Supplementary fig. S1. Gene trees and sequence comparisons. Data are shown
first for KNOX, then for ARP, then for YABBY.

KNOX
(A, B) Gene trees of KNOX proteins.

(A) Gene tree with sequences that contain all four characteristic domains of KNOX proteins
(KNOX1, KNOX2, ELK and homeodomain).

(B) Gene tree with sequences that contain at least one of KNOX1, KNOX2 or Homeobox domain.
Bootstrap support is only shown for values >60. Species from class Isoetopsida are shown in blue
(Selaginella sp. and Isoetes tegetiformans) whereas sequences from class Lycopodiopsida
(Huperzia selago and Lycopodium deuterodensum) are shown in green.

(C) KNOX amino acids important for trafficking via PD
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KNOX Il

OstlLuc|5313
PhyPat|Phpat.018G062500.1.p
PicAbi|MA 1042844690010
VitVin|GSVIVT01030488001
AmbTrilevm 27.model. AmTr v1.0 scaffold00123.12
VitVin|GSVIVT01004811001
AraThalAT1G62360.1
PopTri|Potri.011G011100.1
PopTri|Potri.004G004700.1
PicAbi|MA 955690010

AmbTrilevm 27.model. AmTr v1.0 scaffold00026.137
AraThalAT4G08150.1
VitVin|GSVIVT01009273001
PopTri|Potri.002G113300.1
OrySat|LOC 0s03g51690.2
ZeaMay|GRMZM2G017087 P02
OrySat|LOC Os03g51710.1
ZeaMay|GRMZM2G061101 P01
ZeaMay|GRMZM2G002225 P01
ZeaMay|GRMZM2G135447 P01
OrySat|LOC 0s03g56110.1
ZeaMay|GRMZM2G452178 P01
ZeaMay|GRMZM2G028041 P01
OrySat|LOC 0s07903770.1
AmbTrilevm 27.model. AmTr v1.0 scaffold00045.202
VitVin|GSVIVT01031241001
PopTri|Potri.013G008600.1
PopTri|Potri.005G014200.1
PopTri|Potri.005G017200.1
ZeaMay|GRMZM2G087741 P01
OrySat|LOC 0s01g19694.1
OrySat|LOC 0s05g03884.1
ZeaMay|GRMZM5G832409 P01
ZeaMay|GRMZM2G094241 P01
AmbTrilevm 27.model. AmTr v1.0 scaffold00085.101
VitVin|GSVIVT01007715001
PopTri|Potri.015G079100.1
PopTri|Potri.012G087100.1
AraThalAT1G70510.1
AraThalAT1G23380.2
VitVin|GSVIVT01013790001
PopTri|Potri.008G188700.1
PopTri|Potri.010G043500.1
IsoTeg|PKOX-2098898
SelKra|gi|58011285|gb|AAW62517.1
SelKral|gi|58011287|gb|AAW62518.1
SelApo|LGDQ-2003456
SelMoe|415291

PhyPat|Phpat.005G097000.1.p
PinTae|PITA 000042242-RA
AraTha|AT4G32040.1
PopTri|Potri.018G022700.1
PopTri|Potri.006G259400.1
AraThal]AT5G11060.1
AraThalAT5G25220.1
PopTri|Potri.006G190000.1
AmbTrilevm 27.model. AmTr v1.0 scaffold00026.80
VitVin|GSVIVT01012897001
OrySat|LOC 0s08g19650.1
ZeaMay|GRMZM2G055243 P01
OrySat|LOC Os06g43860.1
OrySat|LOC 0s02908544.1
ZeaMay|GRMZM2G433591 P01
ZeaMay|GRMZM2G370332 P02
PicAbi|MA 1042850090010
AmbTrilevm 27.model. AmTr v1.0 scaffold00001.399
VitVin|GSVIVT01019880001
PopTri|Potri.001G112200.1
AraThalAT1G62990.1
ZeaMay|GRMZM2G 159431 P01
OrySat|LOC Os03g03164.2
IsoTeg|PKOX-2013942
SelKra|gi|58011289|gb|AAW62519.1
SelMoe|135843
SelApo|LGDQ-2010944

IsoTeg|PKOX-2100696
SelKra|ZFGK-2006217
SelApo|LGDQ-2004042
SelMoe|90744



OstLuc|5313
PhyPat|Phpat.019G018700.1.p
PhyPat|Phpat.021G035900.1.p
PhyPat|Phpat.018G062500.1.p
SelMoe| 159366
Is0Teg|PKOX-2098232
SelKra|gi|58011287|gb|AAW62518.1
SelApo|LGDQ-2003456
SelMoe|415291
SelKra|gi|58011285|gb|AAW62517.1
Is0Teg|PKOX-2098898
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PicAbi|MA 104284460010
PinTae|PITA 000009927-RA
VitVin|GSVIVT01030488001
AmbTrilevm 27.model. AmTr v1.0 scaffold00123.12
VitVin|GSVIVT01004811001
AraThalAT1G62360.1
PopTri|Potri.011G011100.1
PopTri|Potri.004G004700.1
PinTae|PITA 000009925-RA
AmbTrilevm 27.model. AmTr v1.0 scaffold00045.202
VitVin|GSVIVT01031241001
PopTi|Potri.013G008600.1
PopTrilPotri.005G017200.1
PopTri|Potri.005G014200.1
ZeaMay|GRMZM2G087741 P01
OrySat|LOC 0s01g19694.1
OrySat|LOC 0s05g03884. 1
ZeaMay|GRMZM5G832409 P01
ZeaMay|GRMZM2G094241 P01
AmbTrilevm 27.model. AmTr v1.0 scaffold00085.101
PopTri|Potri.012G087100.1
PopTi|Potri.015G079100.1
VitVin|GSVIVT01007715001
VitVin|GSVIVT01018257001
VitVin|GSVIVT01013790001
PopTri|Potri.008G188700.1
PopTi|Potri.010G043500.1
AraThalAT1G23380.2
PopTi|Potri.012G043400.1
AraTha|AT1G70510.1
PicAbi|MA 4152390010
‘EBO PinTae[PITA 000011081-RA
PicAbi|MA 95560010
AmbTrilevm 27.model AmTr v1.0 scaffold00026.137
4 AraTha|AT4G08150.1
PopTri|Potri.002G113300.1
VitVin|GSVIVT01009273001
OrySat|LOC 0s03g51690.2
ZeaMay|GRMZM2G017087 P02
ZeaMay|GRMZM2G073868 P01
ZeaMay|GRMZM2G161883 P01
ZeaMay|GRMZM2G060050 P01
ZeaMay|GRMZM2G 157885 P01
ZeaMay|GRMZM2G000743 PO1
OrySat|LOC 0s03g51710.1
ZeaMay|GRMZM2G135447 P01
OrySat|LOC 0s03g56110.1
OrySat|LOC 0s03g56140.1
OrySat|LOC 0s07g03770.1
ZeaMay|GRMZM2G452178 PO1
ZeaMay|GRMZM2G028041 P01
OrySat|LOC 0s03g47022.1
OrySat|LOC 0s03g47042.1
ZeaMay|GRMZM2G061101 P01
ZeaMay|GRMZM2G002225 P01
ZeaMay|GRMZM2G027470 PO1
6, ZeaMay|AC206246.3 FGP003
ZeaMay|GRMZM2G702526 P01
ZeaMay|AC217288.3 FGP005
PhyPat|Phpat.005G097000.1.p
PhyPat|Phpat.006G006100.1.p
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IsoTeg|PKOX-2013942
SelKra|gi|58011289|gb|AAW62519.1
SelMoe|135843
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AraTha|AT1G62990.1
PopTri|Potri.001G112200.1
VitVin|GSVIVT01019880001
ZeaMay|GRMZM2G060507 P01
ZeaMay|GRMZM2G159431 P01
OrySat|LOC 0s03g03164.2
PinTae|PITA 000042242-RA
AmbTrilevm 27.model. AmTr v1.0 scaffold00026.80
AraTha|AT5G25220.1
AraTha|AT5G11060.1
AraTha|AT4G32040.1
VitVin|GSVIVT01035921001
PopTri|Potri.018G022700.1
PopTri|Potri.006G259400.1
PopTri|Potri.006G190000.1
PopTri|Potri.018G114100.1
VitVin|GSVIVT01012897001
OrySat|LOC Os08g19650.1
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0 OrySat|LOC 0s02g08544.1
40 ZeaMay|GRMZM2G433591 P01

ZeaMay|GRMZM2G370332 P02
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KNOX amino acids important for trafficking via PD. The homeobox of KNOX proteins is necessary and
sufficient for trafficking through PD. Chen et al. (2014) determined that the R30 residue of helix alpha-1
(strong positive charge) and the L53 residue of helix alpha-3 are important for selective intercellular
trafficking of homeodomain proteins in plants. The homeodomain parts of the lycophyte KNOXes where
added to the Chen et al. (2014) figure (everything above the line is from Chen et al. (2014); sequences
from lycophyte KNOXes are below the line). Class Il lycophyte KNOXes are highlighted in yellow.

None of the lycophyte KNOXes contains the R30 (but neither does Arabidopsis KN1). However, all
lycophyte class Il KNOXes contain the L53 (with one exception that has M53 instead). Lycophyte class |
KNOXes do not have the L53 (with one exception from Isoetes).

Altogether, this gives the impression that the Lycopodiales/Isoetales KNOXes are not good at
traveling through PD, or that the features required for traveling through secondary PD are different in
Lycopodiales/Isoetales. Note that the Physco KNOXes that can travel do have the L53 residue (Chen et al.,
2014). Amino acid sequences can be found in Supplementary table S2 (Supplementary Material Online).

R30 L53

* * * % * * * * *

AtKN1 et L KOEISIKKKKINGK L PlvNX6]0) T 1fs] 17 {IBle)H W P Y PSEMO K\WATINESITG LIRKO T NNWE I NQRERISWISZS]
ATKNAT1 e L KO EINIKKKKINGK L Pl NXO)N L I WINRENSW P Y PSENIEK\WALIESITG LIBIOKO I NNWE I NQRERISWISSZN]
AtSTM | L KOEIVIKKRKINGK L PlvNX6l0) 1Ny [/ WSINENW P Y PSECO KINALINESITGE LIBIOKO INNWE T NQRERISWISZN]
LeT6 et L KOEIRKKRKINGK [ Plv:NN0]0) T \Y48 |7 IRXEINN P Y PSESIO KINATINESITG LINOKO TNNWEF I NORKRIWl82s
PhyscoKN2 -—GE ENEVSISAKE MRS T SART IIMK DIJANRIES H IS @Z S MHNNO YIROR T C{EN Li(ORN N INJAIINRN 1N N HI S CE

PhyscoKN5 --GE| ENEVISIAKEMNS SARS TIMKDIANRIES Y I @Z S MIHNO YIRO K L C{EN Li(ORN N NI INRN 1N N HII S CE

PhyscoKN4 ADEEISSKMLR--LIMYEMRETNARQ TIMK DIia S RIZIS Y| @i M HNA YIROR I.CEYRN LINONN N INIERBNOININH WK P S
AtKNAT2 s L KINEINSIKKKKINGK L PIREANOA LIRS 1 AINYHINN P Y PTEES <IN T ENEINTG LIBOKO TNNWE TN INHIWK P S
AtKNAT3 a8 T RINENNFRKRRINGK L P[€JpiNShY T 1.0\ WOISIHR)NN P Y PITEIANKINNT\WOINTC LOIRKO T NNWE I NOQRERN WSS
ChlamGSM1 ——VQUAASLAQRE (€19mE PAAT QLMK GIQ) DDN V| )@ i3 E DINK OIRGIHA A AN N T(ONRNINVIION OISV INH|H K H
ChlamHDG1 ——-GGGGSGPGS|¥AGRENMFKNAV T AKOWV Y Als| TV Hiz @i DiSINE VIRC A HiREIR DT, I (OFM\ INIAINRN| RIWKPL

AlN
ARVIRVIIKPM

AtBLR - -GFPDHHAPVIil{PHRGIBZERAV TVIRART, FD)&{F' T, Hjsh@g D T DINT MIBA K Quiells RNOW SINAIEN ARV ISV

HupSel |[KNOX1-1 el L KO EISRKKKINGK 1 pitalsietel BNl o Y P SEYE < BTG T oK O 1NN v F T NORK RS
HupSel |KNOX1-2 Bl LK O RIVKKKKINGK T, idsfsielel 1Mo 7 SNEN P Y P SEREKEET INESTE T €oK0 1NN F T NORKRIE1:82:Y
HupSel | KNOX2-3 SR PV RIGERIRKRRINCK T, P elldsly 1 13T WIRNEIS A P Y P SEIE K\ T WO Lo O T NNW F T NORERIVIIINN
HupSel | KNOX2-2 SR PV RIGERRIRKRRIACK T, P elnldshy 1 1o WisP\EIS G o Y P SEWE KRN WO Lol O T NN W F T NORERININEN
HupSel | KNOX2-1 VR SERRIRKRRINCK T, Plelsuiiieny 1 10 s £ v PEEIE <jnal T \WOIITE T loh#K O T NN F T NQRKRINTjse)st
SelApo|LGDQ-2003456 --KGUTQORY LK ENZKESROOMI DRINA QIO DHINEEN o NOIIA SIA 6/ Tin el = P (ol \INUIRBN o1l IJHIN PO
SelApo |LGDQ-2010944  --VDIREMT Lilissis A4z G DT T SVIRK AR AL S KT @000 DA RIFV(6/E i el = T, (o \ IR o1l I8N H H H
SelApo |LGDQ-2004042  --NDJASEM T Lisiesi A 0M2G DT TS VIRK TR H AL K j@s=1o/D DINA R0/ E i el = 1, (ol N INMuIRBN 01l 48N H SN
LycDer | PQTO-2010435 —-GSIBAQE(FS K el dMaR .S ROOMT NIEISMiz| T K jaNae=olvFIaA Si Aol SEleil DO (ol INTheN G I IS HIN P S
LycDer | PQTO-2081329  —-GSIHAQ{F MK El: M=K E SROOMT, DRIS 3| T K\ )Nl =)ar A SAI S IHEIIG O/ (ol INIIRN6 V43 IR P A
LycDer | PQTO-2010278  ——NDUSE T L0312 MG DT T S VMK S AR S Kl 2N =)or = A RI (ol eI E T (ol N abaiaN 6 3Nl H NN
LycDer |PQTO-2081967 —-ADWSET L3l M=G DT T S VMK ARITOA S K1 laNai0:) DIHSA RI (ol il E M (o NabaiaN o)A 43Nl H
LycDer |PQTO-2083351 —-NDUSE T L0312 cl M= G DT T S VMK AR H A=A K 1M1 DIANA RI (ol E L EME T/ (o NasgisN 68 43N TN N
SelKra|gb|AAW62517.1 --SSIBAHEFLNEISKENEKDSRO ML NRINS VIE Y K||-N@=<10 S1A SHA o SiepdD O (ol INuh RN 6 I IS H{I - P S
SelKra|gb|AAW62518.1 --GGTQHYLiEeK S/ESAATK TR DRINE QI L E HizN@=<io 7 O)A THA A T KIID P/ (el IR\ GV I8 HIW D P S
SelKra|gb|AAW62519.1 --VDJAEXHT Lisiesi A 0MzG DT TS VK AR HALS KT j@i0ol DiotA RIS E el = T (ol \ IR BN o1l I8N H H H
SelKra|ZFGK-2006217 --NDJUSEMT LA iMaG DT TS VMK SRIHALIS K|\ j@s=oD DINA RO/ E N el 1 (o N NMUIRBN 0 I 48N H SN
SelMoe|415291 R C IO ENIKKKKINGK T PisafsitetelT 1B [telEi(e)o):i P v PNEINOKSINT AORITE T}k O T NN W F T NGRERIENEe)
SelMoe|90744 SRR PV RIGERRIRKRRINCK T, P elsldshY 1 Gk TIPS o Y PSERINKENET WWOIRNTE Lioh#K O T NN W E T NORERINIEESN

IsoTeg|PKOX-2100696 ——-NDWEER I LiSCSACIINRGDT T S VIRK S HA S S KU jhg@g<io DigjA RIFV(O/E ALEIRE: T (ORN N INVBIMBN I 9N H SN
IsoTeg|PKOX-2013942 —-VDWEHT LA C NG DT T S VIRK AR HARIA KNGl DIZINA RIFY(O/F IR E TIX(ONN  INVREN O3V 9N H H H
IsoTeg|PKOX-2100696 ——-NDWSERTLIECINACIANRGDT T SVIRK S HAS Kil i@y =2 DisjyA RIFV(O/E sLCIRE: L (el N INJBIRBN| OIS S 9IN|Q H SN
* * * % * * * * *
R30 L53

* R (strong positive charge) in this position improves trafficking
* L (hydrophobic) in this position improves trafficking



Based on Xu et al. (2011), trafficking of KNOXes through PD requires the chaperonin CCTS8. A
comparison of the CCT8 amino acid sequences from Arabidopsis (GenBank accession Q94K05.1)
and H. selago shoot tips shows strong conservation.

* * * * * *
HsCCT8 1 ESSFHLQPHGLQSMLKEGHRLLSGLDEAILKNID‘CKELSNITRTSLGPNGMNKMIINHL 60
AtCCTS8 IR\ €I O PMG T QO SMLKEGMREILSGLDEAVIKN II#ACKE LSy I TRT SLGPNGMNKMV I NH I
* * * * * *
IsE{C(GUR NN DR . F'VTSDART I VNELEVOHPAAKLLVLANKAQQEEIGDGANLIYI SFAGELLQEAEEL I R
VN GGUN I WA DK 1. E'V TINDAINT IVNELEIQHPAAKLLVLANKAQQEEIGDGANLI I SFAGELLONAEEL I Re]
* * * * * *
e C(GUR N NN G T HPSE T I SGY TKAWWAKA L LLEELVEISSSETMDVREKIMOVI®RMKEMVASKQYGQE|S, T kel
yNClCUN N NG HPSET I SGY TKAWSIKAVIII LEQLVEKESETMDVRINKIBNEV IBRMREVAVASKQF GOE N T IR
* * * * * *
HsCCT8 181 IRTPIRAEINCEOIV/GIzI NNz ININNAVADINAVAS K I L.GGG I HD®lVVRGMVLK\WAA LGS I KiaviayA e
AtCCTS8 181 MCSIRYT DLXCENOAVe)zieNi= TINIFNAADN)A SKLLGGGLHNSCIVRGMVLKSDAVGSIKRMEKA 240
* * * * * *
HsCCT8 241 SwNS3G NATETKGTVLIINTAEQLENYAKTEEAKIEELIKAVANSGANVIVSGGRVECINY
AtCCT8 241 |NENY3 BATETKGTVLIEISAEQLENYAKTEEAKVEELIKAVAINSGAINVIVSGGH I el

* * *

* * *
s C{GURCNCIONAN VAT HECERYKLMVLKISSKFELRRFCRTINGATSIRVK L(€)s| P[€ PIDIN L. G5k Dispele 360
PNAGIGUNCINCIONA G VAL HFCERYKIMVLKISSKFELRRFCRTINGAVENGILK LSNPS PINNT. GhaY Ejapele 360

* * * * * *
HsCCT8 361 [T \ BlGNI#VSSVITRGSTDSVLDDVERAVDDGVNYYKAMCKDSRT T PGAEA 420
AtCCT8 361 VT €GN STVVLRGSTDSILDDLERAVDDGVNIIYKAMCRDSRIVPGA 420
* * * * * *
SETloh I AN T (K TI\[F FlE DINEUNG L. DIO)Y A T[eK FAQ SIMENYV PRT LA STDYRIST 480
AtCCTS 421 |[ABOENIKIsN MG DAY A TIK Y AE SIYEJGVPKT LA ME RS TGEIGSENTIY 480
* * * *

* *
HsCCT8 481 AlUnIHelECT] I20\[V17 DL F\Y T KA I KA N O\ZBIORMBUINSOINEEZNINKDRP 540
AtCCT8 481 LiepnminnNeAC NV WD L FINTKINE AT KM SDE R\UBCRNBUINAPINEIGZRINDAAQ 540

HsCCT8 541 MDE---DDE 546
AtCCT8 541 AAEAGAEED 549

The KNOX homeobox domain is necessary and sufficient for trafficking of class | KNOX proteins through PD
(Kim et al., 2005), a process which requires the binding of a chaperonin (Xu et al., 2011). Chen et al. (2014)
used targeted mutagenesis to find out which amino acids were required for trafficking, and found that a
positively charged amino acid at the end of the alpha-1 domain (R30) and a hydrophobic residue at the
beginning of the alpha-3 domain (L53) played important roles. Comparison with the lypophyte KNOX
protein sequences used in Figure 4 showed that none of the lycophyte KNOXes contained the R30.
Furthermore, all class | KNOXes of lycophytes did not contain the L53, while most class Il KNOXes did (the
only exception, from Huperzia deuterodensum, contained a methionine in that position). The analyses of
Chen et al. (2014) were based on trafficking of maize KN1 through secondary PD separating clonally



non-related epidermis and mesophyll cells in Arabidopsis leaves. It is possible that trafficking through
primary PD has different structural requirements; in this case, class | KNOX proteins might act mostly
cell-autonomously in SAMs of Lycopodiales but not of Selaginellales. It is also possible that the
requirements do not differ between both types of PD and class | KNOX proteins act mostly
cell-autonomously in all lycophytes.
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ARP

Sequence comparison between

(A) the ARP proteins of Arabiodpsis (AtAS1, GenBank accession 080931.1) and Selaginella
kraussiana (SKARP, GenBank accession AAW62520.1) and (B) the corresponding cDNA
sequences (AtAS1, GenBank accession AF175996.1; SKARP, GenBank accession AY667452.1).
The N-terminal part shows strong conservation.

(C) Sequence alignment of ARP proteins from angiosperms, Selaginella kraussiana and Pinus
taeda. Amborella: GenBank XP_006855819.1 from Amborella trichopoda; Pisum: GenBank
AF299140_1 from Pisum sativum; Arabidopsis: GenBank NP_181299.1 from Arabidopsis
thaliana; Zea mays: GenBank AF126489_1; Selaginella: XP_002962315.1 from Selaginella
moellendorfii; Pinus taeda: Congenie PITA_000017758).

Sequence alignments were performed using MUSCLE (multiple sequence comparison by log-
expectation; Edgar, 2004) at the EMBL-EBI website, and displayed using GeneDoc (Nicholas et
al. 1997).

* * * * * *
AtAsSl IV KINRORWSJEEE DALLIRAY VRO F G Pialjz LV SERMNAMP LNRDEK SCIBERWKN Y LKPG I KK Gl
SkARP IRV KINKORWOIAEEDALL@AYVKQYGPIBWNLVSERMEGRPTL. DRDIFK SCEERWKNY LKPGLKRG Y

* * * * * *
NN NN T TEEEQINLVIRLOEKEIGNKWKKIAAEVPGRTAKRLGKWWE VEIKEK(®) EKIRISNKIWRP 120
5 9:V NS T SEEEQINLVIRLOEKMGNKWKRIAAEVPGRTAKRLGKWWE VEIKER IORHOISN®- 119

* * * *
AtASl 121 IDESKYDRIMESHAEKLEKERSN A VVMANBNGGFLHSEOSVO- PENPViREP 179
SKARP 120 --TGVHTSHMSMIYGQTWY—--APE#zPEOSFSICAEVVESSSASECRSECRNEZRMNIZA 174

* * * * * *
AtAsl 180 WLATENNGNNGVAREPSHTE--TLSEST PEPET-—----—-- Zil0000PERMEN 228
SKARP 175 AFPPiSSEPVIITLGIETVIDIILPAWKIZAPRENAS TSI IZS TMAPEA TMK|gNI#SLSTDSCINES 234

*

* *

* *

* * *
AtASl 229 @p-—----—--- GGLVIRGRINUINASS — — - -[@SGSSESYEL S|AYE — — - CC GHRAWADH|SN 273
SkARP 235 [@DTDTGTHFNNNKK\YSiMRSXKDDEF@NE INSDINS PGIHMIPLLGL NKESQINVOISNY 294

* * * * * *

AtAS1 274 ERAW IMFOTLENE KINOR(G) RETE INALRIZE QKINAMINK T E[€j QIFVCIERINY 333

SkARP 295 NEWASTIBNERKOGIRNCINNTE IEVESKIGALRINEEKISLIBK LEIND L\YAKIEDIN® 354
* * *

* *
AtAS1 334 pNHAINDOERADOMYSINH TINRTKE LINOONG——————————————— € Rig- 367
SkARP 355 INGHLINEENERVE SRITINY NSV LMEIHeTINORY SSFHGPIFOATIOMRGUN S 404

(B)

AtAS1 L ATGAARNGA 8
SKARP 661 CTTTGCTCATTCTACACAAAGTATTTGATCAGAAAAGTTGTATAATAAAGCGHUMMENIGEN 720

* * * * * *
Atasi 9 cic iNelfele T G2 A G ARG ARG C AN TIEMN TN G T G Cll TRGASACHT 68
SkARP 721 CHAGEAG cAGCCierNNeAleh\cieleh ciiic cliyc Tieifele GEAG 2 780

* * * * * *
AtAS1 69 TEECAGAER CATCHTENCISEAC CE TRIeAACH AEC‘CG B 128
SkARP 781 (CleleARATEAC cT WTCTGA GGCAECG clrelelieTCEA Ny 840

*

* * * * *
AtAS1 129 [chiegiieT T TACGNGAEAINEer Ve VAT Iv:NNeHETI:V-Xelole EATCAAGAR T®T 188
SKkARP 3841 [cHHGMRNECCAT) ®CO®TGGAAGAAGMTATCTEAAGCClE ®TCAAGAElE Cle T 900

* * * * * *



AtAsl
SkARP

AtASs1
SkARP

AtASs1
SkARP

AtASs1
SkARP

AtASs1
SkARP

AtASsl1
SkARP

AtAsl
SkARP

AtASsl1
SkARP

AtAsl1
SkARP

AtAsl
SkARP

AtAsl
SkARP

AtASs1
SkARP

AtASs1
SkARP

AtASs1
SkARP

AtASl1
SkARP

AtASl1
SkARP

AtASl1
SkARP

189
901

249
961

309
1021

369
1074

429
1113

478
1171

519
1226

572
1286

629
1334

672
1392

705
1452

746
1512

797
1572

857
1632

917
1692

9717
1762

1037
1812

* * * * * *

A€CAGAGCAGAEEC TWGTGATECGTCTTCAECARAANSACCCEAABANETCCAACHE

G ARG AGAGCAGAINSCT®GTGATIACGTCTTCAMGARMAAAMACGGINARNAANT GGAAGHE

* * * * * *

€~ THIGCIWGC TGAGT TCCCGCENGGACGGCIAAEC Gl € €T GGTGGGANG T e

2, TIG CEGCTGAIG T TCCCGCEEGGACGGCEAANC GO TRGCIA AT GG TGGGAEG T(eer

* * * * * *
TICEAGAAGC AenGAAG AciNE TAEC AGETCRAGCCTATTG

iy CGCAGCNSNAINeINNe Cl@T T Cl¥eclec il ClNeclecApcCiY-- - - - - G

* * * * * *

ACHNYGAT CGGATNSISEAGA GRTICGCTGAGAAGC TTGTCAAAGACHEE TE TN

TC TTCTCACCIONeIT G TRCR - - ————--———-————————- CleonLY:

* *

* * * *
CGTTGECCT(e/eiel® TieC CleCuy GORVACIE GIMN— —— ——— GTG GO TRVAT INelE — — — —
CINGTTGEiC C TN T{®CC(e - CIg§CTCTACEiNE - I§e COCLVAGINSET T TC

* * * * * *
———————————— A TR e T T T TACA TSI GINACA ARAAG T TSNS - - - - —-§
ATCATCGAGTGCETCleles G——--- G CENA TG TeCGAACGININeGCATGA S

* * * * * *
T BN CAGHGITECClECCEU T/e G T TR A GCiNe T TC TINACANT GGGIVACIA ISR T G
TIACClelecAGEGITICCICCleNe T Chie A GClelele T TC TINA C AT GGGINSCEASINE T Gl

* * * * * *
e C A AECHeICECIMEGGTAACTTT T---ATEcET TECACE T e T A GG
TG T The———————— cleclorNNGCARICde oA cecGEeC AleleiC T(eCA S -

* * * * * *
eleleiC Tle7 A CGCCARMCCECE eCACH AC---—- TeR--------——-
B\ Tlen ACIGCCARECCING Cl@NenceeciATCATG GACCTTTCGTTAT

* * * * *
—————————— € ——-fiCINE - - - - /e CINSR T ClCIT - - - - - —--—-
CTCTGGACTCEGET(eleT[@NeT Clelele~ G ATACAETINSMNC A TINC AACAATAATA

* * * * * *
A G G T A T GANGECCEETETTGiAET Ceer direceNcNe T

AG CTACGATAATACCTAAGECIER S A TigNeCIA e AT CINA@TClEG
* *

* * * *

e TiNeuNENe . G A G Tie TR GrGHe el &G A il TleG A GG Al elelelsl~ oo
iAlCACCTGoNelsicAlACcTCTAC T TlecleC TG T A cigNecicigNeledNc A A callcG
* * * * * *

GRcd] l®\GiNe C 2a A G AINEAEGCINGC A TielelnldlelC TINA GEVNeleC T GlEA GCGCAGC
G ATETCOACINNNAC ATGCGGCATCCEC ClXelcGAAehiNe Xelen clolXele

* * * * * *
T C GRCGTGTIRGACAARGEGCENELVEUNE G A GENC AN T EINE GOLVVACLNN G A
IG GT| AGAIRT TGAAIRAGAGGRAECEE VNE :NNE T T € T[ECAGICAAAGATING
* * * * * *
AAGCTCTINAGElEA CIRIGEVXEAACGCA. AGLEYNEAUINC GG GIWACAGA[ErVNE
AAGCTCT G CIRARVNE T TGTATT] ACLVANE CIN T €AGC T G TUNAT GC T[ervNe
* * * * * *
AGCHCIETTGGTTINEAGGC ACIE®ANGGCCRva CCRAGHE GECTEeNTC A
TTGITECAAAGCINEGAC ANGCHN CTTRNAG GE GOy T €T GE@IAAGC] A
* * *

* * *
CleiNC TINGECIATIAT[OIAG] CACCAAGTNT CigiNers CALGYNE - ———————————————
[€C Thxe TIAC] A GGTTCTTANGTINEOINGOINCACLVMNECAACGGTATTCGTCCT

248
960

308
1020

368
1073

428
1112

477
1170

518
1225

571
1285

628
1333

671
1391

704
1451

745
1511

796
1571

856
1631

916
1691

976
1751

1036
1811

1080
1871



(C)

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

Selaginella
Amborella
Pinus taeda
Zea mays
Pisum
Arabidopsis

[ N S

121
117
115
114
118
113

154
177
152
145
146
142

181
214
212
161
171
176

182
215
172
162
172
177

214
256
332
201
201
206

263
259
392
232
222
236

* * * * * *

* * * * * *
TH-—————————————— -
QNHHHHHHHQQHSSSISSQQPPVGLSSDSSSVPVSCEMDHMAITINAT Y AOQAKSCCLPP
RH-———————————mm oo
RR—————————————m——mm

* * * * * *
- -DLCVNGAPAFSTSTPDAND--——-~- TCGPPT--VC—————————————m— oo
ZPPPPLLSDPTPLLSLNSAGTTTQRAPAATETPALLPS-———=--——————————————-
2T LMPCPSSSPLLTLSVPTGSTYADNICLANIKTTPSVLSGPIVSQMANLPGSMGFTLPY
12— ~QQAAAAPSPLLIMAA - —————————————————— PV-————————mm—mmm oo
D SPSFVMAASNSS-YLHTDAQAATPG-—-L-——=---——--————————————
SNVVPAAAAAATVVMANSNGG-FLHSEQQVQPPN-—PV--——-=-———————————————

—~ODHEGN
—i%= s

SIPSVIT L. S LIPSy
PSSV LT LIPSy

* * * * * *
QKQFPMEVETSGVTMEK—————PKKLEIQIASTLTESSLSLSSSRTADEGL ——————
________ AT_________________________________________________
PVVSSGSASPASEVIAERSHMODTMRHHEN INGVAGGVAKEKKVNFPWCALEKQVGTSSF
———————— WP -GPPAIEAP[I- - -~ PDRAAADAAPYGFPSPSQH-———————————————
———————— A----—JZPPllli- -~ QPVRGPDNA---—-P--LVL--——--———--———--
———————— WAAAAPQPJET PIEOQQOPERAENG - —— ==~ PGGLVE———————=—=———=—-—

* * * * * *
-DCLDPASESSDNNEGSNlls -V EfE L FEMRBORENT I 0 ORRRG I S SEEIKEMK OeylaC
-ECTMQAAASGV—--——- QQE WORAYEINER O
DPNLASSKQAMDSLIMQOOMPTEFL (6 Y SINDIIMER O S| FMHISA
-GGAAPPGMAVVDGQA--AEFACOINTARMeR
-GNVAPHGAVLSYGENM
-GSMMPSCSGSSESVF--

60
56
56
56
60
56

120
116
114
114
117
113

153
176
151
144
145
141

181
214
211
161
171
176

181
214
271
161
171
176

213
255
331
200
200
205

262
258
391
231
221
235



* * * * * *

Selaginella 321 |a KKQFEQQDYSLTSN 3 { 380
Amborella 312 REKMEEMIBAK I RINLREE ERVAEVIDR T, ERNBIGR (@12 371
Pinus 452 |t E 511
Zea 289 TAAAAERDHK AE < 348
Pisum 281 DRSRAGE Y HINOIMA G 340
Arabidopsis 293 | 352
* *
Selaginella 381 VHTYRRYTLSGPVFHAE------ 397
Amborella 372 AT HLSSQHPSSSCFLKDSLL 394
Pinus taeda 512 T OMLYQFPDAQRLFSKEMH 534
Zea mays 349 A OMGGCSRSWSSATDMNC- 370
Pisum 341 T —~QVGCRSRHAEQNGR--- 359
Arabidopsis 353 T OOMGCRLDRP-———=——-— 367

Edgar RC (2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Res 32:1792-1797.

Nicholas KB, Nicholas HB Jr, Deerfield DW Il (1997) GeneDoc: Analysis and visualization of genetic
variation. EMBNEW.NEWS 4:14.



YABBY

(A) Intron exon structure of YABBY genomic sequence. The zinc finger domain is indicated in
green, the myb domain in red. The size bar denotes 100 bp. (B) Gene tree of YABBY proteins. As
there is no known ortholog in more early diverging plants, H. selago YABBY is used as an
outgroup. Bootstrap support is only shown for values >60.

VDVPHNLLDKNSVLVRCGDCRSLISVNIQSLAENQSGL WATQPHINLGTRSEHRDKKIEEK

HsYABBY / KKPRTPStAYNMFV

| |

DEILRIKAKDPTISHKEAFIAAAKN CLNRTV
MSSCSGMMNSPPADEQSSCCDESLVDDRCTKCHVHCGHCHVILT

VSRVRKNHEEGGERTNDESSIISSSEHFASSGKSLQSILSSPPAEAVKPPKPKRRNQSSRGDDSSILASR



Tree scale: 1
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HupSel|Hs YAE

PinTae|PITA 000023465-RA
PicAbi|MA 11227390010
PicAbi|MA 40720690010
PicAbi|MA 1043233290010
PinTae|PITA 000029248-RA
PinTae|PITA 000077218-RA
AmbTrilevm 27.model. AmTr v1.0 scaffold00004.182
ZeaMay|GRMZM2G 106204 P01
OrySat|LOC 0s07906620.2
PopTri|Potri.016G067300.1
VitVin|GSVIVT01022586001
PopTri|Potri.009G000100.1
PopTri|Potri.001G214700.1
VitVin|GSVIVT01037533001
AraTha|AT1G08465.1 YABBY 2
AraTha|AT2G26580.1 YABBY 5
VitVin|GSVIVT01015567001
PopTri|Potri.018G129800.1
PopTri|Potri.006G067800.1
AmbTrilevm 27.model. AmTr v1.0 scaffold00078.9
OrySat|LOC 0s03g44710.2
ZeaMay|GRMZM2G085873 P01
ZeaMay|GRMZM2G074124 P05
OrySat|LOC 0s12g42610.1
ZeaMay|GRMZM2G141955 P03
ZeaMay|GRMZM2G116646 P02
VitVin|GSVIVT01012246001
AmbTrilevm 27.model. AmTr v1.0 scaffold00047.126
PopTri|Potri.008G097800.1
AraTha|AT1G69180.1 CRC
OrySat|LOC 0s03g11600.1
ZeaMay|GRMZM2G088309 P02
ZeaMay|GRMZM2G102218 P01
ZeaMay|GRMZM2G046829 P01
OrySat|LOC 0s07g38410.1
AmbTrilevm 27.model. AmTr v1.0 scaffold00096.22
VitVin|GSVIVT01013778001
AraTha|AT1G23420.1 INO
PopTri|Potri.008G189000. 1
PopTri|Potri.010G042400.1
AmbTrilevm 27.model. AmTr v1.0 scaffold00085.9
OrySat|LOC Os10g36420.1
ZeaMay|GRMZM2G074543 P04
ZeaMay|GRMZM2G167824 P01
OrySat|LOC 0s02g42950.1
ZeaMay|GRMZM2G529859 P02
OrySat|LOC Os04945330.1
ZeaMay|GRMZM2G054795 P01
ZeaMay|GRMZM2G005353 P01
PopTri|Potri.003G112800.1
PopTri|Potri.001G120200.1
VitVin|GSVIVT01001269001
AraTha|AT4G00180.1 YABBY 3
AraTha|AT2G45190.1 YABBY 1
VitVin|GSVIVT01027648001
PopTri|Potri.014G066700.1
PopTri|Potri.002G145100.1





