
High throughput single-cell transcriptome 

analysis using MGI DNBelab C series High 

throughput (HT) scRNA library preparation set

Large field of view and nanoscale resolution 

of spatial transcriptomics analysis using 

STOmics' Stereo-seq

DNBSEQ-G400 and DNBSEQ-T7 sequencing 

platform offer medium-ultra high sequencing 

throughputs that matches the needs of 

single-cell and Stereo-seq analysis

One-stop solution for single-cell and nanoscale 

resolution spatial transcriptome analysis

Recommended applications: scRNA-Seq, Stereo-Seq

Recommended models: DNBSEQ-G400, DNBSEQ-T7 (Sequencing platform)

This application note explains the technical route, experimental procedures and analysis methods of scRNA-Seq 

and Stereo-seq technology independently developed by MGI and STOmics. Moreover, several research studies 

based on those two techniques were annotated at the end of this document.

A brief introduction to MGI's scRNA-Seq and STOmics' Stereo-seq technique



Background
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Single-cell RNA-sequencing (scRNA-seq) profiles gene expression at individual cell level and has 

become a powerful tool in identifying cellular heterogeneity, rare cell populations, cell lineage trajec-

tories, and the molecular mechanisms underlying development, disease, and complex biological 

processes.

However, the scRNA-seq loses cellular spatial context information during the step of tissue dissocia-

tion, which limits the power of scRNA-seq in dissecting cell-to-cell interaction and spatial distribution of 

different cell types. Compared to single-cell transcriptomics, recently developed spatial transcriptom-

ics sequencing technology preserves spatial information while profiling gene expression. The integra-

tion of spatial data into gene expression profiles transforms our understanding of tissue structure and 

cell-cell interactions, facilitating a multidimensional analysis of disease microenvironment1,2. 

MGI offers a range of products for scRNA-seq and STOmics provides tools for spatial transcriptomics 

analysis. When paired with MGI massively parallel sequencing (MPS)  DNBSEQ systems, these tools 

enable the simultaneous profiling of tens of thousands of transcripts at a single-cell resolution with or 

without spatial context. 

This application note offers an overview of the workflows for single-cell and spatial transcriptomics 

analysis using MGI's and STOmics' readily available library construction and sequencing products.



 

Workflow overview

DNBelab C series HT scRNA library prepa-
ration set, MGI's single-cell analysis product

The DNBelab C series HT scRNA library prepara-

tion set includes reagents for droplet generation, 

flow cells for sample loading, and library prepa-

ration reagents. This set collaborates seamlessly 

with the droplet generation device TaiM, sup-

porting cell isolation and cell barcoding. The 

freely available C4-Tools data analysis package 

facilitates the data processing. Figure 1 is an 

overview of the analysis workflow.

STOmics Stereo-seq Transcriptomics Set, 
STOmics' spatial transcriptomics analysis 
product

For spatially resolved 3' mRNA library gener-

ation from biological tissue sections, the 

STOmics Spatial Enhanced Resolution Om-

ics-Sequencing (Stereo-seq) Transcriptomics 

Figure 1.  The workflow of DNBelab C series HT scRNA-seq analysis.

Figure 2.  The workflow of Stereo-seq Transcriptomics analysis.
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Set utilizes MGI's patented DNA Nanoball 

(DNB) technology3. This set enables compre-

hensive transcriptome analysis linked to spa-

tial context solutions through in situ capture 

of mRNA at nanoscale resolution (500 nm) and a 

centimeter-sized field of view. The Ste-

reo-seq Transcriptomics Solution employs 

spatially barcoded probes to capture and 

prime poly-adenylated mRNA from tissue 

sections in situ. Each cDNA synthesized from 

the mRNA captured at a specific spot is linked 

to its spatially barcoded probe, facilitating 

subsequent gene expression mapping of a 

tissue section. Spatially-resolved gene 

expression profile was then achieved through 

analysis and visualization of the sequencing 

data using the Stereo-seq Analysis Workflow 

(SAW) pipeline and visualization software - 

StereoMap. Figure 2 is an overview of the Ste-

reo-seq transcriptomics workflow.
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Materials and Methods

Sample preparation

For single-cell analysis, fresh tissue samples 

undergo enzymatic digestion, filtration and 

washing to obtain a single-cell suspension, with 

viability exceeding 80%.  Nucleus suspension 

from fresh or frozen tissue can also be as input 

for single-nuclei analysis. It is essential to mini-

mize the presence of dead cells and cellular 

aggregates in the cell and nuclei suspension to 

ensure good data quality. The recommended 

input for each sample is 20000 cells. 

For Stereo-seq analysis, fresh tissue is first 

embedded in OCT within 30 min of resection. 

After freezing using dry ice, embedded samples 

are transferred to an -80 ℃ freezer for storage 

until use. Then, sections (10 μm) were cut from 

fresh frozen tissue blocks using a cryostat and 

promptly affixed to Stereo-seq chips for library 

construction.

DNBelab C series HT scRNA library preparation 

set is compatible with freshly isolated cells, or 

cryopreserved cells as well as isolated nuclei. 

The STOmics Stereo-seq Transcriptomics Set is 

compatible with fresh frozen and fixed frozen 

samples. Both DNBelab C series HT scRNA and 

Stereo-seq have been validated and tested in 

different tissue types from various species, 

including human, mouse, plants and insects. 

Library preparation

Single-cell RNA sequencing libraries are pre-

pared using the DNBelab C4 scRNA Preparation 

Kit according to the user manual, involving dilu-

tion of cells, microfluidic chip loading, droplet 

Sequencing

Above mentioned scRNA-seq libraries and 

Stereo-seq libraries are compatible with all  

DNBSEQ sequencers. However, higher through-

put instruments such as the DNBSEQ-G400, and 

DNBSEQ-T7 are recommended to meet the 

required sequencing depth.   The required 

sequencing amount will vary depending on the 

input cell number and the sample types. For 

scRNA-seq, The recommended sequencing 

amount is  600-800 million reads targeting 

10000 cells. For Stereo-seq, 2-3 billion reads 

are recommended for a 1cm × 1cm capture area. 

The scRNA-seq cDNA library was sequenced 

with the following sequencing length: 30 base 

pairs (bp) for read 1, including 20 bp cell barcode 

generation, mRNA capture, reverse transcrip-

tion, PCR amplification, cDNA purification and 

subsequent library construction with size selec-

tion and adapter ligation. The final libraries are 

purified and quantified before sequencing. Rele-

vant instructional manuals could be referred to 

for detailed operational procedures.

Spatial transcriptomic data are generated using 

the STOmics' Stereo-seq Transcriptomics Set and 

the Chip-on-a-slide protocol is available at 

https://en.stomics.tech/resources/docu-

ments/list.html.

Tissue sections were adhered to the Stereo-seq 

chip, stained and imaged. RNA capture on the 

chip, reverse transcription, cDNA release and 

library construction were performed, including 

steps such as fragmentation, amplification and 

purification.

and 10 bp unique molecular identifier (UMI), 100 

bp of transcript sequence for read 2, and 10 bp 

for the sample index. For Stereo-seq library, the 

sequencing length is 35 bp for read 1, including 

25 bp coordinate identity (CID) and 10 bp unique 

UMI, 100 bp for read 2 and 10 bp for the sample 

index.
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the remaining cells. After the UMI normalization 

and log transformation, the data are ready for 

downstream analysis.

For Stereo-seq data analysis and visualization, 

MGI and STOmics provide a variety of data anal-

ysis methods. Apart from the STOmics Cloud, 

STOmics offers a comprehensive offline software 

suite consisting of ImageStudio, SAW, and Ste-

reoMap software.  Stereo-seq FASTQ files from 

the DNBSEQ-T7 sequencer underwent the 

following process. Reads with MID quality score 

<10 were eliminated, CID sequences were 

mapped to chip coordinates, and cDNA 

sequences were aligned to the reference 

genome using the SAW program. Data matrix 

files were generated, and for sub-cellular reso-

lution, DNBs were merged into a 'bin' for down-

stream analysis. 

Above mentioned scRNA-seq libraries and 

Stereo-seq libraries are compatible with all  

DNBSEQ sequencers. However, higher through-

put instruments such as the DNBSEQ-G400, and 

DNBSEQ-T7 are recommended to meet the 

required sequencing depth.   The required 

sequencing amount will vary depending on the 

input cell number and the sample types. For 

scRNA-seq, The recommended sequencing 

amount is  600-800 million reads targeting 

10000 cells. For Stereo-seq, 2-3 billion reads 

are recommended for a 1cm × 1cm capture area. 

The scRNA-seq cDNA library was sequenced 

with the following sequencing length: 30 base 

pairs (bp) for read 1, including 20 bp cell barcode 

Data analysis

The scRNA-seq raw reads FASTQ were pro-

cessed using the MGI C4 tool software package  

(https://github.com/MGI-tech-bioinformatics/D-

NBelab_C_Series_HT_scRNA-analysis-software). 

The initial step of this preprocessing procedure is 

to clean and filter the scRNA-seq data in order 

to get rid of artifacts like contaminants, low- 

quality cells, and doublets. Additionally, it 

ensured a sufficient number of detected genes in 

and 10 bp unique molecular identifier (UMI), 100 

bp of transcript sequence for read 2, and 10 bp 

for the sample index. For Stereo-seq library, the 

sequencing length is 35 bp for read 1, including 

25 bp coordinate identity (CID) and 10 bp unique 

UMI, 100 bp for read 2 and 10 bp for the sample 

index.



Application highlights 

Hight throughput scRNA-seq to generate 

cell transcriptomic atlas of the non-human 

primate Macaca fascicularis

Using DNBelab C4 scRNA library preparation 

system and DNBSEQ sequencing platforms, a 

large-scale single-cell transcriptome analysis 

was performed on the main tissues and organs 

(lung, kidney, liver, pancreas, brain, aorta, 

thyroid, parotid gland, and blood) of cynomol-

gus monkeys. This effort constructed the first 

non-human primate single-cell atlas that con-

sists of 1 million cells across 45 tissues (Figure 3)4.

Figure 3.  Identification of different cell types across 45 tissues of adult M. fascicularis monkey.

(A) On the left is a Schematic illustration of the monkey tissues examined in this investigation, in total 45 tissues were taken 

from 6-year-old monkeys, 3 of whom were female and 5 of whom were male.  UMAP (middle) presents the global clustering 

of all the cells in the dataset, colored by tissue, and bar plots (right) display the number of cells/nuclei profiled for each 

tissue following quality control. 1,144,706 distinct cells or nuclei were examined (n = 1). (B) A UMAP visualization showing the 

primary cell types that color each cluster. In the dataset, 113 distinct cell clusters were found. The right lengend provides cell 

type annotation for each main cluster.

Article

resource, we have created the NHPCA website, an open and interac-

tive database (https://db.cngb.org/nhpca/).

Generation of an adult monkey cell atlas

We isolated cells/nuclei for 45 different tissue samples from five male 

1a

RNA sequencing (snRNA-seq), which circumvents complications asso-

ciated with dissociation protocols and allowed us to profile frozen 

samples, but for some tissues we used single-cell RNA sequencing 

(scRNA-seq). The lymph node was profiled using both scRNA-seq 

and snRNA-seq for comparison. All experiments used the DNBelab 

C4 droplet-based platform for library generation4. After filtering, we 

1a), 

with numbers ranging from 84,619 in the cerebellum to 2,694 in the 

1a

1b 

of cells for each of these 113 cell types ranged from 76,602 for granule 

cells in the cerebellum to 21 for oligodendrocytes in the pineal gland 

1b 

stromal and various immune cells were shared between different tis-

-

vidual UMAP representations for each tissue and applied unbiased 

graph-based Seurat clustering, identifying 463 cell clusters across all 

tissues. A detailed annotation of the cell populations detected in each 

M . fascicularis atlas can be searched interactively by 

01

0203
04

05

06

07

08

09

10

100

101

10 2

10310 4

10 5

10 6

10 7 10 8

109

11

11 0

111

11 2 11 3
12

13

14

15

16

17

18
20

21

22

23

24

19 25

26

27 28

29 30
31

32

33

34

35

36

37

38
39

40
41

42

43

44

45

46

47

48

49

50

51

52

53 54

55

56

57

58
59

60

61

62

63
64

6566

67

68

69

70

71

72

73
74

75
76

77
78

79

80

81

82

83

84

85

86

87

88 89

90

91

92

93

94

95

96

97

98

99

UMAP 1

U
M

A
P

 2

Adipocyte 
Adipocyte progenitor/stromal cell 
Adrenal endothelial cell 
Adrenal immune cell 
Alveolar epithelial type 1 cell 
Alveolar epithelial type 2 cell 
Ascending loop of Henle cell 
Astrocyte 
B cell 
Bile duct cell 
Bladder intermediate cell 
Bladder urothelial cell 
Cardiomyocyte 

Connecting tubule cell 
Cortical excitatory neuron 
Corticotrope 
Dendritic cell 
Descending loop of Henle cell
Digestive tract endothelial cell 1
Digestive tract endothelial cell 2 
Digestive tract stromal cell 
Distal convoluted tubule cell 
Dopaminergic neuron  
Endothelial cell 
Enteric glial cell 
Epidermal adipocyte 
Epidermal endothelial cell 
Epidermal pericyte 
Epidermal smooth muscle cell 
Epidermal stromal cell 
Epididymal epithelial cell 
Epididymis stereociliated cell 
Epididymal monocyte 
Erythroid cell 
Fallopian tube epithelial cell 
Fasciculata cell 
Female reproductive ciliated cell

Folliculostellate cell 
Gallbladder endothelial cell 
Gallbladder glandular cell 
Gallbladder mucous cell 
Gallbladder smooth muscle cell 
Glomerulosa cell 
Goblet/serous cell 
Gonadotrope
Granule cell 
Granulosa cell 
Hepatocyte 
Immune mesothelial cell 
Inhibitory neuron 
Intercalated cell 
Keratinocyte 
Lactotrope 
Leydig/myoid cell 
Lingual epithelial cell 
Liver endothelial cell 1

A Macaca fascicularis

01

02

0304

05

06

07

08

09

10

11

12

13
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

3738

39
40

41
42

43 44

45

0
log10 (number of cells/nuclei)

01

45

Liver endothelial cell 2 
Liver immune cell 
Lower digestive tract epithelial cell 
Macrophage 
Male reproductive basal cell 
Male reproductive epithelial cell 
Male reproductive smooth muscle cell 
Melanocyte 
Mesothelial cell 
Microglia 
Molecular interneuron 
Monocyte 
Neuron 
Oligodendrocyte 
OPC 
Pancreas acinar cell 
Pancreas ductal and islet cell 
Photoreceptor 
Pineal microglia

Pineal oligodendrocyte 
Pinealocyte 
Plasma B cell 
Podocyte 
Principal cell 
Proximal tubule cell 

Purkinje cell 
Respiratory ciliated cell 
Retinal cell 
Retinal pigment epithelial cell 
Salivary acinar cell 
Salivary goblet/mucous cell 
Salivary intercalated cell 
Salivary NKT cell 
Salivary serous/acinar cell 
Salivary stromal cell 
Sertoli cell 
Smooth muscle cell
Somatotrope 
Stellate cell 
Stromal cell 
T cell 
T cell/NKT cell 
Theca/granulosa cell 
Thyroid endothelial cell 
Thyroid follicular cell 
Thyroid stromal cell 
Tongue stromal cell 
Type I skeletal muscle myonuclei 
Type II skeletal muscle myonuclei 
Type IIa skeletal muscle myonuclei 
Unknown cell 
Upper digestive tract epithelial cell 
Uterus luminal epithelial cell 
Uterus stromal cell 
Visceral adipose mesothelial cell

B

Adrenal gland

Aorta

Bladder

Bone marrow

Carotid

Cerebellum

Colon

Diaphragm

Epididymi s

Oesophagus

Fallopian tube

Gallbladder

Kidney

Liver

Lung

Lymph node

Ovary

Pancreas

PBM C

Pigmentary epi

Pituitary gland

Prostate

Retina

Salivary gland

02

03

04

05

27

28

29

30

22

23

24

25

17

18

19

20

07

08

09

10

12

13

14

15

Spermaduct

Spinal cord

Spleen

Stomach

Substantia nigra

Thyroid

Tongue

Trachea

Uterus

Vagina

Visceral adipose

43

44

45

37

39

40

42

32

33

34

35

Testis38

Abdominal wall

Bronchus

Duodenum

Heart

Neocortex

Pineal gland

01

26

21

16

06

11

Subcutaneous adipose

Tonsi l41

36

Ski n31Total cell/nucleus number: 1,144,706

03

09

05

0607

08
10

13

1415

16
18

19

20

21

37

22

23

01

25

26

27

28

29

30

32

33

34

35

36

40

39

41

42

44

45

43

11

31

12
172438 0402

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

108
109

11 0

11 1
11 2
11 3

UMAP 1

U
M

A
P

 2

54321

Fig. 1 | Generation of a cell atlas across 45 tissues of adult M . fascicularis 

monkey.  a, Left, schematic representation of the monkey tissues analysed in 

this study. The cartoons used to generate this schematic diagram were 

purchased from BioRender.com. A total of 45 tissues were collected from 3 

female and 5 male 6-year-old monkeys. A UMAP visualization is shown of global 

clustering of all cells from the dataset coloured by tissue (middle), and bar plots 

show the number of cells/nuclei profiled for each tissue after quality control 

(right). n = 1,144,706 individual cells/nuclei analysed. b, UMAP visualization of 

all clusters coloured by major cell types. A total of 113 cell clusters were 

identified in the dataset. Cell type annotation for all major clusters is provided 
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Spatial heterogeneity of cell types in 

mouse embryonic tissues

Spatial transcriptomic analysis of embryos is 

critical to understanding the dynamics of cell 

fate during tissue development. Using Stereo-seq 

and DNBSEQ sequencing platform, gene 

expression with spatial context of 281,377 cells 

(an average of 1,107 MIDs and 529 genes per cell) 

was obtained from E16.5 mouse embryos. Com-

prehensively describing the different cell types 

and their spatial relationships at the level of the 

entail embryo is important for understanding the 

mechanisms involved in cell differentiation, and 

regional specificities  (Figure 4)3.

Figure 4.  Spatial diversification of cell types at whole embryo scale.
(A) Segmented cells from an E16.5 slice (E1S3) with UMAP on the left. The side panels provide the UMAP visualization of the 

chondrocyte (bottom) and epithelial cell (top) re-clustering outcomes. Right: a spatial representation of the cell types for 

the whole E16.5 embryo segment, as seen in the left panel. Annotation colorizes the cells. Fb neuron, forebrain neuron; 

Dorsal Mb neuron, dorsal midbrain neuron; Die neuron, diencephalon neuron; Mb/Hb/SpC neuron, mid-/hindbrain, and 

spinal cord neuron; SMC, smooth muscle cell; Endo, endothelial cell; and Macro, macrophage. The scale bars, 500 µm.



Dynamics of cell composition and tumor 

microenvironment following treatment 

revealed by scRNA-seq and Stereo-seq 

in rectal cancer

To examine the dynamics of the tumor microenvi-

ronment (TME) in rectal cancer (RC) following 

NAC treatment, 29 patients were recruited, and 

paired tumor endoscopic biopsies and surgical 

resections were collected pretherapy (PE) and 

post-therapy (PO), respectively.   Based on the 

tumor regression grade (TRG) evaluation of the 

post-therapy sample, patients were divided into 

three groups, complete (or nearly complete) 

regression (CR), partial regression (PR), and no 

regression (NR).  Analysis of the samples before 

and after treatment using an integrated 

approach of  scRNA-seq and Stereo-seq 

revealed cellular dynamic landscape and  TME 

remodeled by treatment and their associations 

with therapeutic response  (Figure 5)5.

Figure 5.  The experiment design and major findings of the study investigating the modulation of the tumor microenvironment 

(TME) by NAC and its association with the therapeutic response using an integrated approach of single-cell and 

Stereo-seq.   RC: rectal cancer, NAC: Neoadjuvant chemotherapy , CR: complete (or nearly complete) regression, PR: 

partial regression, NR: no regression (NR). 
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Summary

This application note offers a brief overview of 

workflows for scRNA-Seq and Stereo-seq based 

on MGI's DNBSEQ sequencing platform. These 

technologies empower researchers to compre-

hensively investigate cellular diversity, cellular 

heterogeneity, and spatial organization of 

different cell types, to gain a better understand-

ing of biological processes that underly health 

and disease.
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