Sequence Visualization



Tutorials and References

Tutorials:

° IGV [ Griffith Lab Tutorials (https://github.com/griffithlab/rnaseq tutorial/)

° Broad Institute of MIT & Harvard (http://software.broadinstitute.org/software/igv/)

Additional Reading:

nature methods

Review Article = Published: 25 February 2010

Visualizing genomes: techniques and
challenges

Cydney B Nielsen , Michael Cantor, Inna Dubchak, David Gordon & Ting Wang

Nature Methods 7, S5-S15 (2010) =~ Download Citation %


https://github.com/griffithlab/rnaseq_tutorial/
http://software.broadinstitute.org/software/igv/

Sequence Visualization - Motivation

@HD VUN:1.0 SO:coordinate
@sQ SN:chr20 LN:64444167
@PG ID:TopHat VN:2.0.14 CL:/srv/dna_tools/tophat/tophat -N 3 --read-edit-dist 5 --read-rea
lign-edit-dist 2 -i 50 -I 5000 --max-coverage-intron 5000 -M -o out /data/user446/mapping tophat/index/chr
20 /data/user446/mapping_tophat/L6 18 GTGAAA L007 R1 001.fastq
HWI-ST1145:74:C101DACXX:7:1102:4284:73714 16 chr20 190930 3 106M * 0 0
CCGTGTTTAAAGGTGGATGCGGTCACCTTCCCAGCTAGGCTTAGGGATTCTTAGTTGGCCTAGGAAATCCAGCTAGTCCTGTCTCTCAGTCCCCCCTCT
C BBDCCDDCCDDDDCDDDDDDCDCCCDBC?DDDDDDDDDDDDDDDCCDCDDDDDDDDDDCCCCEDDDC?DDDDDDDDDDDDDDDDDDDDDBDHFFFFDCEE@
AS:i:-15 XM:i:3 X0:1:0 XG:i:0 MD:Z:55C20C13A9 NM:i:3 NH:i:2 CC:Z:= C(P:1:55352714 HI:i:0
HWI-ST1145:74:C101DACXX:7:1114:2759:41961 16 chr20 193953 50 106M * 0 0
TGCTGGATCATCTGGTTAGTGGCTTCTGACTCAGAGGACCTTCGTCCCCTGGGGCAGTGGACCTTCCAGTGATTCCCCTGACATAAGGGGCATGGACGA
G DCDDDDEDDDDDDDCDDDDDDDCCCDDDCDDDDDEEC>DFFFEI]IIII6IIIITHGBHHGIIIIIIIIGIIIIIIIIITHIIIIIIHHHHHFFFFFCCC
AS:i:-16 XM:i:3 X0:i:0 XG:i:0 MD:Z:60G16T18T3 NM:i:3 NH:i:1
HWI-ST1145:74:C101DACXX:7:1204:14760:4030 16 chr20 270877 50 106M X 0 0
GGCTTTATTGGTAAAAAAGGAATAGCAGATTTAATCAGAAATTCCCACCTGGCCCAGCAGCACCAACCAGAAAGAAGGGAAGAAGACAGGAAAAAACCA
C DDDDDDDDDCCDDDDDDDDDDEEEEEEEFFFEFFEGHHHHFGDIJIHIJIIJIIJJIIIIIIGGFIIIHIIIIIIIIIIIGHHFAHGFHIHFGGHFFFDD@BB

AS:i:-11 XM:1i:2 X0:1:0 XG:i:0 MD:Z:0A85G13 NM:i:2 NH:i:1
HWI-ST1145:74:C101DACXX:7:1210:11167:8699 0 chr20 271218 50 50M4700N50M s 0
0 GTGGCTCTTCCACAGGAATGTTGAGGATGACATCCATGTCTGGGGTGCACTTGGGTCTCCGAAGCAGAACATCCTCAAATATGACCTCTCG

@ccepted hits.sam

e High-throughput genomics - daunting at first
e Files contains millions of reads - go through each one?

e Our favorite file formats are easy for machines to read, not us



Google Maps Comparison

crades RV

Charles River

e Would google maps be effective if it just
spat out minimally formatted sets of
coordinates?
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Integrative Genomics Viewer

Genomic "address”
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AK-24

Why use a genome browser?

[ chrXiV-edited [ chrXIV-edited:304,396-304,436) Go FF <

304,420

aaaaaaaaaaaaaaa
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2> ¢ Visually confirm phenomena from

seguencing experiments (seeing is
believing)

e |eft: Visualization of a SNP identified in
a lab-evolved strain of yeast

Integration of multiple experiments
on the same coordinate system -
collapsing several files

Communication of key findings from
sequencing experiments



Commonly Used Genome Visualization Tools

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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Human hg 19 v 21 | |chw21:19,107,485-19, 115,407 oo Ft « » @O x 2 | B
= chr1:11,102,837-11,267,747 164,911 bp. lcmcr position, gene symbol, HGVS or search terms ‘ g0
pI3 P12 PpI12 p1LL a1z quu 212 a213 2201 q2212 q222 a223 et (e.22>
[ o Tof s
7,856 bp chr1 | 11,120, 000] 11,130,000| 11,140, 006] 11,150, 000| 11,160, 666| 11,176, 606l 11,1856, 00| 11,196, 6eel| 11,260, 000] 11,216, 000| 11,220, 000] 11,230, 000] 11,249, 000| 11,250, 00|
L ] L ! ] L ! L ! ! L 1 L ! L ! = wion| o GENCODE v29 Comprehensive Transcript Set (only Basic displaved by default)
A UL M 1 MO 1 S S PR A ANGFTLT et Re-z31r
RNUB_537P
- Refseq curated
OIM ATTETic varants
omim Attetes o |
HCC1143.nomal.21.1am-200.b; | | P2 s Gene Expression in S3 tissues from GTEx RNA-seq of 8555 samples (570 donors)
vesse | | \ [[E wor il
w
1 ] 1 I AnoPTLY
I I | | MTOR-AST il Il Lin. n RPL3SFS
| | RHUB-537P RNUB-291P
| | i HKE7AC Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE
HEC1143.nomal 21 1020000 | | 4 1 | CaicsiRaTne
I i | 0 _ Lo
I I | | I TNase T Hupersens it 1v ity Feak Clusters from ENCODE (35 cell tupes)
; i | = | Otase Clusters 1 3 I I T 1] i I | oo
‘ i . | 1 | 1 | | 4,88 _ 168 vertebraty wise Conservation by Phylop
1 ~f|  |eons 100 veres
1 w 1 N T O TS P R WO WU UNBAB 197 100 A U DY R ¥ {1
s
Ensembleigenss Multiz Alignnents of 100 Vertebrates
Genomic Structural Variation (¢
5634055
ALSNPTAT, ] L L B TR O LR TR L L T U AL RU T AR O (MR VR UTI ] i
7 2 2 2707 = 21 147 e Sinple Nucleotide Po hisns (dbSe 151> Folnd in b= 17 of Samples
13713038 SO0 233 5671229 7302 558 305390 i 51200330 B 15 2707 07053003 S =262,/ 3 w0900 6 M 1050100 S R0 1008 21 S8 s G780 38 s RG] conmors P15t 1 IMNIRLIBNIE VDL 0O MO0 0000000000 SO 000 0000 000100000 000000000000 0000 O DR o

Integrative Genomics Viewer UCSC Genome Browser
http://software.broadinstitute.org/software/igv/ https://genome.ucsc.edu



Goals for this Lecture

Visualize a variety of genomic data
Quickly navigate around the genome

Learn how to be able to visualize your own read
alignments

Learn how to recognize SNPs and structural
rearrangements



Integrative Genomics
Viewer (IGV)



Human hg19
S. cerevisiae (sacCer3)

| scaffolds.fasta

More...

IGV: Introduction to Usage

All | T

IGV

Gol Bt « » & MO = 2 |
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™ +Drop down meny e "

X-edited Xll-edited
Vlll-edited Xl-edited

| | | | |

Xlll-edited

XIV-edited XVl-edited

XV-edited
| | |

1R |

3l

to-select genome

o]

|[188M of 1,516M

Download software from:
http://software.broadinstitute.or
a/software/igv/download

Open up the application

Choose genome (e.g. Hg38,
Mm10, or a custom genome)


http://software.broadinstitute.org/software/igv/download
http://software.broadinstitute.org/software/igv/download

IGV: Introduction to Usage

- AK-24 chrl-edited ‘chrl-edited:116,569—117,128 Go

®«ro@ =@ I Hnnmly - pownload software from:
I http://software.broadinstitute.or
a/software/igv/download

Open up the application

AK-1.bam Coverage

Choose genome (e.g. Hg38,
Mm10, or a custom genome)

Load alignment file(s)

Visualize alignments:
Coverage plot shows
distribution of alignment

Each elongated pentagon is a
read

Colored lines = differences
from reference

o A E— Reference sequence, amino
acid sequences, and gene



http://software.broadinstitute.org/software/igv/download
http://software.broadinstitute.org/software/igv/download

reference: AZ

readi; AL
read2: AL

read4: AL

read>s; AL

SNPs

- CACGG

CTACGC
CTACGC

CTACGC

CTACG(

N\

CGGACTTTA

LGGACTTTA
[GGACTTTA

LGGACTTGA

LGGACTT|GA

NN\

INsertion DELetion SNP

samtools mpileup -u -v -r
chr22:29268316-29300343 -d 150 -f
../06/ref/chr22.fa

NA12878 phased chr22.bam >
NA12878 chr22 samtools EWSRI1.vcft

gatk HaplotypeCaller \
-L chr22:29268316-29300343 \
-R ../06/ref/chr22.fa \
-I NA12878 phased chr22.bam \
-0 NA12878 chr22 gatk EWSRl.vcf.gz

-ERC GVCF # BP RESOLUTION

12




IGV: Visualize SNPs Identified From Variant Calling

How do we go from a set of labelled coordinates to a human-centered visual summary?

(e.g. a VCF file)

NODE_961_length_155_cov_2566.05_ID_185286 111 G i 89.32 AC=4;AF=0.500;AN=8;Bas
eQRankSum=-2.590; ClippingRankSum=0.000;DP=1643; ExcessHet—Q 4201;FS=46.557 ;MLEAC=4 ;MLEAF=0.500;MQ=43 . 99 ;MQRankSum=1.. 564
;QD=2.98; ReadPosRankSum=-1.720; SOR=5.131 GT:AD:DP:GQ:PL

0/1:5,5:10:91:91,0,142 ©/1:7,2:9:2:2,0,239

0/1:3,3:6:21:21,0,79 0/1:3,2:5:5:5,0,107

NODE_961_ 1ength 155_cov_2566.05_ID_185286 123 A 13.61 . AC=1;AF=0.125;AN=8;Bas
eQRankSum=-0.138; ClippingRankSum=0.000;DP=1375; ExcessHet 3.0103; FS=26.107 ;MLEAC=1;MLEAF=0.125;MQ=43 .46 ;MQRankSum=1.084
;QD=1.70;ReadPosRankSum=-0.220; SOR=3.585 GT:AD:DP:GQ:PL

0/1:4,4:8:43:43,0,130 0/0:6,0:6:18:0,18,16
7 0/0:2,0:2:6:0,6,86 0/0:3,1:4:2:0,2,94
AC=3;AF=0.375;AN=8;Bas

NODE_962_ 1ength 155_cov_197.282_ID_185102 75 A T 97.92 .
eQRankSum=-0.773; ClippingRankSum=0.000;DP=164 ; ExcessHet=! 5 4407 ;FS=1.636 ;MLEAC=3 ;MLEAF=0.375;MQ=45. 75 ;MQRankSum=-1.367;
QD=2.13;ReadPosRankSum=2 . 644 ; SOR=0.399 GT:AD:DP:GQ:PL

0/0:9,0:9:27:0,27,427 0/1:8,2:10:60:60,0,3
43 0/1:17,2:19:33:33,0,728 0/1:15,2:17:39:39,0,647
NODE_962_length_155_cov_197.282_ID_185102 78 . A 97.93 . AC=3;AF=0.375;AN=8;Bas
eQRankSum=-0.474; ClippingRankSum=0.000;DP=164; ExcessHet=5.4407;FS=1.653;MLEAC=3 ;MLEAF=0.375;MQ=45. 75 ;MQRankSum=-1.605;
QD=2.13;ReadPosRankSum=2.882; SOR=0.389 GT:AD:DP:GQ:PL

0/0:9,0:9:27:0,27,427 0/1:8,2:10:60:60,0,2
94 0/1:17,2:19:33:33,0,728 0/1:15,2:17:39:39,0,647
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IGV: Visualize SNPs Identified From Variant Calling

| AK-24 | chrXIV-edited chrXIV-edited:304,387-304,445 ‘Go

B <«r@@O = g 40 ) oad tracks (.BAM files,
1 \VCF files, etc.). Here:
Alignment file for 1 sample

304,390 bp 304,400 bp 304,410 bp
|

304,420 bp 304,430 bp 304,440 bp
| | | | |

Zoom into locus of interest.

Here: chrXIV of our custom
genome

Set visualization
parameters (colors,
shading, etc.). Here:
paired-end reads colored
by forward (red) or reverse
(blue) read

AK-1.bam

Use annotation (.GTF file)
to identify which gene SNP
oo YNL177C |S |n

SNP




IGV: A Homopolymer Run

- -

e A long stretch
consisting of
a single base

111111111111111111111111111

e You wantto
be looking at
the sequence

here (all
those Ts)
e Difficult to
eeeeeeee - C: G C C C G G 5 T A A T il T T i T: i T T i T T T T T T G map against,
R | === . = | | particularly at

ends of reads




IGV: Coverage by GC percent
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| ' | 1A from
| experiment to
experiment




IGV: Low Mapping Quality
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multiple versions in

the genome

e Referred to as “low
nnnnnnnn mapping quality”
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IGV: Homozygous Deletion
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span the deletion
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reference
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“insert” of ~3kb

e Look at the sizes
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fragments



Automating Tasks

e |GV has its own set of common commands that it recognizes

e You can load a bunch of tracks for example using successive
“load” commands in a script file

e The commands can be harnessed to do cool things (like sweep
through a bed file and create snapshots of all the regions):

2 , bedTolgv
David Jenkins

After creating the BED file, the bedtools igv ( bedToIgv ) tool can be used to convert the bed file into an IGV batch script. At
a minimum, you should supply a BED file to bedToIgv, but you may want to specify an output directory (-path), how to sort
the screenshot (-sort), or how much padding to add to the records (-slop).

Usage:

Tool: bedtools igv (aka bedToIgv)
Version: v2.21.0
Summary: Creates a batch script to create IGV images
at each interval defined in a BED/GFF/VCF file.

Usage: bedtools igv [OPTIONS] -i <bed/gff/vcf>



UCSC genome browser



Selecting which species to browse
SHNIHBHUZ m Genome Browser Gateway

ﬁ Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us
Browse/Select Species Find Position
POPULAR SPECIES Human Assembly
GO
’“’““ Mouse Fruitfly Position/Search Term ->
‘Enter species or common name 1Enter position, gene symbol or search terms ‘

Current position: chr1:11,461-11,718 7
REPRESENTED SPECIES

e I
D. grimshawi
UCSC Genome Browser assembly ID: hg38
A.gambiae dl Sequencing/Assembly provider ID: Genome Reference
Consortium Human GRCh38 (GCA_000001405.15)
A mellifera Assembly date: Dec. 2013
Accession ID: GCA_000001405.15
C.elegans - NCBI Genome ID: 51 (Homo sapiens (human))
C.brenneri 4 NCBI Assembly ID: 883148 (GRCh38, GCA_000001405.15)
C.briggsas - BioProject ID: 31257
C.japonica 4 Homo sapiens
C.remanei (Graphic courtesy of CBSE)

e A wide variety of species/references are available



UCSC genome browser interface

Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly

move | <<< | << | < | > | >> | >>> |Zoomin| 1.5x | 3x | 10x | base |zoom out| 1.5x | 3x | 10x | 100x |

chr1:11,461-11,718 258 bp. ‘ enter position, gene symbol, HGVS or search terms ’ 9o |

chrl (36,33 NN I B B W § ;, DETWERCENY N B BN

Scale 188 hases}| | hg3s
chri: 11,508| 11,558| 11,608| 11,658| 11,7608|
GENCODE w24 Comprehensive Transcript Set (only Basic displaded by default)
RefSeq gene predictions from NCEI
RefSeq Curated
OMIM Allelic Variants
OMIM Alleles

1

Gene Expression in 53 tissues from GTEX RNA-seq of 3555 samples (S76 donors)
188 _ H3K27AC Mark (Often Found Near Regulatory Elements) on 7 cell lines from ENCODE

Layered H3K27AC
a

DNase I Hypersensitivity FPeak Clusters from ENCODE (95 cell tupes)

(g

DNase Clusters
4.88 _ 188 vertebrates Basewise Conservation by FhuloP

L e R S l___'q_l__‘—rl_l_.b__'___l___I_'__l.___.1|T.F._-1U_L_J1q1_-r‘-._,J_u__H__q_L"LL-._#_J-;T‘_,,,_l o] rr

Cons 188 UEPCSG

-4.,5
MUItiz Alignments of 188 Vertebrates
Rhesus
Mouse
o hDog 1 1NN EEEID NI END DN NN NN NN NN NN BN N 1) DI N NI B N N
ephan
Chicken
K_tropicalis
Zebraf ish
_ Lamprey
Simple Nucleotide Foludmorphisms (dbSNF 158) Found in >= 1Z of Samples
_| Common SNPs(158)
Repeating Elements by RepeatMasker
SINE
LINE
LTR
DNA
Simple
Low Complexity
Satellite
RNA
Other
Unknown

move start Click on a feature for details. Click or drag in the base position track to zoom in. Click side bars for track move end
< o i options. Drag side bars or labels up or down to reorder tracks. Drag tracks left or right to new position. Press < [0 S
=i —— "?" for kevboard shortcuts. == =



Where UCSC beats IGV

| track search || default tracks || default order || hide all || add custom tracks || track hubs || configure || multi-region | | reverse | | resize || refresh |

Use drop-down controls below and press refresh to alter tracks displayed.
Tracks with lots of items will automatically be displayed in more compact modes.

Mapping and Sequencing refresh

| collapse all | expand all

Genes and Gene Predictions refresh

[+ | Phenotype and Literature
[+ ] mRNA and EST
[+ | Expression
[+ Regulation
[+ | Comparative Genomics
[ - | Variation
Common SNPs(150) Common SNPs(147) Common SNPs(146) Common SNPs(144) Common SNPs(142) Common SNPs(141)
dense ¥ hide v hide v hide v hide v hide v

All SNPs(150) All SNPs(147) All SNPs(146) All SNPs(144) All SNPs(142) All SNPs(141)

hide v hide v hide v hide v hide v hide v

Flagged SNPs(150) Flagged SNPs(147) Flagged SNPs(146) Flagged SNPs(144) Flagged SNPs(142) Flagged SNPs(141)
hide v hide v hide v hide v hide v hide v

Mult. SNPs(150) Mult SNPs(147) Mult SNPs(146) Mult. SNPs(144) Mult SNPs(142) Mult. SNPs(141)

hide v hide v hide v hide v hide v hide v

DGV Struct Var

hide v

[ + Repeats refresh |




Options for viewing your own data

) Genomes Genome Browser Tools Mirrors Downloads My Data Help About Us

Add Custom Tracks

clade | Mammal v| genome | Human v | assembly| Dec. 2013 (GRCh38/hg38) ¥

Display your own data as custom annotation tracks in the browser. Data must be formatted in bigBed, bigChain, bigGenePred, bigMaf, bigPsl, bigWig,
barChart, bigBarChart, BAM, VCF, BED, BED detail, bedGraph, broadPeak, CRAM, GFE, GTE, MAF, narrowPeak, Personal Genome SNP, PSL, or
WIG formats. To configure the display, set track and browser line attributes as described in the User's Guide. Data in the bigBed, bigWig, bigGenePred,
BAM and VCF formats can be provided via only a URL or embedded in a track line in the box below. Examples are here. If you do not have web-
accessible data storage available, please see the Hosting section of the Track Hub Help documentation.

Please note a much more efficient way to load data is to use Track Hubs, which are loaded from the Track Hubs Portal found in the menu under My
Data.

Paste URLs or data: Or upload: | Choose File | No file chosen | Submit |

| Clear |

Online:

e Individual tracks can be loaded e Paste link to a track or track hub
using the “add custom tracks” hosted elsewhere
option (not recommended)



Options for viewing your own data

[ genomes b dl [ trackDb e £ =] hub ¢t EBII

1 hub THP1_TF hub LO Ca | :

shortLabel THP-1 TF hub
longLabel Transcription facter binding sites in THP-1 cells

sencnestise gensues. o e Version of the UCSC

e genome browser can be
[=] genomes bt BlEtmcka.bd dlEhUb.bd dl downloaded (VlrtualBOX
genome hgl$ + GB'B)

trackDb hgl8/trackDb.txt

w N -

e Supports viewing custom

[SlcEnbiiesbi £ S rmckDb e _E3 | EAUBEA L] tracks, local track hub
1 track PU1_BR1l bw . .
2 bigDataUrl NM-L1_S1_L001 R1 001 filt_sorted.bw confi gu rations
3 shortlabel PU.1 (repl. 1) o . .
; i;gngl;;linU.l read coverage for bioclig ¥ pl te 1 P I_eft: Text flles that
| E—— configure a local track

hub



Other Fun Things from UCSC

Dog genome

Sep. 2011 (Broad CanFam3.1/canFam3)

m Full data set
E Annotation database
m LiftOver files

m Pairwise alignments

BLAT Search Genome

Genome:  Search ALL Assembly: Query type: Sort output:  Output type:
Mouse & July 2007 (NCBI37/mm9)  [&) (BLAT's guess 4] ((query,score 4] (hyperlink 3)
2
submit I'm feeling lucky clear

Paste in a query sequence to find its location in the the genome. Multiple sequences may be
searched if separated by lines starting with ">' followed by the sequence name.



IGV vs.

IGV
Java application
Run on your local computer
Data stored locally
Handles all major file types

Must load most tracks
manually

UCSC

UCSC
Run in web browser
Hosted on the web
Data stored on the web
Handles all major file types

Vast number of preloaded
track types



Honorable Mention: JBrowse

Javascript-based
genome browser
software

Open source
Highly extensible,
customizeable
Must be hosted
on a web server
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Other Genome Visualization Tools
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Circos
http://circos.ca/software/
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MizBee
(A Multiscale Synteny Browser)
http://www.cs.utah.edu/~miriah/mizbee/Overview.html



