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Assembly of
DNA sequence reads
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DNA sequence reads

AGCTGTGCE ATGATCGTGC GGCTAGAGCCE TTAGCTAGCTGA P T TR ETETAL GGTCGATGC GGCCCCAT TTATGCCGAG
ALY ATTAGCTGCTGA
HCICTRATIC TTCTCGAGAGCE GCGTTAGCTAGC  GGTCGATGCTA Hi A ey SARATGCIARC
TTATGCCGAG T ARTCIAGTCHTE ATGCTAGCTGTAC
TTGCATGC AAGCGCGTAGC  ATGATCBTGC TAGCTAGCT
CGCGTATATTA CCTAGGGA GCGCGTAGCCC GGTCGATGC
ATGATCGTGC GTCGATGCTA —— o
CGCETAGCCGTA GGCTAGAGCCC GHCCRATTAC CGCGTATATTA TTAGCTGATCGGT  GCTCTGATGC TTATGCCGAG s
GCTACCAGGCTAGGTTA ATGCATACACGTAGCTATAGG GCTAGCTAGCTAG  AGTCGTAGCTG
CTAGGTTACAGTGCATGCA TATACGGATCGTAGGCT CTAGTCGTAG
GCTACCAGGCTAGGTTA ATGCATACACGTAGCTATACG TAGTCGTAG .
GGTTACAGTGCATGCATA CTATACGGATCGTAG CTAGTCGTAG 4
GCTACCAGGCTAGGTTA GCATGCATACACGTA GTAGGCTAGCTAGCTAG f
GCTAGCAGOCTAGGTTACAGTGCATGCATACACGTAGCTATACGGATCGTAGGCTAGCTAGCTAGTCGTAGTCGTAGETG - WL

https://www.genome.gov/geneticgjlossary
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s* Assembly and alignment

Next-generation

# 7 _ DNAsequencing -l ssconm.
a i _ __..-'f -_:_-_a_' —- -~ GETAGTTAG -, . GGTAAACTAG
___ ' . TATAATTAG ... . CGTACCTAG ...
Genomic millions-billions of reads
DNA ~30-1000 nucleotides
Resequencing De novo assembly
— —
https://thejigstore.co.nz/ "
Align reads to reference Construct genome sequence
%{t‘ genome and identify variants from overlaps between reads
35
vy
w Raphael BJ (2012) Chapter 6: Structural Variation and Medical GenBim&omput Biol 8(12): e100282.

https://doi.org/10.1371/journal.pcbi.1002821



s* Short read and long read

Comparison Dimension PacBio

Principle Fluorescently labeled dNTPs + ZMW
Read Length 10-20 kb (HiFi)

Initial Accuracy ~85%

Corrected Accuracy >99.9%

Throughput 120 Gb/run (HiFi)

Equipment Cost High

Suitable Applications Clinical research, genome assembly

Ak
w https://lwww.cd-genomics.com/resourceacbicoxfordnanoporecomparison.htmi
https://www.pacbh.com/blog/sequencind 01-comparinglongread-sequencingechnologi

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

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

Nanopore

Nanopore current sensing
Up to Mb levels

~93.8% (R10 chip)

~99.996% (Consensus seguence, 50X
depth)

1.9 Tb/run (PromethiON)
Low (MinION portable)

Field monitoring, real-time analysis

Reference genome
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https://www.cd-genomics.com/resource-pacbio-oxford-nanopore-comparison.html

&%

an Biobank

Research Objective

High-Precision Genome
Assembly

Real-Time Monitoring and
Rapid Response

Full-Length Transcriptome
Analysis

Sequencing in Extreme
Environments

Epigenetic Research

Large-Scale Pathogen
Genome Research

Recommended Technology

PacBio

Nanopore

PacBio

Nanopore

PacBio

Nanopore

s* Technology Selection Based on Research Objectives

Justification

HiFi reads offer post-error correction accuracy >99.9%, making
them ideal for assembling complex genomes and detecting
structural variations.

Supports real-time data streaming, suitable for infectious
disease monitoring and timely clinical diagnostics.

HiFi reads facilitate full-length transcript sequencing, directly
capturing RNA isoforms and elucidating gene expression
regulatory mechanisms.

The portable MinlON device is well-suited for genomic
sequencing in field, polar, and even space environments.

Direct detection of DNA methylation and base modifications
provides high-resolution data for studying epigenetic regulatory
networks.

With a PromethlON platform throughput of up to 1.9 Tb per run, it
supports high-throughput pathogen genome sequencing and
analysis.

https://www.cd-genomics.com/resourcpacbicoxford-nanoporecomparison.html



s* Library preparation

Library
Extract 4 N
nucleic acids DNA Purify Fragments
rom sample ﬂ*"tﬁ? - fragments
: - > el | ra
(‘ Protocol varies depending on
experimental design (WGS, O —
exome elc)
RT-PCR L. J/
\ Attach adapters
Make cDNA
if RNA PO P M, M L ——————
RNA 31 bp 300 bp 33 bp

PS5 P7

28 bp 33 bp 300 bp 33 bp 25 bp
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s* lllumina flow cell
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https://www.youtube.com/watch?v=pfZp5Vgsbw0&t=14



s* Depth and coverage

Coverage — What % of the genome sequence is represented in the For WGS
sequencing data » Haploid genome size => 3.2 Giga base pairs (3.2 billion)

imes | - 50 => ~160 Gb
Depth of coverage — How many times is every base in the genome v DX coverage Gbp

represented (on average) For Exome Sequencing

» Exome size => 33 Mega base pairs (33 million bases)
» 50x coverage => ~1.65 Gbp
» About 100 times smaller than WGS

» Depending on your method of capture, this number can vary

Coverage 5 3 2 0o 1 4

Radhika Khetani, H3ABioNet Data Management workshop,



s* Design

Intergenic  Exon | Intron | Varlant site Exon Il Intergenic

oo - . - -

—

High pass  ~30x g g_ _% _$'_
reads"'I ifl?
Excellent sensitivity for High depth aI ows excellent
hetero- and homozygotes genotype calling
Intergenic  Exon | Intron | Variant site Exon Il Intergenic

cooe - R S -

low pass r;:;s{ % — _~$_ t% —

Heterozygotes can Varlants missed

be mistaken for by sampling Significantly better power to
homozygotes due detect homozygous sites
to sampling
Intergenic  Exon | Intron | Exon Il Intergenic
- -- N - - -+
- Variant site
Exom Capture —%— ‘ ‘ i
150x _| e !
reads ——— Little off-target -
. coverage .




s* Re-sequencing: variation detection

Reference sequence
Chr1

- — L.
———— |
—— |

el

L — T — ¢

Point mutation Indel

@

Homozygous
deletion

Non-human
sequence

.Chrs
|—
i
[—— |
[—— |

— e

e

e
[ o— ]

]

[ f— ] '

[ — | -
[ — ]

[ ]
[ — - —— ] :

Translocation

breakpoint

Hemizygous
deletion Gain Pathogen

|
Copy number alterations

Nat Rev Genet. 2010 Oct; 11(10): &b
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s® Insert

Figure 4. Paired-End Sequencing and Alignment

Paired-End Reads Alignment to the Reference Sequence

| o
. ————aam
I — e |

Paired-end sequencing enables both ends of the DNA fragment to be sequenced. Because the distance between each paired read is
known, aignment algorithms can use this information to map the reads over repetitive regions more precisely. This results in much better
alignment of the reads, especially across difficult-to-sequence, repetitive regions of the genome.

https://www.illumina.com/science/technology/next-generation-sequencing/pzired-end-vs-single-read-sequencing.html
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Next assembly update
The GRC remains committed to its mission to improve the human reference

genome assembly, correcting errors and adding sequence to ensure it
provides the best representation of the human genome to meet basic and
© clinical research needs. We will continue to make these updates publicly
§ available at regular intervals in the form of patch releases, but have decided

c‘@ H u I I l a n refe re n C e g e n O I I l e to indefinitely postpone our next coordinate-changing update (GRCh39) while
we evaluate new models and sequence content from ongoing efforts to better
represent the genetic diversity of the human pangenome, including those of
the Telemore-to-Telomere Consortium and the Human Pangenome
Reference Consortium.

Release name Date of release Equivalent UCSC version
GRCh39 Indefinitely postponed?! -
T2FCHM13 January 2022 hsl
GRCh38 Dec 2013 hg38
GRCh37 Feb 2009 hgl9
NCBI Build 36.1 Mar 2006 hgl8
NCBI Build 35 May 2004 hgl7
NCBI Build 34 Jul 2003 hgl6

Donors were recruited by advertisement in TBeffalo Newson Sunday, March 23, 1997. As a result of how the
DNA samples were processed, ab80tpercentof the reference genome canfeom eight peopleandone male
designated RP11, accounts &6 percent of the total TheABO blood groupystem differs among humans, but the
human reference genome containsly an O allelealthough the others are annotated.

https://en.wikipedia.org/wiki/Reference _genome
https://www.ncbi.nlm.nih.gov/grc/human



https://en.wikipedia.org/wiki/Reference_genome#cite_note-:1-29
https://en.wikipedia.org/wiki/Reference_genome

«f GRCh38/hg38

Component Description Number of Contigs
Main Reference chrl-22, chrX, chrY, chrM 25

Unlocalised Sequences chr* random 42

Unplaced Sequences chrUn* 127

Alternative Loci chr*_alt 261

Epstein-Barr Virus chrEBV 1

Decoy Sequences chrUn* decoy 2385

HLA Sequences HLA-* 525

A Unlocalized sequences: known to belong on a specific chromosome but with unknown order or orientation.

A Unplaced sequences: chromosome of origin unknown.

A Alternate contig sequences can be novel to highly diverged or nearly identical to corresponding primary
assembly sequence.

Note.

A In b37 where chromosomes are called "1" to "22", "X", "Y" and "MT")

A human genome" refers to the approximatéybillion (3*1F) base pairs in a single copy (haploid) of the human gen

e
Ko

https://www.illumina.com/science/genomicsesearch/articles/dragemdemystifyingreferencegenomes.html



s* Simons Genome Diversity Project
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s* Telomere -to -Telomere (T2T) consortium
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ch.google/blog/buildindpetter-pangenomesgo-improvethe-eq
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https://www.nih.gov/newsevents/newsreleases/scientistseleasenew-humanpangenomereference



s* Variant discovery from a pan -genome reference.

chr 17: 7,838,420 chr 17: 7,838,449
GRCh38, augmented 1,250-bp insertion |
p—e— }IndividualA
— S— Isnp
— } Individual B

chr17: 7,838,420-7,838,449

GRCh38, no variation included |

—— — }IndividualA

Unclear if there is an insertion here;
cannot detect potential SNPs within insertion

https://www.nature.com/articles/s4157620-0210-7



s® Evolution of the DRAGEN

a3
ﬁ)RAGEN 3.4-3.6 ‘ 3.7-3.8 3.9 3.10 ‘ 4.0 4.2 4.3
mn?lga:mghg alt_aware alt_masked alt_masked_v2 alt_masked_v3 | alt_masked_v4

Fm,? 16 European ancestry samples

32 Global 128 Global
ancestry ancestry
samples samples

16 European ancestry samples
+ MHC

* historically refarred to as *multige nome (graph) referance”.

The pangenome reference in DRAGEN v
IS made up ofLl28 population samples from
26 ancestriearound the world.

https://sapac.illumina.com/science/genomicssearch/articles/secongenmultigenomemapping.html



Change in FN + FP, SNPs + indels, HG002 NIST v4.2.1

mFP mFN
45,000
83% error reduction
T - o E Einr 1
|
35,000 I
First-gen multigenome mapper with Second-gen multigenome mapper with

16-samples pangenome reference 128-samples pangenome reference

First-gen multigenome mapper with
32-samples pangenome reference

21,479 20,402 40%

error reduction
r — — — —

13,793 I

12,851 12,815

False negatives and false positives
& = & 3
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v3.6.3 v3.7.5 v3.8.4 v3.9.3 v3.10.4 v4.0.3

Figure 4: HGOO2 NIST v4.2.1 SNPs and indels false positives and false negatives error count on
successive DRAGEN versions.
ks

https://sapac.illumina.com/science/genomicesearch/articles/secongenmultigenomemapping.html



gatk €\ Quality control is essential to catch problems early

+

Library Prep Exomes Whole Genomes

GATK$1§$ E’

Normal amounts of raw Severe unevenness in High proportion of
data (in Gb), but poor target distribution of coverage unmapped reads
coverage (“Fold80” penalty values) * High percentage of
* High proportion of » Strand biased oxidation adapter sequence
chimerism artifacts (e.g poor OxoQ
* Bad insert size distribution values for C reference
(too big/small, weird peaks) bases)

* Shearing-based oxidation
(poor OxoQ values)
Library size too small

Aok Fold80 = / 80% A Foldso A A
2.7 Ox0Q=b Mlaglo( )



Uneven coverage in a PCR-Free whole genome

GATKE 115
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‘\KitAand Kitscove]ragei‘s' - e
very low in this areg... e R— ‘

... but deeper coverage in the rest inflates the overall
coverage score for the exon, allowing it to pass filters

Kit C performs badly throughout the
exon. The failure is more obvious!
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High percentage of chimerism

GATK X115 N

F ‘ - * Reaches coverage goals but data

— A integrity may be an issue as number
A o of chimeric reads is so high.
' L. |0= fee==]
— * This could lead to false positive
' indel and structural variant calls

% Chimeras |% Selected % Target
bases bases 20X

86.296 88.915

Good sample 0.0214
Bad sample 30.272 65.438 78.478

Chimeric read read A

https://zh.wikipedia.org/zhtw/%E5%96%80%E9%82%81%E6%3E



s* The industry -standard GATK Best Practices

https://gatk.broadinstitute.org/hc/enus



