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Supplemental Table S1. The primers used in this study.

FP 5-TGTGTCTTCCTGAGAACTACCAG-3'
naalo-1 RP 5-GCTGAGTTAAAGGTCACTGATTG-3'
LB 5,-AACGTCCGCAATGTGTTATTAAG-3'
FP 5-CCTTCTACACTATTGTGGACATTG-3'
naals-1 RP 5-CACCTGATAGCTCTGATTGCTGC-3'
LB 5-GCTTCCTATTATATCTTCCCAAATTACCAATACA-3'
FP 5-CATTCCTCGTTTGCTTGTTTGTAG-3'
naals-3 RP 5-CGACTGATTATCATTAACGTAGAGAAC-3'
LB 5-GAAATGGATAAATAGCCTTGCTTCC-3'
Naal0-Myc, Xbal-FP 5-GCTCTAGAATGGTTTGCATCAGGCGAG-3'
Naal0-GFP RP-Kpnl 5-GGGGTACCTCATTTGGAAACTGCTTTACCATC-3'
Naal0-AD, EcoRI-FP 5-GGAATTCATGGTTTGCATCAGGCGAGC-3'
Naal0-BD RP-Smal 5-TCCCCCGGGTCATTTGGAAACTGCTTTACCATCTAC-3'
Naal5-AD, EcoRI-FP 5'-GGAATTCATGGGGGCTTCGCTTCCTCC-3'
Naal5-BD RP-Smal 5-TCCCCCGGGTCAGGTTGCAACTGAGAGGCTC-3'
BamHI-Naal5 5'-CGGGATCCATGGGGGCTTCGCTTCCTCC-3'
Naal5-Smal 5-TCCCCCGGGGGTTGCAACTGAGAGGCTCTTG-3
pNaal5::Naal5-Flag, | Smal-Flag 5-TCCCCCGGGCTGCAGGAATTCGATATCAAGC-3'
Naal5-YFP Flag-Sacl 5-CGAGCTCTTAAATTCGAGCTCTGTCGACTG-3'
Hindlll-pNaal5 5-CCCAAGCTT TTCTTATTGCACTGCTTC-3'

pNaal5-BamHI

5'-CGGGATCC TTTATTGCGCTACTGAGAGAGCTC-3'




AtNaalO M-VCIRRATVDDLLAMQACNLMCLPENYQMEYYLYHILSWPQLLYVA-—————————~ E 47
OsNaalO0 M-VCIRQATIDDLLAMQACNLMCLPENYQMEYYLYHMLSWPQLLFVA—————————— E 47
HsNaalQ M--NIRNARPEDLMNMQHCNLLCLPENYQMEKYYFYHGLSWPQLSY IA————————euee E 46
MmNaal(Q M--NIRRARPDDLMNMOQHCNLLCLPENYQMEYYFYHGLSWPQLSY LA ST E 46

DmNaalO M——NIRCAKPEDLMTMQHCNLLCLPENYQMKYYFYHGLTWPQLSYVA——
CeNaalO M--NIRCARVDDLMSMQNANLMCLPENYQMEYYFYHALSWPQLSY IA-
ScNaalO MPINIRRATIND I ICMQNANLHNLPENYMMKYYMYHILSWPEASFVATTTTLDCEDSDEQ 60

SpNaalQ M—-DIRPARISDLTGMONCNLHNLPENYQLEYYLYHATSWPMLSYVA o b == 46
NeNaalO M--DIRVLRPSDIPLIQHANIENLPENYFLKYYLYHALSWPQLSYVA-———V——mmmmem 16
AtNaalQ DYNG—————————mmm e RIVGYVLAKMEE-ES--N-E-CHGHITSLA 77
OsNaalO DY-G G RIVGYVLAKMEE-DP-—SE-PCHGHITSLA 77
HsNaalO DENG KIVGYVLAKMEE-DP——DDVPHGHITSLA 76
MmNaalQ DEDG——————————mmmme e~ K IVGY VLAKME E-DP——— DDVPHGHITSLA 76
DmNaalO DDKG————————————m e~ A IVGYVLAKMEEPEP--NEESRHGHI TSLA 78
CeNaalO DHKG NVVGYVLAKMEE-DP-—GEEPHGHITSLA 76
ScNaalO DENDEKLELTLDGTNDGRTIKLDPTYLAPGEKLVGYVLVEMND-DPDQONEPPNGHITSLS 119
SpNaalO DPKG RVVGYVLAKMEE-EP-—KDGIPHGHITSYS 77
NeNaalQ DVSRPAKSAYD-———————eeeee Y-=P-=KIVGYVLAKMEE-EP--TDGVQHGHITSLS 86

AtNaal0 VLRTHRKLGLATKLMTAAQAAMEQVYEAEYVSLHVRRSNRAAFNLYTETLGYKINDVEAK 136
OsNaald VLRSHRKLGLATKLMSAAQAAMDQVFGAEYVSLHVRRSNRAAFNLYTSTLGYQIHDVEAK 137
HsNaal0 VKRSHRRLGLAQKLMDQASRAMIENFNAKYVSLHVREKSNRAALHLYSNTLNFQISEVEPK 136
MmNaal0 VERSHRRLGLAQKLMDQASRAMIENFSAKYVSLHVRKSNRAALHLYSNTLNFQVSEVEPK 136
DmNaal0 VERSYRRLGLAQKLMNQASQAMVECFNAQYVSLHVRESNRAALNLYTNALKFKIIEVEPK 138
CeNaalD VKRSYRRLGLANKMMDQTARAMVETYNAKYVSLHVRVSNRAALNLYKNTLKFEIVDTEPK 136
ScNaal0 VMRTYRRMGIAENLMRQALFALREVHQAEYVSLHVRQSNRAALHLYRDTLAFEVLSIEKS 179
SpNaald VMRSYRHLGLAKRLMVQSQRAMVEVYGAKYMSLHVRESNRAATHLYRDTLQFDVQGIESK 137
NeNaalO VMRTHRRLGIAEKLMRQSQQAMVETFGAHYVSLHVRVSNAAATHLYRDTLGFKTEKTEAK 146
AtNaal0 YYADGEDAYDMRKNLKGKQNHHHAHGHHHHHGGGCCSGDAKVVETAQAVD———G———— 187
OsNaalO YYADGEDAYDMRKPLRQPQPKKHHHHHHHHHGPGGCCSHDAPPAA-SGSSPPSS—————N 191
HsNaal® YYADGEDAYAMKRDLTQMADELRRHLELKEKGRHVVLGA IENKVESKGNSPPSSGEACRE 196
MmNaal0 YYADGEDAYAMKRDLSQMADELRRQLVLE-KGRYVVLGSKEN——QGSTLPGSEEASQQ 191
DmNaal0 YYADGEDAYAMRRDLSEFADEDQAKAAKQSGE-EE————EKAVHRSGGHGHSHNHSGHD 192
CeNaal0 YYADGEDAYAMRRDLAKWAEE-RN———— IEPADREAYTTAKTTDDKKKN 180
SeNaal0 YYQDGEDAYAMKKVLKLEELQISNFTHRRLKENEEKLEDDLESDLLEDIIKQGYNDI1V- 238

SpNaal0 YYADGEDAYAMHKDFST—L KFDTPETNDELAKT 169
NeNaalO YYADGEDAYCMKLDLAPIREALLAEQL———D—EK-——DAKPKIEEGKGSEGVDEGEAY 197
AtNaal0 -K—A v 5—K 192
OsNaalQ §S—PE—K—T————D-5— 198
HsNaal0 EKGLAAEDSGGDSKDLSEVSETTESTDVKDSSEASDSAS 235
MmNaalQ EN-LAGGDSGSDGKD-—————— STDVQDSLQTLGSAS 220
DmNaal0 GHCC 196
CeNaal0 RS 182
ScNaal0 238
SpNaal0 VQSLALNN 177

NeNaalO GDVGRDPEADSKKEDKTYVKVKVGRGLGVGELVERDESKH 236
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Supplemental Figure S1. Naalo0 is evolutionarily conserved among eukaryotes.
(A) Amino acid sequence alignment of Naal10 orthologs from multiple taxa. The
accessions of the Naal0 homologs are: Homo sapiens, NP_003482; Mus musculus,
BAB27052; Drosophila melanogaster, NP_648378; Caenorhabditis elegans,
NP_501392; Oryza sativa japonica, NP_001054011; Arabidopsis thaliana,



NP_196882; Schizosaccharomyces pombe, NP_594309; Saccharomyces cerevisiae,
NP_011877; and Neurospora crassaOR74A, XP_011394752.
(B) The phylogenetic tree of the Naal0 homologs was constructed using the

maximum-likelihood method with MEGA 6.
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A=SLPP- KEANLFKL IYKSYETKQY KKGLKAADA LK~ -KFPDIGE 44
—————— KEANLFEVIVKSYETRQYRECLKAADS ILK—KFPEHGE 44
~KENALFER ILRCYEHRQYRNGLEFCEQILSNPEFAENGE 47
~KENALFKR I LRCYEHRQYRNGLEFCKQILSNPEFAERGE 47
DeNanld MP-———SSDPLPP-—— - KEGALFRELLKCYELKQYKNGLELAKQ I LSNPEYMENGE 18
CeNaals MPTPPGOSSSQPLPA-————KELGYFEE IVESYEQRQYKAGLEFAQE ILTSPGFAENGE 54
ScNaals MSEER-—STEPKPAAKIALKKENDGFLEALKLYEGRQYRESLELLDA ILE--KDGSHVD 55
EANLFRTV I RIYEDKGQYKRGLEAAEQ I LE-~ENPRHGD 44

KEITLFRTALKCYETKQYKKGLEATEFLLE—RHPENGE 45

AtNaals TLSMKGLTLAC VELGVEN WHVLGLL IKCYR 101
OsNanlh TLEMKGLTLNCMDRESEAYELVRRGLEN -~ -~DLESHYCWHVYGLLYRSDREYREAIKCYR 101
HsNanls TLAMKGLTLNCLGKKEEAYELVERGLEN-—-DLESHYCWHVYGLLORSDEKYDEATKCYR 104
MaNaals TLAMKGLTLNCLGKKEEAYELVERGLRN-—DLKSHYCWHVYGLLORSDEKYDEATKCYR 104
DaNaals TLAMKGLTLNGLCRREEAYKYVELGLRN-—-DLRSHYCWHVYCLLGRSDKKYDEATKCYR 104
CoNaald TLAMKGL ILNCMGKLUEAQDCYRRGLYS -~ DLRSYYCWIVFGL I QRTERKYDEATKAYE 111
ScNaals SLALKGLIA VANA TCCHVLGT T 115
NeNaalh TMSMEAL IMNSQGRTEEAFALAKEALTV-——DMKSHICWHVYGILYRQHKNFOEATKAYE 101
SpNanld SLAIKGILLHSLONTKEGYDNVELGLEN-~-DVGSGYCWHIFGL I SRADKDYVQAAKCY T 102
AtNanld NALRIDPDNLE]LRILSLLQAQMEDLSGFYETRQQLLTLEPNHRMNY IGFAVSQHLNANA 161
OsNaals KALRIDPONIETLRILSLLOAQURDLSCFYETROQLLTLEPNHRMNY IGFAVAHHLSSNS 161
HsNanlh NALKNDKDNLOQILRM.SLLGIQMEDLEGYRETRYQLLGLRPAQRASY IGYATAYHLLELY 164

MaNanI5 NALKWDKDNLQTLRILSLLOTQMRDLEGYRETRYQLLGLRPAQRASWIGYATAYHLLEDY 164

DaNaal5 NAL LETH.SLLG TQMRDL RUHLFTLRF LGDY 165
CeNaal5 RALMLEKDNLQTLRILSLL SSKYELLQL GY IVAHHLLKEH 171
HoNanls AMLNNGSTNEQIYRILATL . 175
NeNanlh FALKLEF AVLGVY QUYYOSRFAMLEAKPHLEQNWTALATAYQLEGSL 161
SpNaalh NAHKLEKNNSSLLRILALLGSQLEQYRALADTRNALLGDNPGYRANWSALAVAQFLRGEY 162
AtNaals SKAVEILEAYEGTLEDDYPPENELIEHTEMILYKVSLLEE—S-—GSFOKALEELHKKE 216
OsNanls SKAIEVLEAYEGTLEDDYPPENERYENSEMLLYKISL ~==-GMLDRALEEMQKKE 216
HsNanlf EMAAKILEEFRKTQQTS —PIRVOYEYSELLLYQNQYLREA LYREALEHLCTYE 217
MaNaal5 EMAAKILEEFRKTQQTS —POKVOYEYSELLLYQNQYLREA-~—GLYREALEHLCTYE 217

DaNaal5 DMANS [LETFSGSQ-TS 1 EAHDYRUSELLLYQNG ILIE--5-N-—~RLOQAVDHLTKYQ 217
CeNaalb NLALGIMAEY IKAN-T-—PSGYDFEFSEL ILYQNL IMREA———CLPDVALOQKLEERS 222
ScNaals QQAINTLSQPEKLAEGKI-SDSERYEHSECLMYRKNDIMYKAASDNGDELONVLEHLNDIE
NeNaalh EQAENTLTTYEKSMTN-V-PLE LYKNTITAER——— 0 KRALEHLESDC
Splanls ASAYKIVDAFEST INQGY-PVOTQ EAMLIMNLY LK -—D--G-VEDAYKHLLSTE
AtNanls PKIVDKLSYEEQEVSLLSKVGRLEEANKLYRYLLSMXPINYRYHEGLAKCLGLYSESGQY
OsNanl SKIVOKLSFEEQUACILLKLGRFEEAEKTYRSLLEMNPDNYKYF IAVQKCLGLYSENGQY 2
lisNanl5 KQICOKIAVEETKGELLLGLCRLEDAADY Y RGLQERNPENWAY YKGLEKALK-
MaNaals KQICDKLAVEETKGELLLGLCRLI EKALK
DeNaals GQIVDKLAVRETMGILY IKLOQUEKAVPIFESLIRRNPENVLYYEQY INAR—
CeNanls THI TERNPDSLEYYDMLEKCHG
SeNanls PCVFDKIGLLERKAT | YMKLGQLEDAS [VERTLIKRNPONFEY YKLLEVSLG] -~~~
NeNaalh KNCLDRL EHPEYYKGLIEALE]-DE———
Sphaals KEVLDRVAFLETRAEYELYLSEMEEAKSTIYLLLDRNPDNHQYYYNLORAYGYEDASGE - 2
Athanlf SSIQIERLNALYSSLSEQYTRSSAYKR IPLOFLAED-ESFREAYARY IKPLLTRGYPSLES
DsNaals STODVDRLCELYSSLEEEYGWSSAVER TPLOFLEG-ERFQEAADNYVRPLLTEGVPSLIS
HsNaals PANMLERLE-IYEEAWTKYPRGLYPRRELPLNFLSG-EKFKECLDKFLEMNFSKGCPPYIN
MaNanls PANMLERLE- IYEEAWTKYPRGLYPRRLPLNFLSG-ERFKECLURFLEMNFSEGCPPYIN 52
DmNanld VTDSE PRELPLNIANG-DEFRVVTDEYLERGLREKGIPPLIV 1
CeNaalbs KDSPRAGL-AMLDGLAEKFERAAPRRLALYLVEG-EELRRRLHEWM I PMLREGAPSLFA
ScNaalh QGDNKLEK-ALYGKLEQFYPRCEPPRFIPLTFLQDKEELSKELREYVLPQLKRGYPATFS 346
ReNanls K-DEAA-LEATYDEYAAKYF SYFA
Spaald VLDSAEWLN-LYSQLAKRYPESECPTRLPLEKLEG-DEFLTHYDLYLEEKLKRGIPSYIV
AtNaals DLSSLYDHPRKP--DILEQLVVEMKHS IGTTGSFPGSDV-K--~~EPPSTLLWTLFFLAG 3BE
OsNanls DLSPLYEQPGK—-ANILEELFL EPPSTLLFTLFLISG 38R
lisNanld TLESLYKDKEK--VALIEELVVGYETSLESCRLINPNDDGKE-—-EFFTTLLVVQYYLAQ 382
MaNaals TLRESLYRDKEK—VAIVEELVVGYETSLESCRLFNPXDDGKE-—EPPTTLLWVOYYLAQ 382
DaNaals NVETLHQIPER--AAVIEELALQYFENLTRSGHFSREDADAGI PYEPASALYWTALFLAG 385
CoNanld SLYPLYKYPOK--QAVIESLITEYVKENDDEGYGNVELDGKDQECEPPTTALWLYYLASH 381
ScNaals NVEPLYQRRESKVSPLLEKIVLDYLSGLDPT-—————— —Q—DPIPFI-WINYYLSQ 392
NeNamls NLEHLYSEVAKK—EATLALAEEYLKEHKGSEQANGDSS - K-~~~ GVGAAL-—--YFLAQ 375
Sphanls DVESLYKDTEK--CRVYEDLVSKYASSLSTTNKFSEDDDNSQT—EIPTTLLFTYYFLAG 3RE
AtNaals HYDR-—RGQYDVALCEIDEATAHTPTVIDL TAMAL A
DsNaals HYDR—RGQYDIALDEIDEA ISHTPTY IDLYSIKGEILGHAGNFSAAMALADEARSMDLA
HsNaals HYDK-T-GQPSTALEY INTATESTPTLIELFLYKAKTYKHAGN IKEAARNMDEAQALDTA
MaNanl5 HYDK-1-GQPSTALEY INTATESTPTLIELFLVEAKTYKHAGN [ KEAARWMDEAQALDTA
DeNanls IVDY-M-ROTORALEY INVA TDHTPTLIELL ITKGR IFKHAGDPYEAY VW LEEAQSMDTA
CeNaalh HFDR--COMTQLALNY IERA IQHTFTVVENYMLEKAR 1Y KHAGDYDEAARNMEEAQSLUTA
SeNanl5 HFLF-LK-DEPKAGEY |DAALDHTFTLVEFY [LKARLKHLGLMOTAAGILEEGRQLILG 450
NeNaals HYNYHLSRDLAKAMEYYEQA TELDPENVDFHMTKAR IFKHQGOTAKASETMDRARSLDTK 435
SpNaals HFD-HY-GELEKAEKYYDLA IDHTPTLVELFMTEAR ISKHKGELQTAME IMDHARKLDLG 446
AtNanlh DRYINSECYERMLOADQVPLAEKTAVLFTKEGD-—-QLANLHDMQUMVYDLASGDSYIFRG 503
OsNanls DRYLNSECYMQMLOADQVGLAEKTAVLFTKDGD-——QINNLHDMQUMVYELASGESYYRQ 503
HsNaals DRFINSKCAKYMLKANL IKEAEEMCSKFTREGT--SAVENLNEWQOMVEQTECAQAYEAM A58
| KANL SAVENLNEMGQOMVEQTECAQAYEAM 486
DaNaalh DRY INSKCAKYMLRANMYQEAEE ICARFTREG-V-SAMDNLNEMQUNVFQTECALAYORM 501
CoNaals DRYINCKCCEYLLRAKRSDEANKMLAKFTREGE—NAASHLTOMOOMWYELESCRAFRSY GOT
ScNaalb DRFINCKTVEYFLRANNIDKAVEVASLFTENDDSYNGIKILHLVEASWF IVEQAEAYYRL 510
NeNanls DRY INSKAAKYQUENNENEKALETMGLITRAETVGGPLAIN TOMOCNWEL TEDGEARGR- 494
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Supplemental Figure S2. Naal5 is evolutionarily conserved among eukaryotes.
(A) Amino acid sequence alignment of Naal0 orthologs from multiple taxa. The
accessions of the Naal0 homologs are: Homo sapiens, NP_476516; Mus musculus,
NP_444319; Drosophila melanogaster, NP_573384; Caenorhabditis elegans,
NP_497180.3; Oryza sativa japonica, NP_001043582; Arabidopsis thaliana,
NP_001185448; Schizosaccharomyces pombe, NP_588160; Saccharomyces
cerevisiae, AJU80945; and Neurospora crassaOR74A, XP_962452.

(B) The phylogenetic tree of the Naal5 homologs was constructed using the

maximum-likelihood method with MEGA 6.
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Fluorescence DAPI Merge

Fluorescence Bright Field Merge

Supplemental Figure S3. Subcellular localization of Naal0 and Naal5 in N.
benthamiana and root of transgenic Arabidopsis.

The NaalO and Naal5 CDSs were fused to GFP and YFP, respectively, driven by the
35S promoter, and cloned into pCambial300. NaalO-GFP or Naal5-YFP was
expressed in N. benthamiana leaf epidermal cells (top panel and bottom panel,
respectively), p35S::Naal0-GFP was transformed into Arabidopsis (middle panel).
The subcellular localization of Naal0-GFP or Naal5-YFP was observed by confocal

laser scanning microscopy..
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Supplemental Figure S4. No physical interaction was detected between NaalO



and Naal5 in a yeast two-hybrid assay.

(A) There was no physical interaction between NaalO and Naal5 in yeast. Positive
control: pGADT7-T/pGBKT7-53; negative control: pGADT7-T/pGBKT7-Lam. The
interaction between NaalO and Naal5 was assessed by growth on SD/-His/-Leu/-Trp
and SD/-Ade/-His/-Leu/-Trp media.

(B) Both NaalO and Naal5 were expressed in yeast. HA-specific antibodies were
used to detect the proteins expressed as a fusion to an HA epitope tag from pGADT?.
c-Myc-specific antibodies were used to detect the proteins expressed as a fusion with
the c-Myc epitope tag from pGBKT7. AH109 cells without plasmid transformation

were used as a negative control.



