One-stop Solution
For Gut Microbiome Research

About GENEWIZ

Takeley

Leipzig

Founded in 1999 and headquartered in New Jersey, GENEWIZ is a biotech company focused on genomics research and gene
technology applications. GENEWIZ provides high-throughput sequencing, Sanger sequencing, gene synthesis, primer synthesis, gene editing, virus packaging, molecular biology services and GLP regulatory services to global researchers. Based on
GENEWIZ’s solid science and superior service, a lot of researchers including nearly 30 Nobel laureates have become loyal
customers of GENEWIZ, and many world famous multinational companies and universities have selected GENEWIZ as its
strategic partner and preferred supplier.
GENEWIZ China is headquartered in Suzhou, with laboratory operations in Tianjin and Guangzhou. GENEWIZ China and a
dozen laboratory operations distributed in United States, the United Kingdom and Japan constitute global service network,
providing high-quality and convenient services to life sciences customers. After years of efforts, GENEWIZ has become
industry benchmark in many areas of its business.
In 2018, GENEWIZ joined Brooks Automation as part of a Nasdaq-listed company. It will provide life sciences researchers with a
“Sample to Insight” one-stop solution.

Best in the world. Best for the world.
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GENEWIZ High-throughput sequencing services
Our high-throughput sequencing platforms
High-throughput sequencing or next generation sequencing (NGS) technology is capable of sequencing
hundreds of thousands to millions of DNA molecules in parallel. Compared to traditional Sanger sequencing
only sequences a single DNA fragment at a time, NGS sequences millions of fragments simultaneously
per run.To provide a comprehensive high-throughput sequencing solution, GENEWIZ has established an
efficient high-throughput sequencing platform and high-performance bioinformatics analysis platform,
including Illumina NovaSeq, HiSeq X Ten, PacBio Sequel, Illumina MiSeq and 10x GENOMICS. Combing
with comprehensive genome sequencing technology and bioinformatics analysis capabilities, GENEWIZ can
provide customers with multiple options of read lengths, data output and turnaround time, which can meet the different needs of cost
and speed of various applications. We are a Certified Service Provider (CSPro) for the Illumina sequencing technologies, which
guarantees the customer the best data quality and fast delivery time.

NovaSeq

I l l u m i n a H i Se q X Te n

PacBio Sequel

Illumina MiSeq

MGISEQ-2000

TM

10X GENOMICS Chromium

High-throughput sequencing services
Gene regulation and expression analysis

mRNA Sequencing
Small RNA Sequencing
LncRNA Sequencing
CircRNA Sequencing

Genomic analysis
Whole Genome Resequencing (WGS)

Microbial Diversity Sequencing

Whole Exome Sequencing (WES)

(16S/18S/ITS）

Target Region Sequencing (TRS)
Amplicon Sequencing
Single-cell Genome Sequencing

Full-length 16S rDNA Sequencing
Metagenome Sequencing
Metatranscriptome Sequencing

Ultra-low RNAseq

ATAC-seq

Single-cell RNAseq

Plant and Animal Genome Survey

Iso-seq

Whole Genome Methylation Sequencing

Bacterial Draft Genome Map

ChIP-seq

Bacterial Complete Genome Map

Exosomes Sequencing
Immune Repertoire Sequencing / Ig-seq

BSA Trait Loci Mapping
Genetic Linkage Mapping
Population Evolution Analysis
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Microbiological Analysis

Microbial Genome Resequencing

Fungal Draft Genome Map
Fungal Fine Genome Map

II. Background of gut microbiome study
Gut microbes are a kind of microbes that are parasitic in the gut of humans or animals. As the largest and most complex
micro-ecosystem in the human body, the gut microbe itself and its metabolites have a significant effect on the metabolism,
immunity and regulation of the host. With the development of genomic and transcriptomic technologies, the physiological
functions of gut microbes have been inv es t i gated and c onfirmed at the genetic level. The influence of gut microbes on
human health has become an attractive field in recent years. A large number of important researches have been published
in top journals, such as Nature, Science and Cell. Scientists have discovered and confirmed the role of gut microbes in humans
and proposed a range of ideas to benefit humans, which will enable clinicians to conquer a series of incurable diseases such
as diabetes, immune diseases, mental illnesses and genetic diseases by manipulating gut microbes some day.

Characteristics
Huge amount

The human intestine is populated with trillions of microbes, which is 10 times the number of
human cells

Great varieties

There are 3,500 strains in the human intestine with a total weight of 1.5 kg

Complex genomes

Diverse functions

The number of microbial genes is 100 times that of human genes,and their functions are complex

Gut microbes are closely related to the metabolism, immunity and regulation of the human body

Factors influencing the gut microbiota

Lifestyle

Age

Health status
Genetic
background

Gut microbiome
composition
influencing factors
Medicine

Sanitary
condition
Dietary
structure
DOI:10.1038/nrg.2017.63
02

Correlation between gut microbes and human health

Obesity
Intestinal
diseases, i.e.
Crohn's disease,
colorectal cancer

Metabolic
diseases, i.e.
type 2 diabetes

Gut microbes
Mental illness, i.e.
Alzheimer's disease,
Autism spectrum
disorder

Autoimmune
disease

Cancer

DOI:10.1038/nm.4185

Technology development history of microbiology research

1982

Fluorescence in situ hybridization (FISH)
Quantification of microbial community species by hybridizing
markers (such as 16S rRNA) with probes, without DNA
extraction and amplification.

Polymerase Chain Reaction-Denaturing
Gradient Gel Electrophoresis (PCR-DGGE)
Semi-quanti fi c ati on of bac ter i a s pec i es by am plifying

1983

specific regions of 16S rRNA using primers and denaturing

Real-time PCR

1998

gradient gel electrophoresis.

Quantification of microbial community species by hybridizing
markers (such as 16S rRNA) with probes, without DNA
extraction and amplification.

High-throughput sequencing
(16S rRNA Sequencing)

2008

Quantitative analysis of microbial diversity by amplification and

High-throughput sequencing

2008

(Metagenome Sequencing)

sequencing of specific regions of 16S rRNA. Suitable for
unknown bacteria that are uncultured.

Quantitative analysis of microbial diversity and gene function
by sequencing the entire genome of the microbial community.
Suitable for unknown bacteria that are uncultured.

Microarray (human intestinal tract chip–HIT Chip)

2009
Analysis of 16S small subunit gene of human intestinal microbes

Long-read sequencing

2013

Analysis of microbial genome sequences and gene function
by nucleic acid extraction, library construction and sequencing
the microbial genome. Suitablefor single bacteria that can
be isolated and cultured.
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by probe hybridization. Suitable for known bacteria.

Ⅲ.One-stop solution for gut microbiome study
In order to discover the relationship between gut microbiota changes and human health, GENEWIZ provides a one-stop
solution to analyze the composition and diversity of microbial communities, gene expression and regulation, and metabolic
function. We offer 16S rDNA sequencing and metag e n omic solution to study the composition, diversity, abundance and
function of gut microbiota,metatranscriptomic sequencing helps to understand the gene expression and differential genes,
and we also offer proteomic and metabonomic analysis to analyze the metabolic function of microorganisms. We comprehensively
analyze the interactions between microbial communities and the interaction with the host environment to assist in intestinal
microbial research.
Composition

16S rDNA sequencing

Diversity

Species annotation

Metagenomics

Gene prediction and
abundance analysis
Function annotation

Gene expression and
regulation

One-stop solution for gut microbiome

Diversity of microbial
communities

Abundance

Gene expression
quantitative analysis
Meta-transcriptomics

Gene expression
difference analysis
Differential gene function
enrichment

Protein qualitative and
quantitative analysis
Metaproteomics

Protein difference analysis

Composition, structure
and function of microbial
communities
Inter-species interactions
and interactions with host
environment

Differential protein
function enrichment

Metabolic function

Metabolite qualitative and
quantitative analysis
Metabolomics

Metabolite difference analysis
Differential metabolite
functional enrichment

Metabolite qualitative and
quantitative analysis
Host metabolomics

Metabolite difference analysis
Differential metabolite
functional enrichment
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Microbial diversity
For intestinal microbial diversity sequencing, V3-V4 region of the 16S rRNA is
usually amplified and sequenced on Illumina platform. Combined with professional
bioinformatics analysis, the species composition and microbial diversity in the
sample can be identified quickly. At the same time, a variety of information such
as microbial c o m m u n i t y e v o l u t i o n , s t r uc t ur e a n d f u nction can be obtained.
Analysis of the gut microbiota changes can be helpful to investigate the pathogenic
mechanism and drug resistance mechanism.

Application
Analyze the diversity and dominant species of gut microbiota in different cohorts

Discover and identify the members of gut microbiota that affect the development
and progression of human diseases

Identify the key microbiota members using case-control studies or time series
studies

Contents
Data Statistics
Remove chimera
Paired-end joining
Remove primers and adaptors

OTU heatmap
OTU Venn diagram

Quality optimization

OTU clustering

Species annotation

Alpha Diversity

Beta Diversity

Alpha diversity analysis

Unifrac distance matrix

Group Difference of alpha

PCoA analysis

diversity

PCA analysis

Rank-abundance curve

NMDS analysis

Rarefaction curve

UPGMA-Tree analysis

Species accumulation

PCA Box plot*

curve*

3D-PCoA plot*

Differences between
Groups
Anosim analysis
Adonis analysis*
Metastats analysis
STAMP analysis*
LEfSE analysis
Ternary analysis*
Wilcoxon rank sum test*
ROC curve*
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Silva/Greengenes/UNITE
Species bar plot
Species heatmap plot
Phylogenetic Tree

Environmental
correlation analysis
Correlation analysis of
community and environmental
factors*
RDA/CCA analysis*
Enterotype analysis*
Network analysis*

Advanced analysis
Advanced phylogenetic
Tree*
Krona species composition
diagram*
PICRUSt functional
prediction analysis*
Collinearity between
samples and species*

Results
01

Taxonomic classification

Select representative OTU sequences and use the RDP
classifier to classify the species to obtain the community
composition of each sample. Top 30 species are mapped
to obtain the distribution of each sample/group at different
classification levels (phylum, class, order, family, genus,
species), and analyse the differences in species composition
across samples.
1.00

Phylum

Others
Atribacteria
Microgenomates
Euryarchaeota
Gemmatimonadetes
Planctomycetes
Aminicenantes
Unclassiﬁed
SBR1093
TM6_(Dependentiae)
Armatimonadetes
Hydrogenedentes
Latescibacteria
RBG－1_(Zixibacteria)
Tectomicrobia
Ignavibacteriae
Saccharibacteria
Cloacimonetes
Nitrospirae
Chlorobi
Verrucomicrobia
Synergistetes

Relative abundance

0.75

0.50

WS6

Spirochaetae
Thermotogae
Chloroﬂexi
Deferribacteres
Acidobacteria
Firmicutes
Proteobacteria
Bacteroidetes

0.25
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STAMP analysis

The bacteria abundance between two samples/groups
is compared at different classification levels to identify
the species with significant differences and the samples
under which conditions the bacteria prefer.

C_3

03 Enterotype analysis

3

PC 2

0

Nb samples

1

carbo hydra tes an d pr ot ei n s ; bacteria of Pr ev ot e l l a s y s t e m a re good at

2

can explain the differences in our ability to digest food and resist disease, and
how we react to drugs.

5

PC 1

1

5

0.2 0.4 0.6

10

between class

0

1

PC 2

treatment of the disease. In addition, the type and quantity of gut microbiota

0

dPCoA

digesting glyco pr ot ein in the gut , whic h is t h e s a m e a s Rumin o c o c c u s
s y s t e m . T h e i n for m ation of ent er ot y p e c a n f acilitate the diagnosis and

3

biotypes

PC 2

each ecosystem. Bacteria of Bacteroides system obtain energy primarily from

2

(Bacteroides,Prevotella and Ruminococcus) to reflect the dominant bacteria in

1

Human gut microbial communities can be grouped into three enterotypes

4

5

5
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PCA

0

C_2

C_1

B_3

B_2

B_1

A_3

A_2

A_1

0.00

2

2

3

3

0.0

PC 1

0.5

1.0

PC 1

0
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Advantages of GENEWIZ
20%

Compared with traditional 16S rDNA primer amplification, GENEWIZ has
independently developed a new primer amplification system, named
16SmetaVx™. The primer system can detect more species, cover more

15%
10%

strains, and more accurately reflect the community structure (see the

5%

right figure). At the same time, it can ensure the monitoring of trace

0%

amounts of gut microbes with higher accuracy and sensitivity.

Current 16S
Metagenomics

16S MetaVxTM

16S MetaVxTM vs Current 16S Metagenomics
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Case Study 1 – Gut microbiota and colitis
Chronic stress promotes colitis by disturbing the gut microbiota and triggering immune system response
Journal: PNAS

01

Impact Factor : 9.661

Collaborator: China Pharmaceutical University

Published: 25 January 2018

Introduction

Chronic stress is known to induce low-grade inflammation and accelerate progression of dextran sulfate sodium (DSS)induced colitis. Further research showed that chronic stress disturbed immune system and activated the IL-6/STAT3
signaling pathway in DSS-induced mice. But in IL-6 -/- mice, chronic stress also enhanced the severity of colitis, suggesting
that IL-6 is not the reason.

02

Methods
Mice were divided into four groups: normal group, stress group, DSS group and DSS+stress group.
Mice were treated for 7 d to induce colitis and killed on day 8 to perform histological and pathological analysis.
Detection of changes in the immune system and inflammatory factors by flow cytometry, RT-PCR, Western blotting, etc.
Detection of gut microbiota changes by 16S rRNA Sequencing.
Detection of microbial changes after microbiota transplantation and use of immunological analysis.
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Results

Chronic stress dramatically changed composition of gut microbiota, increased inflammation-promoting bacteria, such as
Helicobacter and Streptococcus, and degraded the colonic mucus barrier.

04

Conclusion

Using 16S rRNA gene sequence analysis of the gut microbiota, it was found that chronic stress can promote colitis by
disturbing the gut microbiota and triggering immune system response. This breakthrough work linked chronic stress to
microbial dysbiosis, revealing the mechanism of chronic stress promoting colitis.
Reference: Gao X , Cao Q , Cheng Y , et al. Chronic stress promotes colitis by disturbing the gut microbiota and triggering immune system
response[J]. Proceedings of the National Academy of Sciences, 2018:201720696.
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Case Study 2 – Environmental impact on gut microbiota
Analysis of the Gut Microbiome of Rural and Urban Healthy Indians Living in Sea Level and High Altitude Areas
Journal: Scientific Reports

01

Impact Factor : 4.122

Published: 04 July 2018

Introduction

Gut microbiota are important microorganisms in the human body. They can synthesize vitamins, neurotransmitters and
other metabolites, which play a crucial role in the immune system, digestive system and nervous system. As the second
highest populated country in the world, India hasn’t conducted extensive research on gut microbiota. The composition
and attributes of the gut microbiome of healthy Indians is not well understood.

02

Methods
Indian low altitude areas, rural (n = 25) & urban (n = 24)

Indian high altitude areas (n = 35)

16S rDNA gene sequencing (V3-V4 regions)

Composition of gut microbiota

Region-specific signatures
in gut microbial composition

03

Predictive functional profiling

Association of dietary patterns
and composition of microbiota

Region specific trends
in functional profile

Results

Fig 1. Alpha diversity of the gut microbiomes
in the three cohorts.

Fig3. Comparison of differences in functional profiles
in different environments.
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Fig 2. Comparison of gut microbiomes of different dietary patterns.

Conclusion

By 16S rRNA sequencing in this study, the structure of the intestinal flora of Indians in various regions was discovered.
The characteristics and differences of intestinal flora in different dietary habits and living environments were compared.
The effect of environment on the formation of functional flora was found through functional prediction. It sets the stage
for an in-depth look at the microbes in the Indian gut.
Reference: Gao X , Cao Q , Cheng Y , et al. Chronic stress promotes colitis by disturbing the gut microbiota and triggering immune system
response[J]. Proceedings of the National Academy of Sciences, 2018:201720696.
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Metagenome
Metagenome sequencing uses high-throughput sequencing technology to detect
the genomes of all microbial communities in the gut or feces, to analyze the diversity
and composition as well as biological functions of microb ial populations, to
explore microbial population evolution, the relationship between microorganisms
and the environment as well as between microorganisms and hosts, and to discover
new functional genes.

Contents
Basic analysis

Function annotation

Data QC, removal of host contamination

Basic annotation

MEGAHIT assembly

NR, eggNOG, Pathway, CAZy, CARD

Gene prediction

Advanced annotation

Non-redundant gene sets and abundance

PHI, MvirDB, TCDB, VFDB

analysis

Species and function analysis
Species/function distribution histogram

Comparative analysis of species
and function differences

Multi-sample comparative analysis
PCA analysis

Krona species composition map

Anosim analysis

NMDS analysis

Species/function heatmap

Metastats difference analysis

Hcluster hierarchical clustering tree*

Common and specific species/function

STAMP difference Analysis*

RDA/CCA Analysis*

analysis

LEfSE inter-group difference analysis*

Network Analysis*

Ipath metabolic pathway map*

ROC analysis*

Pathway categories

Results
Nervous system
Aging
Sensory system
Endocrine system
Excretory system
Circulatory system
Environmental adaptation
Digestive system
Immune system
Development
Carbohydrate metabolism
Lipid metabolism
Global and overview maps
Metabolism of other amino acids
Metabolism of terpenoids and polyketides
Xenobiotics biodegradation and metabolism
Metabolism of cofactors and vitamins
Energy metabolism
Biosynthesis of other secondary metabolites
Nucleotide metabolism
Glycan biosynthesis and metabolism
Amino acid metabolism
Cancers: Overview
Drug resistance: Antineoplastic
Immune diseases
Infectious diseases: Parasitic
Neurodegenerative diseases
Infectious diseases: Bacterial
Substance dependence
Cancers: Specific types
Endocrine and metabolic diseases
Cardiovascular diseases
Infectious diseases: Viral
Drug resistance: Antimicrobial
Transcription
Replication and repair
Folding, sorting and degradation
Translation
Signaling molecules and interaction
Signal transduction
Membrane transport
Cell growth and death
Cell motility
Cellular community − eukaryotes
Cellular community − prokaryotes
Transport and catabolism

Domibacillus
Pontibacter

Type
Cellular Processes
Environmental Information Processing
Genetic Information Processing
Human Diseases
Metabolism
Organismal Systems

Tunicatimonas

Kocuria

1000 2000 3000

Pathway analysis

Massilia

Pseudomonas

Haloﬁlum

Devosia

Altererythrobacter
Palleronia

Egibacter

Number of genes

Paracoccus

Rubellimicrobium

Adhaeribacter
Aliifodinibius

0
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Gillisia

Bacillus

marine_bacterium_JK1007

Maribius

Sphingomonas

Pseudohongiella

Terribacillus
Arthrobacter

SaccharomonosporaCytophaga

Network analysis

Case study 1 – Gut microbiota and diabetes
Gut bacteria selectively promoted by dietary fibers alleviate type 2 diabetes
Journal: Science

Impact Factor: 41.037

Collaborator: Shanghai Jiao Tong University

Published: 09 March 2018

The gut microbiota benefits humans via short-chain fatty acid (SCFA) production from carbohydrate fermentation, and deficiency in SCFA
production is associated with type 2 diabetes mellitus (T2DM). A randomized clinical study has found that a select group of SCFA-producing
strains was promoted by dietary fibers in patients with T2DM. When the fiber-promoted SCFA producers were present in greater diversity and
abundance, participants had better improvement in hemoglobin A1c levels, partly via increased glucagon-like peptide-1 production. Targeted
restoration of these SCFA producers may present a novel ecological approach for managing T2DM.

01

Results

1. A high-fiber diet improves glucose homeostasis,

2. Causality between the gut microbiota and T2DM

body weight and blood lipid in T2DM patients

improvement

Patients with T2DM were randomly divided into two groups: the

To determine causality between the gut microbiota and fiber-

control group (U group; n = 16 patients) and the high-fiber diet

induced improvement of host glycemic control, we transplanted

intervention group (W group; n = 27 patients). Both groups received

the pre- and post-intervention gut microbiota from the same

acarbose (an amylase inhibitor) as the standardized medication.

participants into germ-free mice. Mice transplanted with the

The proportion of participants who achieved adequate glycemic

post-intervention microbiota showed better metabolic health

control was significantly higher in the W group. The W group also

parameters. Shotgun metagenomic sequencing was performed

showed greater reduction in body weight and better blood lipid

on 172 fecal samples collected at four time points (days 0, 28,

profiles, which indicated that the extra high-fiber diet can more

56, and 84). Significant differences between W and U groups

effectively relieve the disease.

showed that compositional changes in the gut microbiota were
associated with improvements in clinical outcomes.

3. Changes in gut microbiota at the genetic level
At the genetic level, enrichment of genes encoding cohesin and
dockerin as part of a multienzyme complex for plant cell wall degradation
was observed only in the W group. The production pathways for acetic
acid were significantly enriched in both groups, but the pathways for
butyric acid production increased only in the W group. Accordingly,
the increase of GLP-1 and PYY in the W group was significantly higher
than that in the U group after intervention. This finding supports the notion
of an SCFA-driven effect on the gut hormone-insulin secretion cascade
that improves glucose regulation.
Further analysis revealed that 15 strains were enriched. In the W group, all
15 positive responders harbored genes for acetate production, and 5 also
produced butyrate; while in the U group, only 3 acetate producers among
the 15 positive responders were promoted. The 15 positive responders
inhibited detrimental gut bacteria and supported a healthier gut ecosystem. They are most likely the main drivers of the fiber-induced increase
in SCFAs that contributes to improved host metabolic outcomes.
Reference: Zhao L , Zhang F , Ding X , et al. Gut bacteria selectively promoted by dietary fibers alleviate type 2 diabetes[J]. Science, 2018,
359(6380): 1151-1156.
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Case study 2 – Gut microbiota and cancer treatment
The commensal microbiome is associated with anti-PD-1 efficacy in metastatic melanoma patients
Journal: Science

Impact Factor: 41.037

Published: 05 January 2018

Anti PD-1 based immunotherapy has had a major impact on cancer treatment, but has only benefited a subset of patients. It is shown that
the patients’ microbiome could affect immunotherapy efficacy.

01 Methods
Responders to PD-1 immunotherapy
N=16

Nonresponders to PD-1 immunothe
N=26

16S rDNA Sequencing (V4 region)

Metagenome sequencing N=39

Cancer patients
N=42

Distinct microbial communities
in two groups

Transplanted mice
N=91

Microbiota differences in
mice are related to donors

Species function annotation

Relationship between microbiota
composition and PD-1 immunotherapy

02 Results

Fig 1. Distinct commensal microbial communities in anti–PD-1
responding patients and nonresponding patients.

03

Fig 2. Comparison of gut microbes in mice after
transplantation of two types of patient microorganisms.

Conclusion

Using 16S ribosomal RNA gene sequencing, metagenomic shotgun sequencing, and qPCR, they observed a significant
association between commensal microbial composition and clinical response. Reconstitution of germ-free mice with fecal
material from responding patients could lead to improved tumor control, augmented T cell responses, and greater efficacy
of anti–PD-L1 therapy. The results suggest that the commensal microbiome may have a mechanistic impact on antitumor
immunity in human cancer patients.
Reference: Matson V , Fessler J , Bao R , et al. The commensal microbiome is associated with anti-PD-1 efficacy in metastatic melanoma patients[J].
Science, 2018, 359(6371):104.
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Metatranscriptome
Metatranscriptomics is the science that studies the transcripts of all microorganisms
in a sample. Using high-throughput sequencing technology, it studies gene expression
as we ll as micro bial c omposition and abundance in a specific environment or
perio d . C o m p a r e d wit h m ic r obial div er s it y s eq u e n c i n g a n d m e t a g e n o mics,
metatran scripto m ic s c an ex plor e the differences between populations at the
transcriptional level, while investigate the gene expression and regulation at
the functional level.

Contents
Data processing & Trinity assembly

Gene expression &
regulation analysis

Gene function analysis

Gene expression analysis

Basic function annotation

Comparison of gene expression levels
Differential expression screening and

NR, eggNOG, GO, Pathway, CAZy

cluster analysis

Advanced function annotation*

Venn diagram of differential genes

CARD、PHI、MvirDB、TCDB、VFDB

Ipath: pathway comparison
LefSe: intergroup comparison *

GO & Pathway enrichment analysis

STAMP analysis

Multi-sample comparative analysis
PCA
NMDS
Hcluster tree*
RDA/CCA*
Network*

Results

Differential gene enrichment analysis

STAMP analysis

Functional interaction network
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Case study – Gut microbiota and enteritis
Dynamics of metatranscription in the inflammatory bowel disease gut microbiome
Journal: Nature Microbiology

Impact Factor: 7.82

Published: 11 September 2018

Inflammatory bowel disease (IBD) is a group of chronic diseases of the digestive tract that affects millions of people worldwide. Genetic,
environmental and microbial factors have been implicated in the onset and exacerbation of IBD, but the mechanisms associating gut microbial
dysbiosis and aberrant immune responses remain largely unknown. The integrative Human Microbiome Project seeks to close these gaps by
examining the dynamics of microbiome functionality in disease by profiling the gut microbiomes of volunteers.

01 Methods
Crohn’s disease patients
N=59

Ulcerative colitis patient
N=34

Determine the difference
of gut microbiome

N=24

Metagenome & Metatranscriptome
sequencing

Metagenome sequencing
N=222
Species annotation

non-IBD control patients

N=78

Functional annotation

Gene abundance
comparison

Metabolic
pathway analysis

Gene expression

Gene family
analysis

Many genes have higher abundance
but lower transcription levels

Certain disease-specific microbial characteristics were
more pronounced at the transcript level

02 Results

Fig 1. Comparison of metatranscriptomes and
metagenomes between samples.

03

Fig 2. Dynamics of metatranscription in IBD patients
in a period of time.

Conclusion

The authors compared the differences of gut microbiome in patients by metagenome and metatranscriptome sequencing.
They identified organisms that were metagenomically abundant but inactive or dormant in the gut with little or no expression,
and some organisms that were not abundant but the loss may seriously affect the health of the host. These results indicated
that certain disease-specific microbial characteristics were more pronounced or only detectable at the transcript level.
Reference: Schirmer M , Franzosa E A , Lloyd-Price J , et al. Dynamics of metatranscription in the inflammatory bowel disease gut microbiome[J].
Nature Microbiology, 2018.
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Microbial genome sequencing
In order to explore the genetic characteristics and biological functions of pathogenic
bacteria or probiotic bacteria, it is important to get the genomic information of this
species. By using the high throughput short-read and long-read sequencing, the
DNA fragments are assembled to produce a complete genome. The gene prediction
including protein-coding genes as well as RNA genes and functional elements,
together with gene annotation is algorithms based on the complete genome sequence.
Comparative genomics can be processed between different species to identify
genomic features including DNA sequence, genes, regulatory elements. This provides
a powerful basis for discovering the link between genes and phenotypes and for studying
their pathogenic or beneficial mechanisms

Contents
PacBio sequencing data processing
Data correction and assembly
Correction with Illumina data

Non-coding RNA
prediction

Repetitive sequence
analysis

Coding gene prediction

tRNA analysis
rRNA analysis
other ncRNA analysis

Short tandem repeats
interspersed repeats

Basic function annotation

Comparative Genomic
analysis

Base modification
analysis

Advanced function
analysis

Core and pan gene analysis
Collinear analysis
Phylogenetic tree
Single nucleotide polymorphism
Structural variation

Base modification detection
Motif analysis of modification
site

TCBD, CARD, MvirDB, PHI,
secondary metabolite gene
cluster prediction and
annotation

NR, COG/KOG, Pathway,
GO, CAZy

Advantages of GENEWIZ
We provide strain identification services to enhance accuracy and reliability.
We have a variety of platforms and provide bacteria complete map and fungal fine map by using the ultra-long read sequencing data.
We are experienced and have completed the following projects.

Species

Genome size GC content (%)

Species

Genome size GC content (%)

Shewanella

4.1 M

40.3

Acinetobacter baumannii

3.36 M

38.89

Escherichia coli

4.61 M

50.83

Mycobacterium tuberculosis

5.07 M

64.18

Pneumobacillus

5.15 M

56.27

Achromobacter

6.73 M

64.09

Actinomycetes

7.0 M

72.7

Gluconobacter oxydans

2.8 M

61.65

Streptomyces

8.1 M

72.18

Klebsiella pneumoniae

5.44 M

57.44

Bacillus

4.34 M

45.85

Pseudomonas

5.96 M

60.49

Case study
Genome sequencing and analysis of Alcaligenes faecalis subsp. phenolicus MB207
Journal: Scientific Reports

Impact factor: 4.122

Published: 04 July 2018

Alcaligenes species exist in soil, water, and environment, as well as in association with humans. The bacteria of this genus are usually nonpathogenic but occasional opportunistic infections could occur in humans. Currently, the bacteria remain largely unexplored at genome scale.
In order to explore the role and pathogenic mechanism of this genus, it is important to shed light on its genome structure.

01 Methods
Alcaligenes faecalis subsp. phenolicus MB207
Genome sequencing
Miseq PE300
Genome assembly

Genes and annotation

Genome sequences

Comparison of antibiotic
resistance genes

NCBI database

Core and pan-genomic
analysis

other strains of the same genus

Comparison of secondary
metabolite gene clusters

SSR, cSSR analysis

02 Results

Fig 1. Genome map of Alcaligenes faecalis

Fig 2. Antibiotic Resistance Ontology (ARO)

Fig 3. Phylogenetic analysis of the genus

subsp. phenolicus MB207.

heatmap diagram.

Alcaligenes based on core and pan-genes.

03

Conclusion

In this study, the genome of a tannery effluent is o lated Alcaligenes faecalis subsp. phenolicus MB207 was sequenced and
assembled. After bioinformatics analysis, the whole genome sequence, gene information and functional annotation of this strain
were obtained. Compared with other strains of the same genus, some good characteristics of this stain were identified, which
facilitated researchers to explore enzymes for sustainable environment clean-up as well as important compounds production.
Reference: Basharat Z , Yasmin A , He T , et al. Genome sequencing and analysis of Alcaligenes faecalis subsp. phenolicus MB207[J]. Scientific
Reports, 2018, 8(1): 3616.
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Multi-omics analysis
The gut microbiota is rich in variety and functions. To more comprehensively and deeply study how gut microbes collaborate
with the environment and regulate the activities of human, it is often impossible to obtain a complete answer through a single
method. It is recommended to use a multi-strategy joint analysis of two or more methods to help researchers resolve the
interaction between gut microbes and the environment more systematically. GENEWIZ’s multi-strategy joint analysis can not
only help researchers learn the types of gut microbes and population structure in the sample, but also explore the relationship
between function and gene expression. It can also study microbial changes in different environments at the metabolic level,
helping researchers comprehensively resolve gut microbes.
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Technical
support

Professional technical service team with many years of experience. Customize the experiment according to the research needs.

Fecal samples:

Collect fresh stool samples and store in liquid nitrogen. It is recommended to collect samples in 3-5 sites, one scoop per

site, about 3-5 g. After collection, the samples should be stored in -80°C and shipped with dry ice. Note: The samples should be fresh, avoid
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mixing with other substances such as urine, water, plants and soil.

Intestinal samples:

Cut the intestines required for the experiment using a sterile scalpel, take out the contents (~0.2-0.5 g) and place

in a sterile centrifuge. The samples should be stored in -80°C and shipped with dry ice. Note: The contents and the intestinal tissue should be
separated during sampling.

16S: Concentration ≥ 0.05 ng/μl, no impurities, no RNA contamination, no precipitate, clear and colorless
Metagenome/single species genome (DNA small fragment library): gDNA amount ≥ 400ng, no
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significant degradation,

no impurities and RNA contamination. Metatranscriptome: amount ≥ 3μg, concentration ≥ 100 ng/μl, RIN value ≥ 6.5, no impurities,
no gDNA contamination, no precipitate.

Microbial genome (10Kbp library):

Amount ≥ 5 ug, concentration ≥ 60ng/ul, OD260/280 = 1.8-2.0, OD260/230 = 2.0-2.2,

ratio of Nanodrop/Qubit ≤ 2, clear and colorless, no degradation, no RNA and protein contamination.

Microbial genome (20Kbp library):
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Amount ≥ 20 ug, concentration ≥ 60ng/ul, the rest is the same as 10Kbp library.

16S: Amplify the V3 and V4 variable regions using primer amplification system - 16SmetaVx™
Metagenome/bacteria draft map/fungi draft map: DNA small fragment library
Metatranscriptome: Transcriptome library (removal of rRNA)
Bacteria complete map: DNA small fragment library + 10Kbp library
Fungi fine map: DNA small fragment library + 20Kbp library
16S: Illumina PE250, 40~50K reads
Metagenome: Illumina PE150, 5~20G PF data
Metatranscriptome: Illumina PE150, 6~10G PF data
Bacteria draft map: Illumina PE150, depth 200X, sequencing data no less than 2G PF data
Bacteria complete map: Illumina, 1-2 G; PacBio, depth >100X
Fungi draft map: Illumina PE150, depth 100X, sequencing data no less than 5G PF data
Fungi fine map: Illumina, 2-5G; PacBio, depth >100X
High-performance computing platform and data processing capabilities for fast, stable data analysis and delivery.

06
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In addition to standard analysis, personalized and advanced analysis is available upon request.

A dedicated service team to provide a full range of after-sales support.
Cloud platform for microbial analysis to easily solve various problems.
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Case study 1 – Gut microbiota and IBD
Gut microbiome structure and metabolic activity in inflammatory bowel disease
Journal: Nature Microbiology

Impact Factor: 14.3

Published:10 December 2018

Inflammatory bowel disease (IBD) is a chronic gastrointestinal inflammation caused by abnormal interactions between gut microbes and the
intestinal immune system. IBD includes ulcerative colitis (UC) and Crohn’s disease (CD), each with unique microbial characteristics. Previous
studies have shown that metabolites of gut microbes can change intestinal environment by immunity, signal transduction, and antibiotic activity.
However, how gut microbes interact with metabolites and alter IBD inflammation is less well understood.

01 Methods
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Fig 1. Metabolite clusters of different abundance
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Fig 2. Comparison of Gut microbiome structure
between IBD patients and healthy individuals
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Fig 3. Associations between metabolites and enzymes

03 Conclusion
The authors performed metagenomic sequencing and metabolomic profiling. They found the differences in gut microbiota
and metabolites between IBD patients and controls. Through association analysis, they discovered the genes and enzymes
associated with the pathogenesis of IBD, identified the synergistic effect between microorganisms and metabolites, which
provided a reliable basis for the determination of potential targets.
Reference: Franzosa EA, Sirota-Madi A, Avila-Pacheco J ,et al. Gut microbiome structure and metabolic activity in inflammatory bowel disease[J].
Nat Microbiol, 2018, 4(2): 293-305.
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Case study 2 – Gut microbiota and fatty liver
Molecular phenomics and metagenomics of hepatic steatosis in non-diabetic obese women
Journal: Nature Medicine

Impact Factor: 30.641

Published: 25 June 2018

Fatty liver is a common chronic disease, which is closely related to obesity. Its pathogenesis is similar to that of type 2 diabetes and
cardiovascular disease, but the correlation between them is still unknown.
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Fig 1. Composition of gut microbes in samples

Fig 2. Correlation analysis between
gut microbes and metabolites

03 Conclusion
In this study, the authors combined 16S r RNA s e q u e n c i n g w i t h m e t a g e n o m e s e q u e n c i n g , m e t a b o l o m e analysis and
transcripto me sequenc i n g . T h e y f o u n d t h e gut m i c r o b i o t a , g e n e s a n d m e t a b o l i t e s r e l a t e d t o f atty liver. They also
validated the relationship between gut microbiota, metabolites and phenot y p e s b y f e c a l m i c r o b i o t a t r a n s p l a nta ti o n .
Finally, the authors found that the increase of phenylacetic acid (P A A ) w a s c l o s e l y related to liver lipid accumulation.
Therefore, PAA can be used as a clinical biomaker of diagnosis and treatment of fatty liver.
Reference：Hoyles L, Fernández-Real JM, Federici M, et al. Molecular phenomics and metagenomics of hepatic steatosis in non-diabetic obese
women[J]. Nature Medicine, 2018
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IV. Cloud platform for microbial diversity analysis

An interactive platform for microbial diversity analysis to power your research
Relying on Alibaba Cloud, GENEWIZ independently developed the interactive platform for microbial diversity analysis – MetaAnalyzer. It can analyze
the 16S, 18S and ITS amplicon data based on the online network platform. Data control, filtering, analysis and mapping can be performed according
to self-defined parameters. It is easy to use and the result are instantly visible.

MetaAnalyzer analysis contents
Enter project contract number

OTU analysis

OTU heatmap analysis

OTU Venn diagram analysis

Group evaluation
ANOSIM
analysis
OTU heatmap
analysis
Adonis analysis

Species analysis

Alpha diversity analysis

Species distribution analysis

Rank-abundance analysis

Species statistics

Species heatmap analysis
Species phylogenetic tree

Difference between
Groups

Multi-group comparative analysis
Two-group comparative analysis

Two-sample comparative analysis
LEfSe analysis

Beta diversity analysis

Diversity index analysis

Hierarchical clustering analysis

Rarefaction curve analysis

PCoA analysis

Species accumulation curve
analysis

PCA analysis

NMDS analysis

Environmental
correlation analysis

Correlation heatmap analysis
RDA/CCA analysis

Function prediction
analysis
COG functional analysis
Pathway analysis

Advantages of MetaAnalyzer platform
Stable resources

01

02

Comprehensive analysis

03

04

Relying on Alibaba Cloud, the analysis is fast and smooth.

Based on the analyzed results, provide a variety of
parameters and analysis.
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Easy operation

Simple interface allows users to get started quickly.

Immediate results

The results are delivered quickly and available in
a variety of formats.
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Advantages of GENEWIZ
01
Patented 16S primer
system enhances
sensitivity of species
identification.

02

03

We have participated in
the publication of >50
articles related to
microbiology. Total impact
factor is 250+.

Rich experience in
sample processing and
stable library construction
system.

Advantages
of
GENEWIZ
04

05

Flexible cloud computing
platform can reduce
delivery time of large
projects.

CLIMS Lab UI intelligent
project management
system.

06
Multiple platforms can
meet diverse needs
and provide one-stop
genomics services.
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