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Supplementary Figure 1 Phylogenetic tree of all annotated proteins at the S- and Z-locus. A 
phylogenetic tree was constructed using proteins derived from both the S- (chromosome 1) and Z- 
(chromosome 2) loci. To produce the tree a global alignment with a BLOSUM62 cost matrix was 
performed, followed by tree building using a Jukes Cantor genetic distance model and nearest neighbor 
tree-building method. Only DUF247 proteins formed a significant clade containing genes from both 
loci/chromosomes (highlighted). 
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Supplementary Figure 2 Expression of assembled DUF/SP/ZP transcripts. Transcripts were 
assembled using Trinity software and expression was estimated using salmon. Trailing numbers indicate 
the presence of the transcript in the ONE50a genome and the relevant scaffold. (A) ONE50a DUF247 
transcripts. (B) ONE50a SP/ZP transcripts (the ZPa transcript is concatenated with “ZDUF1a”). (C) 
ONE50b DUF247 transcripts. (D) ONE50b SP/ZP transcripts (ZPb is concatenated with “ZDUF4b”). 
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Supplementary Figure 3 Alignment of S- and Z-DUF247 proteins from grasses. Alignment using 
CLUSTALW with no free end gaps, a BLOSUM cost matrix, and gap open/extend penalty of 10/0.1. In 
cases where frameshift mutations or indels had occurred, sequences were reconstructed using tBLASTn 
or by translating and aligning all three frames of the relevant genomic sequence. Consensus and 
highlighting shows regions conserved in 90% of positions (very strict). 



Supplementary Figure 4 AlphaFold Structure of SDUF2 from Ryegrass. AlphaFold was used to 
predict the structure of ~34 ryegrass SDUF2 proteins. A protein alignment was used to shade the structure 
from least homology (blue) to most homology (red).  
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Supplementary Figure 5 Alignment of SP/ZP proteins from grasses. Alignment using CLUSTALW 
with no free end gaps, a BLOSUM cost matrix, and gap open/extend penalty of 10/0.1 Consensus and 
highlighting shows regions conserved in 75% of positions (strict). 



      A.sativa_1D_SP 0000  ----------MENKKAALLSVVLLLVISS----AAAVGRDVPPVL---PRTTF---CPTMMS--------RNLQVRKGGPSESKIFAITQ--PIFRPSFPAPCASNAVHASGDT--KHAKKLC 
      A.sativa_3D_SP 0001  ----------MKNIKITLFAAILLVVIS-----SAAARRDAPAGL---PKETH---LGVMNG----------MHKPNGGFAESKGIIMKN--PVFRPPRYAPCAASKAVHQSGD-NKEEKLC- 
      A.sativa_7A_SP 0002  ----------MKKNKVVLLSVVLFLAIS------CASGGDVPPFL---RKDN-------HHT---------PHPGQKDGFAESKGIINVG--PTFRPPFHPPCASKAVRALGDTLRLRGRLC- 
     B.distachyon_SP 0003  ----------MKHRRATLLAAMIFLVISS----AANAGRDVPAGL---AKDSH---LGTPH-------------EQNDGLSESKGITVRE--PIFRPPMNPPCASKVVGTSGA--ANEEELC- 
     B.sylvaticum_SP 0004  ------------MKNIALFSAVLLLVVS------SVAGRDVAPAL---PKDNI---LRNHDI--------LNPPGGKAGASESKVYAITQ--PIFRPPFNPPCASKAVRASGDS--NDEKLC- 
        E.curvula_SP 0005  ----------MGIQRVIIPLALIVLL-AGQLAAEAIVPDEGL-G-TLVTDGAR---PSDEGR--------------DTNVKEDKGFVPPR--GYFHAPTLPPCRRKAC--------------- 
          E.tef_1_SP 0006  ----------MGIHKVILSLALMVLI-AGSLVGGAIDVDERQ-G-TPVFDGAP---FR----------------EGAAGVTEDKAFIAPR--GYFHPPTLPPCRHKAC--------------- 
          E.tef_2_SP 0007  ----------MGMRKVILPLALAMLM-AAQLAAGAIVGDERQ-G-TPVLDGAL---PSTRGP--RK----KGSQRSASDVSEDKAIIAPR--GYFHPPILPPCGRKTC--------------- 
    L.perenne_303_SP 0008  ----------MKNSKVALLSAVLLLVIS------ATAGRDVPPIP---PKDNI---LPQHDI---------RHPGQKDGFAEAKGYISLD--PIFHPRPGPPCASKAVYASGGT--KVGRLC- 
   L.perenne_1841_SP 0009  -----------MKSKAGLLSAVLFLVFA------GLVLPSAAGRL---PKENH---LGRHGVESSISNYARSTNGRDGGFLEAKGFINVG--PIFHPRPGPPCASKAEHTSGDA--KEGRLC- 
  L.perenne_Byrne_SP 0010  ----------MKIKKAALLSAVLILLVSTGLVISSAAGRDATG-L---TRDNH---LGIMN-------------GQDGRFSESKGIADVP--PLFRPIWRPPCASKVVRASRDT-GKEERLC- 
  L.perenne_Kyuss_SP 0011  -----------MNSNVALFSVILLLVIS-----TAAAGRDAPAGL---AKENH---LGVMN-------------GPNDGFDESKGIVMKQ--PIFRPPYYAPCAS-AAVHARGD-TKEHKLC- 
L.perenne_Velmurugan 0012  -----------MKNKVAVLSAVLLLAIS------SATGRDVPPVL---PKDNF---LRDRGT---------LHPGQQDGFSESKGIIDVG--PIFHPRPGPPCMYKAVLSSNNV--KEGKLC- 
       L.perrieri_SP 0013  -----------MENKASLVLAMLLLAVFADQMISSALGREVPVLQ--------------RDIQRS--HSSSSMNGRKDSFSEAKGVAIIR--PIFHPPYIAPCAGIASVRTRMN-MKGERLC- 
        L.rigidum_SP 0014  ----------MKKNKAALISTVLVLLVFSGLVISSAAARDVPARH---AKGNN---LGSMN-------------GQKDGFAESKGTAMVP--SIFRPIYRPPCAFKTIRASRDT-TKEERLC- 
    O.brachyantha_SP 0015  -----------MKNK-LLVLAMLLLAVLSLQMISSALGRSSRTYK---------------------------------------GFILHPPWKFLLPPYIGPCASTAALHASMD-VKGEKLC- 
 O.longistaminata_SP 0016  -----------MKNRVALLLGVWLLAVLADRMIFSALGRDVPGIQ--------------EDIQRS--HSGSSINGRIDGFSEAKGIAWVK--PIFRPPYVPPCASAATLQANKD-TKREKLC- 
         O.sativa_SP 0017  -----------MKNTVALVLAVLFL-LIADLMIASALGRDVLDLP----EDSN---ISKRHIKRS--HSGSSMNGQKPGFSEDKGFVLLK--PTTRPIYLPPCASTASLHPSRG-TKREKLC- 
      P.vaginatum_SP 0018  ----------MEGHKVVLAFVLAVLM-AGQLVAEAVVVREAHDGTPPIVDGARLPVPAARGP-RKK----EGSQRTAAGIKEDKAVDVAR--SYFIPPFLPPCRRKAC--------------- 
       P.virgatum_SP 0019  ----------MGIHKAIFGLVLTLLV-AGQLIAGVAAGRFPSQVMPTVVSSDP--TLQEHSR-STL----RHGGSSAEGLANEKTLFAAR--GYFHPPNLPPCRRSAC--------------- 
        S.bicolor_SP 0020  MVQFRKKKRFIGIHKVILSMIVAALM-IEQLAAGTIVDLDVRRLSTNEPRKSS---LPNQGD---S----KRSGAGPAVVDDNKGFGAAR--GYFVPPTLPPCRRKAC--------------- 
    S.cereale_Lo7_SP 0021  ----------MKNNKVALLLGMLLLVISC-----AAAERDVPAGL---AKGNH---LGAMH-------------GGNDGFSQSKPIGMRE--PIFHPIPGPPCASKALRASRDT-VQDERLC- 
S.cereale_Weining_SP 0022  ----------MAINKVALVSAVLLLVIST----TAAAGRDVPPVL---PKDNV---LHNHDI--------MNTPEGNGGPSESKIYAITQ--PIFHPPFVPPCASKAVHASGVT--KDEKRC- 
     T.aestivum_A_SP 0023  ----------MAINKVALVSAVLLLVISSA---AAAAGRDVPPVL---PKDNV---LRDHGI--------MNTPEENGGRSESKIYAITQ--PIFHPPYVPPCASKAVRASGVT--KDEKRC- 
     T.aestivum_B_SP 0024  ----------MKNSKIALFLAMLFLVISAS---SATAPRDAPAGL---AKKTH---SGIMN-------------EANDGFAESKGIIMKN--PVFRPPKYAPCAS-KAVRPSGD-IKEEKLC- 
     T.aestivum_D_SP 0025  ----------MKNSKGALLAAMLLLVISS-----AAAGRDAPAAI---AKENH---LGTTL-------------EQNGGFSESKGIAVRE--PIFRPPMNPPCASKVARTSGG--AKEERLC- 
    T.intermedium_SP 0026  ----------MKNNKVALLAAVLLLVPG----------------L---NEGNY---SGIIN-------------GQKDSFSDSRALAMRQ--PIFRPTIPAPCASKA-VRGSGD-NKEEKLC- 
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      A.sativa_2A_ZP 0000  ----------MAT-KTLMNFAVFLLAISQVVHIATP-----RQLP-PAHQTT-ASSLLVTSVSG------EGPPNGLS-----------------SPISNKPGTSEEKALLLA---P-NILFRPPRLIP-CKGRAC-- 
      A.sativa_2C_ZP 0001  -------MVMKAAFAFAFAFAILLLSSNMIV-AVAT-----AEVP-PAAPTMGENSSPREMVHVVSASPAEKIQEYKP-----------------VRVSSI--LLRKKIVMTG---P-NNFVWPPRLAP-CRARAC-- 
      A.sativa_2D_ZP 0002  -----------MANKVLAILAISS-----LPPFLSLRR-TAI-----------------------------R-RHGNT---LM----QL--QLEAPLHNSLDSIIEEKGFFA----I-HAIFRPPTIPP-CRASAKTC 
     B.distachyon_ZP 0003  -----------MASMVFITLATVLVLTHGYEHVSDPPL-TSQMVP------INIFSLSHGPEHV----PLPRPDP-KD---VE----A-SM-VAGHG-DAAPGVTEEKGWFA----G-RQLANPTPLPP-CSSFTRRC 
   B.mexicanum_P_ZP1 0004  ----------MMAPKARLAVAVLLIMITLLSC-G-----IARGSS-SSSAAQRVLSRSRNKQSK---C-KSERSKRWA-----------------EREGAQVEETEEKVLLTL---P-NNLFHPPRLPP-CRSRMC-- 
   B.mexicanum_P_ZP4 0005  -----------WASIVFITLATVLVITHGHEHVPDPPL-TSQMVP------ITIFSLSHGPEHV----PLPRPDP-KD---VE----A-SIAVAGHG-DAASGVTEEKGWFA----G-RPLANPTPLPP-CSSFARRC 
   B.mexicanum_U_ZP1 0006  -----------MASLVFITLATVLVLTHGHEHVPDPPL-TSQMVP------INIFSLSHGPAPT----TRP-------------------KGLAGHG-DAASGVTEEKGWFA----T-RPLANPTPLPR--SSFASRC 
   B.mexicanum_U_ZP4 0007  ---------------MSYNIAIFLSMSTVLVSLVAA-----RQV-PIESVGNDWLALFPKLNHV-----KAERNEGVI---ST----SVK------GAKDRMAVREEKIIIGL---P-NTMILPRPPAPSCKAKACW- 
     B.sylvaticum_ZP 0008  -----------MASLVFITLAAVLVLTHGHEHVPDPPL-TSQMVP------INIFSLSHGPEHV----PLPRPNP-KD---VQ----A-GIAVAVDG-DAASGVTEEKGWFA----G-RPLANPTPLPP-CSSFVRRC 
        E.curvula_ZP 0009  ----------MAT-KPLIAFAILLLATSQLAYVVTS-----RQLP-AENPMINASSSLNTSDVG------KVDSKGKA-----------------G---KVGSTAEEKAILYA---P-NIVFRPPRITP-CKSKAC-- 
          E.tef_1_ZP 0010  -----------MASHTMLMVAILLISSSNVITLA-----TSRPVP-PATLASNH-------SSL---S-GATNDALPA-----------------GRKDRLVGGREKKLIITW---P-NNMYRPPRLPP-CRSRAC-- 
          E.tef_2_ZP 0011  -----------MQ-GAVPAIVIVLLASSELISCSAP-----AQED-TSAHPQDGPTAPPAKGTW------KD---------------------------EGMKNQEEKVVFGS---P-NTIFRPPPLPP-SMPRAEK- 
       H.bulbosum_ZP 0012  -----------MPSKPALAIAILLAVSA---SLVTA-----RQV-PIESVRSDSSVLLQELNHG-----IPERDEGVT---SR----A-P----KGENKGRMDVREEKLIIAV---P-NTMIFPRRLPPSCKAKAC-- 
        H.vulgare_ZP 0013  -------MVDMAARGRLELTVTTIFILSLFVSCVAS-----RAVP-SAFALNSNASPPPVPTKD------NSMDSLIA------------------GGHGLKTQKEEKAIIFTPKAPTTCFFRPARPAA-C------- 
   L.perenne_1554_ZP 0014  -------MSRATMAAFAIVMLVALSSS-RRLTLAAGARD----S---AALVKM------D-GYS---P-SQVINNDNY-----------------GRKDESADKREEKILLTQ---P-DTLFRPPKIPP-LPA----- 
  L.perenne_10672_ZP 0015  -----------MTSKSRLAVAVLLISVTLVFP-V-----VSRGVP-SAARLHKESS--AGSFSQ---G-ASKANARVI-----------------GTKGSQVEETEEKILLTL---P-NNLFHPPRLPP-CRSRMC-- 
 L.perenne_Byrne_ZP1 0016  -----------MPSKVLLTLAIVLVLTHSHLPSLMG-----QEKP-------------------------SDPKNAGT---LD----A-TVFPAQAGHGTAPSVTEGKGFFAS---P-RPLTRPPRLSP-CIASARAC 
 L.perenne_Byrne_ZP4 0017  -----------MPSKPALAIAILLAMSTVFFSLAAA-----RQV-PIERVRTDSSTLLQEVNHG-----IPKREEAVT---ST----ALL----KGEKNGSVDAREEKLIIAV---P-NTMIFPRRLPPSCKAKAC-- 
 L.perenne_Kyuss_ZP1 0018  -----------MANRVFAALAIILVITGQLVPPADSRP-S-P-----------------------------W--EHTD---AV----TL--VVTITKHESTNGIMEEKGFFA----I-RPISRPPTIPP-CRASAKSC 
 L.perenne_Kyuss_ZP4 0019  -------MAKMDT-RAAHAFVILLLVSSEVISFVVT-----H-EV-ASPLPPDGFSTLPTEIAG------QV---------------------------TGVNDHEEKAIFGS---P-NTLIRPPRLPP-CMSRAC-- 
       L.perrieri_ZP 0020  -----------MVAKALVFVTVLLANS-ISMSLVEPRLVKSTGV---YSLAQP------N-TAS---A-RDAMHHASN-----------------AKEDTVGGPRDEKALLFS---P-NIMFIPPKLPP-CMSRAC-- 
       L.rigidum_ZP1 0021  -----------MPSKVVVALAIFLFITHGNVLPLMG-----QETP-------------------------PDPKNTGT---LD----A-TFLPAQVGHGTSSTGTEEKGIFAS---S-RPLSRPPRLSP-CTASARTC 
       L.rigidum_ZP4 0022  -----------MSCKPAHNVTVLLVTLIILIPLAAS-----QYAPPVEGPRNVISPFSKELYHD-----VPKGIAAAA---GT----TVK------VEEERMDVGEEKLIIGL---P-NSLSFPKRLPP-CKAKAC-- 
    O.brachyantha_ZP 0023  ----------MVS-KAFVTFTILFLANSQLISVWAS-----PQVS-LRKPPLVA----------------HEEESTYN-----------------GETHKLGDATEEKAILYA---P-DITFRPPRLPP-CRSRAC-- 
  O.longstaminata_ZP 0024  --------MKKVIGVSALTLIVLFVTSSLIDGIAS----RATGLP-VDT--------NDDSSVA---P-MTTINVQTA-----------------GKNDIPMEVRDDKLFATW---P-NNLVYPRRLPP-CMSRAC-- 
         O.sativa_ZP 0025  -------MVVKAAFAV----AMFLLTTNMLV-SVAT-----------RSPDNLLNSFPEETGHVYSASTVQKMTEYKP-----------------TTAQGPGFSSEEKIVMTG---P-NNFVWPTRPAP-CSSRTC-- 
       O.thomaeum_ZP 0026  -----------MSRATAALFAILMLVALGSS-RSLPLAS------EGA----SLGKR----------S---A-ASSLTSQIG-------------RAAVHVSTRGEEKILLTQ---P-NTLFRPPKMPP-CMSRIC-- 
     P.vaginatum_ZP1 0027  -----------MVNKVLVVSAMILVLTNGLVPLVDSRG-M-L-----------------------------E--GS------------P--EGAISHHDPPNGIIEEKGYYP----I-RPISRPPRLSP-CRAKARSC 
     P.vaginatum_ZP4 0028  -------MVKMGG-KAVPAIVIFLLASSEVIFCVAA-----R-EV-ASPLRRDVLSAPPAK------------------------------------------RAEEKVIFGSP--P-NTMFRPPRLSP-CMSRAC-- 
      P.virgatum_ZP1 0029  -----------MASKLLITLTIVLVLTREHALPTVG-----LKTY-------------------------ADPKDAGT---QQ------GVMQAQAGHAAGAGFTEEKGWFAS---T-RPLARPPPLNP-NSASTRNR 
      P.virgatum_ZP4 0030  -----------MPSKPALTLAILLAMFAVF-SLAAG-----RHA-PGGGAGIP----LVHDLNG-----VPKMKVGET---SK----AAK------GKQEGMDAKEEKLIIGL---P-NIMVFPRRLPPSCKAKAC-- 
        S.bicolor_ZP 0031  ----------MATKVTCLLFAILLLSINIHFSVVTS-----RKDP-SFS--------------G------KVEEKIPG-----------------GHKTAHAAGSEEKVLLIG---P-NILLRPRPMPP-CKRRCY-- 
   S.cereale_Lo7_ZP1 0032  -----------MAAKAALVLAALLLGSVHLSPAAAGGT-ISRENT------L-------------------K-KDGAT---ME----APIKPGSNGGGMGATGAEEEKGFFA----G-HEFVRPPRLPP-SCSRAMRC 
   S.cereale_Lo7_ZP4 0033  -----------MPNKAVI----LLLTANMLICMVAS---MSEPLP-PKMNAVPAFPPAREPSEA---PKTERKASLFS-----------------GRTGGVTNAEDSKALLVW---P-NTLQPPRQLPP-CRERSC-- 
S._cereale_Weining_Z 0034  MSTPPTKMVMKAASAFAFL---LLSSNILLV-AIAT-----TEVP-PASPTISADSFRREAGQVMSAAPLQKMREYKP-----------------ITGEGLKHIAQEKIVMTG---P-NNFVWPPRLAP-CRSRAC-- 
        S.italica_ZP 0035  -----------MA-KTFIAFAILLLATSQLAYVVTS-----RQLP-VENPKLDASSSLINRGVG------KGGSNGEV-----------------G---KVGSIGEEKAILYA---P-NMVFRPPRITP-CKARAC-- 
     T.aestivum_A_ZP 0036  -----------MNSKHAITIAILLAMSVTSLPFVAA-----RR--------------LPELNHG-----LPERKVLAI---ST----PVKAFLVFLGAKERMYARDEKIIIGL---P-NTMILPRPPSPSCKAKAC-- 
    T.aestivum_B_ZP1 0037  -----------MASKVFAMLAIVLVLTHGHLPAVMG-----QTTP------P------------------DRPKYFAR---QD----A-APAVAGNGAAAGSGFTEEKGWFF----Q-RPLARPTPLPP-SLKL---- 
    T.aestivum_B_ZP4 0038  -------MATRAT----LLIAFLLVSTSMLVSVVAS-----REVP-STDPINPANSLLGGTGRKFTMTRVEKTREVVPGGTGTHFIVLPAYFFSCSAGEGVRAISQEKIIFGA---P-NNFVWSTRLPP-CRARAC-- 
     T.aestivum_D_ZP 0039  -----------MAAKLALVLAVLLLATLHLSPAAVGGT-ISPENT------L-------------------K-KDGAT---ME----APIKPGNNGGGMGATGAEEEKGFFA----G-HEFVRPPRLPP-SCSRAMRC 
   T.intermedium_ZP1 0040  -----------MAAKAALVLAVLLLATLHLSPAAAGGT-FSPENT------Q-------------------K-KDGAT---MK----IPIKPGNNGGGKGATGAEEEKGFFA----G-HVFVRPPRLPP-SCSRAMRC 
   T.intermedium_ZP4 0041  ----------MAP-KTLMNLAVLLLAISQLVHIATP-----RHLP-PANSMT-ASSLLVTDISG------DGSSSS-H-----------------GAVSTKPGTTEEKALLYA---P-NILFRPPRLVP-CKAKAC-- 
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Supplementary Figure 6 Secondary structure and feature prediction of SP/ZP proteins. (A and B) 
Ali2d was used to detect alpha helices and beta sheets in SP (A) and ZP (B) proteins. Conserved 
Cysteines are also highlighted. (C) Exemplary output of SignalP6.0 on SP/ZP1/ZP4 from L.perenne 
(Kyuss). (D) Histogram showing predicted location of cleavage for all SP/ZP proteins examined. Five are 
omitted as SignalP6.0 did not predict cleavage. (E) Predicted length of cleaved peptide remaining 
(distance from cleavage site to C-terminal) for SP/ZP proteins. (F) Subcellular localization prediction 
using DeepLoc. Each SP/ZP is presented as a dot in each column with the relative probability predicted 
by DeepLoc. Most were predicted to be extracellular above all else. 



A.sativa 3D SDUF 2
DUF247-02 10
T.aestivum B SDUF 2
DUF247-02 01
DUF247-02 12
DUF247-02 19
DUF247-02 03
DUF247-02 09
L.perenne Byrne SDUF 2
DUF247-02 04
T.intermedium SDUF 2
DUF247-02 18
DUF247-02 14
DUF247-02 26
A.sativa 1D SDUF 2
DUF247-02 05
DUF247-02 11
DUF247-02 30
B.sylvaticum SDUF 2
DUF247-02 02
L.rigidum SDUF 2
S.cereale Lo7 SDUF 2
T.aestivum A SDUF 2
DUF247-02 08
DUF247-02 29
DUF247-02 28
DUF247-02 17
T.aestivum D SDUF 2
DUF247-02 33
L.perenne 900 SDUF 2
DUF247-02 24
DUF247-02 32
L.perenne Velmurugan SDUF 2
DUF247-02 34
L.perenne 1841 SDUF 2
DUF247-02 22
A.sativa 7A SDUF 2
DUF247-02 25
L.perenne Kyuss SDUF 2
DUF247-02 31
DUF247-02 06
DUF247-02 23
DUF247-02 13
O.brachyantha SDUF 2
O.longstaminata SDUF 2
L.perrieri SDUF 2
O.sativa SDUF 2
E.tef SDUF 2 1
E.tef SDUF 2 2
O.thomaeum SDUF 2
P.vaginatum SDUF 2
P.virgatum SDUF 2
S.bicolor SDUF 2
E.curvula SDUF 2
L.perenne Byrne SDUF 3

Tree scale: 0.1

Colored ranges

L.perenne equivalents

PACMAD

Oryzoideae

Supplementary Figure 7 Phylogenetic tree of SDUF2 proteins from L.perenne and other grasses. To 
produce the tree a global alignment with a BLOSUM62 cost matrix was performed, followed by tree 
building using a Jukes Cantor genetic distance model and nearest neighbor tree-building method. 
Highlighting indicates presence of a L.perenne equivalent of the identified Pooideae allele in the 
germplasm collection from Veeckman et al., (2019). PACMAD and Oryzoideae do not have equivalent 
SDUF2 proteins in the ryegrass germplasm collection. 



A.sativa 3D SDUF 2
T.aestivum B SDUF 2
L.perenne Byrne SDUF 2
T.aestivum D SDUF 2
L.perenne 900 SDUF 2
L.perenne Velmurugan SDUF 2
L.perenne 1841 SDUF 2
T.intermedium SDUF 2
L.rigidum SDUF 2
S. cereale Weining SDUF2
T.aestivum A SDUF 2
S.cereale Lo7 SDUF 2
A.sativa 1D SDUF 2
B.sylvaticum SDUF 2
L.perenne Kyuss SDUF 2
A.sativa 7A SDUF 2
O.brachyantha SDUF 2
O.longstaminata SDUF 2
L.perrieri SDUF 2
O.sativa SDUF 2
E.tef SDUF 2 1
E.tef SDUF 2 2
O.thomaeum SDUF 2
P.vaginatum SDUF 2
P.virgatum SDUF 2
S.bicolor SDUF 2
E.curvula SDUF 2

Tree scale: 0.1
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A.sativa 3D SP
T.aestivum B SP

L.perenne Kyuss SP
S.cereale Lo7 SP
T.intermedium SP
B.distachyon SP
T.aestivum D SP

L.perenne Byrne SP
L.rigidum SP

S.cereale Weining SP
T.aestivum A SP
B.sylvaticum SP
A.sativa 1D SP
A.sativa 7A SP

L.perenne Velmurugan SP
L.perenne 303 SP

L.perenne 1841 SP
L.perrieri SP

O.longistaminata SP
O.brachyantha SP

O.sativa SP
E.curvula SP

E.tef 2 SP
E.tef 1 SP

S.bicolor SP
P.vaginatum SP
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Tree scale: 0.1

A.sativa 3D SDUF 3
T.aestivum B SDUF 3
L.perenne Kyuss SDUF 3
T.intermedium SDUF 3
B.distachyon SDUF 3
T.aestivum D SDUF 3
H.vulgare SDUF 3
L.rigidum SDUF 3
L.perenne Byrne SDUF 3
S. cereale Weining SDUF3
T.aestivum A SDUF 3
A.sativa 1D SDUF 3
B.sylvaticum SDUF 3
B.mexicanum U SDUF 3
L.perenne 303 SDUF 3
A.sativa 7A SDUF 3
L.perenne 1841 SDUF 3
L.perenne Velmurugan SDUF 3
S.cereale Lo7 SDUF 3
L.perrieri SDUF 3
O.longstaminata SDUF 3
O.brachyantha SDUF 3
O.sativa SDUF 3
E.curvula SDUF 3
E.tef SDUF 3 2
E.tef SDUF 3 1
O.thomaeum SDUF 3
S.bicolor SDUF 3
P.vaginatum SDUF 3
P.virgatum SDUF 3

Tree scale: 0.1 A.sativa 3D SP
T.aestivum B SP

L.perenne Kyuss SP
S.cereale Lo7 SP
T.intermedium SP
B.distachyon SP
T.aestivum D SP

L.perenne Byrne SP
L.rigidum SP

S.cereale Weining SP
T.aestivum A SP
B.sylvaticum SP
A.sativa 1D SP
A.sativa 7A SP

L.perenne Velmurugan SP
L.perenne 303 SP

L.perenne 1841 SP
L.perrieri SP

O.longistaminata SP
O.brachyantha SP

O.sativa SP
E.curvula SP

E.tef 2 SP
E.tef 1 SP

S.bicolor SP
P.vaginatum SP

P.virgatum SP
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Supplementary Figure 8 Phylogenetic tree comparison of SDUF2/SDUF3 and SP. Pruned trees from 
Figure 5/6 are presented side by side. Highlights show clades conserved between adjacent trees, indicative 
of co-inheritance/co-evolution. Clade numbers are arbitrary. 



A.sativa 2C ZDUF 1
S. cereale Weining ZDUF1
O.sativa ZDUF 1
S.bicolor ZDUF 1
B.sylvaticum ZDUF 1
O.longstaminata ZDUF 1
E.tef 1 ZDUF 1
E.tef 2 ZDUF 1
L.perenne Velmurugan ZDUF 1
A.sativa 2D ZDUF 1
L.perenne Kyuss ZDUF 1
P.vaginatum ZDUF 1
L.perenne 10672 ZDUF 1
B.distachyon ZDUF 1
L.perenne 1554 ZDUF 1
O.thomaeum ZDUF 1
T.aestivum A ZDUF 1
T.aestivum B ZDUF 1
H.vulgare ZDUF 1
B.mexicanum 9U ZDUF 1
P.virgatum ZDUF 1
L.perenne Byrne ZDUF 1
L.rigidum ZDUF 1
S.cereale Lo7 ZDUF 1
T.aestivum D ZDUF 1
T.intermedium ZDUF 1
E.curvula ZDUF 1
S.italica ZDUF 1
O.brachyantha ZDUF 1
L.perrieri ZDUF 1

Tree scale: 0.1
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A.sativa 2A ZP

T.intermedium ZP4
E.curvula ZP

S.italica ZP
E.tef 2 ZP

P.vaginatum ZP4
L.perenne Kyuss ZP4

L.perenne 1554 ZP
O.thomaeum ZP

A.sativa 2C ZP
O.sativa ZP

S. cereale Weining ZP
S.bicolor ZP

T.aestivum B ZP4
E.tef 1 ZP

H.vulgare ZP
L.perenne 10672 ZP
B.mexicanum P ZP1

L.perrieri ZP
O.brachyantha ZP
S.cereale Lo7 ZP4

B.mexicanum P ZP4
B.mexicanum U ZP1

B.distachyon ZP
B.sylvaticum ZP
P.virgatum ZP1

T.aestivum B ZP1
L.perenne Byrne ZP1

L.rigidum ZP1
L.perenne Kyuss ZP1

P.vaginatum ZP1
A.sativa 2D ZP

S.cereale Lo7 ZP1
T.aestivum D ZP

T.intermedium ZP1
B.mexicanum U ZP4

T.aestivum A ZP
H.bulbosum ZP

L.perenne Byrne ZP4
P.virgatum ZP4
L.rigidum ZP4

O.longistaminata ZP

Tree scale: 1

A.sativa 2A ZDUF 4
T.intermedium ZDUF 4
O.brachyantha ZDUF 4
T.aestivum D ZDUF 4
E.curvula ZDUF 4
L.perenne Kyuss ZDUF 4
P.vaginatum ZDUF 4
B.distachyon ZDUF 4
L.perenne 1554 ZDUF 4
O.thomaeum ZDUF 4
H.vulgare ZDUF 4
L.perenne Velmurugan ZDUF 4
E.tef 2 ZDUF 4
A.sativa 2C ZDUF 4
S. cereale Weining ZDUF4
O.sativa ZDUF 4
T.aestivum B ZDUF 4
S.bicolor ZDUF 4
L.perrieri ZDUF 4
B.mexicanum 9U ZDUF 4
T.aestivum A ZDUF 4
H.bulbosum ZDUF4
L.perenne Byrne ZDUF 4
P.virgatum ZDUF 4
L.rigidum ZDUF 4
O.longstaminata ZDUF 4
B.sylvaticum ZDUF 4
S.cereale Lo7 ZDUF 4
L.perenne 10672 ZDUF 4
E.tef 1 ZDUF 4

Tree scale: 0.1
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A.sativa 2A ZP
T.intermedium ZP4

E.curvula ZP
S.italica ZP

E.tef 2 ZP
P.vaginatum ZP4

L.perenne Kyuss ZP4
L.perenne 1554 ZP

O.thomaeum ZP
A.sativa 2C ZP

O.sativa ZP
S. cereale Weining ZP

S.bicolor ZP
T.aestivum B ZP4

E.tef 1 ZP
H.vulgare ZP

L.perenne 10672 ZP
B.mexicanum P ZP1

L.perrieri ZP
O.brachyantha ZP
S.cereale Lo7 ZP4

B.mexicanum P ZP4
B.mexicanum U ZP1

B.distachyon ZP
B.sylvaticum ZP
P.virgatum ZP1

T.aestivum B ZP1
L.perenne Byrne ZP1

L.rigidum ZP1
L.perenne Kyuss ZP1

P.vaginatum ZP1
A.sativa 2D ZP

S.cereale Lo7 ZP1
T.aestivum D ZP

T.intermedium ZP1
B.mexicanum U ZP4

T.aestivum A ZP
H.bulbosum ZP

L.perenne Byrne ZP4
P.virgatum ZP4
L.rigidum ZP4

O.longistaminata ZP

Tree scale: 1

Supplementary Figure 9 Phylogenetic tree comparison of ZDUF1/ZDUF4 and ZP. Pruned trees from 
Figure 5/6 are presented side by side. Highlights show clades conserved between adjacent trees, indicative 
of co-inheritance/co-evolution. Clade numbers are arbitrary. 
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