuino et al. 2025
	ZNF346
	yearling weight and carcass traits

	31
	Genuino et al. 2025
	ZNF638
	feed efficiency

	31
	Genuino et al. 2025
	ZNF683
	fore udder attachment; mastitis

	32
	Nayak et al. 2025
	ABCC1
	pregnancy rate

	32
	Nayak et al. 2025
	ADAMTS17
	age at puberty

	32
	Nayak et al. 2025
	AGPAT1
	milk cholesterol content

	32
	Nayak et al. 2025
	ANGPTL3
	body weight

	32
	Nayak et al. 2025
	ATP2B4
	stayability

	32
	Nayak et al. 2025
	ATRNL1
	milk C14 index

	32
	Nayak et al. 2025
	CUX1
	milk linoleic acid content

	32
	Nayak et al. 2025
	CYLD
	carcass weight

	32
	Nayak et al. 2025
	DOK6
	milk protein percentage

	32
	Nayak et al. 2025
	EIF4G3
	inseminations per conception

	32
	Nayak et al. 2025
	EP400
	inseminations per conception; milk yield

	32
	Nayak et al. 2025
	EPPK1
	milk fat yield

	32
	Nayak et al. 2025
	FAM83H
	milk palmitoleic acid content

	32
	Nayak et al. 2025
	GML
	calving ease

	32
	Nayak et al. 2025
	GPA33
	carcass weight

	32
	Nayak et al. 2025
	IQANK1
	milk protein percentage

	32
	Nayak et al. 2025
	KCNQ1
	luteinizing hormone level

	32
	Nayak et al. 2025
	KHDRBS2
	ease of calving

	32
	Nayak et al. 2025
	LRBA
	dairy form

	32
	Nayak et al. 2025
	MAPK15
	milk yield

	32
	Nayak et al. 2025
	MND1
	reproduction; pregnancy rate; production

	32
	Nayak et al. 2025
	MYO10
	inseminations per conception; reproduction

	32
	Nayak et al. 2025
	NPFFR2
	milk protein yield

	32
	Nayak et al. 2025
	PCIF1
	milk production

	32
	Nayak et al. 2025
	PPM1B
	fertility index

	32
	Nayak et al. 2025
	PRKN
	fertility traits

	32
	Nayak et al. 2025
	RASA3
	udder attachment

	32
	Nayak et al. 2025
	RHOU
	reproduction; antral follicle number

	32
	Nayak et al. 2025
	RIMS1
	reproduction/fertility

	32
	Nayak et al. 2025
	SERGEF
	age at first calving

	32
	Nayak et al. 2025
	SLC4A4
	somatic cell score

	32
	Nayak et al. 2025
	SRGAP2
	reproduction

	32
	Nayak et al. 2025
	TGFA
	sperm motility

	32
	Nayak et al. 2025
	WDPCP
	milk fat percentage

	32
	Nayak et al. 2025
	ZNF335
	milk fat yield

	35
	Vani et al. 2026
	APBB2
	milk yield

	35
	Vani et al. 2026
	C20H5orf34
	milk yield

	35
	Vani et al. 2026
	CUBN
	growth

	35
	Vani et al. 2026
	DOCK1
	calving ease

	35
	Vani et al. 2026
	IGFBP7
	milk yield

	35
	Vani et al. 2026
	ITGA1
	milk fat yield

	35
	Vani et al. 2026
	JAK1
	calving ease

	35
	Vani et al. 2026
	MMP20
	growth

	35
	Vani et al. 2026
	NNT
	milk yield

	35
	Vani et al. 2026
	OCIAD1
	milk yield

	35
	Vani et al. 2026
	PAIP1
	milk yield

	35
	Vani et al. 2026
	RBM47
	milk yield

	35
	Vani et al. 2026
	RPL13
	fertility and reproduction

	35
	Vani et al. 2026
	SLC24A3
	growth

	36
	Nayak et al. 2024
	AGPAT3
	milk saturated fatty acid content

	36
	Nayak et al. 2024
	NCKAP5
	milk yield

	36
	Nayak et al. 2024
	NMU
	udder height; udder attachment

	36
	Nayak et al. 2024
	PDGFRA
	growth factor binding

	36
	Nayak et al. 2024
	RIC8B
	milk fat yield

	36
	Nayak et al. 2024
	SERPINA1
	milk rennet coagulation time

	36
	Nayak et al. 2024
	SPATA45
	spermatogenesis

	36
	Nayak et al. 2024
	ZFAT
	milk fat percentage

	37
	Venkatesan et al. 2025
	AAK1
	milk production and quality

	37
	Venkatesan et al. 2025
	ACTB
	milk and mastitis mammary gland traits

	37
	Venkatesan et al. 2025
	ARHGEF3
	reproduction

	37
	Venkatesan et al. 2025
	C2CD5
	milk production; reproduction

	37
	Venkatesan et al. 2025
	CAMK2D
	fertility; calcium and GnRH signaling

	37
	Venkatesan et al. 2025
	CAST
	female fertility and longevity; days open

	37
	Venkatesan et al. 2025
	CD46
	milk production and reproduction; mastitis defense

	37
	Venkatesan et al. 2025
	DTNA
	reproduction

	37
	Venkatesan et al. 2025
	EPB41
	reproduction

	37
	Venkatesan et al. 2025
	EPB41L2
	milk production traits

	37
	Venkatesan et al. 2025
	EPHA5
	milk production; reproduction

	37
	Venkatesan et al. 2025
	FAM13A
	milk production and quality

	37
	Venkatesan et al. 2025
	GHR
	reproduction

	37
	Venkatesan et al. 2025
	KIAA1217
	milk production and quality

	37
	Venkatesan et al. 2025
	LMO7
	reproduction

	37
	Venkatesan et al. 2025
	MAGI1
	milk production traits

	37
	Venkatesan et al. 2025
	MAP4
	milk production and quality

	37
	Venkatesan et al. 2025
	MAPK1
	milk protein synthesis

	37
	Venkatesan et al. 2025
	MCF2L
	reproduction

	37
	Venkatesan et al. 2025
	NCKAP1
	milk production and quality

	37
	Venkatesan et al. 2025
	PAM
	reproduction

	37
	Venkatesan et al. 2025
	PAPOLB
	reproduction/fertility

	37
	Venkatesan et al. 2025
	PARD3
	milk yield and milk protein yield

	37
	Venkatesan et al. 2025
	PCDH15
	milk production and quality

	37
	Venkatesan et al. 2025
	PTBP2
	milk production

	37
	Venkatesan et al. 2025
	RIMS1
	conception rate

	37
	Venkatesan et al. 2025
	SLC24A3
	milk production

	37
	Venkatesan et al. 2025
	SOX5
	milk production and quality

	37
	Venkatesan et al. 2025
	TACC2
	milk production and quality

	37
	Venkatesan et al. 2025
	TCF7L2
	milk composition and yield

	37
	Venkatesan et al. 2025
	YTHDF3
	milk production and quality

	37
	Venkatesan et al. 2025
	ZMYND11
	milk production and quality

	38
	Venkatesan et al. 2026
	FAM13A1
	milk production

	38
	Venkatesan et al. 2026
	MACROD2
	fertility (antral follicle count/AMH); dairy survival; bovine tuberculosis resistance; feed efficiency; carcass

	38
	Venkatesan et al. 2026
	Metazoa_SRP
	skeletal muscle growth

	38
	Venkatesan et al. 2026
	NR4A1
	milk fat production

	38
	Venkatesan et al. 2026
	RAI1
	multiple milk traits

	38
	Venkatesan et al. 2026
	U6
	male fertility

	39
	Bhardwaj et al. 2021
	ITFG1
	dairy traits

	40
	Mengistie et al. 2023
	ADAP1
	carcass traits

	40
	Mengistie et al. 2023
	ANAPC4
	carcass weight

	40
	Mengistie et al. 2023
	APBB1IP
	carcass traits

	40
	Mengistie et al. 2023
	ASAP3
	carcass traits

	40
	Mengistie et al. 2023
	DCTN2
	carcass traits

	40
	Mengistie et al. 2023
	DGAT1
	carcass weight

	40
	Mengistie et al. 2023
	EPS15L1
	carcass quality traits

	40
	Mengistie et al. 2023
	GNAS
	carcass weight

	40
	Mengistie et al. 2023
	IGF1
	carcass weight

	40
	Mengistie et al. 2023
	ITGB1BP1
	carcass traits

	40
	Mengistie et al. 2023
	KDM1A
	carcass traits

	40
	Mengistie et al. 2023
	MATR3
	fat storage; insulin sensitivity

	40
	Mengistie et al. 2023
	MYLK
	carcass/meat quality related selection

	40
	Mengistie et al. 2023
	NPEPPS
	carcass/adaptation divergence

	40
	Mengistie et al. 2023
	PARP4
	carcass weight

	40
	Mengistie et al. 2023
	PIP4K2C
	carcass traits

	41
	Montes et al. 2019
	ADAMTS17
	protein metabolism; embryogenesis

	41
	Montes et al. 2019
	BMPR1B
	ovulation rate; ovarian cumulus expansion; ovulation cycle

	41
	Montes et al. 2019
	CCDC85A
	near FSHR; age at puberty association

	41
	Montes et al. 2019
	CDC40
	mRNA splicing; embryogenesis

	41
	Montes et al. 2019
	CELA1
	embryonic development; fertility; inflammatory response

	41
	Montes et al. 2019
	CST11
	embryo implantation

	41
	Montes et al. 2019
	CST8
	embryo implantation

	41
	Montes et al. 2019
	CST9L
	embryo implantation

	41
	Montes et al. 2019
	DBI
	preovulatory LH regulation; lipid metabolism; fertility

	41
	Montes et al. 2019
	FERMT1
	Wnt signaling; embryonic development

	41
	Montes et al. 2019
	GALNT6
	embryo survival; lesser fertility expression

	41
	Montes et al. 2019
	GFM2
	protein metabolism; embryogenesis

	41
	Montes et al. 2019
	METTL24
	backfat thickness; age at first calving correlation

	41
	Montes et al. 2019
	MGC133636
	embryo implantation

	41
	Montes et al. 2019
	NCKAP5
	feed efficiency correlated with reproduction

	41
	Montes et al. 2019
	PIP4K2A
	lipid metabolism; fertility

	41
	Montes et al. 2019
	SLC4A8
	intracellular pH regulation; embryogenesis

	41
	Montes et al. 2019
	TMEM117
	apoptosis; oogenesis/embryonic development

	41
	Montes et al. 2019
	TOMM70A
	cumulus cell proteome; protein metabolism

	41
	Montes et al. 2019
	WNT3A
	in utero embryonic development

	41
	Montes et al. 2019
	WNT9A
	embryonic forelimb morphogenesis; apoptosis regulation

	42
	Goyache et al. 2021
	INSL3
	growth and size; insulin-like

	42
	Goyache et al. 2021
	NPPC
	growth and small size

	42
	Goyache et al. 2021
	PRP3
	growth and size; prolactin-related

	42
	Goyache et al. 2021
	PRP4
	growth and size; prolactin-related

	42
	Goyache et al. 2021
	PRP6
	growth and size; prolactin-related

	42
	Goyache et al. 2021
	PRP8
	growth and size; prolactin-related

	42
	Goyache et al. 2021
	TG
	growth and size; somatotropin cascade

	43
	Rajawat et al. 2024
	APOA1
	lipoprotein lipase activity; triglyceride metabolism

	43
	Rajawat et al. 2024
	APOA4
	lipoprotein lipase activity; triglyceride metabolism

	43
	Rajawat et al. 2024
	APOA5
	lipoprotein lipase activity; triglyceride metabolism

	43
	Rajawat et al. 2024
	CDH23
	first service conception

	43
	Rajawat et al. 2024
	CTNNBL1
	carcass weight

	43
	Rajawat et al. 2024
	DDX11
	lactation persistency

	43
	Rajawat et al. 2024
	DEPDC5
	conception rate

	43
	Rajawat et al. 2024
	GHR
	milk casein percentage

	43
	Rajawat et al. 2024
	GRAMD1B
	fertility index

	43
	Rajawat et al. 2024
	GRIP1
	marbling score

	43
	Rajawat et al. 2024
	IQSEC3
	milk fat yield

	43
	Rajawat et al. 2024
	NRXN1
	milk C18 index

	43
	Rajawat et al. 2024
	NTNG1
	inseminations per conception

	43
	Rajawat et al. 2024
	PLCE1
	milk monounsaturated fatty acid content

	43
	Rajawat et al. 2024
	PLEK
	milk fat percentage

	43
	Rajawat et al. 2024
	QKI
	first service conception; spermatogenesis

	43
	Rajawat et al. 2024
	RBMS1
	udder attachment

	43
	Rajawat et al. 2024
	SLC26A4
	milk calcium content

	43
	Rajawat et al. 2024
	SLC38A10
	myristic acid content

	43
	Rajawat et al. 2024
	TSPAN11
	milk protein yield

	43
	Rajawat et al. 2024
	TULP3
	milk protein yield; heat stress tolerance with milk production

	45
	Nayak et al. 2023
	APBB2
	milk production

	45
	Nayak et al. 2023
	CHCHD7
	reproduction

	45
	Nayak et al. 2023
	COA1
	milk production

	45
	Nayak et al. 2023
	COL1A2
	milk yield

	45
	Nayak et al. 2023
	CTNNA2
	milk fat yield; milking speed

	45
	Nayak et al. 2023
	CYP7A1
	milk production related

	45
	Nayak et al. 2023
	DAB1
	calving ease

	45
	Nayak et al. 2023
	EGFLAM
	milk production

	45
	Nayak et al. 2023
	EIF2B3
	milk protein yield and milk fat yield

	45
	Nayak et al. 2023
	ENTHD1
	milk production

	45
	Nayak et al. 2023
	EPHA6
	milk fat percentage

	45
	Nayak et al. 2023
	GCK
	milk production

	45
	Nayak et al. 2023
	GH1
	growth hormone; production

	45
	Nayak et al. 2023
	GNAQ
	reproduction

	45
	Nayak et al. 2023
	HS6ST3
	milk sodium content

	45
	Nayak et al. 2023
	IGFBP2
	reproduction

	45
	Nayak et al. 2023
	KCNIP4
	milk production

	45
	Nayak et al. 2023
	LAMA3
	305-day milk yield

	45
	Nayak et al. 2023
	LETM1
	somatic cell score

	45
	Nayak et al. 2023
	LIPK
	milk production

	45
	Nayak et al. 2023
	NCKAP5
	milk production

	45
	Nayak et al. 2023
	NPFFR2
	milk production; somatic cell score

	45
	Nayak et al. 2023
	PCED1B
	reproduction

	45
	Nayak et al. 2023
	PMM2
	conception rate

	45
	Nayak et al. 2023
	RABGAP1
	reproduction

	45
	Nayak et al. 2023
	SCARB1
	beta-carotene content

	45
	Nayak et al. 2023
	SEC14L1
	reproduction

	45
	Nayak et al. 2023
	SH2B2
	average daily gain and body weight

	45
	Nayak et al. 2023
	SLC16A7
	milk production

	45
	Nayak et al. 2023
	SPATA16
	reproduction

	45
	Nayak et al. 2023
	TMCC3
	milk production

	45
	Nayak et al. 2023
	TRPM7
	reproduction

	45
	Nayak et al. 2023
	UGDH
	milk fat percentage

	45
	Nayak et al. 2023
	VWC2L
	pregnancy rate; insemination per conception

	45
	Nayak et al. 2023
	ZFAT
	milk fat production

	46
	Maiorano et al. 2022
	FSHR
	reproduction

	46
	Maiorano et al. 2022
	GABRG3
	feed efficiency; postmortem carcass traits

	46
	Maiorano et al. 2022
	HMGA2
	growth, navel size, body size, muscling

	46
	Maiorano et al. 2022
	IRAK3
	intramuscular fat deposition; domestication

	46
	Maiorano et al. 2022
	LCOR
	body size / growth

	46
	Maiorano et al. 2022
	ROBO1
	axon guidance; feed efficiency and meat quality

	46
	Maiorano et al. 2022
	SOX5
	morphology / ear size characterization

	47
	Tijjani et al. 2022
	HMGA2
	growth and conformation (pleiotropic)

	48
	Dixit et al. 2021
	AHCY
	cellular processes; draft vs dairy selection

	48
	Dixit et al. 2021
	BEST3
	draft vs dairy differentiation; milk QTLs

	48
	Dixit et al. 2021
	DGKA
	signaling pathways; draft vs dairy selection

	48
	Dixit et al. 2021
	HMGA2
	stature variation (Vechur vs large breeds)

	48
	Dixit et al. 2021
	PFKP
	glycolysis regulation; glucose transport; milk QTLs

	48
	Dixit et al. 2021
	PIGU
	cell division; draft vs dairy; milk QTLs

	48
	Dixit et al. 2021
	RAB31
	metabolic pathway; milk performance QTLs

	49
	Mavunga et al. 2025
	CLIC4
	metabolism and fertility / reproduction

	49
	Mavunga et al. 2025
	HOXB
	embryonic skeletal morphogenesis; stature

	49
	Mavunga et al. 2025
	HTR3A
	reproduction

	49
	Mavunga et al. 2025
	HTR3B
	reproduction

	49
	Mavunga et al. 2025
	MYH6
	muscle function; draught ability

	49
	Mavunga et al. 2025
	MYH7
	muscle function; draught ability

	49
	Mavunga et al. 2025
	REC8
	metabolism and fertility / reproduction

	49
	Mavunga et al. 2025
	TSSK4
	fertility; sperm capacitation

	51
	Bahbahani et al. 2015
	KLHL10
	male reproduction / fertility under heat stress

	51
	Bahbahani et al. 2015
	OR2AP1
	male fertility / semen quality under heat stress

	51
	Bahbahani et al. 2015
	OR6C4
	male fertility / semen quality under heat stress

	51
	Bahbahani et al. 2015
	RXFP2
	male reproduction / fertility under heat stress

	51
	Bahbahani et al. 2015
	SPATA24
	male reproduction

	52
	Taye et al. 2018
	ESR2
	reproduction under heat stress

	52
	Taye et al. 2018
	FGFR2
	reproduction / uterine development

	52
	Taye et al. 2018
	IGF1
	reproduction; follicular development

	53
	Kumar et al. 2024
	ATP5MC2
	milk fat yield; milk protein; milk yield

	53
	Kumar et al. 2024
	BAALC
	milk protein percentage

	53
	Kumar et al. 2024
	BCL2L1
	milk protein percentage

	53
	Kumar et al. 2024
	CCDC171
	first service conception; fertility

	53
	Kumar et al. 2024
	CTBP2
	milk protein yield; angularity

	53
	Kumar et al. 2024
	FADS2
	milk production; mastitis resistance

	53
	Kumar et al. 2024
	KCNQ1
	luteinizing hormone; somatic cell score; udder depth

	53
	Kumar et al. 2024
	SLCO3A1
	body weight

	53
	Kumar et al. 2024
	SORCS3
	body weight; milk fat yield

	53
	Kumar et al. 2024
	WDR37
	milk protein percentage

	55
	Mei et al. 2017
	BBS2
	meat production/quality; lipid metabolism

	55
	Mei et al. 2017
	CSN3
	dairy traits

	55
	Mei et al. 2017
	FST
	dairy traits

	55
	Mei et al. 2017
	IGFBP2
	meat production/quality

	55
	Mei et al. 2017
	IGFBP5
	meat production/quality

	55
	Mei et al. 2017
	ITFG1
	dairy traits

	55
	Mei et al. 2017
	MAPK7
	dairy traits

	55
	Mei et al. 2017
	MC5R
	meat/lipid metabolism (indicine)

	55
	Mei et al. 2017
	MYH4
	meat production/quality

	55
	Mei et al. 2017
	MYH9
	meat production/quality

	55
	Mei et al. 2017
	NCAPG
	dairy traits

	55
	Mei et al. 2017
	PAG1
	dairy traits

	55
	Mei et al. 2017
	R3HDM1
	meat production/quality

	55
	Mei et al. 2017
	RPL37A
	dairy traits

	55
	Mei et al. 2017
	SETMAR
	dairy traits

	56
	Somavilla et al. 2014
	FABP4
	intramuscular and subcutaneous fat deposition

	56
	Somavilla et al. 2014
	GH1
	growth

	56
	Somavilla et al. 2014
	LEPR
	growth and fat deposition

	56
	Somavilla et al. 2014
	SST
	regulation of growth and development

	57
	Edea et al. 2018
	ID3
	reproduction / fertility

	57
	Edea et al. 2018
	LYN
	body stature and size

	57
	Edea et al. 2018
	MBP2
	body stature and size

	57
	Edea et al. 2018
	NCOA2
	female fertility (LH/follicle regulation)

	57
	Edea et al. 2018
	NMNAT1
	female fertility (LH/follicle regulation)

	57
	Edea et al. 2018
	NPM1
	body stature and size; stress/apoptosis

	57
	Edea et al. 2018
	PSPC1
	reproduction / fertility

	57
	Edea et al. 2018
	UBE2D3
	reproduction / fertility

	58
	Li et al. 2019
	ADAMTSL1
	reproduction

	58
	Li et al. 2019
	ATP8A1
	feed intake

	58
	Li et al. 2019
	GRK2
	reproduction

	58
	Li et al. 2019
	MAP3K13
	reproduction

	58
	Li et al. 2019
	OSBPL2
	reproduction

	58
	Li et al. 2019
	PPP3CC
	reproduction

	58
	Li et al. 2019
	PTPN4
	reproduction

	58
	Li et al. 2019
	RREB1
	reproduction

	58
	Li et al. 2019
	SHC3
	feed intake

	58
	Li et al. 2019
	SS18L1
	reproduction

	58
	Li et al. 2019
	TOX
	reproduction


* Study number based on the order in Table 2.
