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Fig. S1. Species differentially abundant between: A) healthy patients and patients with periodontitis disease. B) oral sites. Statistical tests were run on all the samples. Sample denotation: Red: periodontitis, dark blue: oral health, light blue: plaque, yellow: tongue and grey: saliva. Boxplots display first quartile, median, third quartile and whiskers represent 1.5 times the interquartile range from the first and third quartiles. Microbial taxonomy based on metaphlan v3.0.1 - default  – ALDEx2::aldex.kw, denom="iqlr”. Only significant results are displayed FDRA adjusted p. value <0.05.
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Fig. S2. Pathway-level species metatranscriptomic activity:
A) healthy patients and patients with periodontitis disease - overall, B) healthy patients and patients with periodontitis disease on each site, and C) among the different oral sites in healthy patients and patients with periodontitis disease. Each point represents the pathway transcriptional activity as measured by log10(RNA/DNA). Sample denotation: Red: periodontitis, dark blue: oral health, light blue: plaque, yellow: tongue and grey: saliva. Boxplots display first quartile, median, third quartile and whiskers represent 1.5 times the interquartile range from the first and third quartiles. Significant differences were determined using Kruskall-Wallis tests. Significant FDR-adjusted p.values were indicated as followed. * 0.05<p<0.01 ** 0.01 <p<0.001 *** p<0.001.
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Fig. S3. Differentially expressed pathways and contributing species in Plaque and Saliva sites:
Pathways exhibiting significant differential expression between healthy and periodontitis patients as identified using MaAsLin2 in A) plaque and C) saliva site. Colour indicates heath status (blue: healthy controls vs red: periodontitis group), and shape reflects oral site. Species relative contribution to the differentially expressed pathways (identified in Fig. S3C) in B) plaque and D) saliva. Species are coloured similarly as in Fig. 3. Boxplots display first quartile, median, third quartile and whiskers represent 1.5 times the interquartile range from the first and third quartiles.
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Fig S4. Diversity of microbial genes associated with associated with KEGG’s Orthologs :  A) Alpha-diversity of gene families found in metagenomes (DNA) and metatranscriptomes (RNA) in plaque, tongue biofilm and saliva expressed as number of Observed gene families (i.e., richness), Evenness and Shannon’s diversity index. Boxplots display first quartile, median, third quartile and whiskers represent 1.5 times the interquartile range from the first and third quartiles. B) Beta diversity of gene expression visualized as measured by log RNA/DNA ratio quantified using weighted Jaccard distance and visualized on PCoA. Sample denotation: Red: periodontitis, Blue: oral health, Circle: plaque, Triangle: tongue biofilm, Square: saliva. Significant differencies were assessed using Kruskall-Wallis and PERMANOVAS tests for alpha and beta-diversity, respectively. Significant FDR-adjusted p.values were indicated as followed : * 0.05>p>0.01 ** 0.01>p>0.001 *** p<0.001.
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Fig S5. Genes (mapping KEGG’s orthologs) differentially expressed (RNA/DNA ratio) between healthy patient and patient with periodontal diseases: A) overall, B) plaque, C) saliva and D) tongue site. Boxplots display first quartile, median, third quartile and whiskers represent 1.5 times the interquartile range from the first and third quartiles.

[bookmark: _GoBack]
10

image7.emf
K10672: betaine_reductase
b K19871: sarcosine reductase
0670: glycine_reductase
K02878: large Subumi ribosomal_protein_L16
K02983. el subuni rhosomal, proloiy 53
K01034: acetate_CoA_acetoacetate_CoA_transferase._alpha_subunit_EC_2 -
K03778: D Tactate_ dehydrogenase"EC T T 128"
KO1803; rosepfiosphale_isomerase 1111 £

: glveine_denydrogénase, suburit

K03416: melhy\ma\onyl CoR_carboxyltransferas SUbUTIt_EC 2713

02601: 1ranscn§hanal anhlermma(or‘NusG
K00262: glycine_denyrogenase_subumt 1. £C 1, 4.4.2”

ate. C 35

DA G eiad, TN pahms st ST Gelta
NO_NAME -

K01572: oxaloacetate_decarboxylase_beta_subunit EC 41 1 3
07080: NO_NAWE -

K02788; PTS_system_lactose_specific_IIC_component

K02787: PTS_system_lactose_Specific TIB_component EC_2 7

17273 glycolate_oxidase. Ion SUTursubuNT |

0367 thioredoxin_1
K01220: 6_phospho_beta_galactosidase EC 3 2 1 &

947 NO NAME
K03697: ATP_dependent_Clp_protease_ATP._binding. suburit CloE -

K00939: aden{late inge, EC. 5.7 43

K01643: citrate_lyase_subunit_alpha_citrate CoA fransTerase_EC_2 8_3 10
~molecular_chaperong GrpE

K03544: ATP_dependent Clp_prolease ATP_binding subunif ClpX
7~ SecD_Seck Tusion_protein -

K02122:V_A_type_H_Na- homspering. ALPase auunit F
Tala,pro‘em

K02437: glycine_dleavage_system Hop

K02035: pepice_nickel \ranspor system_substrate bindg b broien
K02663; small subuni ribosomal prolein_S18

K18120: 4_hydroxybul Jrate denydrogen 11 16
02600: N_utilization subs'[ar\ce . proen &

K03610° septun_site_deterr rmmn}g
o

Ko447’ iy jprotem
K00112: glycerol_3_phosphate_dehydrogenase subuint 8
RS e s ma B Taclor
K00336; NADH quinone_oxidoreductase eubini € £C T

K02033: peptide_nickel transport s S proton
RS et ion Songhton BA0r Grah

K00334; NADH_ quinone_oxidoreductase_subyn *
K06178: fibosomallarge_subunit Fseudoundme Syihase. B
ROT506. Ara fam ranscrptional i maror
K00342: NADH_quinone_oxidoreductase_ N EC T e e

N0
K03074: preprotein_translocase_subunit_SecF

K00343: NADH_quinone_oxidoreductase_subunit N EC_1 65 3
K02495;: oxygen_independeri_coproporphyrinogen i oxidase £C T3 69 22~

19068: NO NAME
652: hydrogenase_nickel, mcnrporahoné)m(em B
K00113: glycerol S %hosphate dehydrogenase_subunit_C

K06162: alpha_D_ribose_1_r

86 diamiopimelale_decarboxylase C 4 1 1 °50-
PypShelcsl B

S YRR Brotcin
901: putative WS transporter AGZA family xanthine uracy peimease

K03183: demethyimenaguinone_methyiiransferase_2_methoy 6 molbrami 1 4 penzoquinol mefyiase EC_2 11 163 21 1201

e _V/_sporulation, Jmtem " spoufatonspecifc

K561 eciron.transport RAfG -

RS BT ot

K174 NOTNANE |

K01060: cophalosporin. C_ deacetylase EC 3 11 4

K00145: N_acetyl gamma. gluamy! phosphale T
ulfal

e transporl'sgslem ermaase p
K00620: glutamate_N_: . amino 960N .

1352311
T937 NGO NAME
K04068: anaerobic_ibonucleoside_triphosphate reductase activating_profein -

371 peptidyl profyl_c isomerase_SurA
X 0: acety g\u(amate (inase EC. 2738
Kooszw.acety\om\«h.ne,N,sucmryld\ammopumela«e i oanah EC2 617176 117
567: methylated DNA_protein_cysteiiie S methyiiransierass |
KOSB37: cyclc_pyranopterin. Fhosphate syntnase EC. 4. 199, 18
K02020: malybdete_transport system subsirale_bindig. protein
R

K02049: sulfonate, nllra(s _taurine_t m_ATPbinding_protein
4 outer, mambrand-broien .

log10(RNA_DNA)









b


image8.emf
K01589: 5_car _imidazole_f _synthase_EC_6_3_4_18_

log10(RNA_DNA)









c


image9.emf
K15583: oligopeptide_transport_system_ATP_binding_protein -

K01996: branched_chain_amino_acid_transport_system_ATP_binding_protein

K07010: putative_glutamine_amidotransferase

K04758: ferrous_iron_transport_protein_A










d


image1.emf
Actinomyces_johnst Actinomyces_naeslundii Actinomyces_sp_oral_tax usl IAgggm\ sp_oral_taxon, 4sa|| Bulleidia_extructa I

100.00 1
10.00 1
1.00 1
0.10 1
0.01 1

*L‘b %# #ﬁ %EJ Eﬁi‘“

Campylobacter_rectus | I Desulfobulbus_ I Dialister_pneumosintes Eubacterium_brachy | | Eubacterium_nodatum I

100.00 1
10.00 1
1.00 1
0.10 1
0.01 1

5‘,5'!321 #é'ﬂ = %ﬁa —

Eubacterium_saphenum | I Filfactor_alocis I I Fretibacterium_fastidiosum Fusobacterium_nucleatum Lautropia_mirabilis

100.00 1
10.00 ~
1.00 1
0.10 1
0.01 1

é% R dﬁ % L‘#EF

Leptotrichia_hofstadii Neisseria_elongata n_014 Porphyromonas_endadontalis

100.00 1
10.00 1
1.00 ~
0.10 1
0.01 1

Proportion (% - log scale)

%q@ iﬁﬂ% %‘“aﬂ @# Ea@%\a

100.00 1
10.00 1
1.00 A
0.10 1
0.01 1










a


image2.emf
Actinomyces_johnsonii Actinomyces_naeslundii Actinomyces_sp_oral_taxon_448 IAgg regatibacter_sp_oral_taxon 458| I Bulleidia_extructa I

10.000 A

e . *E? I

0.001 1

Campylobacter_rectus Desulfobulbus_oralis Dialister_pneumosintes I I Eubacterium_brachy I I Eubacterium_nodatum I

10.000 1

e M‘ﬂ ¢* o Tab*

Q0,001

S

m Eubacterium_saphenum Filifactor_alocis Fretibacterium_fastidiosum I I Fusobacterium_nucleatum I Lautropia_mirabilis I
& 10.000

"t 1.000 :?:, * *

2 01001 # I#l

=~ 0,010

S5 0.001-

=

(@] Leptotrichia_hofstadii I Neisseria_elongata Neisseria_sp_oral_taxon 014 | | Parvimonas_micra Porphyromonas_endodontalis
Qo

(@]

o

a

0.010 1
0.001 1

S g ® Eg@ te

Prevotella_intermedia I Streptacoccus_anginosus_group I I Tannerella_for T rella_sp_oral_taxon_HOT. 255 Treponema_denticola

10.000 1

i M Eﬂj @*a@

0.001 1

B3 Plaque
Tongue

EI Saliva









Plaque

Tongue

Saliva

b


image3.emf
log10(RNA_DNA)

log10(RNA_DNA)

log10(RNA_DNA)

04-

ffasss®°

RARSSS38885300

®
®

B2 Plaque
=1 Tongue
B3 Saliva









a

b

***

***

**

***

c

Plaque Tongue Saliva

Healthy Periodontitis

Plaque

Tongue

Saliva


image4.emf
a

PWY-1042: glycolysis IV
LACTOSECAT-PWY: lactose and gal...
P122-PWY: heterolactic fermenta...
ARGORNPROST-PWY: arginine, orni...
CALVIN-PWY: Calvin-Benson-Bassh...
TCA: TCAcycle |

PWY-3841: folate transformation...
OANTIGEN-PWY: O-antigen buildin...
GLUCOSE1PMETAB-PWY: glucose and...
PWY-7234: inosine-5'-phosphate ...
PWY-7282: 4-amino-2-methyl-5-ph...
PWYO0-845: spw of pyridoxal 5'-p...
PYRIDOXSYN-PWY: pyridoxal 5'-ph...
PWY-6803: phosphatidylcholine a...

PWY-621: sucrose deg. Ill

-0.6

0.4
log10(RNA_DNA)

S. parasanguinis

t8fgesee
Species

Streptococcus_sp_|_G2
[ shuttieworthia_satelles

Mp1g
Mpyy

£ §egegiegs

B cectobacius_fermentum
. Leptotrichia_hofstadii
I Lachnospiraceae_bacterium_oral taxon_082

[ Porohyromonas_endodontaiis
B veitonela_sp_oral taxon_ts8
[ setenomonas_sp_cwms2

l Olsenella_ul

_noxia |1 Leptotrichia_sp_oral_taxon_215

B condica_aubiiiensis

[ [—

Selenomonas_sp_oral_taxon_149

Streptococeus_salivarius

:_sp_SK140
| [P

Selenomonas_sputigena

. Streptococeus_mutans
. Capnocytophaga_gingivalis
Leplotrichia_sp_oral_taxon_225 Streptococeus_gordonii

Actinomyces_sp_oral_taxon_448 Tannerella_forsythia

o
Fusobacterium_nucleatum

. sanguinis Leptotrichia_buccalis
. Streptococcus_sp_F0442 Capnocytophaga_granulosa
,_sobrinus. || selenomonas_infelix

_mitis_oralis
Neisseria_subflava
Streptococcus_australis

Streptococeus_infantis

|| Lachnoanaerobaculum_saburreum Cardiobacterium_hominis

Centipeda_periodontii
. Prevotella_pleuritidis

Oribacterium_sinus

Others

Healthy Periodontitis
F. nucleatum
: s — =
—1:I:)—_E=D_
= — F. nucleatum
e || 2
T F. nucleatum
e S
E‘*ﬂ £ -
Q
e °
o
— = 2
— e 8
—_—— &
—— 2
>
-0.5 0.0 0.5 1.0
log10(RNA_DNA) F. nucleatum .
0.004
;;§¥P§§;;§§§§§§§%§§
Healthy Periodontitis
N ) —— S. infantis
S. mitis oralis ;754 S. mitis oralis
- pneumoniae B | pneumoniae
>
S. parasanguinis
S
2 — S. parasanguinis
] £ -
Q
o
o
2
k<t
]
4
02 00 02 2

S. tigurinus









Plaque

Healthy Periodontitis

Saliva

Healthy Periodontitis

F. nucleatum

F. nucleatum

F. nucleatum

F. nucleatum

S. mitis oralis

pneumoniae

S. parasanguinis

S. infantis

S. parasanguinis

S. mitis oralis

pneumoniae

S. parasanguinis

S. tigurinus

a b

c d


image5.emf
4000 -
3500
3000
2500 -
2000 -

a Sub. plaque Tongue biofilm
DNA DNA
°
*

*

penesqo

ssauang

.i‘ |
I.
uouueys

PCoA2 : 6.6%

2600 -
2400 |
2200 |
2000 |
1800 -

penIesqo

0.85 |

o
@®
(=]

Alpha-diversity
o
o

ssaueng

6.25
6.00 |
5.75

5.50 -

uouueys

b

RNA/DNA ratio (log2+1)
’— - _\
1 \\
0.2 llA \\
A \
\ \
\
ST~ ° ‘\A I VI
e T \ AA Y
0.1 I’ \\ ' A A \
s~ ! \
" ° .. \\ L id T =L A 1
| ° ° \‘ L ‘\ “ A \|
\ @ \ 1 ] \
\‘ QO. ° o ,: A\ \\\ A L \
0.0 1 ° \ h . T T \
\ .o ) 1 ] \ I !
\ ° 1 B oo A i
. . 1 N n AN 1
\ ” . \ |} AL 1
\ ° \ . n \\‘_ 1
4o _ \
~ad.- [ ]
01 - ° \\ = .. u ’I
\ m/
N 1
N [} 1
\\ 1
\ e
0.2 R
02 0.1 0.0 0.1 02
PCoA1:13.6%
¢ Plaque N
4 Tongue N
= Saliva «
[ )

Healthy | .

o Periodontits









Sub. plaque Tongue biofilm Saliva

O

b

s

e

r

v

e

d

E

v

e

n

e

s

s

S

h

a

n

n

o

n

***

*

*

***

***

***

***

***

***

O

b

s

e

r

v

e

d

E

v

e

n

e

s

s

S

h

a

n

n

o

n

a b

RNA/DNA ratio (log2+1)

PCoA1 : 13.6

%

P

C

o

A

2

 

:

 

6

.

6

%

*

*

Plaque

Tongue

Saliva

Periodontits

Healthy

*

*

*


image6.emf
K03778: D_lactate_dehydrogenase_EC_1_1_1_28_-
K01039: glutaconate_CoA_transferase_subunit A EC_2 8 3 12_-
K00873: pyruvate_kinase_EC_2_7_1_40_-
K15583: oligopeptide_transport_system_ATP_binding_protein -
K00425: cytochrome_d_ubiquinol_oxidase_subunit_I_EC_1_10_3_14_-
K10823: oligopeptide_transport_system_ATP_binding_protein -
KO01643: citrate_lyase_subunit_alpha_citrate_CoA_transferase_EC_2_8_3_10_
K01358: ATP_dependent_Clp_protease_protease_subunit EC_3_4_21_92_-
K02117: V_A_type_H_Na_transporting_ATPase_subunit A_EC_3_6_3_14_3 6_3_15_-
K15581: oligopeptide_transport_system_permease_protein
K02118: V_A_type_H_Na_transporting_ATPase_subunit_B
K01738: cysteine_synthase_A_EC_2_5_1_47_-
K02437: glycine_cleavage_system_H_protein -
K02120: V_A_type_H_Na_transporting_ATPase_subunit_D
K01996: branched_chain_amino_acid_transport_system_ATP_binding_protein
K02035: peptide_nickel_transport_system_substrate_binding_protein
K03641: TolB_protein
K02030: polar_amino_acid_transport_system_substrate_binding_protein
K00526: ribonucleoside_diphosphate_reductase_beta_chain_EC_1_17_4_1_
K00364: GMP_reductase_EC_1_7_1_7_
K02119: V_A_type_H_Na_transporting_ATPase_subunit_C
K02122: V_A_type_H_Na_transporting_ATPase_subunit_F
K11069: spermidine_putrescine_transport_system_substrate_binding_protein
K00764: amidophosphoribosyltransferase_EC_2_4_2_14_
K03074: preprotein_translocase_subunit_SecF
K01269: aminopeptidase
K01627: 2_dehydro_3_deoxyphosphooctonate_aldolase_KDO_8_P_synthase_EC_2 5 1_55_
K06901: putative_MFS_transporter_AGZA_family_xanthine_uracil_permease

K07010: putative_glutamine_amidotransferase

KO03771: peptidyl_prolyl_cis_trans_isomerase_SurA

K16960: L_cystine_transport_system_ATP_binding_protein_EC_3_6_3_
K04068: _ribor ¥ ,_reductase_activating_protein
K16958: L_cystine_transport_system_permease_protein

K02020: molybdate_transport_system_substrate_binding_protein

log10(RNA_DNA)










a


