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Next Generation Sequencing
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Refers to determining the order of nucleotide (G, A, T, and C) in a stretch of DNA

(Axygen, 2008)

HOW DOES SEQUENCING WORK?



HISTORY OF SEQUENCING TECHNOLOGY



(Freeman, 2009)

CLASSICAL CHAIN-TERMINATION SEQUENCING



DYE-TERMINATOR SEQUENCING



Human Genome Project



(Axygen, 2008)

Employs micro- & nanotechnologies to reduce the size of sample  
components, reducing reagent costs.

Highly multiplexed, allowing simultaneous sequencing and  
analysis of millions of samples.

NEXT-GENERATION SEQUENCING



(Axygen, 2008)

Sanger NGS

SANGER vs.NGS



SANGER vs.NGS





http://www.ccb.usm.my/index.php/services/next-generation-sequencing

HOW END-TO-END SOLUTION NGSWORKS?



KEY COMPONENTS OF NGS ANALYSIS & 
A LIST OF EXEMPLAR TOOLS

(Koboldt1, 2020)



STANDARD PIPELINES FOR NGS ANALYSIS

INDIVIDUAL                            TRIOS                     SOMATIC(Koboldt1, 2020)



AGCATGCTGCAGTCATGCTTA
GGCTA

TGC
T

AGC
A

GCAG

TCA
T

GCT
T AGG

C
CAT
G

AGT
C

GCT
A ATG

CTGCA

TGC
T

AGT
C

ATG
C

CAT
G

CTG
C

CTG
C

TGC
A
TAC
TCCA

G

AGT
CATG
CCAT
G

CTG
C

TGC
A

TGC
A

TGC
A

DNA Fragmentation

DNA Enrichment

Sequencing

GCTG

GCT
G

GAC
A

GAC
A

GAC
A

DNA

Coding regions in bold

AGCATGCTGCAGACATGCTT
AGGCTA

HOW DOES IT WORK?

(Gilissen 2022)



Alignment / Mapping
AGT
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G

CTG
CGCT
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ATGC
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A

Mapped reads}
Chr5, position 9, G � C
Reads = 5, Variants reads = 1, (20%), score 
=  10

Chr5, position 13, T � A
Reads = 2, Variants reads = 1, (50%), score 
=  50

Variant 
calling

Variant 
Annotation

Variant 
Interpretation

Reference
Sequence reads

AGCATGCTGCAGTCATGCTTAGGCTA

BAM file

VCF file

FASTQ file

Annotated 
VCF file

HOW DOES IT WORK? ANALYZE

(Gilissen 2022)



Exon of a gene

Sequence read

Total number of reads
(coverage)

IGV screenshot: https://software.broadinstitute.org/software/igv/

WHAT DO WE GET?

(Gilissen 2022)

https://software.broadinstitute.org/software/igv/


Reference sequence

Single 
sequence read

Coverage

The number of 
reads 
at a position

Read showing a variant

Read showing the reference

A real variant! Maybe a real 
variant?

Sequencing mistakes

IGV screenshot: https://software.broadinstitute.org/software/igv/

SEQUENCING DATA & VARIANTS

(Gilissen 2022)

https://software.broadinstitute.org/software/igv/


VARIANTS & ANNOTATION

(Gilissen 2022)



Coverage: the number of times a single position on the DNA has been 
interrogated by a sequence reads

Why do we need coverage?

1. There are two alleles that we sequence at random: we need to 
be sure that we see each allele at least once.

2. We want to be able to distinguish variants from sequencing 
errors.

3. Some regions don’t enrich very well, if we sequence more, we 
will have a higher chance of sequencing these regions as 
well.eor

SEQUENCE COVERAGE

(Gilissen 2022)



COMMON ARTIFACTS IN NGS ALIGNMENT

(Koboldt1, 2020)



COPY NUMBER (CNV) & STRUCTURAL VARIANTS (SV)

(Koboldt1, 2020)





Sequencing Advancement



Sequencing Advancement



Sequencing Advancement



Sequencing Advancement



SHORT vs. LONG READS SEQ



Cost Genome Seq Declining & More Affordable



WHAT ARE NGS APPLICATIONS? 



DNASeq

http://www.genomesop.com/somatic-mutations/



Whole-exome or whole-genome 
sequencing à becoming popular 
since they can capture the gene- or 
genome-level genomic alterations. 

Target-sequencing covers several 
hundreds genes whose alterations 
are well known for their roles in 
cancer pathology & targetable by 
chemical/immunologic agents. 

In cancer patients, target or panel 
sequencing has started to produce 
clinically relevant findings such as 
actionable mutations for patients

DNASeq



SEQUENCING STRATEGIES FOR NGS & EMPIRICAL VARIANT
DETECTION SENSITIVITY

(Koboldt1, 2020)



CMA=chromosomal microarray; CNV=copy number variant; FISH=fluorescence in situ hybridization; Indel=small insertion/deletion; NGS=next-generation 
sequencing; PCR=polymerase chain reaction; SNV=single nucleotide variant; WES=whole-exome sequencing; WGS=whole-genome sequencing.

References: 1. Lionel AC, Costain G, Monfared N, et al. Improved diagnostic yield compared with targeted gene sequencing panels suggests a role for whole-genome sequencing as a first-
tier genetic test. Genet Med. 2018 Apr;20(4):435-443. doi: 10.1038/gim.2017.119. Epub 2017 Aug 3. 2. Dolzhenko E, van Vugt JJFA, Shaw RJ, et al. Detection of long repeat expansions from 
PCR-free whole-genome sequence data. Genome Res. 2017;27(11):1895-1903. doi: 10.1101/gr.225672.117. 3. Chen X, Schulz-Trieglaff O, Shaw R, et al. Manta: rapid detection of structural 
variants and indels for germline and cancer sequencing applications. Bioinformatics, 2016;32(8):1220–1222. http://doi.org/10.1093/bioinformatics/btv710.

Current testing
options

SNVs
and indels CNVs

Repeat 
expansions

Structural
variants

Mitochondrial 
variants

Sanger ● ●
Targeted NGS ● LIMITED ●
PCR ● ● ●
FISH ● ●
Karyotype ●
CMA ●
WES ● LIMITED LIMITED ●
WGS ●1 ●1 ●2 ●3 ●1

WGS OFFERS THE BROADEST SCOPE OF DETECTABLE 
VARIANTS  TO PROVIDE COMPREHENSIVE VARIANT ANALYSIS



http://www.genomesop.com/somatic-mutations/

RNASeq

RNA-sequencing (Whole-
transcriptome sequencing, WTS, 
transcriptomic) can quantify level of 
individual genes & identify structural 
changes in the transcriptome.

These include the gene fusions and 
alternative splicing that also play 
roles in the development of cancers.



RNASeq

http://www.genomesop.com/somatic-mutations/



NGS-BASED ASSAYS TO MAP EPIGENETIC MARKS



ESHG 2021; transcriptome-wide summary statistics-based Mendelian Randomization approach (TWMR); https://www.nature.com/articles/s41467-019-10936-0

DNA Phenotype Gene 
Expression DNA

Confounders

EPIGENETIC à COMPOSITION OF CORRELATION

TWMR (⍺)

revTWMR (β)

r = corr (Phenotype, Gene Expression) = ⍺ + β + qE*qP

qE qP



2017 2020 2021 2022 ~ 

Next-Generation Sequencing (NGS) 
Whole-exome seq (WES)

Transcriptomic (HSCR)
Bioinformatics (Mendelian)

COVID-19 Pandemic
Whole-genome seq (WGS)

SARS-CoV-2

Keputusan Menteri Kesehatan
No. HK 01.07/MENKES/4842/2021

Jejaring Lab Surveilans Genom
SARS-CoV-2 

2007

Sanger Sequencing 
Complex Genetic 
Disorder (HSCR) & 
Mendelian (SMA)

Keputusan Menteri Kesehatan
No. HK 01.07/MENKES/1141/2022

BGSi for Precision Medicine
RSUP Dr Sardjito à Genetic Disorder Hub

Illumina Next-Seq 550

MILESTONE CoE Human Genomics & Genetics



SARS-CoV-2 Genomic Surveillance



HEPATITIS UNKNOWN ETIOLOGIES







Mendelian vs. Complex Genetic Disorder 

epicentrum



Hirschsprung Disease

Hirschsprung
disease
(HSCR)

Functional 
obstruction 

European 
1:5000

Asian 1:3500

4:1  male

~ 24 
Genes  

miRNA

Indonesia
1:3,250

Tilghman et al., 2019; Gunadi et al., 2019a; 2019b; 2018a, 2018b; Parahita et al., 2018; Setiadi et al., 2017; Alves et al., 2013



Karim et al., 2021; Alves et al., 2013; Amiel et al., 2008; Gunadi et al. 2019; 2018; 2016a; Ped Surg Int 2016b; J Ped Surg 2014

~70%
Next-

Generation 
Sequencing

ROLE OF NGS IN GENETICS OF HSCR



(Karim et al., 2021)

HOW DO VARIANTS CAUSE THE HSCR?
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WHOLE-EXOME SEQUENCING forHSCR

39 sporadic non-syndromic HSCR patients and
16 non-HSCR control

Whole-exome sequencing

Bioinformatic Analysis

In silico Prediction tools 
(PhyloP, CADD score, Grantham score)

Population Allele 
Frequency (MAF <1%)



VARIANTS OF HSCR PATIENTS WITH IN-SILICO PREDICTION TESTS RESULTS
Gene 
name

Variant SNP id Chromosomal 
position

MAF in 
1000 

Genomes

MAF in 
gnomAD

phyloP CADD 
score

Grantham 
score

Sample ID Aganglionosis 
type

Associated 
disease

SORL1 c.1916G>T; 
p.Arg639Leu

rs200869993 Chr11: 
121416003-
121416003

0.002294 0.001925 5.336 21.4 102 HSCR12
HSCR21

Short
Long

Alzheimer's 
disease, 

Parkinson's 
disease, 

dementia
ASTN1 c.3824C>T; 

p.Thr1275Met
rs201817286 Chr1: 

176833481-
176833481

0.002294 0.003277 6.938 20.2 81 HSCR16
HSCR19
HSCR24

Short
Short
Short

Hepatocellular 
carcinoma

APC c.310T>A; 
p.Ser104Thr

N/A Chr5: 
112102975-
112102975

N/A N/A 2.939 15.8 58 HSCR11 Long Adenomatous 
polyposis coli, 
colon cancer

APC c.3445G>A;
p.Glu1149Lys

rs371117193 Chr5: 
112174736-
112174736

0 0.0001089 3.557 18.14 56 HSCR21 Long N/A

MYOF c.1027G>A; 
p.Val343Met

N/A Chr10: 
95161265-
95161265

N/A N/A 4.021 20.6 21 HSCR22 Short Muscular 
dystrophy and 

cardiomyopathy
MDN1 c.4118C>T; 

p.Ala1373Val
rs114919514 Chr6: 90455052-

90455052
0.003992 0.003675 4.373 23.1 64 HSCR6 Short Breast cancer

WWOX c.211G>A; 
p.Gly71Arg

rs767880120 Chr16: 
78143713-
78143713

0.000998 0.0006229 4.821 27.3 125 HSCR14 Long Hepatocellular 
carcinoma, 

breast cancer, 
lung cancer, 

encephalopathy
, ataxia, seizures

HERC1 c.9392C>T; 
p.Thr3131Ile

rs558716578 Chr15: 
63951967-
63951967

0.000 0.000 7.689 27.3 89 HSCR07 Short Intellectual 
disability



Gene 

name

Variant SNP id Chromosomal 

position

MAF in 

1000 

Genomes

MAF in 

gnomAD

phyloP CADD 

score

Grantham 

score

Sample 

ID

Aganglionosis 

type

RET c.1597G>A; 

p.Gly533Ser

rs75873440 Chr10: 

43607621-

43607621

0.000998 0.00096 9.097 34 56 HSCR97 Short

RET c.2914A>T; 

p.Arg972Trp

rs76534745 Chr10: 

43619231-

43619231

N/A N/A 2.363 22.7 101 HSCR95 Short

KNOWN HIRSCHSPRUNG-RELATED VARIANTS



Gene 

name

Variant SNP id Chromosomal 

position

MAF in 

1000 

Genomes

MAF in 

gnomAD

phyloP CADD 

score

Grantham 

score

Sample 

ID

Aganglionosis 

type

RET c.1597G>A; 

p.Gly533Ser

rs75873440 Chr10: 

43607621-

43607621

0.000998 0.00096 9.097 34 56 HSCR97 Short

RET c.2914A>T; 

p.Arg972Trp

rs76534745 Chr10: 

43619231-

43619231

N/A N/A 2.363 22.7 101 HSCR95 Short

KNOWN HIRSCHSPRUNG-RELATED VARIANTS



NOVEL VARIANTS IN KNOWN HIRSCHSPRUNG-RELATED GENES

Gene 
name

Variant SNP id Chromosomal 
position

MAF in 1000 
Genomes

MAF in 
gnomAD

phyloP CADD 
score

Grantham 
score

Sample ID Aganglionosis 
type

UBR4 c.5497G>A; 
p.Gly1833Arg

rs770317755 Chr1: 19486685-
19486685

N/A 0.000 7.484 29.4 125 HSCR13 Short

GDNF c.349G>A; 
p.Gly117Ser

N/A Chr5: 37816040-
37816040

N/A N/A 7.456 25.7 56 HSCR13 Short

CELSR3 c.6695G>A; 
p.Arg2232His

rs148825770 Chr3: 48686234-
48686234

0.000998 0.00096 5.638 18.44 29 HSCR14
HSCR20
HSCR5

Long
Short
Long

EDNRB c.1146C>A; 
p.Asn392Lys

N/A Chr13: 7874042-
78478042

N/A N/A 1.554 18.29 94 HSCR90 Short

BDNF c.650G>C; 
p.Arg217Pro

rs757598331 Chr11: 27679486-
27679486

N/A 0.000 6.091 15.75 103 HSCR90 Short

RET c.1907C>G; 
p.Thr636Arg

rs121913310 Chr10: 43609955-
43609955

N/A N/A 3.187 20.9 71 HSCR95 Short

RET c.2656C>G; 
p.Arg886Gly

rs146838520 Chr10: 43615577-
43615577

N/A 0.000 2.536 18.47 125 HSCR93 Short

ZEB2 c.98A>C; 
p.Asp33Ala

N/A Chr2: 145187569-
145187569

N/A N/A 7.586 16.94 126 HSCR108 Long

ECE1 c.2278C>G; 
p.Pro760Ala

rs186453862 Chr1: 21546474-
21546474

0.00499 0.002498 5.696 19.45 27 HSCR12 Short

NRTN c.167A>T; 
p.Gln56Leu

rs757355174 Chr19: 5824343-
5824343

N/A 0.000 4.527 19.66 113 HSCR89 Short

NRTN c.23C>A; 
p.Ala8Asp

rs768503585 Chr19: 5824199-
5824199

N/A 0.000 5.066 23.3 126 HSCR06 Short



NOVEL VARIANTS IN KNOWN HIRSCHSPRUNG-RELATED GENES

Gene 
name

Variant SNP id Chromosomal 
position

MAF in 1000 
Genomes

MAF in 
gnomAD

phyloP CADD 
score

Grantham 
score

Sample ID Aganglionosis 
type
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POSSIBLE COMPOUND HETEROZYGOUS VARIANTS
Gene name Variant SNP id Chromosomal 

position
MAF in 1000 

Genomes
MAF in gnomAD phyloP CADD score Sample ID Aganglionosis type

MUTYH

c.1354G>T; p.Glu452Ter rs376790729 Chr1: 45796895-
45796895

0.000 0.000 1.048 22.7

HSCR18 Short
c.116C>T; p.Ala39Val N/A Chr1: 45799236-

45799236
N/A N/A 1.003 12.99

BAZ1A

c.2677G>T; p.Glu893Ter N/A Chr14: 35245185-
35245185

N/A N/A 6.997 45

HSCR90 Short
c.1027G>T; p.Glu343Ter rs1133283 Chr14: 35269531-

35269531
N/A N/A 3.825 42

DICER1

c.2386G>T; p.Glu796Ter N/A Chr14: 95574711-
95574711

N/A N/A 7.556 43

HSCR93 Short
c.1232C>A; p.Ser411Ter N/A Chr14: 95589677-

95590677
N/A N/A 9.187 42

HYDIN

c.9088G>T; p.Glu3030Ter N/A Chr16: 70929944-
70929944

N/A N/A 7.37 50

HSCR93 Short
c.5611G>T; p.Glu1871Ter N/A Chr16: 71004431-

71004431
N/A N/A 7.484 58

SACS

c.6493G>T; p.Glu2165Ter N/A Chr13: 23911522-
23911522

N/A N/A 7.487 55

HSCR94 Short
c.520G>T; p.Glu174Ter N/A Chr13: 23922558-

23932558
N/A N/A 7.785 40

CKAP5

c.2512G>T; p.Gly838Ter N/A Chr11: 46800071-
46800071

N/A N/A 4.071 41

HSCR94 Short
c.2101G>T; p.Glu701Ter N/A Chr11: 46806091-

46806091
N/A N/A 5.948 40

UBR1

c.1927G>T; p.Glu643Ter N/A Chr15: 43330066-
43330066

N/A N/A 2.889 39

HSCR89 Short
c.1152G>A; p.Tyr384Ter N/A Chr15: 43350569-

43350569
N/A N/A 1.929 35

BPTF

c.2598dup; p.Glu867fs rs753044214 Chr17: 65899950-
65899950

N/A 0.000 N/A 7.891

HSCR05 Long
c.4138A>T; p.Lys1380Ter N/A Chr17: 65908138-

65908138
N/A N/A 2.09 37



POSSIBLE COMPOUND HETEROZYGOUS VARIANTS
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Genomes
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POSSIBLE COMPOUND HETEROZYGOUS VARIANTS
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Genomes
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HSCR 
patients

(Samples)

Non-HSCR 
patients

(Controls)

RNA 
isolation

Next-Generation 
Sequencing (NGS)

üSmall RNA length ~35 base pairs, with >80% of reads
üTotal PF reads ranged from 229,972 to 1,354,232
üCompared to controls, we found 11 unique miRNA families in HSCR

RNASeq for HSCR



Novel miRNA

ümiRNA-199
ümiRNA-221
ümiRNA-23
ümiRNA-26
ümiRNA-27
ümiRNA-3188
ümiRNA-4449
ümiRNA-8

Established miRNA

ümiRNA-143
ümiRNA-192
ümiRNA-770

RNASeq for HSCR



Precision 
Medicine

Personalized 
Medicine

There is a lot of overlap between the terms "precision medicine" and "personalized 
medicine." 

According to the National Research Council, "personalized medicine" is an older term 
with a meaning similar to "precision medicine."

However, there was concern that the word "personalized" could be misinterpreted to 
imply that treatments and preventions are being developed uniquely for each individual; 
in precision medicine, focus is on identifying which approaches will be effective for 
which patients based on genetic, environmental, and lifestyle factors. 

The Council therefore preferred the term "precision medicine" to "personalized 
medicine." However, some people still use the two terms interchangeably.



the future 
use of 

genomics

Genomics & the Potential for Healthcare (Precision Medicine) 
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Everybody receives the same medicine –
typically only 30-60% effective

Tailored treatment to match an individual’s 
makeup & response – more effective and 
fewer side-effects

Informed by genomics & 
other clinical information

Traditional approach

Personalised approach

Using This Knowledge: Precision Medicine
The End Of The ‘One Size Fits All’ Era Of Medicine



Global Precision Medicine Landscape

2015



The World’s Largest 10 Economics in 2030



Fact 1

2 million Indonesian go overseas for 
medical treatment every year

Fact 2 

Human resources knowledge & 
skills varies among institutions

Collaboration is mandatory!

Precision Medicine in Indonesia ?



BGSi for Precision Medicine 
14 August 2022

Indonesian Precision Medicine Initiative



Duchenne muscular dystrophy (DMD)

Indonesian Precision Medicine Initiative

14 August 
2022
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Mendelian (e.g., DMD) Complex Genetic Disorder (e.g., HSCR)
ü Genetic testing and defining genetic 

etiology
ü Genetic diagnosis guides treatment 

(gene therapy)
ü Screening and counseling of family 

members
ü Genomic screening in preventive 

health

ü Disease risk stratification & polygenic 
risk score

ü Network-based disease understanding 
& therapies

ü Other novel therapies based upon key 
driver genes

Precision Medicine Approaches



ü Incidence 1:3,500-5,000 

ü Indonesia: 5,000,000 live births/year à 500-700 DMD/year

ü Progressive muscular weakness

ü 10-12 yo wheelchair bound à Premature death within the 2nd decades

Dystrophin
protein

Maintain skeletal 
muscle

Dystrophin gene

Duchenne
Muscular 
Dystrophy 

(DMD)

VARIANTS

dystrophin

Deletions 65%

Point mutation 26%

Duplication 7%

Duchenne Muscular Dystrophy



Gene therapy:
Exon skipping/
Read-through 

Lessen 
severity of 

DMD

Longer life 
expectancy and 

higher QoL

Can this patient 
be treated with 
gene therapy?

Molecular diagnostic tool 
to determine amenability

Matsuo M, Takeshima Y, Nishio H. Brain Dev. 2016 Jan;38(1):4-9

~80% can be 
treated with exon 
skipping strategy

Echigoya Y, Yokota T. Nucleic Acid Ther. 2014, 24, 57–68.
Aartsma-Rus A, Straub V, Hemmings R et al (2017). Nucleic Acid Ther 27(5):251-259.

Emerging Treatment for DMD



TARGETED SEQUENCING FOR DMD 

§ DMD     → 79 exons
§ EMD     → 6 exons
§ LMNA   → 12 exons
§ CAPN3 → 24 exons

Each amplicon consist 
a max. 1000 bp

üDMD     → 75 amplicons
üEMD      → 3 amplicons
üLMNA    → 7 amplicons
üCAPN3  → 18 amplicons
Total: 103 amplicons



WHOLE-GENOME SEQUENCING for DMD 

Each amplicon consist 
a max. 1000 bp



Chantakhow S et al., 2021

HIRSCHSPRUNG-ASSOCIATED ENTEROCOLITIS (HAEC)



PROPOSED KOCH’S POSTULATES FOR NGS

Wensel et al., 2022



COMMON MICROBIOME SEQUENCING METHODS

Wensel et al., 2022



BACTERIAL 16S rRNA GENE

(A) Percentage sequence identity of conserved and hypervariable regions of the bacterial 16S rRNA gene. (B) Illustration of conserved and 
hypervariable regions corresponding to A and PCR amplification of the V1–V3 region of the bacterial 16S rRNA gene. (C) Schematic of 16S rRNA gene 
structure with hypervariable regions (V1–V9) labeled. (Wensel et al., 2022)



Overview of key steps in 16s rRNA 
gene sequencing, shotgun 

metagenomic sequencing, & RNA 
sequencing processes



A rich area of research, some important & ongoing work

1. Whole community transfer: fecal microbiota transplantation
2. Additions to the host microbiome: prebiotics and probiotic
3. Preclinical targeted NGS-linked tactics to modulate the 

microbiome
4. The microbiome as a source of new drugs

DEVELOPMENT OF THERAPEUTICS FROM NGS & MICROBIOME

Wensel et al., 2022



Advancement in Molecular Biology à NGS technology 

Most challenges in NGS research à Bioinformatics

Accurate variant calling in NGS data is a critical step upon which 
virtually all downstream analysis & interpretation processes rely

NGS has enabled a dramatic expansion of genomic research, 
including clinical genetic testing & Precision Medicine
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