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Superimposed 3D structures with ligands

blue: 4HGG6 (bcsA, solved PDB structure, PubMed: 23222542)
red: Zci_07893 (predicted ZcCsIL1 3D structure from AlphaFold)
yellow mesh: GDP-mannose docked into ZcCslIL1 structure
cyan sticks: UDP-glucose in bcsA structure

Data S1-4

Yellow rectangle zoomed-in view of the binding sites of GDP-mannose (red lines) in ZcCslIL1: sticks on
the left are the QQHRW motif (406-410), on the right are the ILDADD motif (274-278). The RMSD
distances between the closest atoms in GDP-mannose and in the two motifs are show indicated with
dotted lines. The superimposed binding motifs of UDP-glucose (green lines) in 4HG6 are also shown as
cartoon view: on the left are the QRGRW motif (379-383), on the right are the VFDAD motif (244-248).
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Tree scale: 1
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Data S1-23 Samejima M, Waanabe Y, Kimura K, Tsumuraya V. *vloglucan P-galactosidase in Arabidosis, https://itol.embl.de/tree/13423816417179911667574537
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Oct 15;171(16):1454-60. doi: 10.1016/j.jplph.2014.06.010.
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Javier Sampedro, Brenda Pardo, Cristina Gianzo, Esteban
Guitian, Gloria Revilla, Ignacio Zarra. Lack of a-xylosidase
activity in Arabidopsis alters xyloglucan composition and
results in growth defects

Plant Physiol . 2010 Nov;154(3):1105-15. doi:
10.1104/pp.110.163212. Epub 2010 Aug 26.

PMID: 20801759 PMCID: PMC2971592 DOI:
10.1104/pp.110.163212
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Scherp, P, Grotha, R., and Kutschera, U. (2001). Occurrence and phylogenetic
significance of cytokinesis-related callose in green algae, bryophytes, ferns and seed
plants. Plant Cell Reports 20, 143-149.

Davis, D.J., Wang, M., Sorensen, |., Rose, J.K.C., Domozych, D.S., and Drakakaki, G.
(2020). Callose deposition is essential for the completion of cytokinesis in the
unicellular alga Penium margaritaceum. J Cell Sci 133.
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Zhou Y, Zeng L, Gui J, Liao Y, Li J, Tang J, Meng Q, Dong F, Yang Z. Functional

characterizations of B-glucosidases involved in aroma compound formation in tea

(Camellia sinensis). Food Res Int. 2017 Jun;96:206-214. doi:
10.1016/j.foodres.2017.03.049.

Opassiri R, Pomthong B, Akiyama T, Nakphaichit M, Onkoksoong T, Ketudat Cairns
M, Ketudat Cairns JR. A stress-induced rice (Oryza sativa L.) beta-glucosidase
represents a new subfamily of glycosyl hydrolase family 5 containing a fascin-like
domain. Biochem J. 2007 Dec 1;408(2):241-9. doi: 10.1042/BJ20070734.
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Data S1-31 The combination of Fascin domain and
GHS 14 is first present in Zygnematophyceae
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Putative Glucan 1,3-beta-glucosidase precursor [Oryza sativa Japonica Group]
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Name Accession Description Interval E-value
[+] BgIC COG2730 Aryl-phospho-beta-D-glucosidase BglC, GH1 family [Carbohydrate transport and metabolism]; 205-504 2.41e-29
[+ Cellulase pfam00150 Cellulase (glycosyl hydrolase family 5); 232-490 8.40e-14
[-l/Fascin cd00257 Fascin-like domain; bers include acti ing/ facsin, ... 70-180 3.74e-03

p
Fascin-like domain; members include actin-bundling/crosslinking proteins facsin, histoactophilin and singed; identified in sea urchin, Drosophila, Xenopus, rodents, and humans; The fascin-like domain adopts a beta-trefoil topology
and contains an internal threefold repeat; the fascin subgroup contains four copies of the domain; Structurally similar to fibroblast growth factor (FGF)

Pssm-ID: 238160 Cd Length: 119 Bit Score: 37.25 E-value: 3.74e-03
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[+] BgiC COG2730 Aryl-phospho-beta-D-glucosidase BgIC, GH1 family [Carbohydrate transport and metabolism]; 376-520 7.10e-17

[+] Cellulase pfam00150 Cellulase (glycosyl hydrolase family 5); 383-637 2.23e-09
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Fascin-like domain; members include actin-bundling/crosslinking proteins facsin, histoactophilin and singed; identified in sea urchin, Drosophila, Xenopus, rodents, and humans; The fascin-like domain adopts a beta-trefoil topology
and contains an internal threefold repeat; the fascin subgroup contains four copies of the domain; Structurally similar to fibroblast growth factor (FGF)

Pssm-ID: 238160 Cd Length: 119 Bit Score: 46.11 E-value: 4.00e-06
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Mailler et al. Identification and evolution of a plant cell wall specific glycoprotein
glycosyl transferase, ExAD. Sci Rep. 2017 Mar 30;7:45341. doi: 10.1038/srep45341 G I 4 7
ExAD (AT3G57630)

Extensin Arabinose Deficient transferase

Lee C, Teng Q, Huang W, Zhong R, Ye ZH. The F8H glycosyltransferase
is a functional paralog of FRA8 involved in glucuronoxylan
biosynthesis in Arabidopsis. Plant Cell Physiol. 2009 Apr;50(4):812-
27. doi: 10.1093/pcp/pcp025. Epub 2009 Feb 18. PMID: 19224953.
Brown, D.M., Goubet, F., Wong, V.W., Goodacre, R., Stephens, E.,

Dupree, P., and Turner, S.R. (2007). Comparison of five xylan

synthesis mutants reveals new insight into the mechanisms of xylan
synthesis. Plant J. 52: 1154-1168.

F8H (AT5G22940)
IRX7/FRAS (AT2G28110)

NpGUT1: pectin b-glucuronyltransferase
transferring glucuronic acid to RG-II

Data 81 —33 Tree scale: 1 ——
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Vanzin GF, Caplan J, Shoue DA,
Carpita NC, Reiter WD. The MUR3
gene of Arabidopsis encodes a
xyloglucan galactosyltransferase
that is evolutionarily related to
animal exostosins. Plant Cell. 2003
Jul;15(7):1662-70. doi:
10.1105/tpc.009837.

MURS3 (AT2G20370)

XLT2 -
(AT5G62220)

Urbgnowicz BR, Pefia MJ, Moniz HA, Moremen KW, York WS.
20¥4. Two Arabidopsis proteins synthesize acetylated xylan in
vitfo. Plant Journal 80: 197-206.

Jensef JK, Busse-Wicher M, Poulsen CP, Fangel JU, Smith PJ, Yang
JY, P¢ia MJ, Dinesen MH, Martens HJ, Melkonian M et al. 2018.
Idenftification of an algal xylan synthase indicates that there is
funftional orthology between algal and plant cell wall biosynthesis.
Phytologist 218: 1049-1060.

XYS1/IRX10-L (AT5G61840)
IRX10 (AT1G27440)  ¥ylan

Jensen et al. Identification of a xylogalacturonan
xylosyltransferase involved in pectin biosynthesis in Arabidopsis.
Plant Cell. 2008 May;20(5):1289-302. doi:
10.1105/tpc.107.050906

XGD1 (AT5G33290)  XGA

Iwai H, Masaoka N, Ishii T, Satoh S. A pectin
glucuronyltransferase gene is essential for intercellular
attachment in the plant meristem. Proc Natl Acad Sci U S A.
2002 Dec 10;99(25):16319-24. doi: 10.1073/pnas.252530499.

ARAD2 (AT5G44930)
ARAD1 (AT2G35100) RG-l

; Harholt et al. ARABINAN DEFICIENT 1 is a putative arabinosyltransferase involved in biosynthesis of pectic 34
arabinan in Arabidopsis. Plant Physiol. 2006 Jan;140(1):49-58. doi: 10.1104/pp.105.072744.

XUT1
(AT1G63450)

Coleochaete scutate
Coleochaete orbicularis

Jensen JK, Schultink A, Keegstra K,
Wilkerson CG, Pauly M. RNA-Seq -
analysis of developing nasturtium

seeds (Tropaeolum majus):

identification and characterization of

an additional galactosyltransferase
involved in xyloglucan biosynthesis.

Mol Plant. 2012 Sep;5(5):984-92. doi:
10.1093/mp/sss032.

-

Pefia MJ, Kong Y, York WS, O'Neill MA. A galacturonic
acid-containing xyloglucan is involved in Arabidopsis
root hair tip growth. Plant Cell. 2012 Nov;24(11):4511- %
24. doi: 10.1105/tpc.112.103390. A
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Brown, D.M., Goubet, F., Wong, V.W., Goodacre, R., Stephens, E.,
Dupree, P., and Turner, S.R. (2007). Comparison of five xylan synthesis
mutants reveals new insight into the mechanisms of xylan synthesis.
PlantJ. 52: 1154-1168.

Lee C, Teng Q, Huang W, Zhong R, Ye ZH. The Arabidopsis family GT43
glycosyltransferases form two functionally nonredundant groups essential for the
elongation of glucuronoxylan backbone. Plant Physiol. 2010 Jun;153(2):526-41. doi:
10.1104/pp.110.155309.

Ren Y, Hansen SF, Ebert B, Lau J, Scheller HV. Site-directed mutagenesis of IRX9, IRX9L
and IRX14 proteins involved in xylan biosynthesis: glycosyltransferase activity is not
required for IRX9 function in Arabidopsis. PLoS One. 2014 Aug 13;9(8):e105014. doi:
10.1371/journal.pone.0105014.
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Data S1-55

https://itol.embl.de/tree/20812724022273791665197706
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Sampedro et al. AtBGAL10 is the main
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Minic et al. Purification, functional characterization, cloning, and
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identification of mutants of a seed-specific arabinan hydrolase in
Arabidopsis. J Exp Bot. 2006;57(10):2339-51. doi: 10.1093/jxb/erj205.
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Data S1-62 GALACTURONOSYL- TRANSFERASE (GAUT)
https://itol.embl.de/tree/208127240222263521665352415
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Kim SJ, Held MA, Zemelis S, Wilkerson C, Brandizzi F. CGR2 and CGR3 have critical overlapping roles in pectin
methylesterification and plant growth in Arabidopsis thaliana. Plant J. 2015 Apr;82(2):208-20. doi: 10.1111/tpj.12802.
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Data S1-67 https://itol.embl.de/tree/134238164171302661666928151
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Wu HC, Bulgakov VP, Jinn TL. Pectin Methylesterases: Cell
Wall Remodeling Proteins Are Required for Plant Response
to Heat Stress. Front Plant Sci. 2018 Nov 6;9:1612. doi:
10.3389/fpls.2018.01612.
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Data S1-68
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and function: new insights from bioinformatic analysis. BMC
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Data S1-73 GAT1 (AT1 G28240/MUC|70) https://itol.embl.de/tree/13423819014786971667102713
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Data S1-77 First present in the LCA of
Zygnematophyceae & land plants
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