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Outline

I. Evolution of sequencing technologies
 NGS platforms: NGS & TGS
 DNA proprocessing

II. Principles of common NGS applications
 Sample QC
 DNA applications
 RNA applications

III. Advanced applications 
 3D Genomes
 Single-cell and spatial analyses
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Missions – provide high quality data and R&D for NGS researches

NGS technologies:

• SOP: sample QC, applications & sequencing

• Technology upgrade/acquisition

• Application diversification

• R&D for new apps. & system improvement

Education and R&D expertise:
• Lectures & workshops: TIGP programs, LSL workshop

• Collaborative Research projects

• Provides NGS consultation on: 

• Project’s need

• suitable NGS experimental design

• Sample preparation

• Cost analysis

Establishment:

• 2008: as a research NGS Core  

• 2014: promoted as AS service core

• 2019~ : supported as ASCF  

Where to Find Us?
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Genome is the basis of all living creatures throughout evolution. 

Massive parallel sequencing can generate huge amounts of data 
efficiently at low unit cost. 

We operate three platforms – 2nd‐Gen Illumina (high‐output, short‐
read sequencing), as well as 3rd‐Gen PacBio (circular consensus Hi‐Fi)
and Nanopore (ultra‐long single molecule sequencing), and provide 
applications for 3‐D genomics and single‐cell spatial applications. 

These platforms have their best‐suited applications, and can also be 
customized complimentarily for each project’s unique needs.

PacBio Sequel

Advancements in HTS technologies

MiSeq

NextSeq2000

Sequel IIe

10x Controller
10x Visium

2008 2013     2014         2016  2019 2020 2022 2023

GA IIx

HS2500Roche 454 GS + ChromiumX CytAssist
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NGS projects of HTG Core in Academia Sinica

Projects:

• Pathogens

• Insect genomes

• Evo‐devo: avian species

• C3/C4 plants

• Marine animals

• Human diseases

• Microbiomes

• Single‐cell / Spatial

8

I. Evolution of Sequencing 
Technologies

– From Sanger to Next-Gen Seq.
– Data preprocessing
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High Throughput Sequencing (HTS) 
– terminologies & general properties
NGS:

• Next‐Gen, New‐Gen, 2nd‐Gen

• Clonal amplified signals

• Shorter reads

• Higher raw base accuracy

• ILMN cyclic termi., Ion Proton

• SNVs, short INDELs, rare alleles

TGS:

• 3rd‐Gen

• Single molecule signal

• Long reads; retain base modifications

• Lower raw base accuracy

• PacBio SMRT, Oxford Nanopore

• Large SVs, translocation, haplotype

10

Roche 454

Illumina
Ion Proton 

S5

Sanger:
ABI 3730

Single tube, 
Di-deoxy termination

Clonal Amplification
For signal enhancement

PacBio

Single molecule sequencing
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Sanger Seq: chain termination w/ fluorescent ddNTPs

Blurry trace: HomopolymerAmbiguous base calls

11

Nobel laureate , 1977

12

BAC

Cosmid

Fosmid

Plasmid

Genome Sequencing:
Hierachical cloning
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Nature 409, 860-921(15 February 2001) 

Library factory -
Whitehead Institute

Sequencing factory -
Sanger Institute

13

Large scale Cappilary Sequencing

1

Barcode

2

Barcode

Cloning‐based sequencing NGS: massive parallel seq.



2023/5/24

8

15

NGS – massive parallel sequencing

Current Popular platforms:

• 2nd‐Gen: clonal amplification
• Roche 454: GS FLX, , 454 Jr., 454 XL+, 454 Jr.

• Illumina: GA, Miseq, HiSeq, NextSeq, NovaSeq, iSeq

• Life Technologies: SOLiD, Ion Torrent, Ion Proton

• 3rd‐Gen: single molecule sequencing
• Pacific Biosciences: PacBio Sequel, Sequel II

• Oxford Nanopore: ONT MinION, GridION, PromethION

https://www.genome.gov/about‐genomics/fact‐sheets/DNA‐Sequencing‐Costs‐Data

2023
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NGS armies

Current Major NGS Platforms

MinION (x1) GrinION (x5)

PromethION (x48)

Sequel  (x1~16)

PacBio 
SMRT 

Oxford 
NanoPore

Illumina
Reversible terminator

HiSeq, MiSeq, NovaSeq, NextSeq
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General workflow for DNA library prep

1

Barcode

(or cDNA)

2

Barcode

Library prep
(fragment + adaptor)

Cluster growth
(bridge formation,
Cluster amplification)

Cyclic Sequencing
(3’‐blocked dNTPs)

Base calling
20

Illumina/Solexa: Cyclic Reversible Terminator (one-base-a-time)
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Illumina – Flow cell imaging

Patterned flowcell
(2‐color chemistry)

Random flowcell
(4‐color chemistry)

https://www.illumina.com/science/technology/next‐generation‐sequencing/sequencing‐technology/2‐channel‐sbs.html

Accuracy may drop at high GC% or poly‐G regions.
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454: emPCR & pyrosequencing

emulsion

454 flowgram and read length profile

Transcriptome Shotgun 
Genome
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JM Rothberg et al. Nature 475, 348-352 (2011) doi:10.1038/nature10242

Ion Torrent/Proton:
Sensing bulk release of H+

Semi-conductoremPCR

H+ burst

Homopolymer errors – 9 C’s

Incomplete extension

Carry forward
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• Single Molecular Real Time (SMRT) real-time technology

• ZMW (zero-mode waveguides), a 100-nm hole with 
DNA/Polymerase complex immobilized at the bottom; recording 
fluorescence released from P-dNTP upon incorporation

PacBio: 3rd-Gen SMRT Sequencing

PacBio – HiFi CCS (circular consensus seq.)

CCS length: avg. 1-15kb, max. >100kb
Throughput: 10-30 Gb; CCS for HiFi accuracy (>Q20)

Long read

Short CCS

(HiFi)

Movie trace 
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With the CCS / HiFi data…

What can we use it for?
‐ Methylation (m5C, m6A, etc)

‐ Resolve repeats
‐ Genome phasing
‐ Haplotyping
‐ RNA isoform
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NanoPore Sequencing Technology

31

CsgG pore protein complex

3rd‐Gen: Oxford Nanopore (DNA, RNA, protein)

genome assembly using MinION reads [version 1]. F1000Research 2017, 6:1083 (doi: 
10.12688/f1000research.12012.1)
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E. coli: on MonION flowcell v9.4

Totals 
reads

Aligned
reads

Source: Loman Lab

Read 
length

Accuracy 
Of aligned
reads

Detecting Base Modifications Using Nanopore Sequencing
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http://omicsomics.blogspot.com/2022/04/nanopore‐knights‐notes.html
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Figure 1: the principle of nanopore duplex reads resulting in raw read 
accuracies approaching Q30 accuracy.

Maize B73 Oxford Nanopore duplex sequence data release
April 4, 2022

https://doi.org/10.1101/2023.03.29.534691
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Current Major NGS Platforms

GrinION (x5)

PacBio 
SMRT

Oxford 
NanoPore

Illumina
Reversible terminator

HiSeq, MiSeq, NextSeq2000, iSeq

Applications
• Genome Assembly
• Variant study
• Transcriptome
• Metagenome
• Population typing
• Disease genomics

Evolution of Sequencing Technologies 

Dideoxy nt.
1 rxn/tube
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3rd‐Gen
Single mol. Seq.

Sanger seq.

Roche454
Illumina 
Ion Proton

PacBio

Oxford 
Nanopore
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NGS Platforms & Features (Y2023)

Illumina 
HiSeq 2500

Illumina
MiSeq

Illumina
NextSeq 2000

PacBio
Sequel  & SQ IIe

Oxford ONT
GridION

Chemistry
Cyclic reversible terminator
Of amplified DNA clusters

SMRTbell‐tech; 
DNA polymerization

Electrical current passing 
through a nanopore channel

Output/run
HT mode: 1.2 Tb
Rapid mode: 150 Gb

up to 15 Gb
P2:120 Gb
P3*:300 Gb

CLR: 300‐650 Gb
HiFi: 15‐40 Gb

Current: 5‐30 Gb

Max Read length 2*250nt 2*300nt 2*150nt
CLR: max>100kb, 
HiFi: max>50kb

1‐50 kb  (max>200kb)

# Fragments
/Chip

300‐400 M (Rapid)
2,000‐2,300M (HT)

12‐15 M (v2)
20‐25M (v3)

P2: 500M
P3: 1400M

SQ: 1M
SQ IIe: 8M

30‐300 K / chip

Data quality
> 99.9%;
Tolerate homopolymer;
sensitive to high GC

> 99.9%;
Tolerate 
homopolymer;
sensitive to high GC

Raw 85‐89%; HiFi ~99.9%; 
Random homopolymeric
errors; 
tolerate high GC%

Raw 80~94%; 
Systematic homopolymeric
errors;
tolerate high GC%

Application
De novo assembly; 
Re‐sequencing; 
RNA‐seq

De novo assembly; 
Re‐sequencing; 
amplicon

De novo assembly; 
Re‐sequencing; 
RNA‐seq

Genome assembly;
structural variation; 
phasing; Iso‐Seq

Genome assembly; structural 
variation; phasing; RNA/DNA‐
seq

41

Arch Pathol Lab Med. 2017;141:1544–1557; doi: 10.5858/arpa.2016‐0501‐RA

Nature Reviews Genetics volume 17, pages333–351 (2016)

Trends Genet. 2014 Sep;30(9):418-26. doi: 10.1016/j.tig.2014.07.001.
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NGS Data processing

• Data types 

• Data QC

43

Types and Characteristics of NGS Reads

• Read length:        Short  Long

• Read types:
50bp‐20kb

50‐300 bp; 
1~1.5 kb jump

50‐300bp; 
2~15kb jump

50‐300bp 500‐15,000bp

44

SR

PE 

MP
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Insert size vs Library Fragment Size

180 bp 5861

280 bp 5861

300-bp fragment:
Ends overlapped 20 bp

400-bp fragment:
Ends gapped by 80 bp

100
100

R2: 100R1:100 nt

Overlap 20nt

Virtual 180 nt

80bp gap

Illumina Read – fastQ file

@HWI-D00368:32:H8R31ADXX:2:1101:2034:2140 1:N:0:CAGATC

TTTGNCGAGAACTGGAATTGAACCAATATTTAAGTCTTACAAGGAATTCGTTTTAAC

+

@@@F#2ADFDHHHJJJJJGHHIIJIIJJJIJGGJHEIIJIJIIJIIJJJIJJJJIGI

Sequence header

Q‐score header

Read1  or Read2

Y/N: failing PF or not

no control

Machine ID, FC ID

Index sequence

Lane ID
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Seq. performance assessment – Base Q

Phred quality scores Q: logarithmically related to 
error probabilities

P by Q = [ − 10 * log10(P)]

Phred
Score Q

Error 
probability

Base call 
accuracy

10 1 in 10 90%

20 1 in 100 99%

30 1 in 1,000 99.9%

40 1 in 10,000 99.99%

https://wiki.hpcc.msu.edu/display/Bioinfo/FastQC+Tutorial
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https://doi.org/10.1093/bioinformatics/bty560

II. Principles of common 
NGS applications

50

• Sample QC
• DNA applications
• RNA applications
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Genomic DNA QC
M2        M3    S32(E1)    (E2)      (E3)        (V1)      M1       M3                                            

OD
260/280

OD
260/230

NanoDrop
(ng/uL)

Qubit DNA
(ng/uL)

RNA Carry over
(NanoDrop/Qubit)

S32‐original 2.04  2.05  2250.8 56.0  40.19 X
S32_V1 2.16  2.52  1207.40  7.29  165.62 X
S32_E1 1.77  0.94  394.50  131.00  3.01 X
S32_E2 1.67  0.82  45.06  14.10  3.20 X
S32_E3 1.75  0.75  11.48  4.49  2.56 X

RNA

BioAnalyzer RNA ladder

Plant total RNA

Human RNA – various degradation

RNA QC
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Genome Sequencing

• De novo

• Re‐sequencing
• Amplicon‐seq

53

Sequencing vs re‐sequencing

“de novo” sequencing: 
no reference geneome available

Resequencing: 
reference genome available
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(single end) (paired end)

Contigs

Read

Hierarchical Genome Assembly

NNNNScaffolds

or

Super Contigs
NNNN

Long PE or BAC ends

55

200-500bp

2-15kb

20-100kb

https://www.slideshare.net/torstenseemann/long‐read‐sequencing‐wehi‐bioinformatics‐seminar‐tue‐16‐june‐2015?from_action=save
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Re‐sequencing: Variant detection

Meyerson et al. NRG 2010

58

1. Shotgun gDNA Library Preparation

Barcode 1

(or cDNA)

Barcode 2

P5 P7
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2. Tn tagging ‐ Nextera Library prep 

http://www.gtbiotech.com.tw/products/Nextera_XT_DNA.asp

1. TemplateDNA + 
transposome complex 
(contain adaptor)

2. Tagmentation breaks 
DNA and add adaptor 
to ends

3. PCR amplification to 
engineer barcode and 
sequencing primers 

59

3. Amplicon library: targetd PCR

1st round: 
Amplify ROI

2nd round: 
add indices + adapters  

Best: 400‐600bp
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Epigenetic sequencing 

• Bisulfite‐seq

• ChIP‐seq

• DAP‐seq
• ATAC‐Seq

62
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Genome methylation: Bisulfite-seq

Compare proportion of C/T 
sequenced at known CpG 
sites to quantify % of 
methylated cells in the 
original sample.

BMC Bioinformatics volume 10, 
Article number: 232 (2009)

ChIP‐seq procedure
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ChIP‐Seq: peak calling by looping

Nature Biotechnology 26, 1351 - 1359 (2008)
Design and analysis of ChIP-seq experiments for DNA-binding proteins.

Nature Methods 6, S22 - S32 (2009)

ChIP-seq peak types from various experiments

Specific TF

Txn complex

Chromatin 
remodeling
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ChIP‐seq Experimental Design

http://pharmacology.ucsd.edu/graduate/courseinfo/BIOM231‐SP13_8_ChIPseq.pdf

Cell 165.5 (2016): 1280-1292.

Cistrome and Epicistrome
Features Shape the 
Regulatory DNA Landscape. 
Ronan C. O’Malley, et al. Cell 
(2016)

DNA affinity purification sequencing (DAP‐seq)
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ATAC-seq

Assay for Transposase‐
Accessible Chromatin using sequencing

https://en.m.wikipedia.org/wiki/ATAC‐seq

https://support.10xgenomics.com/single‐cell‐
atac/software/pipelines/latest/algorithms/overview

Epigenomics by ATAC‐seq: transposition at open chromatin
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Transcriptome sequencing

• mRNA vs stranded

• smRNA, non‐coding RNA
• LR‐RNA‐seq

71

Read format & length
PE: de novo, large genome, PE150~200
SR: re‐seq, small genome, SR100
miRNA, degradome: SR50

ds‐cDNA vs Stranded‐specific?
(overlapping genes? non‐coding RNA?)

Total lysate ppt vs Column cleanup?
Removal of abundant RNA?
(polyA+, rRNA depletion, DSN, …)

RNA‐seq: considerations

RNA extraction
mRNA enrich.

cDNA synthesis
& library prep

Sequencing; 
coverage

72
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mRNA enrichment

73

Oligo‐dT binding  rRNA removal

Strand‐specific RNA‐seq prep

First Strand cDNA

First Strand cDNA

Second Strand cDNA

Second Strand 
Synthesis

Ligate Adapters

Enrich DNA fragments / Amplify

3’

RNA

Source: Illumina

Data format: RF



2023/5/24

38

Comparison of stranded and unstranded
RNA‐seq library methods, and their 
influence on interpretation and analysis.

Griffith M, et al.(2015) Informatics for RNA Sequencing: A Web Resource for 
Analysis on the Cloud. PLOS Computational Biology 11(8): e1004393. 
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004393

Transcriptome profiling: RNA-seq 

Nature Methods 6, S22 - S32 (2009)

RPKM (FPKM)

Mapped Reads

Gene length (Kb) x total reads (M)
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RPKM, FPKM, vs TPM

https://www.rna‐seqblog.com/rpkm‐fpkm‐and‐tpm‐clearly‐explained/

RPKM:
(1) Normalize each gene’s read counts to sequencing depth (M), and (2) normalize for gene size (K);  
‐> each sample has different size of pie

TPM:
(1) Normalize each gene’s reads to gene length RPK, (2) sum up all RPK/sample, then (3) divide each RPK/sum
‐> each sample has same size of pie, and can compare the relative% of each gene’s expn between samples

https://www.rna‐seqblog.com/rpkm‐fpkm‐and‐tpm‐clearly‐explained/
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contig1 contig2 contig3 contig4

Contigs

Transcriptome assembly

79

Exons on 
Genome Exon 1 Exon 2 Exon 3 Exon 4

contig1 contig2 contig4

contig1 contig3 contig4Isotig1

Isotig2

Isogroup
(gene)

RNA‐seq mapping

Transcriptome Sequencing
• Sample: 

• mRNA to pair with miRNA or lincRNA study?

• mRNA enrichment method
• Oligo‐dT vs Ribo‐depeletion

• Controls and Biological replicates

• Time course?

• Re‐sequencing (mapping) vs de novo assembly

• NGS:
• Shotgun: SR or PE

• PE2*100~200bp

• Coverage depends on need for detection sensitivity

• Splicing variants? Fusion junction?
• Gel‐size selection

• PE2*150~300  80
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smRNA library  prep - Directional

Curr Protoc Hum Genet. 2012 Apr;Chapter 11:Unit 11.12.1‐10.

Read out = same as miRNA

Transcriptome sequencing

• mRNA vs stranded

• smRNA, non‐coding RNA
• LR‐RNA‐seq: PacBio & ONT

82
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PacBio: Iso‐Seq

https://www.pacb.com/products‐and‐services/applications/rna‐sequencing/
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The RNA modification landscape in human disease

Direct RNA sequencing library preparation steps using Oxford Nanopore Technologies

Nanopore native RNA sequencing of a human poly(A) transcriptome

Nature Methods volume 16, pages1297–1305 (2019)
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III. Advanced applications

• 3D Genomes

• Single‐cell and spatial analyses

Advanced applications

88

• Chromatin dynamics (3D‐DNA)
• Single‐cell & Spatial analyses
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http://ngs.biodiv.tw/NGSCore/illumina‐system/

Hi‐C: Proximity Ligation

https://doi.org/10.3791/1869
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PB ‐ de novo large genome: Axolotl

Nature : The axolotl genome and the evolution of key tissue formation regulators
S Nowoshilow et al. Nature 554, 50–55 (2018)

Metrics Axolotl 
(A. mexicanum)

Assembly size (Gb)
32.4 Gb
(28.4 in contigs)

Genome size  32 Gb

Chromosomes 14

Sequencing 
technology

PacBio; 
Optical map

Coverage 32×

Assembler MARVEL

Contig N50) 216,277 bp

Number of contigs 217,461

Scaffold N50  3,052,786 bp

# Scaffolds 125,724

Hi‐C: long range SV; detect assembly error

https://youtu.be/uzINKcj‐p78
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Unlock 3D-Genome Architecture at Nucleosomes

https://doi.org/10.3791/1869

Hi-C Chromatin scaffolding for 

genome assembly, genome 

phasing, and/or genome 3D 

landscape

Micro-C High‐resolution interacting 

domains

Hierarchical Organization of Chromatin Structure
https://doi.org/10.1038/nrg.2016.112

Sinica, A. & Eagen, K. (2018, April 20). Principles of Chromosome Architecture Revealed by Hi‐C. Cell. 
https://www.cell.com/trends/biochemical‐sciences/fulltext/S0968‐0004%2818%2930060‐4

Goodstadt, M. N., & Marti‐Renom, M. A. (2019). Communicating Genome Architecture: Biovisualization of the 
Genome, from Data Analysis and Hypothesis Generation to Communication and Learning. Journal of molecular 
biology, 431(6), 1071–1087. https://doi.org/10.1016/j.jmb.2018.11.008
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Hierarchical Organization of Chromatin Structure
https://doi.org/10.1038/nrg.2016.112

Single‐Cell Sequencing

• DNA: sc‐ATAC
• RNA: 3’‐GEX, 5’‐GEX
• Multiome
• VDJ repertoire
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https://www.10xgenomics.com/blog/single‐cell‐rna‐seq‐an‐
introductory‐overview‐and‐tools‐for‐getting‐started

Why single‐cell sequencing?

• To study the genetic makeup of individual cells, as opposed to studying an average of many cells as in bulk sequencing. This 
allows researchers to uncover rare cell populations, detect genomic heterogeneity within a cell population, and study the 
dynamics of cell differentiation and gene expression at the single‐cell level.

• Important applications:

1. Studying rare cell populations: Some cell populations in complex tissues or organisms are rare, making them difficult to study using 
traditional sequencing methods. Single‐cell sequencing allows researchers to identify and study these rare cell types in detail.

2. Studying genomic heterogeneity: In a population of cells, there can be genetic variation between individual cells that is masked when 
studying an average of many cells. Single‐cell sequencing allows for the detection of genomic heterogeneity within a cell population, 
which can have important implications for understanding disease progression and treatment.

3. Understanding cell differentiation: During development or disease progression, cells can differentiate into different cell types with 
distinct gene expression patterns. Single‐cell sequencing can be used to study the gene expression changes that occur during cell 
differentiation, helping researchers to better understand how different cell types develop and function.

4. Discovering new cell types and functions: Single‐cell sequencing can reveal previously unknown cell types and functions that were not 
detectable using traditional sequencing methods.

5. Personalized medicine: Single‐cell sequencing can be used to study the genomic makeup of individual cells from a patient's tissue, 
providing information about the genetic basis of disease and guiding personalized treatment plans.

• Areas: the genetic and genomic complexity of biological systems, leading to new insights into development, disease, and 
personalized medicine.
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Review: The current landscape of single-cell transcriptomics for cancer immunotherapy.
• 2020 Journal of Experimental Medicine 218(1) DOI: 10.1084/jem.20201574

Single‐cell embedding

10x Genomics Chromium : barcoded gel beads for single cells
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https://dnatech.genomecenter.ucdavis.edu/single‐cell‐analyses/

10x Genomics: 
Single‐cell 
applications

Single‐cell VDJ
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Review: The current landscape of single-cell transcriptomics for cancer immunotherapy.
• 2020 Journal of Experimental Medicine 218(1) DOI: 10.1084/jem.20201574

Cell type annotation: immuno marker genes

10x Multiome: Sc‐ATAC + snRNA
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Single‐cell ATAC‐seq

https://en.m.wikipedia.org/wiki/ATAC‐seq

https://doi.org/10.1016/j.csbj.2020.06.012

Integration of scRNA & ATAC‐seq
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Spatial transcriptome

• Fresh frozen
• FFPE
• Symbiosis

10x Genomics:
Spatial Transcriptome
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SpaceRanger Analysis

Mouse Brain

H&E
Tissue optimization
(cDNA fluorescence)

Graphic map
overlay

Spatial Transcriptomes
Clustering

SpaceRanger Analysis: mouse brain
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Exploring Spatial Transcriptomics with 10x Genomics Visium

Maynard, K.R., Collado‐Torres, L., Weber, L.M. et al. 
Transcriptome‐scale spatial gene expression in the human 
dorsolateral prefrontal cortex. Nat Neurosci 24, 425–436 (2021). 
https://doi.org/10.1038/s41593‐020‐00787‐0
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Orchid organogenesis

Liu C, et al. A spatiotemporal atlas of organogenesis in the development of orchid flowers. Nuc Acids Res gkac773 (2022). doi: 10.1093/nar/gkac773.

Mouse
Cerebellum

Mouse
Spinal Cord

Maize
Embryonic Leaf

Fresh Frozen
Cryosectioning

NAR, gkac773 (2022). doi: 10.1093/nar/gkac773
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Orchid organogenesis

Liu C, et al. A spatiotemporal atlas of organogenesis in the development of orchid flowers. Nuc Acids Res gkac773 (2022). doi: 10.1093/nar/gkac773.

Slide‐seq: A 
scalable 
technology for 
measuring 
genome‐wide 
expression at 
high spatial 
resolution

Science, 2019. DOI: 10.1126/science.aaw1219
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Cell, 2022
https://doi.org/10.1016/j.cell.2022.04.003

The Visium projects we have processed

Organisms

• Mouse 

• Human

• Maize

Samples

• Flash frozen (OCT)
• FFPE

Tissue types

• Brain
• Cerebellum
• Liver
• Gum/cheek

• Lung
• Leaf

Biological Qs

• Cancer/tumor

• Stress/injury

• Neurology

• Embryonic 
development

• Infectious disease
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Multiplexed Array Sequencing:

MAS‐scIsoseq
• 10X scRNA
• 10X Spatial‐Visium

https://www.pacb.com/products‐and‐services/applications/rna‐sequencing/single‐cell‐rna‐sequencing/

HIFI SEQUENCING ADVANTAGE IN SINGLE-CELL RNA 
SEQUENCING
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10x + PB: MAS‐Sp‐Isoform Sequencing

10x + PB: MAS‐Sp‐Isoform Sequencing

High‐throughput RNA isoform sequencing using programmable cDNA concatenation
2121. doi: https://doi.org/10.1101/2021.10.01.462818
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18,151 genes

PacBio‐LR‐gene10xG‐SR‐gene

23,975 genes

39,527 isoforms

PacBio‐HiFi‐isoforms

10x + PB: MAS‐Sp‐Isoform Sequencing

Chi‐Chih Wu et.al., unpublished 

doi: https://doi.org/10.1101/2023.03.25.534016
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https://www.pacb.com/blog/the‐hifi‐difference‐a‐better‐cell‐atlas‐with‐full‐length‐isoform‐sequencing/

“…Detection of 214,516 unique isoforms covering 22,391 genes, 
72.6% of the isoforms are novel.”

Cell‐type‐specificity of isoform diversity in the developing human neocortex 
informs mechanisms of neurodevelopmental disorders
doi: https://doi.org/10.1101/2023.03.25.534016

doi: https://doi.org/10.1101/2023.03.25.534016
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doi: https://doi.org/10.1101/2023.03.25.534016

IBMS         IPMB Greenhouse B1         ABRC+BRC        BRC/IRBST 

2016

PacBio Sequel

Advances in NGS Technologies

2013

2008 2014*

2008 2010

2011 2012

MiSeqGA IIxGA IIx

HS2000HS2500 HS2500*Roche 454 GS +

2011

2019‐20

10X Genomics

2020
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Seminars /Workshops for advanced NGS Technologies

Sequencing Evolution

Technology teaming
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Arch Pathol Lab Med. 2017;141:1544–1557; doi: 10.5858/arpa.2016‐0501‐RA

Nature Reviews Genetics volume 17, pages333–351 (2016)

Trends Genet. 2014 Sep;30(9):418-26. doi: 10.1016/j.tig.2014.07.001.
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Nature Biotechnology 26, 1135 - 1145 (2008) 

Nature Review Genetics 11, 31-46 (2010) 

135

NGS Reviews

Video Clips

• Sanger Sequencing of DNA [HD Animation]
• https://www.youtube.com/watch?v=nudG0r9zL2M

• Pyro Sequencing
• https://www.youtube.com/watch?v=nFfgWGFe0aA

• Illumina Sequencing Technology
• https://www.youtube.com/watch?v=womKfikWlxM

• Ion Torrent™ next‐gen sequencing technology
• https://www.youtube.com/watch?v=WYBzbxIfuKs

• Single Molecule Real Time Sequencing ‐ Pacific Biosciences
• https://www.youtube.com/watch?v=v8p4ph2MAvI

• Oxford Nanopore Technologies
• https://www.youtube.com/watch?v=3UHw22hBpAk

• Next‐Generation Sequencing Technologies ‐ Elaine Mardis (2014)
• https://www.youtube.com/watch?v=6Is3W7JkFp8

• PCR (Polymerase Chain Reaction)

– https://www.youtube.com/watch?v=iQsu3Kz9NYo

• Polymerase Chain Reaction [HD Animation]

– https://www.youtube.com/watch?v=0HCWmD7Mv8U


