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- Lifetime probability of

Developing cancer Dying of cancer

% Onein % One in
Females 39 2.5 24 4.2
Males 45 2.2 29 3.5

Canadian Cancer Society Statistics, 2008




High Throughput Sequencing

Sequencing human genome

Human genome project:
1990 — 2003

18 Gb data:
~ 6-fold coverage

Cost:
~ S3G

2"d Generation Sequencers:
every week

100 Gb data:
~ 33-fold coverage

e (Cost:

~ $10k
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Why sequence cancer genomes and
transcriptomes?

To identify cancer driver mutations and pathways

To identify targets for development of new therapies

To improve diagnostic precision and prognostic accuracy

— e.g. “breast cancer” describes several diseases

To match patients to treatments

— Optimize treatment modalities based on individual genes and genomes

To understand differences in treatment response
— OQutright failure
— Remission / relapse (treatment resistance)

To manage treatment failure
— Alternative existing therapies



Current NGS Platforms at GSC ®

e 8 GAllx

e 9 HiSeq 2000 ,
« 11 SOLiD 4.0




Sequencing Library Types

Highly versatile platforms
Whole Genome Shotgun

Exome

Amplicon

Targeted capture

ChipP

MeDIP

MRE i
Bisulfite %a»{
FAIRE %ﬁ
Whole transcriptome f;
PolyA RNA
MiRNA

Small RNA

@ SAGE...




Cost of Sequencing Human Genome
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Compute Resources

2008 2009 2010
3.5PB
Storage
700TB
150TB
6000 cores
Cluster
1000 cores
600 cores
72 x 10GbE
Network
2 x 10GbE

0 x 10GbE



Archive Storage

 OnTap 8.0C Cluster
— 12 NetApp 6080 storage heads

 1.2PB of usable storage
* 12GB/s read and 6GB/s write throughput




Cluster Upgrade

e 420 compute nodes

* |Intel Xeon X5650 2.66GHz
(hyperthreaded) Processors

e 2 sockets/node

* 6 cores/socket

e 24 threads / node
e 48GB / node

e #178 in Top 500 Cluster list
www.top500.org

* #19in Top 500 Green Cluster list
www.green500.org



http://www.top500.org/
http://www.green500.org/
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Implications
d ( gende??cion - proccj:zzing )
dt

Operation Models
R,

* Unless bioinformaticians do something about it!




ABYSS

* Assembly by Short Sequences

— de Bruijn graph SE assembly
(a.k.a. k-mer extension)

— followed by PE contig merging and scaffolding

specific sensitive

k K




ABYSS Publications

ABySS: A parallel assembler for short read sequence

data

pred T. Simpson,” Kim Wong, Shaun D. jackman, Jacqueline £ Schein,
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ABySS-Explorer: Visualizing Genome Sequence Assemblies

Cydney B Nistsen Shaun D Jackman, Inang Birot. and Sweven JM. Jones
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Onginal Paper

De novo Transcriptomo Assembly with ABySS

Inang Bm»l . Shaun DJaulmnn (\«Iuc\ Nielsen', Jeany Q Qian’, Richasd Varhol', Greg
1hz}k Ryan D Mo’ \ cagnn Zhao', Mnlm Hirst', quw:lmc E Schem'. Dong E llur\-
', Joseph M Cowmors’, Randy D Gascoyne’, Marco A Marm' and Steven JM Jones'

¥ Clemmmne Sciemces Caztre, 100-570 W Tt Avemw. Varcowrer T V2 456, Cagaily, wuw boges oa

? prritish Colarchin Cancer Agency, 000 Went 19th Avesne. Vancorrver, IC

Asociate Pt v Alex Pivteman

7 ATS, Cannda, waw besmcer e

ARSTRACT

Wk i dea hon
o idrtsaliedl sevokn afer ek tepurhenies b sy Yo
Meetihotc styma of orpanieme. Oee can deduc geRe SERAREON
bevels uatvg seguence CoRETIgY B8 & sunopele, Meeddy cocg
CHanges o aew el wotemes o tassorgas. Epeciely Yo
wcovery of rovel e, o AIve meeeTddy o ParmcactoTes
doaadds
Fesut Traracotrne fore Lrscs Sese of o patwrd weih falale

dem (fackuom o1 al. 200%), bae ¥ 5 an yt dancovessd @ be
Abedls 1 eaperiraeal ety Here, we gesienl & e pobe s
wably pproeck for SatacTptonss salvin g e ANYSS -
senahler ool (Setngeom of al, 2009}, whach Werks on expenesesul
dra xad we dhox that T smeTeating
bokopral ungdes. ABYSS wan developed xeindly fer de seve
Soureeliy of geacraes, With 8 il ersplass o bege panaes,
sl we previonly deseenieavd 16 cguaty bty soesttlayg (e
Mosin groooee g MG 10 4758 shant reads

e © 2010 Nature America. o, Al gt sesarved

De novo assembly and
analysis of RNA-seq data

Gordom Wabertson’, hoqodine Schan', Readiman Chin'
T fisnd Corbett!, Matthew FSehd’, Shuun [ fackinas’,
Karen Mangal’, Sam Loe®, Hisanaga Mark Okada',
Jenny 12 ian®, Matachi Griffith’, Anisoay Ravemesd’,
Nina Thivssen’', Tunothee Corant'4, Yaron S Batterficd'.
Rixfan) Newsome!, Simen K Chan, Romg She,
Riachard Varbed!, Balfjit Kassoh', Anaa-Lisa Prabhy’,
Angeta Tam', Yooglun Zhao', Richard A Moore'.
Mastin Hisst', Maroe A Marra™, Steven | M Jomes',
Pameta A Hoodless™ & lnasc Birol*

W describe Trars-ARYSS, 3 de sows shortouad taencriptome
averlly and indyvs ggeline Dl addorised maron in
Lok al read densities by assambling mad salsitrings with vanyieg
striegencies snd thn mergleg the rewdting contigs befave
anatysTs. Analgzieg 7.4 ggabases ol S0 buse puin paived.
ummi—:munm.ﬂ,m

- known, new ané

BRIEF COMMUNICATIONS

The paratsctens ragatred for an etfectivg daeminly Sopend sn
e Septh of covacage. Foe e Rrugn goagh assembders sach as
ARSI which peacens sach read trtn 2 et of pretlapptey b
At (A oamrn) of bength & buse pulnn (Dg), e mseol eepartae
pararaeten s the kot lergth. Whcke gomenra @etpun amesthly
Ar@uncing Svarion @urng b pooeids o sndlarmn op e rdalion
ol e ooone. 1or these Blenries 1t 18 ressonable s idcotsy aad
vmt with the ssvessbly Uhat cornmpotals Lo an optineal & s In
ol oo LA en shangan Stearies, Jisonie. d
n’ul TrACOpos Uy wadely I eapeoston and hes presest &
wide rangs of sopaence represestations da an swermbier, A sight
A vibar s Meresoce usdibety 0 50680 a0 aptial overal! sssearily
TSupplemmntary Nedw ||

Rucanthy. we spyhed the AlySs sbast-nead ssembiir 10 bursan
ramsriptorme data' Mased on an asemirdy far 3 enghe A valer
12 Shiy peeliettsary snadyel we had Meatifiol suslly sinuctare
Sl Aligrarwrts hat are ComMetr with dlenative Soforme ad
Son angpented Ut ADYES coull b eflective far ramcriptone
Sndyws, Maweves o mdie e mevo wnsesably praciical for umac-
WOING AAN 00T K] W ITAMACIEE (INUCTares. wy aathopated
1hal 1 weedd e tnvessiry e ssaestble 8 difioran L vk o
address variadie tranctipt expresson and saltple expressad b
Sarres. Hese we describe the sesedt of wook 10 ahiress (hese lwaser,
Trame- ARYSN, 3 meethod and ppeting Sor smeenbily aned araldpue of

Carreot mefdnds 7 sapenong kT ipiome seng WS-
srad fochoodogtes (ENA-souy ) prearale milions of dhast sgunce
rads. These sesds e dsseiutod with tramcripe madds afler
appergg the sends b 3 sekerencs prravnee. Gactiatend by extond -

dired dyort 1ead masa TV doa

rum‘vmq‘-hlnlmnmrnnr v T
T2 1 endlen (7 36 ppthaies (C0M)) yasty [0esnd 56 by (Bsrrns
I-gral rvadh tmm 2 L rvary e
abell issie v Paty(A) INA. W (hime thn maodiel sepatn
Decausse 0 Dot & wellannodetod ramonplons sl b conddered
natically ustiorm Wy ssserriiod (he ssuls wilng ARpSS vLE |

Soppd Y Hig 1A Sapypd ry Nowe |
Anambdy performance s & Moooos of § vl




@

Transcriptome Assembly

- e——

Transcript models

Transcriptome assembly is
different from genome
assembly

— varying coverage levels
= varying expression levels

— split assembly paths
= isoforms/splice variants

— small contig sizes
= small product sizes

16



transcript
model

full match

novel
5 UTR

novel short
3'UTR

novel long
3'UTR

alternative
splicing

skipped

exon

novel
exon

retained
intron

novel intron/
deletion

Events

+ chimeric transcripts

17



What Overlap to Choose?
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Multi-k for Varying Expression Levels

e Selection of parameter k depends on read coverage
depth

* Expression levels vary over 5 orders of magnitude
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Assembly Merging
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Multi-k Assembly

We capture a wide range of expression levels

* Gray: all transcripts with a read alignment

* Blue: at least 80% of a transcript in a single contig
* Red: at Ieast 80% of a transcript is reconstructed

1500

1000+

500+

I:,.||H_U1I

Mbr of transcripts
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Trans-ABySS Pipeline

Assemble N
k1 ...kn | l

L= (2-2) L <(2k-2) E;’rt"t‘i’"s’
contigs jnctn contigs L~ (2'?_1)
* Merge * Extend & merge
: Ext'd junction
Main contigs contigs

| AR

- Functional annotation™
Phylogenetic classif'n®

Genom; sequence

Align contigs to genome

VV VYV V¥V

Chimeric
transcripts

InDels SNVs

I I

Annotated genome sequence

Compare to
transcript
models

v

Known, novel events




Nbr of transcripts Mbr of transcripts

Nbr of transcripts
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Transcriptome Assembly

- Trans-ABYySS

Il
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Cufflinks0.8.3 .
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Scripture
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De novo assembly based
on ABYSS

Reference-based
assembly based on
TopHat alignments

[Trapnell et al., 2010;
Guttman et al., 2010;
Trapnell et al., 2009]
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Performance

* Trans-ABySS constructs
— as many transcripts
— with better sensitivity and specificity

0.4 —
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{1-SP) re. reference introns
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Case Study — NBL

* 650 new cases per year in the US

e Most common extracranial solid cancer in
childhood

* Most common cancer in infancy

* A neuroendocrine tumour
(between the hormonal and nervous systems)

* One of the few human malignancies known to
demonstrate spontaneous regression

e Stratified into three risk categories
— low, intermediate, high

@ Lacayo and Davis, 2010



NBL — Cause

e Certain cases run in families
— very rare germline mutation in ALK (Mossé et al. 2008)

* Risk factors proposed
— parental factors

» exposure to chemicals, smoking, alcohol, medicinal drugs during
pregnancy and birth factors (Olshan and Bunin, 2000)

* maternal use of hair dye (McCall et al. 2005; Heck et al. 2009)
* hormones and fertility drugs (Olshan et al. 1999)

— atopy and exposure to infection early in life (Menegaux et
al. 2004)

e Results are inconclusive

@



NBL TARGET Project

 GSC:

— 10 WGSS Tumour 30x

— 10 WGSS Matched Constitutional (blood) 30x

— 10 RNA-seq Tumour 12 Gb raw
* Broad Inst.:

— 100 tumour exome capture sequencing

* NCI:
— ~100 tumour RNA-seq

@



millions  ______..........
of short T

paired-end = ceereeinnns
reads e

alignment
(BWA)

-CNVs

-regions of LOH
-SNVs5, indels
-large aberrations

Analysis

de novo
assembly
ABySS

Genome-Seq

£

> /vblat conigs to genome

-translocations
-gene fusions
-novel splice variants

s -
pre-mRNA //

Exon 4 -SNVs, indels
) o " -gene fusions
4 -gene-level expression
< -exon-level expression
-alternative splicing
mRNA
Short reads

Short read is split by
intron when aligning 4
to reference Genome J

Transcriptome (RNA-Seq)

Olena Morozova
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Analysis Results

PN
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3Mb deletion on chr2 disrupts NBAS

k62:114359(127bp) TARGET:chr2:12564233-12564300,chr2:15546469-15546529 CONTIG:1-68,67-127 +,+ READPAIRS:10 SPAN_READS:12
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Genomic data supports 3Mb deletion
in NBAS

chr2:12,577,750-12,578,200 chr2:15,543,950-15,544,350
h78,286 cl 115 27 D47 2
612 bp d 612 bp
55555555555555555555555555555555555555555555555555555555555555555555555555
| | | | | | | | |

||||||||

Coloured reads bridge the deletion on chr2




Fusion transcript RNF121/TRIM37

involved in developmental
patterning and oncogenesis

k58:388876(3478bp) TARGET:chr17:54401814-54415064,chr11:71317763-71349585 CONTIG:1-3242,3243-3478 +,- READPAIRS:32 SPAN_READS:6
k66:264755(3221bp) TARGET:chr17:54405039-54415064,chr11:71317755-71349585 CONTIG:245-3221,1-244 -,+ READPAIRS:19 SPAN_READS:15
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Genomic data indicates translocation

chrll

chrl7

chr11:71,369,520-71,370,348 chr17:54426,748-54427 576
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Coloured reads are mate pairs that span the translocation breakpoint

Karen Mungall



Genomic breakpoint identified with IGV

Genomic breakpoint chr11:71,370,150

Genomic breakpoint chr17:54,427,320

chr11:71,370,100-71,370,198

-'—:I:I:I:E_:il

chr17:54427,290-54,427 348

S

CTCTATATCTECTCTTTTTLGTTGTTLTITTTTTTT

TATTCTTTLATTTTLGTTGAT GG

REHF121

I | [ I [
p1x4 [IEN pl43 plal pld  pll  pll2 plldl ql21 ql3d a1i4 al pl32 pi3l pl2 pilZ plil qilZ ql2 qlL1  q2131 q21.32
- 98 bp - 57 bp
100 bp 71,370,110 bp 71370,120 bp 71,370,130 bp 71,370,140 bp 71,370,150 bp 71370,
| | | | | | | | | | | | [za0 ve 54,4271300 bp 54,42713 10 bp 54,4271320 bp
------- c
c |G - 66|

=i

C

C GTG ch‘rc\cc CCcTC G}/(':Tc/c/( GTAGEC
L

\/
Truncated reads found in genomic BAM
file cross the translocation breakpoint

Reads bridging the translocation
contain a novel 3bp deletion TTG
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A genome contig across the genomic
breakpoint

=cale 18 bases} ]
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1113, 4 11G15, 4
Gap Locations

Gag “"-
Your Sequence from E1at Zearch
40 7479-21 2453525 T R T
UCEC Genes Based on RefSeq, UniFrot, GenBank, CCDE and Comparat ive Genomics
EHF121 +]
RMHF121 3]
EHF121 +]
EHF121 |+
RMHF121 |3

YYYYY

Consensus COE
CCOsS285, 1) +4]

¥

VWista HMRE-Conserwed Mon-coding Human Enbancetrs from LEHL
Simple Hucleotide Foldmorphisms (disSHF Build 138

Rmmﬁ£1MMMstmmmﬁmr ShaunJachﬂan

Karen Mungall
Blat is unable to align the deletion correctly Richard Corbett

SMF=s (1358}

FEepeatMasker




20Mb deletion creates a LSAMP/STAG1 fusion

k62:215103(135bp) TARGET:chr3:137953726-137953802,chr3:117646434-117646494 CONTIG:1-77,75-135 -,- READPAIRS:9 SPAN_READS:3
k58:66288(133bp) TARGET:chr3:137953726-137953804,chr3:117646438-117646494 CONTIG:1-79,77-133 -,- READPAIRS:9 SPAN_READS:6

Scale 58 bazes| |

chirs: | 1i7e45420| 117645438] 117646440 117646450| 117546450 117646470 117646450 117645400| 117646500 117646510

——— CCTACCTGAGGATGEC TG TG TCCCCCTGCCTCACGE TEGATGT TETCCGT GCCT G TTAAAA TCC ACGE TECEAAC AGGCAG TCCTG TG GG AR GAAGE CAGA GCAA

Chromoszome Bands Localized by FISH Mapping Clones
I 313,31
Gap Locarions
| Gap Y 4
| Your Sedguence from El1at Search
KE2:215183
kSE 56258
LUCEC Genes Based on EefZed, UniFrot, GenBank, CCOE and Comparative Genomics
LEAMF -] L /I AT DI|G @ K V| T I/M OI|T G K MIF D/ = |E Y F LG T F|L L C /L @k
AKS11126 mh (12

Alternative Splicing, Alternative Fromoter and Similar Events in UCSEC Genes
Consensus COE

I
I CoOs2oss, 1 -ales L /I A /T DG @ R VI T I M OI|T G R MIF D/ ¥ = |E Y F LB T P|L L C L Ek
FEefIZeq Genes
I LEAMF -4 b
I YWista HME-Conserwed Mon—coding Human Enhancers from LEML
Zcale 28 bases| i
chirs: 157a53786| 137a53716| 1z7ass72e| 137a535738| 137953748| 137953750 157953760| 137a53778|

— > CCGCCCCCCGCCGCCGTCGCCGCC o CCGCACTCACCTCAGC TG CCCATCC GG GCGCC G CGACCATCGACCTAGTTTECC
Chromosome EBands Localized by FISH Mapping Clones

SeEe ., 3
Gap Locarions
Gap “§
Yo edquence from Blat Search
KEZ: 215163
KES: BEEES
LCEC Genes Based on REefZed, UniFrot, GenBank, CCOES and Comparative Genomics
STAG1 -=] —i’
STAGL -] —t
war-iant protein -] -+ -

war-iant prote in -]
war-iant prote i -]

Alterhative 2plicing, Alternative Fromoter and Zimilar Events in UCEC Genes

Karen Mungall
CRDEHFESEEHGEUGSEHCEDSS Re a d m a n C h | u
Wista HME-Conserwvwed Mon—-codin Humat Enbhancers from LERL
) Shaun Jackman

Jenny Qian

STAGL -k}




Genomic data confirms the deletion affecting

STAG1 and places the

breakpoint upstream of

LSAMP

Z10-118,151,127 chr3:137,885,291-137,885,780
43  p23 p221 p2ldl  pldl p12 q:mmu.z q13.12 q13.33 221 q24 qJ532 6.2 q26.33|| p26d p2d3  p23 pl2l plll  pldl p12.2 qI:EII-I-:-ZIIIZIZEI]Z-ZIZII-Z-ZI“_Z ql3.12 Q1333 Q221 q24 q25.32 ql6.2 q2
417 bp 417 bp
15,150,500 bp 115,150,900 bp 115,151,000 bp ,151,1] §55.300 bp 37,585,400 bp 137,885,500 bp 37,585,600 bp
| | | | | | | | | |
| 4 ! |
] o I
| ! |
! !
I I
I ! |
I —— A
! !
! !
L 3 ! L ] [ I
! !
. ] ! |
! ! L |
I || 11 I
! !
! !
i i
i ] A
i I !
| —— L ] !
! . |
I — A I
! !
! !
! !
! | I
STAGL

chr3:118,150,800-118,151,100

£

chr3:137,885,300-137,885,650

Karen Mungall



Novel exon in MLL3 in 4 libraries

NBLO4 novel_exon k34:952459 uc003wkz.1 MLL3 32,33 10 chr7:151523540-151523587 48 orf:good,3064-3111;DDL...PHG,1046aa,0-3140,3140nt,1.00,1

NBLO7 novel_exon k54:13434+,133042-,297777+ uc003wkz.1 MLL3 32,33 7 chr7:151523540-151523587 48 orf:good,682-729;GWS...RKA,381aa,0-1145,1145nt,1.00,1
NBLO9 novel_exon k42:503365-,722626+,557316+ uc003wkz.1 MLL3 32,33 7 chr7:151523540-151523587 48 orf:good,670-717;EGE...AKL,460aa,1-1383,1382nt,1.00,1
NBL10 novel_exon k38:95065+,154439+,213340- uc003wkz.1 MLL3 32,33 5 chr7:151523540-151523587 48 orf:good,318-365;KRS...MNG,282aa,1-849,848nt,1.00,1

Zcale 28 basesl I

chir7! 1515 8l 151523550 151523568] 151525574| 151525558| 151 =1 15153
L. TTCTTCﬁﬁHTGGHHHHGGTGHGCTCTCHHCCTGGHHHGTGCHTHHHTCHHGHCHTHHGHCC
HE1194 metrged contigs bi1at

K26 3612421 14,5 +}}

H21195 merged contigs blat

k291146452, 2 +<}}
k26:1672359:4.9

Basseeassy |
k26! 14543525:6.6
HE1196 merged contigs blat
MLL3 k3412253172,

5 — . .
KET11209543111.6 4 _ Evidence for novel exon in
HS1197 merged contigs klat \
K34 :1353825U:5.5
3]
5+
8 ]}

k421481307113, o NBLO2 and NBLO5 in
(o4 1552459125, addition to the 4 other

k34105245025,
HE1195 merged contigs bilat . .
K2E 1 145495517, 9 4} : Z libraries
k31:1143564:7.2 K
k271165615715, 5 +df
K31:1891583:6.5
HE1795 merged contigs blat

k35141299415 .9

kS8 458575:6,
KE4:1295398: 18,
KE2:1351373:18,

k41 3019E5:9,

KEBE I 26155615,

H21737 merged main blat
KBS 15185511,
KBS 1&2832111.,
KEG 2228541 14,

27 8-, 188359-112,
KEE 1 453TE3 125,
KS41362176:125,
k42172851 145,

B42—, 297777+ 28,

H21581 merged Contigs bilat

T2 E+, ISII0T+ 1T,
519+, 353585+ 14,
k441592722117,
KS2:i564898: 12,
k46177152115,
k441563977 14,
E26+, SETE16+113,
KEB 35428516,

Some splicing support
seen in R2G file HS1197

HE1583 merged Contigs bilat

k4512967212,
kS21417570:2,
K35 1549497111,
kKS21532191:7,
k44155613919,
439+, 213348-111,

AW bW IO Ao0-] Owoodo b b 0ol
AALAAN LANAAALL ALALALAN AAALA

Chromosome Bands Localized by FISH Mapping Clones
Fo36. 1

TaIc. 1
Gap Locations
Gap
Your Seguence from B1at Fearch
HEL &4

HEL1#®
USEC Genes Based on Reffeq, UniFrot, GenBank, CCDE and Comparat ive Genomics

MLLE <}

MLLS i}
ConSensus COE

CCOS5931, 1«4t
Refieq Gehnes

MLLE <}

YWista HME-Conserwed Mon-coding Human Enhancers from LEML



2 skipped exons in HDACG6 found in 4 libraries

NBLO3 skipped_exon k26:163806-,843903+,1264643+u uc004dks.1 HDAC6 27,28 4,5 chrX:48567276-48567648 orf:1004-1565;FNP...HPH,394aa,379-1563,1184nt,0.76,-1
NBLO6 skipped_exon k44:143578+,708557+,296001+ uc004dks.1 HDAC6 27,28 1,2 chrX:48567276-48567648 orf:0-957;GVG...LSS,114aa,223-567,344nt,0.36,1

NBLO9 skipped_exon k46:145635+,145689-,499421- uc004dks.1 HDAC6 27,28 1,2 chrX:48567276-48567648 orf:0-667;YHE...YKM,91aa,390-665,275nt,0.41,1

NBL10 skipped_exon k40:89073-,724463+,717355+ uc004dks.1 HDAC6 27,28 4,5 chrX:48567276-48567648 orf:1033-1579;FNP...HPH,394aa,393-1577,1184nt,0.75,-1

288 bases| i
4556 7508| 4556 7408| 45567508| 4556 7508| 453567708| 45567500 455E7a08|
Chromosome Bands Localized bd FISH Mapping Clones

Hpll,. 25
Gap Locations

Tour Sedquence from Blat Search

UCEC Genes EBased on Reffed, UniFrot, GenBank, CCODE and Compar-ative Genomics

Scale
chiF | 45567208|
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e

||
HOACE [EININEN

coos143565. 1 DI

T T ey T 1T T I

T L] L

NI NIRRT I

I ILLILIEE T I

TTTTTITINITT110] | RASAMSSSAARER 1 1) 1 (Y11 T TTIN I
Consensuys COE

LTI T T — Rt i

HOACE KT

Fefieqy Genes

rs41512114 |

EepestMasker

Wista HMRE-ConsSerwed Mon-coding Human Enhancers from LEML
Zimple Hucleotide Folumorphisms (dbESHF build 13583

FEepeat ing Elements by REepeatMasker

Evidence seen in R2G BAM file



Split read alignments confirm 2 exon skip in
HDAC6

chrX:48,566,97 2-48,567,952

[ I T T N T N1 -
p2237  p2nz p2212 p2l3  p2ld pllA  pii23 piLil qlld  qi3d q21.1 q21.31 q21.33 @222 q23 63 q25 q260 q263 a27.3 a2
- 981 bp

k5,567,000 bp 45,567,100 bp 48,567,200 bp 45,567,300 bp 45,567,400 bp 45,567,500 bp 48,567,600 bp 45,567,700 bp 48,567,500 bp 45,567,300 bp
| | | | | | | | | | | | | | | | | | | |

NBLO3 7

NBLO6 -

NBLO9S

NBL10O |

HOACE




Alt 3’ splice in JAG2 found in 3 libraries

NBLO6AS3 k38:79305-,499058-,124818- uc001yqgg.1 JAG2 11 11 chr14:104685708-104685787 orf:good,2537-2616;ARA...TPV,635aa,2387-4294,1907nt,0.44
NBLO9AS3 k38:134124+,557643+,995010- uc001yqf.1 JAG2 11 5 chr14:104685708-104685787 orf:good,345-424;VND...TPV,288aa,195-1061,866nt,0.81,-1
NBL10 AS3 k38:876954 uc001yqg.1 JAG2 11 11 chr14:104685708-104685787 orf:good,2538-2617;SFT...TPV,609aa,2388-4217,1829nt,0.43,-1

NBL10 AS3 k46:206806u uc001yqgf.1 JAG2 11 2 chr14:104685708-104685787 orf:good,9-88;PCH...HAS,197aa,0-593,593nt,0.99,-1

Tcale 28 bases| |
chiri4: | 1e4cs5755| ie4esszan| 104685795| 1e4es55c00| 104685505| 1e4cs5sie| 1e4685515| 1e4csssz2e|  1od4ess552S)
———>CGGCCGCGGGTGGCHGGGHTCGGGHHGGCHGTCGTTGGGHTCTGGGGGC
HE1795 merged contigs kilat
KSS: 153947 :9.6 <3} [
B55-, 124515-1 16,3 [+
145-,124515-:1 16,2 [+
HZ1Sa1l merged contigs hlat
K45 FTIASSS 24, 4 [
KE2 364939112, 6 [+
K46 FIRSST 16,6 [
755—,967535—:19. 4+ K1 Z
G435+, 995601 68— 27 . 4 KN {1+
HE1583 merged contigs blat
k351576054 1 15, 4 I i+
KS2: 15653714, & EEIR ; ;
k46 2ee5acu: 5. o KT [+
K35 STRETALT, & [+
KS2:i581649:5. 8 [
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Read support for alternate splice in
JAG?2

ql? qi3dl g2ld  q2l.3 q22.2 q23.2 g2l q2d3 q3l.2 q32i1 Q322 327
35 hp
b 104,655,750 bp 104,655,790 bp 104,655,500 bp 104,655,510 bp

= .

i i

I TAGCAGCGOGCCGLGCLGGCOCTOGTOLGOGCAGGGATCGGG GOCAGTCGTT

JAGZ

Sequence in red aligns at next exon




Alt 3’ splice in CREBBP found in 6 libraries

NBLO1 AS3 k34:671268+,264091+,871201- uc002cvv.1 CREBBP 12 7 chr16:3741728-3741838 orf:good,532-642;STS...LDS,373aa,0-1121,1121nt,1.00,-1
NBLO4AS3 k33:530544+,414942-,999817- uc002cvv.1 CREBBP 12 3 chr16:3741728-3741838 orf:good,89-199;YEF...CGR,95aa,1-288,287nt,0.99,-1
NBLOS5 AS3 k34:256068-,165611-,387773- uc002cvv.1 CREBBP 12 2 chr16:3741728-3741838 orf:good,33-143;PTV...FEK,364aa,2-1096,1094nt,1.00,-1
NBLOS5 AS3 k42:396876 uc002cvv.1 CREBBP 12 11 chr16:3741728-3741838 orf:good,1212-1322;QAE...LMD,671aa,1-2016,2015nt,1.00,1

NBLO6 AS3 k62:99512+,235840+,185139+ uc002cvv.1 CREBBP 12 5 chr16:3741728-3741838 orf:good,264-374;ESS...KFL,293aa,2-883,881nt,1.00,-1
NBLO7 AS3 k40:757985-,722866-,790202+ uc002cvv.1 CREBBP 12 5 chr16:3741728-3741838 orf:good,249-359;KKI...HLE,268aa,0-806,806nt,1.00,1
NBLO9 AS3 k52:241464+,104576+,295260- uc002cvv.1 CREBBP 12 5 chr16:3741728-3741838 orf:good,254-364;NGT...RVN,286aa,1-861,860nt,1.00,-1

Ecale 28 hases| i
chirig: I741798]| F741508| 741518 F741528| 37413530 3741 3741358
—:GAAARCACTTCTCACAGAARATGATACCTGTCAGCAAGARAGGCCATACTTGEGTGAR GTCCATCATAACACALC
Chromosome Band=s Loacalized bd FISH Mapping Clones
1E6p13. 3 1Epis. S

Gap Locatiohs
Gap

ol Eeguence from Blat Search

HZ:119&_2
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EefZeq Gehes

¥ ¥ ¥Y

Vista HME-Conserwed Mon-cooding Human Enhancers from LEHL
Zimple Hucleotide Foldmorphiisms (dbEHF build 158)

SMF= (1358}

Fepeating Elements by REepeatMasker

RepeatMasker

Evidence seen in R2G BAM for alternate splice for NBL10 as well




NBL10

NBLOS

NBLO9

Reads support the novel 3’ splice site in
CREBBBP

h:_:»

pl2.3 pl2l pll.Z  pill qil.? qlZl ql22 q21 2.3 pl2l pll.Z  plll qil.? qlX1 ql22 q21
51 bp 51 bp
3,741,530 bp 3,741,540 bp 3,747,250 bp 3,747,290 bp 3,747,200
| | | | |
-
|
; T i |
: | T TGJ
|

GG CC T CTTGGGTCTGGTCC T

GCTGCTTG

CLCTT

cjc T TTCTG

I

CREEEP

CREEEP
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Neurotfangmitters Hofmohes

Extracellular space

Top druggable pathway
in NBL2

Microtubule
depolymerzation

Nucleus

DNA Damage




Extracellular space

‘ o ) ~ »
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O
Cell cycle
progression

Nucleus

mé@p (<X <

Top druggable pathway
in NBL7 o

Neuroprotection during Proliferation & differentiation of

hypoxiafischemia erythroid progenitor cells



Summary

Sequencing technology is changing rapidly
Enabling new and exciting applications

To reap the benefits, bioinformatics has to catch
up

Assembly of lllumina data yields significant
insights in studying cancer genomes and
transcriptomes

High throughput assembly and analysis is feasible
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