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What is genomics?

1. The global study of how biological information is encoded in
genome sequence

Genes

Regulatory sequences
Genetic variation

2. How this information is read out to produce distinct biological
outcomes

Gene expression and regulation

Cellular identity, differentiation and development
Phenotypic variation among individuals and species

In practice, many experiments that involve deep
sequencing are considered genomics.
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Genomics I: (today’s lecture): Focus on
sequencing technology and genomes.

Genomics lI: (Wednesday's lecture): Focus on
applications of sequencing technology.



Overview

+ Sequencing data: from wet lab to fastq.

- Applications to studying genomes and much
much more.

* Sophisticated use of data from genomics
requires an integrated understanding of the
biological experiment, sample preparation and
down stream computational analyses of the data.

Importance of genomics data: these data are
central to most biomedical and biological
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Raw data can be found in genomics databases
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« Most journals require authors to submit their data to a database (e.g.,GEO) prior to publication.
- These databases entries contain raw data and processed data.
- These data can be use to examine the authors’ claims, but also to test new hypotheses.

https://www.nature.com/articles/s41586-021-04262-z.pdf

What is the output from an lllumina sequencing experiment?

One read (fastq format)

@HWI-ST1239:178:HOKPNADXX:2:1101:3120:1979 1:N:0:TGACCA
NCT TGCGTAGCCTCCCTGC TCCCCAGGG

+
#1=DDFFFHHHHHIJIJJJIJJJIIIIII?FHIDGIJ=GIHGIIIHGIJIHEHIHHGFFFFEEEDDDDDDDDDDDD

Read identifier
Sequence

Quality score identifier “+”
Quality score

o~



Central questions

Where do these data come from?

How does the way we collect it
influence what we know?

Which best describes your experience with
analysis of sequencing data?

(A) | have no relevant experience with DNA
sequencing data.

(B) I've read/thought about DNA sequencing data
but never worked with it.

(C) I've worked with some DNA sequencing data.

(D) I've worked with a lot of DNA sequencing data.

Which best describes your wet lab experience?

(A) | have never conducted research that requires
molecular biology.

(B) I've done a lot of molecular biology (cloning,
etc.) but only worked with Sanger sequencing.

(C) I've generated at least one deep sequencing
data set.

(D) I've done a lot of deep sequencing.

Workflow

1. Isolation of sample. P
e.g., Isolate DNA and shear.
2. Library preparation T

e.g., Add known sequences to the ends.

3. Sequencing

4. Analysis
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Metrics for evaluating sequencing technology

Throughput:

* Number of high quality bases per unit time
e Number of independent samples run in parallel
o Difficulty of sample preparation

Yield

* Number of useful reads per sample

e Read length

Cost

® Per run cost

e Per base cost

Equipment
Reagents
Labor
Analysis

Quality

* Accuracy per base

The steps of sequencing experiments

1. Sample preparation

a. Isolation
b. Library construction

2. Sequencing

a. Flow cell loading

b. Cluster generation

c. Sequencing

d. Processing image files

e. De-multiplexing samples

3. Data analysis
a. Read filtering

b. Alignment to a genome
c. Diverse analyses

Yale Center for Genome Analysis (YCGA)

Next.Gen Sequencing 7 Bloinformatics

umina Next.Generation

Sequencing

Oxford Nanopore:
Sequencing

PacBio SMRT Sequencing

Aftymetrx Microarrays

umina Microarrays

DNA Extraction & RNA
solation

10X Genomics Lib prep.

Missionio Nanostring
and ParseBio Sequencing

‘Sample Submission

Microanays 7 Services & Fees 7

FFPE RNA Iibrary prep

Analysis

Consutation per hour

HiSeq2500 pairec-end 2475 sequencing lane.

HiSeq2500 single-end 475 sequencing lane.

HiSeq2500 paired-end 2x150 sequencing lane.

Miseq 500 cycle

Miseq 600 cycle

NovaSeq St paired-end 2100 sequencing lane

NovaSeq $4 paired-end 2100 sequencing lane.

NovaSeq SP paied-end 21150 sequencing lane.

NovaSeq $4 pared-end 24150 sequencing lane
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Mendelian Center 7

2386

s1920
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s2052
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About YCGA T

What is sequencing?

One-at-a-time methods

Short read deep sequencing Long read deep sequencing
a. Maxam-Gilbert Sequencing

a. lllumina Sequencing a. Nanopore based
b. Sangar Sequencing

b. lon Torrent b. Pacific Bioscience Sequencing

Sequencing technology  Platform Data  Readlength (kb)  Read Throughputper  Estimated costper Maximum throughput
type accuracy  flow cell (Gb) Gb (USS$) per year (Gb)*
(%)
N50 aximum % Mean  Maximum
RS> CIR 55 >60 07515 2 333-933° 4,380
pacific Biosciences Sequel CIR 25650 10 8792 510 20 98-195¢ 17520
(PacBio) ClR 3060 5200 50100 160 13-26° 93440
Sequel I
HFi 1020 >20 99 1530 35 43-86° 10220
R g 21,900 (MinlON) 109,500
Long  10-60 1000 2220 30 50-500" o

Oxford Nanopore MinlON/GrION

Technologies (ONT) v 100200 »1500 8798 052 25 500-2,000" 22 {MoN) 4,563
PromethlON  Long  10-60  >1,000 50-100 180 212! 3153600
Single- 0076~
Single- 007 015 1630 >30 50-630 47782
Nedseasso 0
aired- 0076~
Palted- 007 ) 01502) 32120 >0 40-608 >70,080
lumina 5999
S 005025 025
NovaSeq 6000 S50 3000 1038 >1194,545
Paited- 005-025 56 () z
end  (x2)

The technology will change, but your need to critically

understand the input and output will not. ,
Logsdon (2020) N

What is the most raw form of data recorded in an
lllumina sequencing experiment?

Retrieved Jan 30, 2022:

https://medicine.yale.edu/keck/ycga/services/illuminaprices/

(A) A chromatogram.

(B) A string of letters.

(C) A series of images.

(D) A readout of genomic locations.




Where do these reads come from?

A. Library Preparation B. Cluster Amplification C. Sequencing

Genomic DNA

https://www.illumina.com/content/dam/illumina-marketing/documents/products/illumina_sequencing_introduction.pdf

Optional: Library preparation using tagmentation

Loading of Tn5 Tagmentation

PCR and library preparation

purified Tn5 dimer 100 -200 pg cDNA gap filling step - 72°C for 3 min
m + e s AAAAAA
+ loaded Tn5 dimer TTTTTT

amplified tagmented cDNA libraries
annealed linker oligos QXQWW i5 i7
| |
) Ik)l |kk)| 3 min at 55°C

30 - 60 min at 23°C Tn5 inactivation

350 rpm 0.2% SDS, |5 min at g0°C
) 5 min at 23°C
loaded Tn5 dimer tagmented cDNA

9 Q e AAAAAA
TTTITT

AmPure XP bead purification, quality check

Figure from: Hennig BP, Velten L, Racke I, Tu CS, Thoms M, Rybin V, Besir H, Remans K, Steinmetz LM. G3 (Bethesda). 2018 Jan 4;8(1):79-89. PMID: 29118030.

Optional: Library preparation using ligation

P5
Rd1 SP ® N
Index = unique sequence Index. St A ———
key to identify library / Ra2SPT®) ® | rexsericeanss
P7
o l Ligate o | rexsemicuanis
Rd1 SP Rd2SP_//
Index Index
Rd2 SP Rd1sP l 1.6X SPRI clean-up
P7 P5
l 1.0X SPRI clean-up
l Amplify to create final library
P5 Rd1 SP DNA Insert Index
5 m—
— 5
Rd2 SP’ P7’
12 samples per lane
Potential sources of bias:
L . Challenging but possible to analyze pg
1. Selective PCR amplification (issue of duplicates). quantities of DNA. (In humans, ~6 pg

2. Size selection. DNA/cell).
3. Enzyme specificities.

Cluster amplification.

B. Cluster Amplification
g ! N

LT T R 1 :

Flow Cell : »

Bridge Amplification
Cycles / 7 7,

il
it

custers ARTICLES

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
is amplified into a clonal cluster through bridge amplification.

il

Accurate whole human genome
sequencing using reversible terminator
chemistry

Alst of authors and thei affiations appears a the nd o the paser

- Separate each individual molecule (randomly).
- Give each molecule an address (spatial location).
- Pack as many on as possible but avoid overlaps.

https://www.illumina.com/content/dam/illumina-marketing/documents/products/illumina_sequencing_introduction.pdf



Sequencing by synthesis

Reverse
Add base termination
90 Add next base
Scan flow cell 0
Sequencing . "
by synthesis j N
with reversible i
dye terminators |
- @ v i

Laser

1 cycle

https://www.illumina.com/content/dam/illumina-marketing/documents/products/illumina_sequencing_introduction.pdf

What limits the insert size and read length?

One read (fastq format)
@HWI-D00306:498:HBB89ADXX:1:1101:1180:1882 1:N:0:CGATGT
NCATCACTTTCTGCACCAGCCATGACGTCAATCTTCGTCCGAACCCCAAACTCGAGATCGGAAGAGCACACGTCTG

+
#11BBDDDFFDFBFFFIIIIIIIIIIIIIFEGIIIIIFIGAGIIFIII=FEEEEEFFFDDD=Q9ARBBBBB=?BB<

- For each single end read: Incomplete incorporation of bases.

- For the size of the insert (especially for paired end analysis):
Ability to get consistent clusters.

How long are the reads?

TATTGCAATATGTTAACAATCTAACAAGGAAAAAATACCCCACACAAAACAAAACACAACCCTTAGAACTGTGCTG

75 nt

While there are other technologies that can give longer read
lengths, lllumina reads are generally 50 nt - 250 nt

What is the output from an lllumina sequencing experiment?

Paired read (fastq format)

@HWI-ST1239:178:HOKPNADXX:2:1101:3120:1979 1:N:0:TGACCA
NCT TGCGTAGCCTCCCTGCAGGGTA. TCCCCAGGG

+
#1=DDFFFHHHHHIJIJJJIJJIIIIIII?FHIDGIJ=GIHGIIIHGIJIHEHIHHGFFFFEEEDDDDDDDDDDDD

Q@HWI-ST1239:178:HOKPNADXX:2:1101:3120:1979 2:N:0:TGACCA
NNACCTAGCCATCTGCAGTCCTCGGTCCTGTGT CAGAAC CCAGGCCAGGTACCACCTAATCCTT

+
##4<QREEEERRR?EEE?QR???72727 QR AR R PR PP R PR @>???2QRE?@E???27?7?

1. Read identifier

a.  Instrument
b.  Flow cell

c. ReadID

d.  Coordinates

. Which read from a paired end sample
f.  Which index for multiplexed read

2. Sequence
3. Quality score identifier “+”
4. Quality score



What is the output from an Illumina sequencing experiment?

Many reads...

@HWI-D00306:498:HBB89ADXX:1:1101:1180:1882 1:N:0:CGATGT
NCATCACTTTCTGCACCAGCCATGACGTCAATCTTCGTCCGAACCCCAAACTCGAGATCGGAAGAGCACACGTCTG

+
#11BBDDDFFDFBFFFIIIIIIIIIIIIIFEGIIIIIFIGAGIIFIII=FEEEEEFFFDDD=Q9AQ ?BB<

Q@HWI-D00306:498 :HBB89ADXX:1:1101:1167:1902 1:N:0:CGATGT
TATTGCAATATGTTAACAATCTAACAAGGAAAAAATACCCCACACAAAACAAAACACAACCCTTAGAACTGTGCTG
+
BEREFFDFFHFHHHJJIJIGIIJJJJJIJIHFIJIJIIIJIIEHHIIIJIIIIIIIIIIIGHHHHFBDFFFE>CEEC
@HWI-D00306:498:HBB89ADXX:1:1101:1190:1928 1:N:0:CGATGT
ACCAAGCCACAATAAGTTAGTGTTTCC, ATGC TATT CCGTATCTATACACTGCTACTGTC
+
@<@DDDDD8CDDDGE?2<AFFBCCEEHEIEGHIIEGEIDD@CDGFFFEFIDGCFCDABFG>FBFGFGIEIFFFDDD
@HWI-D00306:498:HBB89ADXX:1:1101:1157:1931 1:N:0:CGATGT
CTGAGATTCTTTGCCATAGTCCTTAACCACTACGCAACTGCAACCAACCACCTTCCGTGGTTTGCCCTCTCGATCG

+
CCCFFFFFHHHHHHIJJITIJJJIIGHHIJGGIIGIJJJIJJIJIIJIIIJIIIIJIIIIIJGITHCHFBDFFFDDECB

Generally ~ 2,000,000,000 reads/sequencing lane

Note: This is for an lllumina NovaSeq with current chemistry, but this number changes

Many reference genomes are available

= Primates -

Placental mammals

What do | do with my sequencing reads?

Source: Slate via Noonan

A 75 nt sequencing read matches to a reference genome perfectly,
except for one mismatch. What might have caused this?

(A) An error introduced during library preparation.
(B) An error in a base call during sequencing.

(C) A single nucleotide difference between the genome
of the biological sample and the reference genome.

(D) Any of the above.



There is a wide range of genome sizes.

kb = 1000 bp

Mb = 1x108 bp
Gb = 1x109 bp
Tb = 1x1022 bp

Human haploid
genome ~ 3 Gb

75 nt x 3x108 reads/lane is about
the right scale, but the amount of

—e—iMammals
Birds -e—
—e—iRepliies
Frogs
Salamanders F—e——ro
Lungfishes b—e—
Teleost fishes ——e——
hondrostean fishes.
Gartlaginous fishes
Jawless fisnes
Non-vertebrate chordates ——e——|
—————+—————{Crustaceans
Insects
Arachnids
Myriapods —e—ri
———e— Molluscs
Annelids F——————e———
—+—— Echinoderms
Water bears (Tarcigrada) —e—oi
Flatworms

Rotiers f——|
—————— Red algae (Rhodophyta)
Green algas (Chiorophyt

————{ Brown algas Phacophyte)
Flowering plants

seed plant:
Ferns (Moniophytes) ————————————
Glub mosses (Lycophytes)

Mosses and kin (Bryophytes)
Roundworms (Nematode) b——e———

coverage necessary depends on
application. -

+—— Gnicarians.
‘Sponges (Porifera)
Fungi
Protozoa
Bacteria

———— Archaea

T T T T T T

o 1 2 3 4 5

Log1g G-value (Mb)
1Gb 10Gb 100 Gb

How to assemble a genome

Generate reads

Find overlapping reads l

Assemble reads into contigs l

Join contigs into
scaffolds

mate pair

Join scaffolds into
“finished” sequence
anchored on chromosomes

Assembly quality criteria:
Accuracy: number of errors
(Human << 1/100,000 bp)

Contiguity: number of gaps.
(Human: est. 357)

Coverage:

Average number of reads representing a
particular position in the assembly
Human, Mouse, Rat: > 20x
Chimpanzee:  ~6x

squirrel:  ~2x

scaffold ~ Scaffold_0: 12,865,123 — 12,965-110

Chrs: 133,876,119 - 134,876,119

Sequencing of the human genome

Victory declared 2003

(Il National Human

eIndustrialization of Sanger sequencing,
library construction, sample preparation,
analysis, etc.

$3 billion total cost

*1 Gb/month at largest centers (2005)

Mg
il illiy Genome Rescarch
ﬂ@éq Institute

licome trust

p)san

instituf

ger

Novaseq 2 billion reads 2x150 bp. $5000 -> <$100/genome.

The importance of long read sequencing

Fig.2:
3 Pachio SHRT sequencing b ONTsequencing
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Sl IS e 00001
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H }
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Logsdon (2020) Nat Rev Genetics



TCCAAATCAAACAGTTGTATTATTAGAAACTGAGGGCTAAAAACTGTGCACATACACAGACACACATATTATTTTAATATAGATTTTCAATAATTGGTCTAGGATAAGG!
TAAGCAAGAAGAAAACAAAGACTGTTACTATGGAAAAATGAAAATAGATTTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACTTCTTAC

CAATAAATCACATTAATTCCTTATCTCATGTGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTTGTTGAAGGAAGATTATTCATTTTTTCATTCAATAAATATTTT

CCAGTATTATGTTCTAGGCATTGGGGATACCATGTTCACAAGACAGACTATGATTTACAGGATCAGATGTGGACTCTCAAATTCGACTGAGAATAAAACAGACACTA

GTAATTGATGCTAGAAAGACAATGAAACAGAGCCATGTGACCAATGAGAGAGATGAGGGTGGCAGCAGCCTGTTTTAGATAAGGTACCTGATTGGTGGGATTGGA

ATATGCCTTAATGATATGAAAGAACCATTCATGGGAAGGCCTAGCATTAAAAACCGTCTAGGCAGAATGAGCAGCAAGTGCAAGGGTCCTGGATAGGAATGAGCT( :
TATGGAAAAATGAAAATAGATTTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACTTCTTACCTGTCAATGTTATTAATATTTTTAGGAAC What typeS Of an notatl on dO we have/ Want'?
TGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTTGTTGAAGGAAGAT TATTCATTTTTTCATTCAATAAATATTTTTTAGAATAATAAGTCCCAGGCACAAGAC!

CCATGTTCACAAGACAGACTATGATTTACAGGATCAGATGTGGACTCTCAAATTCGACTGAGAATAAAACAGACACTAAACAAGTAAATAAAGTTAATTTCAAGTTGT

TAGATTTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACTTCTTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACATTAATT

GATTGATACCTTTAAATGTCATTTGTTGAAGGAAGATTATTCATTTTTTCATTCAATAAATATTTTTTAGAATAATAAGTCCCAGGCACAAGACCAGTATTATGTTCTAGG

GACTATGATTTACAGGATCAGATGTGGACTCTCAAATTCGACTGAGAATAAAACAGACACAAACAAGTAAATAAAGTTAATTTCAAGTTGTAATTGATGCTATCCCAG

ATTGGGGATACCATTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACATTAATTCCAACATGCAAAGAGGAAATCTCCATATCATGCTTGTCATTCGTTTA

CGTGTGTAAAACATTCTCAGAATTTTAAACAATAACAAATCAGGGCTGAATGTGGCCAACATGCAAAGAGGAAATCTCCCATCTGTCCAAATCAAACAGTTGTATTA Genes:
ACATACACAGACACACATATTATTTTAATATAGATTTTCAATAATTGGTCTAGGATAAGGATAATATACAGAGAACAT GCCAAAAGTTTAAGCAAGAAGAAAACAAAGA( - Coding, noncoding, miRNA, etc.
TTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACTTCTTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACATTAATTCCTTE ~3 billion bp ’ 4 4
ATACCTTTAAATGTCATTTGTTGAAGGAAGATTATTCATTTTTTCATTCAATAAATATTTTTTAGAATAATAAGTCCCAGGCACAAGACCAGTATTATGTTCTAGGCATTC - | SOfO rms
ATGATTTACAGGATCAGATGTGGACTCTCAAATTCGACTGAGAATAAAACAGACACTAAACAAGTAAATAAAGTTAATTTCAAGTTGTAATTGATGCTAGAAAGACAA e _ Expression
GAGATGAGGGTGGCAGCAGCCTGTTWAGATAAGGTACCTGATTGGTGGGATTGGAAGACCTCTCTGAGA‘I‘rAGTGTCTTCAGATATGCC‘I‘rAATGATATGAAAGA g TS T P
AAACCGTCTAGGCAGAATGAGCAGCAAGTGCAAGGGTCCTGGATAGGAATGAGCTGGATATACTC TAT T TAGATTT" A
TTAAATTTACTTTTCTTCTTTCACTTCTTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACATTAATTCCTTATCTCATGTGAAATTTCATATTTATGATTGAT Genetic variation:

ATTATTCATTTTTTCATTCAATAAATATTTTTTAGAATAATAAGTCCCAGGCACAAGACCAGTATTATGTTCTAGGCATTGGGGATACCATGTTCACAAGACAGACTATC

- SNPsand CNVs

AATTCGACTGAGAATAAAACAGACACTAAACAAGTAAATAAAGTTAATTTCAAGTTGTAATTGATGCTACTATGGAAAAATGAAAATAGATTTTAAAACATGTTAATTCA e v el
CTTTCACTTCTTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACATTAATTCCTTATCTCATGTGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTT o TGS ToW ST AT TTTACCARCA
TCAATAAATATTTTTTAGAATAATAAGTCCCAGGCACAAGACCAGTATTATGTTCTAGGCATTGGGGATACCATGTTCACAAGACAGACTATGATTTACAGGATCAGAT e Sequence conservation
AAACAGACACAAACAAGTAAATAAAGTTAATTTCAAGTTGTAATTGATGCTATCCCAGGCACAAGACCAGTATTATGTTCTAGGCATTGGGGATACCATTACCTGTCA ¢ A O
TCACATTAATTCCAACATGCAAAGAGGAAATCTCCATATCATGCTTGTCATTCGTTTATCAGAGGCCAAATGTTTTTCTTTGTAAACGTGTGTAAAACATTCTCAGAAT TG AT 17T
TGTGGCCAACATGCAAAGAGGAAATCTCCCATCTGTCCAAATCAAACAGTTGTATTATTAGAAACTGAGGGCTAAAAACTGTGCACATACACAGACACACATATTAT ;fg“i.‘:l,‘:“‘l”“‘““,““:.‘“t‘n":‘r" Regulatory sequences:
GGATAAGGATAATATACAGAGAACATGCCAAAAGTTTAAGCAAGAAGAAAACAAAGACT GTTACTATGGAAAAATGAAAATAGAT TTTAAAACATGTTAATTCACGTT/ ottt e et e
ACTTCTTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACATTAATTCCTTATCTCATGTGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTTGTTG) i ‘“”“ - - Promoters
AAATATTTTTTAGAATAATAAGTCCCAGGCACAAGACCAGTATTATGTTCTAGGCATTGGGGATACCATGTTCACAAGACAGACTATGATTTACAGGATCAGATGTGG, ¢ e - Enhancers
GACACTAAACAAGTAAATAAAGTTAATTTCAAGTTGTAATTGATGCTAGAAAGACAATGAAACAGAGCCATGTGACCAATGAGAGAGATGAGGGTGGCAGCAGCCT

GATTGGAAGACCTCTCTGAGATTAGTGTCTTCAGATATGCCTTAATGATATGAAAGAACCATTCATGGGAAGGCCTAGCATTAAAAACCGTCTAGGCAGAATGAGC! - Insulators
TGAGCTGGATATACTC) TAT( T \TAGATTTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACT

AGGAACAATAAATCACATTAATTCCTTATCTCATGTGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTTGTTGAAGGAAGATTATTCATTTTTTCATTCAATAAA Epigenetics:
CAAGACCAGTATTATGTTCTAGGCATTGGGGATACCATGTTCACAAGACAGACTATGATTTACAGGATCAGATGTGGACTCTCAAATTCGACTGAGAATAAAACAGA pIg d
AAGTTGTAATTGATGCTACTATGGAAAAATGAAAATAGATTTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACTTCTTACCTGTCAATG - DNA methylation
CATTAATTCCTTATCTCATGTGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTTGTTGAAGGAAGATTATTCATTTTTTCATTCAATAAATATTTTTTAGAATAAT, .
GTTCTAGGCATTGGGGATACCATGTTCACAAGACAGACTATGATTTACAGGATCAGATGTGGACTCTCAAATTCGACTGAGAATAAAACAGACACAAACAAGTAAAT - Chromatin

TATCCCAGGCACAAGACCAGTATTATGTTCTAGGCATTGGGGATACCATTACCTGTCAATGTTATTAATATTTTTAGGAACAATAAATCACAT TAATTCCAACATGCAA!
TTCGTTTATCAGAGGCCAAATGTTTTTCTTTGTAAACGTGTGTAAAACATTCTCAGAATTTTAAACAATAACAAATCAGGGCTGAATGTGGCCAACATGCAAAGAGG!
TTGTATTATTAGAAACTGAGGGCTAAAAACTGTGCACATACACAGACACACATATTATTTTAATATAGATTTTCAATAATTGGTCTAGGATAAGGATAATATACAGAGAA
ACAAAGACTGTTACTATGGAAAAAT GAAAATAGATTTTAAAACATGTTAATTCACGTTACTTTTTGTTAAATTTACTTTTCTTCTTTCACTTCTTACCTGTCAATGTTATT
ATTCCTTATCTCATGTGAAATTTCATATTTATGATTGATACCTTTAAATGTCATTTGTTGAAGGAAGATTATTCATTTTTTCATTCAATAAATATTTTTTAGAATAATAAGTC

Degrees of genomic annotation vary widely Where do you look for existing annotations?

uan
1 g ENCODE and modENCODE UCSC Genome Browser (genome.ucsc.edu):
3 et ) =T ) /
£ aboon Human, Mouse (Fly, Worm, Yeast): Visualization, data recovery, simple analysis
& Marmoset - Chromosome assemblies .
1 %‘J’fﬁ%’é&""’ - Dense gene and regulatory maps, variation, etc. (also http://genome-preview.ucsc.edu/)
Mouse
Kengaroo rat
Guinea Pig
P v ’ Other models (Dog, Chicken, Zebrafish): ENSEMBL (ensembl.org):
2 Pik: . . . . . .
£ Apies - Chromosome assemblies Visualization, data recovery, simple analysis
H Sov, - Partial gene maps; variation; little regulatory data
2 o
5 2
d tiegd Integrative Genomics Viewer
Strow Low coverage vertebrate genomes: . . )
e - Scaffold assemblies (broadinstitute.orgsoftware/igv/):
o ) -
S - Fewannotated genes Local genome viewer (visualize local and remote data)
Qpossum - Used for comparative purposes
8 [T
: iw" Galaxy (main.g2.bx.psu.edu):
H o )
I Sikieback Complex data analysis and workflows
St
Lamprey



Example of a genome browser track (UCSC)

Chr5: 133,876,119 — 134,876,119

Workflow

Our specific example:

@HWI-ST1239:178:HOKPNADXX:2:1101:3120:1979 1:N:0:TGACCA
NCT TGCGTAGCCTCCCTGCAGGGTAAGTGGGAGGAGAGAGAGCAGAGGGACTTAGTGGGGCTCCCCAGGG

+
#1=DDFFFHHHHHIJIJJJIJJJJJIJJI?FHIDGIJ=GIHGIIIHGIJIHEHIHHGFFFFEEEDDDDDDDDDDDD

@HWI-ST1239:178:HOKPNADXX:2:1101:3120:1979 2:N:0:TGACCA
NNACCTAGCCATCTGCAGTCCTCGGTCC! CAGAAC CCAGGCCAGGTACCACCTAATCCTT

+
##4<QRRREEEER?RRE?EER???7727 €@22@222222222222222272 >R222222292 @>??7@eee?ee

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move cec | << | < SE ax o 1200M OUt 15+ | 3x | 10x | 00x

zoomin 15«

¢hr17:77,080,957-77,102,556 21,600 bp.

1. Isolation of sample.

e.g., Isolate DNA and shear.

2. Library preparation SO

e.g., Add known sequences to the ends.

3. Sequencing !

e.g., lllumina Novaseq

4. Analysis

e.g., Map to genome and interpret.
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move start Click on a feature for details. Click or drag in the base position track {0 zoom in. Click side bars for track options. Drag side bars o labels up or down (o reorder move end
< 20 tracks. Drag tracks left or right to new position. Press "2" for keyboard shortcuts. < 20

track search | dafault tracks | dofault order | hide all || add custom tracks | | track hubs | | configure | muti-region |  reverse | | resizo | [ rafresh

Using sequencing to annotate the genome

1. Where are the cis-acting regulatory elements in DNA?
A.  DNase | hyper-sensitivity mapping (DNase-Seq).
B. FAIRE to map regulatory elements.

2. Where do transcription factors bind?
C.  ChlIP-seq of transcription factors (or in high res, ChlP-exo)
D. Nucleosome mapping (MNase-Seq).

3. Where are different histone modifications found?
E. ChIP-Seq of histone modifications.
F. ChIP-Seq of chromatin writers, readers and erasers.

4. Where is RNA polymerase transcribing?
G. ChIP-Seq of polymerase.
H. GRO-Seq, NET-Seq and TT-Seq to measure RNA in the polymerase active site..

5. How is the genome organized in 3D?

I. 4C/5C/Hi-C to measure chromatin conformation.

Applications of sequencing technology next week.




Conclusions

- Sequencing technology is central to our
understanding of biology.

« The decrease in cost and increase in throughput
make sequencing data increasingly ubiquitous.

* Sophisticated use of data from genomics requires
an integrated understanding of the biological
experiment, sample preparation and down stream
computational analyses of the data.



