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Associations between plants and bacteria (Sphingomonas spp.) dominated on the
anthosphere and their geographic variation
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This research focused on Sphingomonas bacteria dominating on the stigmas of
female Mallotus japonicus (Euphorbiaceae) and explored their interaction with the host plants. We
found that the composition of Sphingomonas on the stigmas changed across flowering seasons at the
same sampling site. While the bacterial composition also differed among the sampling sites, there
was no clear geographical pattern as anticipated. Sphinogomonas bacteria are also found as seed
endophytes of the host plant. Our inoculation experiment suggested that Sphingomonas bacteria on the

stigmas affect the endophyte compositions and diversity of the resultant seeds. In summary, this
study showed that microbes on flower can impact the next generation through the transmission of seed
endophytes, whereas their association with the host plant may be rather stochastic.



f X C—19, F—19—1 (@)

1. WG S IO &

ﬁﬁ\%@@DNAﬁﬂmﬁ&ﬁmﬁﬁ Ko TAED (FICERE-ME) 2 HERENICHH~S
5 Z LNATRRIC/R Y | MEMERIEICIE, HN (ARFEl, Rhyzosphere) DA 72 b3 FETH-TH
@k&ﬁ@ﬁé%ﬁfﬁ#é ERDONoTE Tz, & ICEITHOWTUTARITHFZENHEI, BER
ﬁ(%l Phyllosphere) (ZI3HE4) OFECHE R 1B Ebtﬁéﬁé%ﬁﬁgb P 1 <o A =

WCHEELTWDLZERFEINTWD, 22X, EEICIEIZHEDO A X 7 — L&D
MMM%demmEﬂl@%QLR%#EW&%M%%?/%”%%W?% . W OER
Rk L, e & AR OME T, 2 CRiIzz2 b5, EEMAEYE
Z OF%RE i;ﬁ%@@%km%ﬂ TR DZ NS HYOERE SH-EHA L L TORIR
BRI L TEEEZLNTWVD

FIUTxt L, ﬁﬁl_uu'ﬁ“(ﬁ)éﬁii@ﬁ (P&, Anthosphere) DAMFEE DHFFEITIEF 272

. AEBITAEMIL, EBFCHEORD 2B ST DR ENEDOIBEIREEZ 5295600, Th
6@@%@@5&&@%@i\%#%k@MEW%% LTBVRMMEENTH 4], £z,
ﬁ@ﬁiw@ﬁf%é kﬁ@\#lwé%#iaﬁﬁm&ﬁé%@%Af TR AW 3 IE D
HEALIZKIF L CEBIIREN T EEZE XA LN TE T,

UL UIFZERFRF 1T, FECOMAEMBGREZ < tox B ARRE S ND L) Ilh-oT&E T
ZEnG, fLREAEDE B IEOELICEE ek U%%tbf%twfi&wmt%zkom%®
%i%%ﬁ#étwéiéi&ﬁmﬁéwzt FERL L CGHIER SRR L > T
726 SNDZEOMEMCHLRERBE SN TN D, Lﬂ%f I, B OFIER & 72 DAEEA,
~OWE L IR DE I L WAEM OG- R RSB KyRRE G VRN S D, b
DI L > TREREEEZ T L5 ERHIVUL, BB FAELE U T
HEW) DI 2 K& AT 5, REMEDSEBRMAEMIC LoD X 512, {EEMAEm oIz
%ﬁ%&%wWﬂi$%%%%%\ﬁ@ﬁﬁéﬂt%ﬁm&LTEMLT%K%@#%%@T
X720 25 9 Dy,

R EE OIL, WEIERORAEM T, HHERKD Ny XA 7HRT 1 AT U OMEFEIZ
Sphingomonas JEME N & ZICBME O 9K A HD LT EEET L LA RN L, HEE-1EE
A CREDOMBERENS ZAUTEETIELET 200, 3L A EHREITRN, 2T, Z0%
2. ERESAEY LY DR AEBIR 2 R T T2 D O A OB LB 2 T,

2. WgEoHBY

AIFGETIE, LT D 3 2ORMICEZ S Z L2 A ET D,

O Sphingomonas JEFF X EDRRFELE L CT I AT UAEEA ECTHERF S LD D)

© Sphingomonas JEANE I HIBFRAIZ BT R 540 5 )

@ Sphingomonas JEFE % FTe 7 J1 A JT T DA EIZ R S S ML, BB L, MAEY
SICHEE 52 DD,

3. WHEDITIE

AN IS/

DYV 7%, 6 BIZ7 44— )V RTIREFENLT NV a—AJE L'y b2 HWT,
—oFTOV TV L, RUEFHEFEOEZ 1T e L,

X, 74—V RTREEZ TV 7L, TRENOEEKROBIRFE)D b5 HOFEF %45
Mt & Uiz, TRl R 2 & ATREKICOT CEREAE L. REKTHE%., kL
7~ DB DNA ZHhH U7,

16S TRNA D V4 fEIk DT > 7Y v o—tr o AfRAT

%ﬁﬂ%&M@v47n%:~7mkh\Uy%ﬁﬁiﬂﬁﬁm(%sﬁﬁﬁ)m1%mz
7o BERSEZHV, 50 %OH )T 30 B, o7 vERKm»MAEMEREELT-, Z D%,
RE /‘i‘/]'7\ L. Millipore Sterivex (GP 0.22 pm pore size — MilliporeSigma) Z#HW\TA
L7, DNA I% Qiagen DNeasy Blood and Tissue Kit (QIAGEN ##4) % fH\>, S COIERIC
o THH L, SIS 5 £ T-21CTRF LT,

1B H O PCR 1L, 75 A ~—X7 515F (5" —~GTGCCAGCMGCCGCGGTAA — 3°) 33 L TN 806R (5 —
GGACTACVSGGGTATCTAAT — 3°) (Caporaso et al. 2012) ZMUNT. 16S rRNA @ V4 fEIK ORI
F OB EETT>7-s T VU Q7K 3.6ul, KAPA Hifi Buffer (Kapa Biosystems) 6ul, 7 # U —
RTIA4~—E ) NRN—2FF (< —%0.Tul. H&FEIZDNA 858 1ul 25T 12u]l ORISR T, &
%/7w_owf3@®1&ﬁa®mm%ﬁot BRIVKEINC L > THIECE TW\WD Z & &

DL, 3ES DO EE S, AMPure XP (Beckman Coulter) ZfWTHEHRIL 7=,



2 B¢ H o PCR 1X., PCRIZ. 7.2 ul ®Milli—Q /K. 12 ul & KAPA Hifi Buffer, 1.4 ul ®%%
T4 T — RBLQNY N—RY T NVERNT T A ~— HIZ2 ul O L 72 PCR EEMZ e
24 ul O TITo 72, FD%, V7T NVEHiE, E-Gel SizeSelect System 11 Agarose Gel
2% (Life Technologies, Gaithersburg, Maryland, USA) Z VT, 16S rRNA D V4 fEIK DY)
P A XTI % 350-450 bp DFEM D Ir &4 L7z, Qubite® dsDNA HS Assay Kit (Thermo Fisher
Scientific Inc) ZMHWT, ¥ PCR EMOREZ REL Y . BT A 7TV —REL 1 M
FHEE U=, 500 B A 7LD V2 i FE S~ A H W T I1lumina MiSeq® Platform (I1lumina Inc.)
IZ XV ESIREE LT,

Ushio (2018) 127~ THIAT — & A L7z, 155472 MiSeq 7 — 1%, A /L I T3 24k5
5 bel2fastq 7’1 75 A (bel2fastq v2.18) & FHUWNTFASTQ 7 7 A /WIZZEHA 7=, FASTQ 7 7
A Wi, Claident (http://www.claid ent.org; Tanabe & Toju, 2013) IZEIEIhTW\Wba~
VREHERHLTTYAT Ly 7 A% 7oz, EFNEEIX, dada2 & U THERE S 7z ASY

(Amplicon Sequence Variant; Operational Taxonomic Unit OfGE) 1Z%F L T, query—centric
auto—k-nearest—neighbour (QCauto) method (Tanabe & Toju, 2013)IZ3&-3% . claident v0 T
FEHIEX N TV D semiall 5 —F_X—2 L clidentseq B L WNelassigntax 2~ > REHAWT{T-
7=, Bacteria E£7=1% Archaea L [RIEINT= Y — REMNTICMHH L7,

PR R

FERIZIIT B AT U O CTHER S ILT-/lE &R U 16S rRNA V4 fEIk OS2 R b, =2
D725 3 %% (FIE P : Pantoea J&. #E S : Sphingomonas J&. #lE R : Robbsia J&) DfH
HaAH L, 2 O0OME%L 30C T A8 i L7-0h . HH (¢ 90X 15mm) D 1/2 D =am
S—FREEY . ZARK 25ml (TR UTo, HEERORBH 2 R L7 EFPICRE L CL 3 RO MIE
DIRIIR & RBEKD H BT g A7 L —"TH 500n] ME5E L7, #EREREL. 1 f5~10° /%2
FRR U 7 AR 100p] % R2A FEMcHit X, 2 HRlCan=—%K%E2 v b L, BERERICHN
7-IRHE D CFU ZHEE LT-,

a All samples b ;0100
0.3
0.0075
02 -
m H0.0050
o ~
o
0.1
M 0.0025
0.0 . 0.0000{ W
0.0 0.1 0.2 0.3 0.0000 0.0025 0.0050 0.0075 0.0100
1£8
c Female samples d Male samples
06 0.6
0.4 04
AS,V\
m m
kH' ASVI1RR1 lﬂ’
N : N AS‘VOQE?
0.21 asviepng -~ ASVI3AR2 0.2
/
.'.;: ASvm:s; . wgmes _~ASV11RM
_— ASV1S] -
e— . | ASVO1S1 $ ASV12Ps1 f.ASvaJ AsvosEs
0.0 - ——asvoz1 - 0.0 W ASVOIM1
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
158 148

H1. 2 ERIThz>TRESN Tz ASV D HIELEE . x Bi(E 2018 FITRESh YT
ILDEE. yEIX 2019 FICHRESN-HUTILDEEERT, BIL. EEF-LVTHZASY
DHBELAH =N ESINETRT 2018 FEED ASV(E). 2019 EEEFD ASV(FF). 2 £
BDASV(#R) . (a) HEEADHE-ER, b)@DTSTDMmE%E 0 55 0.01 TTH KLY
1D, QOUETEH L TILDH . (DETEH L TILDH, HIEF U TILEMIES L TILDT 5T T
IF 1 EBFEEE 2EB0OEELMDEIEMN 005 F RS ASV DALRTESNTLNVS,



4. WrIERR

D Sphingomonas JEHIFEIL E ORELZE L TT A AT UE ETHEFF S L5 DO

MG, HEfEZhEnTT ) arv s —r oy v > THlE# RN L 2 A, e L
MEIE DO TR EZDBEBWVD R L7 Maxime et al. 2022), F7-. [AERORE L2 EEFHY K9
& EMBREIZIIRE R EHN Ao, F OEENIMEKRRE CHFE L T2 (X 1), Sphingomonas
BOBSEHE LFICL > TR > TV, EMEBEBDEREXEEZFARD LI LOMEREE & 36
TLOLDONRRONSTZ b, < &b —HOMEMIERFIZL > THEITNTWDH Z &
DRI N, ZNHDFERNG 6 EOMAEFE TR RKDO S O & JRSLERE I L > TEX
NBIBIZHEETL2H008HY  BEHEOEIEGDIZI VBRIV ENRBINT, FlIZLDHDREA
EEhZ, NN 70 SNAWEMCL DL O TIT /W EHEZE I T,

@ Sphingomonas J& Al Sphingomonas J& Ml EE (2 HIFRAYZS BT B S 5 0

ERAEH CTH 2 R IETT O B =&, ZoEnfikiLR, KJF., J#FR %2 &t
T A=V RTH TV T EdTotz, Vo7 ) o TR Ko THIE TR 72 > T2y, 44
HIFF L T2 X 9 2R A HIBRAY 70 3 2 — IR L B LR Do T2,

® Sphingomonas BME Z & Te 7 B A H L UFEE FICR OGN DML, 066 L, 4w
\CEEE 525D,

AL TIL, IEOMFEEZ L xék@%@ﬁé%%#k@io WS D DD, 2R L
THHL7, TO/RE, MAFHEELZUE T L IZT X VR TEIEEOB TR N2 ) -
7o 2 DFERIT FEA IR O RENBREW ) HAafE L TE TV D & W ) Je4THFSE (Chesneau
et al., 2020)&#X¥&1+ 5,

sl s, 2 >0 GHE P, M@ R) I3IERFICE/RT 2 &, M CHNAR L (X
2), ZHDOMET, FEEREARTHLIFEEDZVIE TH - 7z, HEREME O ~DR ARREK
DOFREMEE L CTHIEEN B 2 b b, LD T HEEEER T 5 LEICHET D0 IS 5 X0
b, FEBEICHERE L7 DIRER COMBE OB ENE L 72D &V ) &N H 5 (Dutta et al., 2015)
T D, HERMEMORNRMRARKE TH D AR D B,

AU OFEFEIZ A > CHAEMEE LIS OB E D S FEREO MR FER O - WO N R o=, #
B S ITFCHIMMN R SN0 =03, MlE S 28 L=/ Tl LTZHE R A BT, TERk
TS LA T NMUED #E 2 RE LK EZ DD Tlde v, fof CTEHIG 2 M
T 5 EEN R EOMIC, MAEMMMEAIER 2/ L TSI L IEDEOELE LT H9 2
LIRIE ST,

B DR & ITMAEY 2O, R REROAFE - ikE - BIHICEET 50 THNIT
Mm#EOFHEFI %bé%g%m%@%gﬁkm@@ﬁgl IR0 9D B,

FL0

AT TIXMELE BRI T B AT D (b Z A 7R OMEEORETEICE 545
Sphingomonas JEAMEIZIER L, b & HFEMMOM AR OV TRFTE21T- 72, [ Uik
I CHEEEIZD T > TIAA1T 9 & . Sphingomonas J&DFEFALCHE HEEIL, FIZTL > THERAR ST
Wiz, 7Y U THIRIZ L > THMBE R IR > T, YR L Tz X 9 7Bk
R E — Aol otz, —J, FT-OMED#EDNT 21T 9 &, Sphingomonas J&#l
HEOEIS & OUT OZERMEDOMIZIZIEDHBIZ R 54172, Sphingomonas JEAHE 2 AL8HIZHEFE T 5

Z LT ko TN OMAMMES N L L= Z £ 225, Sphingomonas JB % & e AREAD A
BEO—ITE BT BTSN S,

ZAVE THEY & R E O BRI OW TR, L - ERRREENE L B AEE OB
MORENZTHR BN TR, — 7 MBI E EOMEMRESZ N D DOBFHR T ~D BT,
FZEAEBARAONTEREN -T2, BT RICHFEMPEL MAEDBIIEECRNVEZEZLNTE
-2 b I SEDIIZEA LN NWEEZONTE 2N, FOEEIIH D &%Z 5¥4"
B AW TIE, BAMEY O EIE - T EOMAEDORBRICEREZH T, HEIZL-T
XN D M OWTENA %7 b D, E%ﬁ%ﬁ@%%%%%%#mhtoﬁﬁﬁﬁi
DAL, WY OBFERINI KR B e 52 2EERBERTHDL I EHRBINT,



(a) Bacteria-P (b) Bacteria-S

Inoculated Non-inoculated 1 Inoculated Non-inoculated

0.034 o

e
L
L

) 024

°
)
° = ®
0.014 : 2
& ® 4 9 E
== ‘& == , —a— | 001 ﬂ: i | |

q 2] & &£

Relative abundance
Relative abundance

& §
(c) Bacteria-R
| Inoculated Non-inoculated Tree

2 »

(©)

ci
c2
c3
c4
cs
T

T2
3
T4
5

Relative abundance

0 0000 00

2. EEHE OTU MIEXHFEE

ETERER QIR (P, SI, R) [ CLLE L=, £f-. FEBEREDO D HERELS /SR )L(Non-
inoculated) TRLT=, 7AVFDBIZEEXRERT, 7 A2 ZX(F NBZIMM (Non—-Binomial and
Zero-Inflated Mixed Model) [CKYURITELI=LEEE DB EZE (%, p<0.05) # 9 , ELHE(XEK
#RLTWS, ERELERFEOEMIZDOVWTIIAXESE,

51 A 3k

Chesneau, G., Laroche, B., Préveaux, A., Marais, C., Briand, M., Marolleau, B., Simonin,
M., Barret, M., 2022. Single Seed Microbiota: Assembly and Transmission from Parent
Plant to Seedling. mBio e01648-22. https://doi.org/10.1128/mbio. 01648-22

Dutta, B., Ha, Y., Lessl, J.T., Avei, U., Sparks, A.C., Johnson, K.L., Walcott, R.R.
2015. Pathways of bacterial invasion and watermelon seed infection by Acidovorax
citrulli. Plant Pathol. 64, 537-544. https://doi.org/10.1111/ppa. 12307

Marre, M., Ushio, M., & Sakai, S. 2022. Contrasting microbial communities on male and
female flowers of a dioecious plant, Mallotus japonicus (Euphorbiaceae). Environmental
DNA, 4(3), 565-579. https://onlinelibrary. wiley. com/doi/10. 1002/edn3. 271

Tanabe AS, Toju H (2013) Two new computational methods for universal DNA

barcoding: A benchmark using barcode sequences of bacteria, archaea, animals,
fungi, and land plants. PLoS One 8:. https://doi.org/10.1371/journal. pone. 0076910

Ushio M (2019) Use of a filter cartridge combined with intra—cartridge bead-beating
improves detection of microbial DNA from water samples. Methods Ecol Evol
10:1142-1156. https://doi.org/10.1111/2041-210X. 13204



https://doi.org/10.1128/mbio.01648-22
https://doi.org/10.1111/ppa.12307
https://onlinelibrary.wiley.com/doi/10.1002/edn3.271
https://doi.org/10.1371/journal.pone.0076910
https://doi.org/10.1111/2041-210X.13204

4 2 0 1

Takeda Kazuya Sakai Shoko

37

Idea paper: Extended benefits of pollinator- mediated microbial dispersal among flowers

2022

Ecological Research

481 484

DOl
10.1111/1440-1703.12326

Jimenez Elvira Nuria Ushio Masayuki Sakai Shoko

Are microbes growing on flowers evil? Effects of old flower microbes on fruit set in a wild
ginger with one-day flowers, Alpinia japonica (Zingiberaceae)

2022

Metabarcoding and Metagenomics

DOl
10.3897/mbmg.6.84331

Marre M, Ushio M, Sakai S

Contrasting microbial communities on male and female flowers of a dioecious plant, Mallotus
Japonicus (Euphorbiaceae).

2021

Environmental DNA

1-9

DOl
10.1002/edn3.271

Marre M, Ushio M, Sakai S

The effects of the floral infection by a bacterial pathogen in a dioecious plant, Mallotus
Japonicus (Euphorbiaceae)

2022

Population Ecology

DOl
10.1002/1438-390X.12110




2023

2023

The 2nd Symposium of Plant Microbiota Research Network

2022

2021




Shoko Sakai

Why are flowers ephemeral? Effects of old flower microbes on fruit set in a wild ginger with one-day flowers, Alpinia
Japonica (Zingiberaceae)

Plant Microbiota Research Network (PMRN)

2021

2022

Marre Maxime, Masayuki Ushio, Shoko Sakai

Contrasting microbiomes of male and female flowers of Mallotus japonics

2020

Marre Maxime

2020




Shoko SAKAI

Microbes on flowers and pollination

DNA

2020

(Inui Yoko)

(10343261) (14403)

(Tsuji Kaoru)

(40645280) (14301)

2021 2 4




