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Supplementary Materials and Methods

Protein expression and purification

The GSO1/SGN3 (residues  19 -  870) coding sequence was amplified from the AP018 plasmid

containing SGN3 cDNA (1). GSO2 (residues 23 - 861), TPST (residues 25 - 441), SERK1 (residues

24 – 213), SERK3 (residues 1 – 220), NIK3 (residues 26 – 238), NIK4 (residues 31 – 238), SRF3

(residues 1 – 316), and SRF9 (residues 1 – 334) were amplified from A. thaliana cDNA, SOBIR1

(residues 1 - 270), PEPR (residues 1 - 767), FLS2 (residues 1 – 800), and EFR (residues 1 - 642)

from A. thaliana genomic DNA. BAM1 (residues 20 – 637), and SERK5 (residues 24 - 214) were
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synthesized  (Geneart,  Germany)  with  codons  optimized  for  expression  in  Trichoplusia  ni. The

constructs were cloned in a modified pFastBac vector (Geneva Biotech) containing an azurocidin

signal peptide,  except  for SERK2, SERK3, SRF3, SRF9, SOBIR1, PEPR, and FLS2 that were

expressed using the native signal peptide, respectively, and a TEV (tabacco etch virus protease)

cleavable C-terminal StrepII – 9x His tag. GSO1/SGN3 and GSO2 were also cloned into a vector

harboring  the  Drosophila BiP  secretion  signal  peptide,  which  was  amplified  from

B02_SRF6_pECIA2  (2), a C-terminal TEV cleavable StrepII – 10x His tag and a non-cleavable

Avi-tag  (3,  4).  GSO1/SGN3 variants  carrying point  mutations were generated using the primer

extension  method  for  site-directed  mutagenesis.  Trichoplusia  ni (strain  Tnao38)  (5) cells  were

infected with a multiplicity of infection (MOI) of 1 at a density of 2 x 10 6 cells ml-1 and incubated

for 26 h at 28 °C and for additional 48 h at 22 °C. The secreted protein was purified from the

supernatant by Ni2+ (HisTrap Excel; GE healthcare; equilibrated in 50 mM KPi pH 7.6, 250 mM

NaCl,  1  mM  2-Mercaptoethanol)  and  StrepII  (Strep-Tactin  XT  Superflow  high  affinity

chromatography: IBA; equilibrated in 20 mM Tris pH 8.0, 250 mM NaCl, 1 mM EDTA) affinity

chromatography. The tag was cleaved with His-tagged TEV protease at 4 °C overnight and removed

by a second Ni2+ affinity chromatography step. Proteins were then further purified by size-exclusion

chromatography on either a Superdex 200 increase 10/300 GL, Hi Load 16/600 Superdex 200 pg, or

HiLoad 26/600 pg column (GE Healthcare), equilibrated in 20 mM sodium citrate pH 5.0, 250 mM

NaCl.  We  purified  ~5  mg  GSO1/SGN3  and  ~50  µg  GSO2  from  8  L of  insect  cell  culture,

respectively. For crystallization, the GSO1/SGN3 ectodomain was dialyzed against 20 mM sodium

citrate pH 5.0, 150 mM NaCl and treated with Endoglycosidase H, F1, and F3 to trim N-glycan

chains, followed by size-exclusion chromatography to further purify the deglycosylated SGN3. His-

tagged BirA was purified from E. coli by Ni2+ affinity chromatography.

Peptides

All peptides (see Supplementary table 2) were synthesized by Peptide Specialty Laboratories GmbH

(Germany). The identify and integrity of each peptide was confirmed by mass spectrometry and all

peptides,  except  for  CIF4,  were  dissolved in  water  (CIF4 in  100% [v/v]  DMSO),  followed by

dialysis in the respective buffer for the different analyses.

Isothermal titration calorimetry

All ITC experiments were perfomed on a MicroCal PEAQ-ITC (Malvern Panalytical) with a 200 µl

sample cell and a 40 µl injection syringe at 25 °C. Proteins were dialyzed into ITC buffer (20 mM

sodium  citrate  pH  5.0,  250  mM  NaCl,  exceptionally  containing  5  %  (v/v)  DMSO  for  CIF4



experiments) prior to all titrations. A typical experiment consisted of injecting 200 µM CIF peptide

in 2 µl intervals into the cell containing 20 µM GSO1/SGN3 receptor. The MicroCal PEAQ-ITC

analysis software (version 1.21) was used for data analysis.

Right-angle light scattering

The oligmeric state of the recombiant GSO1/SGN3 ectodomain was analyzed by size exclusion

chromatography  coupled  to  right  angle  light  scattering  (SEC-RALS),  using  an  OMNISEC

RESOLVE  /  REVEAL  combined  system  (Malvern  Panalytical).  Instrument  calibration  was

performed with a BSA standard (Thermo Scientific Albumin Standard). 20 µM GSO1/SGN3 in the

presence or absence of 100 µM CIF2, in a volume of 50 µl, were separated on a Superdex 200

increase 10/300 GL column (GE Healthcare) in 20 mM sodium citrate pH 5.0, 250 mM NaCl, at a

column temperature  of  35  °C and a  flow rate  of  0.7  ml  min -1.  Data  were  analyzed using  the

OMNISEC software (version 10.41).

Biotinylation of proteins

The respective proteins (20 – 100 µM) were biotinylated with biotin ligase BirA (2 µM) (4) for 1 h

at  25 °C, in a volume of 200  µl; 25 mM Tris pH 8,  150 mM NaCl,  5 mM MgCl2, 2 mM  2-

Mercaptoethanol,  0.15  mM Biotin,  2  mM ATP,  followed  by  size-exclusion  chromatography  to

purify the biotinylated proteins.

Sulfotransferase assay

Sulfotransferase assays were performed with universal sulfotransferase activity kit (R&D systems,

UK). Non-sulfated CIF2 (residues 59 – 72) (1 mM) were mixed with TPST using a 1:2 dilution

series from 1 µM (48 ng µl-1) in a volume  of 50  µl; 50 mM Tris pH 7.5, 50 mM NaCl, 15 mM

MgCl2, 0.2 mM  3′-Phosphoadenosine 5′-phosphosulfate (PAPS), phosphatase (500 ng) for 30 min

at 30 °C. 30 µl of malachite green reagent A and B, 100 µl of distilled water was added to each

sample  and  incubated  for  20  min at  30 °C.  The  absorption  of  each  sample  at  620  nm  was

determined  with  a  microplate  reader  (Synergy2,  Biotek).  Phosphate  standard  curves  were

determined  using  a  1:2  dilution  series  starting  from 100 mM KH2PO4.  Product  formation  was

calculated using the conversion factor from the phosphate standard curve.

Analytical size-exclusion chromatography

Gel filtration experiments were performed using a Superdex 200 Increase 10/300 GL column (GE

Healthcare) equilibrated in  20 mM sodium citrate  pH 5.0,  250 mM NaCl.  A 500 µl  aliquot of



GSO1/SGN3 and SERK1 or SERK3 (at a concentration of 10 µM) was loaded sequentially onto the

column and elution at 0.75 ml min-1 was monitored by ultraviolet absorbance at 280 nm. The CIF2

peptide concentration was 20 µM in the GSO1/SGN3 – CIF2 – SERK1/SERK3 complex sample

prior to loading.

Plant material and growth conditions

For all experiments,  Arabidopsis thaliana (ecotype Columbia) was used. T-DNA tagged lines for

sgn3-3  (SALK_043282),  gso2 (SALK_143123C) and cif3-2 (GABI_516E10) were obtained from

NASC (http://arabidopsis.info/) and GABI (https://www.gabi-kat.de/) respectively. The cif1-2 cif2-

2 double mutant and  cif4 mutant were generated by CRISPR-Cas9 technique in Col wildtype or

cif3-2 mutant background (see below). Insertion points of the T-DNA and the CRISPR lines were

verified by Sanger sequencing. Plants were grown on half-strength Murashige-Skoog (MS) agar

(1%) for 5 d vertically after 2 d stratification at 4  in the dark. For peptide (Peptide Specialty℃ in the dark. For peptide (Peptide Specialty

Laboratories  GmbH) treatment  assays,  seeds  were  germinated  on  medium with  or  without  the

indicated peptide concentrations and grown for 5d. Estradiol (Sigma) was dissolved in DMSO and

used at 5 µM final concentration. DMSO concentration was 0.05% (v/v) at final dilution.

Molecular cloning

For promoter reporter lines, upstream regions of each gene - indicated by ‘length upstream of ATG’

- were cloned into gateway entry vectors and fused to NLS-3 x Venus via an LR reaction (pSGN3

5583 bp, pGSO2 3893 bp, pCIF1 1797 bp, pCIF2 1756 bp, pCIF3 2092 bp and pCIF4 2201bp). The

pSGN3::SGN3-mVenus construct (1) was used as template to generate SGN3-mVenus variants by

site-directed mutagenesis. CRISPR-Cas9 constructs were generated following a published method

(6) after  switching  selection  markers  from  Basta  to  FASTRed  in  the  final  construct  with  S.

pyogenes  Cas9. For generating  cif1-2 and  cif2-2,  5’- ttgggtataagcttgaaagg -3’ and for generating

cif4-1 and  cif4-2, 5’-aacccaagcccggtttacgg -3’ and 5’- ttggatttcaccctaaacga -3’ primers were used

respectively. For constructing the dominant negative SERK3 (pSGN3::XVE>>SERK3(residues 1-

243)-GFP), a fragment of SERK3 genomic region (residues 1-243.) was cloned into an entry vector

and fused with pSGN3::XVE-LexA and GFP via a LR reaction. The constructs were transformed

into the wild-type or  sgn3 mutant plants using the  Agrobacterium tumefaciens GV3101 (MP90)-

mediated floral dip method (7).



Microscopy

Signals  were  visualized  using  an  SP8  microscope  (Leica).  Excitation  and  detection  windows,

respectively, were as follows: GFP (488 nm, 500-550 nm), Venus or mVenus (514 nm, 520 – 580

nm), propidium iodide (488 nm, 600 – 650 nm) and fuchsin (561 nm, 570 – 650 nm). Images were

processed using the Fiji package of ImageJ (8).

Propidium iodide barrier assay

5d old seedlings were incubated in 10 µg/mL propidium iodide (PI) - water solution for 10 min and

transferred into fresh water. For quantification, “onset of cell elongation” was defined as the point

where endodermal cell length exceeded two times its width in a median longitudinal section. Cell

counting was done using a Zeiss LSM 700 with a 488 nm laser and an SP640 filter split at 600 nm.

Toluidine blue staining

Sterilized  seeds  were  sown on ½ MS plates  and  stratified  for  2  d  in  the  dark  at  4  ℃ in the dark. For peptide (Peptide Specialty.  After

stratification, seeds were transferred to a growth chamber and incubated for 6 h under continuous

light followed by 4 and a half d in the dark. The seedlings were flooded with staining solution

[0.05% (w/v) Toluidine Blue + 0.4% (v/v) Tween-20] for 2 minutes. Then the staining solution were

removed and gently rinsed 3 times in water until the liquid is clear. Seedlings were photographed

under a Zeiss AXIOZoom microscope.

Visualization of lignin

Lignin staining was performed as described in previous reports  (9, 10). Briefly, 5 d old seedlings

were fixed in 4% (v/v) paraformaldehyde PBS solution (pH 6.9) for 1 h without vacuum treatment.

The samples were rinsed with PBS twice and incubated in ClearSee (10% (w/v) xylitol, 15% (w/v)

sodium deoxycholate, 25% (w/v) urea in water) solution overnight. After removing the solution,

samples  were  stained  with  0.2% fuchsin  in  ClearSee  solution  overnight.  Fuchsin  solution  was

removed and the seedlings were briefly rinsed with fresh ClearSee solution and washed by gently

agitation  in  fresh  ClearSee  solution  for  30  min.  After  exchanging  the  ClearSee  solution,  the

seedlings were washed overnight.



  

 

 

 

23 - QPGQ---RDDLQTLLELKNSFITNPKEEDVLRDWNSGSPSYCNWTGVTCGG-------REIIGLNLSGLGLTGSISPSIGRFNNLIHIDLSSNRLVGPIP - 112
19 - QPGI--INNDLQTLLEVKKSLVTNPQEDDPLRQWNSDNINYCSWTGVTCDNTGL----FRVIALNLTGLGLTGSISPWFGRFDNLIHLDLSSNNLVGPIP - 112

26 - Q------NQELSVLLEVKKSFEGDPE--KVLHDWNESNPNSCTWTGVTCGLNSV-DGSVQVVSLNLSDSSLSGSISPSLGSLKYLLHLDLSSNSLTGPIP - 116
28 - KNETESSSSTLKILLEIKKSFVDDPE--NVLRDWSENNPNFCKWRGVSCARNS-----LKVVSLNLSGSSLSGSISPSIGFLHDLLQLDLSSNLLSGPIQ - 120

24 - QTGP---TNDLQNLLEAKKSFVTNPGEDDPLPQWNSVNINYCSWTGVTCEDTGL----FRVVALNLSGLGLTGSISPSFGRFDNLIHLDLSSNNLAGPIP - 116

26 - QENL-DKDTTLRVLLEVKTFFLQDPQ--NVLSDWSQDNTDYCSWKGVSCGLNPLVDDSEHVVGLNLSDSSLTGSISPSLGRLKNLLHLDLSSNCLTGPIP - 122

24 - QPGI---NNDLQTLLEVKKSFITNQEEDNPLRQWNSVNINHCSWTGVTCDDTRL----FRVIALNLTGLGLTGSISPWLGRLDNLIHLDLSSNNLIGPIP - 116CrSGN3
GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310310α

113 - TTLSNLSSSLESLHLFSNLLSGDIPSQLGSLVNLKSLKLGDNELNGTIPETFGNLVNLQMLALASCRLTGLIPSRFGRLVQLQTLILQDNELEGPIPAEI - 212
113 - TALSNLT-SLESLFLFSNQLTGEIPSQLGSLVNIRSLRIGDNELVGDIPETLGNLVNLQMLALASCRLTGPIPSQLGRLVRVQSLILQDNYLEGPIPAEL - 211

117 - TTLSNLS-SLETLLLFSNQLTGPIPIQLGSITSLLVMRIGDNGLSGPVPASFGNLVNLVTLGLASCSLTGPIPPQLGQLSQVQNLILQQNQLEGLIPAEL - 215
121 - PTLSNLT-SLESLLLFSNQLTGPIPTEIGLLKNLQVLRIGDNGLTGTIPTTFGDLEKLVTLGLATCNLGGKIPSELGRLSKIENLNLQENQLEGPIPAEI - 219

117 - TALSNLS-SLESLFLFSNQLTGEIPSQLGSLLNLRSLRIGDNELVGTIPETLGSLANLQMLALASCRLTGPVPSQLGQLARVQSLILQDNNLEGPIPAEL - 215

123 - TNLSNLV-SLETLLLFSNQLSGSVPVEFGSLTSLRVMRLGDNALTGMIPASLGKLVNLVSLGLASCELTGSIPPELSQLGLLENLVLQDNGLMGPIPSEL - 221

117 - TALSNLT-SLESLFLFSNQLTGEIPTQLGSLLNLRSLRIGDNELVGSIPETFGNLVNLQMLALASCRLTGPIPSQLGRLVRVQSLVLQDNYLEGPIPADL - 215CrSGN3
GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310310 310 310 310

213 - GNCTSLALFAAAFNRLNGSLPAELNRLKNLQTLNLGDNSFSGEIPSQLGDLVSIQYLNLIGNQLQGLIPKRLTELANLQTLDLSSNNLTGVIHEEFWRMN - 312
212 - GNCSDLTVFTAAENMLNGTIPAELGRLENLEILNLANNSLTGEIPSQLGEMSQLQYLSLMANQLQGLIPKSLADLGNLQTLDLSANNLTGEIPEEFWNMS - 311

216 - GNCSSLTVFTVALNNLNGSIPGELGRLQNLQILNLANNSLSGEIPTQLGEMSQLVYLNFMGNHLGGSIPKSLAKMGSLQNLDLSMNMLTGGVPEELGRMA - 315
220 - GNCSSLVAFSLAVNNLNGSIPEELANLKNLQVLNFANNSLSGQIPAELVGMNQLLYLNLLGNQLQGSIPKSLAKLSNLQNLDLSGNKLTGEIPGEFGNMG - 319

216 - ANCSDLTVFTAAANRLNGTIPAELGRLENLEILNLASNGLSGEIPSQLGEMSQLEYLNLMENKLQGLVPKSLTNLKNLQTLDLSANNLTGEIPEEIWNMS - 315

222 - GNCSSLTVFTASNNKLNGSIPSELGQLQNLQLLNLGNNSLAGEIPSQLGDMSELVYLNFMGNQLEGAIPPSLAQLGNLQNLDLSMNKLSGGIPEEFGNMG - 321

216 - GNCSDLTVLTAAENMLNGTIPAELGRLENLEILNLANNTLTGEIPSQLGELSQLQYLNLMANQLQDVIPKSLANLRNLQTLDLSANNLTGEIPEELWNMS - 315CrSGN3
GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310 310

313 - QLEFLVLAKNRLSGSLPKTICSNNTSLKQLFLSETQLSGEIPAEISNCQSLKLLDLSNNTLTGQIPDSLFQLVELTNLYLNNNSLEGTLSSSISNLTNLQ - 412
312 - QLLDLVLANNHLSGSLPKSICSNNTNLEQLVLSGTQLSGEIPVELSKCQSLKQLDLSNNSLAGSIPEALFELVELTDLYLHNNTLEGTLSPSISNLTNLQ - 411

316 - QLVFLVLSNNNLSGVIPTSLCSNNTNLESLILSEIQLSGPIPKELRLCPSLMQLDLSNNSLNGSIPNEIYESVQLTHLYLHNNSLVGSISPLIANLSNLK - 415
320 - QLLFLVLTSNNLSGSIPKSICSNASSLEHMMLSENQLSGEIPVELRDCRSLKQLDLSNNTLSGSIPAELYELVELTDLLLNNNTLVGSISPSIANLTNLQ - 419

316 - QLLDLALANNGFSGSLPKSMCSNNTNLEQLVLSGTQLSGEVPAEISRCQSLKQLDLSNNSLTGSIPESLFQLTELTDLYLHNNTLEGKLSPSISNLTNLQ - 415

322 - QLGFMVLSGNNLNSVIPRTICSNATNLEHLMLSESGLFGEIPAELSQCQSLKQIDLSNNSLNGSIPLELYGLVELTDLLLNNNSLVGSISPFIGNFSSLQ - 421

316 - QLLDMVLANNHLSGSLPKSICSNNTNLEQLVLSGTQLSGEIPVELSKCQSLKQLDLSNNSLVGSIPEALFQLVELTDLYLHNNTLEGTLSPLVSNLTNLQ - 415CrSGN3
GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

3 310310

413 - EFTLYHNNLEGKVPKEIGFLGKLEIMYLYENRFSGEMPVEIGNCTRLQEIDWYGNRLSGEIPSSIGRLKDLTRLHLRENELVGNIPASLGNCHQMTVIDL - 512
412 - WLVLYHNNLEGKLPKEISALRKLEVLFLYENRFSGEIPQEIGNCTSLKMIDMFGNHFEGEIPPSIGRLKELNLLHLRQNELVGGLPASLGNCHQLNILDL - 511

416 - ELALYHNNLLGNLPKEIGMLGNLEVLYLYDNLLSGEIPMEIGNCSNLQMIDFYGNHFSGEIPVTIGRLKGLNLLHLRQNELFGHIPATLGNCHQLTILDL - 515
420 - TLALSHNNLRGNIPKEIGMLGNLEILFLYENQLSGEIPMEIGNCSSLQMIDFYGNQFTGNIPITIGRLKQLNFIDLRQNDLSGEIPASLGNCHQLKTLDL - 419

416 - WLVLYHNNLEGKLPNEIAALKKLEVLFLYENRFSGEIPKEIGNCTSLKMIDLFGNHFEGEIPPSIGALKELNLLHLRQNEFVGGLPATLGNCHQLKILDL - 515

422 - TLSLYHNKLQGDLPREIGMLEKLEILYLYDNQLSGDIPMEIGNCSSLQMIDFFGNSFKGEIPITIGRLKELNFLHLRQNELVGEIPATLGNCHKLNILDL - 521

416 - WLVLYHNNLEGKLPKEISALKSLEVLYLYENRFSGEIPKEIGNCTSLKMIDLFGNHFEGEIPPSIGRLKKLNLLHLRQNELVGGLPASLGSCQHLKILDL - 515CrSGN3
GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310 310 310 310

516 - ADNQLSGSIPSSFGFLKGLEQLMLYNNSLQGNLPESLVNMKNLTRINLSHNMLNGTIHPLCGSSLYLSFDVTNNGFEDEIPLELGNSPNLDRLRLGKNQF - 615
 

CrSGN3
513 - ADNQLSGSIPSSFGFLTALELFMIYNNSLQGNLPDSLINLKNLTRINFSSNKFNGSISPLCGSSSYLSFDVTENGFEGDIPLELGKSTNLDRLRLGKNQF - 612
512 - ADNQLSGSIPSSFGFLKGLEQLMLYNNSLQGNLPDSLISLRNLTRINLSHNRLNGTIHPLCGSSSYLSFDVTNNGFEDEIPLELGNSQNLDRLRLGKNQL - 611
 

516 - ADNGLSGGIPVTFGFLHALEQLMLYNNSLEGNLPDSLTNLRNLTRINLSKNRINGSISALCGSSSFLSFDVTSNAFGNEIPALLGNSPSLERLRLGNNRF - 615
 520 - ADNRLSGSIPTTFGYLRALEQLMLYNNSFEGNLPDELINVSNLTRINLSHNKLNGSIAALCSSTSFLSFDVTNNAFDHDIPPHLGYSPFFERLRLGNNRF - 619
 

516 - ADNQLSGSIPSSYGSLKGLEQFMLYNNSLQGSLPDSLSNLKNITRINLSHNHLNGTILPLCGSTSFLSFDVTNNEFEDEIPLQLGNSPNLERLRLGKNQF - 615
 

522 - ADNQLSGAIPATLGFLESLQQLMLYNNSLEGNLPHQLINVANLTRVNLSKNRLNGSIAALCSSKSFLTFDVTDNEFDGEIPPQLGNSPTLYRIKLGNNKF - 621
 

GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310 310 310 310

616 - TGKIPWTLGKIRELSLLDISSNSLTGTIPLQLVLCKKLTHIDLNNNFLSGPIPPWLGKLSQLGELKLSSNQFIESLPTELFNCTKLLVLSLDENLLNGSI - 715
 

CrSGN3
613 - TGRIPRTFGKISELSLLDISRNSLSGIIPVELGLCKKLTHIDLNNNYLSGVIPTWLGKLPLLGELKLSSNKFVGSLPTEIFSLTNILTLFLDGNSLNGSI - 712
612 - TGKIPWTLGKIRELSLLDMSSNALTGTIPLQLVLCKKLTHIDLNNNFLSGPIPPWLGKLSQLGELKLSSNQFVESLPTELFNCTKLLVLSLDGNSLNGSI - 711
 

616 - TGKIPWTLGQIRELSLLDLSGNLLTGQIPAQLMLCKKLEHVDLNNNLLYGSVPSWLGNLPQLGELKLFSNQFTGSLPRELFNCSKLLVLSLDANFLNGTL - 715
 620 - TGKIPWTLGLIRELSLLDLSGNELTGSIPAQLSLSRKLTHLDLNNNLLYGSIPTWLGNLPLLGELKLSSNKFSGPLPRELFNCSKLLVLSLEDNSLNGTI - 719
 

616 - TGRIPWTFGKIRELSLLDISSNSLTGTIPLQLVLCKKLTHIDLNNNFLSGPIPPWLGKLSQLGELKLSSNQFDGSLPAELFNCTKLLVLSLDGNFLNGTI - 715
 

622 - SGEIPRTLGKIHDLSVLVLSGNSLTGPIPAELSLCNKLAYIDLNSNLLYGQIPSWLGKLPQLGELKLSSNNFSGPLPLGLFKCSNLLVLSLNENSLNGSL - 721
 

GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310 310 310 310

716 - PQEIGNLGALNVLNLDKNQFSGPLPQAMGKLSKLYELRLSRNSLTGEIPVEIGQLQDLQSALDLSYNNFTGDIPSTIGSLSKLETLDLSHNQLTGEVPGA - 815
 

CrSGN3
713 - PQEIGNLQALNALNLEENQLSGPLPSTIGKLSKLFELRLSRNALTGEIPVEIGQLQDLQSALDLSYNNFTGRIPSTISTLPKLESLDLSHNQLVGEVPGQ - 812
712 - PQEIGNLGALNVLNLDKNQFSGSLPQAMGKLSKLYELRLSRNSLTGEIPVEIGQLQDLQSALDLSYNNFTGDIPSTIGTLSKLETLDLSHNQLTGEVPGS - 811
 

716 - PVEVGNLESLNVLNLNQNQLSGSIPLSLGKLSKLYELRLSNNSFSGEIPSELGQLQNLQSILDLSYNNLGGQIPPSIGTLSKLEALDLSHNCLVGAVPPE - 815
 720 - PLEIGMLNSLNVLNLDRNQLSGPIPTTIGNLSKLYILRLSGNTFTGEIPSELGQLKNLQSILDLSFNNLTGQIPPSVGTLSKLEALDLSHNQLIGEVPPQ - 819
 

716 - PQEIGNLGALNVLNLDKNQFSGSLPQGIGKLSKLYELRVSRNSLVGEIPLEIGQLQDLQSALDLSYNNFTGDVPSTIGTLTKLETLDLSHNQLTGEVPGA - 815
 

722 - PADIGDLTYLNVLRLDRNKFSEPIPPEIGRLSKLYELQLSRNSFNGEIPSEIGKLQNLQIIVDLSYNNLSGGIPYSLGTMSKLETLDLSHNQLTGKIPPQ - 821
 

GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310 310 310 310

816 - VGDMKSLGYLNISFNNLGGKLKKQFSRWPADSFIGNTGLCGSPLSRCNRAG-SNNKQQGL - 874
 

CrSGN3
813 - IGDMKSLGYLNLSYNNLEGKLKKQFSRWQADAFVGNAGLCGSPLSHCNRAG-SKN-QRSL - 870
812 - VGDMKSLGYLNVSFNNLGGKLKKQFSRWPADSFLGNTGLCGSPLSRCNRVR-SNNKQQGL - 870
 

816 - VGSLSSLGKLNLSFNNLQGKLDKQFSHWPPEAFEGNLQLCGNPLNRCSIL---SDQQSGL - 872
 820 - VGEMSSLGKLNLSYNKLHGKLDKQYAHWPADAFTGN-HLCGSPLQNCKESK-SNNQDPGL - 877
 

816 - VGDMKSLGYLNLSFNNFKGKLKKQFSRWPADSFIGNTGLCGSPLSRCNRSG-RDNKQQGL - 874
 

822 - VGDMSSLEKLDLSYNNLQGKLDKKFSRWPDDAFEGNLNLCGSPLDRCDSDDTSGGKQSRL - 881
 

GSO2

MtSGN3

BnSGN3

NtSGN3
PtSGN3

SGN3

310 310310

CrSGN324-874

GSO223-870

MtSGN326-881

BnSGN324-874

NtSGN328-877

PtSGN326-872

SGN319-870 Identity

73%

92%

88%

68%

66%

64%

A173 A175

S295
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Supplementary Tables

Table S1. Crystallographic data collection and refinement

GSO1/SGN3 – CIF2

sulfur SAD

GSO1/SGN3 - CIF2

native

Data collection

Space group P43212 P43212

Wavelength (Å) 2.066403 1.000006

Cell dimensions 

a, b, c (Å) 192.1, 192.1, 149.3 192.4, 192.4, 149.8

α, β, γ (°) 90, 90, 90 90, 90, 90

Resolution (Å) 48.75 – 4.00 (4.10 – 4.00) 48.32 – 2.95 (3.03 – 2.95)

Rmeas
# 0.247 (0.80) 0.237 (4.54)

CC(1/2) (%)# 99.9 (96.5) 100.0 (47.7)

I/σI# 15.6 (5.0) 19.1 (0.9)

Completeness (%)# 99.9 (99.9) 100.0 (100.0)

Redundancy# 27.6 (27.1) 40.1 (42.2)

Wilson B-factor# 84.1

Refinement

Resolution (Å) 48.32 – 2.95

No. reflections 59,498

Rwork/ Rfree
$ 0.21/0.28

No. atoms

    protein 12,732

    CIF peptide 348

    glycan 495

Res. B-factors$

    protein 102.2

    CIF peptide 117.1

    glycan 128.7

R.m.s deviations$

    Bond lengths (Å) 0.0125

    Bond angles (º) 1.64

Molprobity results

    Ramachandran outliers (%)‡ 0.18

    Ramachandran favored (%)‡ 91.75

    Molprobity score‡ 2.17

PDB - ID 6S6Q
# as implemented in XDS (16)
$ as implemented in phenix.refine (17)
‡ as implemented in phenix.molprobity (18)



Table S2. Amino acid sequences of synthesized peptides

Peptide Sequence

CIF1WT D(sY)GNNSPSPRLERPPFKLIPN

CIF2WT D(sY)GHSSPKPKLVRPPFKLIPN

CIF3WT D(sY)GSWSPTPKIPRRSPAPIPH

CIF4 D(sY)GFWNPSPVYGGGFPYPGPVPH

CIF259-72 MNSRDYGHSSPKPK

CIF2nsY64 DYGHSSPKPKLVRPPFKLIPN

CIF3nsY46 DYGSWSPTPKIPRRSPAPIPH

CIF2Y64F DFGHSSPKPKLVRPPFKLIPN

CIF2Hyp69, Hyp71 D(sY)GHSS(HyP)K(HyP)KLVRPPFKLIPN

CIF1Hyp69, Hyp71 D(sY)GNNS(HyP)S(HyP)RLERPPFKLIPN

CIF2L80D D(sY)GHSSPKPKLVRPPFKDIPN

CIF2I81D D(sY)GHSSPKPKLVRPPFKLDPN

Pep1 ATKVKAKQRGKEKVSSGRPGQHN

Pep2 DNKAKSKKRDKEKPSSGRPGQTNSVPNAAIQVYKED

CLE9 RLV(HyP)SG(HyP)NPLHN

flg22 QRLSTGSRINSAKDDAAGLQIA

elf18 SKEKFERTKPHVNVGTIG
sY, sulfated tyrosine
HyP, Hydroxyproline
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