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[bookmark: OLE_LINK208][bookmark: OLE_LINK209]Figure S1 Expansion and contraction analyses of the PHDs family and TOP25 gene families using Orthofinder, mcmctree and CAFE5.
A: Divergence time estimation of representative niches via mcmctree (red indicates secondary aquatic transition events; blue indicates cladogenetic events within Cetartiodactyla)
B: Visualization of gene expansion and contraction analysis results of the PHDs family generated by CAFE5
C: Visualization of gene expansion and contraction analysis results of the TOP25 gene families generated by CAFE5
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[bookmark: OLE_LINK210][bookmark: OLE_LINK211]Figure S2 Standard fitted curves of key genes (CREBBP, EGLN1, EGLN3) from three hypoxic niches generated via phylogenetic generalized least squares (PGLS) fitting. (x-axis: Blood oxygen concentration P50, unit: mmHg; y-axis: Evolutionary rate ω value)
A: Standard fitted curve of CREBBP (key gene of the aquatic deep-diving hypoxic niche)
B: Standard fitted curve of EGLN1 (key gene of the terrestrial high-altitude hypoxic niche)
C: Standard fitted curve of EGLN3 (key gene of the terrestrial burrowing hypoxic niche)
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[bookmark: _Hlk216018363][bookmark: _Hlk228898500]Figure S3 Schematic visualization of CpG islands, TTS, and QSFM regions in the promoter region of the CREBBP gene across 20 species from four niches (aquatic deep-diving, terrestrial high-altitude, terrestrial burrowing, and terrestrial common).
A: CREBBP- Aquatic deep-diving. 
B: CREBBP- Terrestrial high-altitude. 
C: CREBBP- Terrestrial burrowing. 
D: CREBBP- Terrestrial common.
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[bookmark: _Hlk216018426]Figure S4 Schematic visualization of CpG islands, TTS, and QSFM regions in the promoter region of the EGLN1 gene across 20 species from four niches (aquatic deep-diving, terrestrial high-altitude, terrestrial burrowing, and terrestrial common).
A: EGLN1- Aquatic deep-diving. 
B: EGLN1- Terrestrial high-altitude. 
C: EGLN1- Terrestrial burrowing. 
D: EGLN1- Terrestrial common.
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Figure S5 Schematic visualization of CpG islands, TTS, and QSFM regions in the promoter region of the EGLN3 gene across 20 species from four niches (aquatic deep-diving, terrestrial high-altitude, terrestrial burrowing, and terrestrial common).
A: EGLN3- Aquatic deep-diving. 
B: EGLN3- Terrestrial high-altitude. 
C: EGLN3- Terrestrial burrowing. 
D: EGLN3- Terrestrial common.
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Figure S6. Clinical potential for the three core genes.
A. The mutation profile of the 3 core genes across different cancer types based on TCGA data. The number of patients is presented, and the mutation percentage is also presented if more than 5% with the white number. 
B. The expression patterns based on the TCGA and GTEx integrated data in different cancers. The expression distributions in cancers are also presented on the right. 

C. The potential inhibition or activation roles of the three genes in tumorigenesis. The detailed distributions for the cancers are also estimated.
D. Survival analysis shows the potential prognosis roles of the core genes in cancer.
Abbreviation for cancers: ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; DLBC, lymphoid neoplasm diffuse large B-cell lymphoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; HNSC, head and neck squamous cell carcinoma; KICH, kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LAML, acute myeloid leukemia; LIHC, liver hepatocellular carcinoma; LGG, brain lower grade glioma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PRAD, prostate adenocarcinoma; READ, rectum adenocarcinoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma; UCS, uterine carcinosarcoma.


Table S1. An overview of the habitats of hypoxic Species.

	Name
	Habitat
	Oxygen partial pressure (mmHg)

	Physeter macrocephalus
	Up to 2000 meters (extreme pressure approximately 200 atm)
	Blood oxygen partial pressure is maintained at about 10-40 mmHg

	Monodon monoceros
	About 1,500 meters (pressure about 150 atm)
	Blood oxygen partial pressure is maintained at about 10-30 mmHg

	Mesoplodon densirostris
	About 1,500 meters (pressure about 150 atm)
	Blood oxygen partial pressure is maintained at about 5-20 mmHg 

	Bos mutus
	The Tibetan plateau (3000-5500 meters above sea level)
	About 84-91 mmHg (estimated at 4500 m above sea level)

	Ochotona curzoniae
	The Tibetan plateau (3000-5000 meters above sea level)
	About 84-110 mmHg (3000-5000 meters)

	Marmota marmota
	Alps (2000-3000 meters above sea level)
	About 110-125 mmHg (2000-3000 meters)

	Heterocephalus glaber
	Underground caves in East Africa
	About 38-76 mmHg (cave oxygen concentration 5%-10%)

	Fukomys damarensis
	Underground caves in Africa
	About 40-70 mmHg (slight difference)



Note: Reference standards for oxygen partial pressure of the three niches
1. Aquatic deep-diving niche - sperm whale, narwhal, beaked whale (acute, active, extreme depression): ≤45mmHg
2. Terrestrial high-altitude ecological niche - wild yaks, plateau pikas, and alpine marmots (chronic, passive, moderate diastolic pressure): 80-130mmHg
3. Terrestrial burrowing niche - naked mole rat and Damara mole rat (chronic, passive, stable and low pressure): ≤80mmHg


Table S2. Select pressure analysis - site model.

	Gene
	M0 vs M3（2ΔlnL）
	M1a vs M2a（2ΔlnL）
	M7 vs M8
（2ΔlnL）
	M8a vs M8（2ΔlnL）
	M7 vs M8
P value
	M8a vs M8
P value
	Positive selection site
M7 vs M8

	ARNT
	0
	0
	0
	0
	1
	1
	/

	BMAL1
	36.29
	0
	0
	3.25
	1
	0.07
	/

	CREBBP
	418.85
	1.20
	58.6
	0
	0
	1
	/

	CTNNB1
	48.32
	1.05
	2.25
	0.32
	0.33
	0.58
	/

	CUL2
	0.08
	0.001
	0.001
	0.001
	0.99
	0.99
	/

	EGLN1
	88.35
	73.09
	72.92
	72.67
	0
	0
	5S 0.975*etc (n=19)

	EGLN2
	146.08
	182.91
	193.18
	182.41
	0
	0
	3G 0.980*etc (n=65)

	EGLN3
	37.7
	0
	3.6
	0
	0.16
	1
	/

	ELOB
	0
	0
	0
	0
	1
	1
	/

	ELOC
	20.47
	27.65
	21.82
	18.87
	0.00001
	0
	14L 0.981*etc  (n=9)

	EP300
	66.58
	2.09
	13.35
	3.17
	0.0013
	0.08
	/

	HDAC1
	245.07
	14.20
	15.18
	11.38
	0.0005
	0.0007
	184R 0.968*etc  (n=5)

	HDAC4
	58.78
	26.40
	26.27
	26.23
	0.000001
	0.000001
	1R 0.991**etc  (n=9)

	HIF1A
	18.62
	51.56
	41.65
	41.65
	0
	0
	3F 0.981*etc  (n=34)

	HIF1AN
	129.67
	3.99
	15.35
	0
	0.0004
	1
	/

	HSP90AA1
	84.17
	0
	1.42
	0
	0.49
	1
	/

	HSP90AB1
	0.001
	16.32
	0.99
	0
	0.61
	1
	/

	HSPA4
	9.98
	57.57
	56.85
	56.36
	0
	0
	3S 0.997**etc  (n=38)

	MDM2
	15.34
	6.15
	7.92
	6.72
	0.02
	0.01
	15T 0.999**

	RACK1
	114.04
	30.37
	30.44
	23.69
	0
	0.000001
	/

	SMAD3
	0.3
	0
	0
	0
	1
	1
	/

	STAT3
	15.29
	0
	0
	7
	1
	0.008
	/

	TP53
	29.05
	83.43
	84.18
	83.45
	0
	0
	1T 0.995**etc  (n=29)

	UBC
	23.56
	17.31
	16.29
	15.81
	0.0003
	0.0006
	6R 0.985**

	VHL
	38.93
	0
	0.17
	0
	0.92
	1
	/

	SSX4
	0
	0
	0
	0
	1
	1
	/




Table S3. Selection pressure analysis -- branch site model.

	Niche
	Gene
	2ΔlnL
	Positive site（BEB）
	P adjust

	Aquatic 
vs Terrestrial
	ARNT
	0
	/
	1

	
	BMAL1
	0
	/
	1

	
	CREBBP
	8.096
	1193 S 0.993**  1196 R 0.992**
	0.0428

	
	CTNNB1
	0
	/
	1

	
	CUL2
	0.424
	/
	0.68

	
	EGLN1
	0.192
	/
	0.721

	
	EGLN2
	0
	/
	1

	
	EGLN3
	0
	/
	1

	
	ELOB
	0
	/
	1

	
	ELOC
	0.021
	/
	0.885

	
	EP300
	2.504
	/
	0.2712

	
	HDAC1
	2.693
	/
	0.2712

	
	HDAC4
	5.922
	/
	0.06

	
	HIF1A
	1.939
	/
	0.328

	
	HIF1AN
	0.280
	/
	0.7164

	
	HSP90AA1
	0
	/
	1

	
	HSP90AB1
	0
	/
	1

	
	HSPA4
	0.808
	/
	0.6315

	
	MDM2
	0
	/
	1

	
	RACK1
	0
	/
	1

	
	SMAD3
	0
	/
	1

	
	STAT3
	0
	/
	1

	
	TP53
	6.512
	/
	0.06

	
	UBC
	0
	/
	1

	
	VHL
	0.646
	/
	0.6315

	
	SSX4
	0
	/
	1

	Aquatic deep-diving 
vs Terrestrial common
	ARNT
	0
	/
	1

	
	BMAL1
	0
	/
	1

	
	CREBBP
	8.277
	438 A 0.983* 1193 S 0.995** 
1196 R 0.995**
	0.036

	
	CTNNB1
	0
	/
	1

	
	CUL2
	0
	/
	1

	
	EGLN1
	0.752
	/
	0.495

	
	EGLN2
	0.114
	/
	0.827

	
	EGLN3
	0
	/
	1

	
	ELOB
	1.106
	/
	0.403

	
	ELOC
	0
	/
	1

	
	EP300
	0
	/
	1

	
	HDAC1
	3.769
	/
	0.156

	
	HDAC4
	7.008
	/
	0.036

	
	HIF1A
	1.213
	/
	0.4065

	
	HIF1AN
	0.015
	/
	0.903

	
	HSP90AA1
	0
	/
	1

	
	HSP90AB1
	0
	/
	1

	
	HSPA4
	1.575
	/
	0.3762

	
	MDM2
	0
	/
	1

	
	RACK1
	0
	/
	1

	
	SMAD3
	0
	/
	1

	
	STAT3
	0
	/
	1

	
	TP53
	1.671
	/
	0.3762

	
	UBC
	0
	/
	1

	
	VHL
	0
	/
	1

	
	SSX4
	0
	/
	1

	Terrestrial high-altitude     vs 
Terrestrial common
	ARNT
	0
	/
	1

	
	BMAL1
	0
	/
	1

	
	CREBBP
	0.311
	/
	0.725

	
	CTNNB1
	0
	/
	1

	
	CUL2
	0
	/
	1

	
	EGLN1
	9.837
	12 R 0.964* 94 C 0.950* 
97 T 0.966* 99 I 0.951*
	0.006

	
	EGLN2
	13.797
	21 P 0.986*
	0.002

	
	EGLN3
	0.041
	/
	0.84

	
	ELOB
	0.096
	/
	0.84

	
	ELOC
	8.459
	45 R 0.967* 58 H 0.965* 93 C 0.969*
	0.009

	
	EP300
	0
	/
	1

	
	HDAC1
	0
	/
	1

	
	HDAC4
	0
	/
	1

	
	HIF1A
	4.661
	/
	0.0501

	
	HIF1AN
	0
	/
	1

	
	HSP90AA1
	0
	/
	1

	
	HSP90AB1
	0
	/
	1

	
	HSPA4
	5.111
	/
	0.048

	
	MDM2
	0
	/
	1

	
	RACK1
	0
	/
	1

	
	SMAD3
	0
	/
	1

	
	STAT3
	0
	/
	1

	
	TP53
	10.663
	29 F 0.956* 47 R 0.987*
	0.005

	
	UBC
	2.505
	/
	0.161

	
	VHL
	0
	/
	1

	
	SSX4
	0
	/
	1

	Terrestrial burrowing vs Terrestrial common
	ARNT
	0
	/
	1

	
	BMAL1
	0
	/
	1

	
	CREBBP
	0
	/
	1

	
	CTNNB1
	0.103
	/
	0.781

	
	CUL2
	0
	/
	1

	
	EGLN1
	1.834
	/
	0.3

	
	EGLN2
	5.608
	/
	0.072

	
	EGLN3
	29.178
	58 H 0.999** 62 S 1.000** 63 H 0.990** 66 A 0.959* 69 V 0.999** 71 R 0.957*
72 E 0.999** 74 A 0.959* 78 L 1.000** 79 S 0.992** 80 W 1.000** 81 F 1.000**
82 L 0.999**
	0

	
	ELOB
	0
	/
	1

	
	ELOC
	1.153
	/
	0.423

	
	EP300
	0
	/
	1

	
	HDAC1
	0.206
	/
	0.7788

	
	HDAC4
	2.466
	/
	0.232

	
	HIF1A
	6.490
	27 R 0.972* 40 I 0.973* 48 T 0.972* 
53 V 0.973* 59 C 0.972* 61 N 0.971* 
69 H 0.997** 80 A 0.972* 86 S 0.972*
	0.066

	
	HIF1AN
	0
	/
	1

	
	HSP90AA1
	0
	/
	1

	
	HSP90AB1
	0
	/
	1

	
	HSPA4
	3.317
	/
	0.1656

	
	MDM2
	0.898
	/
	0.457

	
	RACK1
	0.077
	/
	0.781

	
	SMAD3
	0
	/
	1

	
	STAT3
	0
	/
	1

	
	TP53
	4.546
	6 V 0.953* 34 G 0.954* 49 G 0.953* 
55 T 0.953* 56 A 0.954* 61 A 0.954*
	0.099

	
	UBC
	0
	/
	1

	
	VHL
	0
	/
	1

	
	SSX4
	0
	/
	1

	Hypoxia-tolerant 
vs Hypoxia-intolerant
	ARNT
	0
	/
	1

	
	BMAL1
	0
	/
	1

	
	CREBBP
	0
	/
	1

	
	CTNNB1
	0.03
	/
	0.86

	
	CUL2
	0
	/
	1

	
	EGLN1
	8.553
	9 N 0.958* 12 C 0.996** 18 W 0.958* 26 Y 0.958* 39 Y 0.960* 94 C 0.964* 
99 I 0.992** 101 V 0.996**
	0.005

	
	EGLN2
	22.082
	21 A 0.967* 61 Y 0.959* 219 Y 0.960*
	0.000003

	
	EGLN3
	0
	/
	1

	
	ELOB
	0
	/
	1

	
	ELOC
	16.142
	45 L 0.992** 47 T 0.999** 58 H 0.989* 93 C 0.992**
	0.000125

	
	EP300
	0
	/
	1

	
	HDAC1
	0
	/
	1

	
	HDAC4
	0
	/
	1

	
	HIF1A
	17.372
	26 I 0.972* 38 H 0.961* 48 I 0.999** 
57 R 0.970* 59 Y 0.998** 69 S 0.991**
80 T 0.975*
	0.0001

	
	HIF1AN
	0
	/
	1

	
	HSP90AA1
	0
	/
	1

	
	HSP90AB1
	1.488
	/
	0.279

	
	HSPA4
	9.511
	9 E 0.999** 54 F 0.993**
	0.004

	
	MDM2
	2.273
	/
	0.187

	
	RACK1
	0.094
	/
	0.842

	
	SMAD3
	0
	/
	1

	
	STAT3
	0
	/
	1

	
	TP53
	18.907
	1 T 0.951* 10 G 0.974* 17 H 0.974* 
20 P 0.970* 29 F 0.983* 39 Q 0.998** 
47 R 0.965* 53 A 0.960* 56 A 0.990** 60 S 0.961* 61 A 0.996**
	0.00005

	
	UBC
	0
	/
	1

	
	VHL
	0
	/
	1

	
	SSX4
	0
	/
	1

	Aquatic 
vs 
Semi-aquatic
	ARNT
	0
	/
	1

	
	BMAL1
	0
	/
	1

	
	CREBBP
	4.269
	1194 S 0.986* 1197 R 0.985*
	0.126

	
	CTNNB1
	0.029
	/
	0.865

	
	CUL2
	0
	/
	1

	
	EGLN1
	0.717
	/
	0.573

	
	EGLN2
	0
	/
	1

	
	EGLN3
	0
	/
	1

	
	ELOB
	0
	/
	1

	
	ELOC
	0.152
	/
	0.754

	
	EP300
	0.445
	/
	0.656

	
	HDAC1
	1.737
	/
	0.405

	
	HDAC4
	7.559
	/
	0.026

	
	HIF1A
	1.990
	/
	0.405

	
	HIF1AN
	0
	/
	1

	
	HSP90AA1
	0
	/
	1

	
	HSP90AB1
	0
	/
	1

	
	HSPA4
	0.870
	/
	0.573

	
	MDM2
	0
	/
	1

	
	RACK1
	18.165
	/
	0.00026

	
	SMAD3
	0
	/
	1

	
	STAT3
	0
	/
	1

	
	TP53
	8.433
	19 T 0.965* 20 P 0.980* 46 R 0.977* 61 A 0.979*
	0.026

	
	UBC
	0.757
	/
	0.573

	
	VHL
	0.231
	/
	0.745

	
	SSX4
	0
	/
	1





Table S4. Selection pressure analysis -- branch model.

	Niche
	Gene
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	Cetartiodactyla vs Primates
	CREBBP
	Cetartiodactyla
	10.1735
	57.2156
	12.6347
	0.0046

	
	
	Primates
	17.9033
	10.9258
	2.1353
	0.3558

	
	EGLN1
	Cetartiodactyla
	13.4428
	999.00000
	3.3074
	0.2756

	
	
	[bookmark: _Hlk211355725]Primates
	21.4494
	30.8242
	0.0904
	0.9163

	
	EGLN2
	Cetartiodactyla
	0.0545
	0.0972
	1.0953
	0.5062

	
	
	Primates
	0.0567
	0.1058
	0.8519
	0.5340

	
	EGLN3
	Cetartiodactyla
	0.0283
	0.0799
	1.8636
	0.3558

	
	
	Primates
	0.0419
	0.0290
	0.1173
	0.9163

	
	ELOC
	Cetartiodactyla
	0.0001
	0.0001
	0
	1

	
	
	Primates
	0.0001
	0.0001
	0
	1

	
	TP53
	Cetartiodactyla
	5.9330
	21.0390
	7.1849
	0.0444

	
	
	Primates
	7.0186
	11.9712
	1.8145
	0.3558

	Artiodactyla vs Primates
	CREBBP
	Artiodactyla
	0.0603
	0.0472
	2.2787
	0.3149

	
	
	Primates
	0.0532
	0.0782
	1.9678
	0.3194

	
	EGLN1
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Artiodactyla
	0.1796
	0.1596
	6.1124
	0.0536

	
	
	Primates
	0.1665
	0.2250
	0.2513
	0.8216

	
	EGLN2
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	[bookmark: _Hlk211356746]Artiodactyla
	0.0658
	0.0602
	0.0514
	0.9631

	
	
	Primates
	0.0593
	0.1447
	1.6288
	0.3461

	
	EGLN3
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Artiodactyla
	0.0240
	0.0913
	6.4405
	0.0536

	
	
	Primates
	0.0566
	0.0282
	0.4922
	0.7245

	
	ELOC
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Artiodactyla
	0.0001
	0.0001
	0
	1

	
	
	Primates
	0.0001
	0.0001
	0
	1

	
	TP53
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Artiodactyla
	4.3000
	7.2656
	3.1740
	0.2244

	
	
	Primates
	4.2688
	10.3740
	6.8307
	0.0536

	Rodentia vs Primates
	CREBBP
	Rodentia
	0.0584
	0.0654
	3.9770
	0.1844

	
	
	Primates
	0.0594
	0.1014
	0.5597
	0.9088

	
	EGLN1
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Rodentia
	0.0233
	0.0566
	1.5145
	0.5244

	
	
	Primates
	0.0402
	0.0001
	0.2344
	1

	
	EGLN2
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Rodentia
	0.1290
	0.1280
	0.0008
	1

	
	
	Primates
	0.1297
	0.1095
	0.0771
	1

	
	EGLN3
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Rodentia
	0.0238
	0.1375
	12.8287
	0.0036

	
	
	Primates
	0.1009
	0.0302
	1.7005
	0.5244

	
	ELOC
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Rodentia
	0.0001
	0.0001
	0
	1

	
	
	Primates
	0.0001
	0.0001
	0
	1

	
	TP53
	Clade
	ω(B)
	ω(F)
	2ΔlnL
	p-adjust

	
	
	Rodentia
	5.7304
	5.5621
	0.0119
	1

	
	
	Primates
	4.4901
	13.0222
	9.9663
	0.0096



Table S5. Convergent amino acid substitution -- foreground branch species.

	Habitat representative Species
	Scientific name

	Aquatic-Deep-diving- Sperm whale
	Physeter macrocephalus

	Aquatic-Common- Yangtze River dolphin
	Lipotes vexillifer

	Semi-aquatic-Common-Florida manatee
	Trichechus manatus

	Terrestrial – High-altitude- Wild yak
	Bos mutus

	Terrestrial – Burrowing- Naked mole-rat
	Heterocephalus glaber

	Terrestrial – Common- Human
	Homo sapiens




Table S6. Convergent amino acid substitution - different taxa result.

	Niche
	Gene
	Number
	Number of 
Domain sites

	Aquatic deep-diving 
vs 
Terrestrial common 
(3/7)
	HIF1A
	3
	0

	
	EGLN3
	1
	1

	
	VHL
	2
	2

	
	ELOB
	0
	0

	
	CREBBP
	13
	0

	
	EP300
	27
	0

	
	TP53
	2
	0

	
	HIF1AN
	1
	0

	
	HSP90AA1
	1
	0

	
	ARNT
	5
	0

	
	EGLN1
	2
	1

	
	CUL2
	0
	0

	
	EGLN2
	0
	0

	
	ELOC
	0
	0

	
	HSP90AB1
	2
	0

	
	CTNNB1
	0
	0

	
	STAT3
	0
	0

	
	MDM2
	1
	0

	
	HDAC1
	0
	0

	
	SMAD3
	0
	0

	
	ARNTL
	4
	0

	
	HDAC4
	18
	1

	
	UBC
	0
	0

	
	HSPA4
	2
	0

	
	RACK1
	0
	0

	
	SSX4
	0
	0

	Terrestrial high-altitude 
vs 
Terrestrial common 
(3/7)
	HIF1A
	0
	0

	
	EGLN3
	0
	0

	
	VHL
	0
	0

	
	ELOB
	0
	0

	
	CREBBP
	1
	0

	
	EP300
	0
	0

	
	TP53
	0
	0

	
	HIF1AN
	1
	1

	
	HSP90AA1
	0
	0

	
	ARNT
	0
	0

	
	EGLN1
	0
	0

	
	CUL2
	0
	0

	
	EGLN2
	0
	0

	
	ELOC
	0
	0

	
	HSP90AB1
	0
	0

	
	CTNNB1
	0
	0

	
	STAT3
	0
	0

	
	MDM2
	0
	0

	
	HDAC1
	0
	0

	
	SMAD3
	0
	0

	
	ARNTL
	0
	0

	
	HDAC4
	0
	0

	
	UBC
	0
	0

	
	HSPA4
	0
	0

	
	RACK1
	0
	0

	
	SSX4
	0
	0

	Terrestrial burrowing 
vs 
Terrestrial common 
(2/7)
	HIF1A
	17
	1

	
	EGLN3
	0
	0

	
	VHL
	2
	0

	
	ELOB
	0
	0

	
	CREBBP
	23
	1

	
	EP300
	28
	0

	
	TP53
	6
	0

	
	HIF1AN
	1
	1

	
	HSP90AA1
	1
	0

	
	ARNT
	8
	0

	
	EGLN1
	4
	0

	
	CUL2
	8
	0

	
	EGLN2
	7
	0

	
	ELOC
	0
	0

	
	HSP90AB1
	1
	0

	
	CTNNB1
	0
	0

	
	STAT3
	6
	0

	
	MDM2
	9
	0

	
	HDAC1
	0
	0

	
	SMAD3
	3
	1

	
	ARNTL
	2
	0

	
	HDAC4
	24
	0

	
	UBC
	0
	0

	
	HSPA4
	5
	0

	
	RACK1
	0
	0

	
	SSX4
	2
	0

	Hypoxia-tolerant 
vs 
Hypoxia-intolerant (8/10)
	HIF1A
	0
	0

	
	EGLN3
	0
	0

	
	VHL
	0
	0

	
	ELOB
	0
	0

	
	CREBBP
	0
	0

	
	EP300
	0
	0

	
	TP53
	0
	0

	
	HIF1AN
	0
	0

	
	HSP90AA1
	0
	0

	
	ARNT
	0
	0

	
	EGLN1
	0
	0

	
	CUL2
	0
	0

	
	EGLN2
	0
	0

	
	ELOC
	0
	0

	
	HSP90AB1
	0
	0

	
	CTNNB1
	0
	0

	
	STAT3
	0
	0

	
	MDM2
	0
	0

	
	HDAC1
	0
	0

	
	SMAD3
	0
	0

	
	ARNTL
	0
	0

	
	HDAC4
	0
	0

	
	UBC
	0
	0

	
	HSPA4
	0
	0

	
	RACK1
	0
	0

	
	SSX4
	0
	0

	Aquatic 
vs 
Terrestrial
(6/12)
	HIF1A
	3
	0

	
	EGLN3
	1
	1

	
	VHL
	1
	0

	
	ELOB
	0
	0

	
	CREBBP
	13
	0

	
	EP300
	28
	0

	
	TP53
	2
	0

	
	HIF1AN
	2
	0

	
	HSP90AA1
	1
	0

	
	ARNT
	4
	0

	
	EGLN1
	1
	1

	
	CUL2
	0
	0

	
	EGLN2
	1
	0

	
	ELOC
	0
	0

	
	HSP90AB1
	2
	0

	
	CTNNB1
	0
	0

	
	STAT3
	0
	0

	
	MDM2
	0
	0

	
	HDAC1
	0
	0

	
	SMAD3
	0
	0

	
	ARNTL
	5
	0

	
	HDAC4
	23
	1

	
	UBC
	0
	0

	
	HSPA4
	4
	0

	
	RACK1
	0
	0

	
	SSX4
	0
	0




Table S7. Convergent amino acid substitution.

	Niche
	Gene
	Site(G1)
	AA
	Polar/Non-polar
	Site(G2)
	AA
	Polar/Non-polar
	Family and Domains(Sites)

	Aquatic vs Terrestrial
	EGLN1
	370
	R (1)
	Polar
	359
	K (1)
	Polar
	Fe2OG dioxygenase 

	
	EGLN3
	140
	S (1)
	Polar
	140
	N (1)
	Polar
	Fe2OG dioxygenase 

	
	HDAC4
	844
	V (1)
	Non-polar
	836
	I (0.83)
	Non-polar
	Histone deacetylase

	Aquatic deep-diving 
vs Terrestrial common
	EGLN1
	370
	R (1)
	Polar
	359
	K (1)
	Polar
	Fe2OG dioxygenase 

	
	EGLN3
	140
	S (1)
	Polar
	140
	N (1)
	Polar
	Fe2OG dioxygenase 

	
	HDAC4
	844
	V (1)
	Non-polar
	836
	I (0.83)
	Non-polar
	Histone deacetylase

	
	VHL
	51
	T (1)
	Polar
	68
	S (0.86)
	Polar
	von Hippel-Lindau disease tumour suppressor beta

	
	
	165
	A (1)
	Non-polar
	181
	V (1)
	Non-polar
	von Hippel-Lindau disease tumour suppressor alpha

	Terrestrial high-altitude vs Terrestrial common
	HIF1AN
	213
	H (1)
	Polar
	213
	Y (0.86)
	Polar
	JmjC

	Terrestrial burrowing 
vs Terrestrial common
	CREBBP
	1586
	P (1)
	Non-polar
	1575
	T (0.86)
	Polar
	CBP/p300-type HAT

	
	HIF1A
	146
	K (1)
	Polar
	145
	R (1)
	Polar
	PAS1

	
	HIF1AN
	208
	H (1)
	Polar
	213
	Y (0.86)
	Polar
	JmjC

	
	SMAD3
	59
	S (1)
	Polar
	59
	N (1)
	Polar
	MH1




Table S8. Convergent amino acid substitution - aquatic/semi-aquatic.

	Gene
	Number of sites （G1,G2≥0.8）
	Number of sites before and after Domain

	HIF1A
	3
	0

	EGLN3
	1
	1

	VHL
	3
	2

	ELOB
	0
	0

	CREBBP
	16
	0

	EP300
	24
	0

	TP53
	3
	1

	HIF1AN
	0
	0

	HSP90AA1
	2
	0

	ARNT
	6
	0

	EGLN1
	1
	1

	CUL2
	0
	0

	EGLN2
	2
	0

	ELOC
	0
	0

	HSP90AB1
	2
	0

	CTNNB1
	0
	0

	STAT3
	0
	0

	MDM2
	2
	0

	HDAC1
	0
	0

	SMAD3
	0
	0

	ARNTL
	3
	0

	HDAC4
	23
	3

	UBC
	0
	0

	HSPA4
	5
	0

	RACK1
	0
	0

	SSX4
	0
	0



Table S9. Promoter region analysis - CpG island content.

	Group 
	Species
	CREBBP Num Islands
	Island Details
	EGLN1 Num Islands
	Island Details
	EGLN3 Num Islands
	Island Details

	Terrestrial common
	Homo sapiens
	1
	1895bp(50..1944)
	2
	1014bp(607..1620)|280bp(1666..1945)
	2
	555bp(973..1527)|226bp(1577..1802)

	
	Pan troglodytes
	1
	1896bp(49..1944)
	2
	967bp(654..1620)|280bp(1666..1945)
	2
	555bp(973..1527)|226bp(1577..1802)

	
	Macaca mulatta
	1
	1829bp(116..1944)
	2
	988bp(633..1620)|317bp(1629..1945)
	2
	553bp(975..1527)|367bp(1577..1943)

	
	Equus quagga
	2
	765bp(48..812)|770bp(1175..1944)
	1
	468bp(1478..1945)
	2
	556bp(982..1537)|235bp(1566..1800)

	
	Panthera tigris
	0
	
	2
	1074bp(536..1609)|317bp(1631..1947)
	1
	480bp(1063..1542)

	Aquatic deep-diving
	Monodon monoceros
	3
	756bp(50..805)|423bp(1174..1596)|294bp(1651..1944)
	0
	
	2
	568bp(976..1543)|308bp(1637..1944)

	
	Mesoplodon densirostris
	2
	1539bp(58..1596)|317bp(1628..1944)
	2
	1081bp(540..1620)|278bp(1670..1947)
	2
	499bp(1047..1545)|394bp(1551..1944)

	
	Physeter macrocephalus
	0
	
	2
	1050bp(573..1622)|324bp(1624..1947)
	2
	566bp(979..1544)|307bp(1637..1943)

	
	Balaenoptera acutorostrata
	2
	1563bp(51..1613)|319bp(1626..1944)
	2
	1113bp(507..1619)|323bp(1625..1947)
	2
	549bp(995..1543)|392bp(1553..1944)

	
	Globicephala melas
	2
	1515bp(70..1584)|287bp(1658..1944)
	2
	1045bp(575..1619)|323bp(1625..1947)
	2
	493bp(1051..1543)|307bp(1637..1943)

	Terrestrial high-altitude
	Panthera uncia
	2
	737bp(49..785)|794bp(1150..1943)
	2
	1094bp(516..1609)|316bp(1631..1946)
	1
	474bp(1069..1542)

	
	Bos mutus
	1
	1897bp(49..1945)
	1
	1333bp(614..1946)
	2
	225bp(980..1204)|576bp(1226..1801)

	
	Ochotona curzoniae
	1
	1746bp(197..1942)
	1
	1056bp(891..1946)
	0
	

	
	Marmota marmota marmota
	0
	
	0
	
	2
	378bp(986..1363)|370bp(1572..1941)

	
	Peromyscus maniculatus
	1
	1708bp(189..1896)
	0
	
	1
	254bp(1628..1881)

	Terrestrial burrowing
	Fukomys damarensis
	0
	
	2
	275bp(1430..1704)|227bp(1717..1943)
	2
	426bp(1072..1497)|442bp(1503..1944)

	
	Heterocephalus glaber
	2
	586bp(301..886)|671bp(1077..1747)
	1
	598bp(1348..1945)
	2
	333bp(1215..1547)|377bp(1549..1925)

	
	Spalax galili
	1
	660bp(1269..1928)
	2
	610bp(468..1077)|463bp(1481..1943)
	2
	342bp(1201..1542)|232bp(1556..1787)

	
	Condylura cristata
	2
	343bp(1090..1432)|249bp(1447..1695)
	2
	332bp(395..726)|360bp(1586..1945)
	2
	565bp(980..1544)|255bp(1551..1805)

	
	Chrysochloris asiatica
	2
	647bp(272..918)|465bp(1480..1944)
	2
	788bp(833..1620)|317bp(1630..1946)
	2
	240bp(1244..1483)|358bp(1506..1863)





Table S10. Promoter region analysis -TTS and QSFM quantity and location analysis.

	Groups
	Species
	CREBBP TTS 
count
	CREBBP QSFM 
count
	EGLN1 TTS count
	EGLN1 QSFM count
	EGLN3 TTS 
count
	EGLN3 QSFM count

	Terrestrial common
	Homo sapiens
	4
	14
	2
	4
	3
	0

	
	Pan troglodytes
	4
	13
	2
	2
	3
	0

	
	Macaca mulatta
	4
	11
	2
	3
	2
	2

	
	Equus quagga
	3
	4
	1
	0
	7
	2

	
	Panthera tigris
	3
	3
	1
	6
	4
	1

	Aquatic deep-diving
	Monodon monoceros
	3
	9
	2
	0
	3
	2

	
	Mesoplodon densirostris
	4
	13
	2
	5
	3
	2

	
	Physeter macrocephalus
	2
	2
	2
	4
	2
	2

	
	Balaenoptera acutorostrata
	4
	12
	2
	4
	1
	2

	
	Globicephala melas
	5
	9
	2
	5
	2
	2

	Terrestrial high-altitude
	Panthera uncia
	5
	10
	1
	6
	5
	1

	
	Bos mutus
	4
	14
	2
	2
	1
	2

	
	Ochotona curzoniae
	3
	12
	3
	2
	4
	0

	
	Marmota marmota marmota
	4
	0
	3
	0
	3
	0

	
	Peromyscus maniculatus
	4
	10
	0
	0
	9
	2

	Terrestrial burrowing
	Fukomys damarensis
	0
	0
	1
	2
	2
	1

	
	Heterocephalus glaber
	1
	5
	2
	1
	2
	2

	
	Spalax galili
	1
	1
	10
	0
	7
	1

	
	Condylura cristata
	1
	1
	1
	3
	6
	2

	
	Chrysochloris asiatica
	2
	2
	3
	0
	4
	2
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