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Supplement Fig 1. K-mer distribution. The peak of 17-kmer located in Depth=45 and have 58,326,594,430 kmers. The raw genome size estimated by 17-kmer was 58,326,594,430/45=~1296.15Mb, and the revised genome size was 1272.61Mb by raw genome size* (1-E), where E represent the error rate estimate by Kdepth=1 rate.
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Supplement Fig 2. Expression numbers of ORs. Numbers of Expressed ORs in E. garzetta, and N. nycticorax. The numbers above the bars represent the expression numbers of ORs.


















Supplement Table 1. Transcriptome reads mapping in N. nycticorax.
	Sample
	    Total reads
	Total mapped      
	Uniquely mapped%

	NN2OE
NN3OE
NN1OE
NN4OE
NN5OE
NN6OE
	31649915
26868635
22107587
26142198
27161451
23707660
	57.59%
67.47%
70.21%
65.16%
63.03%
67.24%
	16128812 (50.96%)
16207270 (60.32%)
13946795 (63.09%)
14964649 (57.24%)
15105865 (55.62%)
14197635 (59.89%)
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Supplement Table 2. Transcriptome reads mapping in E. garzetta.
	Sample
	    Total paired reads
	Total mapped      
	Uniquely mapped

	EG1OE
EG2OE
EG3OE
EG4OE
EG5OE
EG6OE
	27202746
22506226
31591152
25221822
28409521
25374108
	64.45%
74.37% 74.45%
73.07%
65.66%
69.33%
	14353084 (52.76%)
14477441 (64.33%) 
20223040 (64.01%)
15773325 (62.54%)  
15113041 (53.20%)
15066977 (59.38%)























Supplement Table 3. Genome assembly statistics details
	Index
	Contig(bp)
	Scaffold(bp)
	Contig Number
	Scaffold Number

	Total
Max
Length>=100
Length>=2000
N50
N60
N70
N80
N90
	1,116,931,249 850,257


58,550
45,336
33,689
23,204
12,579
	1,179,048,687 17,752,090


3,016,563
2,330,832
1,539,151
884,092
347,590
	46,539 

46,539
38,451
5,277
7,449
10,309
14,286
20,711
	7,611

7,611
4,549
104
148
211
312
518




















Supplement Table 4. Function of the visual adaptive evolution genes
	[bookmark: _Hlk110532719]Gene
	Eye part
	Disease
	Function report and phenotype mutation consequence 

	ADAMTS18


ALDH1A3

ATP8A2

CACNB2

CCDC66


CDON

CHD7


CRB1

CRYBA1


CTNS



EPAS1

EPHB1

FAT3

FGFR2

FOXP2

GNA11

GNAQ
GNAT1

HDAC1
HPS1


IMPG1 IMPG2


JAG1
MAP3K1


MDM1
MED1

MEGF11
MFN2

MITF

MYO7A

NHS
OLFM3

OPA1

OPN4
PAX6

PDE6B

PDGFRB
RNF2

RPE65


RPL24


RRM1
SH3PXD2B


SKI

SLC25A25
SLC4A10
SLC7A11

SMAD3
SOX14

TTC8


TULP3

UCHL3
UNC119
VEGFA

WDR19
	Cornea and Retina


Whole eye-small size eye microphthalmia
Retina

-

Retina


Whole eye-small size eye microphthalmia
Retina


Retina

Lens


Corneal



Retina

Retina

Retina

Whole-Bulging eyes

Eyelids

Intraocular changes-choroid, ciliary body, iris
Retina

Retina
Intraocular changes-choroid, ciliary body, iris
Retina



Lens
Retina


Retina
Lens and retina

Retina
Lens and cornea

Iris and Retina

Retina

Lens
Intraocular pressure

Optic nerve

Retina
Iris and Optic nerve

Retina

Retina
Whole eye-small size eye microphthalmia
Retina


Retina


Retina
Cornea


Whole eye-Protruding eyes
Retina
Corneal
Retina

Lens
Eyelids

Retina


Pressure inside retina

Retina
Retina
Choroid and retina

Retina
	Microcornea, Myopic Chorioretinal Atrophy, and Telecanthus

Microphthalmia

Cone-Rod Dystrophy

Blindness

Retinal Degeneration


Microphthalmia

CHARGE syndrome


Retinitis pigmentosa

Congenital zonular cataract with sutural opacities

Adult nonnephropathic cystinosis; late-onset juvenile or adolescent nephropathic type cystinosis; nephropathic cystinosis
Retinal Hemangioblastoma

Retinal ganglion cell axon guidance

Retina development

Apert syndrome; Crouzon syndrome

Blepharophimosis

Ocular Melanoma

Ocular Melanoma
Autosomal dominant congenital stationary night blindness
Retinoblastoma
Hermansky–Pudlak syndrome (oculocutaneous albinism)

Retinitis Pigmentosa



Lens progenitor cell deficits.
Retinal Degeneration


Retinal Degeneration
Retinoblastoma; Microphthalmia

Retinal neuronal arrays
Optic Atrophy; Intraocular Pressure Quantitative Trait Locus
Tietz syndrome; Waardenburg syndrome type II
Usher syndrome type 1B

Cataract-dental syndrome
Glaucoma, Primary Open Angle

Optic atrophy-1

Achromatopsia
Aniridia type II; Coloboma of optic nerve; Opic nerve hypoplasia
Congenital stationary night blindness
Retinitis Pigmentosa
Microphthalmia

Congenital stationary night blindness

Retinitis Pigmentosa


Retinitis Pigmentosa
Frank-Ter Haar Syndrome


Shprintzen-Goldberg Craniosynostosis Syndrome
Fundus Dystrophy
Corneal Dystrophy
Oxidant-induced cellular damage in retina
Cataract
Colobomatous Microphthalmia

Bardet-Biedl syndrome


Glaucoma

Retinal Degeneration
Dominant cone-rod dystrophy
Retinal Vascular Disease

Autosomal recessive retinitis pigmentosa
	ADAMTS18 plays an essential role in early eye development and those mutations therein cause a distinct eye phenotype that is mainly characterized by microcornea and myopia[1]. Also related retinal detachment.
Loss of function of ALDH1A3 loss of function causes bilateral anophthalmia/microphthalmia caused bilateral anophthalmia/microphthalmia[2, 3]
ATP8A2-deficient mice have shortened photoreceptor outer segments, cause a reduction in light responses and decreased photoreceptor viability[4]
Mutations in CACNB2 cause incomplete congenital stationary night blindness. Under dark-adapted conditions, CNS-beta (2)-null mice did not have a normal b-wave[5]
Related to the retinal rod cell development. Protein CCDC66 is expressed predominantly in the developing rod outer segments related retinal degeneration and dysfunction and detection of light stimulus involved in visual perception[6]
CDON related to embryonic retina morphogenesis, and mice lacking CDON display multiple eye defects[7]
CHD7 regulates the differentiation of retinal cells and plays an essential role in retinal cell development. Mutations in CHD7 cause abnormal expression or a complete absence of molecular markers for the retinal ganglion cells and photoreceptors[8]
Mutations in the CRB1 gene result in human retinal diseases including retinitis pigmentosa and Leber congenital amaurosis[9, 10]
CRYBA1 encode the Beta-crystallin A1, crystallin are major protein constituents of the mammalian lens, where Beta-crystallin stability association into higher order complexes are critical for lens clarity and refraction[11]
The cystinosin (Ctns(-/-)) mouse related the cystinosis. Mouse begin to die in 7-12 months because of the cystinosis disease increased Corneal crystals and corneas become scarred and neovascularized[12]

Mutations in mice related to exhibited marked thinning of the retina and abnormal retinal vasculature[13]
EPHB1 is responsible for the retinal axon guidance, redirecting the retinal ganglion cells axons at the optic chiasm midline[14] 
FAT3 ensures that retinal amacrine cells project develop primary dendrites into the inner plexiform layer (IPL) and only rarely extend processes into other retinal layers[15]
FGF receptors are essential for lens fiber differentiation, different FGF receptors function redundantly[16]
Mutations in FOXP2 related abnormal narrowness of the palpebral fissure in the horizontal direction caused by the lateral displacement of the medial canthi of the eyelids[17]
Related intraocular melanoma which is a cancer of the pigment-producing cells (melanocytes) in the middle layer of the eye, usually in choroid, ciliary body, or iris[18], associated with GNAQ[19]
Related to Sturge-Weber syndrome[20] and ocular melanoma[18, 19]
GNAT1 Stimulates the coupling of rhodopsin and cGMP-phoshodiesterase during visual impulses. Mutations in this gene result in autosomal dominant congenital stationary night blindness[21]
Related to retinoblastoma (RB1), caused blindness or poor vision in the affected eye or eyes[22]
This gene encodes a protein that may play a role in organelle biogenesis associated with melanosomes, platelet dense granules, and lysosomes and mutations in HSP1 caused pigmentation defect in the eyes[23]
IMPG1 and IMPG2 are members of the interphotoreceptor matrix, which is occupying the interface between photoreceptors and the retinal pigment epithelium in the fundus of the eye. The IMPG matrix is a unique extracellular complex that play a supportive role in photoreceptor maintenance[24]
JAG1 mutants have both lens progenitor cell proliferation and differentiation deficits[25, 26]
MAP3K1 played an essential role during mouse embryonic eyelid closure, Homozygous deletion of either gene causes defective eyelid closure[27, 28] and progressive and eventual death of the cells of the retina[29]
Mdm1 mutations related the age-related retinal degeneration[30]
MED1 is critical for the lens development in camera-type eye and related in paucity of retinal pigment, defective lens formation[31]
MEGF11 played critical roles in the formation of mosaics in the retina[32]
MFN2 caused small, opacified lens and small eyeball in the most severe phenotypes[33] and deletion affects corneal development because of collagen hyperplasia in the corneal stroma[34]
Involved in melanin synthesis. Related to Waardenburg syndrome type 2 (WS2), mutations caused ocular albinism[35, 36]
MYO7A present in the retinal pigment epithelium and plays an important role in regulating opsin transport in retinal photoreceptors.[37, 38]
Mutation causing X-linked dominant congenital cataract[39]
Olfactomedin 3 might be required for normal development and function of tissues involved in glaucoma, eye angle and retina. Mutations in the OLFM3 may lead to different eye pathologies[40]
Related to optic atrophy type 1, a disease that affects the optic nerve. Caused vision loss, difficulty distinguishing colors, and an abnormally pale appearance (pallor) of the optic nerve[41, 42]
Mutations related to retinal degeneration because of dystrophy[43, 44]
Related to aniridia, an eye disorder characterized by a complete or partial absence of the colored part of the iris[45]. PAX6 gene also associated with a variety of optic-nerve malformations[46]
PDE6B related to retinitis pigmentosa and cause progressive vision loss[47]

Related to retina vasculature development in camera-type eye[48]
During eye development, Bcl6a with Rnf2 prevent eye colobomata (Microphthalmia)[49]

The RPE65 protein plays a role in vitamin A metabolism in the retina, and the whole region of the protein is highly conserved in vertebrates[50], mutations in the RPE65 cause Leber’s congenital amaurosis[51, 52] and early-onset retinal degeneration[53]
The Belly spot and tail (Bst) is a semidominant mouse mutation that disrupts the retinal cell fate determination and as a deletion within the RPL24 gene[54]. Mutant phenotype of Bst affected retinas are smaller than wildtype[55]
Related to retinal pigment deposits and photoreceptor cells loss[56]
Encodes the TKS4 protein. Mice lacking Tks4 showed pronounced skeletal, eye, and cardiac abnormalities and phenocopied most of the defects associated with Frank-Ter Haar syndrome. SH3PXD2B mutations caused prominent eyes, macrocornea with or without glaucoma[57, 58]
Cause prominent eyes due to Shprintzen-Goldberg Craniosynostosis Syndrome[59]

Related to retinal dystrophy[56]
Related to corneal dystrophy[56]
SLC7A11 (system xc −) is a transport system critical to potentiation of antioxidant signaling in retina[60]
Related to the coordination of cell cycle progression and the initiation of lens differentiation[61]
Related to abnormal narrowness of the palpebral fissure in the horizontal direction caused by the lateral displacement of the medial canthi of the eyelids[56]
Related to Bardet-Biedl Syndrome. One of the major features of Bardet-Biedl syndrome is vision loss. Occurs as the light-sensing tissue at the back of the eye (the retina) gradually deteriorates[62, 63]
Disruption of mouse TULP3 caused morphological defects in the embryonic craniofacial regions and eye defects (retina)[64]
Associated to retina development[23]
Related to Cone-rod dystrophyand causes vision loss[65, 66]
Related choroid development in eye and inactivation of VEGF expression results in the absence of choriocapillaris, occurrence of microphthalmia, and the loss of visual function[67]
WDR19 related to photoreceptor intra-flagellar transport function and was shown to accumulate along the connecting cilia in Nphp1 photoreceptors[68]





































Supplement Table 5. Positively selected sites in intact OR14 of the E. garzetta
	MEME (Q-value< 0.05)
	FUBAR (BayesFactor> 0.95) 
	SLAC (P [dN/dS > 1] < 0.1)

	8, 14, 20, 28, 52, 78, 93, 106, 107, 110, 145, 153, 155, 156, 196, 199, 204, 205, 206, 211, 215, 230, 251, 254, 260, 282, 283
	52, 93, 107, 110, 196, 199, 204, 211, 251, 283
	1, 3, 5, 8, 10, 11, 12, 14, 15, 17, 25, 26, 39, 40, 44, 45, 46, 49, 52, 55, 56, 57, 59, 61, 63, 64, 67, 68, 70, 73, 74, 77, 79, 83, 84, 88, 90, 91, 92, 94, 95, 97, 98, 99, 104, 107, 109, 114, 115, 118, 119, 121, 128, 130, 132, 133, 150, 151, 155, 157, 158, 160, 163, 164, 165, 167, 168, 170, 171, 174, 176, 177, 178
179, 180, 185, 187, 189, 192, 195, 196, 198, 200, 201, 204, 208, 210, 213, 215, 216, 217, 220, 221, 223, 224, 230, 232, 237, 239, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250, 251, 253, 259, 261, 262, 263, 265, 266, 269, 270, 271, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 285, 286, 288, 289, 290, 293, 295, 296, 297, 299, 300, 302


Site numbers with underline represent this site detected positive selection by all methods.
Supplement Table 6. Positively selected sites in intact OR14 of the N. nycticorax
	MEME (Q-value< 0.05)
	FUBAR (BayesFactor> 0.95) 
	SLAC (P [dN/dS > 1] < 0.1)

	93, 110
	52, 93, 107, 110, 211, 284
	3, 4, 8, 10, 14, 15, 17, 18, 36, 39, 40, 49, 52, 59, 67, 70, 73, 77, 83, 84, 88, 89, 90, 91, 92, 93, 94, 95, 97, 98, 104, 107, 109, 110, 114, 118, 121, 125, 130, 133, 150, 151, 158, 161, 163, 164, 165, 168, 171, 180, 189, 195, 200, 201, 2


Site numbers with underline represent this site detected positive selection by all methods.



























[bookmark: _Hlk97393278]Supplement Table 7. Positively selected sites in intact OR14 of the C. cochlearius
	MEME (Q-value< 0.05)
	FUBAR (BayesFactor> 0.95) 
	SLAC (P [dN/dS > 1] < 0.1)

	6, 14, 16, 24, 26, 28, 29, 30, 33, 35, 47, 68, 83, 93, 101, 107, 110, 128, 150, 154, 155, 160, 172, 196, 202, 204, 205, 206, 207, 215, 267, 283, 284, 294, 301
	16, 47, 93, 107, 153, 172, 196, 204, 207, 283
	3, 4, 8, 12, 14, 15, 16, 17, 18, 23, 36, 38, 39, 40, 45, 46, 47, 49, 52, 61, 65, 66, 67, 70, 73, 75, 77, 84, 87, 88, 90, 91, 92, 94, 95, 97, 98, 100, 104, 107, 109, 112, 113, 114, 115, 118, 121, 127, 130, 132, 139, 150, 151, 155, 158, 160, 162, 163, 164, 165, 168, 171, 172, 180, 187, 189, 192, 193, 194, 195, 196, 197, 201, 202, 204, 207, 208, 213, 216, 217, 223, 229, 232, 239, 241, 245, 248, 249, 252, 253, 258, 259, 260, 261, 262, 263, 265, 268, 269, 270, 271, 272, 274, 275, 277, 278, 279, 280, 281, 282, 283
284, 286, 289, 290, 293, 295, 297, 299, 300, 302


Site numbers with underline represent this site detected positive selection by all methods.
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