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Abstract In this study, we conducted a meta-analysis on

16S rRNA gene sequences of bovine fecal origin that are

publicly available in the RDP database. A total of 13,663

sequences including 603 isolate sequences were identified

in the RDP database (Release 11, Update 1), where 13,447

sequences were assigned to 10 phyla, 17 classes, 28 orders,

59 families, and 110 genera, while the remaining 216

sequences could not be assigned to a known phylum. Fir-

micutes and Bacteroidetes were the first and the second

predominant phyla, respectively. About 41 % of the total

sequences could not be assigned to a known genus. The

total sequences were assigned to 1252 OTUs at 97 %

sequence similarity. A small number of OTUs shared

among datasets indicate that fecal bacterial communities of

cattle are greatly affected by various factors, specifically

diet. This study may guide future studies to further analyze

fecal bacterial communities of cattle.

Introduction

Fecal bacterial communities of cattle have an influence on

animal health and food safety. Diet was the greatest factor

altering fecal bacterial communities, while breed, gender,

age, and macroecological factors were minor factors

altering fecal bacterial communities [8]. Callaway et al. [1]

investigated fecal bacterial communities from 6 cattle fed

0, 25, or 50 % dried distillers’ grain (2 cattle per diet),

while Shanks et al. [19] investigated fecal bacterial com-

munities recovered from 30 cattle that were equally divided

into six cattle populations (3 diet groups 9 2 locations; 5

animals per population analyzed). Rice et al. [17] used the

next-generation pyrosequencing method to examine fecal

bacterial communities recovered from 20 cattle fed 5 diets

with differing types and levels of distillers’ grains, and the

structure of the fecal microbiota of the distillers’ grain-

based diets observed was significantly different from that

of the control diet. These three studies showed that fecal

bacterial communities were affected by diet. In addition,

there was variation among individual animals although the

same diet was fed to the cattle [3, 4]. Therefore, better

understanding of bovine fecal bacteria affected by these

factors would be important in animal health and food

safety.

Although a recent study isolated some fecal bacteria of

cattle [27], few culture-dependent studies to date have been

conducted to isolate and characterize bovine fecal bacteria.

After 16S rRNA gene sequences were used as a culture-

independent approach [26], fecal bacterial communities

have been analyzed using cloning and the Sanger

sequencing technology [4, 14]. However, individual studies

using the Sanger sequencing technology to date focused on

a specific fecal bacterial ecosystem and showed only a

small portion of the whole diversity present in cattle feces.
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In addition, taxa of 16S rRNA gene sequences recovered in

the individual studies were analyzed using old versions of

taxonomy classifier with less robust sequence libraries.

Therefore, individual studies likely bias the knowledge on

fecal bacterial communities. In the current study, we con-

ducted a meta-analysis to provide a collective view of the

fecal bacterial communities using the collective 16S rRNA

gene sequences that are publicly available in the RDP

database. We also predicted the current coverage of fecal

bacterial diversity of cattle based on the rarefaction

estimate.

Materials and Methods

Collection of Sequence Datasets

All the 16S rRNA gene sequences recovered from cattle

feces were collected from the publicly available RDP

database (Release 11, Update 1). High-quality sequences

were obtained using the ‘Quality’ option in the RDP

database. Search terms used were ‘cow feces’, ‘cow fae-

ces’, ‘cattle feces’, ‘cattle faeces’, ‘fecal cow’ and ‘fecal

cattle,’ and then some sequences that did not originate from

cattle feces were manually removed. In addition, 16S

rRNA gene sequences of bacteria isolated from cattle feces

were manually obtained from American Type Culture

Collection (ATCC), Deutsche Sammlung von Mikroor-

ganismen und Zellkulturen GmbH (DSMZ), and Japan

Collection of Microorganisms (JCM). The collective

sequence dataset and the navigation tree were downloaded

from the RDP and then imported into the ARB program

[11] to construct the taxonomic tree with the Bergey’s

taxonomy [23].

Diversity Estimate

The QIIME software package 1.6.0 [2] was used to

cluster OTUs against a Greengenes reference set (2013-

05) using the closed reference OTU picking method and

calculate diversity indices [12, 24]. The maximum

number of OTUs was estimated from a rarefaction curve

using the nonlinear model procedure (PROC NLIN) of

SAS (V9.2, SAS Institute Inc., Cary, NC) as described

previously [10].

OTUs Shared Between the Rumen and the Feces

OTUs shared between the rumen and the feces were ana-

lyzed using the QIIME software package 1.6.0 [2]. For this

analysis, we used the ruminal sequences that were retrieved

from the RDP database previously [10].

Results and Discussion

The current study provided a global view of the fecal

bacterial diversity analyzed from collective 13,663

sequences that were publicly available in the RDP database

(Table 1). The 13,663 sequences were retrieved from 19

published studies and 9 unpublished studies conducted

using the Sanger sequencing technology, where 603

sequences were recovered from bacterial isolates. 11,048

of the 13,663 sequences were obtained from the feces of

heifers fed 61.6 % corn silage, 15.2 % alfalfa hay, 20.9 %

corn, and 2.3 % liquid supplement ([4]; designated as

‘‘Dataset 1’’), while 566 of the 603 isolate sequences were

obtained from 8-week continuous culture enrichments of

bovine fecal bacteria with cellulose or xylan/pectin ([27];

designated as ‘‘Dataset 2’’).

Data Summary

13,447 of the 13,663 sequences were assigned to 10 phyla,

17 classes, 28 orders, 59 families, and 110 genera, while

the remaining 216 sequences could not be assigned to a

known phylum (Table 1). Firmicutes and Bacteroidetes

were the first and the second largest phyla and accounted

for 49 and 42 % of the total sequences, respectively. The

predominance of these two phyla in cattle feces corrobo-

rated the previous studies using the next-generation

pyrosequencing technology [8, 17, 19]. Therefore, these

two phyla might play more important role in the fecal

microbial ecosystem than the other phyla. Proteobacteria

was the third largest phylum and accounted for 6 % of the

total sequences, while the remaining 7 minor phyla each

accounted for\0.6 % of the total sequences.

Firmicutes

Firmicutes was represented by 6697 sequences, where 314

sequences were recovered from bacterial isolates (Table 1).

299 of the 314 isolate sequences were recovered from

Dataset 2. Clostridia was the largest class and comprised

5564 of the 6697 sequences, followed by Erysipelotrichia

(665 sequences), Negativicutes (219 sequences), and

Bacilli (175 sequences). 49 known genera and 9 putative

genera were identified within Firmicutes.

Faecalibacterium was the largest genus and comprised

810 sequences, where 809 sequences from Dataset 1 were

recovered from the feces of cattle fed a diet including 21 %

corn [4]. Kim et al. [8] indicated that the abundance of

Faecalibacterium was high in the feces of cattle fed a corn-

based diet but very low in the feces of cattle fed a mostly

forage diet. Therefore, Faecalibacterium might be com-

monly found in the feces of cattle fed a corn-based diet but
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Table 1 Taxa of bovine fecal bacteria

Taxa No. of

sequences

No. of

isolate

sequences

Bacteroidetes (5691 sequences)

Prevotella 3026

Paraprevotella 358

Hallella 2

Xylanibacter 1

Unclassified Prevotellaceae 254

Bacteroides 765 121

Anaerorhabdus 2

Barnesiella 76

Butyricimonas 2

Dysgonomonas 32 32

Odoribacter 1

Paludibacter 9

Parabacteroides 119 15

Petrimonas 1

Proteiniphilum 13 13

Unclassified Porphyromonadaceae 156

Alistipes 68

Rikenella 3

Unclassified Rikenellaceae 1

Phocaeicola 7

Unclassified Bacteroidales 472

Unclassified Bacteroidetes 323

Actinobacteria (79 sequences)

Mycobacterium 3 3

Rhodococcus 2 2

Unclassified Actinomycetaceae 5 5

Unclassified Micrococcineae 2 1

Arthrobacter 2

Micromonospora 2 2

Propionibacterium 7 5

Amycolatopsis 1 1

Streptomyces 2 2

Unclassified Actinomycetales 3 2

Bifidobacterium 30 6

Collinsella 7

Olsenella 4 1

Paraeggerthella 1 1

Unclassified Coriobacteriaceae 8

Elusimicrobia (1 sequence)

Elusimicrobium 1

Fusobacteria (7 sequences)

Fusobacterium 7 7

Proteobacteria (888 sequences)

Succinivibrio 506

Ruminobacter 26

Aeromonas 7 7

Table 1 continued

Taxa No. of

sequences

No. of

isolate

sequences

Proteus 31 31

Escherichia/Shigella 20 3

Citrobacter 1 1

Morganella 1 1

Unclassified Enterobacteriaceae 1

Pseudomonas 104

Unclassified Pseudomonadaceae 8

Acinetobacter 8

Luteimonas 1

Unclassified Gammaproteobacteria 3

Ralstonia 23

Delftia 9

Variovorax 1

Janthinobacterium 12

Undibacterium 4

Sutterella 33

Parasutterella 3

Unclassified Burkholderiales incertae sedis 1

Unclassified Burkholderiales 1

Neisseria 1

Nitrosospira 1

Unclassified Rhodocyclaceae 1

Gemmiger 10

Rhizobium 1

Unclassified Acetobacteraceae 3

Sphingomonas 1

Unclassified Alphaproteobacteria 4

Vampirovibrio 34

Desulfovibrio 18 18

Campylobacter 9 7

Arcobacter 1 1

Spirochaetes (47 sequences)

Treponema 47

Synergistetes (8 sequences)

Cloacibacillus 8 8

Tenericutes (27 sequences)

Anaeroplasma 24

Asteroleplasma 1

Mycoplasma 1

Unclassified Mollicutes 1

Verrucomicrobia (2 sequences)

Subdivision 5 genera incertae sedis 2

Firmicutes (6697 sequences)

Roseburia 267

Lachnobacterium 2 2

Syntrophococcus 6

Dorea 104
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not in the feces of cattle fed a mostly forage diet. Fae-

calibacterium might play a role in producing butyrate, the

main energy source for the gut epithelial cells [16], in cattle

fed a corn-based diet. Blautia was the second largest genus

and comprised 362 sequences, where 334 sequences were

recovered from Dataset 1, while 27 isolate sequences were

recovered from continuous culture enrichments of bovine

fecal bacteria with xylan/pectin (Dataset 2). Although the

abundance of Blautia was greater in the feces of cattle fed a

corn-based diet than in the feces of cattle fed a mostly

forage diet [8], some Blautia spp. corresponding to the 27

isolate sequences may be involved in fiber digestion.

Roseburia was the third largest genus and comprised 267

sequences. Because Roseburia sequences were mostly

recovered from Dataset 1 (264 sequences), it is thought to

be abundant in the feces of cattle fed diets with grain. This

result supported the previous study [8], where the abun-

dance of Roseburia was higher in the feces of cattle fed a

corn-based diet but very low in the feces of cattle fed a

mostly forage diet. Roseburia can produce butyrate like

Faecalibacterium [16].

Bacillus was represented by only 9 sequences but inclu-

ded 5 isolate sequences (Table 1). Bacillus pumilus,

Table 1 continued

Taxa No. of

sequences

No. of

isolate

sequences

Oribacterium 7

Anaerostipes 91 1

Coprococcus 81

Lactonifactor 2 2

Blautia 362 27

Clostridium XIVa 88 73

Clostridium XIVb 10 2

Lachnospiraceae incertae sedis 559 9

Unclassified Lachnospiraceae 1148 7

Clostridium sensu stricto 212 27

Anaerobacter 1

Anaerosporobacter 20 20

Unclassified Clostridiaceae 1 16

Acetobacterium 1

Eubacterium 2 2

Tissierella 20 20

Sporanaerobacter 3 3

Sedimentibacter 1 1

Anaerovorax 15 2

Mogibacterium 7

Unclassified Clostridiales

Incertae Sedis XIII

4 1

Symbiobacterium 7

Unclassified Peptococcaceae 1 7

Desulfonispora 2

Clostridium XI 91

Peptostreptococcus 1 1

Unclassified Peptostreptococcaceae 31

Unclassified Ruminococcaceae 1151 5

Faecalibacterium 810

Acetivibrio 100

Anaerofilum 3 2

Ruminococcus 33

Butyricicoccus 5 3

Saccharofermentans

Flavonifractor 1 1

Pseudoflavonifractor 2

Oscillibacter 106 16

Clostridium IV 25 9

Unclassified Clostridiales 119 2

Streptococcus 119 6

Lactococcus 1

Unclassified Streptococcaceae 1

Lactobacillus 17 2

Enterococcus 8 7

Carnobacterium 1

Weissella 2 2

Table 1 continued

Taxa No. of

sequences

No. of

isolate

sequences

Psychrobacillus 3

Planococcus 1

Planococcaceae incertae sedis 1

Unclassified Planococcaceae 7

Bacillus 9 5

Brochothrix 1

Paenibacillus 3 3

Staphylococcus 1 1

Turicibacter 102

Coprobacillus 57

Sharpea 1

Clostridium XVIII 118 19

Erysipelotrichaceae incertae sedis 133 21

Unclassified Erysipelotrichaceae 244

Anaerovibrio 176

Selenomonas 1

Megasphaera 2 2

Unclassified Veillonellaceae 5

Phascolarctobacterium 33

Unclassified Acidaminococcaceae 1

Unclassified Selenomonadales 1

Unclassified Firmicutes 84

Unclassified Bacteria 216
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Bacillus circulans, Bacillus subtilis, Bacillus pseudomy-

coides, and Bacillus megaterium were each represented by

one isolate sequence in an unpublished study. Kim et al. [8]

also indicated that Bacillus was not a dominant genus in

both corn-fed and mostly forage-fed animals. Therefore,

Bacillus might be a minor genus in cattle feces irrelevant to

diet but seemed to be easily enriched and isolated. Paeni-

bacillus was represented by 3 isolate sequences, where 2

sequences were recovered from Paenibacillus favisporus

that is xylanolytic [22] and the other sequence was recov-

ered from continuous culture enrichments of bovine fecal

bacteria with xylan/pectin (Dataset 2). This result indicated

that Paenibacillus spp. in cattle feces might be involved in

fiber digestion. Lactobacillus producing lactic acid was

represented by 17 sequences including 2 isolate sequences.

One isolate sequence was recovered from Lactobacillus

amylovorus, while another isolate sequence was recovered

from Lactobacillus johnsonii. The remaining 15 Lacto-

bacillus sequences were recovered from Dataset 1. Strep-

tococcus was represented by 119 sequences, where 2

sequences were recovered from Streptococcus bovis.

Lachnobacterium producing lactic acid was represented by

2 isolate sequences recovered from Lachnobacterium bovis

isolated from the feces of steers fed 50 % rolled barley and

50 % chopped alfalfa [25], whileWeissella was represented

by 2 isolate sequences recovered from Weissella spp. in an

unpublished study. Because Weissella is a lactic acid bac-

terium associated with food [21], Weissella spp. in cattle

feces also might produce lactic acid. The putative genus

Clostridium XIVa comprised 88 sequences including 73

isolate sequences recovered from Dataset 2 (Table 1),

indicating that Clostridium XIVa may be involved in fiber

digestion. Some sequences recovered from Dataset 2 could

not be assigned to a known genus, indicating that unknown

genera may play a role in degrading ruminally undigested

fibers in cattle feces. The current taxonomy will need to be

updated to better understand the diversity of bovine fecal

bacteria.

Bacteroidetes

Bacteroidetes comprised 5691 sequences, where 5368

sequences were assigned to the class Bacteroidia in which

17 known genera were identified (Table 1). The remaining

323 sequences could not be assigned to a known class.

Prevotella was the largest genus and comprised 3026

sequences (22.1 % of the total sequences) but was repre-

sented by no isolate sequences. 2995 of the 3026 sequences

were recovered from Dataset 1, which indicated that Pre-

votella is commonly found in the feces of cattle fed a corn-

based diet as described previously [8]. Bacteroides was the

second largest genus and comprised 765 sequences, where

538 sequences were recovered from Dataset 1, while 121

sequences were recovered from Dataset 2. Bacteroides spp.

corresponding to Dataset 1 might be commonly found in the

feces of cattle fed a corn-based diet, while Bacteroides spp.

corresponding to Dataset 2 may play a role in degrading

ruminally undigested fibers in cattle feces. Durso et al. [5]

noted that Prevotella increased in the feces of cattle fed a

standard corn-based diet, while Bacteroides increased in the

feces of cattle fed a diet of 40 % corn-based wet distillers’

grains with solubles. Although Prevotella and Bacteroides

are commonly found in the feces of cattle fed a corn-based

diet, they seem to be differently affected by dietary sources.

Paraprevotella were the third largest genus and comprised

358 sequences. Paraprevotella, which produces succinate

and acetate, is a novel genus placed within the family

Prevotellaceae but is phylogenetically distinct ([12 %

sequence dissimilarity) from Prevotella placed within the

samePrevotellaceae [13].Parabacteroides, which is a novel

genus differentiated from Bacteroides [18], was the fourth

largest genus and comprised 119 sequences. 15 of the 119

Parabacteroides sequences were recovered from Dataset 2,

indicating that some Parabacteroides spp. may degrade

ruminally undigested fibers in cattle feces. Dysgonomonas

and Proteiniphilum were represented by 32 and 13 isolate

sequences only recovered from Dataset 2, respectively,

which indicated that these two genera may play a role in

degrading ruminally undigested fibers in cattle feces. The

rest of the genera placed within Bacteroidetes were repre-

sented by no isolate sequences.

Proteobacteria

Proteobacteria comprised 888 sequences including 69

isolate sequences (Table 1). Gammaproteobacteria was the

largest class and comprised 717 of the 888 sequences. A

total of 26 known genera were identified from the pro-

teobacterial sequences. Succinivibrio was the largest genus

and comprised 506 sequences, where 503 sequences were

recovered from Dataset 1. Succinivibrio seems to be

abundant in a corn-based diet as described previously [8].

Pseudomonas was the second largest genus and comprised

104 sequences. Campylobacter was represented by 9 iso-

late sequences, where 4 sequences were recovered from

Campylobacter hyointestinalis and one sequence was

recovered from Campylobacter sputorum. Arcobacter was

represented by one isolate sequence recovered from Ar-

cobacter skirrowii, while Escherichia/Shigella was repre-

sented by 20 sequences including 2 isolate sequences

recovered from Escherichia coli. Proteus (31 sequences),

Desulfovibrio (18 sequences), Aeromonas (7 sequences),

Morganella (1 sequence), and Citrobacter (1 sequence)

were represented by sequences only recovered from

Dataset 2, indicating that these genera may play a role in

degrading ruminally undigested fibers in cattle feces.
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Minor Phyla

Actinobacteria comprised 79 sequences including 31 iso-

late sequences (Table 1). A total of 11 known genera were

identified, where 9 genera were each represented by at least

one isolate sequence. Bifidobacterium was represented by

30 sequences that were assigned to 6 OTUs. One OTU was

represented by 2 sequences recovered from Bifidobac-

terium longum. Another one OTU was represented by

sequences recovered from continuous culture enrichments

of bovine fecal bacteria with xylan/pectin (Dataset 2).

Species corresponding to this OTU may be related to Bf.

pseudolongum that can ferment pectin [20], which may be

predominant in cattle feces as described previously [6].

Further study will need to be conducted to corroborate this

observation. Mycobacterium was represented by 3 isolate

sequences recovered from Mycobacterium avium, while

Rhodococcus was represented by 2 isolate sequences

recovered from Rhodococcus coprophilus. Propionibac-

terium (5 sequences), Olsenella (1 sequence), and

Paraeggerthella (1 sequence) were recovered from Dataset

2, indicating that these genera may be involved in fiber

digestion. Amycolatopsis (1 sequence),Micromonospora (2

sequences), and Streptomyces (2 sequences) were repre-

sented by isolate sequences recovered from another

unpublished study.

Spirochaetes comprised 47 sequences including no iso-

late sequences, and all 47 sequences were assigned to the

genus Treponema (Table 1). The 47 sequences were

recovered from either dairy cattle in Korea [7] or Holstein

cattle in the USA [15], but neither study provided diet

information. Tenericutes comprised 27 sequences, where

24 sequences recovered from Dataset 1 were assigned to

the genus Anaeroplasma. Synergistetes comprised 8

sequences that were assigned to the genus Cloacibacillus,

while Fusobacteria comprised 7 sequences that were

assigned to the genus Fusobacterium. Both Cloacibacillus

and Fusobacterium were represented by isolate sequences

recovered from continuous culture enrichments of bovine

fecal bacteria with xylan/pectin (Dataset 2), which indi-

cated that they may degrade ruminally undigested fibers in

cattle feces. Verrucomicrobia was represented by only 2

sequences, while Elusimicrobia was represented by only

one sequence. Fecal bacteria in these two phyla might not

be residents in cattle feces.

Bacterial Diversity

A total of 1252 OTUs at 97 % sequence similarity were

identified from the total sequences using the closed refer-

ence OTU picking method (Table 1). The number of OTUs

identified using the open reference OTU picking method

was 1109 that were excluded from OTU calculation because

of some non-overlapping sequences. The 1109 OTUs indi-

cate novel bacterial species. The OTUs represented by only

one sequence accounted for 52 % of all 1252 OTUs, indi-

cating that fecal bacterial communities of cattle are greatly

diverse. Although 80 % of the total sequences were recov-

ered from Dataset 1, the number of OTUs shared between

Dataset 1 and the other datasets was only 2 of all 1252

OTUs. This result supports the finding that the composition

of bovine fecal bacteria is affected by various factors, par-

ticularly diet, as described previously [8]. Therefore, small-

scale studies that were conducted under different experi-

mental conditions still help find novel OTUs [9].

The maximum OTU richness predicted by the rarefac-

tion curve was 1494, indicating that more than 80 % of

fecal bacterial diversity has been sampled. However,

actual % coverage of fecal bacterial diversity will be much

lower than 80 % because this analysis did not include

novel OTUs identified using the open reference OTU

picking method.

Only 82 of the 1252 OTUs were shared between the

rumen and the feces (Fig. 1). This result indicated that the

community structure of fecal bacteria is distinct from that

of the rumen bacteria. The 82 shared OTUs were assigned

to Anaerorhabdus (1 OTU), Anaerovorax (1 OTU), Bac-

teroides (1 OTU), Bifidobacterium (3 OTUs), Blautia (1

OTU), Campylobacter (1 OTU), Clostridium sensus stricto

(2 OTUs), Clostridium XIVa (2 OTUs), Desulfovibrio (1

OTU), Enterococcus (2 OTUs), Escherichia/Shigella (2

OTUs), Fusobacterium (2 OTUs), Lachnobacterium (1

OTU), Lachnospiraceae incertae sedis (1 OTU), Lacto-

bacillus (3 OTUs), Lactococcus (1 OTU), Mogibacterium

(3 OTUs), Olsenella (2 OTUs), Prevotella (6 OTUs),

Proteiniphilum (1 OTU), Proteus (1 OTU), Ruminococcus

(4 OTUs), Selenomonas (1 OTU), Sharpea (1 OTU),

Sphingomonas (1 OTU) , Sporanaerobacter (1 OTU),

Streptococcus (1 OTU), Subdivision 5 genera incertae

sedis (1 OTU), Syntrophococcus (2 OTUs), Tissierella (1

82 11702525

Rumen Feces

Fig. 1 A venn diagram showing OTUs shared between the rumen

and the feces. The number of the shared OTUs was 82 OTUs,

accounting for only 6.5 % of the 1252 fecal OTUs
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OTU), Treponema (1 OTU), and taxa that could not be

assigned to a known genus (30 OTUs).

In conclusion, the current study provided a collective

view of fecal bacterial communities using a meta-analysis

of studies based on the Sanger sequencing technology and

indicated that individual small-scale studies can help

better understand fecal bacterial communities of cattle.

Sequences recovered from cultured bacteria accounted for

only 4 % of the total sequences. Therefore, more efforts

would need to be made to isolate and characterize fecal

bacteria.
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