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Genomics: important considerations
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1. Defining the research goals: refine your research questions to ensure the chosen
sequencing approach delivers the necessary insights.

2. Sample preparation recommendations: Whether it’s DNA, RNA, or tissue, find
optimal prep methods to maximize data quality and yield.

3. Platform selection: With Illumina, PacBio, and Nanopore, choose the platform that
best fits your budget, desired read length, and target genome complexity.

4. Experimental design: Optimize your library prep, sequencing depth, and replication
strategy for reliable and statistically robust results.

* Advanced applications*®

1. 3D genome analysis: Delve into the spatial organization of chromosomes and explore
higher-order genome structure for a deeper understanding of gene regulation and
function.

2. Single-cell RNA-seq: Unravel cellular heterogeneity and explore gene expression at
the individual cell level, revealing hidden cell populations and dynamic transcriptional
landscapes.

3. Spatial transcriptomics: Map gene expression patterns across tissues and organs,
providing a powerful tool for studying development, disease, and complex biological

The Incredibles processes.
(2004)

The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an
arganism in one process. WGS provides a very precise DNA fingerprint that can help
link cases fo one another allowing an outbreak to be detected and solved sooner.

4. DNA Library Sequancing

Bacterial Culture

(1] Sclentists take bactenal
cells from an agar plate
and treat tham with
«chemicals that break them
open, releasing the DNA.
The DNA is then purified.

o The DNA library is loaded onto a
sequencer. The combination of
nucleotides (A, T, C, and G making
up each individual fragment of DNA
is determined, and sach resullis
called a "DNA read.”

e Scientists make many
copies of each DNA
fragment using a process
called pafymerase chain
reaction (PCR). The peol of
fragments generated In a
PCR machine is called &
“DNA library.”

3. DNA Library Proparation

4
&
w e,
o

© DNAiscutinto short fragments LV The sequancer produces millions of DNA reads and specialized
Ot ko lopath Pilhee S Uding computer programs ane used to put them together in the
enzymes "molecular scissors’ correct order like pieces of a jigsaw puzzle. When completed,
ve. ol SlepTion: the genome sequence containing milions of nucieatides (in
one or a few large pieces) is ready for further analysis.

https://www.cdc.gov/pulsenet/pathogens/protocol-images.html#wgs
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Section I.
Genomics Technology Overview

Sanger Seq: chain termination w/ fluorescent ddNTPs

0=$—¥'—r—0\9 BASE  gideoxy nucleotide
0 0 0

DNA
3

AATCTGGGCTACTCGG66CGT

DNA POLYMERASE
+ 4 dNTP CGCA LABELED

+ ddATP eellel@ PRIMER

AGCC GCGT
8

' ATGAGCC GCGT
Nobel laureate , 1977 11

TTTTTTTTTTT T GGG iy T T

CTCBETCAGTCTOTBYSTKGGYCTTOYAGATCT BT GTGT T
Ambiguous base calls
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The Evolution of Sequencing:

From Sanger to Short-Read to Long-Read Major NGS & TGS Platforms

lllumina — ElementBio
Short-read  Reversible terminator, * Aviti24
revolution | B New
S — generation
anger m short-read
1970s, L innovation

chain termination I I

Oxford NanoPore

PacBio SMRT HiFi

Long-read
resolution

10

Now- Large scale NGS sequencing

Cost per Genome

Cost
Dropping

Automation
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Workflow for lllumina: bridge amplify, cyclic reversible seq

o0
Fragmented ONA(or cDNA)
SEENENEEEEEE SEENEEEEEE EENEENEEEEEE DNA
(0.1-5.0 pg)
End Repair and dA Tailing l
—l
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. . Library
*tyuT smsnmnnumnnn Ane®’ preparation Cluster growth
“IIA ENENEENEEEEE T.-... array Sequencin
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Workflow for lllumina: bridge amplify, cyclic reversible seq

Library :
2-Channel Chemistry preparation CliEerz o

f
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i i
Rt | A G T c i it ]
DNA (< 1 pg)
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N ot PR e — TGCT'C
o 4-channel Nl + o]l & °
@ 3 5 £ Base calling
£ 1000 -
° 1 2 3 4 5 6
2 By PRl — TGCTAC
500 2-channel [N :
G T ¢ . Base calling

- .
U 0 S0 1000 1500 2000 Accuracy may drop at high GC% or poly-G regions.
13

Green Image

https://www.illumina.com/science/technology/next-generation-sequencing/sequencing-technology/2-channel-sbs.html
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Element Biosience Avidites

(Multi-Valent Nucleotides); Higher-intensity signal

a . -~ -~ :
Bind avidite  — Wash e Detect base P — Remove avidite — Step with block —>  Remove block

Reversibly terminated

% nucleotide _

Polymerase

Rolling Circle Amplification (RCA)

Reduces PCR errors by copying the original

) Adaptes

surtace Primer

DNA fragment o be sequenced

Flow cell Surface

Rolling Circle Amplification (RCA)
Reduces PCR errors by copying the original

(Polym lony: Polony)

Surface Primer

DNA fragment to be sequenced

Flow cell Surface Polony

v Random flow cell, Primary sources of error removed
v" surface primers hyb to circularize v No on-instrument PCR = less errors
template

v Reduced optical duplicates

v’ Original template amplified Nature Biofechnology

v Index hopping undetectable B
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dNTP

dNTP
i ; Long Flexible arm d T c
L
@ =\ ¢
* 8 : ¢C
Fluorescent Core, T
* ¥’ '

6 G A
KA
dNTP Engineered nucleotide linker
Nuclectide dNTP
+ Avidites E— AT SY) | IIAvidite SR 2 (R RITRILEHE (A, T, C, G)
Avidite
+ Avidite 5B “BA" ZRTF  SE TRF L Rn LB EREEE ps @

+  &fEAvidite LAV EE BN template fHEHir REEES

«  T{EHI, :Sequencing primer (red) AR > REFREEHNE SEFZCAvidite JILAZ] template T —EIE =~ &
Avidite #9255 {E#ET-HEFIRFEL polony PN SBE-DNAE SHBGE S - B RBREENELER Step «
Avidite

one

© EREPRN  seSERERARE AR RENERTY Eate

Aviti24: 5D multi-omics
(RNA, protein, morphology, spatial resolution, and dynamic response)

Teton™: Library Prep-Free, System'’s Biology Multi-Omic Assay
Library prep-free biological studieswith 1 day TAT and Hands on fime < 45 minutes

m=  30-minute hands ontime e 24-hour experiment turnaround time
AVITF (Load FC and Carlridge)

Element Biosciences "™
v - :

By ,.\:-' - &

Step 2: Wash/Fix/Perm IR Step 3: Assemble S

f}?’ 0

Teton Flow Cell Teton Reagent Cartridge
Step 1: Cell Culture/Capture +  Cell paint, RNA, Protein

Elembio Cloud

AVITI24 performs
analysis and quant.
Opendata fermat

Step 2: Wash/Fix/Perm * Phosphorylation detection
Step 3: Assemble * InVitro ABC 3D Seguencing

https://omicsomics.blogspot.com/2024/02/post-agbt-both-element-singular-want.html
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PacBio Sequel: Single Molecule, Real-Time (SMRT) DNA Sequencing

' single-
Molecule
Resolution

10-30kb
As anchored
polymerases

", Asingle molecule of incorporate l

‘\‘r, DNA is immobilized in

each ZMW labeled bases,

light is emitted

q s —

&
SMRTbell templates enable & i i { ; y é
; & : ! : : Epiganatics
repeated sequencing of 1 : ;
circular template with real- 1 H H i
time base incorporation i - - D — ! Directly detect DNA
z i modifications during
£ i ] sequencing
£ A L T i €} T e
2 { ; HiFi read
me- . . ._ . . o T G ﬁ‘\AT AAGT A A
Nucleotide incorporation kinetics fa

are measured in real time

125
Time (s)

5 720

Oxford NanoPore Sequencing

A
end-repair and
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— "‘,\':T \l adapter ligation S T TET
8| lc
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—_—
l tether attachment
. ~a, 0
GrinlON 7 > de G G G
J 4 S TIME
_ |
Ebola outbreak, 2016/2
Zika outbreak, 2016/6 a
— -
Unmodified base o Modified base " “fd‘":jm
oo oy i)
Position in reference
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Differences

Short read sequencing requires DNA fragmentation and amplification with subsequent
bicinformatic assembly

® Read Length: 105-100s of base pairs

® Sequence gaps. sample bias

*  Examples: lllumina. lonTorrent - massively parallel sequencing by synthesis
Long read sequencing enables the sequencing of long DNA strands in a single
continuous process

® Read Length: 1,0005-100.000s of base pairs
* Large span. comprehensive variant detection
®  Works in real time - adjust experiment at any stage
*  Examples

® PacBio - High fidelity (HiFi) circular consensus sequencing - rolling loop

sequencing of circular DNA molecule by fluorescent signature
*  Oxford Nanopore - DNA sequence deciphered by current disruption

signature as it passes through a nanopore

Reference Genome Reterence Gerome.

Between Long and Short Read Sequencing

@ Long Reads

i SequenteGaps i i

/7

Drseene Gere

Missing sequence data leads 1o gaps
in genome coverage and limts variant delection

Evolution of Sequencing Technologies

1 rxn/tube  cgatca--->

2"-Gen
Clonal amplification

3"d-Gen
Single mol. Seq.

Dideoxy nt. gctaTttgaccttgaccaagcatggcgatcgat

T,
TIGTTATCCGC TCACAAT T CCACACARC
120 130 140

Sanger seq.
(up to 1kb)

lumina
ElemBiosc
(50-1000bp)

PacBio,
Oxford
Nanopore
(0.4-200kb)
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Advancements in HTS technologies

GridIONxs I

:LE

2008 2013 2014 2016

10x Controller -

10x Visium

GA IIx

PacBio Sequel

Roche 454 GS + HS2500 i NextSeq2000 ChromiumX  CytAssist

=

Section Ii.
Applications of NGS

23
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The Whole Genome Sequencing (WGS) Process

WGS is a laboratory procedure that determines the order of bases in the genome of an

organism in one process. WGS provides a very precise DNA fingerprint that can help
link cases to one another allowing an outbreak to be detected and solved sooner.

Bacterial Culture 4. DNA Library Sequencing

o The DNA library is loaded onto a
sequencer. The combination of
nucieotides (A, T, C, and G} making
up each individual fragment of DNA
is determined, and each result is
called a "DNA read.”

o Scientists take bactenal
cells from an agar plate
and treat tham with
chemicals that break them
open, releasing the DNA.
The DNA is then purified

o Scientists make many
copies of each DNA
fragment using a process
called polymerase chain
reaction (PCR). The pool of
fragments generated In a
PCR machine is called a
“ONA librany.”

@ Onais cutinto short fragments o
of known length, either by using W

enzymes “molecular scissors”
or mechanical disruption.

3. DNA Library Preparation

coToaesCTECA TIGTIGNATES
crmasTCTIoRceTT
BOGOOCTOCANTOST } DNA
CTTaATesEoEA Reads
ScETOCANTaCTTAR

TGCTTAY X
Reconstructed Genome

e The sequancar produces millions of DNA reads and specialized
computer programs are used to put them together in the
cormect arder like pieces of a jigsaw puzzie. When completed,
the genome sequence containing millions of nucleotides (in
one or a few large pieces) is ready for further analysis.

https://www.cdc.gov/pulsenet/pathogens/protocol-images. html#wgs

Assembly

Mapping

Genome: De novo seq. vs re-sequencing

“de novo” sequencing:
no reference geneome
available

OO

& &f‘ ' g assemble

Re-sequencing:
reference genome
available

Clementoni.
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Assembly

Align

Annotate

De novo?
Ref-guided?

Re-sequencing: Variant detection

Reference sequence

Non-human
Chr1 | Chr 5 sequence
i
b [ g b b | _Tr
[—— e ] [— e —— =] =r=r=
[t g ] === /==
= B-ETT == [ |
] - s =
bt
|t ] [t [
e e - (e b s i |
| e e e e
[—— g F= |—=— ]
| ]
[ ] et et |
[ — ] | i [
| ]
——r a |—— =] é:-::-
|t ]
Read | eng th? === !
= i
2 —T !
epin: — ] !
[—————| !
i |
== !
Homozygous Hemizygous Translocation
Point mutation Indel deletion deletion Gain breakpaint Pathogen

T
Copy number alterations

Figure 3 | Types of genome alterations that can be detected by second-generation sequencing. Sequenced

Meyerson et al. NRG 2010
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Public NGS

Databases

NIH Short Read Archive
—= NCBI Al databases  PubMed
iln. Short Read Archive

awse | Search | Download

Search

Site map

urnentation | Software

About

| SRA Tracking History

Announcements [

ERA (European Short Read Archive)

= EMBL-Bank Home
® Access
= Documentation

European Nucleotide Archive - Reads

s | Modsl Organisms

| Pathogens

Model Organisms

genome.gov
Il National Human Genome Research Institute

National Institutes of Health

mlll"“m

LT BTG Research at NHGRI | Health | Education | Issues in Genetics Newsroom = Careers

Division of Genome Sciences > ENCODE Project

Home » Research Funding » Research Funding Divisions >

of Excellen

Cent
Genomic Science © Overview

© Publications, Features and Press |
© Consortium Membership

© Data Release Policy

© Accessing ENCODE Data

© ENCODE Tutorials 430

© Common Cell Types

n Staff >
ENCODE Project

Functional Analysis Program

1000 Genomes

A Deep Catalog of Human Genetic Variation

JOINT GENOME INSTITUTE

A DOE OFFICE OF SCIENCE USfeR FACILITY

JGI X

Variant Discovery -

Whole Genome (WGS), Exome (WES), and Targeted Panels

Panel Exome Whole Genome
Sequencing Sequencing Sequencing
(WES) (WGS)

WGS: comprehensive, unbiased
WES: protein-coding regions (~1%)
Targeted panels: focused and cost-efficient

-: -: ? 5 -= —T ::: ::::_ DNA Probe Sequencing Annotation
- = - = T = U= F "™ chearing Capture Report

o BRRE FFETELER © fEm TRl AR

« SHEE P RIRREE S R

* )RR BEERIIEERE | EFETENEL

* Amplicon ~ WES B WGS : ERNEFFIAREER
- BERE PSS | (R EEENEE
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De novo Genome Assembly - Hierarchical
(single end) (paired end)
Read o= = e R S S
= [ — -
200-500bp
Contigs —— i — - ——
o i o — Building Complete Genomes
%ﬁ%ﬁ?lds NNNN =t . Short-read: fragmented assembly
or Long-read: improved continuity
Super Contigs g S kong PEOrBAC ends .- . Hybrid assembly: accuracy +
20-100kb contiguity
30
Short-read Long-read
sequencing ' sequencing
A Y4 —J
HIE GITE DI

&
%7 Q%Q%

Short Read Assembly Long Read Assembly

(read length < repeat length) (read length > repeat length)

A : EEENCOE D .  EEech——
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2. Ingredients for a good assembly

Coverage Read Length Quality
£ ‘ ¥ \_/1 \
B 7 v S S I S— |
& : -
i 7 . e\,n_ .I"
g £ AREY @ v B -
S ; = -, R S — -
H ¥ g v - B i Y A== e
o -] L H - 3
Read Coverage
High coverage is required Reads & mates must be longer Errors obscure overlaps
—  Oversample the genome to ensure than the repeats —  Reads are assembled by finding
every base is sequenced with long ~  Short reads will have false overlaps kmers shared in pair of reads
overlaps between reads forming hairball assembly graphs = Higherror rate requires very short
—  Biased coverage will also fragment —  With long enough reads, assemble seeds, increasing complexity and
assembly entire chromosomes into contigs forming assembly hairballs

Current challenges in de novo plant genome sequencing and assembly

Schatz MC,Witkowski, McCombie,WR (2012) Genome Biology. 12:243

Whole Genome Assembly with iPlant
Published byTimothy McGee (https://slideplayer.com/slide/9388705/)

Amplicon sequencing

Indexing PCR Nextera Tagmentation

Transposomes

Genomic DNA
——
\/ —_—

DNA X g ®
¢ ¥
@ cleanup (J W
- 300bp C
Index adapter oligos from ILMN: contain P5/P7 adapters § Tagmentation

to make template compatible with flow cell, also
contains a unique sample index
— —
= = =
300 bp
— ¥
\ m\

Index 1 M= Read 1 Sequencing Piimor
—
@cleanup

Read 2 Sequancing Primer s, |ndoy 2
\F?

¥ PCRAmplification

P5  Index Insert to be sequenced Index P7
1

250-600bp ~ .Best>3kb

33
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COVID-19: amplicon sequencing —

Artic Network: otighatprmicit | o el R | Achnbee

* 98 PCR primer pairs for 300-400bp amplicons - ‘ A Sl

* Tiling over the 30kb Sars-Cov-2 RNA genome

RT S[ep ~1hr With a new primer -5 Levsorn_su Fevsn ol Bevsura_ ot 4
PCR ~3hr

Add Barcodes ~15hr 8 h r

Add Adapter ~30m

Sequence ~1hr RNAto

Analyse ~1hr answer

Long amplicon with 3-Gen:
e 1k, 1.5k, 2.5k, etc

ARTIC primer set: https://github.com/artic-network/artic-ncov2019/tree/master/primer_schemes/nCoV-2019/V1)
Quick, J, 2020. nCoV-2019 sequencing protocol, protocol.io
dx.doi.org/10.17504/protocols.io.bbmuikbw https://www.biorxiv.org/content/10.1101/2020.03.15.992818v1 .full.pdf

Epigenetic sequencing

e ChiP-seq

* Histone-IP
* Bisulfite sequencing

35




EpiGenome: 1. ATAC-seq
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What does accessibility to chromatin represent?

DNA sequences -
where chromatin is Activity
accessible

Open Chromatin W
JJ_JL/L — NN
DD

A~ MODONT

‘-\___\- Closed Chromatin

Made with BioRender M

ATAC-seq is a method used to study chromatin accessibility across the genome:
*It can identify which regions of the genome have accessible chromatin.

*It helps in finding transcription factor motifs and footprints in accessible regions of interest.

https://hutchdatascience.org/Choosing_Genomics_Tools/atac-seq-1.html

*The technique can be used to compare chromatin accessibility between different biological samples or over time.

Overview of ATAC-seq

@ Q TnS transposase
©© isolate + permeablize Q Q fragmented “tagged” chromatin

nuclei

\. ,‘g; Y @7_ l . .
- R &Y & ' U D
< vj’lw Pl
3(‘(::5:“;?@ (hl‘om'a[lﬂ Q

|

PCR amplification + library prep

.

ANALYSIS “ -
—

* ATAC-seq data is generated by fragmenting the genome with the Tn5 endonuclease and sequencing the
shorter DNA fragments. While most of the genome is associated with protein complexes that preclude the
digestion of DNA by Tn5, some regions of the genome have accessible chromatin that can be cleaved by Tn5
resulting in short (<500bp) fragments.

* These regions of the genome are of biological interest as they are likely to harbor transcription factor binding
sites and to constitute cis-regulatory elements, genomic regions that are involved in the regulation of gene
expression. https://hutchdatascience.org/Choosing_Genomics_Tools/atac-seq-1.html
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DNA-protein

cross-linking MOCK 1 | P_Seq)
Total INPT

Cell lysis WT vs OE
NT vs Induced

Sonication or

( Prope) controls:
v
v
»
L

’ —

— =& =

S T
MBI

[EA
; [ {130
|Anaiysis and visualization|

Chrl:88679-55709
Cht1:82456-5245

B. Guide/Scaffold

(a) Gene activation

Histone methylation | _—._ —

JMJID3 UTX P%)

Anti-K27me3 Lo >

PAN RNA

Methylation

(b) Gene Repression

Ezh2 _\
[ ]

suz12

PAN RNA

chr20 500 Ko} { note
bp 1,100, 000 1,300, 000] 1,500, 000 1,700, 000] 1,900, 000 62,100, 000 62,300, 000
54
,_M_._Mw AAAAA Mﬂm. st bt tcatn MMJMM.M
gms 1 CHRNA4 % KCNG2 Ml PTKE l STMND LInEL | AEHD168 ) UCKLL "
G108 CHRNA4 §4) EEF 12 1) 82 gH- mmn TPOSAZHH | SAO1e 'ctn:»] rmne.m
PTHS ST TS LiNcssirs s / FaToz M
rorr

reHEH 1oz
LXNC 76

kosnl
Jesish

OPRLL
peFREL §) OPRLY

hitn:/Aananas mdni com/1999-4915/6/11/4165/htm
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DNA methylation: Bisulfite sequencing

Watson >>ACGTTCGCTTGAG>>
Crick <<TGC"AAGCGAACTC<<

C™ methylated
C Un-methylated

1) Denaturation ﬂ

Watson >>AC"GTTCGCTTGAG>>

Crick <<TGC"AAGCGAACTC<<L

2) Bisulfite Treatment ﬂ

BSW  >>ACGTTUGUTTGAG>>

3) PCR Amplification ﬂ

BSW >>ACGTTTGTTTGAG>>
BSWR <<TG CAAACAAACTC<K

BSC <<TGCrAAGUGAAUTU<L

Extent of bisulfite treatment
%me: 0 vs 100% on reference

BSC <<TGCAAGTGAATTT<<
BSCR >>ACG TTCACTTAAA>>

http://www.biomedcentral.com/content/figures/1471-2105-10-232-1-1.jpg

Transcriptome —RNA-seq (short-read)

G, "C -
& X, S,
Y-, S %R
N/ 9,

3
First Strand cDNA

ISscomd Strand

Synthesis

¥ Second Strand cDNA

Strand-specific
RNA-seq prep

First Strand cDNA

l Ligate Adapters

l Enrich DNA fragments / Amplify

: @ Data format: RF

Source: lllumina
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Methods of mMRNA enrichment

Oligo-dT binding
A e

] | Hemogenization
|§,

rRNA removal
M

Binding
Eukaryotes
Q . Olige o(T),, Bascls
High quality RNA '
Wash Buffers.
Dissard Capture
{ supemasnis RNA/probe complexes
. T
7 O —
o '“\q_,ﬁ/iﬁv !
i Separsis Bearls I| n 'L"j RibaMinus™
2ot Lmﬂa:mkh 'I‘ !‘“H__:k’iaplawd RN/M/
l\._""'i e S
Remove
PR N rRNA/probe complexes

Prokaryotes

Non-A-tailed RNA

Degraded RNA

42

Example of RiboZero purification

LARGE-SCALE BIOLOGY ARTICLE

RNA Sequencing of Laser-Capture Microdissected
Compartments of the Maize Kernel Identifies Regulatory
Modules Associated with Endosperm Cell Differentiation™

Junpeng Zhan,*! Dhiraj Thakare,! Chuang Ma,?2 Alan Lloyd,” Neesha M. Nixon,® Angela M. Arakaki,®
William J. Burnett,® Kyle O. Logan,® Dongfang Wang,*< Xiangfeng Wang,** Gary N. Drews,” and Ramin Yadegari®®

28chool of Plant Sciences, University of Arizona, Tucson, Arizona 85721
bDepartment of Biology, University of Utah, Salt Lake City, Utah 84112

Arabidopsis Zeamays
0.09%  0.12% 0.07%  0.03%
Bl ‘ V/_ e M Intronic
M Intergenic
[ mRNA

22.03%

» Genome divergence
* RNA integrity
* DNA contamination

M Cytoplasmic rRNA
B Chloroplast rRNA
I Mitochondrial rRNA
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IsoSeq: Full-Length Isoform transcriptome

Total RNA

l Optional Poly-A Selection

poly A+ RNA

l Reverse Transcription

Full Length
15! Strand cDNA

l Large-scale Amplification

(T Optional
Amplified cDNA "| S| Size Selection

Library

eq single cell tagging

transcript Bl Random Barcode Bl 5" cDNA primer Bl optional polyA EEE Combined SMRTbell

G spacer Hll UM EEE 3 cDNA primer EE "

IsoSeq supports a modular tagging design. Possible examples: ] SMRT Sequencing on Sequel System

Example A

LLLLLLL L]
Examﬁzle C
NEENNEEEENNEENENNENNRNNRNNRNNNNENNNEEDR

K

SHORT-READ SEQUENCING LONG-READ SEQUENCING

-HEE— .-
Bt e § & Bl .
RNA __ A __ A
i W T N
HE- i =

isoforms L ——— — N

L il .

Fragmented
reads

Identifying transcripts )
is an assembly problem No assembly required

Partial view of isoform repertoire Complete view of isoform repertoire

W
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10x + PB: MAS-Sp-Isoform Sequencing

\\V/ whole transcriptome \L I/
S mmmmmmmmmnmni,
- \ | 2, =

o oy

- R Y- R TR R,
= ‘B c - D= Isoform class
. Antisense
. Full_splice_match
e
A B C D E W e
— — — — — . Incomplete_splice_match
. Intergenic

. Novel_in_catalog

. Novel_not_in_catalog

16
Chi-Chih Wu et.al.. unpublished

Section lll.
High-Resolution Genomics:

Single-Cell & Spatial Technologies

47
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scRNA-seq vs Bulk-seq

Single-Cell Single-Cell
Suspension & Processin: Expression Profiles

' o & Gene A
93/ I Gene B

Gene C
Gene D

{a! d (n

Cell-Type Identification

Bulk-RNA Averaged Expression
Processing of Sample

Patient Biopsy

tumor site
adjacent tissue
lymph node
peripheral blood

Gene A
Gene B

Gene C
Gene D

https://www.researchgate.net/figure/scRNA-seg-versus-bulk-RNA-seq-for-profiling-the-TME-A-and-B-Transcriptomic-studies-of_figl_347823832

10x Genomics: Single-cell applications

10x Single Cell

10x Chromium 3’ Single Cell RNA Prep

Countess Il ChromiumX — Single Cell Chip G
10x Chromium VD) 5 Single Cell RNA Prep
— c—) s— | Pool 3 4
Collect RT Remave Oil Single Cell Chip K
> 9000 00085 0w — —ct, > 10x ATAC-seq prep (Chromatin accessibility
[+]
= -
10x Barcoded Cells ail g c h romium X
Gel Beads Enzyme / x “\ N
i '\‘ 10X Chremium X Single Cell Multiome
[l Sy
\\\_7_1\/»/ 10X Chromium X Single Cell ATAC
' Single Cell 10x Barcoded 10x Barcoded
GEMs cDNA cDNA

-
L4

Transcriptional profiling of individual cells
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Streamlined Single Cell Workflows with Chromium

Next generation solutions on our tried-and-tested Chromium workflow

GEM Library
generation construction

Data Data
processing visualization

Sequencing

Multiomicoptions:

s Sooe e s ASEN] 3’ and 5’ gene expression
. rl | e TCR/BCR

* Protein 2. Data processing & QC
* CRISPR

* 3’ gene expression

* Chromatin accessibility

1. Experiment planning & monitoring

3. Visualization & exploration

\
nO/\ GENOMICS

10x sn-Mutiome: snRNA + snATAC
GEM Bulk ATAC . . . sp_c]°*
Beads' R' : Lnusc;;igmemed Single-cell gene expression & chromatin accessibility
‘ 2_0000TenX_PBMC-Unsorted_Multiome_hg38 o<
Cluster UMAP 0
In sl:;lﬁer space Ry — ?
........ ® @ | Oiinwel
& =1 98
2 _
Collect ‘ g1 . [
— o . %gg s o [
Single Nuclei S = & 3 .
GEMs S ) A sz A _ L 4
2° . 2 7 b"
=z Ay Ll
i a7 T
RT and Barcode Attachment ‘ 1 e Rt 1m\w\|
Barcoded mRNA = S .
and ATAC DNA 3 —_— —
-5 0 s 69347500 69350000 69352500 69355000
SCANAUMAP_1 chr12 position (bp)

Pre-amplification UMAP embedding of PBMC Expression ar_1d accessibility of
cells colored by multimodal the LYZ gene in PBMC clusters.
cluster identity.

SCATAC-Seq Library ScRNA-Seq Library
https://www.activemotif.com/catalog/1355/single-cell-multiome-service
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Spatial Transcriptome

52

10x Single-Cell vs. Spatial Platforms

Chromium Single cells Fresh Cell heterogeneity

Visium 50-55 um spots FFPE/FF Tissue architecture

Visium HD 2 um FF Subcellular mapping

Molecular imaging FFPE In situ validation
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10x Genomics Visium:
Spatial Transcriptome

Annotation directly on H&E image Captured H&E image from the microscope

Visium Spatial Gene Capture Area with Visium Gene
Expression Slide ~5000 Barcoded Expression Barcoded
Spots Spots
EE —
Big — +~— 6.5 mm—
. L A0 CytAssist
- 1 Partial Read 1
] |E ) i nuiy iy ui PolylaT)
[te] 12nt n
N ©w | S—
l:' B l 55 pm
0

Dissection direction:
Top/Down, Front/Back, Left/Right

ALLEN BRAIN ATLAS

Mouse Brain Anatomy
Brain Cross-sections ‘

Dorsal view

Mouse Brain Atlas: \ %
C57BL/6] Horizontal Coronal brain slices

https://app.biorender.com/biorender-templates/t- 55
https://www.mbl.org/atlas232/atlas232_frame.html 60db3df7297d8a00a410d7be-mouse-brain-anatomy-coronal-sections




2025/11/4

Complete setup for spatial transcriptome workflow (FF, FFPE)

1. OCT embedding 2. Cryosectioning 3. H&E staining 4. Tissue catalo 5.RNA QC
—y
m ”
6. Visium prep & Sequencing 7. Fluorescent imaging

SpaceRanger Analysis:
Clustering of gene expression profiles of spatially barcoded RNA-seq on image

Mouse Brain

*  Cluster 1

*  Cluster2

C r7
*  Cluster 8

t-SNE2

t-SNET

H&E Tissue optimization Graphic map Spatial Transcriptomes
(cDNA fluorescence) overlay Clustering
Capture H&E image from the Tissue lysis on glass slide for RNA Annotation directly on H&E image Clustering/classification of glass slide spots
microscope capture & cDNA syntehsis

based on their gene expression profile

57
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FF Tissue Cryosectioning SpaceRanger Analysis
(Mouse Cerebellum) (Mouse Brain)
(Mouse SpinaI:;rd) -
5
T 0o
L4 K
Embryonic Leaf
( s ryonlc e? 1 ‘irl : : ‘ RT, PCR, barcoding
....... : ’“ | : ‘ f \ |
m ‘* e
Spatial transcriptomics analysis workflow
Cell-type
annotation
Marker gene « Cell markers

identification

Unsupervised Rhachins
p_ learning
clustering
Dimension
reduction Cluster 1
Bcléb 8.58 <0.01

ﬁ;ﬁg}ion - UMAP S o

« TSNE Tnf?f10 25.55 <O{05
*Batch-effect 2 :

Cluster 2
Lgals7 3.47 <0.05
Vsigd 3.33 <0.05
Jchain 295 <0.05

removal

Cluster 3
Dbp 5.78 <0.01
Hbb-bt 322 <0.05
Tppp3 3.01 <0.05




2025/11/4

10x Genomics Builds Tools to Transform Your Research

Chromium

Unbiased Cellular
Discovery

Whole transcriptome, V(D)J,
CRISPR gRNAs, protein, chromatin

Sequencing-based
Single cell resolution
High per-gene sensitivity and breadth

Unbiased Spatial
Discovery

Xenium

Precise Single Cell
Spatial Insights

Whole transcriptome
Transcriptome, protein, histology
Sequencing-based
Single cell scale

High gene breadth

100s—1,000s of genes
Targeted RNA, protein, histology
High-resolution imaging-based
Subcellular resolution

High per-gene sensitivity

NGS Sequencing-based In situ Imaging-based

Single Cell
SulliRbveed Gene Expression
)

* Average gene * Each cell type has a
expression from all distinct expression
cells profile

* Provides a general ¢ Characterizes cell
overview of gene types within a tissue
expression but
lacks cellular and
spatial resolution

10;\stnomcs

Spatial
Gene Expression

OUUU
U

-
-
-
-

* Map spatial gene .

expression patterns

Single Cell and Spatial Omics Are Highly Integratable

Level up your insights

Refine cell atlases

Discover new cell types with
anatomical context

Characterize tissue cell
architecture during development

Examine cell-environment
interactions




2025/11/4

Power by the Visium CytAssist instrument

CytAssist
Sample prep Poly-A mRNA Reverse Second strand Library ) Data analysis
& imaging capture transcription extension construction Sequencing & visualization
e P @ @ @ @ .
L ’
T T

Visium 3’HD

Resolved at Single Cell Scale

Reverse Second strand Library i
transcription extension construction Sequencing
@ @ [}
Fiducial frame

8x8mm
]

©80000008800000008

Read 1T Poly(dT)VN

M M Spa
—
2um 2um

O

—d

-
°
°
o
°
°
.
°

D T T 2um
T
Capture Area with Grid of 2 x 2 um barcoded squares, Oligo with Spatial Barcode
Visium HD Slide, continuous lawn of oligos, binned to 8 x 8 pm
65 mm 65x 6.5 mm

Utilizing poly-A capture and
unique spatial barcodes
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UMAP clustering topologies maintained b/w different levels

Gene level (SR) Gene level (LR) Isoform level (LR)

The clustering outputs
are similar between the
topology of 10xG (SR)
gene level, PacBio (LR)

gene level, and PacBio
Sl e e RS (LR) isoform level
: o ~ datasets.

Xenium: T W %
. T . ample Probe Hybridization, taining
In Situ Hybridization Preparation Ligation, & Amplification tionat for cell segmentatior

Imaging Platform

FF or FFPE Fixation & Permeabilization (FF) or Custom: max 480-plex
Tissue Sections Deparaffinization & Decrosslinking (FFPE) Pan panel: 5000-plex

b ag 3 O %

Probe Hybridization  Rolling Circle Amglification
Produc

Sample types % ey y A i —
G FFPE tissue /—\L_)/\_

Fresh tissue

Fixed tissue

PBMCs/
cell
suspensions

Erozeniissue Fluorescent Probe Hybridization, Imaging, & Decoding Data Visualization

Adherent cells

u Organoids
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Usable Data Immediately After Your Run Ends

No additional steps required to analyze and visualize your data

ONBOARD ANALYSIS

h
’ »»»»»» oS g eemees _ O ....... @ @ ,,,,,, O(())OO
Imaging Transcript Detection Segmentation Cell assignment Cell calling

Morphology Cell Localized Unbiased Cell
images segmentation transcripts Calling

scRNA: Lineage Mapping of Early Sea Urchin Development

» Mapped transcriptional A araial

changes over 18 time interior oral - aboral O @ @ &
points during the first 24 vegetal

hours of sea urchin

. —0%eeald
*|dentified early lineage

divergences and detecting _ _ l\L K{,/[»_/;i-’/)

99% of known Ime pomn's < s 2

L]
hpf o v T T T
developmental gene 2 8 16 20 24
regulatory network genes c

. . Maternal

in the correct lineages and s PGC

at the appropriate times e P

. . . NSM Pigment

*This high-resolution atlas * NSM Blasto
En ggmeso

has advanc_ed the o En%aorder

understanding of s Ek QR

embryonic cell S ESoARC

diversification A -

MassriA, Greenstreet L, AfanassievA, et al. Development (2021). DOI: 10.1242/dev.198614;
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Advances in Technology Bring Visium 3’ to High Resolution

Fresh frozen mouse spleen
Visiumv1 3’ Visium HD ¥

Whole
transcriptome

Species agnostic

Poly-A based

e Multicell resolution = Single cell-scale
e Direct placement of tissue - CytAssist-enabled
e Tissue optimization - Single protocol

2-um grids; gapless for cell segmentation;

55-um spots, 100-um between centers compute @ 2x2 or 8x8 um

Xenium: Connective tissue (CT)-derived cells are the major constituent of the blastema.

Xenium:

0 dpa 3 dps 5 dps 7 dps 10 dpa

Profiled 100 key genes across
regeneration stages

Precisely defined temporal cellular

dynamics:

» Early blastemasare enriched with
immune cells, particularly macrophages

* Later stages include muscle cells d Blasiema Cell Quantification

» Connective tissue-derived cells
progressively accumulate and

@ CT (Fibroblasts)
@ CT (Blastema FB) @ Nerves

. . = CT (Su FB)
ultimately dominate s e e
P CT (Periskeletal Cells) @) Muscle
E’ CT (Bone) Muscle Progenitors
[ phag Unassign
) Immune Cells

N=2

Bdps
Garcia-Garcia D, Knapp D, Kim M, et al. bioRxiv(2025). DOI: https://doi.org/10.1101/2025.03.30.645595
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Spatial Transcriptomics Identifies Key Regulators of Orchid Flower Development

Sample collection Tissue fixation Staining and Library construction Spatially varying genes Cell type identification PP ¥

and section and embedding permeabilization and sequencing detection and spatial expression @ slide 2 column’
analysis & Siidas (bud5)

- n.
© (buds)
+ outer tepal
B * (bud
§
meristematic cells
al ¥ 3

I Tepal (T) (11| [ T Stamen & Column (S£C)  ISEESSISII | Sract ()
ETTTECERC TR Up (1) 100 Column foot [T T INIMSEENIT W Meristern (M) (@ Primordium (P) [ Others (0)

Analyzed Phalaenopsis with Visium (V1):

(A) to identify thousands of tissue-and stage-specific genes

(B) PCA grouped 120 cell types into meristematic, vegetative, and reproductive categories
(C) Findings support a model of floral organ initiation and identity determination

Liu C, Leng J, Li Y, et al. Nucleic Acids Res (2022). DOI: https://doi.org/10.1093/nar/gkac773

Developmental states
of neuroblastoma
Dev. cell states Tumor cell states

Malignant Tumor

Intermediat
State

Single-cell MultiOmics and
spatial transcriptomics

demonstrate neuroblastoma
developmental plasticity cNAseq . SPRAI 5

Less Malignant Tumor

MYCN™_0S Al patients_OS

Timeline
;"“ ‘ ;‘:j i,
T | State-specific -
microenvironment Less Malignant
. - Tumor

Malignant
Tumor

2”_?} | Developmental gene

regulatory program

scMultiOmics /2 1 Core TF-patterns Malignant
[Cell Cycle Tumor

(RNA+ATAC) | mouse
it
HMX1?TRKA

Human 2% -

§ Cells

-] | —
Xu, Yunyun, et al. "Single-cell MultiOmics and spatial transcriptomics demonstrate W‘ eeres—— ] i" | v
neuroblastoma T 4IMes-imm

neuroblastoma developmental plasticity." Developmental Cell (2025).

https://www.sciencedirect.com/science/article/pii/S1534580725002515
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Spatial transcriptomics data Single-cell data (Modality 2)

Spatial integration of multi-omics
single-cell data with SIMO

[ |
]
gomun  Spatial location RNA count matrix Count matsix

Single-cell data (Modality 1) [sgoment 1

T oswil o oo 0z

Alignment matrix Mo

®oe - @
- Cell coorginate mabix
sort (01 0 01 e e @

Cell coordinate matrix
e e L

vl ox a3 85 Casmsmsmassunnssnane’

Modaiity 1

Spot deconvolution Spatial pattern of omics Gene regulation analysis Spatial pattern of regulation

Modality 1

Activity of Modsity 2

Fused
Gromov-Wasserstein
otimal transport

'
'
'
" _ _— :
+ Spatial location Spatial graph  RMA count matrix : uet
2 ] :
; » EFereyeye a
Yang, P, Jin, K., Yao, Y. et al. Spatial integration of multi-omics single-cell data : 2 \Y : - [
with SIMO. Nat Commun 16, 1265 (2025). https://doi.org/10.1038/s41467- - N i i H n—u
'
025-56523-4 Embedding Modality graph 1 RNA count maiix . 5 e

©Bridge
@Chromaffin
OLate_Glia
®Late_Mes

. . @Late_Neuroblast "
ate_Glia g ¢ Mg Mg

-»“"\\ x
@scpP ] \
@Connecting : :
©Early_Glia 1 h
® Human_Dong2020 @ IntegratedMouseRef
®Early_Neuroblast ® Human_Jansky2021 ® Mouse_Kameneva_2021

® Human_Kameneva_2021 ® Human_Cao_2020

sk
E F
Late_ Mes {@@ e oo - - s 00 o . . ce e e “ e e 60.
NC S
50
scpP P
Early_Glia Fraction of cells S 40.
Late_Glia in group (%) £
Bridge 7 ? ? , §-3° o
Connecting 20 40 60 80 52
Early_Neuroblast =10
Chromaffin Mean expression 8
Late_Neuroblast in group ) ! = - -
W W s<:, ol o ‘\&) 90(5‘\ P\ e
== - o' o 0
gR05% 01 02 w° oM\ @ o e e
GEXOISH 2 2®°
E& w E w= Human_Jansky2021 (week 7-8) - -Mousei’%urlan (E12.5-E13.5)

== Human_kameneva_2021 (week6-9) mmMouse_Kameneva_2021 (E13.5)

Yang, P., Jin, K., Yao, Y. et al. Spatial integration of multi-omics single-cell data with SIMO. Nat Commun 16, 1265 (2025). https://doi.org/10.1038/s41467-025-56523-4
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Section IV.
enomics and Chromatin Architecture

Advanced Applications in Genomics:

 3D-Genomes: Hi-C, OmniC, microC




Chromosome
Territories

Hierarchy of chromatin topology spanning four major topological features; chromosome territories, A/B
compartments, TADs and loops. (Adapted from Wright et al., 2019)
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Hi-C: Proximity Ligation
& € © 4] (5 (6

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Seguence using
restriction and mark pull down biotin paired-ends
enzyme with biotin

p1 N M ;” .
J;. L =
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]
Unlock 3D-Genome Architecture at Nucleosomes
o e 6 o0 (5] (6]
Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA; ~ Sequence using
g A/B Compartments T plldown i paiededs
7 U 1l .
{ ( St
y Vol —
Hi Chromatin 5caffo|ding for Restriction Site Promotor Region
i-C e
genome assembly, genome 2 Nucleosome
. Restriction Sites
phasing, and/or genome 3D RE-baseg ~ DNA
Hi- ., Proximity-ligation
landscape ~ Link
e High luti int ti . — Digestion Fragment
Micro-C High-resolution interacting Micro-C P
domains
78

3D Genome: assay for chromatin architecture

A 1kb 'B 10 kb 'C  50kb ‘D 6Mb
; I | ™

s
=

K} -
\C"JEL (/\\\. :7

crer orer

,\$§ k:',-\;

Chromatin loop : TADs " AB compartments : Nucleus Dovetail
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Characterizing chromatin interactions of regulatory elements and
nucleosome positions, using Hi-C, Micro-C, and promoter capture Micro-C

B

)

=S
2 E E Hi-C Micro-C
2: s e

g Bz '.‘ D Hi-C Micro-C

2 53

o o = e
g 22 M
z ¥ L B e
i >

g: 55 Hi-C Micro-C
25 S8

3 $38

g £ . i g

Log2 mean obs/exp -:

Chromatin interaction -
frequency Low

20kb
resolution map (Mb)

S

. §0 340 360 380 400 a0 320 340 30 30 400 az0

Chromatin interaction C —
frequency ¥ " 10

Epigenetics & Chromatin volume 15, Article number: 41 (2022)

Rich Data Type Enables
Multiple Applications

~ ‘“‘.\It 10013
SV Detection 5

SNP & InDel

Genotyping

Proximity Sequence Genome
Ligation Data Assembly

Haplotype
Phasing

Chromatin
Conformation

https://dovetailgenomicgtls.com/
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Beyond GRCh38:
T2T genome assembly v1.0

T2T v1.0: using long-read PacBio and Oxford Nanopore techs! \,,TZT—CHM13V_\2.0 - Genome — Assembly 20’23"/

contain >100Mb novel seq compare to GRCh38 T2T-CHMA3v2.0
Complete human chr Description:  T2T CHM13v2 0 Telomere-to-Telomere assembly of the CHM13 cell line, with chrY from|
NA24385
. . L Organism name: Homo sapiens (human)
Chr X & Chr8: ONT UL backbone; PacBio + ILMN polishing BloSample:  SAMN

Stepwise: | BioProject: PRINAS59484

1. PacBio HiFi reads: construct highly accurate assembly grap 3:1’?“::22J;f;:““””‘“”‘

2. resolve structural ambiguity using Nanopore UL reads Syriciyiss hal
3. Define complete chr by taking consensus of HiFi reads fromn Assembly level: - Complete Genome
4. N tch | GA-rich t in PacBi Genome representation:  full

° anopore patches severa -rich répeat gaps In Facblo as GenBank assembly accession: GCA_009914755 4 (latest)
5. Correct SV and SNP errors with all reads (DeepVariant and | Refseq assembly accession: GCF_009914755 1 (latest)
6. Final polished genome accuracy: error <E10-6 RefSeq assembly and GenBank assembly identical: no (hide details)

. = Only in GenBank: chromosome MT (in non-nuclear assembly-unit)

7. 23 Chr (noY), 1 Mito.: 3,045,441,522 bp + Data displayed for RefSeq version
8. (only the 5 rDNA arrays remain unfinished: near-identical { Expected final version: o 24 chr: 22 autosome+XY

Genome coverage: 30x

Disru ptions Of TOpO|Ogica| Structural variations affecting TAD boundaries
Chromatin Domains Cause
Pathogenic Rewiring of
Gene-Enhancer
Interactions

WT target [
Gene1

Gene4 Gene3 Gene2

/\ wdary Enhancer C|% /\
» Genes are regulated by enhancers that

may be far away in linear distance but

physically close in 3D space.

* Chromatin loops and TADs bring genes .
and regulatory elements together or Human limb phenotype

« Gene Regulation Happens in 3D

keep them apart. 8, i . 8,
« Example: Misfolding of chromatin can lead S 0i8 R HIHA L0008 2078

. . . i 0 AL % 0 sl
to ectopic enhancer-gene interactions, AN Wiz a000g NV
causing diseases like cancer or limb Q0P Qe Rl Q0P
malformations. F-syndrome  Polydactyly Wild-type Brachydactyly

Lupiafez, Dario G. et al . Cell, Volume 161, Issue 5, 1012 - 1025
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NGS Assays Do Not Capture the In Situ Structure of the Genome

|

e tel| fcTer crcr | (Cpolli Genomic 10-100's kb { Enhancer
Enhancer w= |nteraction == [TF E

Data

WGS

WES

RNA-seq
ATAC-seq
Methylation seq
ChlP-seq

Genome scaffolding

Orthogonal
Assembled + Linkage m
Contigs Information
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Reads

Genetlc Material

> =
m— / —
Linkage

Sequ&ncm
E —
Information

such as Mate Scaffolder h fr— ]
Pairs, ! :

Optical Maps, s —
HIC, Linked m—

Reads

s /ﬁ\ ~‘_7..\/\

paired reads

Reference
Genome

Chromosome-level assembly: LR-assembly + Hi-C scaffolding

Melon genome scaffoding, 2n = 2x = 24
12 chr + Dlastlds "3i1M

2023/05

Before scaffolding After scaffolding (218 scaffolds)
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Section V.
Genome Case Studies / Future Perspectives

88

Human Genome T2T

» Complete Reference Assembly
T2T-CHMA13 fills all previous gaps
Adds telomeres, centromeres, and Y chromosome
Achieved via PacBio HiFi + ONT ultra-long reads

» -> “Complete Blueprint.”
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ABERMTERYE . i€ Hg EEZ T2T R EE
WA TR BEE - EAEE)—E TR AR

NEEEHE EETL -
®Hg BEF T2T RREH

Q MR—: AREEHE (HGP) =
AEOLBE (1990-2003)
- BE{E: 2003 FEMRR HGP- M BR=:T2T RB%E  BE Y REMBER
EEIFA : Hg E2FF (190 Hg1o, f‘> WA (2023 =2
Hg38)e o PRHIASHE: T2T REMERRLT Sl - =M%
o B IR {BUSIFTER) 8% BRI FIARZ W —Y ZERE ™I )HG002)
(Gaps) e z o =
e - KEERER: BUARSEERAMTR &5
e gy i —WEERE - IR 24 B REE W
% ) ) EEEET = e i ¥
Do K TE420 200 | 1 BRI | -

oF BEZ: T2T ZR : HASBIEMN 23 {oR@E
"~ (2021-2022)

RIELRAT . B ETTERS%EBH (PacBio
HiFi, Oxford Nanoproe Ultra-long)

.« ADAIT2T AR T2T CHM13 (v1.0) 51 -
. Em BT O BSEREER EREREE
ERRETN] OTBEERE  HTEHE
“HDERIFEIRE CHM13 B 114788 -
TENY B g

WRFERER . 8EEEEECFZEN SNP HDR panel

+ Hereditary Retmal Dystrophy EPSU\% EEUREEKIERE, - HRD B2—BEBUHRERLE
IERRR - SR — MR BINERRMERRNRBIEBILERE - BLERTHE ISR
-7 IETL/( BEE AR Eﬁ

- EBRE HRRMEELRORE S

(BOeAR ) LIRTHBEMRIEMmS L - Dominant mutation Recessive mutation X-linked recessive mutation
. —_[ ﬁt g;g . —_[ ’E\Eg EKZ & & E/] ¥E jj }E Unaffected Affected Carrier Carrier Carrier Unaffected
= : Mother Father Mother Father Mother Father
=’ [ [ [ ]
. BETE . EEWATNREZENE ﬂ‘ 'H‘ @

iﬁ y% ﬁ ° Mutation

#
1 - BT
L

HUMAN EYE ANATOMY
THE RETINA

o =

L | TR T T

s Unaffected  Affected Unaffected  Affected ~ Unaffected  Carrier  Affected
RETINAL ARTERILES child child child child male female male

CENTRAL RETINAL ARTERY
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WRFREMR : SENEREZEH

SNP: HDR panel
o EERNEZIUM SNP - fiEE LEEEFZ T —E
2HYNT—ETE - BABBES - BEIURE

2Ptk (Diagnostic Challenge)
KRABLEE  vMERMANSE - BESEHEE - . 4

o RS - 180 o SETE HE EAEN -

Inherited Retinal Dystrophy (|RD) _ @ %% /5% (Taiwanese Solution: Designed Capture Panel)
Targeted Panel Study Huang S-P et a o RS MU GO - EREYZE R AR -
hpfiencmic Mecicine [2oc o T - B X DEEEEREREES S o HET 4,000 ETAI
Cohort: 493 patients (425 probands), Taiwan PIEEA -
Panel: 319 IRD genes (1.2 Mb region) o P ORISR R aREE -
Coverage: >200x; 94% on-target bases BHSERCR (Key Achievements)
Diagnostic yield: 68.5% overall (80% syndromic) " 500 HEERHPIRILA

. = PRI -
87 novel variants discovered PR RERRENER -

Top genes: USH2A, EYS, CYP4V2, ABCA4, RPGR
FEHEERERAIE S (Precision Medicine's Promise
Impact: Largest IRD cohort in Taiwan; enables gene therapy % Tﬁﬁéﬁflﬂ’] D ( )
readiness & precision diagnosis o GBS FEREFTETTERERR - BT R R ENRE

o EEREREA  RAUEESE - fREOR/ s B EERE -

CNV: e EXIEIEE+ ( Fragile X Syndrome )

A Exon 1
Pomoter utR %6 urk  [ICEdRAR FMRTmMRNA  FMRP
"' ¢ o
5-44 CGG ~-{))cG8}{)CGE)-- Normal allele — e .‘. —
.54 CGG e —(Yccd---- diate allel Associated
45-54 CGG O@- Intermediate allele it

§5-200 CGG - E‘@@@ - @ Premutation allele ——> -—_-——... 2:‘
> 20066 W-‘ i @ Full mutation allele ——> >< X SF;:cghi'::n:(e

c h \
(L miR-506 ] ' i
— Y ‘;' Nonsense mutation
Family of . .»| miR-508 ,  Missense mutation
miRNA 5 -m Deletion
g (miR-509-1]
." . "

- ............... Arg Arg Arg Arg Arg Arg...\...Met
4 wnineni¥-CB8 CBG CGG CGG CGG CGG.... [ ... ATG

. Repeat expansion

: ASFMR1
Normal X Fragile X e
chromosome chromosome

1.1 Mb




The Taiwan Precision Medicine Initiative provides a
cohort for large-scale studies Nature (2025) TPMI: Unveiling the Health Blueprint of Taiwan

TPMI : &S0 088 A HAY (e 5 3 [

o BEMERMKIEREETE (Taiwan's National
Flagship Initiative) : AR EE - £5
2EYTRERAEYERNE - FTERKRER
AREMEAERRBENE -

o HMZER : BEERMAZILUAHZABRE -

TPMI F3ER >50 BRGERVHNEREE
Ef R (SNP Array) - Rt &TEEAE
B - Whole Genome Sequences
o DRERIR  EEBRBESENR - HIEREH _ ; e ,
. e e 18 Taiwan's National Flaghip Initiative  Filing a Critical Gap Shaping Our Future Health
BRREE - EENERTERD - IRERZE - BA + Taiwan's pectrieo th onos Initative + Lowediall us bever oriation + Taln ones oriisetnal sation diation
. . dusgriols hand flara heat a susiatines. Selerlences untius s heatin
1 P B 22t 2%

Clinical impact of pharmacogenetic risk variantsina
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Key applications: genomics, metagenomics, multi-omics
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PacBio HiFi:

De novo assembly

Haplotype phasing

Metagenome assembly
Transcriptome Isoseq: FL- Isoform

High-resolution profiling: taxonomy,
CRISPR-screening

Oxford Nanopore:

Long read / Ultra-Long read assembly
Genome phasing

DNA/RNA modifications
Metagenome assembly
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3D genome:

Hi-C: genome scaffolding, chr phasing

Micro-C: euchromatin dynamics, chromatin
interactions

Hi-ChIP: ChIP-seq+Hi-C

10x Genomics:

Single-cell: RNA-seq, ATAC-seq, immune
repertoire

Spatial RNA-seq

HT in-situ hybridization

Complementary applications:
Single-cell/Spatial 1soSeq

Single-cell Hi-C

LR isoform profiling and clustering
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