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Assignment 2: Genome Assembly
Due Wednesday Feb 12 @ | 1:59pm

Setup Docker/Ubuntu
Initialize Tools

Download Reference Genome & Reads

W=

Decode the secret message
Estimate coverage, check read quality
Check kmer distribution

Assemble the reads with spades

Align to reference with MUMmer
Extract foreign sequence
dna-encode.pl -d
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https://github.com/schatzlab/appliedgenomics2020/blob/mas
ter/assignments/assignment2/README.md
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de Bruijn Graph Construction

* G = (VE)
* V = Length-k sub-fragments
* E = Directed edges between consecutive sub-fragments
* Sub-fragments overlap by k-1 words

Fragments |f|=5 Sub-fragment k=4 Directed edges (overlap by k-1)
It was the best
It was the best of It was the best was the best of
- was the best of
was the best of times was the best of the best of times

—> the best of times

— Overlaps between fragments are implicitly computed

de Bruijn, 1946
Idury et al., 1995
Pevzner et al., 2001



Pop Quiz 2

Assemble these reads using a de Bruijn graph approach (k=3):

—AOCA ATA >, GAC
N\
“ACGT- TAC CGA

-ATAC- N /
—CGAC- \
-CGTA CGT
N\
—GACG GTA
AT N\
Gl TAT
'“'ACG— Note: there is no edge from ATA to TAT

ATACGACGTAT



Unitigging / Unipathing

* After simplification and correction, compress graph
down to its non-branching initial contigs
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— Aka “unitigs”, “unipaths”
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Why do contigs end?

(1) End of chromosome! ©, (2) lack of coverage, (3) errors,
(4) heterozygosity and (5) repeats



Contig N50

Det: 50% of the genome 1s in contigs as large as the N50 value

50%

v
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v
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N50 size = 30 kbp

Example: | Mbp genome
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Part 2: The human genome




The scale of DNA in our body is staggering.

® A typical human is comprised of roughly 40 trillion human cells
(excluding trillions of bacterial cells in our gut)

If stretched out, each haploid genome would be roughly 2 meters.
So, each cell has 4 meters of DNA.

40 trillion * 4 meters = 160 trillion meters.

160 trillion meters / 1609.34 = 99,750,623,441 miles
99,750,623,441 / 92,960,000 = 1,073.05 trips to the sun.

A typical cell replicates about 100 times

160 trillion meters x 100 =

1.69123746 light years

More info



The first genetic map

Mendel's Second Law (The Law of Independent ”

Assortment) states alleles of one gene sort into
gametes independently of the alleles of another
gene: Pr(smooth/wrinkle) is independent of
Pr(yellow/green)

Morgan and Sturtevant noticed that the probability
of having one trait given another was not always

50/50- those traits are genetically linked

http://www.caltech.edu/news/first-genetic-linkage-map-38798

Sturtevant realized the probabilities of co-occurrences could be explained if those
alleles were arranged on a linear fashion: traits that are most commonly observed
together must be locates closest together

0
Sturtevant's symbols gi l" R M
X chromosome locations: 0.0 1.0 30.7 !3.7 S7.l
Modern symbols y w v m r
£ N 7, /
Yellow White Vermilion Miniature Rudimentary

body eyes eyes wings wings

The Linear Arrangement of Six Sex-Linked Factors in Drosophila as shown by their mode of Association
Sturtevant, A. H. (1913) Journal of Experimental Zoology, 14: 43-59



Chromosome Giemsa banding (G-banding)

Chromosomal location of a gene ® Heterochromatic regions, which tend to be rich with adenine
and thymine (AT-rich) DNA and relatively gene-poor, stain more
darkly with Giemsa and result in G-banding

romisore F Y

® Less condensed ("open") chromatin, which tends to be (GC-
rich) and more transcriptionally active, incorporates less
Giemsa stain, resulting in light bands in G-banding.

® (Cytogenetic bands are labeled p1, p2, p3, ql, g2, g3, etc,,
counting from the centromere out toward the telomeres. At
higher resolutions, sub-bands can be seen within the bands.

region # 3 ® For example, the locus for the CFTR (cystic fibrosis) gene is
7q931.2, which indicates it is on chromosome 7, q arm, region
3, band 1, and sub-band 2. (Say 7,q,3,1 dot 2)

hitps://en.wikipedia.org/wiki/G_banding, https://ghr.nim.nih.gov/chromosome/1#ideogram



https://en.wikipedia.org/wiki/G_banding

The human karyotype

Parental haploid

Wy copy 1

A Parental haploid
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Bacterial Artificial Chromosomes (BACs)

@ Bacternial plasmid

e

Gene of interest

Escherichia coli

A BAC is an engineered DNA
molecule used to clone DNA
sequences in bacterial cells (for
example, E. coli).

BAC:s are often used in connection
with DNA sequencing.

Segments of an sample’s DNA,
ranging from 100,000 to about
300,000 base pairs, can be inserted
into BAC:s.

The BACs, with their inserted DNA,
are then taken up by bacterial cells.

As the bacterial cells grow and
divide, they amplify the BAC DNA,
which can then be isolated and used
in sequencing DNA.


https://www.genome.gov/genetics-glossary/Bacterial-Artificial-Chromosome

History of the Human Genome Project




The reference human genome

“Without a doubt, this is the most important, most wondrous map
ever produced by humankind.”
Bill Clinton

June 26, 2000




The reference human genome

“Without a doubt, this is the most important, most wondrous map
ever produced by humankind.”
Bill Clinton

June 26, 2000
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The Sequence of the Human Genome Initial sequencing and analysis of the human genome

Venter et al. International Human Genome Sequencing Consortium
Science 291.pp 1304-1351 (2001) Nature 409, pp 860-921 (2001)




Two Human Genomes!?

1 Fragment DNA and seguence

g s —
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2 Find owverlaps between roads
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The Sequence of the Human Genome

Venter et al.
Science 291.pp 1304-1351 (2001)

(Figure from Baker (2012) Nature Methods)

Higrarchical shotgun Sequencing

/01,7.’. @~

" y.: l'

"»

Organzea *
mapped large
done contigs

ShOIgUN |, L ACCGTAAMTGOGCTGATCATGCTTAAA
SAGUENCE SCATCATOCTTAACCCICTOCATOCTACTG. . .

Assembly . . . ACCGTAAATGEGCTGATCATEC TTAAACCCTGTGUATOCTALTG

Initial sequencing and analysis of the human genome

International Human Genome Sequencing Consortium
Nature 409, pp 860-921 (2001)



Who is the reference human?
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Who is the reference human?

The Bulelo News/Sundsy, March 23, 1997

ment iibuse, civil disobedience

Bt the very sature of gove  you whoold scfee & Parlse sad “Asd
st thae impiees  if neod b you heve 10 be brave emough
thelt suthosiny, sbeiys a8 80 sccept the Comeguencer.”

4
1
i
iz
!
H

l
|
1
5

iis
ikt
4
[
_lf.

I
\
{
E?
i

R —

20 Volunteers
W patiopee it e
Human Genome Project
@ very large international scientific research offort.
The poal & 0 Gecods O Samas Y o (L Bl Gntar.

W) & SV wan AN PO pae.  The sviione o e poaeo il
vt DS rrpadt on Pberr Doty of MOd Ol XICNT SN TN 0 IpEaag

ay st o hereteans dneme
e i o oy o o e proect Som Be Cnes Gemsen
Sarvice i Rownwd Pun ind Lge o (o Yo Nefre et ogenng

~ /e il b ¢ or Tama e

Valenmom will pareii & et ian Senai oF & amall Ml specnes A seell
Py e s v e pers el e e parsgarns fw Bew e v #Pon

Induvsdualy mant De o ot 18 yeun o e
POraies A0 Yt enderpone (MR OMraty Mt M thpbir

T et eh v g —
e v ey
SATH AN e VR gy
o Mot 20 n W

£

E

:

i
ii
§

Pieter de Jong, RPCI

Appendix: Identifying the ancestry of segments of the human genome reference sequence

To compare Neandertal to present-day human haplotypes for the purpose of population genetic analysis, we
needed to have long haploid sequences from present-day humans that were of known ancestry. To identify
such scgments, we took advantage of the fact that the human reference sequence is haploid over scales of
tens of kilobases, because it is comprised of a tiling-path of Bacterial Artificial Chromosomes (BACs) or
other clone types that are of typical size 50-150 kb (592). We do not know of any other substantial source of
high quality human haploid sequences of the requisite size.

Determining the ancestries of the libraries in the human genome reference sequence using HAPMIX

It is crucial to know the ‘ancestry’ of a clone to use it in a meaningful population genetic analysis. In what
follows, we define ‘ancestry’ as the geographic region in which a clone’s ancestor lived 1,000 years ago,
inferred based on its genetic proximity to other individuals from that region today. This definition allows us
to classify clones from Chinese Americans as “East Asian,” from European Americans as “European”, and
from African Americans as either “West African” or “European”.

To identify the ancestries of the libraries comprising most of the human genome reference sequence, we used
a list of 26,558 clones tiling the great majority of the genome, most of which we were able to assign to a
library of origin. Restricting to the autosomes, we identified 21,156 clones that seemed to fall into 9 libraries
based on the naming scheme: CTA (n=199), CTB (n=356), CTC (n=452), CTD (n=1,426), RPCI-1 (n=740),
RPCI-3 (n=456), RPCI-4 (n=716), RPCI-5 (n=802) and RPCI-11 (n=16,009). (In a subsequent re-
examination, we identified additional clones that we likely could have classified into libraries, including 953
from RPCI-11, 632 from RPCI-1, and 490 from another library RPCI-13.) The median span of the 21,156
clones we analyzed was 112 kb, and 80% are >50kb in size. About 2/3 came from a single library, RPCI-11.

1. RPCI-11 is an African American: RPCI-11, the individual who contributed most of the human
genome reference sequence, is consistent with having African American ancestry, with 42% of the
clones of confident West African ancestry and 42% of the clones of confident European ancestry, and
the ancestry of the remaining clones less confidently inferred. The finding of likely African American
ancestry for RPCI-11 was previously reported in a study of the ancestry of RPCI-11 clones spanning
the Duffy blood group locus ($§93), and here we confirm this finding, and also expand the inference to
the whole genome.

2. CTID.is an East Asian: The majority of clones from CTD, the second largest library in its contribution
to the human genome sequence, is likely an East Asian. In a HAPMIX analysis with CEU (European)
—~ CHB+JPT (East Asian) as the proposed ancestral populations, the majority of clones are of
confident East Asian origin, and there is no secondary mode of confident European ancestry, as might
be expected from a Latino or South Asian individual.

The remaining 7 libraries are European: The remaining libraries (CTA, CTB, CTC, RPCI-1, RPCI-3,
RPCI-4 and RPCI-5) are inferred to be of European ancestry, since they all have consistent
distributions of inferred clone ancestries, with the majority of clones of confident European ancestry
in both our HAPMIX analyses and no secondary modes.

A Draft Sequence of the Neandertal Genome
Green et al (2010) Science. DOI: 10.1126/science.| 188021
Supplemental Note 16 (pg 145-146)



Who is the reference human?
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E pluribus unum

1f the human reference gemome Is to reflect more of the actusl genomic diversity in
humans, community participation is needed.

Ploase ISt meriaoons 1o view and DOR COMMents on this acticle,

The human genome is ten years old. We acknowindge 23 reference assemdly as an nvaluable
resource essential for many purposes such as the assemdly of short reads from Ngh:
throughput sequencing platforms Into Chromosome CoNtext GUNng resequencng projects. At
the same time, we think necessary Improvement of the reference gencme cepends on the
wiliagness of the research community 10 provide data for the genome’s less accessbie
reglons.

First published In 2001, the human reference genome has, since 2007, been in the hands of
the Genome Reference Comsortium (GRC) & small group of fewer than 20 scientists from the
European Bonformatics Institute, the US Natonal Center for Botechnolegy Information, The
Sanger Institute and The Genome Center at Washington University in 2. Louls, who have
committed Lo the imgroverrent and completion of this reference, with very littie fimancal
SUppOT.

The reference gancme & now i its 197 readition, and probably the Best messure of its
rgeovement over the last ten years is the number of fragments it consists of. The very first
version had ~ 150,000 gaps: the most recent build, GRONIZ, has only around 250 gaps.

The onfy other publicly accessibie de novo assembly of & human genome that contains
chromosame sequences is Hulte!l, Obtaned By traditional capilary sequencing, HuRef & the
digioid genome of Cralg Venter. [t comes in 4, 500 peeces and, lke any indvidual genome, it
contans many rare aleles,

GRCh37, in contrast, is & mosaic haploid genome derived from about 13 people. It st
contains race abeles, but the GRC recently decided to convert these to common haplotypes.
Deciding which aleles are common and which are rare Is proving challenging, and the GRC
members are colaborating with members of the L1000 Genomes Sroject 10 collect erough data
to make these deosions
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Genome Reference Consortium
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The human genome - basic stats

:

Golden Path Longth

Geneduid last upamed'patched

Gene coumts (Primary assembly)

Ceding genes

Ncn coding genes
Soval non coding genes
LONg NN Codng genes
Misc non coding penes

Peeudogenes

Gene transcripts

-

® 3.096 billion base pairs (haploid)
20,454 protein coding genes
® 226,950 coding transcripts

: H B 08 (isoforms of a gene that each
5 g g é g g g g ﬁ encode a distinct protein product)

GRCh38 p12 |(Genome Roference Consortium Human Buld 38), INSDC Assembly GOA_ 000001408 27, Deo 2013
3600005417

3,096 643,720
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Full ganebulc

Jan 2014

MM 2014

Var 2019
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GENCOOE 3%

20 454 (ncd 680 macrough)
23.9%0

4870

A8 (0O X2 ATV
34

15,204 (o § reschrough)
226 950

http://uswest.ensembl.org/Homo_sapiens/Location/Genome



Solely 2% of the human genome encodes proteins.
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Half of the human genome is comprised of repeats

Retrotransposon
TE target site
—_————— R
‘ ranscretion

McClintock's T —
"jumping te target site
genes" in

Retrotransposons use a "copy/paste” mechanism

maize DNA transposons use a "cut/paste” mechanism

http://www.nature.com/nrg/journal/v10/n10/pdf/nrg2640.pdf



Half of the human genome is comprised of repeats
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GC content varies dramatically in the

genome
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The human reference genome continues to change.

® Ongoing efforts to fill "gaps" and properly/thoroughly represent complex
structures and loci in the genome (e.g., Major Histocompatibility Complex)

® Each improvement leads to a new genome "build". Currently on build 38.

® Experimental and computational methods provide new genome
annotations
O New gene models, transcription factor binding sites, and loci where

human individuals differ (i.e., polymorphisms)

® Therefore, the human reference genome is by no means "complete"!

® How does the same genome yield such phenotypic diversity across tissue
types?

® How does the genome evolve within an individual (tissues) and among a
population?



Genomics Arsenal in the Year 2020

Sample Preparation Chromosome Mapping
0




10X Genomics Linked Reads




10X Genomics Linked Reads
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https://www.youtube.com/watch?v=nk2kXM59LRM



https://www.youtube.com/watch%3Fv=nk2kXM59LRM

Haplotype Phasing

b NA12878 Optimal phase Block length increases with read length € NA12878 Optimal phase variant span increases with read length
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Piercing the dark matter: bioinformatics of long-range sequencing and mapping
Sedlazeck et al. (2018) Nature Reviews Genetics. 19:329



Uncertain Future for 10X
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PacBio Single Molecule Real Time Sequencing
(SMRT-sequencing)




Intensity

PacBio: SMRT Sequencing

Imaging of florescent phospholinked labeled nucleotides as they are incorporated
by a polymerase anchored to a Zero-Mode Waveguide (ZMW).

Time


http://www.youtube.com/watch%3Fv=v8p4ph2MAvI

Single Molecule Sequences
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“Corrective Lens” for Sequencing
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“Corrective Lens” for Sequencing
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CNS eImor rate

Consensus Accuracy and Coverage

<
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- 28 B expected consensus error rate (e=20)
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Coverage can overcome random errors

* Dashed: error model from binomial sampling; solid: observed accuracy
* For same reason, CCS is extremely accurate when using 5+ subreads

CNS Error = Z[ ° )(e)i(l—e)"_i
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“HiFi”’ Circular Consensus Reads

High-quality reads produced by
sequencing the same molecule multiple
times s §

»lactors

Higher accuracy for low-coverage
sequences like somatic variants or
lowly expressed transcripts in RNA-
seq, more interpretable alignments,
faster assembly

5

Limits read length, used to be very
expensive but more manageable now

t

ACCAG Retorery

Accurate circular consensus long-read sequencing improves variant detection

and assembly of a human genome

Wenger et al (2019) Nature Biotechnology doi:10.1038/s41587-019-0217-9



Methylation Detection

* Methylation - an epigenetic modification that can
have a variety of effects, such as gene repression

* Can detect methylation from raw PacBio signal
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Market Summary > Pacific Biosciences of California

" Followrg
NASDAQ: PACE
5.66 uso+0.11 (1.99%) ¢
Sep 1 T4S PM EDT - Disclaimer
1 dey 5 days 1 month & months Y10 1y 5 yoors Vasx

e

y 2012 2014 2006 2008
Open 55 Doyl .

g~ 564 Prev close 5
Low L 52wk hgh .
Mt cwp P CTM 22wk low 19
T mto



PACB

e » T mvva Pe i Bl erees L) -+

C O 0 SiOawOrkd COM /o T ies, X2 1D - Bumins - JacA < - DRgacianses - aDSNEG - 1 13 Marger - O - 115 -Oppini T o vVoBEBMAmAeDSS

BioWorld™

Baoenid Boeord Mod Tech Boearid A Nabet rtehgerce reports

lllumina, Pacific Biosciences abandon $1.2B merger over FTC

T phayens i he Qere sepencrg wuce, Rurrina end Fecie
Barscwrwen, have sood o hee pharvun) §) 7 bilhon reasgue
Sy Yot iy 3% thee LS Fachorad Trade Convendsgion

(P00 posted & 50 vote 1o wesk an Inpurction againm the
merger While lurming il corsague~dy hable for reesy $100
lon I Serrreton lee, 4 could secoup Bhose monkes under

v Croralancm

\
\
A\

N
\

-

|

'’
A AT AT RAANAAAY

AR AR

The $1.2 280n merger betwees Burira inc. of Sen Do
nd Pac i Bhoscionrim of Caliorrds e | win borrmedy
2unind by e v Covvgiriet i Noverndsr 2018, bt e
ol faced wbate ol reglenory ICURy Yo the cutuet, The
FTC and o s Jee. 2 gaternant $w Sesl would have Guanhed

SOMEOtBon v 1N Nt QUNEration SeguencIrg market

The companies Bgred an exdension 10 e desl In September M LY 10 dlow mose e 5 Come 50 30mme with segulston, but thet
desciire wan axviended % the end of March 2000 n a herndshaion deted Dec 1B, 2019 Whother the moal recen! evtiorsion awes »
phesitdo afor 50 ke The dew logether has boon debated, grven thel T FTC had volied % appose The merger Dec |7, 219,
Pee iy Telore Tt Corguaswts el 1) gve e o o wwime evlovason

s m*8re O
M B e mosy v O% By O &4 Goaunwrs o & ¥ O o v Bvede O Mmlockes B2 o O e * 1B Over Bocmarts

Thial 2 0 des wmprowing

R R e
maen g s yoas ek s
i Cweraws 100 fos +bonaed

Bl A MaaTa

Crans e hoy s e mar ba
RN ATy pharvg i abry
Bapar Ovtn prices by TN %

Novevas davabogung
PR v Cwe Yo N bas



Oxford Nanopore Technologies (ONT)




Nanopore Sequencing

Sequences DNA/RNA by measuring changes in ionic
current as nucleotide strand passes through a pore

nanoporetech.com/applications/dna-nanopore-sequencing


https://www.youtube.com/watch%3Fv=CE4dW64x3Ts

Nanopore Basecalling

Raw Signal

Translation of raw signal
into basepairs




Nanopore Basecalling

Raw Signal
NﬂM Translation of raw signal
W % into basepairs
Events
Early basecallers began b
I —1—‘++r| 1 f .y : 8 y.
: L ;| estimating k-mer boundaries
using “events”, which were
then input to an HMM

Modern basecalers use
neural networks directly
on raw signal



Nanopore Basecalling

Raw Signal

ONT releases k-mer models
W% with expected current

distribution of every k-mer

Events

I I Current (pA) >
I - LJ 1 200 250 300 350 400
A 'S A i A

T
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+

l Possible k-mers
ax 1 2 3 )
TCCA CCAT CATG TACA

AGCA TGGC TTAC TCCA
GTCT ATTA ACGT GACG

FEAPERRAGE IRk t0nac ROGRRAGRR

\GATT ATTG GICT ACGG, =
(Based on probability of event matches) YE“

DNA Base-Calling from a Nanopore Using a Viterbi Algorithm
Timp et al. (2012) Biophysical Journal



Nanopore Basecalling

Raw Signal _
Certain k-mers can be
M eliminated based on possible
l transitions
Events
: _I_I_I_-x—rl - T Current (pA) »
* ik B A
: —1- -

l Possible k-mers
(0 1 2 3 )
TCCA—CCAT CATG TACA
AGCA TGGC TTAC TCCA

4ATTA ACGT GACG
\GATT ATTG GTCT ACGG/

“nEAEO0 20 OOR=QOROOR
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FEAPERRAGE IRk t0nac ROGRRAGRR

ok
DNA Base-Calling from a Nanopore Using a Viterbi Algorithm
Timp et al. (2012) Biophysical Journal



Nanopore Basecalling

Raw Signal . .
Final sequence determined by
W% most probable k-mers
Events
T _I_I_I__X—I;I T T Current (pA) »
: ) LJ : - ol

: - X car
l Possible k-mers =
ax 1 2 3 )
TCCA—CCAT—CATG _.TACA &
AGCA TGGC /TTAC TCCA
Z:ATTA ACGT GACG
\ GATT GFCT  ACGG i
L GATTACA Mk

“DNA Base-Calling from a Nanopore Using a Viterbi Algorithm”
Timp et al. (2012) Biophysical Journal



Basecaller/Pore Timeline

Development of both pore chemistry and basecalling
algorithms is responsible for improvement in accuracy

o0 AMedan @ Mean B O2
a5
90 | A6 - &5 A
8 17
Ogo O11 14 A7 09 A7
- Or 9 8y O %
ra 80
2 75 ®:
3 x Qa5 A8
O3
65 o L 3
w:g‘m
55
S0

é @bm. T @

Trm Raw base caling
MAON released (NM) (Scrappie) (Albacore v2.0.1)

From squiggle to basepair: computational approaches for improving nanopore sequencing read accuracy
Rang et al (2018) Genome Biology. https://doi.org/10.1186/s13059-018-1462-9



New Pore Chemistries

Unpolished consensus accuracy

ONT is developing alternate pore | SIMRAL (M0
chemistries to improve accuracy, 0. . S|

particularly for homopolymers X
<
Homopolymer length

:

..... : :
:
’ @
r :

Standard pore frcisipibon ol ot
chemistry Lysenin - “R10"

11R9n “R8" ‘
From 2018 London Calling Keynote
https://vimeo.com/272526835



https://vimeo.com/272526835

DNA Modification Detection

Like PacBio, ONT can detect methylation from raw signal
Or any other modification that changes ionic current

I

Signal

lime

Piercing the dark matter: bioinformatics of long-range sequencing and mapping
Sedlazeck et al. (2018) Nature Reviews Genetics. 19:329



Direct RNA-seq

Standard RNA sequencing (RNA- _—

seq) requires creation of N
complementary DNA (cDNA) l:._:h..;:,.,.

ONT recently introduced direct l — /
RNA sequencing & li-'oiif'«"”f‘:'u,:,,,.;-. =

Allows detection of RNA
modifications, and potentially 2]
secondary structure

Basecall Each RNA Strand

Nanopore native RNA sequencing of a human poly(A) transcriptome
Workman et al. Nature Methods. 16:1297-1305
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Oxford Nanopore sets sights.

onlPO 4

The Oxford University genetic sequencing spinout is reportedly mulling an IPO that would provide exits to investors including
commercialisation firm IP Group.

Oxford Nancpore Technologies, 2 UK-based genetic sequencing technology developer spun out from University of Oxford, is
considering floating its shares in an initial public offering (IPO), The Telegraph has reported, Feunded in 2005, Oxford Nanopore
has developed real-time DNA and RNA sequencing technology that offers biclogical analyses at a relatively low cost, It has
applications.




Recent Long Read Assemblies

Human Analysis N50 Sizes
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15,000,000 ' —

10,000,000

5,000,000

o ——
llumina Moleculo 10X PacBio
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Third-generation sequencing and the future of genomics
Lee et al (2016) bioRxiv
doi: http://dx.doi.org/10.1101/048603

Structural Variants in CHM1

2 Deletions Insertions
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Assemblytics: a web analytics tool for the detection of variants
from an assembly

Nattestad & Schatz (2016) Bioinformatics.

doi: 10.1093/bioinformatics/btw369




First Telomere-to-Telomere Human Chromosome
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Telomere-to-telomere assembly of a complete human X chromosome
Miga et al. (2019) bioRxiv. https://doi.org/10.1101/735928



Assembly Summary o0

Assembly quality depends on

I. Coverage: low coverage is mathematically hopeless

2. Repeat composition: high repeat content is challenging
3. Read length: longer reads help resolve repeats

4. Error rate: errors reduce coverage, obscure true overlaps

* Assembly is a hierarchical, starting from individual reads, build high
confidence contigs/unitigs, incorporate the mates to build scaffolds

— Extensive error correction is the key to getting the best assembly possible
from a given data set

* Watch out for collapsed repeats & other misassemblies

— Globally/Locally reassemble data from scratch with better parameters &
stitch the 2 assemblies together



Next Steps

|. Reflect on the magic and power of DNA ©
2. Check out the course webpage
3. Register on Piazza & GradeScope

4. Work on HW2




