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Supplemental Figure 1: GT43 IRX9/9L protein sequence alignments from various plant
species.

*= amino acid residues conserved across all species, := highly conserved across most species,
. = conserved across some species. Grey shading indicates conserved cysteine (C) residues
potentially involved in disulphide bonding. Transmembrane helices (TMHSs) predicted by
ARAMEMNON with high confidence (>0.85) for Arabidopsis and rice sequences are marked
with a box. The red D’s indicate the aspartic acid residues targeted for site-directed
mutagenesis. IRX9/9L sequences from moss (Physcomitrella patens, Pp; Genbank accession:
XP_001751575.1), spikemoss (Selaginella moellendorfii, Sm; Genbank accession:
XP_002963107.1), black cotton wood (Populus trichocarpa, Pt; Genbank accession:
XP_006381488.1), Arabidopsis (Arabidopsis thaliana, At; Genbank accessions:
NP_181246.1, NP_973922.1), rice (Oryza sativa, Os; Genbank accessions: NP_001060738.1,
NP_001043846.1), asparagus (Asparagus officinalis, Ao; Genbank accessions: NP_181246.1,
AJF38259.1) and ryegrass (Lolium multiflorum, Lm; DDBJ accession: LC127415).



SmIRX14
PpIRX14
AOIRX14B
0sIRX14
LmIRX14
AOIRX14A
PtIRX14
ATIRX14L
AtIRX14

SmIRX14
PpIRX14
AOIRX14B
OsIRX14
LmIRX14
ACIRX14A
PtIRX14
ATIRX14L
AtIRX14

SmIRX14
PpIRX14
AOIRX14B
OsIRX14
LmIRX14
ACIRX14A
PtIRX14
AtIRX14L
AtIRX14

SmIRX14
PpIRX14
AOIRX14B
0sIRX14
LmIRX14
AOIRX14A
PtIRX14
ATIRX14L
AtIRX14

SmIRX14
PpIRX14
AOIRX14B
OsIRX14
LmIRX14
ACIRX14A
PtIRX14
ATIRX14L
AtIRX14

SmIRX14
PpIRX14
AOIRX14B
0sIRX14
LmIRX14
ACIRX14A
PtIRX14
AtIRX14L
AtIRX14

SmIRX14
PpIRX14
AOIRX14B
0sIRX14
LmIRX14
ACIRX14A
PTIRX14
AtIRX14L
AtIRX14

----------------- MKLSLLPQTYFPRRTNSLPSAE-—-—=——————————— =TT
----------------- MMKSLLP-QSQLRRSAAAASAARSSGGGAGSGGADGAGSDGGA
————————————————— MMKSLLP-QSQLRRSAAASSAARSSAGAVEG-----AAAASDG
MASS I TLVASSSTSRLPSKKTHLP-TPLPKPSLSLPKPSPSLPP-————— AL-TAAAAAV
MKL-=SMLQQ-—=-——————————~— SYMNRRSASFRGSSAPL-—=—————————— DSSTD
Y ——— SYWNRRGSSFRSSP-SL-—-———=——=——— DPSFD
MKL--SALHQ-—---———————=—— SYLNRRSNSFRSPT-SL-—-—————————— DSSVD

GVL1GPGPLIRLCLHAVACIASLV)GFRFSRETLLVLLIDVGIKF--PYVEPGL------
SPKPSPASISYLLLHFLCCLISLILGFRLSRMVFFLLFSSSTTIITTVT——————————-
GGRAPATSTFWFLLHALCCLVSLF| GFRFSRLLFFLLFSTTALYSSTS--SSSSSAVLRA
AAKPSSSSTFWFLLHALCCLISLF GFRFSRLLFFLLFSTSALYAASNTNNPSSSAVLRA
AADKSPSSLFWLALHSLCCLASLA|L GFRFSRLLFFLLFSNPSPNPNPDQNHVAA----PV
NT[IKSPAAIFWLLLHGFCCLISLV| GFRFSRLVFFFLFSTSTTTT--LYIATPL----PH
GKi--SPSSVFWFV IHGLCCLISL I GFRFSHLVLFFLFSTSVTN---LYTTPFL----FA
GSGKSLIAVFWLILHCLCCLISLVLGFRFSRLVFFFLFSTSSTN---LYSLPFR----PD

~GVRD--—--- GV mm oo QDGGGRLPEVRTKSGRVHVGRHEIL
------------------------------------------------ SSQVYVGRHPIL
-------- TTTTTLTQTLTLPLL-~~——--—=-————————PSPHNKTQSGVAVGRHG I L
TTTTTTTTTTTTTTTNTFTLSFQANPNPPPSNLSNHTALDAAGAAGHTQSHVVVGRHG IR
ITTTTTTTTTTTTTINTFTLSFNPSTPPPPTTTNHTPTL-———- EDATQSHVVVGRHG IR
LP=SRTL == m——mmmmm e TLNLPQKLAPNLTASRVVVGRHGIL
LT-KTN-——————— N N 7] ——— PLEIPVINKTLSSSSRVVVGRHGI -
] Tl c S —— VSQLLRL-———————————— KPLETATNSTVKKNSRVVVGRHG IR
LP-VKHL—----DVHTIGRTLDP-———————————— GANGTTVVATATKSSRVVVGRHGIR

* KkkKk K

IRPWPHPDSAE I YRAHALLERVQVEQQS-LYGPKERKTVIAITPTFARTFQAIHLLGVMH
KRPWPHPDP I EMAQAYNMLARVQLEQQR-LYGIENWKP I TAITPTYFRTFQSLHLSGLMH
IRPWPHPDPDQTMRAHRL IERVQKEQRTVYYG IKKPKPLIVITPTYVRTFQAMYLTGLMH
IRPWPHPDPVEVMRAHR IMERVQEEQRR-WYGVKEPRHVLVVTPTYSRAFQALHLTGLLH
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PtIRX14 --RSPKTR--SPRSKRRSKRKHEAKLVETQVS----- TRHSEQN-
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Supplemental Figure 2. GT43 IRX14 protein sequence alignment from various plant
species.

See supplemental Figure 1. legend for annotations. IRX14/14L sequences from moss
(Physcomitrella patens, Pp; Genbank accession: XP_001778969.1), spikemoss (Selaginella
moellendorfii, Sm; Genbank accession: XP_002980520.1), black cotton wood (Populus
trichocarpa, Pt; Genbank accession: AEG25426.1), Arabidopsis (Arabidopsis thaliana, At;
Genbank accession: NP_195407.2), NP_201524.1, rice (Oryza sativa, Os; Genbank
accession: Q653F4.1), asparagus (Asparagus officinalis, Ao; Genbank accessions:
AJF38261.1, AJF38262) and ryegrass (Lolium multiflorum, Lm; DDBJ accession:
LC127417).
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QRISGSAGDVLEDNPVGRLKVF1YDIPSKYNTDWLKKDPRCLTHMFAVEEYLHDFLTESP
ERIEGSAGDVLEDDPVGRLKVY I YELPTKYNKKMVAKDSRCLSHMFAAE I FMHRFLLSSA
ERISGSAGDVLEDDPVGRLKVFVYELPVKYNRKVLEKDPRCLTHMFATE I FVHEFLLGSA
ER1SGSAGDVLEDDPVGRLKVYVYDLPSKYNKKLLKKDPRCLNHMFAAE I FMHRFLLSSA
ERISGSAGDVLEDDPVGKLKVYVYELPSKYNKKLLQKDPRCLTHMFAAE I FMHRFLLSSP
ERISGSAGDVLEDDPVGRLKVFVYELPSKYNKKILQKDPRCLNHMFAAE I YMQRFLLSSP
ERISGSAGDVLEDDPVGRLKVFVYELPSKYNKKILQKDQRCLNHMFAAE I FMHRFLLSSP
ER1SGSAGDVLEDDPVGRLKVFVYELPRKYNKKILQKDPRCLTHMFAAE I FMHRFLLSSP
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VRTLNPEEADWFYTPVYTTCDLTPNGLPLPFKSPRVMRSAISY I SSHWPYWNRTDGADHF
TRTMNPEEADWFYTPVYTTCDLTPWGHPLPFKSPRIMRSAVQF I SSHWPYWNRTEGADHF
VRTLNPEEADWFYTPVYTTCDLTPNGLPLPFKSPRMMRSV IQY I SNQWPYWNRTEGADHF
VRTENPEEADWFYTPVYTTCDLTPSGLPLPFKSPRMMRSATEL IATNWPYWNRSEGADHF
VRTRNPDEADWFYTP1YPTCDLTPTGLPLPFKSPRMMRSS 1QL I SSNWPYWNRTEGADHF
VRTLNPEEADWFYVPVYTTCDLTPNGLPLPFKSPRMMRSA IQL IASNWPYWNRTEGADHF
VRTLNPEEADWFYTPVYTTCDLTPNGLPLPFKSPRMMRSA QL I SSNWPYWNRTEGADHF
VRTLNPEEADWFYTPVYTTCDLTPNGLPLPFKSPRMMRSAIQL I SSNWPYWNRTEGADHF
VRTLNPDEADWFYTPVYTTCDLTTNGLPLPFKSPRMMRSAIQLISSNWPYWNRTEGADHF
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FVVPHDFAACFHYQEEKAIERGILPLLKRATLIQTFGQNHHVCLKEDS1VIPPYAPPERM
FVVPHDFGACFHYQEEKAIERGILPLLRRATLVQTFGQKDHVCLKEGS INIPPYAPPQKM
FVVPHDFGACFHYQEEKAITERGILHLLQRATLVQTFGQRYHVCLKEGS 1VVPPYCPPQKM
FVTPHDFGACFHYQEEKAIGRGILPLLQRATLVQTFGQKNHVCLKDGSITIPPYAPPQKM
FVVPHDFGACFHYQEEKAIERGILPLLQRATLVQTFGQRNHVCLDEGSITIPPFAPPQKM
FVVPHDFGACFHYQEEKAIGRGILPLLQRATLVQTFGQRNHVCLKEGS I TVPPYAPPQKM
FVVPHDFGACFHYQEEKAIERGILHLLSRATLVQTFGQRNHVCLKDGSITIPPYAPPQKM
FVVPHDFGACFHYQEEKAIERGILPLLQRATLVQTFGQRNHVCLKDGSITVPPYAPPQKM
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QTRLNPPSTPRSIFAYFRGLFYDPGNDPEGGYYARGARAAIWENFKDNPLFDISTEHPAT
KTHLVPPETPRSIFVYFRGLFYDTANDPEGGYYARGARASVWENFKNNPLFD I STDHPPT
QAHLIPPSIPRSIFVYFRGLFYDYGNDPEGGYYARGARAAVWENFKDNPLFDISTEHPIT
QAHLIPPDTPRSIFVYFRGLFYDTSNDPEGGYYARGARASVWENFKNNPLFDISTDHPPT
QAHFIPPDIPRSIFVYFRGLFYDVNNDPEGGYYARGARAAVWENFKNNPLFDISTDHPTT
QSHLIPEKTPRSIFVYFRGLFYDVGNDPEGGYYARGARAAVWENFKDNPLFDISTEHPTT
QAHLIPPDTPRSIFVYFRGLFYDVGNDPEGGYYARGARASVWENFKDNPLFDISTEHPTT
QTHLIPEKTPRSIFVYFRGLFYDVGNDPEGGYYARGARAAVWENFKDNPLFDISTEHPAT
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YYEDMQRAIFCLCPLGWAPWSPRLVEGV IFGCIPV I 1ADD IVLPFADAIPWEKIGVFVEE
YYEDMQRAIFCLCPLGWAPWSPRLVEAVVFGCIPVITADDIVLPFADAIPWDEIGVFIAE
YYEDMQRAITFCLCPLGWAPWSPRLVEGVIFGCIPVITADDIVLPFADAIPWEE IGVFVAE
YYEDMQRSVFCLCPLGWAPWSPRLVEAVVFGCIPV I IADD IVLPFADAIPWEE IGVFVAE
YYEDMQRAIFCLCPLGWAPWSPRLVEAVVFGCIPVITADDIVLPFADAIPWEE IGVFVAE
YYEDMQRAIFCLCPLGWAPWSPRLVEAVIFGCIPVITADDIVLPFADAIPWED IGVFVDE
YYEDMQRAITFCLCPLGWAPWSPRLVEAVVFGCIPVITADD IVLPFADAIPWED IGVFVAE
YYEDMQRAVFCLCPLGWAPWSPRLVEAVIFGCIPVIIADDIVLPFADAIPWEEIGVYVDE

*- - ***-- *

KDVPILDKILCT INHEEVLEKQRLLANPAMKQAMLFPRPAKPGDAFHQ I LNGLARKLPHD
DDVPKLDTILTSIPMEV ILRKQRLLANPSMKQAMLFPQPAQPGDAFHQ I LNGLARKLPHD
KDVPKLDTILTSIPPEVILKKQRLLATPAMKQAMLFPQPAQPGDAFHQ I LNGLARKLPHD
EDVPKLDSILTSIPTDVILRKQRLLANPSMKQAMLFPQPAQAGDAFHQ I LNGLARKLPHG
KDVPELDTILTSIPTEVILRKQRLLANPSMKRAMLFPQPAQPGDAFHQ I LNGLARKLPHD
KDVPYLDTILTSIPPEVILRKQRLLANPSMKQAMLFPQPAQPGDAFHQVLNGLARKLPHE
KDVPNLDTILTSISPDVILRKQRLLANPSMKQAMLFPQPAQSGDAFHQVLNGLARKLPHD
EDVPNLDTILTSIPPEVILRKQRLLANPSMKQAMLFPQPAQPGDAFHQVLNGLARKLPHD
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Supplemental Figure 3. GT47 IRX10 protein sequences alignment from various plant
species.

See supplemental Figure 1. legend for annotations. IRX10/10Lsequences from moss
(Physcomitrella patens, Pp; Genbank accession: XP_001753186.1), spikemoss (Selaginella
moellendorfii, Sm; Genbank accession: XP_002993593.1), black cotton wood (Populus
trichocarpa, Pt; Genbank accession: XP_002318180.1), Arabidopsis (Arabidopsis thaliana,
At; Genbank accession: NP_174064.1, NP_568941.1), rice (Oryza sativa, Os; Genbank
accession:Q8S1X7.1), asparagus (Asparagus officinalis, Ao; Genbank accession:
AJF38260.1) and ryegrass (Lolium multiflorum, Lm; Genbank accession: LC127416)
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Supplemental Figure 4: Proteomic analysis of proteins co-immunoprecipitated with the
AoIRX9 antibody from solubilised microsomal membranes (MMs) of N. benthamiana
leaves co-expressing AolRX9, AolRX10 and AolRX14A. The underlined regions are the
peptide antigens targeted to generate antibodies. The red regions are the tryptic peptides
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Supplemental Figure 5: Western blot of N. benthamiana MMs expressing either
Asparagus IRX9, IRX10 or IRX14A proteins conjugated with VENUS. MMs extracted
from N. benthamiana leaves co-expressing Asparagus IRX9, IRX10 and IRX14A. AolRX9,
A0IRX10 and AolRX14A, respectively, were fused at the COOH-terminus with VENUS.
MMs were separated on an SDS-PAGE gel and a GFP antibody used as probe to demonstrate
the relative expression level of the three tagged proteins. The bands ~75 kDa in size
demonstrate the asparagus IRX proteins are conjugated with VENUS and do not undergo

substantial cleavage.
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Supplemental Figure 6: MURS3 positive control and expanded images from Figures 9A-
C.

MURS is known to form homo-dimers in planta (Sggaard et al., 2012) and so it was used as a
positive control for BiFC experiments. Strong fluorescent signal indicates this system is
working (A-D). E-H shows the expanded figures from Figure 9A-C where the IRX9 homo-
dimerisation is independent of the ER marker (MANI(49)-RFP). The ER marker was
expressed as a transformation control, to be sure that infiltration had occurred and that the
fluorescently tagged protein is expressed, even if fluorescence is not observed in the
interaction test. Also, MURS is not expected to be involved in the xylan synthesis pathway, it
was used as a negative control of random interactions with the IRX proteins. IRX9 did not
interact with MURS as shown by lack of signal in I-P.
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Supplemental Figure 7: Expanded images from Figure 9D-F.

A-D shows the expanded figures from Figure 9-F where the IRX10 homo-dimerisation is
independent of the ER marker (MANI(49)-RFP). The ER marker was expressed as a
transformation control. MURS is not expected to be involved in the xylan synthesis pathway
and, as expected, did not interact with IRX10 as shown by lack of signal in E-L.
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Supplemental Figure 8: Expanded images from Figure 9G-I.

A-D shows the expanded figures from Figure 9G-I where the IRX14A homo-dimerisation is
independent of the ER marker (MANI(49)-RFP). The ER marker was expressed as a
transformation control. MURS is not expected to be involved in the xylan synthesis pathway,
and as expected, did not interact with IRX14 as shown by lack of signal in E-L.
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Supplemental Figure 9: Negative controls for IRX9 in Figure 10.

MUR3 is also not expected to be involved in the xylan synthesis pathway, and so it was used
as a negative control of random interactions with the IRX proteins. In all cases, MUR3 did
not interact with IRX9. The ER marker (MANI(49)-RFP) was used as a transformation

control.
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Supplemental Figure 10: Negative controls for IRX10 in Figure 10.

MURS is also not expected to be involved in the xylan synthesis pathway, and so it was used
as a negative control of random interactions with the IRX proteins. In all cases, MUR3 did
not interact with IRX10. The ER marker (MANI(49)-RFP) was used as a transformation
control.
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Supplemental Figure 11: Negative controls for IRX14A in Figure 10.

MURZ3 is also not expected to be involved in the xylan synthesis pathway, and so it was used
as a negative control of random interactions with the IRX proteins. In all cases, MUR3 did
not interact with IRX14A. The ER marker (MANI(49)-RFP) was used as a transformation

control.
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Supplemental Figure 12: MURS3 positive control and expanded images from Figure
10A-D.

MUR3 is known to form homo-dimers in planta (Sggaard et al., 2012) and so it was used as a
positive control for BiFC experiments. Strong fluorescence signal indicates this system is
working (A-E). B shows the CFP channel, which is not able to pick up any signal emitted by
VENUS fluorescent proteins. F-Y show the expanded figures from Figure 10A-D where
IRX9-CC or IRX9-VC is the bait protein. Fluorescent signal indicates when another protein
is able to interact with IRX9. In all cases, IRX14A interacts with IRX9 producing either
yellow or blue fluorescence depending on the IRX14A fusion. In all cases IRX10 does not
interact with IRX9 as no fluorescent signal is observed. The ER marker (MANI(49)-RFP)
was used as a transformation control.
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Supplemental Figure 13: Expanded images from Figure 10E-H.

A-T show the expanded images from Figure 10E-H where IRX10-CC (K-T) or IRX10-VC
(A-J) is the bait protein. Fluorescent signal indicates when another protein is able to interact
with IRX10. In all cases, neither IRX9 nor IRX14A interacted with IRX10. The ER marker
(MANI(49)-RFP) was used as a transformation control.
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Supplemental Figure 14: Expanded images from Figure 101-L

A-T show the expanded images from Figure 10 I-L where IRX14A-CC or IRX14A-VC is the
bait protein. Fluorescent signal indicates when another protein is able to interact with
IRX14A. In all cases, IRX14A interacts with IRX9 producing either yellow or blue
fluorescence depending on the IRX9 fusion. In all cases IRX10 does not interact with
IRX14A as no fluorescent signal is observed. The ER marker (MANI(49)-RFP) was used as a
transformation control.



