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laceae (7.21 %), (Firmicutes phylum). The family Pas-
teurellaceae was prevalent in nine subjects, whereas the 
other four were prevalent in all samples. Moreover, the 
families Leptotrichiaceae (3.05 %) and Fusobacteriacea 
(1.36 %) (Fusobacteria phylum), Carnobacteriaceae 
(1.32 %) and Lactobacillaceae (0.33 %) (Firmicutes 
phylum), Enterobacteriaceae (1 %) (Proteobacteria 
phylum), and Porphyromonadaceae (0.60 %) in Bacte-
roidetes were present in all study samples, but were less 
abundant. 

In total, 79 genera were detected. The most abundant 
ones were Streptococcus (39.96%), Gemella (11.33 %) 
and Veillonella (7.41 %) that belong to phylum Firmi-
cutes and genus Prevotella (16.34 %) that belong to phy-
lum Bacteroidetes. Moreover, Haemophilus (3.67 %) and 
Neisseria (3.08 %) derived from phylum Proteobacteria 
and Leptotrichia (3.33 %) and Fusobacterium (1.68 %) 
from Fusobacteria. Out of the most abundant taxa at the 
genus level, Streptococcus, Prevotella, Gemella, Veil-
lonella, Fusobacterium were present in all individuals. 
Additionally, genus Delftia from Proteobacteria was pre-
sented in high abundance (1.63 %) in only one sample 
(S06). Percentages are expressed in percent of total reads. 
In total, 137 species were identified in the subjects. The 
ten most abundant species detected, are presented in Ta-
ble 2.

Exploration of a-diversity
The number of families observed at each individual 

and the Shannon diversity index was calculated in order 
to explore the microbial composition. Sample S09 had 
the most diverse microbial community, while samples 
S03, S05, and S07 had communities with smaller diversi-
ty. Nevertheless, these a-diversity metrics did not denote 
sizeable differences between them. The Kruskal Wallis 
non-parametric test, that was used to compare a-diversity 
in subgroups separated by gender, origin, smoking, medi-
cal history, and age, did not denote statistically signifi-
cant differences (p-values >0.05). 

DESeq was implemented, to detect statistically sig-
nificant differentially abundant taxa between healthy in-
dividuals, at a 5 % False FDR threshold, by using the 

Benjamini & Hochberg method. In total, we detected 
seventeen unique differentially abundant families, thirty 
unique differentially abundant genera and twenty-four 
unique differentially abundant species, among healthy 
subgroups with adjusted p-values <0.05 (Figure 1, Figure 
2).

More specifically, from the 17 unique differentially 
abundant families detected, Bacillales Incertae Sedis 
(Firmicutes) was present with a statistically significant 
difference in non-smokers, while Acetobacteraceae (Pro-
teobacteria), Aerococcaceae (Firmicutes) and Phormi-
diaceae (Cyanobacteria) were present only in smokers. 
According to gender, the family Acetobacteraceae (Pro-
teobacteria) was detected only in males.

At the genus level, from the thirty unique differen-
tially abundant genera, Gemella (Firmicutes) and Mo-
raxella (Proteobacteria) were present with a statisti-
cal significance in non-smokers (padj =6.64E-03, and 
5.06E-10, respectivelly), while Alloscardovia (Actino-
bacteria), Bifidobacterium (Actinobacteria), Filifactor 
(Firmicutes), and Dialister (Firmicutes) were detected 
with a statistically significant difference mostly in smok-
ers (padj =5.76E-04, 4.29E-04, 5.06E-10, and 1.52E-02, 
respectively). 

Exploration of b-diversity
A dissimilarity matrix was calculated with the Bray-

Curtis distance metric. PCoA that was used for visuali-
zation did not denote clearly clusters either for the sub-
groups that were separated by gender, origin, smoking, 
medical history, and age (plots not shown) or for the spe-
cies (Figure 3). PERMANOVA test with 1,000 permuta-
tions was performed, and statistically significant differ-
ences were detected between smokers and non-smokers 
(p =0.04), while no statistically significant differences 
were detected between the centroids of the remaining 
healthy subgroups (p >0.05). PERMDISP2 procedure 
that was implemented to compare subgroup disper-
sions led to insignificant results for the origin (p =0.11) 
and medical history (p =0.5). However, it showed statisti-
cally significant results for subgroups based on gender 
(p =0.0009), age (p =0.0009), and smoking (p =0.0009), 

Table 2: The ten most abundant species and their taxonomy (phylum, class, order, family, genus, and species) detected in the 
study samples.
Total Reads Percentages Phylum Class Order Family Genus Species

35537 16.64% Firmicutes Bacilli Bacillales Bacillalesincertaesedis Gemella haemolysans

26760 12.53% Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella histicola

19564 9.16% Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella melaninogenica

13074 6.12% Fusobacteria Fusobacteriia Fusobacteriales Leptotrichiaceae Leptotrichia genomosp.

12609 5.90% Firmicutes Negativicutes Selenomonadales Veillonellaceae Veillonella atypica

11942 5.59% Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella salivae

6597 3.09% Proteobacteria Gammaproteobacteria Pasteurellales Pasteurellaceae Haemophilus parainfluenzae

5100 2.39% Actinobacteria Actinobacteria Actinomycetales Actinomycetaceae Actinomyces odontolyticus

4910 2.30% Firmicutes Bacilli Lactobacillales Streptococcaceae Streptococcus salivarius


