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Molecular 
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ABL1 v-abl Abelson murine leukemia viral oncogene homolog 1 25 9 9q34.1 yes CML, ALL, T-ALL L Dom T, Mis BCR, ETV6, NUP214
ABL2 v-abl Abelson murine leukemia viral oncogene homolog 2 27 1 1q24-q25 yes AML L Dom T ETV6
ACSL3 acyl-CoA synthetase long-chain family member 3 2181 2 2q36 yes prostate E Dom T ETV1
AF15Q14 AF15q14 protein 57082 15 15q14 yes AML L Dom T MLL
AF1Q ALL1-fused gene from chromosome 1q 10962 1 1q21 yes ALL L Dom T MLL
AF3p21 SH3 protein interacting with Nck, 90 kDa (ALL1 fused gene from 3p21)51517 3 3p21 yes ALL L Dom T MLL
AF5q31 ALL1 fused gene from 5q31 27125 5 5q31 yes ALL L Dom T MLL
AKAP9 A kinase (PRKA) anchor protein (yotiao) 9 10142 7 7q21-q22 yes papillary thyroid E Dom T BRAF
AKT1 v-akt murine thymoma viral oncogene homolog 1 207 14 14q32.32 yes breast, colorectal, ovarian, NSCLC E Dom Mis
AKT2 v-akt murine thymoma viral oncogene homolog 2 208 19 19q13.1-q13.2 yes ovarian, pancreatic E Dom A
ALDH2 aldehyde dehydrogenase 2 family (mitochondrial) 217 12 12q24.2 yes leiomyoma M Dom T HMGA2
ALK anaplastic lymphoma kinase (Ki-1) 238 2 2p23 yes yes ALCL, NSCLC, Neuroblastoma neuroblastoma Familial neuroblastomaL, E, M Dom T, Mis, A NPM1, TPM3, TFG, TPM4, ATIC, CLTC, MSN, ALO17, CARS, EML4, KIF5B, C2orf22
ALO17 KIAA1618 protein 57714 17 17q25.3 yes ALCL L Dom T ALK
APC adenomatous polyposis of the colon gene 324 5 5q21 yes yes colorectal, pancreatic, desmoid, hepatoblastoma, glioma, other CNScolorectal, pancreatic, desmoid, hepatoblastoma, glioma, other CNSAdenomatous polyposis coli; Turcot syndromeE, M, O Rec D, Mis, N, F, S
ARHGEF12 RHO guanine nucleotide exchange factor (GEF) 12 (LARG) 23365 11 11q23.3 yes AML L Dom T MLL
ARHH RAS homolog gene family, member H (TTF) 399 4 4p13 yes NHL L Dom T BCL6
ARID1A AT rich interactive domain 1A (SWI-like) 8289 1 1p35.3 yes clear cell ovarian carcinoma, RCC E Rec Mis, N, F, S, D
ARID2 AT rich interactive domain 2 196528 12 12q12 yes hepatocellular carcinoma E Rec N, S, F
ARNT aryl hydrocarbon receptor nuclear translocator 405 1 1q21 yes AML L Dom T ETV6
ASPSCR1 alveolar soft part sarcoma chromosome region, candidate 1 79058 17 17q25 yes alveolar soft part sarcoma M Dom T TFE3
ASXL1 additional sex combs like 1 171023 20 20q11.1 yes MDS, CMML L Rec F, N, Mis
ATF1 activating transcription factor 1 466 12 12q13 yes malignant melanoma of soft parts , angiomatoid fibrous histiocytoma E, M Dom T EWSR1, FUS
ATIC 5-aminoimidazole-4-carboxamide ribonucleotide formyltransferase/IMP cyclohydrolase471 2 2q35 yes ALCL L Dom T ALK
ATM ataxia telangiectasia mutated 472 11 11q22.3 yes yes T-PLL leukemia, lymphoma, medulloblastoma, gliomaAtaxia-telangiectasiaL, O Rec D, Mis, N, F, S

The Cancer Gene Census is a catalogue of genes for which mutations have been causally implicated in cancer. Currently, 
more than 1% of all human genes are implicated via mutation in cancer. Approximately 90% have somatic mutations in cancer, 
20% bear germline mutations that predispose to cancer and 10% show both somatic and germline mutations. 



skin	  

NS	  

ovary	  

lung	  

haematopoie5c_and_lymphoid_5ssue	  

eye	  

central_nervous_system	  

others	  

thyroid	  

large_intes5ne	  
Heists	  et	  al	  Cancer	  Cell	  2012	  

large_intes5ne	  
endometrium	  
urinary_tract	  
ovary	  
skin	  
stomach	  
lung	  
thyroid	  
central_nervous_system	  
upper_aerodiges5ve_tract	  
others	  
breast	  

PIK3CA	  

lung	  
biliary_tract	  
ovary	  
endometrium	  
haematopoie5c_and_lymphoid_5ssue	  
stomach	  
thyroid	  
prostate	  
others	  
large_intes5ne	  
pancreas	  

BRAF	   KRAS	  



G719C	  
G719S	  
G719A	  
V689M	  
N700D	  
E709K/Q	  
S720P	  

rE746-‐A750	  
rE746-‐T751	  
rE746-‐A750	  (ins	  RP)	  
rE746-‐T751(ins	  A/I)	  
rE746-‐T751(ins	  VA)	  
rE746-‐S752	  (ins	  A/V)	  
rL747-‐E749(A750P)	  
rL747-‐A750(ins	  P)	  
rL747-‐T751	  
rL747-‐T751(ins	  P/S)	  
rL747-‐S752	  
rL747-‐752(E746V)	  
rL747-‐752(P753S)	  
rL747-‐S752(ins	  Q)	  
rL747-‐P753	  
rL747-‐P753(ins	  S)	  
rS752-‐1759	  
	  

	  
	  
	  

V765A	  
T783A	  

L858R	  (40-‐45%	  
N826S	  
A839T	  
K846R	  
L861Q	  
G863D	  

(5%)	  

EGFR	  

Exon	  18	  
(nucleo<de-‐biding	  loop)	  

Exon	  19	   Exon	  20	   Exon	  21	  
(ac<va<on	  loop)	  

muta5ons	  associated	  
with	  drug	  resistance	  

EGF	  binding	   EGF	  binding	   Tyrosine	  kinase	   Autophosphoryla5on	  

2	   5	   7	   13	   16	  17	   18-‐21	   22-‐24	   28	  

D761Y	  

T790M	  (50%)*	  
D770_N771(ins	  NPG)	  
D770_N771(ins	  SVQ)	  
D770_N771(ins	  G).N771T	  
V769L	  
S7681	  

(45%)	  

(<1%)	   (40-‐45%)	  

muta5ons	  associated	  
with	  drug	  sensi5vity	  

Sharma,	  2007	  
Nature	  Reviews	  Cancer	  

68
8	  

72
8	  

72
9	  

76
1	  

76
2	  

82
3	  

82
4	  

87
5	  

(<1%)	   (5%)	  





OUTLINE	  

§  Sequencing	  
§  Targe5ng	  	  
§  Analysis	  

§  Alignment	  
§  Refinement	  
§  Variant	  Calling	  

§  Clinical	  Interpreta5on	  and	  Implementa5on	  



Roche	  454	  -‐	  PyroSequencing	  
	  

§  Genomic	  DNA	  is	  frac5onated	  (300-‐800	  bp)	  	  
§  Short	  adaptors	  ligated	  onto	  fragment	  ends	  

§  Adaptors	  -‐	  priming	  sequences	  for	  
amplifica5on	  and	  sequencing	  	  

§  Emulsion	  PCR	  
§  adaptor	  B	  contains	  5'-‐bio5n	  tag	  	  
§  streptavidin-‐coated	  beads	  
§  emulsified	  with	  amplifica5on	  reagents	  	  
§  clonally	  amplified	  DNA	  fragments	  

§  Pyrosequencing	  



Illumina	  Technology	  

§  Library	  Prepara5on	  

§  Clonal	  amplifica5on	  

§  Sequencing	  by	  synthesis	  



Ion	  Torrent	  –	  Semi	  conductor	  seq	  



Complete	  Genomics	  

§  DNA	  Nano-‐ball	  to	  
amplify,	  place	  adapter	  
inserts	  and	  generate	  
self	  assembling	  arrays	  

§  Sequencing	  by	  Liga5on	  
from	  mul5ple	  sites	  

§  $20,000	  per	  genome	  



Pacific	  BioSciences	  

• Single molecule sequencing suffers from poor signal/
noise 
• The Zero Mode Wave (ZMW) guide acts like a filter to 
restrict the fluorescence measurement to the well bottom 



Pacific	  BioSciences	  

	  Real	  5me	  sequencing	  thanks	  to	  
engineered	  DNA	  polymerase	  and	  
cleavable	  fluorophore.	  	  

§  80,000	  to	  300,000	  wells.	  
§  1000	  nt	  read	  length	  
§  Strobe	  sequencing	  possible	  



Oxford	  Nanopore	  

§  Modifed	  αHemolysine	  with	  
inserted	  Cyclodextrine	  

§  Embedded	  in	  a	  lipid	  bilayer	  
§  Flow	  of	  Nucleo5de	  through	  the	  

pore	  modifies	  the	  conductance	  
§  Need	  to	  agach	  the	  Exonuclease	  

to	  the	  pore	  



Overview	  of	  Technologies	  

Roche	  454	   Illumina	  GA	   ABI	  SOLiD	   Complete	  
Genomics	   PacBio	   Nanopore	   Ion	  Torrent	  

Template	   Emulsion	  PCR	   Bridge	  
Amplifica5on	   Emulsion	  PCR	   DNA	  Nano-‐balls	   True	  Single	  

Molecule	  
True	  Single	  
Molecule	   Emulsion	  PCR	  

Chemistry	   Pyrosequencing	   Reversible	  
Terminator	  

Degenerate	  
Probes	  Liga5on	  

Degenerate	  
Probes	  Liga5on	  

Cleavable	  
Fluorophore	   Exonulease	   Polymerase	  

Processivity	   Con5nuous	   Sequen5al	   Sequen5al	   Sequen5al	   Real	  Time	   Real	  Time	   Real	  Time	  

Paralleliza<on	   Micro-‐wells	  

Random	  
Clusters	  (soon	  
Self	  ordered	  

arrays)	  

Random	  Beads	  
deposi5on	  
(soon	  Self	  

ordered	  arrays)	  

Ordered	  ac5ve	  
site	  array	  

Arrays	  of	  
ZMW	  

Array	  of	  lipid	  
bi-‐layers	   nano-‐wells	  

Detec<on	   Luminescence	   Fluorescence	   Fluorescence	   Fluorescence	   Fluorescenc
e	   Electronic	   Electronic	  

Raw	  Output	   Images	   Images	   Images	   Images	   Images	   Traces	   Traces	  



Current	  Instruments	  Comparison	  

Loman et al.  



• Microarray	  data	  
• RNA	  sequencing	  
• Gene/isoform/exon	  
level	  	  
• miRNA	  sequencing	  	  
• DNA	  Methyla5on	  
• Protein	  data	  	  
• CN	  segment	  data	  
• Most	  clinical	  data	  
• Pathology	  data	  



Gene	  Expression	  Subtypes	  

Claudin-low 
Basal-like 

Luminal A and B 
Normal 
Breast 

HER2-enriched 



No	  da	  lo	  mismo…….	  

R
el

ap
se

-fr
ee

 s
ur

vi
va

l 



Significantly	  Mutated	  Genes	  



TCGA	  Significantly	  Mutated	  Genes	  By	  Subtype	  

Basal-‐like	  (n=93)	  
#Gene SNVs Indels FDR	  CT 

TP53 57 20 0.00E+00 
PIK3CA 9 0 3.43E-‐07 
PNPLA3 1 3 2.44E-‐02 
TRIM6-‐
TRIM34 2 3 4.85E-‐02 

RB1 2 3 4.85E-‐02 
ATP2B2 1 4 4.85E-‐02 

Luminal	  A	  (n=225)	  
#Gene SNVs Indels FDR	  CT 

PIK3CA 112 5 0.00E+00 
MAP3K1 19 34 0.00E+00 
GATA3 3 29 0.00E+00 
TP53 25 3 0.00E+00 
CDH1 7 16 0.00E+00 
MAP2K4 11 5 0.00E+00 
RUNX1 6 7 0.00E+00 
FAM157B 0 9 2.13E-‐16 
PTEN 5 4 1.29E-‐11 
MLL3 9 10 1.69E-‐11 
AKT1 8 0 3.21E-‐09 
NCOR1 7 6 6.79E-‐09 
MICA 0 6 1.71E-‐07 
CTCF 8 1 3.02E-‐06 
TBX3 1 5 2.72E-‐05 
CBFB 4 1 2.72E-‐05 
AKAP3 0 6 3.78E-‐05 
SF3B1 7 0 5.27E-‐05 
CCND3 1 3 1.13E-‐03 
TBL1XR1 5 1 1.18E-‐03 
GPS2 1 3 6.05E-‐03 
WNT7A 4 1 7.51E-‐03 
ATN1 2 4 7.83E-‐03 
NEK5 5 0 8.16E-‐03 

Luminal	  B	  (n=126)	  
#Gene SNVs Indels FDR	  CT 

PIK3CA 39 3 0.00E+00 
TP53 29 11 0.00E+00 
GATA3 3 20 0.00E+00 
PTEN 3 4 1.94E-‐07 
MAP3K1 1 7 4.67E-‐07 
TBX3 3 3 1.38E-‐04 
KCNB2 5 2 3.53E-‐03 
CDH1 3 3 6.64E-‐03 
ZFP36L1 2 2 1.71E-‐02 
OR2G3 3 0 4.95E-‐02 
TRIM53 2 0 4.95E-‐02 

HER2-‐enriched	  (n=57)	  
#Gene SNVs Indels FDR	  CT 

TP53 35 7 0.00E+00 
PIK3CA 23 0 0.00E+00 
SRPR 6 0 1.60E-‐03 
PIK3R1 2 2 3.27E-‐02 
ATP1A4 5 0 8.63E-‐02 
ARMCX1 1 2 8.63E-‐02 
ZNF266 3 0 1.95E-‐01 



•  13/13 CA intron deletion 
variants were Luminal A. 

•  8/9 mutations in exon 5 were 
in Luminal B.   

•  7/9 were frame shifts. 





Atlas	  of	  Breast	  Cancer	  



Name	   Method	   Sensi<vity	   #	  loci/gene	  
analyzed	   Technical	  Validity	  

BEAMING	   ~Emulsion	  PCR	   0.01%	   1/1	   par5al	  

LiGAMP	   LM-‐PCR	   0.01%	   1/1	   par5al	  

Pyrosequencing	   454	   5%	   10,000/3	   par5al	  

Whole	  Genome	   Shotgun	  sequencing	   20%	   3E9/20,000	   in	  progress	  

Whole	  Exome	   Shotgun	  sequencing	   20%	   30E6/20,000	   in	  progress	  

OncoMAP	   Mass	  Spec	   20%	   400/33	   CLIA	  

SNaPShot	   Single	  Base	  Extension	   5-‐10%	   40/13	   CLIA	  

Founda5onONE	   Capture+NGS	   10%	   600kb/182	   CLIA	  

UDT-‐Seq	   HT	  Amplicon	  
Sequencing	   1%-‐5%	   157,000/50	   demonstrated	  



§  Permite	  iden5ficar	  simultáneamente	  mutaciones	  en	  todos	  los	  
genes	  de	  interés	  en	  una	  misma	  muestra,	  en	  un	  solo	  análisis	  

§  Alta	  sensibilidad	  (≈1%-‐0.2%)	  
§  Menores	  costos	  	  
§  Detecta	  mutaciones	  noveles	  
§  Detectaría	  mutaciones	  propias	  de	  la	  población	  chilena	  

Solución	  propuesta:	  Ultra	  deep	  targeted	  sequencing	  (UDT-‐seq)	  

Ventajas	  



ABL2	   CTNNA1	   FGFR2	   PDGFRB	   MLH1	   CYP2C9	  

AKT1	   CTNNB1	   GATA3	   PIK3CA	   MSH2	   CYP2D6	  

ALK	   CTNNB1	   JAK1	   PIK3R1	   MSH6	   DPD	  

APC	   EGFR	   JAK2	   PTEN	   PMS2	   TPMT	  

BRAF	   ERBB2	   JAK3	   RARA	   CHK2	   VKORC1	  

BRCA1	   ERBB3	   KRAS	   RB1	   ATM	  

BRCA2	   ERBB4	   MET	   RET	  

CDH1	   FGFR1	   NOTCH1	   TOP1	  

CDKN2A	   FGFR1OP	   PALB2	   TP53	  

Soma5c	   Eligibility	  for	  trial	  

Germline	  and	  Soma5c	   With	  FDA	  inhibitor	  

PKG	  signifiance	  

Reproduc5ve	  significance	  

Panel de genes de interes 



Solución propuesta: Ultra deep tageted sequencing (UDT-seq) 
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:Ion_PrimerA-‐5’+Barcode	  Sequence+Ion_PrimerA-‐3’+fwd	  primer
:IonPrimerB+rev_primer

Primers	  description	  :

Barcode	  deconvolution

Calibration Germline Cancer

Calls	  >1%	  prevalence

Somatic	  mutations

Calibration
Germline

Cancer

3	  PGM	  serial	  runs

Merge	  of	  the	  data

Pooled	  
emulsion	  
PCR

Pooled	  
libraries

Ion	  Torrent	  Sequencing	   Libraries

Merge	  primer	  
and	  template

Targeting	  
microdroplet PCR

Emulsion	  collapse	  
and	  final	  PCR

A:	  Sample	  Preparation B:	  Sample	  Sequencing



Mutaciones	  somá5cas	  



TCGA	  provisional	  data	  (955	  pa5ents)	  
	  



TCGA	  provisional	  data	  (955	  pa5ents)	  
(preliminary	  analysis)	  



Genome	  technologies	  

“Individualized”	  profile	  of	  
cancer	  altera<ons	  

Diagnosis	  and	  prognosis	  for	  
individual	  pa<ents	  

Target	  therapy	  trials	  

Targeted	  agents	  

Cancer	  
genome	  
altera5ons	  

Cancer	  
genome	  
altera5ons	  

Targeted	  agents	  
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Programa de 
Investigación 
Asociativa

Surge en el año 2009 con el objetivo de coordinar 
diversos instrumentos e iniciativas de apoyo a la 
investigación asociativa y a la promoción de centros 
de investigación de excelencia.

Misión
Promover la articulación y asociación entre 
investigadores, junto con su vinculación con otros 
actores nacionales y/o internacionales, fomentando la 
creación y consolidación de grupos y centros 
científicos y tecnológicos.

Líneas de acción
El Programa de Investigación Asociativa dispone de 
tres líneas de acción que entregan apoyo para:

Asociativa fortalece y potencia el trabajo de grupos 
ya estructurados en áreas de investigación de 
excelencia a nivel nacional, contribuyendo así a la 
competitividad y economía de la sociedad chilena.

colaborativo de nuestros científicos

www.conicyt.cl

Programa de Investigación Asociativa
Bernarda Morín Nº 551, 3er Piso, Providencia, 

Consultas: www.conicyt.cl/oirs


