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Animal gut microbiomes play important roles in the health, diseases, and production of animal hosts. The
volume of animal gut metagenomic data, including both 16S amplicon and metagenomic sequencing
data, has been increasing exponentially in recent years, making it increasingly difficult for researchers
to query, retrieve, and reanalyze experimental data and explore new hypotheses. We designed a database
called the domestic animal gut microbiome atlas (ADDAGMA) to house all publicly available, high-
throughput sequencing data for the gut microbiome in domestic animals. ADDAGMA enhances the avail-
ability and accessibility of the rapidly growing body of metagenomic data. We annotated microbial and
metadata from four domestic animals (cattle, horse, pig, and chicken) from 356 published papers to con-
struct a comprehensive database that is equipped with browse and search functions, enabling users to
make customized, complicated, biologically relevant queries. Users can quickly and accurately obtain
experimental information on sample types, conditions, and sequencing platforms, and experimental
results including microbial relative abundances, microbial taxon-associated host phenotype, and P-
values for gut microbes of interest. The current version of ADDAGMA includes 290,422 quantification
events (changes in abundance) for 3215 microbial taxa associated with 48 phenotypes. ADDAGMA pre-
sently covers gut microbiota sequencing data from pig, cattle, horse, and chicken, but will be expanded to

include other domestic animals. ADDAGMA is freely available at (http://addagma.omicsbio.info/).
© 2022 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

A great number and variety of microorganisms colonize the
mammalian intestine. The gastrointestinal microbiome is a consor-
tium of multiple bacteria, archaea, fungi, and protozoa [1]. Increas-
ing evidence has recently demonstrated that the gut microbiota is
crucial to many processes in vertebrate hosts, including develop-
ment [2,3], disease [4-9], immunization [10-13], and metabolism
[14-17]. For example, Fuyong Li et al. [18] found significantly dif-
ferent populations of Firmicutes and Chloroflexi between high- and
low-RFI (residual feed intake) animals. Chong Liu et al. [19]
reported that the taxonomic composition of gut bacteria changes
with age and is correlated with age-related changes in methane
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emission. Within the context of constraining factors such as age
and diet, the composition of microbial species early in life stages
plays a crucial role in the dynamics of late-succession taxa [20].
A broad range of factors is responsible for differences in the intesti-
nal microflora among hosts, including breed, diet, age, health sta-
tus, environment, genetic background, and antibiotics [21-27].
Metagenomic sequencing technology, with its advantages of
high throughput, low cost, and high speed, makes it possible to
study gastrointestinal microbiomes solely by extracting DNA from
a gut sample, without having to rely on the cultivation of microor-
ganisms from the sample. The development of high-throughput
sequencing and the rapid accumulation of genomic and 16S data
from human and animal gut microbiota have given rise to various
interrelated databases such as the European Nucleotide Archive
(ENA) [28], National Center for Biotechnology Information (NCBI),
Sequence Read Archive (SRA) [29], and DNA Data Bank of Japan
(DDB]J) [30]. These databases store public sequencing results as
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well as some biological information. Other comprehensive, well-
annotated repositories for human gut metagenomic data, including
gut MEtaGenome Atlas (gutMEGA), gutMDisorder, GMrepo, and
HumanMetagenomeDB, allow researchers to access processed data
and comparative information on intestinal microbiomes between
different human disease conditions. These databases are pivotal
research tools for elucidating relationships between human disor-
ders and the gut microbiota [31-34].

A comprehensive database that can intuitively show the associ-
ation between domestic animal traits and gut microbiota is cur-
rently lacking, and it remains difficult for scientists to query and
retrieve certain types of published data. We created a novel data-
base, the domestic animal gut microbiome atlas (ADDAGMA),
which provides detailed meta-data such as sample type, sequenc-
ing platform, conditions of experimental, and analytical software.
We re-analyzed the results of high-throughput sequencing of
domestic animal microbiomes and provide such information as
the log2-transformed ratios, P-values, and microbial taxa. In addi-
tion, we categorize data in four ways according to the focus of the
original studies (health traits, production traits, life-history traits,
and microbial diversity). For convenience, we term these cate-
gories as “phenotypes”, as defined for the animalQTL [35] database
(https://www.animalgenome.org/cgi-bin/QTLdb/index). With
ADDAGMA, users can quickly obtain data on the gut microbiota
associated with particular animals or animal traits by “browse
for phenotype” or “browse for taxa”, and can compare their results
with those from other, published studies. ADDAGMA thus provide
a useful resource for exploring relationships between the pheno-
types of domestic animals and their intestinal microbial biotas.

2. Materials and methods
2.1. Collection of raw data

To find potentially relevant papers, we searched the PubMed
and Google Scholar databases through 30 September 2020 with
the keywords “[animal] AND gut AND metagenome” and “[animal]
AND gut AND microbiota”, with pig, cattle, horse, and chicken
replacing [animal] in respective searches. Among more than 1300
papers detected, we then checked which papers documented 16S
amplicon sequencing raw data or microbial relative-abundance
data, which eventually yielded 356 publications. We divided the
selected documents into two categories, those with and those
without original sequencing data. For those with original data,
we downloaded amplicon data for the bacterial 16S rRNA gene
from the European Nucleotide Archive (ENA), and by using
the command-line tools SRA Explorer and SRA-Tools, from
the Sequence Read Archive (SRA), facilitated with Aspera
(a high-speed data transfer tool). Other papers were selected which
gave effective relative abundances for the intestinal flora, and the
microbial information needed for further processing was obtained
from the articles or supplementary materials. In the end, we
selected 132, 102, 16, and 106 metagenomic, animal-gut studies
for pig, cattle, horse, and chicken, respectively (Table 1). We subse-
quently recovered from these studies’ important fundamental

Table 1
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experimental information such as sequencing method, sample
type, processing software, processing platform, and so forth.

2.2. Reprocessing and analysis of original sequence metadata

Different analytical methods may produce completely different
analytical results, leading to poor consistency of these results. As a
result, an identical standard was established to re-analyze the data,
making the data in ADDAMAG more representative and scientific.
We either reanalyzed the downloaded data using bioinformatics
to detect abundance changes and bacterial p-values, or manually
curated metadata from the literature.

We consistently reanalyzed original sequence data downloaded
from the ENA database, using USEARCH (v10.0.240) [36] to denoise
the data and VSEARCH (v2.15.1) [37] to merge data and assure
quality control. Fig. 1 shows the schematic representations of the
pipeline for amplicon data. We removed the barcodes and primers
by using vsearch after the raw reads from paired-end sequences
were merged, while the single-end sequences reads were used
directly for subsequent analysis. And then we acquired the clean
amplicon sequences following we carried out controlling the qual-
ity of sequences (controling sequencing error rate < 0.01) with the
vsearch. The commands of vsearch we used were ’--fastq_stripleft’
and '--fastq_maxee_rate’, respectively. The parameter of command
(’--fastq_stripleft’) was setted according to the collected meta-data
values of primer length. We constructed a feature table by quanti-
fying the frequency of features among the sequences in each sam-
ple after picking representative sequences and denoising. We
simultaneously assigned taxonomic identifiers to the feature
sequences, typically at the levels of kingdom, phylum, class, order,
family, genus, and species, allowing a dimensionality-reduction
perspective on the microbiota (mapping the sequences in the
RDP database) [38]. From our analytical results, we obtained
the taxonomy and relative abundances of microorganisms in the
microbiota, to which we manually annotated biological informa-
tion on the corresponding hosts taken from the studies examined.
These data were included in the ADDAGMA. The studies in which
we found data within the articles or in supplementary materials
fell into three categories. Some provided the complete relative
abundance or reads count, and we could determine fold-changes
and calculate P-values. For other studies that provided the average
(or median) abundance or fold-changes, and P-values, we calcu-
lated the fold-changes and used the P-values directly. Finally, some
studies lacked only P-values.

3. Results
3.1. Contents of the database

We collected data from a total of 356 papers and further pro-
cessed the meta-data as shown in Fig. 2. A total of 3,215 different
microbial taxa and 290,422 quantitative events (changes in abun-
dance) at six levels (phylum, class, order, family, genus, and spe-
cies) were associated with 48 phenotypes. Among these 290,422
quantitative events, 26% were in cattle, 3% in horse, 51% in pig,
and 20% in chicken. Table 1 shows the number of events related

Number of events related to health traits, production traits, life history traits, and microbial diversity for four domestic animals, and the number of source papers.

Species NO. of health traits NO. of production traits NO. of life history traits NO. of microbial diversity NO. of papers
Cattle 1,766 30,067 0 43,727 102

Pig 61,287 47,125 5,576 34,242 1,320

Horse 5,094 126 0 2,262 16

Chicken 8,289 40,175 0 9,686 106
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Fig. 1. Schematic representations of the pipeline for amplicon data.
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Fig. 2. Flow diagram for the process of data collection and construction of the database.

to health traits, production traits, life-history traits, and microbial
diversity in the four species. The majority of studies on production
traits were related to animal metabolism, whereas most of those

on health traits were related to animal diseases. Fig. 3A and B
shows the number of gut microbial species involved in the four
animals and the number of microbial species shared by them,

893



Y. Xu, B. Lei, Q. Zhang et al.

Computational and Structural Biotechnology Journal 20 (2022) 891-898

AE 4000 BE 1000 C
é’ Z § 40001 Cattle
= E B
£03000- § 8007 g
§ 2 B 3000+
E 5 e00/ g
2000+ E ‘=
S s E 2000,
= = 400 S
2 2 5
£ 1000 E £
£ 1000
g 2 2001 5
é 2 2
L I = oo
¢ & g & & ¢ o & S & B R R S
F& S SRS S & &S
C Q, ¢ & @ QY oY R G X s ) Q
¢ & & S F T F &S
$ ¥ P M S $ F &
R X O @ o \o) 5 & & & > Q
4 ¢ & & TR ¢ F &
i Q,O O S O &
D ARV RO
& 10001 . E, 4000 ; F, 2000+
E Horse B Hg E Chicken
€0 1 on &0
s 53000 = 15001
£ S s
2 6004 2 2
E E 2000 E 1000
(=]
L 4004 5 s
o @ £
E E 1000 T s00
S 200 s 3
- : ;
= L
- =EENY 8§ 8 B £ JEw E
SR S I e 6 8 & B A
© 8§ S S S A R
R d&’,&@ & ST SR
N & & F &S FS&HHSFE
F & F R FrEES R FEFE &
QR ) N N2 Q N Nl Q R\
©F CFEe T F e
G H Pi
Phylum Cattle Phylum g
2% 2%
Species QLY = Phylum Species B Phylum
0/
50% PR = Class 24% H Class
[Qvod = Order [@vd ™ Order
I Family Family
TNV w Genus = Genus
H Species u Species
S Chicken J Horse
| Phylum
Phylum f Phylum 4% ¥ Phylum
20/ |
370 m Class Class ® Class
= Order
= Order
Family .
: N ami
Famlly w Genus Famlly y
19% . 20% m Genus
m Species

Fig. 3. Summary of the composition of the ADDAGMA dtabase for domestic cattle, horse, pig, and chicken. (A) Number of guts microbials taxa detected in the four species. (B)
Number of microbial taxa shared between pairs of the four species, and among all species. (C-F) Number of gut microbial taxa detected in studies related to animal
phenotypes or microbial diversity in cattle, horse, pig, and chicken, respectively. (G-J) Proportions of gut microbial taxa identified to different taxonomic levels in cattle,
horse, pig, and chicken, respectively.

894



Y. Xu, B. Lei, Q. Zhang et al.

A

Health traits v

e.g. Dlarrhea

Example

C

Computational and Structural Biotechnology Journal 20 (2022) 891-898

Healthtraits v e.g. Dlarrhea

Health traits v ¢.g. Dlarrhea o

oo

Health traits v

e.g. Dlarrhea

Phenotype

®Health Traits = @®Health Traits 2

@®Production Traits ©Production Traits
OLife History Traits @Egg Production
@Weaning @Feed Efficiency

@Feed Intake
@Growth
@Meat Quality
v @ Metabolism -

@Microbial Diversity

D

©Health Traits 2 ®Health Traits &
©ODisease @®Production Traits
@Diarrhea @Microbial Diversity
@Frothy Bloat
@Laminitis
@Mastitis
@Subacute Ruminal
Acidosis v <~

Taxa

AlelclplEFlcH]I]J]K]LIMIN]O]PIR]S]TIu]v]w]X]Y]Z]

®-Phylum ©-Class ©-Order ©@-Family ®-Genus ©-Species

Showing 1 to 10 of 339 taxa, [E columns per row, rows per page.
®-Abiotrophia
©-Acetanaerobacterium elongatum
®-Acetitomaculum
©-Acetivibrio ethanolgignens

©-Acetoanaerobium noterae

®-Acetanaerobacterium

O -Acetatifactor

®-Acetivibrio

©-Acetoanaerobium

®-Acetobacter

Fig. 4. Query and search capabilities in ADDAGMA. (A) Quick search function on the home page. (B) Advanced search function on the search page. (C) Browser for phenotype

on the browse page. (D) Browser for taxa on the browse page.

respectively. Fig. 3C-F shows the number of gut microbial species
involved in the health traits, production traits, life history traits,
and microbial diversity phenotypes of the four species, respec-
tively. Fig. 3G-J shows the distribution of gut microbial in cattle,
pig, horse, and chicken among different taxa.

3.2. Query function and result presentation for ADDAGMA

ADDAGMA is a search engine by which the database can be
queried using restricting terms such as animal species, phenotypes,
conditions, or microbial names, to obtain detailed information data
on the relative abundance of gut microbes. It has three query
methods, including quick search, advanced search, and browse
(Fig. 4A, B). Users can enter keywords such as microorganisms,
conditions, or phenotypes on the home page (Fig. 4A) for a quick
search based on specific interests. Additionally, they can input
multiple keywords (Fig. 4B) on the search page to obtain a more
accurate result using an advanced search function. Users can easily
obtain microbes species information, phenotypes, conditions, sam-
ple types, log2 conversion ratios, P-values, and so forth. The browse
page (Fig. 4C) organizes the data under the root categories ’cattle’,
’horse’, ’pig’, and ’chicken’, with numerous sub-categories under
the phenotypes "health traits’, ’production traits’, 'microbial diver-
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sity’, and ’life history traits’ for each animal species. By clicking
’health traits’, 'production traits’ or ’life history traits’, the user
can view specific traits for a specific animal species. 'Microbial
diversity’ displays all experiments that were conducted specifically
to study microbial diversity. Finally, the browse menu for 'Taxa’
provides a classification of microorganisms (Fig. 4D), with all
microbial taxa arranged by their initials and labeled as to the tax-
onomic level to which they were identified, and allows the user to
browse the microbial taxa in the ADDAGMA database.

Each query will display the following information: organism,
resource, phenotype, taxon, condition, sample, log2 ratio, p-value,
and details. Two contents, 'about dataset’ and ’about quantifica-
tion’, can be accessed under 'Detail’ (Fig. 5A-C). 'About dataset’
mainly collates and displays experimental information such as
sample type, PMID, phenotype, software, sequencing platform,
and methods. 'About quantification’ shows the raw data as a
histogram.

3.3. Application of the database

To better understand how ADDAGMA can be used, we here pro-
vide an example. One report [39] indicated that the gut microbiota
can contribute to bovine mastitis, and suppose we are interested in
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Fig. 5. Example of detailed results from a query in ADDAGMA. (A) Table on the Result page. (B) Summary of experimental information displayed via the “About dataset”
option. (C) Histogram showing raw quantitative data, displayed via the “About quantification” option.

whether Lactobacillus plays critical roles in bovine mastitis. Using
the advanced search function, with the keyword ‘cattle’ for organ-
ism, ‘Lactobacillus’ for taxon, and ‘mastitis’ for condition. The out-
put result shows that the level of Lactobacillus was significantly
higher in healthy controls than in animals with bovine mastitis
in five datasets, suggesting that Lactobacillus plays a major role in
bovine mastitis. In fact, Lactobacillus gasseri (LA806) has barrier
and immunomodulatory effects and plays an active role in the
resistance to breast infections caused by Staphylococcus aureus
[40]. If we subsequently perform an experiment and find the abun-
dance of Lactobacillus to be lower in animals with bovine mastitis,
we can then use ADDAGMA to help validate the reliability of this
result. For each study we incorporated, our database also provides
all the information about the phenotypes associated with different
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processing conditions and microbial changes, providing research-
ers with resources for exploration and reference.

4. Discussion

Intestinal microbes play a vital role in animal disease, health,
and growth. Although the original sequencing data are stored in
multiple databases, information on dynamic changes in the com-
position and abundance of animal gut microbiota is difficult to
access. In this study, we constructed a database that involves the
quantifications in the intestinal microbiota in domestic pig, cattle,
horse, and chicken and provides associations between intestinal
microbiota and various phenotypes. To access these data, we have
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constructed a user-friendly website to display detailed results
accurately and conveniently.

ADDAGMA is the first database to comprehensively collect
intestinal microbial information related to phenotypes such as
health and production performance in domestic animals. In gen-
eral, it provides a tool for researchers interested in exploring the
relationship between animal phenotypes and gut microbiota
changes. The ADDAGMA database contains two search pages, two
browse tables, and several filtering options for users.

There is still much work to be done to improve ADDAGMA as a
practical and convenient metagenomic database for domestic ani-
mal intestinal microbiota. We plan to expand it to include other
domestic animals such as sheep, camel, and rabbit, and to integrate
metatranscriptomic, metaproteomic, and metametabolomic data
sets into the database. Due to an increasing realization of the close
interactions between animals and their gut microbes, the integra-
tion of microbial and animal meta-data is highly important to
domestic animal research. However, ADDAGMA currently only
includes data on bacteria, which is a slight limitation of ADDAGMA.
We will update the literature and database regularly and add more
data on microorganisms such as fungi, virus and archaea in later
versions. As it improves as a comprehensive resource, ADDAGMA
will provide intuitive data links for research on livestock intestinal
microbes.
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