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Table S4.  Radical amino acid property changes in echolocating mammals
	Protein
	Position
	Branches
	Codon substitution
	Amino acid substitution
	Radical property changes *

	CDH23
	5
	Lipotes vexillifer
	GTC→ATC
	Val→Ile
	pK’

	
	
	Sorex araneus
	GTT→ATT
	Val→Ile
	pK’

	
	449
	Myotis altarium
	ACC→GCC
	Thr→Ala
	Pα

	
	
	Lipotes vexillifer
	ACC→GCC
	Thr→Ala
	Pα

	
	
	Sorex araneus
	ACC→GCC
	Thr→Ala
	Pα

	
	498
	Ancestor of Yinpterochiroptera echolocating bats
	TTC→TAC
	Phe→Tyr
	F

	
	
	Sorex araneus
	TTC→TAC
	Phe→Tyr
	F

	
	728
	Myotis altarium
	ATC→CTC
	Ile→Leu
	pK’

	
	
	Chaerephon plicata
	ATC→CTC
	Ile→Leu
	pK’

	
	
	Sorex araneus
	ATC→CTC
	Ile→Leu
	pK’

	
	1338
	Physeter macrocephalus
	TAC→CAC
	Tyr→His
	αm

	
	
	Sorex araneus
	TAC→TTC
	Tyr→Phe
	F

	
	1340
	Ancestor of Yinpterochiroptera echolocating bats
	ATT→CCT
	Ile→Pro
	N, Pβ, Br, Pc, pK’,h, El, F, αc, αn, Ra, Hp, P

	
	
	Sorex araneus
	ATC→CTG
	Ile→Leu
	pK’

	
	1710
	Chaerephon plicata
	ATC→GTC
	Ile→Val
	pK’

	
	
	Physeter macrocephalus
	ATC→ACC
	Ile→Thr
	Ns, Br, pK’, Ra, Hp, Ht

	
	
	Sorex araneus
	ATC→CTG
	Ile→Leu
	pK’

	
	1860
	Hipposideros larvatus
	ATC→GTC
	Ile→Val
	pK’

	
	
	Sorex araneus
	ATC→CTC
	Ile→Leu
	pK’

	
	2038
	Taphozous melanopogon
	GAG→GTG
	Glu→Val
	Ns, Pβ, Br, Rf, h, El, F, Pr, p, αc, Ra, Hp, Et

	
	
	Sorex araneus
	GAG→GGG
	Glu→Gly
	Pα, Pc, K0, αc, P

	
	2235
	Miniopterus schreibersii
	ATC→GTC
	Ile→Val
	pK’

	
	
	Sorex araneus
	ATC→GTG
	Ile→Val
	pK’

	
	2358
	Chaerephon plicata
	CGG→TGG
	Arg→Trp
	Br, Rf, pHi, F, Hnc, p, Ra, Ht, Et

	
	
	Sorex araneus
	CGG→CAC
	Arg→His
	Esm

	
	3060
	Myotis altarium
	GAC→GAA
	Asp→Glu
	P

	
	
	Ancestor of Odontoceti
	GAT→GAA
	Asp→Glu
	P

	
	
	Sorex araneus
	GAT→GAG
	Asp→Glu
	P

	
	3184
	Ancestor of Vespertilionoidea
	GAT→GAA
	Asp→Glu
	P

	
	
	Sorex araneus
	GAT→GAG
	Asp→Glu
	P

	GJB6
	96
	Chaerephon plicata
	GCC→ACC
	Ala→Thr
	Pα

	
	
	Sorex araneus
	GCC→ACC
	Ala→Thr
	Pα

	OTOF
	56
	Physeter macrocephalus
	ATC→CTC
	Ile→Leu
	pK’

	
	
	Sorex araneus
	ATC→GTG
	Ile→Val
	pK’

	
	116
	Miniopterus schreibersii
	GTC→ATC
	Val→Ile
	pK’

	
	
	Sorex araneus
	GTC→ATA
	Val→Ile
	pK’

	
	210
	Miniopterus schreibersii
	ATT→ATG
	Ile→Met
	pK’

	
	
	Sorex araneus
	ATT→ATG
	Ile→Met
	pK’

	
	628
	Ancestor of Yangochiroptera
	GAC→GAA
	Asp→Glu
	P

	
	
	Sorex araneus
	GAC→GAG
	Asp→Glu
	P

	
	1104
	Ancestor of Hipposideros
	GAC→GAA
	Asp→Glu
	P

	
	
	Sorex araneus
	GAC→GAG
	Asp→Glu
	P

	
	1235
	Ancestor of Rhinolophus
	GAC→GAG
	Asp→Glu
	P

	
	
	Lipotes vexillifer
	GAC→GCC
	Asp→Ala
	K0, Pr, p, Et, P

	
	
	Sorex araneus
	GAC→GAG
	Asp→Glu
	P

	
	1260
	Miniopterus schreibersii
	TCC→TGC
	Ser→Cys
	Ns, B, µ

	
	
	Sorex araneus
	TCC→CAC
	Ser→His
	F

	
	1478
	Chaerephon plicata
	TAC→TGC
	Tyr→Cys
	Rf, c, Esm

	
	
	Taphozous melanopogon
	TAC→CAC
	Tyr→His
	αm

	
	
	Sorex araneus
	TAC→CAT
	Tyr→His
	αm

	PRESTIN
	585
	Ancestor of Hipposideridae and Rhinolophidae
	GCA→ATA
	Ala→Ile
	pK’, Ra

	
	
	Megaderma lyra
	GCA→GTA
	Ala→Val
	Pβ

	
	
	Sorex araneus
	GCA→GAA
	Ala→Glu
	K0, Pr

	
	743
	Ancestor of Rhinolophus
	GAG→GAC
	Glu→Asp
	P

	
	
	Sorex araneus
	GAG→GAC
	Glu→Asp
	P


*Radical changes in amino acid properties (chemical, structural, and other property changes) only among echolocating mammals under category 6 and/or 7 and/or 8 are shown. Sites with radical amino acid property changes that occurred in three subsets of echolocators are showed in bold. Amino acid property symbols used: α−helical tendencies (Pα), Average number of surrounding residues (Ns), β-structure tendencies (Pβ), Bulkiness (Bl ), Buriedness (Br), Chromatographic index (Rf), Coil tendencies (Pc), Composition (c), Compressibility (K0), equilibrium constant for ionization of COOH (pK’), Helical contact energy (Ca), Hydropathy (h), Isoelectric point (pHi), Long-range n.b. energy (El), Mean r.m.s. fluctuat. displace. (F), Molecular weight (Mw), Normal. consensus hydrophob. (Hnc), Partial specific volume (V0), Polar requirement (Pr), Polarity (p), Power to be – C-term., α-helix (αc), Power to be – middle, α-helix (αm), Power to be – N-term. α-helix (αn), Refractive index (μ), Sh.- & med.-range n.b. energy (Esm), Solvent accessible reduct. ratio (Ra), Surrounding hydrophobicity (Hp), Thermodyn. transfer hydrophob. (Ht), Total n.b. energy (Et), Turn tendencies (P), Molecular volume (Mv).

