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Quality of genome sequences

10-20 years ago — A genome project
produces a (draft) genome

Now — A genome project starts with
many(draft) genomes

Low cost of sequencing

High quality of genome sequence?
Errors - read, assembly, haplotying,
heterozyqisity, chromosomal duplication



Quality of

draft genomes : an example

File Edit Alignment Trees Colors Quality

Mode: [Multiple &lignment Maode -] Font; [m v]

Help

gi|E57529964 |ref | XM 00625
gil|732601230 | ref | XM 01072
gi|5468351070 | ref | XM 00572
gi|436962649€ | ref | XM 00455
gi|308535162 |ref | XM 00344
gill041107150 | ref | X 0174
gil|l007754565 | ref | XM 0155
gill0333EB0EE | ref | XM 00642
gi|5515075943 | ref | ¥ 00580
gi|765140245 | ref | XM 01148
gilB31320737 lref XM 01283
gi|B6435533% | ref | XM 01087
gi|326504546 |ref | XM 01354
gil|E20576525 | ref | XM 00151
gill0205153302 |ref|¥M 01E2
gi|7157310585 | ref| XM 01021
gi|3503E1E10 | ref | XM OOEZE
gi|9344340771 | ref | XM 00E02
gi|34EEEH45] | ref | XM 00E12
gilE21770476 |lre£ | XM 00530
gil|59137622% | ref | XM 0070E
gi| 30461405 | ref | ¥ 00533
gi| EBEELETTT |ref | XM 005928
gi|7EB345364 | ref | XM 01157
gi| 360877175 | ref | X 01454
gill051151060 | cef|XH 0178
gil|l10E62614370 | ref| XM 0065
gi|7003681700 | re=f| ¥ 005853

4 L 3

24|1

[4

; :

2470

; :




Assemblies can collapse around repetitive sequences.

True structure of genomic region
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Incorrect assembly with “orphan” contig (red)




Mis-assembled repeats
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Repeats/copies
By length

— SNV
— STR
— LIR
— CNV

By location

— tandom

— Copy

— Inversion

— Translocation

— Inter-/intra- chromosomal

e How to overcome?

— (Very) long reads
— Smart assemblers



Backgrouds and motivation

« Many types of sequencing platforms

— Short read

— Long read

— Very long read
— Linked read

« Many parameters (not standardized)

— Cost, length, base-quality, errors
— Data types — genome, RNA-Seq, targeted set, mapping/De novo

« Specific difficulties in marine genome

analysis
— Sample(DNA) purification
— High heterozygosity



Linked read (seq.) technique

« A novel data type known as ‘Linked-Reads’ utilizes

molecular barcodes to tag reads that come from the same
long DNA fragment

 Library construction technique




Linked reads sequencing
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Note in the figure above, several reads (grey lines) are generated from this long input molecule and they each
contain the same barcode (gold line). This allows you to deduce that these reads came from the same molecule.

Many people wonder why we don’t fully saturate the molecule with barcoded reads, to make a synthetic long
read. The synthetic long read approach increases sequencing cost and typically means that you have overall
less physical coverage for equivalent sequence coverage and cost.
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Sequencing cost 1
Physical coverage !

In the image above, we see two long molecules with lots of read coverage, but we still lack the ability to link the
three loci (A, B and C).

* A B C
~ | e — s —
N—

Sequencing cost ==
Physical coverage 1

Rv caniiancinn lacec doanlv weo con incarnarate mare Innn malaciilac inta tho cucteam for cannivalant conuianca




{’ & ©F - Google Drive X ‘ M =7FE23|2] reminder X >/ = "linked read” - PubMed X \X —

&« (7 | & CtEE | httpsy//www.ncbinlm.nih.gov/pubmed/Tterm="linked+read"
it o8 o Bookmarks HyU [E0M 7HH e =012 ICR nE 7|Et ZHAEGE| LinkedReads

Ll -
& NCBI

Resources (%] How To [~

Sign in to NCBI

PubQEd‘gﬂv PublMed v ||"linked read"

US Mational Library of Medicine

e Create RSS  Create alert  Advanced

PMID: 28213995
Similar articles

Reader comments Free PMC Article

Trending articles

Copy number variation arising from gene conversion on the human Y chromosome.

Shi W, Massaia A, Louzada S, Banerjee R, Hallast P, Chen Y, Bergstrom A, Gu Y, Leonard S, Quail
MA, Ayub @, Yang F, Tyler-Smith C, Xue Y.

Hum Genet. 2017 Dec 5. doi: 10.1007/200439-017-1857-9. [Epub ahead of print]

PMID: 28209947
Similar articles

Publication dates 5]
5 years 2.
10 years

Custom range. ..

Species
Humans

Other Animals L _ _ )
[ ldentification of large rearrangements in cancer genomes with barcode linked reads.

3. XiaLC, Bell JM, Wood-Bouwens C, Chen JJ, Zhang NR, Ji HF.
Mucleic Acids Res. 2017 Nov 25. doi: 10.1093/nar/gle<1183. [Epub ahead of print]

PMID: 29186506
Similar articles

Clear all

Show additional filters

[ Identifying structural variants using linked-read sequencing data.

4. Elyanow R, Wu HT, Raphael BJ.
Bioinformatics. 2017 Nov 3. doi: 10.1093/bioinformatics/bt<712. [Epub ahead of prinf]
PMID: 29112732
Similar articles

] Dense and accurate whole-chromosome haplotyping of individual genomes.

5. Porubsky D, Garg S, Sanders AD, Korbel JO, Guryev V. Lansdorp PM, Marschall T.
Nat Commun. 2017 Nov 3;8(1):1293. doi: 10.1038/541467-017-01389-4.
PMID: 28101320 Free PMC Article
Similar articles

https//www.nebinlm nih.gov/pubmed/ 29213995 me Drafts with Linked Reads.

(2] Haplotype phasin..zip ey

@ ML ZCHE pptk XS pdf & B tool L B &bl hwp

Article types Format: Summary ~ Sort by: Most Recent~ Per page: 20 ~ Send to~
Clinical Trial
Review
Customize .. Search results
Text availability Items: 16
Abstract
Free full text
Full text [] LRSim: A Linked-Reads Simulator Generating Insights for Betier Genome Partitioning.
1. Luo R, Sedlazeck FJ, Darby CA, Kelly SM, Schatz MC.
(F:'z?n"::gns Comput Struct Biotechnol J. 2017 Nov 9;15:478-434. doi: 10.1016/.csbj.2017.10.002. eCollection 2017.

Help

Filters: Manage Filtars

Titles with your search terms
Preparing to read the ubiquitin code: a middle-
out strategy for charact [J Mass Spectrom. 2014]

The read-write Linked Data Web.
[Philos Trans A Math Phys Eng 5..]

|dentification of avian W-linked contigs by short-
read sequencing. [BMC Genomics. 2012]

See more...
Find related data -
Database: | Select v
Search details -
“linked read”[A411 Fields]
4
| Search | Seemore...
Recent Activity =

Tumn Off Clear
Q, linked read” (16)

PubMed

Q, linked read (5907)

PubMed

See more...

. BTl

-




-
™ complex_rearrangements.pdf - Adobe Acrobat Reader DC e — —

oz B#E EM W E=2H

= L3 complex_rearrange... X

BeXRQ OO /v M MO w5 BEAT O

(@) o mR2POF/ASES F400 ST = UES 97| WELE TR

Greer et al. Genome Medicine (2017) 9:57

DOI 10.1186/513073-017-0447-8 Genome MEdiCine

8 SO D

RESEARCH Open Access

Linked read sequencing resolves complex @
genomic rearrangements in gastric cancer
metastases

1 Stephanie U. Greer', Lincoln D. Nadauld'? Billy T. Lau?, Jiamin Chen', Christina Wood-Bouwens', James M. Ford',
Calvin J. Kuo'* and Hanlee P. Ji'"*"

Abstract

Background: Genome rearrangements are critical oncogenic driver events in many malignancies. However, the
identification and resolution of the structure of cancer genomic rearrangements remain challenging even with
whole genome sequencing.

Methods: To identify oncogenic genomic rearrangements and resolve their structure, we analyzed linked read
sequencing. This approach relies on a microfluidic droplet technology to produce libraries derived from single, high
molecular weight DNA molecules, 50 kb in size or greater. After sequencing, the barcoded sequence reads provide
long range genomic information, identify individual high molecular weight DNA molecules, determine the haplotype
context of genetic variants that occur across contiguous megabase-length segments of the genome and delineate the
structure of complex rearrangements. We applied linked read sequencing of whole genomes to the analysis of a set of
synchronous metastatic diffuse gastric cancers that occurred in the same individual.

Results: When comparing metastatic sites, our analysis implicated a complex somatic rearrangement that was present
in the metastatic tumor. The oncogenic event associated with the identified complex rearrangement resulted in an

| amplification of the known cancer driver gene FGFRZ, With further investigation using these linked read data, the FGFRZ
copy number alteration was determined to be a deletion-inversion motif that underwent tandem duplication, with
unique breakpoints in each metastasis. Using a three-dimensional organoid tissue model, we functionally validated the
|| metastatic potential of an AGFR2 amplification in gastric cancer.
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Considerations for linked read
techniques

Lower cost than long read platforms

Better assembly than short read platforms -> effective in

phasing haplotype like long read platforms

Problems — not verified yet, very difficult to implement
good assemblers -> Currently seems practical by

benchmarking
Needs for evaluation for applying to marine genomes

Good for marines genomes with high heterozygosity



Pipeline for evaluating seq. platforms
< Target genome (haploid) >

genome variation generator

< Target genome (highly heterozygous diploid) >
Short read generator Linked read generator

Short reads Linked reads
Short read assembler Long read assembler Linked read assembler

( scaffolds : Sealifelee scaffolds

Assembly evaluator



Chromosome variation generator

With single chromosome

base substitution

deletion

transposition

Inversion

duplication and tandom duplication



Read generators

Template DNA - (error options) -
FASTQ (w/QV)

XS — short reads generator
SiImLoRD — long reads generator
LRSIm - linked reads generator

Standardization — error options



Assemblers

Diploid genomes

SOAPdenovo — short reads assembler
Falcon assembler — long reads assembler
Supernova - linked reads assembler

Standardization — error/coverage options



Assembly evaluator

Block homology against original genome
sequences — BLAST, BLAT, .. (error range)

Block match count
Block linkage count

What is better assembly?



9 (mutational) events for variation

* % option
« Random position, random order
« Intra chromosomal

substitution 5
short_insertion 0.1
short_deletion 0.1
insertion 0.01

deletion 0.01

transposition 0.0001
inversion 0.0001
duplication 0.0001
tandom_duplication 0.0001



mkgenvar - Chromosome variation generator

[kipark@whale-portal segsim]$ mkgenvar
Usage : mkgenvar <input file> <var option file> <output file> <var event file>
Can not open <input file>
[kjpark@whale—portal seqsim]$ mkgenvar 1M.fna s5 id0l1 ID001 others0000l.opt 1M wvar.fna
IM.wvar | more
Check : pass arg
Seq : >NC 019%9945.1 Mycoplasma cynos Cl4Z complete genome (50)
= 998117
input seq len = 998117
total var eventnum = 5
event 0,/50712
subst (551379): T —> A
event 1/50712
shortdelete (B01511): A -
shortdelete: event 2/50712
subst (39%9474): T —=> A
event 3/50712
subst (666894) : G
event 4/50712
subst (307206) :
event 5/50712
subst (546165) :
event &/50712
subst (156007) :
event 7/50712
subst (318223) :
event 8/50712
subst (69542) :
event 9/50712
subst (350045) :
event 10/50712
subst (853364) :
event 11,/50712
subst (241988
event 12/50712
subst (258447) :
event 13/50712
subst (954959) :
event 14/50712
subst (995796) : C
event 15/50712
shortdelete (2650€5): T -—-=>
shortdelete: event 16,/50712




Futher works

Precise/practical evaluator

Standardization of analysis parameters

among platforms

More practical genome generator —
multi-chromosomal, inter-chromosomal,

CNV....

Web interface



What is EBP?
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What is the Earth Biogenome Project?




EBP — comprehensive sequencing of earth genomes

o This website uses cookies to ensure you get the best experience on our website. More info

Nanotechnology v Physics v Earth v Astronomy & Space v Technology v Chemistry v

PHYS '#-ORG
f v N=[

Home » Biolegy » Evolution » April 23, 2018

Earth

April 23, 2018, UC Davis

The Earth BioGenome Project aims to sequence all eukaryotic species. This superkingdom of life includes all
organisms except bacteria and archaea. Credit: Mirhee Lee

An international consortium of scientists is proposing what is arguably the most ambitious
project in the history of biology: sequencing the DNA of all known eukaryotic species on

Earth.
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Earth BioGenome Project aims to sequence DNA from all complex life on
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