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HOW DOES SEQUENCING WORK?

Sanger et al. (1977) -
As polymerase makes DNA, it gets terminated at -
random by incorporation of modified nucleotides -

--/3 *

=Ll | . (Axygen, 2008)



HISTORY OF SEQUENCING TECHNOLOGY

Sanger method Human .Genome Complete eukaryotic Second generation Research Human Nanospace sequencing
Project genome sequencer: 454 GS20 Microbiome Project

1981 1995 2001 2007 2011 2019

—

1977 1990 1996 2005 2008 2014

Second generation
sequencer: Genetic
Analyzer 2

Human mitochondrial Complete cell genome ~ Complete the Human
genome sequence Genome Project

Third generation The third stage Human
sequencer: PacBio RS microbiome project
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CLASSICAL CHAIN-TERMINATION SEQUENCING

Each of four reactions contains:

Template — 3 ey yyaaaa e s

single-stranded target DNA - Primer — 5'8~0H3’
to be sequenced,... 2
...all four deoxyribonucleoside ; DN A '
triphosphates, DNA polymerase,... polymerase
...and one type of ]’;
dideoxyribonucleoside l
triphosphate (ddNTP). + ddATP \l + ddCTP \l + uc'rp\{ + ddTTP \1
Nucleotides are added to the 3’ end of L X I A

the primer, with the target DNA being
used as a template.

When a dideoxynucleotide is l l ,L
incorporated into the growing 'remplate lmx-rmnﬁ lim-rmrmi [ CTAAGCTCGACTIN ™ CTAAGCTCGACT]

chain, synthesis terminates because g :HEEAG CTG

the dideoxynucleotide lacks a 3' OH. [ CATTCS
ti
Synthesis terminates at different positions on different strands, \
which generates a set of DNA fragments of various lengths, each T -
ending in a dideoxynucleotide with the same base, i $
= G C
ﬂ The fragments produced in each — = E 2
reaction are separated by gel — p— 2 $ Autoradiogram of
electrophoresis. 1 =] G ¢ electrophoresis gel
— CG
) The sequence can be read directly e T A
from the bands that appear on —_— AT
the autoradiograph of the gel, - — g, §.
starting from the bottom. J—,"'i r
Sequence of Sequence of
The sequence obtained is the complementary original template
complement of the original strand strand

template strand.

Figure 19-26

Genetics: A Conceptual Approach, Third Edition
© 2009 W.H. Freeman and Company (Freeman, 2009) {l




DYE-TERMINATOR SEQUENCING

GGACACTTCTTGACACATCTGATC

;'G-EC}.F'_IT{—-TT ‘EILI:_"“' 'l.l 'ﬂ'l":l.-'“'.Tn

Seoardlon o’
CCGACACTTCTTGACACATCTGA, sirgles randed
-r - mleculas by
GEACACTTCTTGACACATCTE, eletmagtiopil
CCACACTICTTEACACATCT, e
GEACZCTTCTTGACACATC, somc
GGACAC 'O TTGACACAT, i =
CEACACTTCTTGACACA, -
GEACACTTCTTGACAC, -
GCACACTTCTTGRCA, =
LT
GEACACTTCTTCREC, —
i E=E
CEACACTTOTIER, V] s
b =%l
GGACACTTCTTG, "." —
i be=rd
GGACACT T 1'Ty,
GGACLCTTCT, .
CLACACTTC, | | |
|| (A )
GGACACTT, } | |||| ||||||| (il
|
|| RRRRN I|

Compuler automatically

determines the seguente  s———— TCTTG&CH‘C&TCTG&TC




Human Genome Project
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NEXT-GENERATION SEQUENCING

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

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

NGS

Sanger
CHrLA, ‘frﬂb"ﬂlbﬁh'l { =Ty b P ‘rﬂﬂl‘l‘ltlﬂl-ﬁﬁl!in
- — e s = — o i
E'_: - Pem— 2 r= Am— —
'-"_'_'| e [ = e = e ] - | T T
= | — [m— —_ — — [m—

rr wivo eloning and amplification

04

Cyf el mescjusarme irg
A TAGATACEAGCGTEA, -5 (nmplabe)

A

CTEAT
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.I;,:'H:'.PITI::'I""?-
LACTEATTTE -
CTOAMATEITAT ,-'-

LASTEATTTETE i

LS TOATCTATGG o)

L TOAT S TATCET i
OTEATSTATGEGCTE

TAVTANANVAN &> <,

£ lprea)

CTGATEGETATGERC TS -

Cyclic array seguencing
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(Axygen, 2008)
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SANGER vs. NGS

Features Sanger NG5S
Sequencing Clones, PCR DNA Libraries
Samples
Preparation Steps | Few, Sequencing reactions clean Many, Complex
up procedures
Data Collection Samples in plates : Samples on slides
96, 384 1-16+
Data 1 Read/ Sample Thousands & Millions of
Reads/ Samples.
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i) ANALISIS NGS




HOW END-TO-END SOLUTION NGS WORKS?

Complimentary project consultation and
experimental design

*Qubit quantification
*Bioanalyser analysis

%

Check

*Qubit quantification
*Bioanalyser analysis

The results will be reported to the customers
with high confidentiality and security.

@ 0 v e

@

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




KEY COMPONENTS OF NGS ANALYSIS &
A LIST OF EXEMPLAR TOOLS

Strategy Variant callers

Alignment and pre-processing

Read alignment BWA-MEM [25], Bowtie 2 [28], minimap2 [27], Novoalign

Marking duplicates Picard tools [28], Sambamba [29], SAMBLASTER [30]

BAM file creation Samtools [31], GATK [19]

Sequencing metrics BEDTools [32], Picard tools [28], QualiMap 2 [33]

Sample quality control KING [34], VedifyBamID [35]
Variant calling

Inherited SNVs/indels FreeBayes [368), GATK HaplotypeCaller [19], Platypus [20], Samtools/BCFtools [37]

Somatic mutations deepSNV [38], MUSE [39], MuTect2 [40], SomaticSniper [41], Strelka2 [42], VarDict [43], VarScan2 [44]

Copy number variants cn.MOPS [45], CONTRA [46], CoNVEX [47], ExomeCNV [48], ExomeDepth [49], XHMM [50]

Structural variants DELLY [51], Lumpy [52], Manta [53], Pindel [54], SVMerge [55]

Gene fusions (ANA-seq) fusionCatcher [56], fusionMap [57], mapSplice [58], SOAPfuse [59], STAR-Fusion [60], TopHat-Fusion [61]
Variant review/storage

Visualization and review Arternis [62], Integrative Genomics Viewer [63)

VCF/BCF file manipulation BCFtools [37]

BAM binary alignment/map, SNV single nucleotide variant, VCF variant call format, BCF binary variant call format

(Koboldt1, 2020)



STANDARD PIPELINES FOR NGS ANALYSIS

(Koboldt1, 2020)

Raw Saguence Dala
{FA.ETEI! files) Proband Bab Mothar BAM Fathar BAM
1| ‘ + !
Reference Genome ___,/  Align Readsto / Joint Variant
Assembly (FASTA) \"x Reference L Calling
l - r +*
: Inherited Inherited de novo
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4 f
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HOW DOES IT WORK?

(Gilissen 2022)

Coding regions in bold )
AGCATGCTGCAGTCATGCTTA

DNA
— SGCARGCTGCAG CATGCTT

- AGGCTA J

4 AGT GCAG )

AGe  GCT GAC

DNA Fragmentation CAXK GeT | AGG QTG

€GC 1d TG ATC
A—s

g HECA ¢ GCTG P
( AGT G/C A
DNA Enrichment C CAT TGC
GGC ATA
\ T CTG¢ P
- = N
AGT CTG TGC
Sequencing BTG G6CT #GC
CAT G/'C MC
GCA
N oen AT Y

I




(Gilissen 2022)

HOW DOES IT WORK? ANALYZE

Sequence reads FASTQ file
4 Reference N\
1 AGCATGCTGCAGTCATGCTTAGGCTA
_ _ CTG AGT
Alignment / Mapping GET Mapped reads BAM file
Ec
s o A
Chrb, position 9 GOC
Variant Ee1a(<)js = 5, Variants reads = 1, (20%), score VCE file
callin
\ l Chrb5, pi)sition 13, TOA ) i Y,
~ 50 ™ A
Variant :’f"" Annotated
Annotat VCF file
. J
4 )
Variant
\Unterpretation Y,




WHAT DO WE GET?

Total number of reads

(coverage) \
. - A ,
] | " | | BB | . " 1 e | : I ! | ' ’ B |
1 §rigun b | 1 " | " L gy = 1
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W REARN B [ . TR
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o #=9¢ Sequence read 4! . = e
) : ? 1 : 0 (] H
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l. t : " [ 1
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- N T 4 B 8 i T - -

Exon of a gene

IGV screenshot: https://software.broadinstitute.org/software/igv/ @
(Gilissen 2022)



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

(Gilissen 2022)

SEQUENCING DATA & VARIANTS

A real variant! Maybe a real
l variant?
Sequencing mistakes l Chr8:28325191 l
Reference sequence CATCGGCCAGGGAGCGGCGGCGTCGGGT[TTCCGCGCTGCTCCCCCCACTGCG
Single
- c
sequence read C

Coverage ——

The number of 1
reads
at a position

Read showing a variant

Read showing the reference

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

> —

Read
directions

.-



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

VARIANTS & ANNOTATION

1 Chromosome Start position End position reference mutation reads variation reads % variation Abberation SNP id Gene name  Gene component AminoAcid changes mMRNA chanﬁ
2 |chri 888639 888639 T T 6 6 100 substitution rs3748596 NOoc2L EXON_REGION E306E 918T=>C
3 Ichrl 897325 897325 G C 10 10 100 substitution rs4970441 KLHL17 EXON_REGION A203A 609G=>C
4 |chrl 909768 909768 A G 18 16 89 substitution rs2340593 PLEKHN1 INTRON_REGION

5 |chrl 915350 915350 G A 28 4 14 substitution Clorfi70 UTR

6 [chri 915495 915495 G A 48 8 17 substitution Clorf170 UTR

7 |chrl 977330 977330 T L 11 11 100 substitution rs2799066 AGRN SA_SITE

8 chrl 982994 982994 T C 7 Z 100 substitution rs10267 AGRN EXON_REGION F1186F 3558T>C
9 |chri 1246004 1246004 A G 84 19 23 substitution rs2296474 PUSL1 SA_SITE

10 (chrl 1334053 1334057 TAGAG 5 5 100 deletion rs3831366 CCNL2 SA_SITE_CANONICAL

11 |chrl 1479333 1479333 A G 10 3 30 substitution rs7533 Ssu72 EXON_REGION pP133pP 399A>G
12 _chrl 1581096 1581096 C T 72 27 38 substitution rs67488456 CDK11B UTR

13 chrl 1582202 1582202 C T 63 29 46 substitution rs71511303 CDK11B UTR

14 chrl 1586752 1586752 T C 35 35 100 substitution rs11486023 CDK11B UTR

15 chrl 1647745 1647745 G A 71 15 21 substitution rs72634830 CDK11B UTR

16 _chrl 1647753 1647753 C T 88 27 31 substitution rs74045984 CDK11B UTR

17 (chrl 1647814 1647814 T C 236 120 51 substitution rs72901775 CDK11A EXON_REGION E142E 3247>=C
18 _chrl 1647871 1647871 T C 134 76 57 substitution rs72909014 CDK11A EXON_REGION R123R 267T>C
19 |chrl 1650787 1650787 T C 107 51 48 substitution rs1137003 CDK11A EXON_REGION H112R 335T>C
20 |chri 1650797 1650797 A G 115 57 50 substitution rs1059830 CDK11A EXON_REGION C109R 325A>G
21 |chrl 1650807 1650807 T C 202 60 30 substitution rs1137005 CDK11A EXON_REGION R105R 2137=C
22 _chrl 1650832 1650832 A G 380 236 62 substitution rs72909030 CDK11A EXON_REGION VaT7A 188A>G
23 chrl 1650845 1650845 G A 381 126 33 substitution rs1059831 CDK11A EXON_REGION R93W 175G=A
24 chrli 1653028 1653028 & 7 41 40 98 substitution rs16825265 CDK118 UTR

25 _chrl 1887019 1887019 A G 24 23 96 substitution rs28548017 KIAA1751 EXON_REGION *763Q 2287A>G
26 chrl 1957037 1957037 T C 8 8 100 substitution rs2229110 GABRD EXON_REGION G110G 3307T=C

(Gilissen 2022)




SEQUENCE COVERAGE

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

1.

(Gilissen 2022)

There are two alleles that we sec

uence at random: we need to

be sure that we see each allele at least once.

. We want to be able to distinguis]

EITOTIS.

1 variants from sequencing

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

well.eor




(Koboldt1, 2020)

COMMON ARTIFACTS IN NGS ALIGNMENT




COPY NUMBER (CNV) & STRUCTURAL VARIANTS (SV)
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Sequencing Advancement

o Nanopore sequencing family
L}
| ]
: Y lon torrent PGM
Sanger sequencing : '
. I
' |
. |
: [ ) ' T ——
| : o x 0O +
' T
: L
: ' e ——
]
[ ]
]
L}

2005 2006 2007

Maxam-Gilbert sequencing .
454 Pyrosequencing ' —
]

ABI's SoLiD system - = ]
' -

PacBlo Sequel System



Sequencing Advancement

First generation
sequencing
(chain termination)

Sanger
DNA purification

=~ S . Fragmentation
O O O O Cloning
E. coli o Amplification

primer Sequencing

-~

DNA template @ @
(CLT

Detection

ddNTP

T Ny ACGT

* Sequencing by synthesis

Read length: 300-1000 nucleotides
Accuracy: >99%

Real-time analysis: No

Output data: low output

Second generation
sequencing
(massively parallel)

lNlumina

T DNA purification

SN S Fragmentation

_.H.ﬁ'-_-"!\-—

hmphﬁca‘tmn & Sequencing

S

llumina Bridge amplification
flow cell

Detection
1% Cycle 1
L RS
Wi

ACGT

* Sequencing by synthesis

Read length: 36-600 nucleotides
Accuracy: >99%

Real-time analysis: No

Output data: high output

Adaptor ligation

Third generation
sequencing
(single molecule)

Nanopore
e~ DNA purification

s~ Adaptor ligation

Sequencing
Native DNA

helicase

4B
F\1 |r’
nanopore 1
MNanopore ‘L
flow cell

Detection

- F
Raw Signal _."]_J e 1'

'

Base calling ACGT

Single molecule sequencing

Read length: 200-2 million nucleotides
Accuracy: ~90-95%

Real-time analysis: Yes

Output data: high output




Sequencing Advancement

o Sanger Sequencing

Slow but good base and
accurate structure

Reads each single base
one at a time

=

Amplified Molecule
Sequencing

Fast reads but only good
base accuracy

Reads 300 base long
fragments

Processes millions of these
fragments at same time

llumina ThermoFisher

Fast reads but only good
structural accuracy

Reads 5,000 base long
fragments

Processes hundreds of
fragments at same time

105¢ €& ~ceio

Single Molecule
o Sequencing o New Technologies

Fast reads with good base
and structural accuracy

I
l 1
| i
I Reads 100,000 base long
I fragments i
l |
: |
I

7 G e e s e - \\l
I: !
I !
|: New Technologiesin !
I Development I

I
I: i
I I
I 4




Sequencing Advancement

First generation Second generation Third generation

(next generation sequencing)

E .
g -
Sanger sequencing 454, Solexa, PacBio
Maxam and Gilbert lon Torrent, Oxford Nanopore
Sanger chain termination [llumina
Infer nucleotide identity using dNTPs, High throughput from the Sequence native DNA in real time
then visualize with electrophoresis parallelization of sequencing reactions with single-molecule resolution
500-1,000 bp fragments ~50-500 bp fragments ‘ ‘ Tens of kb fragments, on average ‘
Short-read sequencing Long-read sequencing



SHORT vs. LONG READS SEQ

® Short Reads
QUMMM

Reference Genome

Seq
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Disease Gene

Missing sequence data leads to gaps
in genome coverage and limits variant detection

® Long Reads o Bl
\““““"""""mlllllllllll“““““\

Reference Genome

Disease Gene

Long reads map uniquely and
span large variants providing
comprehensive variant detection

short re !-lE‘I':

Long read sequencing

Structural Variant Detection

Rer — [y gy,

. Small Genetic Variants
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Cost Genome Seq Declining & More Affordable

$100M

$10M
Moore’s Law

$1M
$100K

310K

s1K Source: genome.gov/sequencingcosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Q




WHAT ARE NGS APPLICATIONS?

y

Targeted

v
v

v

H-‘_I‘F

;

y

b
TF = Transcription Factor

illumina

Epigenetics

y . v
De novo RNA binding TF binding
& v

N e
\ 4

il

For Research Use Only. Not for use in diagnostic procedures.

19



@ DNASeq

Whole genome sequencing

XCOCOCOOOCL

Toe e e e e

/l Sequencing region : \

whole genome

B Sequencing Depth:
=>30X

B Coverseverything—
can identify all kinds
of variants including
SMPs, INDELs and 5V.

- J

Whole exome sequencing

OO OGP

= _ﬂ-l'-ﬁ-l'

o2

Ll

/: Sequencing regiun:\

\-

whole exome

Sequencing Depth

=50X ~ 100X
|dentify all kinds of
variantsincluding

SNPs, INDELs and 5V

in coding region.
Cost effective

4

/-

\&

Sequencing region: \
specificregions

[could be customized)
Sequencing Depth :
>500X

Identify all kinds of
variants including

SNPs, INDELs in

specific regions
Most Cost effective /

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

Targeted=10to 500

S




DNASeq

Whole-exome or whole-genome
sequencing - 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




SEQUENCING STRATEGIES FOR NGS & EMPIRICAL VARIANT

DETECTION SENSITIVITY
Strategy Panel Exome Genome
Size of target space (Mbp) ~05 ~ 50 ~ 3200
Average read depth 500-100x 100-150x ~ 30-60x%
Relative cost 5 5S 5935
SNV/indel detection ++ ++ ++4
CNV detection + + +4
SV detection - - +
Low VAF ++ +

(Koboldt1, 2020)



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

Current testing SNVs
options and indels
Sanger °
Targeted NGS °
PCR °
FISH

Karyotype

CMA

WES °
WGS o

CNVs

LIMITED

LIMITED

Y

Repeat Structural Mitochondrial
expansions variants variants
o
o
°
°
°
LIMITED Y
0?2 3 o

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 R], 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.
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@ RNASeq

RNA-sequencing (Whole-
transcriptome sequencing, WTS,

) 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.

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




RNASeq

mRMNA

—_—— _ or .|
I E——— —
RNA fragments l cDNA

—— e ESTlibay
with adaptors

ATCACAGTGGGACTCCATAAATTTTTCT
CGAAGGACCAGCAGAAACGAGAGEIRVI
GGACAGAGTCCCCAGCGGGCTGAAGGGG
ATGAAACATTAAAGTCAAACAATATGAR

:

Short sequence reads

------

ORF
P pp— &
5: T :5:' Exonic fea.ds ALRADDADLDD
Crmmm=- ] = — — X -
e o — — = e =+ -—m
Junction reads iy — Ry ly(A) end reads
are—— I_—H-:}:_ — [ | — po y
_— /e /=
= — == Mapped sequence reads

Base-resolution expression profile

| eV

Nucleotide position

RMNA expression level

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




NGS-BASED ASSAYS TO MAP EPIGENETIC MARKS

Broad epigenetic features Types of marks (if applicable) Assays

DNA maethylation 5-mC: methyl cytosine Restriction based: MRE-seq [15]
Variants Affinity based: MeDiP-seq [16] and MBD-seq [17]
5-hmC: hydroxyl methyl cytosine Chemical based: RRBS [18] and WGBS/methylC-seq
5-fC: formyl cytosine [19]
S-cal: carboxyl cytosine oxBS-seq (to distinguish between 5-mC and 5-hm()

[20]

Histone modifications HiK27me3: associated with repressed regions ChiP-seq [21]

HiK4mel: associated with enhancers ChiP-exa [22]

H3K4me3: associated with promoters
H3K27ac: associated with active enhancers
H3K9ac: associated with active promoters
H3iK3ome3: associated with gene bodies
H3K9me3d: associated with heterochromatin
Mucleasome positioning and - MMase-seq [23]
oCcupancy MMase-independent mutated hisotones based
mapping [24]
Chromatin  accessibility - DNase-seq [25]
DGF [26]
FAIRE-seq [27]
3D chromatin structure - 3C [28]
4C [29]
5C [30]
Hi-C [31]
ChIA-PET [32]

Mon-coding RMNA localization IncRMNA Deep sequencing of transcriptomes by mENA=<eq [33]
smEMNA EIREMNA, piRMA, mMIRMA) smMRMNA-seq [34]




EPIGENETIC - COMPOSITION OF CORRELATION

TWMR (o)

nvy— I ey

reviIWMR (3)
k qr

r = corr (Phenotype, Gene Expression) = o + B + qz*qp

ESHG 2021; transcriptome-wide summary statistics-based Mendelian Randomization approach (TWMR); https://www.nature.com/articles/s41467-019-10936-0
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SARS-CoV-2 Genomic Surveillance
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HEPATITIS UNKNOWN ETIOLOGIES

CASE#!

Viral DNA material detected Viral DNA material composition

Virus name Detected
Adenoviruses (HAdV)

Herpes simplex virus 1 (HSV-1)

Herpes simplex virus 2 (HSV-2)

Varicella zoster virus (VZV)

Epstein-Barr virus (EBV)
Cytomegalovirus (CMV)

Human herpesvirus & (HHV-6)
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CASE#?

Viral DNA material detected

Virus name

Adenoviruses (HAdV)

Herpes simplex virus 1 (HSV-1)

Herpes simplex virus 2 (HSV-2)
Varicella zoster virus (VZV)
Epstein-Barr virus (EBV)
Cytomegalovirus (CMV)
Human herpesvirus é (HHV-6)

Human herpesvirus 7 (HHV-7)

Detected
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Viral DNA material composition
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Bacterial DNA material composition

Component
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[compared to healthy samples)

This bacterial composition indicates normal bacterial composition.
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HYPOTHESIS

-~

Hypothesis 1: Herpesvirus infection caused immunosuppression and sepsis-induced hepatic failure

Plausible Hypotheses .

Immune
dysregulation

Bacteremia

Clinical Overwhelming
manifestationin number of bacteria
the form of viral gets in from gut or

- infection — lungs Fulminant
HE.‘I'FI_E.‘S\{II’IIjBE causing Hepatic
family immunosuppressio Failure

n
Dormant

Herpesviridae Up

SGOT/SGPT
starts to rise,
Immunocompetent Immunosuppression ending with
coma and acute
hepatic failure

-~

Hypothesis 2: Increased Herpesviridae level were caused by sepsis-induced immunosuppression

Plausible Hypotheses o

Bacteremia
Fulminant
Increased Hepatic
bacterial load, Failure
Various insults overwhelming
immune system

Dormant
Herpesviridae Up

Immunocompetent Immunosuppression

Sepsis-induced immunosuppression causing pathogens to still persist in the blood and causing
hepatic failure (Hotchkiss, Monneret and Payen, 2013).



O, Mendelian vs. Complex Genetic Disorder

Mendelian or monogenic

!7H

Clinical
Phenotype

Disease
gene

High

Intermediate

Complex or multifactorial

Susceptibility
genes
NNy
\ )
Y Environmen tal
/ factors
Clinical
Phenotype

ePIRBELLN

Low

Hard to
identify
genetically

/" Highly
unusual for
common

Zone A

Most
variants
identified by
GWA studies

Zone B

ke,
r

Very rare

0.001

0.01

0.1

Common

Uncommon

Allele
Frequency

e



Hirschsprung Disease

o

Functional.
obstruction

Normal Colon Hirschsprung's Colon

[AwallEn Calon with
Shrinken Rectum)

i HII‘S.ChSPI'ung “European @' :
atidisease o 1 1315000

Tilghman et al., 2019; Gunadi et al., 2019a; 2019b; 20185; 2018b; Parahita et al., 2018; Setiadi et al., 2017; Alves et al., 2013




ROLE OF NGS IN GENETICS OF HSCR

NRG1
o
SEMAICID A

@,

Next-

Phxhd
Neuropiling Migrating ENS

progenitor cell

Generation
Sequencing
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-

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




HOW DO VARIANTS CAUSE THE HSCR?

Large
affect

Moderale
affect

Small
effect

HSCR-associated genes and variants

Coding wariants in
RET, EDNRB, EDIN3,
SOX10, PHOXZB,
ZEBZ, and KiFBF

Coding wariants in
RET, GONF, GFRAT, NRG1,
ERBEBZ2, SEMA3C/D,
PTEZ T304, BACEZ2,
GlLis, ACSS2, ENO3J,
SHIFXDZA, and LUBR4

Rare vanants
with maderate to
large affect

Rare or very rare variants with small effect
{association challenging to be detected)

III

Coding or regulatory Regulatory variants

Very rara
(MAF=<0.001)

Rare
(MAF=0.01)

variants in RET and  in RET and NRG1
regulatory variants
in SEMAICT
= Phenotypic spectrum
E Rare forms of HSCR
- Syndramic
= - TCAL-HSCR
= Common varignt - Familial
- with large effect (Mendehan inhesitance
- (RET rs2435357)  withiwithout incomplete
= O penirance)
e . =
.
Low frequency \‘a E
varants with small
to moderate effect |
S
— Common varianis Common forms of HSCR
with small effact - Isolated
. - 5-HSCR (mostly males)
= Sporadic
Low frequency Common . m
(0.01=MAF<0.05) (MAF=0.05) (Karlm et al., 2021)




Manuscript
BR Accepted!

12N0V 2022
i Oct 2022 34 Revision

+ Show this widget in
your own website

Journal of Pediatric Surgery

Pediatrics,
Perinatology and Just copy the code below

2nd ReVlSlon : - and paste within your html
0 Sep 2022 i iR 2021 _/*-\__..ﬂ_ egce:

e " . 1 5 i
-;i:{i_ ScienceDirect 0.83 !<a hraf="https:/iwww.scimat

- 15t Revision e
14 May 2022
Submitted ‘ Journal of Pediatric Surgery

Supports open access

Chid Health

i . H-INDEX

131

MANUSCRIPT nmﬁ‘m



WHOLE-EXOME SEQUENCING for HSCR

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

{ Whole-exome sequencing

{ Bioinformatic Analysis

Ay

Population Allele \ In silico Prediction tools
Frequency (MAF <1%) (PhyloP, CADD score, Grantham score)




4IRST

144

VERSIONS

VARIANTS OF HSCR PATIENTS WITH IN-SILICO PREDICTION TESTS RESULTS

Gene Variant Chromosomal | MAF in MAF in | phyloP | CADD | Grantham |Sample ID | Aganglionosis | Associated
name position 1000 gnomAD score score type disease
Genomes

MYOF

c.1916G>T;
p-Arg639Leu

c.3824C>T;
p-Thr1275Met

c.310T>A;
p-Ser104Thr

c.3445G>A;
p-Glul149Lys

c.1027G>A;
p-Val343Met

c.4118C>T;
p-Alal373Val

c.211G>A;

p.Gly71Arg

c.9392C>T;
p.Thr313l1Ile

rs200869993 Chrll:
121416003-
121416003

0.002294 0.001925

rs201817286 Chrl: 0.002294 0.003277
176833481-
176833481
N/A Chrb: N/A N/A
112102975-
112102975
rs371117193 Chrb: 0
112174736-
112174736
N/A ChrlO0: N/A N/A
95161265-
95161265
rs114919514 Chr6:90455052- 0.003992
90455052

Chrlé:

0.003675

rs767880120 0.000998 0.0006229

0.0001089

78143713-
78143713

rs5658716578 Chr15: 0.000 0.000
63951961~

63951967

5.336

6.938

2.939

3.557

4.021

4.313

4.821

7.689

21.4

20.2

15.8

18.14

20.6

23.1

21.3

21.3

8l

58

56

21

64

125

89

HSCR12
HSCR21

HSCRI16
HSCRI19
HSCR24
HSCRI11

HSCR21

HSCR22

HSCR6

HSCR14

HSCRO7?

Short
Long

Short
Short
Short
Long

Long

Short

Short

Long

Short

Alzheimer's
disease,
Parkinson's
disease,
dementia
Hepatocellular
carcinoma

Adenomatous
polyposis coli,
colon cancer
N/A

Muscular

dystrophy and
cardiomyopathy

Breast cancer

Hepatocellular
carcinoma,
breast cancer,

lung cancer,
encephalopath
, ataxia, seizures

Intellectual
disabilit




144

4IRST

VERSIONS

KNOWN HIRSCHSPRUNG-RELATED VARIANTS

Gene Variant Chromosomal | MATF in MAF in | phyloP | CADD | Grantham | Sample | Aganglionosis
name position 1000 gnomAD score ID type
Genomes
34

g c.15897G>A; rs75873440 Chrl0: 0.000998 0.00096 9.097 56 HSCR97 Short

p.Cly533Ser 43607621-
43607621

AN c.2914A>T; rs76534745 Chrl0: N/A N/A 2.363 22.1 101 HSCR95 Short
p.Arg912Trp 43619231-

43619231




THIS 1S
Second Version

KNOWN HIRSCHSPRUNG-RELATED VARIANTS

Gene Variant Chromosomal | MATF in MAF in | phyloP | CADD | Grantham | Sample | Aganglionosis

name position 1000 gnomAD score ID type
Genomes

RET 34

c.15897G>A; 1rs75873440 Chrl0: 0.000998  0.00096 9.097 56 HSCR97 Short
p.Cly533Ser 43607621-

43607621
p-Arg8iaTep 436168231




4IRST

4 VERSIONS

NOVEL VARIANTS IN KNOWN HIRSCHSPRUNG-RELATED GENES

name 051t10n enomes gnomAD score score type

c.5B497G>A; rs770317755 Chrl: 19486685- 0.000 7.484 29.4 125 HSCR13 Short
p.Cly1833Arg 19486685

c.349G>A; N/A Chr5: 37816040- N/A N/A 7.456 25.7 56 HSCR13 Short
p.Glyll7Ser 37816040

c.6695G>A; rs148825770  Chr3:48686234-  0.000998 0.00096 5.638 18.44 29 HSCR14 Long

p.Arg2232His 48686234 HSCR20 Short

HSCRS Long

c.1146C>A; N/A Chr13: 7874042- N/A N/A 1.554 18.29 94 HSCR90 Short
p-Asn392Lys 78478042

c.650G>C; rs757598331  Chrll: 27679486- N/A 0.000 6.091 15.75 103 HSCR90 Short
p-Arg217Pro 27679486

R c.1907C>G; rs121913310  Chrl0: 43609955- N/A N/A 3.187 20.9 71 HSCR95 Short
p-Thr636Arg 43609955

R c.2656C>G; rs146838520  Chrl0: 43615571- N/A 0.000 2.536 18.47 125 HSCR93 Short
p.Arg886Gly 43615577

“ c.98A>C; N/A Chr2: 145187569- N/A N/A 7.586 16.94 126 HSCR108 Long
p.Asp33Ala 145187569

c.2278C>GC; rs186453862 Chrl: 21546474- 0.00499 0.002498 5.696 19.45 27 HSCRI12 Short
p.Pro760Ala 21546474

c.167A>T; rs757355174  Chrl9: 5824343- N/A 0.000 4.5217 19.66 113 HSCR89 Short
p-Gln56Leu 5824343

c.23C>A; rs768503585 Chr19: 5824199- N/A 0.000 5.066 23.3 126 HSCRO6 Short

p-Ala8Asp 5824199

{



THIS 1S
Second Version

NOVEL VARIANTS IN KNOWN HIRSCHSPRUNG-RELATED GENES

name OSltIOII. Genomes gnomAD sScore Score type

UBR4 c.5497G>A,; rs770317755 Chrl: 19486685- 0.000 7.484 29.4 125 HSCRI13 Short
p-Gly1833Arg 19486685
GDNF c.349G>A; N/A Chr5: 37816040- N/A N/A 7.456 28.7 56 HSCRI13 Short
p.Glyll7Ser 37816040
CELSR3 c.6695G>A,; rs148825770 Chr3: 48686234- 0.000998 0.00096 5.638 18.44 29 HSCR14 Long
p-Arg2232His 48686234 HSCR20 Short
HSCRS Long
p-Asn392Lys 48478042
p-Arg2t{Pro 24679486
pThr636Arg 43609955 -
p-A¥rg886Cly 43615577
p-Asp33Ala 145187569
c.2278C>G; rs186453862 Chrl:21546474- 0.00499 0.002498 5.696 19.45 27 HSCRI12 Short
p.Pro760Ala 21546474
p-Clnb6Leu 8824343
c.23C>A; rs768503585 Chr19:5824199- N/A 0.000 5.066 23.3 126 HSCRO6 Short
p-Ala8Asp 5824199



4IRST
VERSIONS

144

POSSIBLE COMPOUND HETEROZYGOUS VARIANTS

position Genomes
22.7

c.1354G>T; p.Glu452Ter rs376790729 Chrl: 45796895- 0.000 0.000 1.048

45796895

c.116C>T; p.Ala39Val N/A Chrl: 45799236- N/A N/A 1.003 12.99 HSCR18 Short
45799236
¢.2677G>T; p.Glu893Ter N/A Chrl4: 35245185- N/A N/A 6.997 45
35245185 HSCR90 Short
¢.1027G>T; p.Glu343Ter rs1133283 Chrl4: 35269531- N/A N/A 3.825 42
35269531
c.2386G>T; p.Glu796Ter N/A Chrl4: 95574711- N/A N/A 71.556 43
95574711
DICER1 c.1232C>A; p.Serd11Ter N/A Chrl4: 95589677- N/A N/A 9.187 42 HSCR93 Short
95590677
¢.9088G>T; p.Glu3030Ter N/A Chrl6: 70929944- N/A N/A 7.31 50
70929944
¢.5611G>T; p.Glul871Ter N/A Chr16: 71004431- N/A N/A 7.484 58 HSCR93 Short
71004431
€.6493G>T; p.Glu2165Ter N/A Chrl3: 23911522- N/A N/A 7.487 55
23911522 HSCRO4 Short
¢.520G>T; p.Glul74Ter N/A Chr13: 23922558- N/A N/A 7.185 40
23932558
c.2512G>T; p.Gly838Ter N/A Chrl1: 46800071- N/A N/A 4.071 41
46800071
¢.2101G>T; p.GluZ01Ter N/A Chrll: 46806091- N/A N/A 5.948 40 HSCR94 Short
46806091
c.1927G>T; p.Glu643Ter N/A Chrl85: 43330066- N/A N/A 2.889 39
43330066
c.1152G>A; p.Tyr384Ter N/A Chr15: 43350569- N/A N/A 1.929 35 HSCR89 Short
43350569
c.2598dup; p.Glu86Tfs rs753044214 Chrl7: 65899950- N/A 0.000 N/A 7.891
B HSCRO05 Long
c.4138A>T; p.Lys1380Ter N/A Chrl7: 65908138- N/A N/A 2.09 37

65908138



THIS 15
Second Version

POSSIBLE COMPOUND HETEROZYGOUS VARIANTS
e N O N el i i

¢.1384G>T; p.Glu452Ter 1376790729 Chrl: 45796895- 0.000 0.000 1.048
45796895
¢.116C>T; p.Ala39Val N/A Chrl: 45799236- N/A N/A 1.003 12.99 LS Short
45799236
6-2677C>T; p-Clug93Tes N/A Chsld: 36246185 N/A NAA 6-997 45
26245185
6-1027C>T; p-Clud4aTer £51133283 Cheld: 36269631 N/A N 3.825 42 HSCRS0 Showt
26260631
6-2386C>T; p-CluZ06Ter N/A Cheld: 95674711 N/A NAA 7.566 43
974711
6-1232C>A: p-Serd 1 Ter N/A Chsld: 95589677 N/A N 8-187 42 HSCROS Showt
96590677
©.9088C>T; 5.C1u3030Tex N/A Chl6: 70920044 N/A NAA 237 80
70820044
€-B611C>T: p.Clul8Z1Ter N/A Chel6: 71004431 N/A N/A 7.484 &8 s Shet
#1664431
€-6493C>T: p-Clua166Ter N/A Chel3: 23011522 N/A R e e
23841622
€-820C>T;-p-ClulZiTer NAA Ch13:33023668- NAA NAR 7.786 40 s Shet
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Dear Dr. . Gunadi,

| am pleased to inform you that your manuscript JPEDSURG-D-22-00481R3 CR, fitled, "Exome sequencing identifies
novel genes and variants in patients with Hirschsprung disease”, has been accepted for publication in the Journal of
Pediafric Surgery. The manuscript will be published as an original paper. The editors wish to thank you and your co-
authors for submitting this manuscript to the Journal.

If you have any questions regarding publication of this manuscript, please refer to your manuscript identification
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RNASeq for HSCR

HSCR
patients RNA
(Samples) E isolation
Non-HSCR

patients
(Controls)

Next-Generation
Sequencing (NGS)

v'Small RNA length ~35 base pairs, with >80% of reads
v'Total PF reads ranged from 229,972 to 1,354,232
v'Compared to controls, we found 11 unique miRNA families in HSCR

®




RNASeq for HSCR

Novel miRNA

v mMiRNA-199
v MiRNA-221
v mMiRNA-23
vmMiRNA-26

v miRNA-27

v mMiRNA-3188
v MiRNA-4449
v miRNA-8

Established miRNA

v miRNA-143
v miRNA-192
v miRNA-770




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

B 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 lifestvle factors.

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




Genomics & the Potential for Healthcare (Precision Medicine)

Better diagnosis Better prognosis

a

the future
use of
genomics

Fewer adverse
events

Effective clinical trial
participation

Better disease @g Optimise treatment

monitoring selection

Improved access
to therapies




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

Traditional approach

¥
8&-’

Personalised approach

a
8&»

Broad

Diagnosis

symptom driven

K 4

2 =)
122
a-b’

Individual
Characterisation

of underlying cause

4+

Informed by genomics &
other clinical information

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




Global Precision Medicine Landscape

Y Finland

Table 2 Longituj

Study Name

Sample Size

Duration

All of Us Research

THE "EECISION MEDICINE INITIATIVE

The Human Projec
Project Baseline
100,000 Genomes
Research Program
PEACE Millions Per
Estonian Program f{
GRAIL, Inc.
... Million Veteran Pro
DiscovEHR Collabo
Chinese Precision
Taiwan Biobank
Iceland Genome P

10,000 Families St

10 years

20 years

10 years

5 years

5 years
5 years
15 years

10 years

Gi

source mapping tool

AN

\ 4

Fig. 2 Global precision medicine efforts identified using search terms from Table |. The Google Map was generated through BatchGeo, an open




The World’s Largest 10 Economics in 2030

Comparing 2017 vs. 2030

To create some additional context, we’ve compared these projections to the IMF’s most recent
data on GDP (PPP) for 2017. We’ve also added in potential % change for each country, if
comparing these two data sets directly.

Here’s how the numbers change:

Rank Country Proj. GDP (2030, PPP) GDP (2017, PPP) % change
#1 China $64.2 trillion $23.2 trillion +177%
#2 India $46.3 trillion $9.5 trillion +387%
#3 United States $31.0 trillion $19.4 trillion +60%
#4 Indonesia $10.1 trillion $3.2 trillion +216%
#5 Turkey $9.1 trillion $2.2 trillion +314%
#6 Brazil $8.6 trillion $3.2 trillion +169%
#7 Egypt $8.2 trillion $1.2 trillion +583%
#8 Russia §7.9 trillion $4.0 trillion +98%
#9 Japan §7.2 trillion $5.4 trillion +33%
#10 Germany $6.9 trillion $4.2 trillion +64%

HTTPS://WWW .VISUALCAPITALIST.COM/WORLDS-LARGEST-10-ECONOMIES-2030/



Precision Medicine in Indonesia ?

Fact1 Fact 2
2 million mdonesian go overseas for Human resources knowledge &
medical treatment every year skills varies among institutions
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Indonesian Precision Medicine Initiative

BGSi for Precision Medicine
14 August 2022

Medicine targeted initiative

On specific diseases

- Diabetes (RSCM)

- Cancer (Dharmais)

- Tuberculosis (RSPI/RSP)
- _Stroke (RS PON)

A selected Network to drive this initiative

= 6 hospitals will be first to drive this Precision

- Genetic Diseases (Sarjito)

- Aging, beauty & wellness (

RS Sanglah)
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'%”3 Precision Medicine Approaches BGS:

Mendelian (e.g., DMD) Complex Genetic Disorder (e.g., HSCR)
v Genetic testing and defining genetic v" Disease risk stratification & polygenic
etiology risk score
v Genetic diagnosis guides treatment v Network-based disease understanding
(gene therapy) & therapies
v’ Screening and counseling of family v Other novel therapies based upon key
members driver genes

v" Genomic screening in preventive
health




©) Duchenne Muscular Dystrophy

v" Incidence 1:3,500-5,000

v Indonesia: 5,000,000 live births/year 2 500-700 DMD/year

v Progressive muscular weakness

v 10-12 yo wheelchair bound = Premature death within the 274 decades

—

Dystrophin gene Maint. " g cletal

VARIANTS

Laminin

Collagen

Deletions 65% Eeracellilar
Point mutation 26% Intrace“mar WO, | B \. ‘ 0 Duchenne
percoptasmy g = Muscular
Duplication 7% -

Cytosk gl Dystrophy

A= (DMD) Q




Emerging Treatment for DMD BGS:

Gene therapy: Lessen

Exon skipping/ severity of
Read-through DMD

Longer life
expectancy and
higher QoL

Post-
treatment

~80% can be . Can this patient
be treated with

gene therapy?

Molecular diagnostic tool
to determine amenability

treated with exon
skipping strategy

Echigoya Y, Yokota T. Nucleic Acid Ther. 2014, 24, 57-68. O
Aartsma-Rus A, Straub V, Hemmings R et al (2017). Nucleic Acid Ther 27(58):251-259. Matsuo M, TakeshimaY, Nishio H. Brain Dev. 2016 Jan;38(T}4



TARGETED SEQUENCING FOR DMD

Specimen & data ) ) B G S:
management } N :

Service

HEADQUARTERED IN
JAKARTA -

1 il b
EIJEMAN BUILDING & BKPK : ] ' Bl 1
i SR S T - iy
i ﬁ Wi s {

- Central Biobankin, = Ghi T .
: ¥ Enhancing Precision Medicine: The Role of Big Data for
- Registry Management U
P : Genomir._isease Manag ent
Human WGS +Bioinformatics = e
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: - - - Sampling

= Local biobanking

Research & il e Mg‘mﬁmﬁs Targeted sequencing
Development o RSPON = RSCM - - Research
LY - - )
S o
--. R&D collaboration .' EEELEE;AN
— Proposal review, evaluation, sgreement, project managemant IRDORES

«DMD — 79 exons vDMD — 75 amplicons

* EMD — 6 exons Each amplicon consist vEMD — 3 amp licons
« LMNA — 12 exons a max. 1000 bp vLMNA —1 amplicons

« CAPN3 — 24 exons vCAPN3 — 18 amplicons
Total: 103 amplicons




WHOLE-GENOME SEQUENCING for DMD

HUBS
1. Cancer

2. Tuberculosis

3. Stroke

4. Diabeles

5. Aging & Wellness
&. Genetic Diseases
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HIRSCHSPRUNG-ASSOCIATED ENTEROCOLITIS (HAEC)

il N
Novel interventions
HSCR
 Gut dysbiosis
— - ISCFAs
- Changes in proportions of
SCFAs
% r
HSCR:
post-definitive
srgery <
| Epithelial i IgA secretion 1 Epithelial permeability
proliferation + Endogenous | Mucosal integrity
production of GLP-2
+ sPLA2 ﬁ HAEC

Defect in mucosal defense mechanism/ u
and gut 1mmun1ty Uil o

nanemen ‘ ,:;__.';___- ['|‘\ AR ,'i'[."':'. AL r|I
|' .
'. J.b
L.A.j.*. e ‘Ol

Chantakhow S et al., 2021 @




PROPOSED KOCH’S POSTULATES FOR NGS

Original*
The microorganism is found in abundance in
diseased but not in healthy individuals

The microorganism is able to be isolated from the
diseased host and grown in pure culture

The cultured microorganism causes disease when
inoculated into a healthy host

The microorganism can be re-isolated from the
inoculated host and is the same as the original
microorganism

Elimination of the microbe from the host
alleviates disease

Molecular®
The virulence gene is found in pathogenic but not
nonpathogenic microbial strains

Deletion or inactivation of the virulence gene leads
to loss of microbe pathogenicity

Reactivation or allelic replacement of the gene
restores microbe pathogenicity

Next-generation sequencing*

Individual microorganisms or communities of
microorganisms, as identified by sequencing, differ
in abundance, organization, and/or function in
diseased vs. healthy individuals

Community virulence or functional consequences
may or may not depend on specific, well-defined
microbe virulence genes

Community modification and/or elimination
of specific community members alleviates the
disease state

“The first four postulates are derived directly from Koch's original postulates, whereas the fifth is derived from Evans (138). Koch's original postulates do
not account for viruses, parasites, unculturable bacteria, and/or the concept of host colonization with a potential pathogen. BFocuses on genes that make
a microbe virulent (10, 139). ‘Focuses on use of nucleic acid sequences rather than culture or entire genes to find emerging pathogens (8, 9).

€
Wensel et al., 2022 O



COMMON MICROBIOME SEQUENCING METHODS

Method
Amplicon . .
(165, 185, ITS") Shotgun metagenomics RNA sequencing
What is sequenced? DNA coding for the. 163, 185 ribosorial Host and microbial DNA Host and microbial RNA
subunit or ITS
What is the taxonomic resolution? Phylum-genus, sometimes species Species-strains Species-strains
. , . Bacteria, archaea, eukaryotes, Bacteria, archaea, eukaryotes,
7 :
What is the taxonomic coverage? Bacteria, archaea (165); eukaryotes (185) DNA viruses DNA and RNA viruses
. . TSI SENe SeqUences Over 100,000 genomes with a bias Over 100,000 genomes with a bias
Are appropriate reference databases available?  from humans and environmental sources N N
. toward human microbiomes toward human microbiomes
are available
I - Yes, but can be mitigated by host Yes, but can be mitigated by host
?
Does host contamination occur’ Limited DNA/rRNA depletion methods DNA/rRNA depletion methods
Can sequencing data yield a functional profile? Not directly, b}lt the functlonfll profile Yes, with appropnatg computational Yes, with appropnatfe computational
can be predicted computationally expertise expertise
What is the minimum input for detection? 10 copies 1ng® 1ng®
. , » Lower due to extensive reference databases ~ Higher due to host DNA contamination  Higher due to host RNA/DNA contamination
What is the potential for false positives? .
and error correction tools of draft genomes of draft genomes
, , . MEdI.u m to high due to a t_iependeflce Lower due to the untargeted nature Lower due to the untargeted nature
What is the potential for bias? on primers, a targeted variable region,
I of the methodology of the methodology
and PCR amplification
What level of computational skills is required? Beginner-intermediate Intermediate-advanced Intermediate-advanced
A6S rRNA amplicons identify bacteria; 18S rRNA amplicons and internal transcribed spacer (ITS) sequences are most often used to identify fungi or
parasites. BAlthough 1 ng is considered the minimum input, many sequencing facilities require at least 20 ng. Adapted from Zymo Research (140) and )
Protein and Cell (33). ‘

Wensel et al., 2022




BACTERIAL 16S rRNA GENE

Conserved region Hypervariable region
100 - !

% Sequencing identity
3
1

| L
bp 200 400 600 800 1000 1200 1400 1542

Forward Reverse
primer = -— primer

|

1542 bp

V1-V3 PCR product

(A) Percentage sequence identity of conserved and hypervariable regions of the bacterial 16S rRNA gene. (B) lllustration 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)



Sample of interest
Overview of key steps in 16s rRNA I '

Total RNA extraction’

gene sequencing, shotgun 168 FRA oo S e
: : shotgun metagenomic sequencin
metagenomic sequencing, & RNA . L R O
sequencing processes J

Y

DNA fragmentation
(shotgun metagenomic sequencing and BRNA sequencing)

f

Barcode and adapter ligation

/

PCR amplification?

/

High throughput sequencing®

f

Metagenome data
(16S rRNA amplicons or metagenome raw reads)

'

Cleaned nonhuman data

/

Taxonomic classifcation and abundance estimate*

'

Functional annotation*
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DEVELOPMENT OF THERAPEUTICS FROM NGS & MICROBIOME

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

The microbiome as a source of new drugs

Wensel et al., 2022




Advancement in Molecular Biology > NGS technology

Most challenges in NGS research = 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

[ 4
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