 Interspecific gene duplication event
* Intraspecific gene duplication event

0 5 101520253035404550

Color Bar -

2.5

=329
SmoIO
SEEzE
*1 Asa4G02425.1 Allium_sativum Amaryllidaceae
*[59d Asa4G00126.1 Allium_sativum Amaryllidaceae
Asa2G03161.1 Allium_sativum Amaryllidaceae
* P4 AsadG02735.1 Allium_sativum Amaryllidaceae
o AsalG00613.1 Allium_sativum Amaryllidaceae
95 Asa5G05942.1 Allium_sativum Amaryllidaceae
* | P Asa8G01620.1 Allium_sativum Amaryllidaceae
74 Asa8G06144.1 Allium_sativum Amaryllidaceae
Asad4G02736.1 Allium_sativum Amaryllidaceae
* K1pich03g05429 Asparagus_kiusianus Asparagaceae
100' evm.model.AsparagusV1_10.1071 Asparagus_ officinalis Asparagaceae
K1plch10g48490 Asparagus_kiusianus Asparagaceae
100' evm.model.AsparagusV1_10.1072 Asparagus_officinalis Asparagaceae
Velloziaceae
Aco0007662.1 Ananas_comosus | Bromeliaceae
* * rAcat 99017160 Areca_catechu
2 * 1100 Acat_s33809000010 Areca_catechu
100 Acat 19000930 Areca_catechu
XP_010910002.1_41707 Elaeis_guineensis
*
* [10
10
og 10
g Ac0016356.1 I Ananas_comosus | Bromeliaceae
Dioal.02G018200.1 Dioscorea_alata
Acoraceae
* | Lchi10156 Liriodendron_chinense Magnoliaceae
* 100 [ chi10158 Liriodendron_chinense Magnoliaceae
| * 1100/ chi10159 Liriodendron_chinense Magnoliaceae
%9 O | chi10154 Liriodendron_chinense Magnoliaceae
Lchi10160 Liriodendron_chinense Magnoliaceae
100 [ Lchi10153 Liriodendron_chinense Magnoliaceae
100 L chi10151 Liriodendron_chinense Magnoliaceae
CKAN_01946000 Cinnamomum_kanehirae
* Lchi10167 Liriodendron_chinense 1 Magnoliaceae
o3 XP_026408320.1_52390 Papaver_somniferum
*r KAF8378919.1 29643 Tetracentron_sinense_Oliv Trochodendraceae
KAF8378922.1_29646 Tetracentron_sinense_Oliv Trochodendraceae
* B KAF8364602.1_31576 Tetracentron_sinense_Oliv Trochodendraceae
KAF8376927.1_29672 Tetracentron_sinense_Oliv Trochodendraceae
* [ KAF8369589.1_ 32452 Tetracentron_sinense_Oliv Trochodendraceae
X [100 KAF8376926.1 29671 Tetracentron_sinense_Oliv Trochodendraceae
— 98 KAF8376930.1_29675 Tetracentron_sinense_Oliv Trochodendraceae
PY % XP_026404520.1_46488 Papaver_somniferum
1000 XP_026408347.1_52433 Papaver_somniferum
FUN_027911-T1 Portulaca_amilis Portulacaceae
Cactaceae
Amaranthaceae
62 Amaranthaceae
FUN_027712-T1 I Portulaca_amilis Portulacaceae
AGAL catalyzes the hydrolysis reaction of Cactaceae
E;;?glt;;?n;?Qrgigsoilti%?zgﬁzt;:rgzsal(;fg?_-Iﬁg VIT _210s0071g01100.1 I Vitis_vinifera , Vitaceae
i b . ; RAL49166.1_17042 Cuscuta_australis
2222?;?1,?23;':2";2{;,ﬁ',}gﬁ'y?o“g'vyéﬁgdbi‘,’“ﬁ _GFZ[AGAU query_gene_AT5G08380.1 Arabidopsis_thaliana I Brassicaceae
D-galactose-1-phosphate and UDP-galactose, Araceae
and finally into D-glucose-6-phosphate, which *
further enters the sugar metabolism pathway for
utilization.
| ShiRTX430.01G215100.1 Sorghum_bicolor
o1 RLN38859.1_3860 Panicum_miliaceum
100 R N15588.1 6032 Panicum_miliaceum
Bradi3g29797.1 Brachypodium_distachyon
LOC 0s10935070.1 Oryza_sativa
*
* [10
*
[96]
SbiRTX430.02G124300.1 | Sorghum_bicolor
* * [ RLM85458.1 14314 IPanicumfmiIiaceum
94 100 RLN33602.1_12349 Panicum_miliaceum
93 RLM86937.1_14313 Panicum_miliaceum
LOC_0s07g26900.1 Oryza_sativa
Kalaxd.16G049400.1 Kalanchoe_laxiflora Crassulaceae
Crassulaceae
" fo ° Crassulaceae
5 Kalaxd.16G049600.1 I Kalanchoe_laxiflora Crassulaceae
Crassulaceae
* - Lchi34928 Liriodendron_chinense Magnoliaceae
Lchi23664 Liriodendron_chinense Magnoliaceae
Lchi07846 Liriodendron_chinense Magnoliaceae
Lchio7843 Liriodendron_chinense Magnoliaceae
AmTrH2.09G003100.1 Amborella_trichopoda Amborellaceae
*
SbhiRTX430.02G155000.1 Sorghum_bicolor
* RLN34662.1 12632 Panicum_miliaceum
RLM85571.1_15057 Panicum_miliaceum
10
100 SHiRTX430.02G154900.1 I Sorghum_bicolor
RLM86921.1 15051 Panicum_miliaceum
10
RLM85136.1_15058 Panicum_miliaceum
ShiRTX430.02G155200.1 Sorghum_bicolor
Acat_19g001530 Areca_catechu
Acat 99017130 Areca_catechu
XP_010909867.1 41558 Elaeis_guineensis
XP_010909866.1_41557 Elaeis_guineensis
*
*
o7
SbiRTX430.01G214900.1 | Sorghum_bicolor
* RLN17334.1_6031 Panicum_miliaceum
100t RLN42389.1 3882 Panicum_miliaceum
Bradi3g29810.1 Brachypodium_distachyon
511 OC _0s10g35110.2 Oryza_sativa
o9 Aco007661.1 Ananas_comosus | Bromeliaceae
*
o1l
[02]
— [%_jDioal.02G018300.1 Dioscorea_alata
®7 100 Dioal.02G018400.1 Dioscorea_alata
K1plch10948493 Asparagus_kiusianus Asparagaceae
*_[160 evm.model.AsparagusV1_10.1074 Asparagus_ officinalis Asparagaceae
Lo evm.model.AsparagusV1_10.1075 Asparagus_ officinalis Asparagaceae
x 1 Asa4G02713.1 Allium_sativum Amaryllidaceae
[0 100 Asa4G02709.1 Allium_sativum Amaryllidaceae
K1plch04927528 Asparagus_kiusianus Asparagaceae
evm.model.AsparagusV1_04.3459 Asparagus_ officinalis Asparagaceae
evm.model.AsparagusV1_10.1396 Asparagus_officinalis Asparagaceae
* Velloziaceae
* 10 Velloziaceae
10 Velloziaceae
Orchidaceae
* | 100 /c/|CM039729.1_cds_KAI0501906.1_16851 Dendrobium_nobile Orchidaceae
68| 100 KAH0465373.1_6940 Dendrobium_chrysotoxum Orchidaceae
GWHTBCII004447 Cymbidium_ensifolium Orchidaceae
XP_020570594.1_2598 Phalaenopsis_equestris Orchidaceae
GWHTBCII004446 Cymbidium_ensifolium Orchidaceae
TKA60408.1_7060 Apostasia_shenzhenica Orchidaceae
KAG0458752.1_21880 Vanilla_planifolia Orchidaceae
& 1000 KAG0458743.1_21871 Vanilla_planifolia Orchidaceae
* Orchidaceae
871 100 24686 Dendrobium_chrysotoxum Orchidaceae
100 xp 020576364.1_8711 Phalaenopsis_equestris Orchidaceae
Asa4G02737.1 Allium_sativum Amaryllidaceae
i Araceae
59- Zosma01935060.1 Zostera_marina
* RAL47462.1_11200 Cuscuta_australis
RAL41276.1_10070 Cuscuta_australis
[73 VIT_210s0071g01120.1 I Vitis_vinifera Vitaceae
AGAL2 _query_gene AT5G08370.1 Arabidopsis_thaliana Brassicaceae
Amaranthaceae
Amaranthaceae
e KAF8407401.1_6416 Tetracentron_sinense_Oliv Trochodendraceae
99 KAF8398642.1 14248 Tetracentron_sinense_Oliv Trochodendraceae
XP_026404518.1_46485 Papaver_somniferum
XP_026404517.1_46484 Papaver_somniferum
L 100 XP 026404519.1 46486 Papaver_somniferum
96 XP_026408345.1_52428 Papaver_somniferum
* | KAF8389534.1 23547 Tetracentron_sinense_Oliv Trochodendraceae
67| 100~ \V/IT_210s0071g01130.1 Vitis_vinifera Vitaceae
93l | chi10143 Liriodendron_chinense Magnoliaceae
CKAN_01945900 Cinnamomum_kanehirae
Lchi10150 Liriodendron_chinense Magnoliaceae
FUN_027709-T1 Portulaca_amilis Portulacaceae
KAF8389533.1_23546 Tetracentron_sinense_Oliv Trochodendraceae
- AmTrH2.09G003200.1 Amborella_trichopoda Amborellaceae
CKAN_01329700 Cinnamomum_kanehirae
99t [ chi17313 Liriodendron_chinense Magnoliaceae
KAF8409318.1 5291 Tetracentron_sinense_Oliv Trochodendraceae
— AmTrH2.02G127400.1 Amborella_trichopoda Amborellaceae
& VIT_200s0375g00030.1 Vitis_vinifera Vitaceae
* 1 evm.model.chr7.340 Ginkgo_biloba Ginkgoaceae
100 evm.model.chr7.341 Ginkgo_biloba Ginkgoaceae
Icl|CM039735.1_cds_KAI0491755.1_26015 Dendrobium_nobile Orchidaceae
* evm.model.chr5.1330 Ginkgo_biloba Ginkgoaceae
* * B8l evm.model.chr5.1329 Ginkgo_biloba Ginkgoaceae
evm.model.chr9.643 Ginkgo_biloba Ginkgoaceae
evm.model.chr7.339 Ginkgo_biloba Ginkgoaceae
AmTrH2.09G060900.1 Amborella_trichopoda Amborellaceae
68- evm.model.chr1.3203 Ginkgo_biloba Ginkgoaceae
= Ceric.37G042900.1 Ceratopteris_richardii Pteridaceae
- Ceric.18G028000.1 Ceratopteris_richardii Pteridaceae
Cre01.9026250.t1.2 Chlamydomonas_reinhardltii Chlamydomonadaceae
Dunaliellaceae
Dunaliellaceae
Mapoly0041s0057.1 Marchantia_polymorpha
Pp3c18 10920V3.1 Physcomitrium_patens
Ceric.32G023700.1 Ceratopteris_richardii Pteridaceae
100 Ceric.12264200.1 Ceratopteris_richardii Pteridaceae
Velloziaceae
Velloziaceae
Araceae
83- Zosma02922130.1 IZosterafmarina
FUN_029256-T2 Portulaca_amilis Portulacaceae
Cactaceae
FUN_018987-T1 I Portulaca_amilis Portulacaceae
Cactaceae
Amaranthaceae
Amaranthaceae
Kalaxd.01G034200.1 I Kalanchoe_laxiflora Crassulaceae
Crassulaceae
*| Crassulaceae
29 AGAL3_query_gene AT3G56310.1 I Arabidopsis_thaliana Brassicaceae
RAL51327.1 10829 Cuscuta_australis
44L VIT _213s0067902640.2 Vitis_vinifera | vitaceae
* | XP_026388832.1 32239 Papaver_somniferum
00' XP_026457101.1_20601 Papaver_somniferum
"% KAF8397024.1_18341 Tetracentron_sinense_Oliv ITrochodendraceae
evm.model.chr4.25 Ginkgo_biloba Ginkgoaceae
* CKAN 02143400 Cinnamomum_kanehirae
[97] 100 [ chi07385 Liriodendron_chinense Magnoliaceae
8L AmTrH2.08G124600.1 Amborella_trichopoda Amborellaceae
Acoraceae
K1plch02g53410 Asparagus_kiusianus Asparagaceae
100 evm.model.AsparagusV1_02.356 Asparagus_officinalis Asparagaceae
100 As22G03496.1 Allium_sativum Amaryliidaceae
x| Dioal.19G119600.1 Dioscorea_alata
95| *| XP_010937996.2 30459 Elaeis_guineensis
* XP_029123975.1_30458 Elaeis_guineensis
: 100 xp 019710523.2_30460 Elaeis_guineensis
Acat_ 69008470 Areca_catechu
*
10
10
*
% SbiRTX430.02G426200.1 I sorghum_bicolor
*
o3
RLN36034.1_11292 1 Panicum_miliaceum
Bradilg17730.2 Brachypodium_distachyon
99 L OC _0s07948160.1 Oryza_sativa
* Aco0001630.1 Ananas_comosus | Bromeliaceae
54 —
* | Dhu000025404 IDendrobiumfhuoshanense Orchidaceae
1000 Dhu000006304 Dendrobium_huoshanense Orchidaceae
Orchidaceae
Icl|CM039719.1_cds_KAI0529536.1_2088 Dendrobium_nobile Orchidaceae
* KAH0464908.1_5922 Dendrobium_chrysotoxum Orchidaceae
XP_020575315.1 7771 Phalaenopsis_equestris Orchidaceae
GWHTAAEX013898 Gastrodia_elata_f_glauca Orchidaceae
Orchidaceae L] ] ]
Orchidaceae
evm.model.scaffold_170.491 Gastrodia_menghaiensis Orchidaceae
%IKAGO468154.1 17482 Vanilla_planifolia Orchidaceae
671 KAG0468158.1 17486 Vanilla_planifolia Orchidaceae
Lchi28935 Liriodendron_chinense Magnoliaceae
Amaranthaceae
VIT_210s0071g01110.1 1 Vvitis_vinifera Vitaceae
* | Icl|[CM039727.1_cds_KAI0508112.1_14246 I Dendrobium_nobile Orchidaceae
100 /c/|CM039736.1_cds_KAI0489159.1 29001 Dendrobium_nobile Orchidaceae
Orchidaceae
GWHTBCII009150 Cymbidium_ensifolium Orchidaceae
* | XP_020592593.1 23255 Phalaenopsis_equestris Orchidaceae
00 XP_020592592.1 23256 Phalaenopsis_equestris Orchidaceae
100 pAXXG313420-mRNA1 Phalaenopsis_aphrodite Orchidaceae
GWHTAAEX009191 Gastrodia_elata_f _glauca Orchidaceae
Orchidaceae EEEER
Orchidaceae
evm.model.scaffold_42.301 Gastrodia_menghaiensis Orchidaceae
* r KAG0459927.1 23055 Vanilla_planifolia Orchidaceae
100- KAG0459926.1 23054 Vanilla_planifolia Orchidaceae
7% TKA57803.1_9518 Apostasia_shenzhenica Orchidaceae
K1plch09g58366 Asparagus_kiusianus Asparagaceae
100 evm.model.AsparagusV1_09.1190 Asparagus_officinalis Asparagaceae
100L A522G02999.1 Allium_sativum Amaryllidaceae

99t evm.model.chr8.95

* 1 evm.model.chr6.2228
100' evm.model.chr6.2229
evm.model.chr6.2231
AmTrH2.06G131300.1
Mapoly0016s0175.1
Pp3c11_18080V3.1
Mapoly0033s0125.1
Ceric.01G013900.1

Sorghum_bicolor

Ginkgo_biloba
Ginkgo_biloba
Ginkgo_biloba
Ginkgo_biloba
Ginkgo_biloba
Amborella_trichopoda
Marchantia_polymorpha
Physcomitrium_patens
Marchantia_polymorpha
Ceratopteris_richardii

LOC_0s01g33420.1 Oryza_sativa
Bradi2g13524.1 Brachypodium_distachyon
Bradi2g13520.4 Brachypodium_distachyon
5% | XP_010929920.1 22497 Elaeis_guineensis
100 XP_029122338.1_22498 Elaeis_guineensis
Ac0003570.1 Ananas_comosus | Bromeliaceae
I Velloziaceae
Dioal.05G067900.1 Dioscorea_alata
CKAN_02667400 Cinnamomum_kanehirae
100 CKAN_02645400 Cinnamomum_kanehirae
* r FUN_002982-T1 Portulaca_amilis Portulacaceae
100t FUN_002971-T1 Portulaca_amilis Portulacaceae
X Cactaceae
1 Cactaceae
Cactaceae
Cactaceae
Cactaceae
Cactaceae
Cactaceae
Cactaceae
Cactaceae
Cactaceae
[o0] Cactaceae
| Portulaca_amilis Portulacaceae
Amaranthaceae
Amaranthaceae
Kalaxd.03G038500.1 I Kalanchoe_laxiflora Crassulaceae
Crassulaceae
RAL42930.1_9712 I cuscuta_australis
T Kalaxd.09G109700.1 I Kalanchoe_laxiflora Crassulaceae
Crassulaceae
AT3G26380.1 Arabidopsis_thaliana Brassicaceae
93 VIT _201s0137900630.1 Vitis_vinifera Vitaceae
* | XP_026381480.1_25381 Papaver_somniferum
100 XP 026383860.1_29748 Papaver_somniferum
98 KAF8390520.1 24533 Tetracentron_sinense_Oliv I Trochodendraceae
XP_026442401.1_80650 Papaver_somniferum
Lchi19172 Liriodendron_chinense Magnoliaceae
- Acoraceae
- Araceae
AmTrH2.06G114300.1 Amborella_trichopoda Amborellaceae

Ginkgoaceae
Ginkgoaceae
Ginkgoaceae
Ginkgoaceae
Ginkgoaceae
Amborellaceae

| Pteridaceae
Supplementary figure 32. A phylogenetic tree of AGAL 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.




