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Figure S1. UmVp1 is important for Ustilago maydis virulence. The expression patterns of
umvp1 (UMAGO00538) and see1 (UMAG02239) genes were retrieved from RNA sequencing
data generated from the maize leaves infected by the compatible FB1xFB2 strains [Lanver et
al., 2018]. Error bars indicate +SD. B. Gene expression profiling of vp71 and see? in maize
tassels by qRT-PCR. The expression of see? gene not detected in tassels was served as
negative control [Redkar et al., 2015]. Total RNA was extracted from maize tassels infected
with SG200 at 3, 6 and 9 dpi. The constitutively expressed U. maydis peptidylprolyl
isomerase (ppi) gene was used for normalization. The data represent the mean obtained
from three independent experiments and the error bars depict + SD. C. The 7-day-old-maize
seedlings of EGB variety were infected with the indicated strains and disease symptoms
were scored at 10 dpi. n, total numbers of infected plants from the three independent
infection assays; DI, average disease index of three independent infection assays; *P<0.05
indicates significant differences of disease symptoms in respective complementation strains
compared with Aumvp1 determined by a two-tailed Student’s t-test using the disease index
values. D. Maize seedlings infected by the indicated U. maydis strains were observed at 2
dpi by confocal microscopy. Fungal hyphae were stained with WGA-AF488 (green). Plant cell
walls were stained with propidium iodide (red). Bars: 200 um.
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Figure S2. UmVp1 is not glycosylated. The TCA-precipitated HA-Vp1 or Cmu1-HA
proteins were treated with (+) or without (-) deglycosylation enzyme mix (containing
PNGase F, O-glycosidase, B1-4 galactosidase, [B-N-acetylglucosaminidase, and
neuraminidase) according to the manufacturer’s protocol (NEB Cat# P6039). Cmu1-
HA served as positive controls [Djamei et al., 2011]. The protein samples were
separated on SDS-PAGE and analyzed by western blotting using the anti-HA
antibody.
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Orthologs Coverage Identity E value for
(%) (%) RBH
Pseudozyma hubeiensis 80 58.8 6e-121
XP_012192856.1
Sporisorium reilianum 94 53.3 2e-109
CBQ67951.1
Sporisorium scitamineum 93 50.77 3e-105
CDhuU24160.1
Melanopsichium 75 50.14 1e-93
pennsylvanicum
CDI51462.1
Moesziomyces antarcticus 92 45.87 4e-86
XP_014659418.1
Moesziomyces aphidis 91 47.87 7e-88
ETS63783.1
Ustilago hordei 64 59.35 4e-93
CAJ41947.1
Ustilago trichophora 67 56.47 6e-91
SP0O21134.1
Ustilago bromivora 66 60.2 8e-96
SAM61624.1
Testicularia cyperi 65 52.34 2e-57
PWY98796.1
Vp1l orthologs Signal peptide Probability
1 Ustilago maydis MLARLWQSSVTSLVPLLLRLLLAPSYITA | 0.6638
2 Pseudozyma hubeiensis MITRSVQSTFALLLVTVTLLLASSPPVAS 0.8060
3 Sporisorium reilianum SRZ2 MGERSGRLLLYITVLVMLVSPRVLG 0.9728
4 Sporisorium scitamineum MTLRPQLTSLTLCVVLLSLLSLHITA 0.8533
5 Ustilago bromivora MIARFTNLILVVIGIATGVLS 0.8605
6 Ustilago hordei MIARFTNLILVVIGIATGVLS 0.8044
7 | Melanopsichium MMTVAPFYLSLRLWLVLLTASSTVLT 0.7058
pennsylvanicum 4
8 Moesziomyces aphidis MLSMKLFVVPATVVLACLCKAAA 0.7541
9 Ustilago trichophora MSRLSSVLSLFVLLSSSRVMS 0.9201
10 | Moesziomyces antarcticus T- | MKLFVVPVTVVLACLCNAAA 0.6159
34
11 | Testicularia cyperi MRRHHRHSLSCVTRRFGLVLLLFLLVAW | 0.8794

ISA




Figure S3. The analysis of Vp1 orthologs in smut-fungi. A. The amino acid sequence
alignments of Vp1 orthologs in related smut fungi. The full length sequences of the
orthologs were obtained from NCBI database, aligned using Clustal Omega, and
visualized using Genedoc. The predicted N-terminal signal peptides are boxed in green.
The orange line indicates the predicted NLS in each ortholog by LOCALIZER
(http://localizer.csiro.au/). The red line indicates the conserved N-terminal regions among
othologs. The blue dashed line indicates the disorder region of UmVp1 predicted by D2P?2
(https://d2p2.pro/). Testicularia cyperi (Tc) [Kijpornyongpan et al., 2018] ; U. bromivora
(Ub) [Rabe et al., 2016]; U. hordei (Uh) [Laurie et al., 2012]; U. trichophora (Ut)
[Zambanini et al., 2016]; Moesziomyces aphidis (Map) [Lorenz et al., 2014];
Moesziomyces antarcticus (Man) [Morita et al., 2013]; Melanopsichium pennsylvanicum
(Mp) [Sharma et al., 2014]; Sporisorium reilianum (Sr) [Schirawski et al., 2010];
Sporisorium scitamineum (Ss) [Dutheil et al., 2016]; Ustilago maydis (Um) [Kamper et al.,
2006]; Pseudozyma hubeiensis (Ph) [Konishi et al., 2013]. B. The Vp1 orthologs identified
in smut fungi through a blastP analysis and reciprocal best blast hits (RBH) and OrthoDB
search. C. Signal peptide sequences of Vp1 orthologs predicted by SignalP5.0
(http://www.cbs.dtu.dk/services/SignalP/) are shown.
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Figure S4. Secretion of Vp1-mCherry protein in plant apoplastic space. A. Maize leaves
infected with the indicated strains were collected at 3 dpi. The mCherry fluorescence
signals in plasmolysis area (indicated by arrows) were visualized by confocal microscopy
(excitation at 561 nm and detection at 580-630 nm) after the leaves treated with 1M NaCl.
Bar, 10 ym. B. Infected leaves were collected at 3 dpi and the total proteins extracted by
sample buffer and analyzed in immunoblots using antibody against mCherry epitope (Total
cell lysate). Total proteins from apoplastic fluid were collected from infected leaves using
vacuum-centrifugation method and TCA-precipitated. CBS: Coomassie blue staining as a
loading control.
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Figure S5. Subcellular localization of the GFP fused Vp1 proteins in maize
protoplasts from healthy plants. GFP-tagged Vp1 and the nuclear marker 35s-
RFP-VirD2NLS were co-expressed in maize protoplasts and visualized by
confocal microscopy. Bars, 5 pm.
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Figure S6. Subcellular localization of GFP fused UmVp1, UhVp1 and UmVp1-
nls proteins in N. benthamiana leaves. The GFP-tagged Vp1 and the nuclear
marker 35s-RFP-VirD2NLS were co-expressed N. benthamiana leaves and
observed after 2 days of inoculation and visualized by confocal microscopy.
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Figure S7. Gene expression profiling of srvp7 by qRT-PCR. Total RNA was
extracted from leaves infected with SG200Avp1-srvp1 at 3 and 6 dpi. The
constitutively expressed U. maydis peptidylprolyl isomerase (ppi) gene was
used for normalization. The data represent the mean obtained from three
independent experiments and the error bars depict mean + SD.



Table S1. Primers used in this study

Plasmids Primers Sequenences (5'-3')
(Generating vp1 mutant #1 GCTCGAGTTTTTCAGCAAGATAATATTGTTCAGGACAAAGCGGTATCTC
pJET-vp1KO) #2 CGCAATTGTCACGCCATGGTGGCCATCTAGGCCTCCGAGAGCTTGCCGCTCGTAG
#3 CTGTGCGGCCGCATTAATAGGCCTGAGTGGCCAAGCTCCAGAAAGCTTGAC
#4 A\GGAGATCTTCTAGAAAGATAATATTGTGCCGAGCCACTGATATG
- omplementation #5 GCCATATGTTGTTCAGGACAAAGCGGTATCTC
p123-vp1 #6 \TGCGGCCGCTTTAACGAGCAGCGACTGTTTTG
p123-HA-vp1 #7 GCTTAACTATGCGGCAT
#8 A TAGTCGGGGACGTCGTAGGGATACGCCGTAATGTACGATGG
#9 CCTACGACGTCCCCGACTATGCCTACCACCTGTCACCTACTG
#10 __ |AAGACCGGCAACAGGATTCAATC
p123-otef-HA-vp1 #11 TCCCCCGGGATGTTGGCACGACTCTGG
#6 \TGCGGCCGCTTTAACGAGCAGCGACTGTTTTG
p123-gfp-vp1 #7 GCTTAACTATGCGGCAT

#12 ICCTTGCTCACCGCCGTAATGTACGATGGTG

#13 ICATTACGGCGGTGAGCAAGGGCGAGGAGCTG

#14 IGGTATCTAGACTTGTACAGCTCGTCCATGC

#15 IGCTGTACAAGTCTAGATACCACCTGTCACCTACTG

#16 IAAGACCGGCAACAGGATTCAATC

p123-vp1-gfp #7 GCTTAACTATGCGGCAT

#17 IGCCCTTGCTCACTCTAGAACGAGCAGCGACTGTTTTGC

#18 IGTTCTAGAGTGAGCAAGGGCGAGGAG

#19 ICGATCTGCAGCCGGGCGGCCGCTTTACTTGTACAGCTCGTCC

p123-Uhvp1 #7 GCTTAACTATGCGGCAT

#20 __ |CGAGAGCTTGCCGCTCGTAG

#21 CAAGCTCTCGGAATGATTGCTCGATTCACCAATC

#22  |CGATCTGCAGCCGGGCGGCCGCTCTAGAAGCCCATCTCCGTG
p123-Srvpt #7 GCTTAACTATGCGGCAT

#20 __ |CGAGAGCTTGCCGCTCGTAG

#23 __ |CAAGCTCTCGGAATGGGTGAGCGATCCGGGCG

#24 __ |CGATCTGCAGCCGGGCGGCCGCTTCAAACGGCAGCAGCGCTGC
p123-Ssvpt #7 GCTTAACTATGCGGCAT

#20 __ |CGAGAGCTTGCCGCTCGTAG

#25 _ |CTACGAGCGGCAAGCTCTCGGAATGACTTTGCGACCCCAGCTG

#26___ |GATCTGCAGCCGGGCGGCCGCTTCACACGTGCGCAGAAGCAC
p123-Mpvp1 #7 GCTTAACTATGCGGCAT

#20 __ |CGAGAGCTTGCCGCTCGTAG

#27 __ JCTACGAGCGGCAAGCTCTCGGAATGATGACGGTGGCTCCTTTC

#28 __ |GATCTGCAGCCGGGCGGCCGCTTCAATGCTGGTGGAGGATAC

p123-SP,,;-Srvp1 #7 GCTTAACTATGCGGCAT

#29 IGACAGCTTGTACGCCGTAATGTACGATGGTG

#30 ICATTACGGCGTACAAGCTGTCTCCCGTGG

#24 ICGATCTGCAGCCGGGCGGCCGCTTCAAACGGCAGCAGCGCTGC




p123-SPp-Uhvpl| 47 GCTTAACTATGCGGCAT

#31 IGACAGCTTGTACGCCGTAATGTACGATGGTG

#32 ICATTACGGCGTACAAGCTGTCGTCAGACG

#22 ICGATCTGCAGCCGGGCGGCCGCTCTAGAAGCCCATCTCCGTG

p123-vpl-nis’| 47 GCTTAACTATGCGGCAT

#33  |GAAAGCCGGAAGAAAAAGGCACACTAGCCGCGGCGAAGCCCATCGGTGTC

#34 GCCTTTTTCTTCCGGCTTTCTTGCTGCCCACGCAAGCGCAACAGTCGCTGCTCG

#35 ICCTTTGAGTGAGCTGATACC

p123-otef-dSP-HAY 445  [TCCCCCGGGATGTATCCCTACGACGTCCCC

vp1
P #6 IATGCGGCCGCTTTAACGAGCAGCGACTGTTTTG

p123-vp1(Anls #5  |GCCATATGTTGTTCAGGACAAAGCGGTATCTC

#46 IGGGCGGCCGCCTAGAAGCCCATCGGTGTCGGTG

p123-otefvp1-HAl 411  [TCCCCCGGGATGTTGGCACGACTCTGG

#4T ICGGGGACGTCGTAGGGATATCTAGAACGAGCAGCGACTGTTTTG

#48 [GATATCCCTACGACGTCCCCGACTATGCCTAGGCGGCCGCCCGGCTG

#35 ICCTTTGAGTGAGCTGATACC

p123-otef-vp1(Anis}HAl 411  [TCCCCCGGGATGTTGGCACGACTCTGG

#49 IGACGTCGTAGGGATATCTAGAGAAGCCCATCGGTGTCGGTG

p123-otef-vp1-mCherryHAl 450  |GTTCTAGAAAGGGCGAGGAGGATAACATG

#51 IGGCGGCCGCTTAAGCGTAATCTGGAACATC

p123--otef-wp1(nis™){  #11  [TCCCCCGGGATGTTGGCACGACTCTGG

mCherryHA
#52 ICTTTCTAGAACGAGCAGCGACTGTTGC

p123-otef-vpl-mCherry|  #50  |GTTCTAGAAAGGGCGAGGAGGATAACATG

#53 ICCGCGGCCGCTTTACTTGTACAGCTCGTCCATG

#36 ICAAGCTAATTCTGCAGTCGACATGGTGAGCAAGGGCGAGGAG

Localization
pEZRK-gfp-vpl|  #37  |CATTAAAGCAGGACTCTAGATTAACGAGCAGCGACTGTTTTG
PEZRK-vp1-gfpl  #38  |GAGCTCAAGCTAATTCTGCAGTCGACATGTACCACCTGTCACC
#39  [CATTAAAGCAGGACTCTAGATTACTTGTACAGCTCGTCCATG
PEZRK-gfp-Uhvp1) 440  |CATGGACGAGCTGTACAAGTCTAGATACAAGCTGTCGTCAGAC
#41 __ |CTCATTAAAGCAGGACTCTAGACTAGAAGCCCATCTCCGTG
PEZRK-gfp-vp1(nls™)  #35  | CAAGCTAATTCTGCAGTCGACATGGTGAGCAAGGGCGAGGAG
#42  [CATTAAAGCAGGACTCTAGATTAACGAGCAGCGACTGTTG
PEZRK-rfp-virD2nls) 443  |GCTCAAGCTAATTCTGCAGTCGACATGGCCTCCTCCGAGGAC
#44 _ [CTCATTAAAGCAGGACTCTAGATTATAGGTGGATCCCGACGC
(Gene expression and fungal pi-F IACATCGTCAAGGCTATCG
biomass

pi-R IAAAGAACACCGGACTTGG

GAPDH-F [CTTCGGCATTGTTGAGGGTTTG

IGAPDH-R [TCCTTGGCTGAGGGTCCGTC

vp1-F IGGTCATCTACAACTGCCTCCCA

vp1-R ICGGTGCTTTCTGTGTCTGTC

Seel-F TCAGGTGCAAGGAGAAGG

Seel-R IACAGAATACTCCGCTTCCC

Srvp1-F CACCGGGCACTTTCAAATATC

Srvp1-R_ |CTTTTGGTGGTTCCGCTTTCG




Table S2. U. maydis strains used in this study

Strain name Genotype Reference
SG200 al mfa2 bw2 Miller et al., 1999
SG200Avp1 a1l mfa2 bW2 Aumag00538 (vp1) This study
SG200AVp1-vp1 a1 mfa2 bW2 Avp1 ip'[Pp1:vp1]ip® This study
SG200Avp1-HA-vp1 a1 mfa2 bW2 Avp1 ip'[Pp1:HA-vp1]ip® This study
SG200Avp1-otef-HA-vp1 a1l mfa2 bW2 Avp1 ip'[Poer:HA-vp 1]ip® This study
SG200Avp1-gfp-vp1 a1 mfa2 bW2 Avp1 ip'[Pp1:gfp-vp1]Jip® This study
SG200Avp1-vp1-gfp a1l mfa2 bW2 Avp1 ip'[Py1:vp1-gfpJip® This study
SG200Avp1-vp1 (nls*) a1 mfa2 bW2 Avp1 ip'[Pyp1:vp1nis*ip® This study
SG200Avp1-uhvp1 a1 mfa2 bW2 Avp1 ip'[Py1:ubvp1]ip® This study
SG200AVp1-srvp1 a1 mfa2 bWz Avp1 ip'[Pyp1:srvp1]ip® This study
SG200AvVp1-ssvp1 atl mfa2 bW2 Avp1 ip'[Pyps:ssvp]ip® This study
SG200Avp1-mpvp1 a1l mfa2 bWz Avp1 ip'[Pyp1:mpvp1]ip® This study
SG200AVp1-SP, _,-uhvp1 a1 mfa2 bW2 Avp1 ip'[Pyp1:SPypr:uhvp1]ip® This study
SG200AVp1-SP,, ,-srvp1 atl mfa2 bW2 Avp1 ip'[Pyp1:SPypr:srvp]ip® This study
SG200Avp1-otef-dSP-HA-vp1 a1 mfa2 bW2 Avp1 ip'[Poter:dSP-HA-vp1]ip® This study
SG200Avp1-vp1(Anls) atl mfa2 bWz Avp1 ip'[Pup1:vp1(Anis)Jip® This study
SG200Avp1-otef-vp1-HA a1l mfa2 bW2 Avp1 ip'[Poter:vp 1-HAJip® This study
SG200Avp1-otef-vp1(Anls)-HA atl mfa2 bW2 Avp1 ip'[Poter:vp1(Anls)-HA]ip® This study

SG200-otef-SP-Cmu1-HA

a1l mfa2 bW2 ip'[Poter: SP-Cmu1-HA]Jip®

Djamei et al., 2011

SG200Avp1-otef-vp1-mCherryHA a1l mfa2 bW2 Avp1 ip'[Poter:vp1-mCherryHAJip® This study
rsn%i‘;?épp/: -otef-vp1(nis®)- a1 mfa2 bBW2 Avp1 ip[Poervp(nis*)-mCherryHAJip*|  This study
SG200Avp1-otef-vp1-mCherry a1 mfa2 bW2 Avp1 ip'[Power:vp 1-mCherry]ip® This study
SG200-otef-mCherry-HA a1 mfa2 bW2 ip'[PoermCherryHAJip" Provﬁiﬂn&irﬁegme
SG200-P,,1-SP-mCherry- - r .op. A . s | Provided by Regine
AvitagHA u al mfa2 bW2 ip'[Pcmu1:SP-mCherry-AvitagHA]ip Kahmann
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