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★
78
★
80
★
80
★
97
★ 97

100
97
★ 100
★ 	GWHTAAEX000500 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐

	GWHTAAEX000501 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	GWHTAAEX009232 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐

	Gae_04571.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐
	evm.model.scaffold_1071.75 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

96
★ 100
★ 	GWHTAAEX004035 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐

	GWHTAAEX008015 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	GWHTAAEX009237 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐

83
100

	GWHTAAEX009239 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_07716.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

	evm.model.scaffold_142.251 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐
	evm.model.scaffold_116.230 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

80
★ 	evm.model.scaffold_158.96 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

	evm.model.scaffold_37.474.1 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

99
★ 99
★ 	evm.model.scaffold_37.72 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

	evm.model.scaffold_27.248 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐
	evm.model.scaffold_146.180 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

82
★ 64
★ 100

85
	Gev05054.1 		▐		Gastrodia_elata_Korea 		▐		Orchidaceae 		▐
	Gae_17602.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

	GWHTAAEX010081 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐

75
	GWHTAAEX004038 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_10638.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

38
	GWHTAAEX007630 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_19368.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

96

97
★ 97
★ 74
★ 61

61
68
★ 97
★ 100

	XP_028555536.1_24748 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐
	Dhu000003069 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐

	Dhu000029004 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐
	XP_020689288.1_24865 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐

	lcl|CM039733.1_cds_KAI0496016.1_22323		▐		Dendrobium_nobile 		▐		Orchidaceae 		▐
	7614 		▐		Dendrobium_chrysotoxum 		▐		Orchidaceae 		▐

61
	GWHTBCII008000 		▐		Cymbidium_ensifolium 		▐		Orchidaceae 		▐
	XP_028551318.1_11783 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐

	GWHTBCII008002 		▐		Cymbidium_ensifolium 		▐		Orchidaceae 		▐
	GWHTBCII008001 		▐		Cymbidium_ensifolium 		▐		Orchidaceae 		▐

100
★ 100

	PAXXG190000-mRNA1 		▐		Phalaenopsis_aphrodite 		▐		Orchidaceae 		▐
	XP_020595328.1_25703 		▐		Phalaenopsis_equestris 		▐		Orchidaceae 		▐

	XP_020595694.1_26028 		▐		Phalaenopsis_equestris 		▐		Orchidaceae 		▐

62
★ 	KAG0494929.1_5923 		▐		Vanilla_planifolia 		▐		Orchidaceae 		▐

	KAG0494930.1_5924 		▐		Vanilla_planifolia 		▐		Orchidaceae 		▐
	TKA54496.1_12681 		▐		Apostasia_shenzhenica 		▐		Orchidaceae 		▐

63

87

86

99

100

100

100

96
98
★ 92
★ 100
★ 	Sspon.02G0025860-1A 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.02G0025860-2B 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	Sspon.02G0025860-3C 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.02G0043340-1B 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	SbiRTX430.02G009200.1 		▐		Sorghum_bicolor 		▐		Poaceae 		▐

99
★ 100
★ 	Zm00001d029510_T001 		▐		Zea_mays 		▐		Poaceae 		▐

	Zm00001d044820_T001 		▐		Zea_mays 		▐		Poaceae 		▐
	Zm00001d007945_T004 		▐		Zea_mays 		▐		Poaceae 		▐

100
	RLM58150.1_54630 		▐		Panicum_miliaceum 		▐		Poaceae 		▐
	Seita.4G130600.1 		▐		Setaria_italica 		▐		Poaceae 		▐

94
	Bradi1g03550.1 		▐		Brachypodium_distachyon 		▐		Poaceae 		▐
	ChrSy.fgenesh.mRNA.49 		▐		Oryza_sativa 		▐		Poaceae 		▐

	Aco003496.1 		▐		Ananas_comosus 		▐		Bromeliaceae 		▐

100
100
★ 69
★ 86
★ 	XP_010930121.1_22686 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_010930123.1_22687 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	XP_019708460.1_22688 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_010930125.1_22685 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	Acat_4g008380 		▐		Areca_catechu 		▐		Arecaceae 		▐

100
100
★ 	XP_042394817.1_49771 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	XP_042394818.1_49772 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	Mba09_g06970.1 		▐		Musa_balbisiana 		▐		Musaceae 		▐

100
100
★ 99
★ 45
★ 100

★ 89
89
★ 	K1p1ch07g39505 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐

	K1p1ch00g50170 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_01.1783 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐

	evm.model.AsparagusV1_08.1756 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐
	K1p1ch02g54353 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐

	evm.model.AsparagusV1_02.977 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_02.973 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐

	Asa2G04924.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

100
100
★ 	Dioal.10G064100.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐

	Dioal.10G064000.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐
	GWHTBAYO002742.1 		▐		Acanthochlamys_bracteata 		▐		Velloziaceae 		▐

98
	Spipo4G0066700 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐
	Zosma05g07180.1 		▐		Zostera_marina 		▐		Zosteraceae 		▐

	ATA8.632.t1 		▐		Acorus_tatarinowii 		▐		Acoraceae 		▐

85
★ 95
★ 82

100
★ 99
★ 95
★ 	CKAN_00879300 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐

	CKAN_00879900 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐
	CKAN_01682900 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐

	CKAN_00879800 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐
	Lchi08005 		▐		Liriodendron_chinense 		▐		Magnoliaceae 		▐

	CKAN_00879700 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐
	Lchi08004 		▐		Liriodendron_chinense 		▐		Magnoliaceae 		▐

67

92

81

99

91

100
100

	FUN_031958-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐
	HU10G00089.1 		▐		Hylocereus_undatus 		▐		Cactaceae 		▐

100
	Amacr03g16050 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH004927-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
★ 	GER56426.1_31960 		 		 		▐		Orobanchaceae 		▐

	GER36362.1_11896 		 		 		▐		Orobanchaceae 		▐
	74 Urease_query_gene_AT1G67550.1 		 		 		▐		Brassicaceae 		▐

	75 RAL42969.1_ 759 1 		 		 		▐		Convolvulaceae 		▐

94
100

	Kalaxd.08G070000.1 		 		 		▐		Crassulaceae 		▐
	Kaladp0085s0057.1 		 		 		▐		Crassulaceae 		▐

100
★ 	VIT_201s0010g02760.1 		 		 		▐		Vitaceae 		▐

	VIT_202s0033g00360.1 		 		 		▐		Vitaceae 		▐
	KAF8399910.1_15516 		 		 		▐		Trochodendraceae		▐

100
★

100
★ 88
★ 91
★ 0
★0
★	XP_026402595.1_43896 		 		 		▐		Papaveraceae 		▐

	XP_026402594.1_43895 		 		 		▐		Papaveraceae 		▐
	XP_026402593.1_43894 		 		 		▐		Papaveraceae 		▐

	XP_026402592.1_43893 		 		 		▐		Papaveraceae 		▐
	XP_026402596.1_43897 		 		 		▐		Papaveraceae 		▐

	XP_026402597.1_43898 		 		 		▐		Papaveraceae 		▐

100
★ 65
★ 0
★	XP_026407535.1_51537 		 		 		▐		Papaveraceae 		▐

	XP_026407536.1_51538 		 		 		▐		Papaveraceae 		▐
	XP_026407537.1_51539 		 		 		▐		Papaveraceae 		▐

97
★ 	XP_026407538.1_51540 		 		 		▐		Papaveraceae 		▐

	XP_026407540.1_51541 		 		 		▐		Papaveraceae 		▐

100
★ 99
★ 0
★0
★	K1p1ch07g46133 		 		 		▐		Asparagaceae 		▐

	K1p1ch07g46123 		 		 		▐		Asparagaceae 		▐
	K1p1ch07g46128 		 		 		▐		Asparagaceae 		▐

	K1p1ch07g46118 		 		 		▐		Asparagaceae 		▐
	K1p1ch04g25746 		 		 		▐		Asparagaceae 		▐

	AmTrH2.06G089200.1 		 		 		▐		Amborellaceae 		▐

91
★ 86

91
87
78

59
★ 100
★ 98

	GWHTBAYO012969.1 		 		 		▐		Velloziaceae 		▐
	ATA077.33.t1 		 		 		▐		Acoraceae 		▐

	ATA077.31.t1 		 		 		▐		Acoraceae 		▐

66
	GWHTBAYO017342.1 		 		 		▐		Velloziaceae 		▐

	ATA077.32.t1 		 		 		▐		Acoraceae 		▐
	Pp3c24_5050V3.1 		 		 		▐		Funariaceae 		▐

	Mapoly0026s0042.1 		 		 		▐		Marchantiaceae 		▐
	Ceric.06G029800.1 		 		 		▐		Pteridaceae 		▐

	evm.model.chr2.2120 		 		 		▐		Ginkgoaceae 		▐
	evm.model.chr2.2121 		 		 		▐		Ginkgoacea

▐ Striga_asiatica
▐ Striga_asiatica
▐ Arabidopsis_thaliana
▐ Cuscuta_australis
▐ Kalanchoe_laxiflora
▐ Kalanchoe_fedtschenkoi
▐ Vitis_vinifera
▐ Vitis_vinifera
▐ Tetracentron_sinense_Oliv 

▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
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▐ Papaver_somniferum
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▐ Asparagus_kiusianus
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▐ Asparagus_kiusianus
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▐ Acanthochlamys_bracteata 

▐ Acorus_tatarinowii
▐ Acorus_tatarinowii
▐ Acanthochlamys_bracteata 

▐ Acorus_tatarinowii
▐ Physcomitrium_patens
▐ Marchantia_polymorpha
▐ Ceratopteris_richardii
▐ Ginkgo_biloba
▐ Ginkgo_biloba e 		▐
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Ureases are nickel-dependent 
metalloenzymes that catalyze the 
conversion of urea to ammonia and 
carbamate, which spontaneously 
decomposes into carbonic acid and 
another molecule of ammonia.

Supplementary figure 41. A phylogenetic tree of Urease genes from 54 green plant species. The involved plants include 54 plants such as Gastrodia and Dendrobium (Supplementary table 20). The vertical columns
 from left to right in the figure represent gene ID, species name, species family, and expression level, respectively. Interspecific and intraspecific whole-genome duplication events are marked in the upper left 
corner of the figure. Bootstrap values have been labeled on the phylogenetic tree, which indicate the credibility of the branches. The query genes used in A. thaliana have been marked on the tree. The right side of 
the figure shows the expression data of duplicated genes in dark red G. elata, covering the following developmental stages: TMMM (immature tuber), TMBM (developing tuber), TMJM (mature tuber), TMGS 
(capsule), and TMHJ (inflorescence). Each stage has three biological replicates, and the data have been averaged.


