Su

pplementary Figures

a
o B Bradyrhizobium elkanii USDA 61 NopL
59 Bradyrhizobium elkanii NopL

Bradyrhizobium ivorense NopL

Bradyrhizobium sp. DOA9 NopL

Sinorhizobium fredii HH103 NopL

- Sinorhizobium fredii USDA 257 NopL
24 Sinorhizobium fredii NGR234 NopL
22 Sinorhizobium fredii CCBAU 25509 NopL
b Bradyrhizobium japonicum USDA122 NopL

Bradyrhizobitm Spe BOED 00000 i s s e e e, e e e S e e e, S e e e S e e i 0
Sinorhizobium fredii HH103 MCINSTREINASECFCSFEEANESAFABCT SGFCYSFFHARLSIT ECVEACSEYI CTCHP 60
Bradyriiizebiiml elkanid: "USER (G1l: o il crsiessssuarse st s e e a8 e S S e e e 0
Sinorhizobium fredii NGR234 MEINSTSEINASECELSFEEANASAFAHCI SGECYSFFHAALSIIECVEALSEYILTRHP 60
Bradyrhizobilm dvVorense CTIB2DA30 i ai stwbimtuasiai i iaassta b asaias o o e 50 aeyeaie oo sa aiadeaiiasassmessaimnsaa 0
Sinorhizobium fredii USDA 257 MLINSTREINASECFLCSEEEANESAFABCT SGECYSFFHAALSII ECVEACSEYI CTCHP 60
Bradyrhizobium japonicum USDALZ2Z o iiitiiiinansnanaiarassssasasatasssaanssasssaasasasarasanas 0
Sinorhizobium fredii CCRAU 25509 MLINSTREINASECELCSFEEANE SAFARCT SGECYSFEHAALSTIT FCVEACSEYI CTCHP 0]
Consensus
Bradyrhizobinum ispu, DORG e e eiiseisimaieis snieis e as ais enm e mie s iaiee esiaihis 51 nle e bus e isse s s oss 0
Sinorhizobium fredii HH103 YSCYILSAYEYESECEWCHITYTRTRERSEHESECREHARVI CTAEFHLCCCHVERACER 120
Bradyrhizobium ‘elkanii, USDA '0l. s o smdemes s s sm e s s s 50 5000000000008:54, 505,55 MCFNSTSETNTSECECSESAP 21
Sinorhizobium fredii NGR234 YSCYILSAYEYESECEWCHITYTRTRERSEHFSECREHARVI CCAEFHLCICHI ERACER 120
Bradyrhizobium ivorense CIIB25430 .....cvviiinnennanns MCVAEVEL WL EENCCRENRVEENSTETINTSECECSESEP 40
Sinorhizobium fredii USDA 257 YSCYILSAYEYPSECEWCHIT YTRTRERSEHFSFCREHARVI CLAEFHCCCCHVERAGER 120
Bragyrhizobivm Japonicum USRDALZZ sws ok asassie s smesn of S ans s st insaes MCENAVAEANTSFEFCTARTA 21
Sinorhizobium fredii CCRAU 25509 YSCYI LSAYEYPSECEWCHET YTRTRERSEHPSFCREHARVI CLAFFHLCCCHVERAGER 120
Consensus
BESQVENIZORIEM (SPre, BOAD e et s e e N e SIS S R R S S R B TS e 0
Sinorhizobium fredii HH103 ACSWCVCESRSCESCAGESSSATEINASEEFHATOIETFHEYSCYT CWANE . . SITEWCH 178
Bradyrhizobium elkanii USDA 61 ACFACFEHCIREVELSALEFARCSEVCCCRAY SFYLCARHEYSCYTF SCHEY SSELERED 81
Sinorhizobium fredii NGR234 FESWCVGESRSCGESCAGL SESATEINFSEFFHATCIETKREYSCYT CWANE . . SLTEWCO 178
Bradyrhizobium ivorense CT1B25430  AGFACFFRCIREVFLSAI FEABGSFVCCGKAYSFYFLARHEYSCYIFSCYEYSSILLWHD 100
Sinorhizobium fredii USDA 257 ACSWCVCGESRSCESCAGFSSSATEFINASFEFHATCIETFHEYSCYT CWANE . . STTEWCH 178
Bradyrhizobium japconicum USDA12Z TEATEFERCLSGSEAEASACCVANEFVLCCEAY SEYELAGHRYSEXIFTCHLY . v v 0w v e - 73
Sinorhizobium fredii CCBAU 25509 ACSWCVCESRSCESCAGESESATEINASEEFHATCIETFREYSCYT CWANE . . SLTEWCH 178
Consensus
Bradyrliizobium Spt, DOBRE e iesie ey sy soy s n ey e fegs 8 e s S S S S S e e S5 e mESe s 0
Sinorhizobium fredii HH103 CLHTRATASEAFL TAERCKSECESFCCEHARAL . CVEEYLCEL IWCRYCAACECACEWCY 237
Bradyrhizobium elkanii USDA 61 CIYAERAFSECELVAARESSECECSCCETACATAFT EEFEFLT INCNVEACSSCACESCA 141
Sinorhizobium fredii NGR234 LCLOTRATASEAELTAERGRSECE CFCCEHARAL . CVEEYLCLLIWC RVCARCECACETCY 23]
Bradyrhizobium ivorense CI1B25430 CIYAFRARRSECFIVARRESSECECSQCETACATAFT EEFLFLT INCNVEACESCACESCA 100
Sinorhizobium fredii USDA 257 CIHTRATASEAFL TAFRCKSECE SFCCEHARAT . CVEEYLCET TWC RMUARCECACETCY 237
Bradyrhizobium japonicum USDALZZ  L..iieiienennnnnnn EYRICIATEECS . e eneneanins CRECRLYAR 96
Sinorhizobium fredii CCRAU 25509 CIHTRATASEAET TAFRCGKSECE SFCCEHARAT . CVEEYECET TWC RYCAACECACENCY 237
Consensus
BradyrhizoBitm &gt BORS = 000 e b semscniees senesii st e MANGREARCEWVETCCTATE. . .AQIEL 25
Sinorhizobium fredii HH103 CESHSCESCRARFSHEWESSSAGAEFTEL SCEVIYLSCVRAWCHRFL 2EHVASE . . . TI8VSM 294
Bradyrhizobium elkanii USDA 61 B CTER . . .. ... ... SSAGARAISELTNEIEFTERE TALOWVECEHTASL . . . ASTNI 188
Sinorhizobium fredii NGR234 CESHSCESCARFSHAWESSSACGAF FAEL SCEVVL SCVRAWCHWFI AEBVASE . | (T8 SM 294
Bradyrhizobium ivorense CI1B25430 CESCRCESCAC. . ... PSSSACARTEEI TNETEFNERI TACRWVETEHTASL . . . A@OTNT 212
Sinorhizobium fredii USDA 257 CESHSCESCARESHAWESESACGAE FTEL SCEVML SCVRAWEHWE L AEHVASE . | . [8MSM 294
Bradyrhizobium japonicum USDA122 YN Ty Y = Y FLNGCCHISECATACATEEHECELIOCVT 132
Sinorhizobium fredii CCRAU 253509 CESHSCESCARFSHAWESSSAGAT FTEL SDEVMCSGVRAWEOWE L AERVASE . . . TJ8MSM 294
Consensus q
Bradyrhizobium sp. DORY LRCREL 04
Sinorhizobium fredii HH103 LRATEL 338
Bradyrhizobium elkanii USDA 61 LRRACL 232
Sinorhizobium fredii NGR234 IRATEL 338
Bradyrhizobium ivorense CI1B25430  LRRAGR 267
Sinorhizobium fredii USDA 257 IRATCL 338
Bradyrhizobium japonicum USDA122 WCTIEW 167
Sinorhizobium fredii CCRAU 25509 IRATCL 338

Consensus

P

Supplementary Fig. 1: Phylogenetic analysis and alignment of protein sequences of NopL orthologs
in Rhizobia. a, Phylogenetic analysis of NopL in Rhizobia. b, Alignment of protein sequences of NopL,
including fast- and slow-growing rhizobia. =75% and 100% homology level are respectively highlight
in pink and black.
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Supplementary Fig. 2: Conservation of the NodA gene in rhizobia and characterization of NopL,
NodA and Nod(Q mutants. a, Location of NodA on the S. fredii HH103, S. fredii NGR234, B.
diazoefficiens USDA 110, S. medicae WSM419 and Mesorhizobium loti MAFF303099 genomes. b,
Sequence comparison of NodA between S. fredii HH103, S. fredii NGR234, B. diazoefficiens USDA110,
S. medicae WSM419 and Mesorhizobium loti MAFF303099. ¢, Identification of nodA, nodQ, nopL,
nodAQnopL, nodQ2nopL, HH103 NopL-GFP and nopL NopL-GFP mutants under the treatment of 3.7
UM genistein by western blot using Anti-NopL polyclonal antibodies. HH103 was used as a positive
control, while the #s/ mutant was used as a negative control. d, Relative expression levels of Nod4 in

HH103, nod4 mutant and nod4Q2nopL mutant. e, Relative expression levels of NodQ in HH103, nodQ



mutant and nodQQnopL mutant. Data are represented as mean=+ SD, and statistical analysis used

Student's 7-test (two-sided). Source data are provided as a Source Data file.
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Supplementary Fig. 3: Characterization of nopL and nod mutants and nodulation phenotype of
cultivated cultivars. a, Nodule phenotypes of SN14 soybean plants inoculated with HH103, nodulation
mutant (nodA, nodB and nodC), nopL mutant and the derived double mutants. Scale bars = 1 cm. b,
Nodule number for (a) at 28 dpi (n=15). Statistical analysis used ANOVA with Tukey’s multiple
comparison tests. ¢, Identification of nodA4, nodB, nodC, nodAQnopL, nodBQnopL and nodCQnopL
mutants under the treatment of 3.7 uM genistein by western blot using Anti-NopL polyclonal antibodies.
HH103 was used as a positive control, while the nopL mutant was used as a negative control. d, Relative
expression levels of NodB in HH103, nodB mutant and nodBQnopL mutant under the treatment of 3.7
UM genistein. Data are represented as mean + SD. e, Relative expression levels of NodC in HH103, nodC
mutant and nodCQnopL mutant. Data are represented as mean = SD. Statistical analysis of (d) and (e)
used Student's ¢-test (two-sided, ** for P<0.01). f, Nodule number of representative soybean cultivars
inoculated with HH103, nodA, nopL and nod4AQnopL mutants. Statistical analysis used two-way ANOVA

with Tukey’s multiple comparison tests. Source data are provided as a Source Data file.
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Supplementary Fig. 4: Interaction between NopL and
phenotypes of SN14 soybean plants inoculated with HH103-GFP (GFP-tagged HH103) or HH103
NopL-GFP (Overexpression of NopL-GFP in HH103 using the NptIl promoter). Scale bars = 5 mm.
white arroxhead: young nodule. b, Nodule number for (a) at 28 dpi (n=15). ¢, Nodule dry weight for (a)
at 28 dpi (n=15). statistical analysis used two-sided Student's ¢-test (* for P<0.05, ** for P<0.01 and ns,
not significant). d, Symbiotic phenotype of roots of SN14 soybean plants inoculated with HH103, nodA
mutant, NodApro:NodA/nodA mutant, nopLl mutant, double mutants of NodA and NopL and

NFs in symbiotic signaling. a, Nodule

NodApro:NodA/nodAQnopL mutant at 28 dpi. dpi, days post-inoculation. Scale bars = 5 mm. e, Nodule
number for (d) at 28 dpi (n=15). f, Nodule dry weight for (d) at 28 dpi (n=15). Statistical analysis used
two-sided Student's ¢-test (* for P<0.05, ** for P<0.01 and ns, not significant). g, Symbiotic phenotype
of roots of SN14 soybean plants inoculated with Sinorhizobium fredii HH103, nod(Q mutant, nopL mutant



and double mutants of NodQ and NopL at 28 dpi. dpi, days post-inoculation. Scale bars = 10 mm. h,
Nodule number for (g) at 28 dpi (n=15). i, Nodule dry weight for (g) at 28 dpi (n=15). Statistical analysis
used an unpaired two-tailed Student's #-test (* for P<0.05, ** for P<0.01 and ns, not significant). Source

data are provided as a Source Data file.
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Supplementary Fig. 5: NopL antibody verification by IHC and immunogold labeling of NopL in
soybean nodule. a, Inmunohistochemistry (IHC) analysis of soybean nodules inoculated with HH103
for 28 days using Anti-NopL pAb. Soybean nodules inoculated with the #zs/ mutant (HH103Qzzs/) for 28
days were used as a negative control. The nuclei were stained using hematoxylin. b, NopL antibody
verification by immunogold labeling. The nopL mutant (HH103QnopL) was used as a negative control.
S, symbiosome. C, cytoplasm. Scale bars=200 nm. Red arrow, gold particles in nodule cell. The
experiments were repeated three times with similar results. Source data are provided as a Source Data
file.
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Supplementary Fig. 6: NopL interacts with GmREMI1a, as determined by LC-MS/MS. a,
Coomassie Brilliant Blue staining and western blot detection of proteins Semi-pull down by NopL from
the protein extract of soybean roots. b, Identification of NopL by LC-MS/MS. ¢, Identification of
GmREM1a as an interactor of NopL by LC-MS/MS. d, Interactions between NopL and GmREM1a were
detected using Y2H assay. Yeast cells co-transformed with pGBKT7-GmREM1a and pGADT7-NopL
were selected and subsequently grown on selective media lacking Ade, His, Leu, and Trp (QDO) to test
protein interactions. The p53 and LargeT interaction was used as positive control. The lam and LargeT

interaction were used as negative control. Source data are provided as a Source Data file.
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Supplementary Fig. 7: NopL and GmREM1a co-localized on the cell membrane. a, NopL-GFP and
GmREMI1s-RFP were co-expressed in N. benthamiana leaves, showing NopL colocalization with
GmREM1a and GmREM1b on the cell membrane. Scale bars = 50 um. b, Plasmolysis with 30% sucrose
treatment of 35S:NopL-GFP expressed in N. benthamiana leaves. GFP fluorescence was detected in the
plasma membrane. Scale bars = 75 pm. ¢, Plasmolysis with 30% sucrose treatment of 35S:NopL-GFP
and 35S:REM1s-RFP expressed in N. benthamiana leaves. GFP and RFP fluorescence was detected in
the plasma membrane. Scale bars = 75 um. d, Immunofluorescence analysis of the localization of
GmREMI1a (FITC) and NopL (Cy3) in nodule cells. IF images of nodule cells showing NopL in the
nucleus and associated to the cell membrane of the symbiotic cells (red fluorescence) and GmREM1a
associated to the cell membrane of the symbiotic cells (green fluorescence). Scale bars = 50 um. e,
Immunofluorescence analysis of GmREMI1a (FITC) and NopL (Cy3) in nodule cells. Scale bars = 50
um. f, Gray value analysis for (e, white bar) showing the NopL and GmREM1a co-localisation. The
experiments were repeated three times with similar results. Source data are provided as a Source Data
file.
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Supplementary Fig. 8: Molecular characterization of the DNS0 Gmrem1a mutant. a, Sequencing to
identify GmremIa mutations in the knockout lines produced by CRISPR/Cas9 in the DN50 soybean line.
The PAM sequence is indicated by a red font. Deletions are indicated with dashes, and inserts with a blue
font. Green font: mutation types, g3575: 3575 bp downstream of the transcription start site (TSS) of the

gene; del: Deletion; In: Insert. pE5S6*: termination of glutamate at amino acid position 56 occurs after



the mutation. b, Identification of the GmREMI1a in Gmrem la mutant root hairs by western blot using
anti-REM1a polyclonal antibodies. ¢, Nodule dry weight for DN50 and GmremIa alleles (REM1a-KO1
to 3) inoculated with HH103, nod4 mutant, nopL mutant or nod4AQnopL mutant at 28 dpi. d, Nodule
number of Gmrem 1-RNAi plants (REM1a-KD1 to 3) inoculated with Sinorhizobium fredii HH103, nodA
mutant, nopL mutant and double mutants of NodA4 and NopL at 28 dpi (n=15). Statistical analysis of (c)
and (d) used ANOVA with Tukey’s multiple comparison tests (* for P<0.05, ** for P<0.01 and ns, not
significant). e, Expression levels of GmREM1a and GmREM1b in REM1s-RNAi lines. Expression levels
of GmREM1a and GmREM1b were normalized using GmUNK]. Data are represented as mean + SD.
Statistical analysis used Student's #-test (two-sided. * for P<0.05, ** for P<0.01 and ns, not significant).
The bars indicate the standard deviation of the mean. f, Identification of the NopL-GFP protein in root
hairs of transgenic plants expressing proGmREM 1 :NopL-GFP by western blot using anti-GFP polyclonal

antibodies. Source data are provided as a Source Data file.
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Supplementary Fig. 9: Symbiotic phenotypes of WT plants overexpressing GmREM1a in Gmremla
or of the Gmremla mutant overexpressing NopL in presence of the WT HH103 strain and NopL
and NodA mutants. a, Nodule phenotypes of hairy roots transformed with GFP or REM1a-GFP after
inoculation with HH103, nod4 mutant, nopL mutant or nod4QnopL mutant. GFP, pGmREM1a: GFP.
REM1a-GFP, pGmREM1a: GmREMIa-GFP. Scale bars:1 cm in root and 5 mm in nodule. b, Nodule
number for (a) at 28 dpi (n=20). Statistical analysis used ANOVA with Tukey’s multiple comparison
tests. ¢, Immunoblot showing protein levels of GFP and GmREM1a-GFP in genotypes shown in (a). d,
Nodule phenotypes of hairy roots transformed in Gmremla with GFP or NopL-GFP after inoculation
with HH103, nod4 mutant, nopL mutant or nodAQnopL mutant. GFP, pGmREMIa: GFP. NopL-GFP,
pGmREMIa: NopL-GFP. Scale bars:1 cm in root and 5 mm in nodule. e, Nodule number for (d) at 28
dpi (n=20). Statistical analysis used ANOVA with Tukey’s multiple comparison tests. f, Immunoblot



showing protein levels of GFP and NopL-GFP in genotypes shown in (d). The experiments of (¢) and (f)

were repeated three times with similar results. Source data are provided as a Source Data file.
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Supplementary Fig. 10: GmNFRS interacts with the MtSymREM1 ortholog GmREMI1a. a, BiFC
analysis of the interactions between NFR1/NFRS receptors and GmREM 1a. In the top and down panels,

the split YFP is inversely fused in C or N position for the two proteins. Scale bars = 50 um. b, MbY2H
assay showing GmREM 1a interaction with GmNFR1 and GmNFRS. ¢, Co-IP analysis of the GmREM 1a
protein with GmNFR1-FLAG protein or GmNFR5-FLAG protein in soybean. Vectors containing
358:GmNFRI-FLAG or 35S: GmNFR5-FLAG were constructed and used for soybean hairy root

transformation. Wild-type soybean roots were used as controls. These proteins were extracted from

soybean hairy roots and immunoprecipitated by FLAG beads. Immunoblot analysis of input and co-IP
proteins with anti-FLAG or anti-REM1a antibodies. IB: FLAG = Imunoblot using FLAG AB; IB:
REMI1a = Imunoblot using GmREM a polyclonal antibodies. The experiment of (¢) was repeated three

times with similar results. Source data are provided as a Source Data file.
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Supplementary Fig. 11: NopL promotes the interaction of GmREMI1a to GmNFRS in soybean
hairy roots. a-b, Subcellular localization of NopL-GFP-TbID, REM1a-GFP-TbID and GFP-TbID in N.
benthamiana leaves. Scale bars = 50 pm. ¢, Biotinylation of NFRS5 by PL assay in soybean hairy roots.
GFP-TbID or NopL-GFP-TbID fusion proteins were co-expressed with GmNFRS5-FLAG and
GmREM1a-Myc, without GmREM1a-Myc as a control. d, Relative density of biotinylated GmNFRS5 for
(¢). Gray analysis of the protein content of biotinylated GmNFRS after Streptavidin Pull down. The ratio
of the gray value (n=3) of GmNFR5/NopL was used to calculate the relative density of biotinylated
GmNFRS. Data are represented as mean & SD. Statistical analysis used Student's #-test (two-sided. ** for
P<0.01). e, Detection of NopL-GFP-TbID, REM1a-Myc and NFR5-FLAG in the total extracts from
soybean hairy roots in (¢). Actin was used as the loading control. Statistical analysis used Student's z-test
(two-sided. ** for P<0.01). Three biological replicates were performed. The experiments were repeated

three times with similar results. Source data are provided as a Source Data file.



a [

DNS5O0 (nodA) vs. DN50 (nopL) vs.
DN50 (HH103) ~ DN50 (HH103) 908 0.59 [REE
0.00 | 027 | 055
0.00 | 0.92 | 0.53
0.00 | 0.49 | 0.48
0.00 | 1.70 | 1.88
b
6] R=08
p - value < 2.2e-16 . : 0.00 | 0.45  0.51
84
2 0.00 | -067 | -0.25
I
T
§2 0.00 | -0.66 | -0.61
Z,
O
C, 0.00 | -0.43 | -0.50
N
N
[e]
= 0.00 |REIRGERINEE,
B
i &
5 0 5 Q(@ 066? 00@’
Log2(FC[NodA/HH103]) X « S

GmCHS

GmCHR

GmNIN2a

GmERN1

GmGLB1

GmANN1

GmCNGC15a

GmRINRK1

GmmiR172¢

GmNIN1b

Log,FC

-2.50
-2.00
-1.50
-1.00
-0.50
-0.00
--0.50
--1.00
--1.50

--2.00

Supplementary Fig. 12: nodA and nopL mutations cause similar transcriptomic changes in soybean

roots. a, Venn diagrams depicting the overlaps between DEGs in DN50 inoculated with nodA or nopL

mutants in 1 dpi. b, Scatterplot showing the expression correlation of DEGs in DN50 inoculated with

nodA or nopL mutants compared with HH103. The black line is the linear regression. R, Pearson

correlation coefficient. FC, Fold change. ¢, Heatmap presenting the mis regulated symbiosis-related

genes in DN50 inoculated with nod4 or nopL mutants compared with HH103. Log,FC, Log(Fold

change). Source data are provided as a Source Data file.



DN50 remia

(QnopL)  (HH103) Log,FC g 39 , GmmiR172c
041 | 033 |GmHART [T400 5 , 2
S , |
055 | -0.19 | GmCHR o s B
F200 ¥ g - :
0.51 0.70 | GmANN1 @ 1 d d
>
3 050 [ -1.51 | GmmiR172c | | o0 ﬁ
0.05 060 | GmcoPkib | F-200 ©
045 | -030 | GmmmAL B e (GERLTY
043 | -114 | GmpLT1 400 5
oy
1.13 127 | GmPRAT3 g
Ll s00 3
061 | -008 | GmEXPB2 o
061 | 586 | GmRINRKT g
2.15 0.16 GmCHS DN50 Gmrem1a
= HH103 == nodA
188 | -1.14 | GmGLB1 il tocoll M o Kanop

Supplementary Fig. 13: Differential expression of symbiotic genes in DN50 (2nopL) and remla
(HH103) compared with DNS0 (HH103). a, Heatmap presenting the significant differential expression
symbiosis-related genes in DN50 (2nopL) and remla (HH103). DEGs only in DN50 (2nopL), DEGs
only in remla (HH103) and DEGs shared by DN50 (Q2nopL) and rem1a (HH103) are respectively shown
in blue, green and black. DN50 (QnopL): DN50 inoculated with nopL mutants compared with DN50
inoculated with HH103. remla (HH103): Gmremla inoculated with HH103 compared with DN50
inoculated with HH103. Log,FC, Logy(Fold change). b-¢, Relative expression level of GmmiR172¢ and
GmPLT]I in roots of WT or rem1a mutants inoculated with HH103, nodA4 mutants, nopL mutants or nod4
and nopL double mutant in 24 dpi. Values are means + SD (n = 3 biological repeats) and P <0.05 by

ANOVA with Tukey’s multiple comparison tests. Source data are provided as a Source Data file.
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Supplementary Fig. 14: Molecular model showing how the type III effector NopL interact with

GmREMI1a to promote NF signaling.



