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46
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99

100

100
★

100
★

100
★ 0
★0
★	XP_042461018.1_17399 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	XP_042461021.1_17402 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	XP_042461020.1_17401 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	XP_042461019.1_17400 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

100
★ 0
★0
★	XP_042455785.1_12054 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	XP_042455786.1_12055 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	XP_042455788.1_12057 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	XP_042455787.1_12056 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

100
★ 100
★ 	XP_042464423.1_368 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	XP_042464434.1_369 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	XP_042428546.1_6285 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	Mba06_g34380.1 		▐		Musa_balbisiana 		▐		Musaceae 		▐
	Aco001406.1 		▐		Ananas_comosus 		▐		Bromeliaceae 		▐

81

89

92
★ 93

100
93
★ 	K1p1ch05g11489 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	K1p1ch02g52907 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐

	evm.model.AsparagusV1_02.51 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐
	evm.model.chr9.728 		▐		Ginkgo_biloba 		▐		Ginkgoaceae 		▐

100
	K1p1ch07g38463 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_07.67 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐

	Asa6G03889.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

100
★ 	GWHTBAYO010915.1 		▐		Acanthochlamys_bracteata 		▐		Velloziaceae 		▐

	GWHTBAYO004888.1 		▐		Acanthochlamys_bracteata 		▐		Velloziaceae 		▐

99
★ 100
★ 82
★ 82
★ 	XP_019701918.1_37107 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	XP_019701917.1_37106 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

99
★ 	XP_010905370.1_37104 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐
	XP_010905371.1_37105 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_010905372.1_37108 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

100
	Acat_8g018010 		▐		Areca_catechu 		▐		Arecaceae 		▐
	XP_010928958.1_21579 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

97

98

98

99

99
100

100
★ 	Sspon.02G0026380-1A 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.02G0026380-2B 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	SbiRTX430.02G001000.1 		▐		Sorghum_bicolor 		▐		Poaceae 		▐

	Zm00001d018598_T001 		▐		Zea_mays 		▐		Poaceae 		▐

100
100
★ 	RLN33723.1_11402 		▐		Panicum_miliaceum 		▐		Poaceae 		▐

	RLM85982.1_13504 		▐		Panicum_miliaceum 		▐		Poaceae 		▐
	Seita.J005200.1 		▐		Setaria_italica 		▐		Poaceae 		▐

	Bradi1g59830.2 		▐		Brachypodium_distachyon 		▐		Poaceae 		▐

100
★ 	LOC_Os07g01090.1 		▐		Oryza_sativa 		▐		Poaceae 		▐

	LOC_Os03g44230.1 		▐		Oryza_sativa 		▐		Poaceae 		▐
	Aco000486.1 		▐		Ananas_comosus 		▐		Bromeliaceae 		▐

100
★ 	Dioal.12G094500.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐

	Dioal.07G134700.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐

9
13

99
★ 99
★ 98
★ 100
★ 100
★ 	Spipo23G0008400 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐

	Spipo23G0000800 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐
	Spipo23G0008200 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐

99
★ 	Spipo23G0008100 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐
	Spipo0G0157500 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐

	Spipo23G0007900 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐
	Spipo23G0007700 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐

	ATA8.1802.t2 		▐		Acorus_tatarinowii 		▐		Acoraceae 		▐
	GWHTBAYO015306.1 		▐		Acanthochlamys_bracteata 		▐		Velloziaceae 		▐

73

98
★

41

97

89

100

100
★

99

100
★ 100

	Amacr10g10340 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH016404-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
	Amacr16g07340 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH023026-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
	FUN_019185-T1 		 		 		▐		Portulacaceae 		▐
	HU05G01516.1 		 		 		▐		Cactaceae 		▐

99

★ ★ 	 		 		 		▐		Brassicaceae 		▐PRO1_query_gene_AT2G39890.1
	 		 		 		▐		Brassicaceae 		▐100 PRO3_query_gene_AT2G36590.1

	 		 		 		▐		Brassicaceae 		▐100 PRO2_query_gene_AT3G55740.1

100
	FUN_030191-T1 		 		 		▐		Portulacaceae 		▐
	HU06G00502.1 		 		 		▐		Cactaceae 		▐

100
★ 100

	Kalaxd.11G045900.1 		 		 		▐		Crassulaceae 		▐
	Kaladp0041s0035.1 		 		 		▐		Crassulaceae 		▐

100
	Kalaxd.01G036900.1 		 		 		▐		Crassulaceae 		▐
	Kaladp0010s0148.1 		 		 		▐		Crassulaceae 		▐

98
100
★ 	GER43302.1_18836 		 		 		▐		Orobanchaceae 		▐

	GER54450.1_29984 		 		 		▐		Orobanchaceae 		▐
	RAL54896.1_13592 		 		 		▐		Convolvulaceae 		▐

99
★ 	VIT_213s0019g03220.3 		 		 		▐		Vitaceae 		▐
	VIT_213s0073g00290.1 		 		 		▐		Vitaceae 		▐

56
100
★ 100
★ 	XP_026401733.1_42783 		 		 		▐		Papaveraceae 		▐

	XP_026401734.1_42784 		 		 		▐		Papaveraceae 		▐
	XP_026406527.1_50543 		 		 		▐		Papaveraceae 		▐

100
★ 	KAF8402729.1_10624 		 		 		▐		Trochodendraceae		▐

	KAF8394978.1_18593 		 		 		▐		Trochodendraceae		▐

100
★ 100
★ 	XP_026441926.1_80231 		 		 		▐		Papaveraceae 		▐

	XP_026426367.1_67547 		 		 		▐		Papaveraceae 		▐

100
★ 	XP_026412554.1_53851 		 		 		▐		Papaveraceae 		▐

	XP_026443109.1_81344 		 		 		▐		Papaveraceae 		▐

56
48

96
	Asa3G04509.1 		 		 		▐		Amaryllidaceae 		▐
	CKAN_01506300 		 		 		▐		Lauraceae 		▐

	Lchi04257 		 		 		▐		Magnoliaceae 		▐

44
	AmTrH2.08G018100.1 		 		 		▐		Amborellaceae 		▐
	Zosma03g20810.1 		 		 		▐		Zosteraceae 		▐

100
★ 	KAG0450361.1_26772 		 		 		▐		Orchidaceae 		▐

	KAG0475174.1_14860 		 		 		▐		Orchidaceae 		▐

17
★

99

100

100
100
★ 100
★ 	GWHTBCII022727 		 		 		▐		Orchidaceae 		▐

	GWHTBCII022726 		 		 		▐		Orchidaceae 		▐
	GWHTBCII019107 		 		 		▐		Orchidaceae 		▐

	XP_020571226.1_3935 		 		 		▐		Orchidaceae 		▐

100
100

100
	XP_020702362.1_19477 		 		 		▐		Orchidaceae 		▐
	Dhu000005937 		 		 		▐		Orchidaceae 		▐

	lcl|CM039736.1_cds_KAI0488081.1_27907 		 		 		▐		Orchidaceae 		▐
	11327 		 		 		▐		Orchidaceae 		▐

100
100
★ 99
★ 100

100
	GWHTAAEX010238 		 		 		▐		Orchidaceae 		▐
	Gae_14654.1 		 		 		▐		Orchidaceae 		▐

	Gev08124.1 		 		 		▐		Orchidaceae 		▐

99
	GWHTAAEX010920 		 		 		▐		Orchidaceae 		▐
	Gae_14936.1 		 		 		▐		Orchidaceae 		▐

	Gev13386.1 		 		 		▐		Orchidaceae 		▐
	evm.model.scaffold_193.26 		 		 		▐		Orchidaceae 		▐

43
★ 25

5

100

100
100
★ 	XP_020704957.1_6023 		 		 		▐		Orchidaceae 		▐

	XP_028549409.1_6024 		 		 		▐		Orchidaceae 		▐

87
	Dhu000014348 		 		 		▐		Orchidaceae 		▐
	lcl|CM039723.1_cds_KAI0519628.1_7082 		 		 		▐		Orchidaceae 		▐

	GWHTBCII009938 		 		 		▐		Orchidaceae 		▐

10
	TKA51990.1_15518 		 		 		▐		Orchidaceae 		▐
	Bradi4g09070.3 		 		 		▐		Poaceae 		▐

	KAG0468103.1_17431 		 		 		▐		Orchidaceae 		▐
	TKA55085.1_12043 		 		 		▐		Orchidaceae 		▐

100
	XP_028551135.1_1225 		 		 		▐		Orchidaceae 		▐
	lcl|CM039733.1_cds_KAI0495509.1_21810 		 		 		▐		Orchidaceae 		▐

100
100

99
	GWHTAAEX006425 		 		 		▐		Orchidaceae 		▐
	Gae_19297.1 		 		 		▐		Orchidaceae 		▐

	Gev15216.1 		 		 		▐		Orchidaceae 		▐
	evm.model.scaffold_170.422 		 		 		▐		Orchidaceae 		▐

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

▐ Tetracentron_sinense_Oliv 

▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Allium_sativum
▐ Cinnamomum_kanehirae
▐ Liriodendron_chinense
▐ Amborella_trichopoda
▐ Zostera_marina
▐ Vanilla_planifolia
▐ Vanilla_planifolia
▐ Cymbidium_ensifolium
▐ Cymbidium_ensifolium
▐ Cymbidium_ensifolium
▐ Phalaenopsis_equestris
▐ Dendrobium_catenatum
▐ Dendrobium_huoshanense 

▐ Dendrobium_nobile
▐ Dendrobium_chrysotoxum 

▐ Gastrodia_elata_f_glauca 

▐ Gastrodia_elata_f_elata
▐ Gastrodia_elata_Korea
▐ Gastrodia_elata_f_glauca 

▐ Gastrodia_elata_f_elata
▐ Gastrodia_elata_Korea
▐ Gastrodia_menghaiensis
▐ Dendrobium_catenatum
▐ Dendrobium_catenatum
▐ Dendrobium_huoshanense 

▐ Dendrobium_nobile
▐ Cymbidium_ensifolium
▐ Apostasia_shenzhenica
▐ Brachypodium_distachyon 

▐ Vanilla_planifolia
▐ Apostasia_shenzhenica
▐ Dendrobium_catenatum
▐ Dendrobium_nobile
▐ Gastrodia_elata_f_glauca 

▐ Gastrodia_elata_f_elata
▐ Gastrodia_elata_Korea
▐ Gastrodia_menghaiensis
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30

100

100

99
98

99
★ 98
★ 99
★ 	Sspon.03G0000700-2B 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	Sspon.03G0000700-3C		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.03G0000700-1A 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	Sspon.03G0000700-4D 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Zm00001d042438_T001 		▐		Zea_mays 		▐		Poaceae 		▐
	SbiRTX430.03G427400.1 		▐		Sorghum_bicolor 		▐		Poaceae 		▐

100
100
★ 	RLN03146.1_44119 		▐		Panicum_miliaceum 		▐		Poaceae 		▐

	RLN25680.1_27461 		▐		Panicum_miliaceum 		▐		Poaceae 		▐
	Seita.5G421600.1 		▐		Setaria_italica 		▐		Poaceae 		▐

	LOC_Os01g68050.1 		▐		Oryza_sativa 		▐		Poaceae 		▐
	Mba11_g07940.1 		▐		Musa_balbisiana 		▐		Musaceae 		▐

	XP_042414528.1_67276 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	Aco004527.1 		▐		Ananas_comosus 		▐		Bromeliaceae 		▐

100
★ 100

	Acat_13g016650 		▐		Areca_catechu 		▐		Arecaceae 		▐
	XP_010927547.1_20134 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_010927548.1_20135 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

100
★ 63
★ 100

	K1p1ch04g21379 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_04.607 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐

	K1p1ch04g21380 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐

100
	K1p1ch04g21374 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_04.606 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐

100
★ 	Dioal.14G109100.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐

	Dioal.14G109000.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐

98

70

66

97

100
★

99

100
★ 100
★ 100

	Amacr15g04450 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH022383-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
	Amacr15g04460 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH022382-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
	Amacr08g05620 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH013571-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
★ 100

100
★ 	HU07G01751.1 		▐		Hylocereus_undatus 		▐		Cactaceae 		▐

	HU07G01750.1 		▐		Hylocereus_undatus 		▐		Cactaceae 		▐
	FUN_050344-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐

	HU07G01749.1 		▐		Hylocereus_undatus 		▐		Cactaceae 		▐

100
★ 100
★ 100
★ 	FUN_025091-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐

	FUN_025086-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐
	FUN_025090-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐

	FUN_025085-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐
	XP_026408284.1_52356 		▐		Papaver_somniferum 		▐		Papaveraceae 		▐

62
	CKAN_02641900 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐
	KAF8378195.1_28919 		▐		Tetracentron_sinense_Oliv 		▐		Trochodendraceae		▐

	ATA4.593.t1 		▐		Acorus_tatarinowii 		▐		Acoraceae 		▐

100
★ 	Lchi10338 		▐		Liriodendron_chinense 		▐		Magnoliaceae 		▐

	Lchi10341 		▐		Liriodendron_chinense 		▐		Magnoliaceae 		▐

100
★ 100
★ 	AmTrH2.06G105000.1 		▐		Amborella_trichopoda 		▐		Amborellaceae 		▐

	AmTrH2.06G105100.1 		▐		Amborella_trichopoda 		▐		Amborellaceae 		▐
	AmTrH2.06G105300.1 		▐		Amborella_trichopoda 		▐		Amborellaceae 		▐

	evm.model.chr8.89 		▐		Ginkgo_biloba 		▐		Ginkgoaceae 		▐
	evm.model.chr3.154 		▐		Ginkgo_biloba 		▐		Ginkgoaceae 		▐

100
	Amacr02g06130 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH003100-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
★ 	Pp3c21_14080V3.1 		▐		Physcomitrium_patens 		▐		Funariaceae 		▐

	Pp3c9_4450V3.1 		▐		Physcomitrium_patens 		▐		Funariaceae 		▐
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All AtProT proteins 
specifically transport 
proline (Pro), glycine, 
and γ-aminobutyric acid 

(GABA). AtProT1 is 
mainly expressed in the
 phloem. AtProT2 is 
basally expressed in 
the root epidermis and 
root cortex; its 
expression can only be 
detected in leaves after 
wounding. AtProT3 is 
only expressed in the 
leaf epidermis, and no 
expression of it has 
been recorded in other 
tissue parts.

 Supplementary figure 38. A phylogenetic tree of ProT 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.


