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preparation 

Automated library construction platforms such as the 

MGISP-100 and the MGISP-960 ensure efficient and 

accurate library construction for high-throughput 

workflows on the DNBSEQ-G400RS sequencer.

Abnormal Peripheral Neutrophil Transcrip-
tome in Newly Diagnosed Type 2 Diabetes 
Patients

Recommended application: Disease Omics (Chronic Diseases)

Recommended model: DNBSEQ-G400RS

A research team at The Second Xiangya Hospital of Central South University in China analyzed the differentially 

expressed genes (DEGs) of neutrophils in the blood of patients with type 2 diabetes versus a control group using 

the MGI DNBSEQ sequencing platform. Their results illustrate the relationship between neutrophils and human 

type 2 diabetes mellitus.

The relevant results of this study were published in 2020 in the Journal of Diabetes Research, under the title 

“Abnormal Peripheral Neutrophil Transcriptome in Newly Diagnosed Type 2 Diabetes Patients”1.
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Application of the MGI DNBSEQ Sequencing Platform in the evalua-
tion of differentially expressed genes (DEGs) in Diabetes



Background

Diabetes mellitus (DM) refers to a metabolic disorder caused by either defective insulin secre-

tion, inappropriate insulin action, or a combination of both. A rapid increase in DM prevalence 

and number of patients poses a great challenge to the global health system. As of 2021, ap-

proximately 537 million adults worldwide had been diagnosed with DM and that number is ex-

pected to be 783 million in 20452,3. DM is mainly classified into type 1 diabetes mellitus (T1DM) and 

type 2 diabetes mellitus (T2DM), with T2DM accounting for nearly 95% of cases. T1DM is an auto-

immune disease featuring insufficient insulin secretion due to T cell-mediated destruction of insu-

lin-secreting pancreatic beta cells4. T2DM involves the progressive development of insulin resis-

tance (IR) in the liver and peripheral tissues in addition to reduced number of β-cells and insuffi-

cient insulin secretion. The disease is characterized by disorders of glucose, lipid, and protein 

metabolism, and IR is associated with low-grade chronic inflammation5,6. T2DM can damage mul-

tiple organs and lead to various complications. Diabetic nephropathy, diabetic foot, diabetic 

neuropathy, and cardiovascular diseases associated with T2DM have become major global 

health problems7.

As important components of the innate immune system, neutrophils have been found to partici-

pate in tissue repair, for they can engulf and/or release neutrophil extracellular trap (NET) to 

fight against the pathogens8. Neutrophil-directed chronic inflammation can be achieved by 

inhibiting the release of NETs or decomposing NETs. Additionally, neutrophil-derived particles 

can lead to an anti-inflammatory response, which is an innovative strategy to reduce inflamma-

tion9. Given the important role of chronic inflammation in the occurrence and development of 

DM, as well as the pathogenesis of its complications, and the implication of neutrophils in the 

inflammatory response10, the neutrophil/lymphocyte ratio (NLR) has recently been adopted as a 

new inflammatory biomarker of DM and is important for pathological diagnosis11. 
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Materials and Methods

Sample collection and RNA preparation

Study description

The exact mechanism of neutrophil-induced 

T2DM has not been clarified. RNA-seq analyzes 

changes in gene expression across the tran-

scriptome. Sensitive and useful in identifying 

novel transcripts, RNA-seq has been applied in 

an increasing number of research studies. In this 

study, the research team studied the transcrip-

tomic changes of neutrophils in circulating blood 

of T2DM patients using RNA sequencing to eluci-

date the response mechanism of neutrophils in 

T2DM. After the construction of RNA-Seq libraries, 

samples were sequenced on the MGI DNBSEQ 

sequencing platform. A total of 19,718 genes 

were detected, and the average data volume 

for each sample was 24.04M reads.

In the subsequent bioinformatic analysis, the 

team first performed quality control screening 

and filtering of all data. They then compared 

clean reads to the reference genome using 

HISAT and Bowtie2 and determined gene 

expression with the software package RESM.

Based on gene expression levels, the research 

team screened DEGs in T2DM patients and the 

control group via a DEG-seq algorithm. The 

identified DEGs were then classified according 

to molecular biological function, cellular com-

ponents, and biological process using Gene 

Ontology (GO). Subsequently, the team carried 

out a KEGG pathway classification and func-

tional enrichment of the DEGs with phyper in R.

 

RNA sequencing and bioinformatic analysis
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According to the diabetes prevalence criteria 

determined by the World Health Organization in 

1999, the team recruited 13 patients from The 

Second Xiangya Hospital of Central South 

University who had been diagnosed within less 

than one year with T2DM. They also recruited 

healthy volunteers of similar gender and age as 

controls. All patients and members of the con-

trol group were divided into the discovery group 

(n=5:5) and validation group (n=8:8). The team 

isolated neutrophils from venous blood of 

patients and controls using density-gradient 

centrifugation. After additional purification, the 

neutrophils were resuspended in TRIzol 

(5-10×106cells/1ml) and stored at -80℃ for 

subsequent experiments. For those experi-

ments, total RNA was extracted, the concen-

tration was determined, and the RNA was 

reverse transcribed into cDNA with a cDNA 

reverse transcription kit.

Sample collection
and preparation

Library preparation

and sequencing

Bioinformatics 
Analysis

Result analysis

HISAT

Bowtie2

RESM

DEG-seq 

Algorithm

KEGG

Gene Ontology (GO) 

Classification,

KEGG Pathway 

Enrichment Analysis

13 type 2 diabetes 

patients (diagnosed 

within less than 1 year) 

and 13 patients of similar 

gender and age for the 

control group

MGIEasy RNA Library 
Preparation Kit

DNBSEQ-G400RS
Genetic Sequencer



The research team sequenced five samples from 

T2DM patients and five samples from the control 

group on the DNBSEQ sequencing platform. 

They performed an RNA sequence analysis of 

neutrophils and identified DEGs. The results are 

shown in Figures 1 and 2. Compared with neutro-

phils of the control group, 1,990 DEGs were 

upregulated and 1,314 DEGs were downregulat-

ed in neutrophils of T2DM patients.

Participant characteristics

Peripheral neutrophil transcriptome of newly 

diagnosed T2DM (T2D) patients differs from that of 

control samples. The heatmap shows neutrophil DEGs 

isolated from the control group (purple, n = 5) and 

newly diagnosed T2D patients (orange, n = 5).

Fig. 1. 
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The team divided the 26 participants (T2DM 

patients and control volunteers) into a discovery 

group and a validation group to analyze 

anthropometric characteristics. The results 

showed that compared to controls, T2DM 

patients exhibited higher values in HbA1c per-

centage, postprandial blood glucose levels, 

fasting c-peptide concentration, and blood 

pressure (P＜0.05). There were no significant 

differences in BMI, HER, fasting blood glucose, 

LDL-C and TC (Table 1). In the validation group, 

HbA1c and postprandial blood glucose levels 

were higher in T2DM patients compared to the 

control group (Table 2).

Bioinformatic analysis

Result analysis

Table 1.  Clinical and biochemical characteristics of RNA-seq 

study participants.

 Clinical and biochemical characteristics of RNA-seq 

study participants.

Table 2. 

BMI: Body mass index; WHR: Waist-hip ratio; DBP: Diastolic blood 
pressure; SBP: Systolic blood pressure; TG: Triglyceride; HDL-C: 
High density lipoprotein cholesterol; LDL-C: Low density lipoprotein 
cholesterol.



Volcano map shows the number of DEGs in 

peripheral blood neutrophils of newly diagnosed T2DM 

patients and controls.

Fig. 2. 

GO analysis of enrichment of DEGs between 

T2DM patients and controls. (a) Top 8 classes of GO 

upregulated genes; (b) top 8 classes of GO downregu-

lated genes.

Fig. 3. 

Top 20 KEGG pathways screened based on all 

DEGs detected in neutrophils of T2DM patients and 

controls.

Fig. 4. 

The study team classified the DEGs according 

to GO to determine the molecular functions 

(MM), cellular components (CC), and biological 

processes (BP) in which the proteins encoded 

by these genes were involved. The upregulated 

GO categories were found to be regulatory 

pathways of myeloid leukocytes, T cells and 

immune response, while the downregulated GO 

categories were mainly bacteria-derived 

molecular responses and inflammatory 

responses (Fig. 3).

Gene Ontology (GO) Classification

KEGG pathway enrichment analysis of import-

ant DEGs showed that multiple biological 

KEGG Pathway Enrichment Analysis
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pathways changed in neutrophils of T2DM 

patients compared to the control group (Fig. 4). 

The relevant differential pathways involved 

mainly the cytokine-cytokine receptor interac-

tion and signaling such as NF-κB. Most of the 

detected genes associated with cytokine-cy-

tokine receptor interaction and cell adhesion 



 Enrichment pathway of DEGs in neutrophils of T2DM patients compared 

to controls.

Fig. 5. 

RT-qPCR validation of RNA-seq results from 12 subsets of genes.Fig. 6. 
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As a next step, the team expanded the analysis 

to purified neutrophils. RNA-seq results showed 

that genes were directly associated with neu-

trophil activation, such as the expression of 

adhesion molecules and related ligands or 

receptors, and increased expression of CXCR1, 

CXCR2, and other genes (Fig. 6).

Real-time quantitative PCR

KEGG pathway enrichment analysis of import-

ant DEGs showed that multiple biological 

pathways changed in neutrophils of T2DM 

patients compared to the control group (Fig. 4). 

The relevant differential pathways involved 

mainly the cytokine-cytokine receptor interac-

tion and signaling such as NF-κB. Most of the 

detected genes associated with cytokine-cy-

tokine receptor interaction and cell adhesion 



This study investigated the presence of DEGs in 
neutrophils of T2DM patients compared to con-
trols, and the biological functions associated 
with these genes. The results showed that T2DM 
patients had increased neutrophil activation at 
the transcriptome level, increased response to 
chemokines, and increased neutrophil migration 
across endothelial cells. furthermore, the T2DM 
patients showed decreased neutrophil response 
to bacteria-derived molecules (e.g., LPS), cellu-
lar response to bacteria, and inflammatory 
response. These findings supported the role of 
neutrophils in the pathogenesis of T2DM.
For this study, the team compared DEGs between 
healthy subjects and T2DM patients via RNA-seq 
using the DNBSEQ sequencing platform inde-
pendently developed by MGI. The study results 
played an important role in determining the 
underlying pathological relationship between 
T2DM and neutrophils, potentially providing new 
targets for the prevention and treatment of DM12. 
Hallmarks of the DNBSEQ sequencing technolo-
gy are high accuracy, fidelity, signal- to-noise 
ratio, and cost effectiveness, making it a widely 
used tool in scientific research and clinical stud-
ies.

Conclusion
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*1. For StandardMPS and CoolMPS: Unless otherwise informed, StandardMPS and CoolMPS sequencing reagents, and sequencers 

for use with such reagents are not available in Germany, Spain, UK, Sweden, Belgium, Italy, Finland, Czech Republic, Switzerland, 

Portugal, Austria and Romania. Unless otherwise informed, StandardMPS sequencing reagents, and sequencers for use with such 

reagents are not available in Hong Kong. No purchase orders for StandardMPS products will be accepted in the USA until after 

January 1, 2023.

2. For HotMPS sequencers: This sequencer is only available in selected countries, and its software has been specially configured to 

be used in conjunction with MGI’s HotMPS sequencing reagents exclusively.

3. For HotMPS reagents: This sequencing reagent is only available in selected countries.
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DNBSEQ-G400RS Genetic Sequencer

MGISP-100RS Automated Sample Preparation System
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MegaBOLT Bioinformatics analysis accelerator

MGIEasy RNA Library Prep Set（16 RXN）

DNBSEQ-G400RS High-throughput Sequencing 

Set (FCL PE100)
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