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79
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92

44
★

99

98

91

76

100
★

100

99
★ 100

★ 100
★ 	XP_029120041.1_12644 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_019705364.1_12643 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	XP_019705363.1_12642 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

99
★ 	XP_010920045.1_12641 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	XP_029120040.1_12640 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	Acat_9g003870 		▐		Areca_catechu 		▐		Arecaceae 		▐

100

100
★ 100

★ 	XP_010933396.1_26612 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	XP_019709361.1_26614 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_019709362.1_26613 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

100
★ 	Acat_11g018720 		▐		Areca_catechu 		▐		Arecaceae 		▐

	Acat_12g002220 		▐		Areca_catechu 		▐		Arecaceae 		▐

100

100

100

100
100

100
★ 100

★ 100
★ 	Sspon.01G0015480-4D 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.01G0015480-2B 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	Sspon.01G0015480-3C 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.01G0015480-1A 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	SbiRTX430.01G296600.1 		▐		Sorghum_bicolor 		▐		Poaceae 		▐

	Zm00001d014435_T004 		▐		Zea_mays 		▐		Poaceae 		▐

99
100
★ 	RLN39118.1_4849 		▐		Panicum_miliaceum 		▐		Poaceae 		▐

	RLN18833.1_6837 		▐		Panicum_miliaceum 		▐		Poaceae 		▐
	Seita.9G306000.1 		▐		Setaria_italica 		▐		Poaceae 		▐

	Bradi3g34550.1 		▐		Brachypodium_distachyon 		▐		Poaceae 		▐
	LOC_Os10g42830.1 		▐		Oryza_sativa 		▐		Poaceae 		▐

100
★ 100

100
★ 	XP_042373121.1_29840 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	XP_042469742.1_25175 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	Mba11_g05710.1 		▐		Musa_balbisiana 		▐		Musaceae 		▐

	XP_042451718.1_100484 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

93

100

100

100
★ 86

★ 97
99
	GWHTAAEX002832 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_08349.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

97
	Gev16469.1 		▐		Gastrodia_elata_Korea 		▐		Orchidaceae 		▐
	evm.model.scaffold_58.291 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

	evm.model.scaffold_58.88 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐
	evm.model.scaffold_92.24.1 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

100

100
100
★ 100

	XP_028553798.1_19256 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐
	lcl|CM039726.1_cds_KAI0510369.1_10970 		▐		Dendrobium_nobile 		▐		Orchidaceae 		▐

	XP_028551786.1_13459 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐
	KAH0448873.1_25454 		▐		Dendrobium_chrysotoxum 		▐		Orchidaceae 		▐

100
	GWHTBCII021213 		▐		Cymbidium_ensifolium 		▐		Orchidaceae 		▐
	XP_020577586.1_9684 		▐		Phalaenopsis_equestris 		▐		Orchidaceae 		▐

98
	TKA53009.1_14748 		▐		Apostasia_shenzhenica 		▐		Orchidaceae 		▐
	KAG0474602.1_14288 		▐		Vanilla_planifolia 		▐		Orchidaceae 		▐

93

100
100

	K1p1ch04g21848 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_04.964 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐

100
★ 	Asa6G00057.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

	Asa6G00058.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐
	Aco017005.1 		▐		Ananas_comosus 		▐		Bromeliaceae 		▐

	Dioal.04G156000.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐

44

86

46

90

89

87

90

99

100

100
★ 100

	Amacr04g11150 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH007288-RA 		▐		Amaranthus_hypochondriacus 		▐		Amaranthaceae 		▐

100
	Amacr13g06760 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH019942-RA 		▐		Amaranthus_hypochondriacus 		▐		Amaranthaceae 		▐

100
100
★ 	HU04G01610.1 		 		 		▐		Cactaceae 		▐

	HU02G02672.1 		 		 		▐		Cactaceae 		▐
	FUN_045231-T1 		 		 		▐		Portulacaceae 		▐

★ 	 		 		 		▐		Brassicaceae 		▐VGT1_query_gene_AT3G03090.1
	 		 		 		▐		Brassicaceae 		▐100 VGT2_query_gene_AT5G17010.4

90
	RAL42037.1_17609 		 		 		▐		Convolvulaceae 		▐
	GER50529.1_26063 		 		 		▐		Orobanchaceae 		▐

	VIT_216s0039g02170.2 		 		 		▐		Vitaceae 		▐

100
	Kalaxd.02G022800.1 		 		 		▐		Crassulaceae 		▐
	Kaladp0418s0002.1 		 		 		▐		Crassulaceae 		▐

	KAF8379004.1_27845 		 		 		▐		Trochodendraceae		▐

100
	CKAN_01622000 		 		 		▐		Lauraceae 		▐
	Lchi01179 		 		 		▐		Magnoliaceae 		▐

94
★ 94

★ 	XP_026406376.1_50410 		 		 		▐		Papaveraceae 		▐
	XP_026401916.1_43015 		 		 		▐		Papaveraceae 		▐

	XP_026444038.1_82308 		 		 		▐		Papaveraceae 		▐

39

64
64
★ 	GWHTBAYO012649.1 		 		 		▐		Velloziaceae 		▐
	GWHTBAYO007207.1 		 		 		▐		Velloziaceae 		▐

	Spipo5G0070900 		 		 		▐		Araceae 		▐

58
	2807 		 		 		▐		Orchidaceae 		▐
	Zosma01g12720.1 		 		 		▐		Zosteraceae 		▐

	ATA6.1485.t1 		 		 		▐		Acoraceae 		▐
	AmTrH2.03G127100.1 		 		 		▐		Amborellaceae 		▐

54
★ 53

	evm.model.chr10.1987 		 		 		▐		Ginkgoaceae 		▐
	Ceric.11G036400.1 		 		 		▐		Pteridaceae 		▐

	evm.model.chr10.1988 		 		 		▐		Ginkgoaceae 		▐
	RLN04651.1_44251 		 		 		▐		Poaceae 		▐

95

96

96

91

99

99

38

41

88

100

100

100

100
94
	GWHTBCII013715 		 		 		▐		Orchidaceae 		▐
	XP_020690641.1_10804 		 		 		▐		Orchidaceae 		▐

100
	Dhu000015588 		 		 		▐		Orchidaceae 		▐
	lcl|CM039726.1_cds_KAI0511816.1_12448 		 		 		▐		Orchidaceae 		▐

	KAH0469260.1_2809 		 		 		▐		Orchidaceae 		▐

100
	PAXXG140110-mRNA1 		 		 		▐		Orchidaceae 		▐
	XP_020585445.1_16804 		 		 		▐		Orchidaceae 		▐

	KAG0484139.1_12223 		 		 		▐		Orchidaceae 		▐
	TKA61927.1_5616 		 		 		▐		Orchidaceae 		▐

73
★ 87

100
★ 	Asa6G04583.1 		 		 		▐		Amaryllidaceae 		▐

	Asa6G04585.1 		 		 		▐		Amaryllidaceae 		▐
	K1p1ch07g38606 		 		 		▐		Asparagaceae 		▐

	K1p1ch07g38474 		 		 		▐		Asparagaceae 		▐

65
100

100
★ 	XP_010907806.1_39534 		 		 		▐		Arecaceae 		▐

	XP_010907807.1_39535 		 		 		▐		Arecaceae 		▐
	Acat_8g017480 		 		 		▐		Arecaceae 		▐

	Aco026737.1 		 		 		▐		Bromeliaceae 		▐

40

73

100

98

71

100

99
★ 84

85
★ 	Sspon.01G0031430-1A 		 		 		▐		Poaceae 		▐
	Sspon.01G0031430-1P 		 		 		▐		Poaceae 		▐

	SbiRTX430.01G033200.1 		 		 		▐		Poaceae 		▐

84
★ 	Sspon.01G0031430-2D 		 		 		▐		Poaceae 		▐

	Sspon.01G0049200-1B 		 		 		▐		Poaceae 		▐
	Zm00001d012938_T002 		 		 		▐		Poaceae 		▐

	RLN16647.1_9262 		 		 		▐		Poaceae 		▐

100
★ 100

★ 	Seita.1G057900.1 		 		 		▐		Poaceae 		▐
	Seita.1G320900.1 		 		 		▐		Poaceae 		▐

	Seita.9G030800.1 		 		 		▐		Poaceae 		▐

73
	Bradi1g03530.6 		 		 		▐		Poaceae 		▐
	LOC_Os03g60820.1 		 		 		▐		Poaceae 		▐

100
100
★ 	XP_042462576.1_19268 		 		 		▐		Zingiberaceae 		▐

	XP_042457296.1_13906 		 		 		▐		Zingiberaceae 		▐
	Mba10_g23110.1 		 		 		▐		Musaceae 		▐

48
	Dioal.09G079300.1 		 		 		▐		Dioscoreaceae 		▐
	GWHTBAYO013994.1 		 		 		▐		Velloziaceae 		▐

89
	Spipo22G0039100 		 		 		▐		Araceae 		▐
	ATA8.1708.t1.p1 		 		 		▐		Acoraceae 		▐

100

100

96

96

30

100

100
★ 100

	Amacr08g03860 		 		 		▐		Amaranthacea

 

 

 

 

 

 

 

 

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

▐ Cinnamomum_kanehirae
▐ Liriodendron_chinense
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Acanthochlamys_bracteata 

▐ Acanthochlamys_bracteata 

▐ Spirodela_polyrhiza
▐ Dendrobium_chrysotoxum 

▐ Zostera_marina
▐ Acorus_tatarinowii
▐ Amborella_trichopoda
▐ Ginkgo_biloba
▐ Ceratopteris_richardii
▐ Ginkgo_biloba
▐ Panicum_miliaceum
▐ Cymbidium_ensifolium
▐ Dendrobium_catenatum
▐ Dendrobium_huoshanense 

▐ Dendrobium_nobile
▐ Dendrobium_chrysotoxum 

▐ Phalaenopsis_aphrodite
▐ Phalaenopsis_equestris
▐ Vanilla_planifolia
▐ Apostasia_shenzhenica
▐ Allium_sativum
▐ Allium_sativum
▐ Asparagus_kiusianus
▐ Asparagus_kiusianus
▐ Elaeis_guineensis
▐ Elaeis_guineensis
▐ Areca_catechu
▐ Ananas_comosus
▐ Saccharum_spontaneum
▐ Saccharum_spontaneum
▐ Sorghum_bicolor
▐ Saccharum_spontaneum
▐ Saccharum_spontaneum
▐ Zea_mays
▐ Panicum_miliaceum
▐ Setaria_italica
▐ Setaria_italica
▐ Setaria_italica
▐ Brachypodium_distachyon 

▐ Oryza_sativa
▐ Zingiber_officinale
▐ Zingiber_officinale
▐ Musa_balbisiana
▐ Dioscorea_alata
▐ Acanthochlamys_bracteata 

▐ Spirodela_polyrhiza
▐ Acorus_tatarinowii
▐ Amaranthus_cruentus e 		▐

	AH013735-RA 		▐		Amaranthus_hypochondriacus 		▐		Amaranthaceae 		▐

100
	Amacr15g01600 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH022586-RA 		▐		Amaranthus_hypochondriacus 		▐		Amaranthaceae 		▐

100
	FUN_047980-T1 		 		 		▐		Portulacaceae 		▐
	HU07G02230.1 		 		 		▐		Cactaceae 		▐

30
100

	Kalaxd.02G188700.1 		 		 		▐		Crassulaceae 		▐
	Kaladp0070s0110.1 		 		 		▐		Crassulaceae 		▐

	RAL37407.1_101 		 		 		▐		Convolvulaceae 		▐
	 		 		 		▐		Brassicaceae 		▐VGT3_query_gene_AT5G59250.1

	GER26907.1_2441 		 		 		▐		Orobanchaceae 		▐
	VIT_206s0004g05190.1 		 		 		▐		Vitaceae 		▐

90

100
★

99
★ 100

★ 	XP_026411876.1_53681 		 		 		▐		Papaveraceae 		▐
	XP_026444331.1_82615 		 		 		▐		Papaveraceae 		▐

99
★ 	XP_026418568.1_53680 		 		 		▐		Papaveraceae 		▐

	XP_026436390.1_5398 		 		 		▐		Papaveraceae 		▐

99
★ 	XP_026418087.1_53682 		 		 		▐		Papaveraceae 		▐

	XP_026444366.1_82614 		 		 		▐		Papaveraceae 		▐

100
★ 	KAF8395155.1_18770 		 		 		▐		Trochodendraceae		▐

	KAF8395156.1_18771 		 		 		▐		Trochodendraceae		▐

96
	CKAN_00515300 		 		 		▐		Lauraceae 		▐
	Lchi12836 		 		 		▐		Magnoliaceae 		▐

91
	AmTrH2.08G034600.1 		 		 		▐		Amborellaceae 		▐
	Zosma01g25520.1 		 		 		▐		Zosteraceae 		▐

	evm.model.chr9.281 		 		 		▐		Ginkgoaceae 		▐
	Dusal.0083s00001.1 		 		 		▐		Dunaliellacea

 

 

 

▐ Portulaca_amilis
▐ Hylocereus_undatus
▐ Kalanchoe_laxiflora
▐ Kalanchoe_fedtschenkoi
▐ Cuscuta_australis
▐ Arabidopsis_thaliana
▐ Striga_asiatica
▐ Vitis_vinifera
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Tetracentron_sinense_Oliv 

▐ Tetracentron_sinense_Oliv 

▐ Cinnamomum_kanehirae 

▐ Liriodendron_chinense
▐ Amborella_trichopoda
▐ Zostera_marina
▐ Ginkgo_biloba
▐ Dunaliella_salina e 		▐
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VGT1 is a vacuolar membrane-localized H+/
glucose antiporter, involved in the transport 
and storage of monosaccharides in vacuoles 

. It regulates seed germination, flowering, 
and other developmental processes, 
primarily transporting glucose, secondarily 
fructose, and not sucrose and others. The 
VGT1 mutant shows low germination rate 
and delayed flowering.

 

Supplementary figure 21. A phylogenetic tree of VGT 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.


