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Supplementary Materials_Tian et al.
Supplemental Methods.
16S rRNA gene MiSeq sequencing.
The genomic DNA of the microbial community in the rhizosphere samples was
extracted using the Fast DNA® Spin Kit for Soil (MP Biomedicals, U.S.A) according
to manufacturer’s instructions. The DNA extract was checked on 1% agarose gel. The
concentration and purity of the extracted genomic DNA were determined with
ScanDrop 100 spectrophotometer (Analytic Jena AG, Germany). The genomic DNA
extracts were stored at -20°C for further use.

16S rRNA gene amplification and sequencing were conducted by Majorbio
Bio-Pharm Technology Co., Ltd. (Shanghai, China). Briefly, the V3-V4 hypervariable
region of the 16S rRNA gene was amplified by PCR using primers 338F (5'-
ACTCCTACGGGAGGCAGCAG-3") and 806R (5'-
GGACTACHVGGGTWTCTAAT-3") in an ABIGeneAmp®9700 PCR thermocycler
(ABI, CA, USA). The PCR amplification of 16S rRNA gene was performed as
follows: initial denaturation at 95 °C for 3 min, followed by 27 cycles of denaturing at
95 °C for 30 s, annealing at 55 °C for 30 s and extension at 72 °C for 45 s, and single
extension at 72 °C for 10 min, and terminate at 4 °C. The PCR mixtures contain 5 x
TransStart FastPfu buffer 4 pL, 2.5 mM dNTPs 2 pL, forward primer (5 uM) 0.8 pL,
reverse primer (5 uM) 0.8 pL, TransStart FastPfu DNA Polymerase 0.4 pL, template
DNA 10 ng, and finally ddH2O up to 20 pL. PCR reactions were performed in
triplicate. The PCR product was extracted from 2% agarose gel, purified using the
AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA)
according to manufacturer’s instructions and quantified using Quantus™ Fluorometer

(Promega, USA). Purified amplicons were pooled in equimolar and paired-end
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sequenced (2 x 300 bp) on an Illumina MiSeq platform (Illumina, San Diego, USA)
according to the standard protocols by Majorbio Bio-Pharm Technology Co. Ltd.
(Shanghai, China). All of the raw reads are archived at the NCBI Sequence Read

Archive (SRA) database (accession number: SRR 10279951- 10279968).

Sequencing analyses.

The raw 16S rRNA gene sequencing reads were demultiplexed, quality-filtered by
Trimmomatic (version 0.39, http:// usadellab.org/cms/) and merged by FLASH with
the following criteria: (i) the 300 bp reads were truncated at any site receiving an
average quality score of <20 over a 50 bp sliding window, and the truncated reads
shorter than 50 bp were discarded; reads containing ambiguous characters were also
discarded; (ii) only overlapping sequences longer than 10 bp were assembled
according to their overlapped sequences. The maximum mismatch ratio of overlap
region is 0.2. Reads that could not be assembled were discarded; (iii) Samples were
distinguished according to the barcode and primers, and the sequence direction was
adjusted based on exact barcode matching (allowing 2 nucleotide mismatch in primer
matching). Operational taxonomic units (OTUs) with 97% similarity cutoff were
clustered using UPARSE (version7.1, http://drive5.com/uparse/), and chimeric
sequences were identified and removed. The taxonomy of each OTU representative
sequence was analyzed by RDP Classifier (http://rdp.cme.msu.edu/) against the 16S

rRNA database (SILVA SSU128) using confidence threshold of 70%.

Quantification of the fluorescent signal density.
For imaging of the Py44-gfp fluorescent reporter strain (CY106), cells were grown in

LB broth to log phase. 2 uL log phase culture was spotted onto the center of the solid
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LB plates supplemented with or without sucrose (5 g/L) and plates were incubated at
37C. After 4 hours of incubation, cells were collected from the plates, spun down,
washed with PBS buffer once, and resuspended in 100 pL of PBS buffer. 2 pL of the
resuspension was placed on a 1% (w/v) agarose pad, covered with a cover slip, and
observed under fluorescent microscopy. Imaging of different samples was conducted
using the same exposure settings. To quantify the fluorescence intensity of the P 4.4-
gfp expressing cells fluorescence of a total of about 200 cells was quantified using the
Microbel plugin for ImageJ 2. For integrated intensity, areas of the selected cell and
background fluorescence were measured, total cell fluorescence of each cell was

calculated by using integrated intensity to subtract mean background fluorescence.

Assays of B-galactosidase activities.

To measure PB-galactosidase activity, the reporter strain (KG203) was inoculated on
solid LB plates (1.5% agar, w/v) supplemented either sucrose or glucose (5 g/L) or no
sugar addition as described in the solid surface motility assay. After 4 h of cultivation,
cells were collected from the edge of the colonies on the plates, and B-galactosidase

specific activities were quantified as described 3.

Laser scanning confocal microscopy (LSCM)

Collected root samples were mounted on microscope slides (VWR, USA) and were
directly observed under the laser confocal microscope (Zeiss LSM 800) at the
excitation wavelength of 561 nm. All images were taken at the same exposure time
and processed identically. The images were acquired using ZEN 2.3 (blue edition) and
exported as tiff files. Each image is a representative of at least 10 root colonization

assays performed in three independent experiments.
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Light microscopy and photography

For phase or regular imaging, three different devices were used: a Nikon SMZ800N
stereomicroscope was used to capture colony morphology; photographs for cell
motility on agar plates were recorded by a canon EOS 750D digital camera; all high-
magnification imaging at the cellular level was done with the Leica DM3000

workstation (2000x magnification).

Surfactin production assay.

For analysis of surfactin production, cells were incubated on either solid LB plates or
solid MSgg* media with or without various sugars at 30°C for 12 h or 72 h,
respectively, and samples of colony were taken by a hole puncher with a diameter of
0.5 cm. 10 pieces of samples from each treatment were put into flaks with 50 mL
ddH20O and shaken for 5 min for surfactin extraction. 45 mL liquid was taken and
centrifuged (5 min, 14,200g) to remove cells, and the supernatant was filter-sterilized.
40 mL cell free culture filtrate was then mixed with 40 mL acetonitrile (Merck, PA,
USA). Crude surfactin was extracted, further purified by an adapted SPE (solid phase
extraction) technique, and detected by the Accela HPLC system (Thermo Fisher

Scientific) as previously described °.



96 Supplemental Figure Legends.

97  Figure S1. The growth profile of B. subtilis 3610 and the mutants (AsacA and
98 AsacB) in the minimal MSgg, or M9, or LB media supplemented with various
99  sugars. MSgg contains 0.5% glycerol as the carbon source. For M9, 0.4% (w/v)
100 glucose was added as the carbon source prior to addition of any other sugars. For
101  supplementation of different sugars (Suc: sucrose, Glu: glucose, Fru: fructose, Mal:
102  maltose, Inu: inulin, FOS: fructooligosaccharide, Dex: dextran or Lev: levan), the
103  indicated sugar was added into the above media at the final concentration of 5 g/L.
104  Glu/Fru in (a) indicates a combination of both glucose and fructose, each at 2.5 g/L.
105  The growth profile of B. subtilis 3610 and the AsacA and AsacB mutants were
106  similarly assayed in MSgg (d), M9 (e), and LB (f) with or without addition of sucrose
107  (Suc, 5 g/L). The data represents the mean of three independent assays performed in
108  duplicate. Error bars indicate standard deviations.

109

110  Figure S2. Effects of various supplemented sugars on B. subtilis colony
111 morphology and solid surface motility (SSM). a. SSM by the WT and the Ahag
112  mutant on solid LB media (1.5% agar, w/v) with or without supplementation of 5 g/L
113 sucrose. b. Sucrose specifically triggers a robust SSM of 3610 on solid LB media (1.5%
114  agar, w/v). Top-down view of colony morphology in which B. subtilis 3610 was
115  incubated for 24 h at 30 °C in the presence of different sugars as indicated (5 g/L). c.
116  Levan specifically induces SSM by B. subtilis 3610. 3610 was incubated for 16 h on
117  solid LB plates supplemented with levan or various plant polysaccharides (Lev: levan,
118  Xyl: xylan, Pec: pectin, Cel: cellulose) at 0.2 g/L. Pictures are representatives of at
119  least 3 independent plates. Results are representatives of three experiments.

120
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Figure S3. The phylogenetic analysis of 16S rRNA gene sequences of the Bacillus
strains. Sequences of Bacillus strains (3610, NCD-2, 9407, TB1501, TB1340 and
B579) were downloaded from Genebank database (www.ncbi.nlm.nih.gov). The tree
was constructed in MEGA 7.0 using the Neighbor-Joining method, with 1,000

bootstrap samplings.

Figure S4. Sucrose-induced surfactin production depends on sacB, but not sacA.
The effect of sucrose-induced surfactin yield (ng/cm?) was assayed on solid LB (a,
incubation for 12 h) agar plates and MSgg (b, incubation for 30 h) agar plates (1.5%
agar, w/v) in the presence or absence of sucrose (5 g/L) in the WT (3610), AsacA
(Tm13) and AsacB (Tml4) mutants. Samples were collected from the plates.
Surfactin was extracted, and the amount of surfactin was determined by HPLC as
described in the method. The error bars represent standard deviations from triplicate

assays. ** indicates p value <0.01; NS, no statistical difference.

Figure S5. Ahag and AsrfAA deletion mutants of B. subtilis showed decreased
root colonization. The difference on the tomato root colonization between the WT
and the Ahag (TmO05) and Asrfd4 (TmO1) deletion mutants was determined by
counting colony forming unit (CFU) per mm root length by plate recovery counting as
described in the method. The data represents the mean of three independent assays
performed in duplicate. Error bar indicates standard deviations, and single asterisks or
double asterisks (* or **) indicate significant differences by LSD at p < 0.05 or p <

0.01. S stands for supplementation of sucrose.

Figure S6. Quantification of 16S rRNA gene copies in the rhizomicrobiome
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samples. The quantitative bacterial population (16S rRNA gene copies/gram soil) of
the tomato root rhizosphere inoculated with B. subtilis 3610 or the AsacB mutant and
with or without supplementation of sucrose. A: B. subtilis 3610, AS: B. subtilis 3610
plus sucrose, B: AsacB mutant, BS: AsacB mutant plus sucrose, C: no 3610 and
sucrose, CS: with only sucrose. The letters above the columns indicate statistically
significant differences based on Student’s t-test (p < 0.05). Values are given as mean

of three independent biological replicates and the bars represent standard deviations.

Figure S7. The relative abundance of 50 top genus groups by

community barplot analysis. 51 different colors represent different bacterial genus.

Figure S8. The phylogenetic tree based on putative SacB protein homologs in
various bacteria. These SacB protein sequences of the related strains were
downloaded from UniProt database (www.uniprot.org). The blue branches show the
position of SacB in Bacillus. The tree was constructed using ClustalW in MEGA 7.0,
with 1,000 bootstrap samplings. Bar represents 0.4 substitutions per amino acid

position.

Figure S9. Levan induces SSM in other soil bacteria. Soil bacteria (Serratia
marcescens T4-3, Pectobacterium carotovorum subsp. carotovorum Z3-3,
Xanthomonas oryzae pv. oryzae PXO99F, Pseudmonas. protegens pf-5, and P.
fluorescens 2p24) were incubated for 16 h on solid LB plates supplemented with
levan or its structural analogues (inulin, FOS, and dextran) at the concentration of 0.2

g/L. Pictures are representatives of at least 3 independent experiments.
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Table S1. Strains used in this study

Strains Relevant phenotype Reference

Bacillus. sp

NCIB3610 wild-type B. subtilis capable of robust biofilms 4

168 domesticated B. subtilis strain 6

BKK03480 168 srfAA::kan BGSC

BKK38040 168 sacA::kan BGSC

BKE34450 168 sacB::erm BGSC

BKE34460 168 levB::erm BGSC

BKK27030 168 sacC::kan BGSC

BKK34470 168 yveA::kan BGSC

NCD-2 wild-type B. subtilis ’

B579 wild-type B. subtilis i

CAU9%407 wild-type B. subtilis ’

TB1340 wild-type B. velezensis CP022531.1*

TB1501 wild-type B. velezensis MT946907*

B905 wild-type B. cereus 10

TGO071 B. cereus B905 harboring pGFP78, Tet® 10

CY106 3610 lacA::Py14-gfp, mis® , DL746—3610 this study

EHO039 3610 amyE::P.onc4-gfp, Cm" this study

KG203 3610 amyE::Psua-lacZ, cm® this study

TmO1 3610 srfAA::kan this study

Tm02 NCD-2 srfAA::kan gift from Ping Ma

Tm03 9407 srfAA::kan ’

TmO05 3610 hag::mls this study

Tml3 3610 sacA::kan, BKK38040—3610 this study

Tm14 3610 sacB::kan, BKK34450—3610 this study

Tm23 3610 sacC::kan, BKK27030—3610 this study

Tm26 3610 levB::erm, BKE34460—3610 this study

Tm28 3610 yveA::kan, BKK34470—3610 this study

Tm31 3610 sacA::kan, amyE::Ppypai-mKate2:.chl this study

Tm32 3610 sacB:.erm, amyE::Pyyspani-mKate2:.chl this study

YC843 3610 amyE::Ppyspani-mKate2::chl this study

Others

T4-3 wild-type Serratia marcescens laboratory collection

73-3 wild-type Pectobacterium carotovorum subsp. laboratory collection
carotovorum

PXO99F wild-type Xanthomonas oryzae pv. oryzae laboratory collection

AACOO1 wild-type Acidovorax citrulli laboratory collection

PsmDG34 wild-type Pseudomonas syringae pv. maculicola | laboratory collection

pf-5 wild-type P. protegens laboratory collection

2P24 wild-type P. fluorescens laboratory collection

2-79 wild-type P. fluorescens laboratory collection

PAO1 wild-type P. aeruginosa laboratory collection

T63 wild-type Ochrobactrum sp. laboratory collection

Fusarium oxysporum f. sp. lycopersici

laboratory collection

Botrytis cinerea

laboratory collection

*GenBank access numbers
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,_GRIHO_Capsular :_Sac8_Grimontia_holisae
JAOAOP1IRFY_SRHOB_Capsular,

,_SacB_Phasobacter_sp._CECT_7735

1FTOS|ETFT05_GIAIA_Sac_Glardia_intestnals_(sirain_P1S)

‘AOAZXOYRKSIADAZXOYRKS_BACCI_5ac8_Bacilus,_oroulans

| ADATEIKUIIAGATEIKUK_LACPN_Levansucrase_Lactobacilus_plantarum
L A0A253UBLS|ADA2S3USLS_LACPN_Levansucrase_Lactobacilus_plantarum_subsp._plantarum

AOATYOWRZ1/A0ATYOWRZ1_BACIU_Levansucrase_Bacilus_sublils_subsp._subbiis
BONSW2IBONSW2_9FIRM_Levansucrase_Eryspelatociostridium_ramosum_DSM_1402
AQA2XOYQSHADAZXOYQS0_BACPN_Levansucrase_Bacilus_subtits_subsp._spizizenii
LEAVTSLBAVTS_BACIU_Levansucrase_Bacillus_subtiis_BEST7613
POSB55{SACB_BACSU_Levansucrase_Bacilus_subtis_(strain_168)
AQPFL2IAOPFL2_BACIU_Levansucrase_Bacillus_subtiis
AOAOKBIZK2IADAOKBIZK2_BACCE. Levansucrase_Bacitus_cereus
ADAZXOXQE4|AOAZXOXQE4_9BACI_SacB_Bacilus_toquilensis
MAKWAI[MKWA1_BACIU_Levansucrase_Bacills_subiis_XF-1
P21130{SACB_BACAM_Levansucrase_Bacitus_amyloiquefaciens

v

ATZARYATZARS_BACVZ_Sac_Bacilus,_velezensis_(sirsin_DSW_23117_|_BGSC_10A8__FZ842)
S8G051|SEG0S1_9BACI_Levansucrase_Bacillus_velezensis_UCMB5033
‘ADADBOUQSBIADADBOUQIE_BACAT Levansucrase_Bacillus_atrophaeus
AGAB0XMD1ADASBOXMO1_BACME Levansucrase_Bacilus_megaterim
MSPIETIMSPIET_9BACY Levansucrase_SacB_Bacillus_sonorensis_L12

DSDCO7DSDCO7_BACMD_Levansucrase_Bacillus_megsterium_(strain_DSM_318)

|_E /ADAOH3J026/ADAOH3J026_CLOPA_Levansucrase_Clostridium_pasteurianum_DSM_525__ATCC_6013
L— ESEIS|ESEIES_PAEPS_Levansucrase_Paenibacillus_polymyxa_(strain_SC2)

(— AOAD24PBST/ADAD24PBS7_SBACI_Levansucrase_Haiobscilus_karsjensis

ADAZTOBAUS|ADAZTOBAUS_SCLOT_Levansucrase_Closiridium_vincenti

ADAGEACZXTIADADEACZXT_SBACL_Levsnsucrase_Paenibscilus_riograndensis_SBRS

)_LACRE L :_Lactobacilus_reuteri
_STRSL_| ¥ :_salivariis
}_LEUME L :_Leuconostoc

ADAZXOYRKS|ADAZXOYRKS_BACCI_Sac8_Bacillus_crculans

AQATYOWRZ1|A0ATYOWRZ1_BACIU_Levansucrase_Bacilus_subtilis_subsp._subtilis
BONSWZ|BONSW2_9FIRM_Levansucrase_Eryspelatociostndium_ramosum_DSM_1402
AQAZX0YQSOADAZXOYQSO_BACPN_Levansucrase_Bacdlus_subtils_subsp._spizizenii
LBAVTS|LBAVTS_BACIU_Levansucrase_Bacillus_subtilis_BEST7813
POSE55|SACE_BACSU_Levansucrase_Bacillus_subties_(strain_168)
AOPFL2IAOPFL2_BACIU_Levansucrase_Bacillus_subtilis

AQADKBIZKZIADAOKEIZKZ _BACCE_Levansucrase_Bacilus_cereus

— ADA2XOXQE4|A0AZX0XQE4_9BACI_SacB_Bacilus_tequilensis

- MAKWAT|MEKWA1_BACIU_Levansucrase_Bacillus_subtilis_XF-1

P21130|SACB_BACAM_Levansucrase_Bacilus_amyloiquefaciens
ATZARS|ATZARS_BACVZ_SacB_Bacillus_velezensis_(strain_DSM_23117_/_BGSC_10A6_/_FZB42)
SBGD51|SEG051_9BACI_Levansucrase_Bacillus_velezensis UCMBS033
ADADBOUQSBIADAQSDUCAE_BACAT_Levansucrase_Bacillus_atrophaeus
AQAIBOXMD1JADAISOXMD1_BACME_Levansucrase Bacillus_megaterium
MSPI1E7|IMSP1ET_9BACI_Levansucrase_SacB_Bacillus_sonorensis_L12
DS50C0O7|DSDCO7_BACMD_L|

_Bacillus_megaterium_(strain_DSM_319)

l )_BLACT_L :_Leucanostoe_suionicum
3_OENOE _ ._Oenococcus_oeni_ATCC_BAA-1163
ADAGFTKLIAGADFTKLI1_SSPHN_Levansucrase_Allererythvobacter_stianticus
|_BSPHN_L - _nemhicola
ADA1XSMDBEIADA 1XIMDE3_BBACI Levansucrase_Bacils_laulwichiae
3_eMyCo,_| ! ,_abscessus_subsp._sbecessus
)_CLOAS L :_Clostrdium_

ADA381DMKTIADAIS1OMKT_BURML Levensucrase_Burkholderla_mallei
ADAQSSMTS1IADAQISUTS1_BURPE_Levansucrase_Burknholderla_pseudomatel
BIHLKS|B1HLKE_BURPE_Levansucrase_Burkhoideria_pseudomalel_S13

AOADE 1WOP4|AOADE 1WOP4_BURPE _Levansucrase_Burkholderia_pseudomaliel_17108

_SMiCC L crase_Athrobacter_sp._ZXY-2
5_SMICO_Putative_levansucrase_Clavbacter_nebraskensis NCPPB_2581
) ZYMMS._L :_Zymomonas_mobils_subsp._mobills
[ AOMMTOLOMOAIMTYLO_IVIOR Leveneiase_Vidto_qarile
3_SGAMM L :_Tatumela_ptyseos

MIQZ44/M1Q244_BGAMM_Levansucrase_Halomons_smymensis_AADS
052408[SACB_PSESG_Levansucrase_Pseudomonss_savastanol_py._glycnes
K9_9PSED_Levansucrase_f s 5p. 24 E_t
Q468541SACB_ERWAM _Levansucrase_Erwinia_amylovora
A0 )_PSEFL_|

. ;_fuorescens

04

\_(stain_ATCC_824_{_DSM_782_{_JCM_1419_/_LMG_ST10_/_VKM_B-1787)
{_HALHT_Levensucrase_Haloarcula_hispanica_(strain_ATCC_33960_{_DSM_4426_/_JCM_8811_/_NBRC_102182__NCIMB_2187_J_VKM_B-1755)

Figure S8



dextran levan flagella stain

Serratia marcescens
T4-3

Pectobacterium
carotovorum subsp.
carotovorum Z3-3

Xanthomonas oryzae
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Figure S9



flagella stain
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P. aeruginosa PAO1
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