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® Periodontitis is a crucial global public oral health concern and increases risks of systemic diseases.

® Earlier studies developed machine learning models from periodontitis patients’ oral microbiomes using 16S
seqguencing, but suffered from low taxonomic resolution, limited datasets, and a lack of wider representation of
the global population.



{: Results

€ Identification of cross-cohort species biomarkers for periodontitis
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® \We identified 54 that showed consistent trends in three and
more cohorts, including 42 and 12 disease- and health-enriched
ones, respectively.
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® The disease-enriched markers included many known
LDA periodontitis-associated species, including the “red complex”
members (i.e., P. gingivalis, T. forsythia, and T. denticola), and

-1 Porphyromonas endodontalis, Filifactor alocis, and Eubacterium
ks nodatum.
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® \We also identified novel species that have not been widely
studied, including GGB4333 SGB5935 which was enriched in six
cohorts, and three novel species present in five cohorts.
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® \We found that some of these biomarkers were also enriched in
""" ERE the gut microbiome in patients of colorectal cancer (CRC) and
£g Crohn’s Disease (CD).
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S Results

€ Taxonomy-based classifiers have high classification performance and cross-cohort generalization ability
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® \We used a random forest classifier with oral microbiome data to
differentiate cases from controls, achieving an internal AUC of
0.86 and an external AUC of 0.79. Leave-one-dataset-out
analysis improved the external AUC to 0.85.
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® Our LODO classifiers were robust, with TPRs of 89% and 72%
in two patient cohorts (PRIJDB6966 and PRINA552294).
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Results

€ Network analysis reveals predominantly positive interactions among biomarkers of

health- or disease-groups
)

Treponema §GB3604 551022 SGB1315

Correlation trend

No. of project Group

Eubacterium brachy

GGB1188 SGB1538
ﬁTreponema denticola

Y Tannerella forsythia
Dialister invisus

Prevotella koreensis

Campylobacter rectus

¥ Porphyromonas gingivali

Selenomonas sp oral taxon 126
GGB2676 SGB361

Eubacterium saphenum

Bacteroidetes oral taxon 274

GGB1611 SGB2208

Phocaeicola abscessus
ctinomyces sp oral taxon 897
Prevotella saccharolytica

Porphyromonas endodontalis

Qo 3
4
5
6

O

@ Disease
@ Health

Negative correlation

Positive correlation

¥ Red complex species

GGB4333 SGB5935
Mogibacterium timidum

Prevotella intermedia

GB10852 SGB17523

Filifactor a foci; —

SObaCtt atum o
GGB49229 SGBEQOGO

Prevotella dentalis

Selenomonas sputigen,

Bacteroidetes unclassified SGB134.

Eubacterium nodatum
Streptococcus constellatus
De sulfobulbus oralis
GGB2665 SGB3591
Treponema SGB69443

Treponema maltophilum
Parvimonas micra

Peptostreptococcus stomatis
‘Anaeroglobus geminatus
Streptococcus anginosus
Prevotella multiformis

Fretibacterium fastidiosum

Treponema lecithinolyticum

B)

27.

26
4
23
2212121
1919191414
151515 14141450,
||||||I|Iinﬁ

MEMQY v.a
S8S¥8838
ShE2SR & o
%FQ‘D‘E“Q;_
Sognas 8.s
BOFO0FQ o
ehBnong sl
EN-Smo=80
SREERTgTL
EXEgy g

(TR TR m%
Tms53a S8

g a
29889 g
“-.:(DP:I-(D o

[
w

o
=1

Degree

Dialister invisus I

Selenomonas sputigena I
Anaeroglobus geminatys IEEE———
Fusobacterium nucleatum I

Prevotella dentalis

Peptostreptococcus stomatis

Campylobacter rectus I

Eubacterium nodatum

Porphyromonas endodontalis
Prevotella koreensis I ©

Prevotella intermedia
% Treponema denticola
Mogibacterium timidum
YPorphyromonas gingivalis
GGB4333 SGB5935
Treponema SGB3604
Desulfobulbus oralis
Bacteroidetes oral taxon 274 [ ~

Eubacterium saphenum
Bacteroidetes unclassified SGB1343

Treponema lecithinolyticum

Parvimonas micra I &

(9]
o
g
Grouj Disease Health o
nZ g 3
S8 1B w
T5I =
g 2828 3
< 9 583355
~ 35}505832374
v JeoifcSygad
§ S$38F5%8w8
3 ggﬁnzguuag.
SASFEFI L, 82
SSow3IZ2ug £ =
3390 SHBODG R
5 S5o3g3 0w 5
4 4 Sy @YDy ST 3
33 Yo s JI2apPo
222,122 3SE3R8TRERY
Blpmplss853550a8:2
1]
QW mr @9 =9 g
885832 SRER"
R o
cmgomnmﬁm
2053050 6
snsscEnio
= =
T8 83wnEg 99999
Bngl,) 08 © 10101010
oS wo Y EOE T
armad ey =
m = mo m
wa=nool0
s0Bn8S0z0
go9g34%©
o mg..ﬁ.
E oEP
2 2
=z ks
@«
I T

Lautropia m;‘rab.i‘lis/.

Acﬂnomyces p-SE-SF

Sl‘repto cocels

o

0.8

0.6

0.4

0.2

The normalized number of connectivity

0.0

Rothia aeria

4 Cribacterium sinus

A
Sl

f\
..“» r
\

Oribacterium parvum

Nodes: 54

Edges: 299
Negative edges: 7

D)

*kk

Disease Health

The absolute value of the correlation coefficient

0.9

0.8

0.6
0.58

0.5

lum sp oral taxon 351

*kkk

Disease Health

Correlation Network Analysis: A total of
299 interactions were identified among
biomarkers using a Spearman Correlation
Coefficient (SCC) threshold > 0.5 and p
< 0.05.

Role of Novel Species: A new species,
GGB10852 SGB17523, was highlighted
for its potential role in periodontitis due to
significant interactions with disease-
enriched species.

Connectivity and Correlation Strength:
Health-biomarkers demonstrated stronger
correlations and higher synchronization,
suggesting a better adaptation to the oral
environment compared to disease-
biomarkers.



Summary

|dentification of cross-cohort biomarkers consistently altered across more than three cohorts,
comprising 54 species and 26 metabolic pathways. The taxonomic biomarkers include both known
pathogens and novel species.

Development of machine learning models with high accuracy in distinguishing periodontitis from controls,
achieving AUCs of 0.86 and 0.85 in within-dataset validation and cross-cohort testing, respectively.

Discovery of predominantly positive correlations among disease- or health-enriched species,
highlighting potential synergistic interactions or shared growth requirements. This underscores the need
to adopt a holistic approach to improve oral physiological conditions, while favoring the growth of health

biomarkers and inhibiting the growth of disease biomarkers.
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