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96
100
★ 	Dhu000022886 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐

	Dhu000019463 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐

100
★ 	lcl|CM039720.1_cds_KAI0527004.1_2600 		▐		Dendrobium_nobile 		▐		Orchidaceae 		▐

	lcl|CM039734.1_cds_KAI0493414.1_23530		▐		Dendrobium_nobile 		▐		Orchidaceae 		▐
	XP_020675005.2_28329 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐

	KAH0448713.1_24654 		▐		Dendrobium_chrysotoxum 		▐		Orchidaceae 		▐

100

100
100
★ 	XP_028556668.1_28332 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐

	XP_020675004.2_28331 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐

100
	Dhu000019460 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐
	lcl|CM039735.1_cds_KAI0491606.1_25866 		▐		Dendrobium_nobile 		▐		Orchidaceae 		▐

	KAH0448522.1_24652 		▐		Dendrobium_chrysotoxum 		▐		Orchidaceae 		▐
	XP_020583130.1_14771 		▐		Phalaenopsis_equestris 		▐		Orchidaceae 		▐

	GWHTBCII020510 		▐		Cymbidium_ensifolium 		▐		Orchidaceae 		▐

100
100

100
	GWHTAAEX010770 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_11353.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

	Gev00559.1 		▐		Gastrodia_elata_Korea 		▐		Orchidaceae 		▐
	evm.model.scaffold_58.87 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

94
★

97
★

100
100
★ 71

	GWHTAAEX016245 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_06294.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

	GWHTAAEX014826 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	evm.model.scaffold_9.92 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

97
99

100
	GWHTAAEX016134 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_12793.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

	Gev05799.1 		▐		Gastrodia_elata_Korea 		▐		Orchidaceae 		▐
	evm.model.scaffold_116.282 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

99
99

100
	GWHTAAEX017552 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gae_09112.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐

	Gev15345.2 		▐		Gastrodia_elata_Korea 		▐		Orchidaceae 		▐
	evm.model.scaffold_49.71 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

100
100

61
	GWHTAAEX012489 		▐		Gastrodia_elata_f_glauca 		▐		Orchidaceae 		▐
	Gev04383.1 		▐		Gastrodia_elata_Korea 		▐		Orchidaceae 		▐

	Gae_09330.1 		▐		Gastrodia_elata_f_elata 		▐		Orchidaceae 		▐
	evm.model.scaffold_114.282 		▐		Gastrodia_menghaiensis 		▐		Orchidaceae 		▐

100
100

99
★ 96

100
	XP_020698736.1_21964 		▐		Dendrobium_catenatum 		▐		Orchidaceae 		▐
	lcl|CM039733.1_cds_KAI0496513.1_22832 		▐		Dendrobium_nobile 		▐		Orchidaceae 		▐

	Dhu000028399 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐
	Dhu000028398 		▐		Dendrobium_huoshanense 		▐		Orchidaceae 		▐

	KAH0449207.1_24606 		▐		Dendrobium_chrysotoxum 		▐		Orchidaceae 		▐
	GWHTBCII020471 		▐		Cymbidium_ensifolium 		▐		Orchidaceae 		▐

99
	TKA61646.1_5648 		▐		Apostasia_shenzhenica 		▐		Orchidaceae 		▐
	KAG0474332.1_14018 		▐		Vanilla_planifolia 		▐		Orchidaceae 		▐

100

100
★ 98
★ 100
★ 	Asa0G02284.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

	Asa6G06552.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐
	Asa4G02664.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

100
★ 	Asa0G02285.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

	Asa6G06553.1 		▐		Allium_sativum 		▐		Amaryllidaceae 		▐

100
	K1p1ch10g48282 		▐		Asparagus_kiusianus 		▐		Asparagaceae 		▐
	evm.model.AsparagusV1_10.956 		▐		Asparagus_officinalis 		▐		Asparagaceae 		▐
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96

100
★

98

100

100

98

100
★ 100
★ 100
★ 	Sspon.01G0026590-2C 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.01G0026590-1A 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	Sspon.01G0040820-1B 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

100
★ 100
★ 	Sspon.01G0013100-1A 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	Sspon.01G0053480-1C 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐
	Sspon.01G0013100-2D 		▐		Saccharum_spontaneum 		▐		Poaceae 		▐

	SbiRTX430.01G340400.1 		▐		Sorghum_bicolor 		▐		Poaceae 		▐
	Zm00001d029654_T003 		▐		Zea_mays 		▐		Poaceae 		▐

98
100
★ 	RLN43150.1_1938 		▐		Panicum_miliaceum 		▐		Poaceae 		▐

	RLN18454.1_7168 		▐		Panicum_miliaceum 		▐		Poaceae 		▐
	Seita.9G350600.1 		▐		Setaria_italica 		▐		Poaceae 		▐

94
	Bradi3g31410.1 		▐		Brachypodium_distachyon 		▐		Poaceae 		▐
	LOC_Os10g37660.1 		▐		Oryza_sativa 		▐		Poaceae 		▐

100
★ 	RLM84943.1_14226 		▐		Panicum_miliaceum 		▐		Poaceae 		▐

	RLN35336.1_12272 		▐		Panicum_miliaceum 		▐		Poaceae 		▐
	Aco013872.1 		▐		Ananas_comosus 		▐		Bromeliaceae 		▐

80

100
★ 99

	Acat_9g009300 		▐		Areca_catechu 		▐		Arecaceae 		▐
	XP_010919275.1_11916 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

	XP_019705692.1_11917 		▐		Elaeis_guineensis 		▐		Arecaceae 		▐

100
100
★ 	XP_042398779.1_55681 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐

	XP_042408636.1_61336 		▐		Zingiber_officinale 		▐		Zingiberaceae 		▐
	Mba04_g32170.1 		▐		Musa_balbisiana 		▐		Musaceae 		▐

85
80

100
★ 	GWHTBAYO012387.1 		▐		Acanthochlamys_bracteata 		▐		Velloziaceae 		▐

	GWHTBAYO007468.1 		▐		Acanthochlamys_bracteata 		▐		Velloziaceae 		▐
	Zosma03g09440.1 		▐		Zostera_marina 		▐		Zosteraceae 		▐

	Dioal.16G037200.1 		▐		Dioscorea_alata 		▐		Dioscoreaceae 		▐
	Spipo1G0100300 		▐		Spirodela_polyrhiza 		▐		Araceae 		▐

100
★ 	ATA001.5.t1.p1 		▐		Acorus_tatarinowii 		▐		Acoraceae 		▐

	ATA6.887.t1.p1 		▐		Acorus_tatarinowii 		▐		Acoraceae 		▐

100
100
★ 	CKAN_01551500 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐

	CKAN_01551600 		▐		Cinnamomum_kanehirae 		▐		Lauraceae 		▐
	Lchi11882 		▐		Liriodendron_chinense 		▐		Magnoliaceae 		▐

44

37

38

100
100

100
★ 	HU04G00354.1 		▐		Hylocereus_undatus 		▐		Cactaceae 		▐

	HU04G00358.1 		▐		Hylocereus_undatus 		▐		Cactaceae 		▐
	FUN_039984-T1 		▐		Portulaca_amilis 		▐		Portulacaceae 		▐

100
	Amacr12g03060 		▐		Amaranthus_cruentus 		▐		Amaranthaceae 		▐
	AH018152-RA 		▐		Amaranthus_hypochondriacus		▐		Amaranthaceae 		▐

100
	Kalaxd.06G093200.1 		 		 		▐		Crassulaceae 		▐
	Kaladp0070s0065.1 		 		 		▐		Crassulaceae 		▐

	VIT_202s0025g02170.1 		 		 		▐		Vitaceae 		▐

40
100
★ 78
★ 	XP_026457754.1_21545 		 		 		▐		Papaveraceae 		▐
	XP_026457752.1_21546 		 		 		▐		Papaveraceae 		▐

	XP_026457753.1_21547 		 		 		▐		Papaveraceae 		▐
	KAF8379991.1_26902 		 		 		▐		Trochodendraceae 		▐

73
71

97
	GWHTAAEX016275 		 		 		▐		Orchidaceae 		▐
	evm.model.scaffold_15.67 		 		 		▐		Orchidaceae 		▐

	RAL50767.1_15760 		 		 		▐		Convolvulaceae 		▐
	GER34638.1_10172 		 		 		▐		Orobanchaceae 		▐

	 		 		 		▐		Brassicaceae 		▐
	 		 		 		▐		Amborellaceae 		▐
Trehalase_query_gene_AT4G24040.1
AmTrH2.09G183600.1

99
★ 95
★ 	evm.model.chr4.1865 		 		 		▐		Ginkgoaceae 		▐
	evm.model.chr4.1866 		 		 		▐		Ginkgoaceae 		▐

	evm.model.chr4.1867 		 		 		▐		Ginkgoaceae 		▐

97

100
★ 100
★ 100
★ 	Pp3c24_9748V3.1 		 		 		▐		Funariaceae 		▐

	Pp3c24_9750V3.1 		 		 		▐		Funariaceae 		▐
	Pp3c23_11240V3.1 		 		 		▐		Funariaceae 		▐

100
★ 	Pp3c5_16470V3.1 		 		 		▐		Funariaceae 		▐

	Pp3c16_7830V3.1 		 		 		▐		Funariaceae 		▐

100
★ 	Ceric.19G053200.1 		 		 		▐		Pteridaceae 		▐

	Ceric.16G076300.1 		 		 		▐		Pteridaceae 		▐
	Mapoly0055s0045.1 		 		 		▐		Marchantiaceae 		▐

	Mapoly0014s0133.1 		 		 		▐		Marchantiaceae 		▐

97
	Cre03.g195600.t1.2 		 		 		▐		Chlamydomonadaceae		▐
	Dusal.0329s00011.1 		 		 		▐		Dunaliellaceae 		▐
	Dusal.0329s00010.1 		 		 		▐		Dunaliellacea

▐ Kalanchoe_laxiflora
▐ Kalanchoe_fedtschenkoi
▐ Vitis_vinifera
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Papaver_somniferum
▐ Tetracentron_sinense_Oliv 

▐ Gastrodia_elata_f_glauca
▐ Gastrodia_menghaiensis
▐ Cuscuta_australis
▐ Striga_asiatica
▐ Arabidopsis_thaliana
▐ Amborella_trichopoda
▐ Ginkgo_biloba
▐ Ginkgo_biloba
▐ Ginkgo_biloba
▐ Physcomitrium_patens
▐ Physcomitrium_patens
▐ Physcomitrium_patens
▐ Physcomitrium_patens
▐ Physcomitrium_patens
▐ Ceratopteris_richardii
▐ Ceratopteris_richardii
▐ Marchantia_polymorpha
▐ Marchantia_polymorpha
▐ Chlamydomonas_reinhardtii 
▐ Dunaliella_salina
▐ Dunaliella_salina e 		▐
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Trehalase catalyzes the hydrolysis of trehalose into glucose.

Supplementary figure 23. A phylogenetic tree of trehalase 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.


