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RBUD, read-based metagenomics profiling for unestablished database, is a new functional potential analysis approach for

whole microbial genome shotgun sequencing. Based on whole metagenome shotgun sequencing data, it can be used to

analysis microbial species and functions, especially for the study without relevant reference database. RBUD method is

optimized by omitting the steps of contigs assembly and ORF prediction which improves the utilization of sequencing data

and shortens the time of data analysis. In addition, RBUD method includes the steps of establishing databases of

microorganisms from different sources to expand its application, which is a great help for small-sample research and can

avoid the lack of reference database. By compared RBUD with the existing methods in practical applications, RBUD has

great advantages in both species and functional analysis.
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1. Introduction

In recent years, with the improvement of high-throughput sequencing technology and the rapid development of microbial

research methods, it has been possible to systematically analyze all microorganisms in samples, not just those that are

amenable to cultivation. Previously, these methods were mainly applied to taxonomic studies of microorganism using

phylogenetic information genes (such as ribosomal RNA) . Moreover, these studies provide a new perspective for us

to understand the essential role of microorganisms in human health, soil ecology, environmental remediation and many

other fields . However, due to the similarity of rRNA sequences and different functions of microorganisms in different

environments, it is difficult to expand the understanding of their functions through taxonomic research .

Whole metagenome shotgun (WMS) sequencing data can guide researchers to focus on the whole microorganisms as a

community, and classify the internal genes and protein coding functions by assembling these data into an annotated

reference database . The main processes of the current approaches are sequence alignment, assembly and

subsequent annotation, which have high requirements for mapping rate, large sample size and computer resources .

At present, there are two kinds of prevailing strategies for the analysis of whole genome shotgun sequencing data,

including assembly-based profiling and read-based profiling . However, these approaches are greatly restricted. The

former requires reads splicing, contigs assembly and prediction of open reading frame (ORF) before mapping the data to

the reference database . In all these steps, data utilization is reduced due to the loss of low coverage areas . The

latter requires a reference database of specific host species, such as Integrated Microbial Genomes and Microbiomes

(IMG) and Metagenomics of the Human Intestinal Tract (MetaHIT) for humans in order to perform conventional analysis

procedures . There are also a small number of databases for other host species in metagenomics studies, including

the chicken , pig  and mouse . However, the construction of these databases requires a large number of

sequencing data and sample sets, and the cost is very high . This makes it difficult to succeed in the studies for small

samples and uncommon host species. Therefore, the current methods are not sufficient to achieve the functional

metagenomics studies for the lack of existing metagenomic databases and small sample size. Moreover, these methods

cannot effectively improve the utilization of sequencing data.

2. Basic Workflow and Characteristics of Three Different Metagenomics
Profiling

In this study, we employed two conventional methods (assembly-based metagenomics profiling for unestablished

database (ABUD) and read-based metagenomics profiling for established database (RBED)) and our newly developed

method (RBUD) to analyze the intestinal microbial metagenomes of avian colibacillosis chicken and T2D patients,
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comparing the accuracy and effectiveness of the three methods . The flow chart showed the difference of the three

analyses (Figure 1). These three methods can be distinguished by whether there is an established reference gene catalog

and whether the contigs are assembled.

Figure 1. Flow chart of the read-based metagenomics profiling for unestablished database (RBUD) method, the

assembly-based metagenomics profiling for unestablished database (ABUD) method and the read-based metagenomics

profiling for established database (RBED) method to analyze metagenomic data in this study. The blue box represents the

common steps of all methods. The purple box represents the steps of RBUD method. The light green box represents the

steps of ABUD method, and the orange box represents the steps of RBED method.

2.1. Read-based Metagenomics Profiling for Unestablished Database (RBUD)

RBUD was developed in this study to analyze metagenome data without assembly steps. The first important step for

RBUD was to establish a relevant database, especially for the rare types of samples. In this study, we built a metagenome

database (MDGM) based on the data of microorganisms from National Center for Biotechnology Information (NCBI) . It

contains microbial species from different hosts, different environmental sources and different sampling parts of the same

host, which are competent for most metagenomic studies. To fulfill the construction of MDGM, there were several sub-

steps that needed to be done as follows: firstly, whole microbial genome data (5133 bacteria, 9548 viruses and 243 fungi)

and corresponding species and their taxonomic annotation information were downloaded from the NCBI database to

construct the microbial species dataset (on 3 December 2015) . Secondly, the CDS(coding sequence) region

sequences and corresponding annotations of these sequences including gene ID, protein ID, location in chromosome,

Cluster of Orthologous Group of Proteins (COG) function and protein product were collected to build the functional

dataset. Most of the functional annotations can be obtained according to gene ID or protein ID of the NCBI database .

When some databases do not support information retrieval by NCBI gene ID or protein ID, the sequence of the CDS

region was aligned with the nucleic acid or protein sequence in these databases through BLASTN or BLASTP search (e-

value < 1x10 ) to obtain functional annotation . The databases that we have used for functional annotation in this study

were eggNOG , Kyoto Encyclopedia of Genes and Genomes (KEGG) , Antibiotic Resistance Gene Database

(ARDB) , Carbohydrate-Active enZymes Database (CAZy) , The Comprehensive Antibiotic Resistance Database

(CARD) , Universal Protein (UniProt)  and Metabolic Pathways From all Domains of Life (MetaCyc) .

The second step of RBUD was to single out the high-quality reads. In this step, the raw data were obtained by high-

throughput sequencing or from published data. Then, quality control was carried out to remove low-quality reads and host

DNA contamination.

The third step of RBUD was to establish microbial species profiling and functional profiling of our testing samples. In this

step, we firstly aligned the high-quality reads with MDGM to calculate the abundance of all microbiome species. Then, we

started to analyze the difference of microbial composition among sample groups and to calculate the microbial diversity.

Meanwhile, the high-quality reads were also aligned with the CDS region sequences of MDGM to calculate the

abundance of all genes and obtain their functional annotations. The genes were clustered by their functions to get multiple

functional orthologues containing different genes. Then, redundant genes with the same abundance and in the same

functional orthologue were removed. The functional abundance was the sum of the non-redundant gene abundance in the

same functional orthologue. Subsequently, the differential genes were identified, and functional analyses were performed.

[8]

[15]

[15]

[15]

-5 [16]

[17] [18]

[19] [20]

[21] [22] [23]



The codes used in the RBUD method and for constructing MDGM database have been successfully uploaded to

https://github.com/DMsiast/RBUD.git, which is open to all users. Researchers can download the full processing code from

the website. For the purpose of studying bacteria, viruses and fungi separately, we provided three individual databases

that can save time and improve accuracy.

2.2. Assembly-based Metagenomics Profiling for Unestablished Database (ABUD)

ABUD is a kind of commonly used method to analyze microbial shotgun genome data, which can be applied without an

existing reference database . RAST , Megan4 , MOCat2 , Carnelian  and IMG4  belong to ABUD method.

The basic principal and the main workflows of these tools are similar. First, low quality reads and host DNAs are removed

from raw data. Then, the ORFs are obtained after contigs assembly and gene prediction by MetaGeneMark software. The

predicted genes are annotated via aligning ORFs with a universal database (e.g., MDGM), and a non-redundant reference

gene catalogue is built. After that, high quality sequencing reads are aligned with the above gene catalogue to calculate

gene abundance capable of building microbial and functional profiles. Finally, the characteristics of microflora can be

acquired through the comparative analysis of different sample groups. However, for the ABUD method, the utilization rate

of sequencing reads is reduced during data processing and the loss of biological information is serious. Although

increasing sample size and sequencing depth can solve this problem in a certain degree, more computing resources and

economic investments are required.

2.3. Read-based Metagenomics Profiling for Established Database (RBED)

The RBED method can be implemented through external sequence data sources (such as open reference genomes)

without reads assembly . Since assembly is a slow, resource intensive and lossy process, reads directly mapping to the

existing database is the core concept for RBED. MG-RAST , ShotMap , COGNIGER  and HUMAnN2  belong

to RBED method, which have similar procedures with different reference databases. For the RBED method, the data

pretreatment of RBED is consistent with that of ABUD. Then, the high-quality reads are aligned with the reference gene

catalog, which has been built in the existing database to calculate the relative abundance of these genes. Retrieving the

gene annotation information in the gene catalog, the bacterial species and functional profiles are established. Finally,

through the comparative analysis of different sample groups, the microflora characteristics can be obtained.

The RBED approach can mitigate the assembly problems, speed up computation and analyze the low abundance

microorganisms that cannot be assembled. Nowadays, many reference genomes are rapidly increasing , and each

reference genome can be used for the analysis of a certain sample type, such as the human gut . However, the lack of

representative reference genome hampers the analysis of some more diverse environments, such as soil and oceans.

Thus, the application scope of the RBED method based on the existing reference database is limited by the source of

samples.
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