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Supplemental Figure S1. Apoplatic fluid from P. sojae infected soybean leaves
triggers cell death in N. benthamiana. A, Infected apoplastic fluid (I, II), protease
K treated-infected apoplastic fluid (111), uninfected apoplastic fluid (IV). Cell death
was photographed 4 days after infiltration. B, Uninfected (WT) or infected
apoplastic fluid was run in SDS-PAGE and stained with Coomassie brilliant blue

(CBB).
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Supplemental Figure S2. Detection of transient expressed proteins by western blot. Expected protein
bonds were indicated by red arrowheads. Ponceau staining was used to indicate equal loading in each
sample.



JGI ID No. of Peptide Hits Protein

(Phytophthora sojae v1.1) Peptide Sequence in soybean Function prediction
141896 5 QM EDFGDEEYKNMVAVEPG | 14/20 Aldose 1 -epimerase
ESFLDGVNPIR 0/11

LTHPYGSSAEVYHFGAHVK | 14/19

MDVLFMSK 0/8

NTNKDPIEFHALLHNYLW VD | /25
DATNK

Supplemental Figure S3. Unique peptides matching AEP1 identified in
the apoplast fluid.
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ELETVKLTHPYGSSAEVYHFGAHVKSFHPAMDPKMDVLFMSKESFLDGVNPIRGGIPVVF PNFGSAKGFP-
SHGFARITNW(loop 1) TLASYKNAADKNSPSVAKFTMESSNSTRKMWPVDF(loop 2)KLEYEVKLYGNELK-
TALRVRNTNKDPIEFHALLHNYLWVDDATNKGVQVLGLK(loop 3)GVDYYDKVAKVNATETRAYIDFAN-
QTDNVYSNAPNTLHAVIKGVNAVDRTVKSGSISNG SKAVKTQTD(loop 4)AVVWNPWADRAKAMEDFG-
DEEYKNMVAVEPGRVSVKQALPAGQTYTLAESISVTTA

Supplemental Figure S4. Physico-chemical properties of AEP1 protein. A, Production of reactive oxygen
species (ROS) in N. benthamiana leaves treated by 1 uM AEP1, heat-treated 1 uM AEP1 or SDS treated 1 uM
AEPI1. EV was used as a negative control. Mean values+SE of three replicates are shown. B, Dose-response
relationship for AEP1-induced ROS in N. benthamiana leaves. A concentration gradient of AEP1 protein
(0.001pug/ml, 0.01pg/ml, 0.1ug/ml, 1ug/ml, 10ug/ml and 50ug/ml) was tested. The maximums of ROS burst in
1 hour were caculated. Mean values=SE of three replicates is shown. C, The predicted secondary structure of
AEP1. Helix, sheet and loop are marked as cyan, magenta and lightpink. D, AEP1 protein structural model is
built. 2ciq (a hexose-6phosphate mutarotase, yeast ymr099c) was designed as template (32.15% identity with
AEP1). Loops containing moren than 10 animo acids are signed as loop1, loop2, loop3 and loop4. E, The sur-
face of AEP1 protei structure. The catalytic animo aicd E292 is marked as red.
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Supplemental Figure S5. Sequence (without signal peptide) alignment of secreted aldose
1-epimerase in difterent Phytophthora spp. 4 loops and catalytic animo acid is framed by red
boxes.
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Supplemental Figure S6. The N-terminal region is required for AEP1 trig-
gered cell death. A, The schematic of AEP1 and deletion mutants. B, Cell
death triggered by AEP1 or deletion mutants. AEP1 and mutants were
transiently expressed in N. benthamiana leaves. Cell death was photo-
graphed at 4 dpi. The background of photo was deducted for a better
display. GFP was used as a negative control. C, Expression of AEP1 and
mutants detected by western blot using anti-HA. Ponceau staining was used
to indicate the amount of loading in each sample.



Williams 82

XEGK AEPI

y’

XEGI

Jidou 1812

Zhonghuang 222

Fudou 06-32

|

XEG1  AEPI1
Y

AEPI XEGA}’ NS
k4

B C
Williams 82 AEPI Soybean
2.0= - EV 200 —. Williams 82
AEP1
— Jidou 1812
% 1.5+ T -+ . 150 e, Zhonghuang 222
g T 3
<= 4 Fudou 06-32
Q
= 1.0+ T g
e . 3
2 . «
§ 0.5+
[0)
a4
N, ' s
0.0 = I
> O Q,b O @ &> 0O 5 10 15 20 25 30 35 40 45 50
& & F & Time(min)
& & &
€ €
D
flg22
Soybean
— Williams 82
30000+ — Jidou 1812+
— —— Zhonghuang 222
)
¥ 20000+ Fudou 06-32
»n
%
10000~
N e (RN 5 o T
1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Time(min)

Supplemental Figure S7. AEP1 could not trigger cell death or immune responses in soybean. A, Cell
death triggered by the purified AEP1 and XEGI protein. Purified AEP1 protein was infiltrated into
soybean leaves (20 uM). XEG1 was used as a positive control. Cell death was photographed 7 days

after infiltration of indicated proteins.

The background of photo was deducted for a better display.

Experiment was repeated with similar result. B. Relative expression of defense-related marker genes in
soybean roots triggered by AEP1 (1 um). Transcript levels were normalized to soybean GmCYP2. Bars
represent the mean fold changes of AEP1-treated soybean roots relative to EV-treated soybean roots.

The value of EV treated roots was set

as 1. All the experiments repeated three times with similar

results. C, D. Production of reactive oxygen species (ROS) in soybean leaves treated by 1 uM AEP1 or
flg22 (200 nM). flg22 was used as a positive control. Mean values=SE of three replicates are shown.
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Supplemental Figure S8. AEP1 could trigger ROS burst in
Arabidopsis. Production of reactive oxygen species (ROS) in
Arabidopsis Col-0 and bakl-4 leaves treated by 1 uM AEP1 or
flg22 (200 nM). f1g22 was used as a positive control. Mean val-
ues=SE of three replicates are shown.
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Supplemental Figure S9. Phytophthora sojae effectors could suppress AEP1 triggered cell death.
A, AEP1 or INF1 was agro-infiltrated in N. benthamiana 12 h post agro-infiltrated with P. sojae
RxLR effectors. GFP was used as a negative control. The arrowhead is red when cell death is sup-
pressed. Cell death was photographed 3 days after infiltration with AEP1 and INF1. This experi-
ment was repeated 3 times with similar results. B, Western-blot of INF1 or AEP1 when co-ex-
pressed with effectors. C, Western-blot of expressed effectors. Ponceau staining was used to indi-
cate the amount of loading in each sample in each sample.
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Supplemental Figure S10. Aldose 1-epimerases are highly
expressed during infection. Relative expression of P. sojae aldose
1-epimerases at MY-mycelium, ZOO-zoospores and infection
stages. Transcript levels were normalized to P. sojae actin. AEP1
expression fold in the mycelium stage was set as 1.



Il Oh
OT3 CYP71D20 3h

@

17

- *

o *

—_ [\ (O8]
o] o] )
() () ()
[ ] [ ] J

Relative fold change

o o —_ —_
S W O W
L [ ] 1 l L

Supplemental Figure S11. Phytophthora sojae AEP1-overexpression lines triggered stronger immune
responses on N. benthamiana. A-B, Cell death or H202 accumulation induced by infection of P. sojae in
leaves of N. benthamiana. N. benthamiana leaves were inoculated by P. sojae zoospores and were col-
lected 2 days post inoculation. Cell death was photographed under a microscope after trypan blue or
DAB staining. Bars=500 um. C, Relative expression of CYP71D20 in N. benthamiana leaves triggered
by zoospores of P. sojae. Samples were collected 0 and 3 hours after soak-inoculated with zoospores
(100/10 pl). Leaf samples were assayed by RT-qPCR. Transcript levels were normalized to EF-1a. Bars
represent the mean fold changes of the 3 hours inoculation samples relative to 0 hours inoculation sam-
ples, which was set as 1. Error bars represent the standard deviation of three biological repeats. *, signif-
icant differences (P < 0.05, t-test).



B 25 C 600 . T
500 o~
S 2.01 400 . g B E292D-1
§ 2 300 i i . E 0 E292D-2
sS4 " = 200 L W oTI
—
R E K] £ W ST4
o "S 1.0 Z )
= s 1.0 &
§ O
S 05 B o5 E
0.0+ 0.0 =

Supplemental Figure S12. AEP1 contributes to P. sojae virulence by its enzyme activity. A, Disease
symptoms of the etiolated soybean seedlings inoculated with P. sojae strains. Disease symptoms were
photographed 2 days post inoculation (dp1). Phytophthora infection assay was repeated three times
with similar results. B, Relative biomass of P. sojae strains detected in the inoculated etiolated soybean
seedlings. Inoculated samples were collected 2 dpi and were used to isolate gDNA for quantitative
PCR. The values were calculated by normalizing P. sojae actin to soybean GmCYP2 and the value
detected in P6497-inoculated sample was set as 1. Error bars represent the standard deviation of three
biological repeats. *, significant differences (P < 0.05, t-test). C, Transcript levels of AEPI in myceli-
um of P. sojae transformants assayed by RT-qPCR. P. sojae actin was used as an internal reference.
AEPI expression levels were normalized to that detected in P6497. *, significant differences (P < 0.05,
t-test). D, E, P. sojae strains were cultured on V8 medium. Colonies were photographed and their
growth was measured. Error bars represent the standard deviation of three biological repeats.
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Supplemental Figure S13. Time points of the amount of exracel-
lular D-glucose uptaken by Phytophthora strains. Error bars
represent the standard deviation of three biological repeats.



Supplementary table 1

PrimersSequencesUsed for

pGR107(C)3HA-AEPI-F: CAGCACCAGCTAGCATCGATGGTGTTCTCCATC cloning full length AEP1 in P. sojae
pGR107(C)3HA-AEPI-R: AATCTCTAGAGGATCCCCGGCCGTGGTGACCGA

pGR107(C)3HA-Ps141898-F: CAGCACCAGCTAGCATCGATGGTGTTCCCCATC cloning full length Ps141898 in P. sojae
pGR107(C)3HA-Ps141898-R: AATCTCTAGAGGATCCCCCAGAGTGGTGACCGA

pGR107(C)3HA-Ps138908-F: CAGCACCAGCTAGCATCGATGGTGTGCTCCTTCcloning full length Ps138908 in P. sojae
pGR107(C)3HA-Ps138908-R: AATCTCTAGAGGATCCCCCGAGTATCGGATGGC

pGR107(C)3HA-Ps139507-F: CAGCACCAGCTAGCATCGATGGCGCGCTCATCTcloning full length Ps139507 in P. sojae
pGR107(C)3HA-Ps139507-R: AATCTCTAGAGGATCCCCGCTTCTTGAGCTAGAAT

pGR107(C)3HA-AEPInosp-F: GATAGCCGGTACCCCCATGGAGCTCGAGACCGTCcloning AEP1 without signal peptide in P. sojae
pGR107(C)3HA-Ps142215-F: CAGCACCAGCTAGCATCGATGTTGGCCTTCAAGcloning full length Ps142215 in P. sojae
pGR107(C)3HA-Ps142215-R: AATCTCTAGAGGATCCCCGGCCTTGGCGACGCT

pGR107(C)3HA-PPTG08586-F: CAGCACCAGCTAGCATCGATGGTTAACGCTTTCATCTTCAAGcloning full length PPTG08586 in P. parasitica
pGR107(C)3HA-PPTG08586-R: AATCTCTAGAGGATCCCCCAGCGTGGTGACCGAGATG

pGR107(C)3HA-PPTG11132-F: CAGCACCAGCTAGCATCGATGGTTACCTCGTTCGTGTCCAcloning full length PPTG11132 in P. parasitica
pGR107(C)3HA-PPTG11132-R: AATCTCTAGAGGATCCCCGAGCGAGGTGACCGTGATACTC

pGR107(C)3HA-PPTG08590-F: CAGCACCAGCTAGCATCGATGCCGGCCTTCCAGTCTcloning full length PPTG08590 in P. parasitica
pGR107(C)3HA-PPTG08590-R: AATCTCTAGAGGATCCCCAGCCTCCGCCACAGTGATC

pGR107(C)3HA-PPTG15370-F: CAGCACCAGCTAGCATCGATGGTATACTCCTTCCTGTTCAAGTCGcloning full length PPTG15370 in P. parasitica
pGR107(C)3HA-PPTG15370-R: AATCTCTAGAGGATCCCCGTTAGTGATGCGGGCAAAGC

pGR107(C)3HA-PITG_14720 -F: CAGCACCAGCTAGCATCGATGGTTAACGCATTCATCTTCAAGcloning full length PITG_14720 in P. infestans
pGR107(C)3HA-PITG_14720 -R: AATCTCTAGAGGATCCCCCAAAGTGGTGACCGAGATGGTC

pGR107(C)3HA-PITG_11528 -F: CAGCACCAGCTAGCATCGATGGTCAGCTCGTTCATGTCCAcloning full length PITG_11528 in P. infestans
pGR107(C)3HA-PITG_11528 -R: AATCTCTAGAGGATCCCCCAGTTGTGTGGGCTTGACCG

pGR107(C)3HA-PITG_15093 -F: CAGCACCAGCTAGCATCGATGGTGTACTCCTTCTTGTTCAAGAC Ccloning full length PITG_15093 in P. infestans
pGR107(C)3HA-PITG_15093 -R: AATCTCTAGAGGATCCCCAGAGAAGCGCTGACCCGAA

pGR107(C)3HA-PITG_20953 -F: CAGCACCAGCTAGCATCGATGGTCAGCTCGTTCATGTCCAcloning full length PITG_20953 in P. infestans
pGR107(C)3HA-PITG_20953 -R: AATCTCTAGAGGATCCCCCAGTCGTGTGGGCTTGACCG

pGR107(C)3HA-Pc_119558 -F: CAGCACCAGCTAGCATCGATGGTCAACGCTTTCATTTTCAcloning full length Pc_119558 in P. capsici
pGR107(C)3HA-Pc_119558 -R: AATCTCTAGAGGATCCCCCAGCGTGGTGACCGAGATG

pGR107(C)3HA-Pc119659 -F: CAGCACCAGCTAGCATCGATGCCATCCTTCCAGTCTATCGcloning full length Pc119659 in P. capsici
pGR107(C)3HA-Pc119659 -R: AATCTCTAGAGGATCCCCAGCTTCCGCTACAGCGATGG

pPIC9K-nospAEP1-6*his-F: GAAGCTTACGTAGAAGAGCTCGAGACCGTCcloning AEP1 without signal peptide
pPICIK-nospAEP1-6*his-R: GAATTAATTCGCGGCTCAGTGGTGGTGGTGGTGGTGGGCCGTGGTGACCGA

AEPI(E292D)-1R: GTCGACGGCGACCATGTTCTsite mutant of AEPI

AEP1(E292D)-2R: CATGGTCGCCGTCGACCCCGGCCGCGTGA

pTOR(C)GFP-AEPI-F: CTCGAGGTCGACGGTATCATGGTGTTCTCCATCcloning full length AEP1

pTOR(C)GFP-AEPI-R: GGTGAATTCGATATCATCGGCCGTGGTGACCGA

PsActin-F: ACTGCACCTTCCAGACCATC P. sojae biomass analysis

PsActin-R: CCACCACCTTGATCTTCATG

NbEF1a-RT-F: GTATGCCTGGGTGCTTGACAntje Heese et al., 2007

NbEF1a-RT-R: ACAGGGACAGTTCCAATACCA

qPCR-GmCYP2-F: CGGGACCAGTGTGCTTCTTCAsoybean biomass analysis

qPCR-GmCYP2-R: CCCCTCCACTACAAAGGCTCG

RT-NbCyp71D20-F: GTTGACGCCATTGTTGAG Antje Heese et al., 2007

RT-NbCyp71D20-R : ATCTTCGCCTCCTAATGC

RT Pti5 F: CCTCCAAGTTTGAGCTCGGATAGT inducing expression analysis in N. benthamiana

RT_Pti5_ R: CCAAGAAATTCTCCATGCACTCTGTC

RT_Acre3l F: AATTCGGCCATCGTGATCTTGGTC inducing expression analysis in N. benthamiana

RT_Acre31_R: GAGAAACTGGGATTGCCTGAAGGA

RT_NbWRKY7_F: CACAAGGGTACAAACAACACAG inducing expression analysis in N. benthamiana

RT NbWRKY7 R: GGTTGCATTTGGTTCATGTAAG

RT NbWRKY8 F: AACAATGGTGCCAATAATGC inducing expression analysis in N. benthamiana

RT_NbWRKYS8 R: TGCATATCCTGAGAAACCATT

RT-AEPI-F: CGATGCCGTCGTCTGGA Asilencing efficiency analysis

RT-AEPI-R: GCCGTGGTGACCGAAATG

RT-Ps141898-F: ATTGAGTTCCACGCTCTGCTsilencing efficiency analysis

RT-Ps141898-R: ACACGTTGTCCGTCTGGTTAG

RT-Ps138908-F: CCACCGATGAGACCAAGG silencing efficiency analysis

RT-Ps138908-R: TCGTTCACGGCGATGTAG

RT-Ps139507-F: CCACCGATGAGACCAAGC silencing efficiency analysis

RT-Ps139507-R: TCGTTCACGGCGATGTAG

pGR107(C)3HA-Ps145088-F: CAGCACCAGCTAGCATCGATGGTTACGATCTCCGG  cloning full length Ps145088 in P. sojae
pGR107(C)3HA-Ps145088-R: AATCTCTAGAGGATCCCCAGCCAGAGCAGGGAT

pGR107(C)3HA-Ps136238-F: CAGCACCAGCTAGCATCGATGGTTGTTTCCGTC cloning full length Ps136238 in P. sojae
pGR107(C)3HA-Ps136238-R: AATCTCTAGAGGATCCCCAGCCAGAGCGGGGAT

pGR107(C)3HA-Ps128784-F: CAGCACCAGCTAGCATCGATGCAGATCATCGCC cloning full length Ps128784 in P. sojae
pGR107(C)3HA-Ps128784-R: AATCTCTAGAGGATCCCCAGACAGGTATGTGGTGT

pGR107(C)3HA-Ps128733-F: CAGCACCAGCTAGCATCGATGCAGATCTTCGCT cloning full length Ps128733 in P. sojae
pGR107(C)3HA-Ps128733-R: AATCTCTAGAGGATCCCCCAGGTACGAGGTGTCG

pGR107(C)3HA-Ps123922-F: CAGCACCAGCTAGCATCGATGAACGTCCGTCTC cloning full length Ps123922 in P. sojae
pGR107(C)3HA-Ps123922-R: AATCTCTAGAGGATCCCCGTAGCTGTCCACCTTG



pGR107(C)3HA-Ps131879-F: CAGCACCAGCTAGCATCGATGTTCCTCAAGACGG  cloning full length Ps131879 in P. sojae
pGR107(C)3HA-Ps131879-R: CAGCACCAGCTAGCATCGATGTTCCTCAAGACGG

pGR107(C)3HA-Ps135222-F: CAGCACCAGCTAGCATCGATGCGAGCGCTGGCA  cloning full length Ps135222 in P. sojae
pGR107(C)3HA-Ps135222-R: CAGCACCAGCTAGCATCGATGCGAGCGCTGGCA

pGR107(C)3HA-Ps139507-F: TCAGCACCAGCTAGCATATGGCGCGCTCATCTC cloning full length Ps139507 in P. sojae
pGR107(C)3HA-Ps139507-R: TAGAGGATCCCCGGGAATGCTTCTTGAGCTAGAATTGCC

pGR107(C)3HA-Ps139431-F: CAGCACCAGCTAGCATCGATGCTGAGCCCCAAG cloning full length Ps139431 in P. sojae
pGR107(C)3HA-Ps139431-R: TAGAGGATCCCCGGGAATACAGGCCTTGCCTTC

pGR107(C)3HA-Ps143393-F: CAGCACCAGCTAGCATCGATGAAGATCTTCGCCG  cloning full length Ps143393 in P. sojae
pGR107(C)3HA-Ps143393-R: TAGAGGATCCCCGGGAATCAGCAACGCCGTCAC

pGR107(C)3HA-Ps140695-F: CAGCACCAGCTAGCATCGATGGTGAACGCCAAG cloning full length Ps140695 in P. sojae
pGR107(C)3HA-Ps140695-R: AATCTCTAGAGGATCCCCCAGGTTGGGGAACGT

pGR107(C)3HA-Ps136645-F: CAGCACCAGCTAGCATCGATGAACATCAAGGGACT cloning full length Ps136645 in P. sojae
pGR107(C)3HA-Ps136645-R: AATCTCTAGAGGATCCCCCGCGCAGGACTCGCC

pGR107(C)3HA-Ps144483-F: CAGCACCAGCTAGCATCGATGAAGTCTTCAGTGT cloning full length Ps144483 in P. sojae
pGR107(C)3HA-Ps144483-R: TAGAGGATCCCCGGGAATGACCACAATGATCTTCGC

pGR107(C)3HA-Ps131903-F: TCAGCACCAGCTAGCATATGCTCATGTCGTGG  cloning full length Ps131903 in P. sojae
pGR107(C)3HA-Ps131903-R: TAGAGGATCCCCGGGAATCTCGAACGATCCGTAC

pGR107(C)3HA-Ps128411-F: CAGCACCAGCTAGCATCGATGCGTCTTCCTAGC cloning full length Ps128411 in P. sojae
pGR107(C)3HA-Ps128411-R: AATCTCTAGAGGATCCCCATACTCCGCAACGTAAA

pGR107(C)3HA-Ps145311-F: CAGCACCAGCTAGCATCGATGTGGGCTCTCAAG cloning full length Ps145311 in P. sojae
pGR107(C)3HA-Ps145311-R: TAGAGGATCCCCGGGAATCAACAGACACTCGAAC

pGR107(C)3HA-M1-R: TAGAGGATCCCCGGGAATCCGTACGGTCCACGGCGTT constructin AEP1 deletion mutant
pGR107(C)3HA-M2-R: TAGAGGATCCCCGGGAATCCCACAGGTAGTTGTGCAG  constructin AEPI deletion mutant
pGR107(C)3HA-M3-R: TAGAGGATCCCCGGGAATCCATGGTGAACTTGGCCAC constructin AEP1 deletion mutant
pGR107(C)3HA-M4-1R: TGTAGCTGGCCAGCGTGTGGAACGACTTGACGTG  constructin AEP1 deletion mutant
pGR107(C)3HA-M4-1F: AAGTCGTTCCACACGCTGGCCAGCTACAAGAA constructin AEPI deletion mutant



Supplemental Table S2

sgRNA1
sgRNA2

sgRNA3
sgRNA4

sgRNAS
sgRNA6

AEP1 sgRNAs
GTCCATCTTTGGGTCCATAGCGG
GTCAGCAGCATTCTTGTAGCTGG

TCCATCTTTGGGTCCATAGCGGG
CCCCGCTATGGACCCAAAGATGG

CAAGTCGTTCCACCCCGCTATGG
GGAGAGCATTTCGGTCACCACGG



