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Abstract In this study, a meta-analysis of fecal bacteria in dogs was conducted using 16S rRNA gene sequences that
have been recovered from cloning and Sanger sequencing. For this meta-analysis, we retrieved all 16S rRNA gene
sequences recovered from fecal bacteria in dogs in the RDP database (Release 11, Update 3). A total of 420 sequences
were identified from the RDP database, 42 of which were also recovered from cultured isolates. The 420 sequences
were assigned to five phyla, of which Firmicutes was the most predominant phylum, accounting for 55.2% of all 420
sequences. Bacteroidetes was the second most predominant phylum, accounting for 32.1% of the 420 sequences,
followed by Actinobacteria (6.4%), Fusobacteria (3.8%), and Proteobacteria (2.4%). The genus Bacteroides within
Bacteroidetes was the largest, representing 30.0% of all 420 sequences, while the putative genus Clostridium X1 within
Firmicutes was the second largest, representing 27.4% of all 420 sequences. A total of 82 operational taxonomic units
(OTUs) that are putative species were identified from the retrieved sequences. The results of this study will improve
understanding of the diversity of fecal bacteria in dogs and guide future studies on the health and well-being of dogs.
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1. Introduction in South Korea[l]. Companion animals positively

affect our lives in terms of stress relief, social support,

As national income increases, pets have been  and treatment of disease[2]. Especially, dogs play an
recognized as companion animals in last 15 years ago  important role in improving our emotional stability and
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social interaction with other people[3]. In addition,
dogs can make elderly people feel more relaxed in the
era of aging[4]. Therefore, health state of dogs may be
an important factor for our healthy lives due to
interaction between humans and dogs.

Fecal bacterial communities can affect the health
Middelbos al.[6]
investigated the fecal bacterial communities of dogs fed

diets

and well-being of dogs[5]. et

with or without dietary fiber, whereas
Garcia-Mazcorro et al.[7] investigated the fecal bacterial
communities of dogs fed diets with or without
synbiotics. Beloshapka et al.[8] used next-generation
pyrosequencing to examine the effect of inulin or yeast
cell wall extracts on the fecal bacterial communities of
dogs. These three studies showed that diet greatly
affected the fecal bacterial communities of dogs.

Microbiologists have evaluated the composition of
bacterial communities in an environmental sample
using a traditional culture-based technique (ex.[9]).
However, it became evident that most of bacteria could
not be cultured in the lab due to the limitation of
culture-based techniques[10].

The 16S rRNA gene is a part of genomic DNA of
bacteria, and its sequences have changed very little
because the evolution rate of the 16S rRNA gene is
slow[11]. Since Woese and Fox[11] suggested the 16S
rRNA gene as a phylogenetic marker for analysis of
bacterial taxonomy, the composition of unculturable
bacterial communities have been evaluated using 16S
rRNA gene-based techniques.

The use of cloning and Sanger sequencing is one of
16S rRNA gene-based techniques to evaluate the
of bacterial communities and

composition can

contribute to the identification of novel Dbacterial

species, as described previously[12].  Previous
individual studies (both published and unpublished)
using this technique have evaluated the composition of
fecal bacterial communities in dogs using cloning and
Sanger sequencing. However, these individual studies
using this technique might have been biased towards

certain bacterial taxa due to PCR error[13]. To
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minimize this bias, Kim et al. [13] evaluated the
composition of ruminal bacterial communities using a
of all 16S rRNA gene

recovered from rumen bacteria.

meta-analysis sequences

In this study, we first performed a meta-analysis to
provide a collective census of the fecal bacterial
communities of dogs using 16S rRNA gene sequences

obtained by Sanger sequencing from various studies.

2. Materials and Methods

All 16S rRNA gene sequences recovered from
bacteria in the feces of dogs were retrieved from the
RDP release 11 (Update 3) providing bacterial 16S
rRNA gene sequences as suggested by Kim et al.[13].
The search terms used were ‘dog feces,” ‘dog faeces,’
‘canine feces,” and ‘canine faeces’. Additionally, isolate
sequences recovered from dog feces, which were not
found in the RDP database, were manually retrieved
from the American Type Culture Collection (ATCC),

Deutsche Sammlung von Mikroorganismen und
Zellkulturen (DSMZ), and Japan Collection of
Microorganisms (JCM). A taxonomic tree with

Bergey’s taxonomy was constructed using the program

Access to RDP database

(http://rdp.cme.msu.edu/)

Search term input in RDP Manually

Search f
(Dog 1;eces, dog fa?ces, download = “fecteria.
canine feces, canine faeces) 16S rRNA isolated from
gene ¢  dog feces
Download 16S rRNA gene sequences  inATCC,
recovered DSMmz,
sequences recovered from and JCM

fecal bacteria in dogs from isolates

—g—
Analysis of fecal bacterial taxonomy
Phylum
Class
Order Taxonomy tree (ARB program)
Family
Genus
Species OTU analysis (QIIME program)
Fig. 1. A workflow for a meta-analysis of fecal

bacterial diversity in dogs
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ARBJ14]. Operational taxonomic units (OTUs) that are
defined as putative species were analyzed from
sequences of the V2 to V3 regions using the QIIME
1.9.1[15]. A workflow for this

meta-analysis is shown in Fig 1.

software package

3. Results and Discussion

3.1 Data summary
of 420

technology were obtained from six

A total sequences based on Sanger
sequencing
published and three unpublished studies. The 420
sequences including 28 isolate sequences were
classified into five phyla, of which Firmicutes was the
predominant phylum and accounted for 232 of the 420
sequences, followed by Bacteroidetes (135 sequences),
Actinobacteria (27 sequences), Fusobacteria (16
sequences), and Proteobacteria (10 sequences) [Table
1]. These five taxa appear to be core phyla commonly
found in dog feces[16]. From the sequences, 82 OTUs

were identified.

Table 1. Taxa of fecal bacteria in dogs

Phylum no. of no. of isolate Proportion
sequences sequences

Firmicutes 232 19 55.2%
Bacteroidetes 135 9 32.1%
Actinobacteria 27 0 6.4%
Fusobacteria 16 0 3.8%
Proteobacteria 10 0 2.4%
Total 420 28 100%

3.2 Firmicutes

The phylum Firmicutes was represented by 12
genera, of which putative Clostridium X1 was the
largest genus, represented by 115 sequences including
[Fig 2 and 3]. The 115
Clostridium X1 sequences clustered into 10 OTUs, of

11 isolate sequences
which three included sequence(s) recovered from
Clostridium isolates. One OTU was represented by 94

sequences, including eight sequences recovered from

Clostridium hiranonis isolates (unpublished study). C.
hiranonis seems to be common in dog feces[16].
Another OTU was represented by two sequences
difficile
(unpublished study). Wetterwik et al.[17] suggested

recovered  from  Clostridium isolates
that C. difficile was toxigenic in dogs with diarrhea but
non-toxigenic in healthy dogs, suggesting that C.
difficile strains have different roles in the fecal
microbial ecosystem in dogs. Blautia, the second
largest genus within Firmicutes, was represented by 37
sequences, including two isolate sequences. The 37
Blautia sequences clustered into six OTUs, one of
which was represented by sequences recovered from
Blautia glucerasea isolates[18]. Blautia seems to be
common in heathy dogs, but it decreased in dogs with
diarrhea[19]

short-chain fatty acids[20]. Putative genus Clostridium

and may play a role in producing

sensu stricto was represented by 17 sequences,

including one isolate sequence recovered from
Clostridium colicanis. The 17 sequences clustered into
three OTUs,

represented by 14 sequences that did not include any

one of which was dominant and
sequence recovered from a cultured isolate. Species
corresponding to this OTU will need to be isolated and
characterized in the future. Allobaculum comprised
eight sequences, with seven clustered into one OTU,
including a sequence recovered from Allobaculum
stercoricanis. Allobaculum may play a role in
producing short-chain fatty acids[20]. Enterococcus
was represented by two sequences recovered from
Enterococcus canintestini and Enterococcus faecium
isolates, whereas Streptococcus and Lactococcus were
represented by one sequence each recovered from
Streptococcus  alactolyticus and Lactococcus lactis,
respectively. No sequences of the remaining genera
(Ruminococcus, Butyricicoccus, putative Clostridium
XVIII, and putative Clostridium XIVa) were recovered
from the isolates. The 10 Ruminococcus sequences
clustered into six OTUs. Handl et al.[21] reported that
Ruminococcus is thought to be prevalent in dog feces.

Unclassified Lachnospiraceae, unclassified Ruminococcaceae,
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and unclassified Peptostreptococcaceac were represented
by 22, 9, 1

unclassified Lachnospiraceac and Ruminococcaceae

and 1, sequences, respectively. The
sequences clustered into 12 and 4 OTUs, respectively.
The unknown species corresponding to these 16 OTUs

need to be isolated and characterized in the future.

3.3 Bacteroidetes

The phylum Bacteroidetes was represented by 135
sequences that were assigned to the genera Bacteroides
(126 sequences) and Prevotella (nine sequences) [Fig
2].

sequence recovered from isolates. Bacteroides and

These two genera were not represented by any

Prevotella clustered into 17 and 4 OTUs, respectively.
Handl al.[21] postulated that the

abundance of Prevotella and Bacteroides is inversely

et combined

related to the abundance of Fusobacteria due to
the

associated with diarrhea in dogs[22].

competition for same niche. Bacteroides is

ium#Bifi iales#Actinobacteridae

ifi
Collinsella
Slackia

(9] Prevotella#"Prevotellaceae”

} Coriobacteriaceae#"Coriobacterineae"#Coriobacteriales#Coriobacteridae

126 | Bacteroides#Bacteroidaceae
"Bacteroidales"#"Bacteroidia"#"Bacteroidetes”

3.4 Proteobacteria

The phylum Proteobacteria was represented by 10
sequences that were assigned to Plesiomonas (four
sequences), Yersinia (three sequences), Campylobacter
(two sequences), and Sutterella (one sequence) [Fig 2].
Plesiomonas included four sequences recovered from
Plesiomonas  shigelloides isolates, whereas Yersinia
included three sequences recovered from Yersinia
rohdei isolates [Fig 3]. Sutterella was represented by
recovered from the  Sutterella

one sequence

stercoricanis type strain[23].

3.5 Other phyla
The phylum Actinobacteria was represented by 27

sequences that were assigned to the genera

Bifidobacterium (seven sequences), Collinsella (17
sequences), and Slackia (three sequences) [Fig 2].
Slackia
asaccharolytic Slackia faecicanis isolate[24] [Fig 3].

included a sequence recovered from an

Slackia may be culturable, but it plays a minor role in

Actinobacteria#"Actinobacteria”

iaceae"#"FL iales"#FL iia#

F

Cetobacterium }
"Fi

Fusobacterium
S000543947 Sutterella stercoricanis (T); type strain: CCUG 47620; AJ566849

"Proteobacteria”

——1 2] Campylobacter#Can ampy

Plesiomonas
Enter Enterobacteriales"#C
Yersinia
{727"] Enterococcus#Enterococcaceae
[2 ] Lactobacillus#Lactc
Streptococcaceae
Clostridium sensu stricto#Clostridiaceae 1

Blautia

{4 Clostridium XIVa
Ruminococcus2
unclassified_Lachnospiraceae

Clostridium XI
S001062439 uncultured bacterium; bdog1_aai79a11; EU463340
M
fo ]
Allobaculum }
S001062416 uncultured bacterium; bdog1_aai78b05; EU463317

Lachnospiraceae

Butyricicoccus

Ruminococcaceae

unclassified_Ruminococcaceae

Bacteria#Root

Firmicutes
Clostridiales#Clostridia

Peptostreptococcaceae

Erysipelotrichaceae#Erysipelotrichales#Erysipelotrichia

Fig. 2. A taxonomic tree showing the genera of fecal bacteria in dogs. A total of 420 sequences were classified to 22

genera including putative genera. The numbers in
sequences.
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rectangular bars mean the number of 16S rRNA gene
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— S000543965 Slackia faecicanis (T); type strain: CCUG 48399; AJ608686

— S000543947 Sullere\la stercoricanis (T); type strain: CCUG 47620; AJ566849
$S000009282 Plesiomonas shigelloides; ATCC 14029T; X74688

S000142446 Plesiomonas shigelloides (T); type strain: NCIMB3242; X60418

$000436522 Plesiomonas shigelloides; M59159

002225100 Plesiomonas sh\gelloxdes DSM 8224; HM007572

000392507 Yersinia rohdei (T); A 43380; AF366384

$S000532529 Yersinia rohdei; ATCC 43380 AY332843

E $000979627 Yersinia rohdei; CCUG 38333; EF179131
S000571347 Enterococcus canintestini (T); type stram LMG 13590 AJ888906
$002913896 Enterococcus faecium; NJODET; JF89!
$000139156 Streptococcus alactolyticus; PKII AY324632
$002913897 Lactococcus lactis subsp. lactis; NJODU JF895186

— $000366397 Clostridium colicanis (T); 13634; AJ420008

001349906 Blautia glucerasea (T); HFTH 1 AB439724

—L— JCM

Yersinia

R\auﬂa&tl

Plesiomonas

| Enterococcus#Enteracoccaceae

| streptococcaceae

Blautia
$002448641 Clostridium difficile; 35; JF693896
$002448642 Clostridium difficile; 38; JF693897
8002448643 Clostridium sp. 40; 'JF693898
5002448644 Clostridium hiranonis; 5; JF693899
$002448645 Clostridium hiranonis; 15; JF693900
5002448646 Clostridium hiranonis; 16; JF693901
$002448647 Clostridium hiranonis; 22; JF693902
5002448648 Clostridium hiranonis; 32; JF693903
$002448649 Clostridium hiranonis; 42; JF693904
Clostridium hiranonis; 44; JF693905
002448651 Clostridium hiranonis; 45; JF6939
——— S000247984 Almbaculum stercoricanis (T); type strain: DSM 13633 AJ417075

Clostridium XI#Peptostreptococcaceae

Lactobacillales#Bacilli

Bacteria#Root

Firmicutes
Clostridiales#Clostridia

Fig. 3. A taxonomic tree showing the genera isolated from dog feces. In total, 28 isolate sequences were recovered from
dog feces and accounted for 6.7% of all the 420 sequences.

the fecal microbial ecosystem in dogs due to its low
abundance. The phylum Fusobacteria was represented
by 16 sequences that were assigned to Fusobacterium
(13 sequences) and Cetobacterium (three sequences).
Fusobacteria produces volatile fatty acids, such as
butyrate and acetate, via fermentation of carbohydrates
acids[25]. the

predominant genus in the phylum Fusobacteria in dogs,

and amino Fusobacterium  was

as described previously[16].

4, Conclusion

This study presents a collective view of the fecal
bacterial diversity in dogs using 16S rRNA gene
sequences obtained by Sanger sequencing. The 5 phyla
Bacteroidetes,

that are Firmicutes, Actinobacteria,

Fusobacteria and Proteobacteria appeared to be
ubiquitous in dog feces irrespective of diets that greatly
affect the composition of fecal bacterial communities in
dogs. This result corroborates the findings of previous
studies[6-8, 16], indicating that these 5 phyla may play
a central role in maintaining the health and well-being
of dogs. This meta-analysis of global bacterial diversity
in dog feces will guide future studies and help develop

analytics tools.
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