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At the DNA level : At Protein level
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J Missense mutations
U Nonsense mutations
U Frameshift deletion mutations
U Frameshift insertion mutations

U Deletions
U Insertions

Point mutations
No mutation
Silent Nonsense Missense
T7c T ATC TCC TGC
AAG AAA AG AGG ACG
Lys Lys sTOP Arg Thr




TYPES OF MUTATIONS

\
7 Atthe DNA level \ At Protein level In molecular genetics Chromosome mutations
» N ’ O Structural mutations
: | = Deletions
I O Deletions U Missense mutations J Non-neutra « Duplications
Q Insertions ] Nonsense mutations = |nversions
O Frameshift deletion mutations . Insertions_
J Frameshift insertion mutations " Translocations
—— O Numerical mutations
el Silent Nonsense Missense - POIVD|0|dy
—— * Aneuploidy
T7C ™ ATC TCC TGC

AAG AAA AG AGG ACG
Lys Lys sTOP Arg Thr

Substitution Deletion
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> TYPES OF MUTATIONS

O Missense mutations J Non-neutral
U Nonsense mutations

U Frameshift deletion mutations

U Frameshift insertion mutations

Point mutations

No mutation
Silent Nonsense Missense

T7c T ATC TCC TGC
AAG AAA IAG AGG ACG
Lys Lys sTOP Arg The
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At Protein level In molecular genetics Chromosoine mutations

Structural mutation
:
= § Duplications

" |nversions

* |nsertions
* Translocations

Aneuploidy

CNV



MUTATION
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. Mutations affecting
cnggfr? gc;g;ign Mutations disrupting gene regulation
RNA stability or dosage
or
RNA splicing \
Hb Hammersmith — | ) Decreased
(if unstable — decreased amount) amount
1 B e,
B-Thalassemias -~ e+ p-Thalassemias
* Monosomies
’ Increased ¢ Tumor-suppressor
e \ s | LOSS Of protein function | ¢ / amount mutations
Hb Kempsey - (the great majority) —_—
Achondroplasia ~—« Trisomies
N - = J * Charcot-Marie-Tooth
/ 1 Gain of function g disease type 1A
- T
- ~« HPFH
Hb S _| WNovel property = Many oncogenes
= (infrequent) )
Inappropriate
expression
- {wrong time, place)
Ectopic or

heterochronic expression
(uncommon, except in cancer)

-
<
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* SNV (Single Nucleotide Variant): se producira un cambio de un
unico nucledtido
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Terminologia

* SNV (Single Nucleotide Variant): se producira un cambio de un
unico nucleodtido

* MNV (Multi Nucleotide Variant): se producira un cambio de mas
de un nucledtido

* InDel: inserciones o deleciones de nucledtidos de tamano
inferior a las 1000 pb
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Terminologia

* CNA/CNV (Copy Number Alteration/Copy Number Variant):

* Alteracion en el nimero de copias de una region de un gen,
de todo el gen, de genes contiguos y de regiones
cromosomicas

* Incluyen las deleciones (numero de copias inferior a 2,
tamafo superior a 1kb) y las duplicaciones, ganancias,
amplificaciones (numero de copias superior a 2)
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Terminologia

® SV (Structural Variant):

* Variantes que alteran la estructura y orden normal de una o

algunas regiones cromosdmicas, de un brazo de uno o mas
cromosomas

* Incluyen traslocaciones, fusiones, inserciones, inversiones

* Las CNV se incluyen dentro de las variantes estructurales
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Normal Duplication Deletion Insertion Translocation
HETEROZYGOUS

2 copies of each gene Large-scale rearrangements

|
. v

Allelic Imbalance Loss of Heterozygosity

1. Rodgers and McVey. J Cell Physiol. 2016; 231(1): 15-24; 2. Birkbak. Cancer Discov. 2012;2(4):366-375.




Pérdida de heterocigosidad

Germline

Heterozygous

Tumour

Deletion Copy number neutral

LOH

LOH

Variacion respecto al normal
numero de alelos en heterocigosis

* <2: pérdida de una o mas
regiones cromosémicas

e >2: duplicacién de una o mas
regiones cromosémicas

Comporta la transicion desde un
estado de hetorocigosis presente
en la linea germinal hacia un
aparente estado de homocigosis



Fundamentos

® El numero de nucledtidos involucrados en una alteracion, determinara la
herramienta molecular a usar

® Cada herramienta tiene su nivel de resolucion




Resolucion
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Fundamentos

El numero de nucledétidos involucrados en una alteracion, determinara la
herramienta molecular a usar

Cada herramienta tiene su nivel de resolucion
Para una determinada alteracion, podemos usar una o mas herramientas

Cada una de ellas tendra su propia sensibilidad, especificidad y limite de
deteccion

El tipo de muestra de partida tendra un papel fundamental en la eleccion
de la herramienta molecular
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« PCR convencional
Secuenciacion
PCR en tiempo real

 HRM

SNV/InDel



Alteracion Herramienta Observaciones

« PCR convencional - PCR + RFLP
Secuenciacion « 13,113, 112 generacion
SNV/inDel PCR en tiempo real « Sondas diferentes

« HRM  Cribado



Alteracion Herramienta Observaciones

 PCR convencional « PCR + RFLP
Secuenciacion « 13,113, 112 generacion
SNV/InDel PCR en tiempo real « Sondas diferentes
« HRM « Cribado
- ISH
« MLPA
CNV « aCGH
« NGS

« Cariotipo



Alteracion Herramienta Observaciones

 PCR convencional « PCR + RFLP
Secuenciacion « 13,113, 112 generacion

SNV/InDel PCR en tiempo real « Sondas diferentes

« HRM « Cribado

- ISH * FISH, CISH, SISH

« MLPA » Definir regiones

CNV « aCGH « Resolucion
« NGS  DNA

« Cariotipo  Interpretacion
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DNA
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CNV

SV

Herramienta

PCR convencional
Secuenciacion
PCR en tiempo real
HRM

ISH
MLPA
aCGH
NGS
Cariotipo

ISH
NGS
Cariotipo

Observaciones

PCR + RFLP

12, 113, 1112 generacion
Sondas diferentes
Cribado

FISH, CISH, SISH
Definir regiones
Resolucion

DNA
Interpretacion

FISH
DNAY RNA
Interpretacion
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the mutation
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Parental
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Organism

Gametes of
the organism




Ventajas estudios lineas germinal

U
eI
Blood in Whole Blood DMNA Extraction

K2-EDTA Tube Fractionation

* Facilidad de obtencion
* Integridad AA.NN.

* Cantidad/concentracion




\VAVAVAVARS

Germline
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(In Sperm)

Entire organism
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mutation

Half of the

gametes carry
the mutation
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Parental
Gametes

Embryo

Organism

Gametes of
the organism

Somatic
Mutation

Patch of the
affected area

None of the
gametes carry
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Parental
Gametes
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Organism

Gametes of
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Somatic Hypermutation in Germinal Center
B Cells Generate New BCRs

1. B cell activation

Cytokines

Antigen

Toeell = 4 S— Beell (activated)

2. Somatic hypermutation of immunoglobin V regions in rapidly proliferating
germinal center B cells

Low antigen affinity High antigen affinity
Germinal center B cell with low Germinal center B cell with high
affinity mutated surface affinity mutated surface
immunoglobin immunoglobin
4 affinity T affinity
L 4 G

Lower affinity BCR cannot pick up Higher affinity BCR can pick up rare
rare antigens on follicular dendritic antigens on FDCs and present
cells (FDCs). Antigens are not processed antigens to T cells that

presented to Tn cells provide survival signals
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24-27 years old 52-55 years old 72-75 years old
v ey
®

HTP53 WNOTCHT B NOTCH2 BEINOTCH3 [EFAT1 [ ARIDIA [ Otherdriver genes [ Other non-driver genes

Fig. 1 Mutant cell colonization of healthy esophageal epithelium with age. Each panel is a schematic illustration of a representative 1.cm?” area of
normal esophagus from three donors. The younger donor was a moderate smoker and the two older donors were non-smokers. Mutant clones
are shown as circles randomly distributed in space. The number of mutant clones and their sizes are directly inferred from the sequencing data,

! with clone areas being estimated from the fraction of sequencing reads carrying each mutation in each sample (adapted from [3])

J

Somatic mutation and clonal expansions in
human tissues

Inigo Martincorena@
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Back to the Colorectal Cancer Consensus Molecular Subtype

Future
David G. Menter', Jennifer S. Davis?, Bradley M. Broom®, Michael J. Overman', Jefrey
Morris?, and Scott Kopetz'

Alterations

Late
Adenoma

17p LOSS p53

/7" Intermediate \ 18g LOSS DCC

Adenoma

Early
Adenoma

12p Mutation K-RAS

DNA
Hypomethylation

2 Hyperproliferative
Epithelium

5qg Mutation or
familial adenomatous polyposis coli (FAP) loss

Normal
Epithelium
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» Células normales acompanfantes p.e.:
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Problemas deteccidon alteraciones somaticas

“ADN Gen X Nativo”:
» Células tumorales con ADN no

‘ mutado
» Células normales acompanfantes p.e.:

\ m \ = Linfocitos

Tumor = Macrofagos
= Células endoteliales

\ = Fibroblastos

1 Alta variabilidad inter

observador en la estimacion

La muestra podria no del porcentaje tumoral

incluir todas las clonas.




Histopathology

Histopathology 2019, 75, 312-319. DOL: 10.1111/his. 13891

Neoplastic cell percentage estimation in tissue samples for

molecular oncology: recommendations from a modified

Delphi study

Homogeneous
sample
Area for
macrodissection:
60% neoplastic
/ calls
Low Interrnediah -
magnification magnification lerogenaous / )
29 sample Note:
« NCP
* Sample suitable
Areas for or not

macrodissection:
60% neoplastic
calls on average

Mon-neoplastic cell
.' MNeoplastic cell

@ Necrosis
Mucus

Figure 2. Proposed protocol for the determination of the neoplastic cell content. This ligure visually illustrates the proposed protocol for esti-
mating the neoplastic cell percentages (NCP). First, the most cellular area of the tumour has to be selected under low magnification and
artefacts (as exemplilied by Fipure 1) should be avoided. AL high magnilication it should then be checked whether or not the area is homo-
geneous, For homogeneous samples the NCP could be estimated at intermediate magnification, as the percentage of neoplastic cells versus
all cells in the area that will be used for macrodissection. In heterogeneous samples, the estimation is the average of estimates made under
intermediale magnilication in mulliple arcas. Afler delermining the percentage neoplastic cells, the NCP should be noted, and also whether
the sample is suitable for downstream analysis or not
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(=) Sample cellularity and DNA concentration

\
1
1

50 pm —

—— 20-30 pm




@ uymphocyte: 6 um NSCLC: 36 pum

Area = 113 pm? Area = 5,026 ym?
Volume = 904 um? Volume = 2.68x10° um?

2D >~ lymphocytes/NSCLC cell




(=) Sample cellularity and DNA concentration

/

- In50 pm = 2,000 nuclei

- 1 nuclei (Human) = 6 pg DNA
- 2,000 nuclei =12 ng DNA

- DNA eluted in 50 pL

- Total yield < 1 ng/uL



Sensibilidad, Especificidad, LOD




Sensibilidad, Especificidad, LOD




Sensibilidad, Especificidad, LOD

Sensibilidad (equivalente a la tasa de paositivos verdaderos): Proparcién de casos
positivos que estdn bien detectadas por la prueba. La definicion matemdatica es:

Sensibilidad = VP [ (VP + FN)

En nuestro ejemplo, la sensibilidad es de 10/(10+20)=0.33. Significa que 33% de las
personas positivas han sido predichas como positivas.

Especificidad (también llamada Tasa de verdaderos negativos): proporcion de
casos negativos que son bien detectadas por la prueba. La definicidon mateméatica
es:

Especificidad = VN [ (VN + FP)

En nuestro ejemplo, la especificidad es de 60/(60+10)=0.86. Significa que 86% de las
personas negativas han sido predichas como negativas.

Tasa de falsos positivos (FPR): Proporcién de casos negativos que la prueba
detecta como positivos. La definicion matemdatica es :

FPR = FP/(TN+FP)

En nuestro ejemplo, el FPR es de 10/(60+10)=0.14. Significa que 14% de las personas
negativas han sido predichas como positivas.

Tasa de falsos negativos (FNR): Proporcién de casos positivos gue la prueba
detecta como negativo.
La definicion matematica es :

FNR = FN/(TP+FN)

En nuestro ejemplo, la prevalencia es de (20+10)/100=0.3. Significa que en verdad
hay 30% de casos positivos en el grupo.
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Sensibilidad, Especificidad, LOD

El limite de deteccion (LOD, limit of detection), expresado como la cantidad
0 concentracion, proviene de la sefial mas pequefia que puede detectarse
con razonable certeza en un determinado procedimiento analitico (IUPAC).
Sequn esto, se trata de la cantidad asociada a la minima sefial que pueda
atribuirse al analito, es decir, gue sea distinguible de la sefial del blanco de

medida. Esa sefial minima se suele definir como la sefial del blanco mas
tres veces la desviacion estandar del blanco:

Viop =Y5+3s8;

Y, esla sefial correspondiente al limite de deteccion, I, la sefial
promedio del blanco y 5, la desviacion estandar de la sefial del blanco




Sensibilidad, Especificidad, LOD

Tabla 6 Seleccion y realizacion de la técnica molecular mas adecuada

Técnicas disponibles

Sensibilidad (%DNA
mutado)

Caracteristicas

Secuenciacién directa
Método de Sanger
Pirosecuenciacion

PCR cuantitativa en tiempo real
TagMan PCR
Scorpions ARMS

Técnicas de enriquecimiento del alelo mutado
PNA-LMNA PCR clamp

COLD-PCR (CO-amplification at Lower Denaturation
temperature

PCR-RFLP (andlisis de polimorfismos de fragmentos de
restriccién)

dHPLC (Denaturing High-Performance Liquid
Chromatography)

HRM (High Resolution Melting)

Recomendaciones para la determinacion de mutaciones de K-RAS
en cancer de colon

Javier Hernandex-Lesa®, Julian Sanz®, Stefania Landalfi®, Fernanda Loper-Rios<,
José Palacios?, Maria Dolores Bautista®, Eduardo Diaz-Rubio®, Josep Tabernero’,

25
5-10

1-0.1

1-0.1

« Requiere mayor cantidad de DNA mutado para su deteccion.

« Detecta cualguier mutacion.
 Barato.
» Requiere equipamiento especial (pirosecuenciador).

» No hay kit comercial.

» Requiere termociclador de tiempo real.
» Solo detecta mutaciones especificas.
 Kit comercial disponible con las sondas.
» Requiere termociclador de tiempo real.
» Solo detecta mutaciones especificas.

» Se precisan sondas LNA para hacer clamp que no son
comerciales.
» Requiere amplia experiencia en biologia molecular.

» Solo detecta mutaciones especificas

» Requiere amplia experiencia en biologia molecular.
« Se puede asociar con técnicas de secuenciacion y
pirosecuenciacion.

» Solo detecta mutaciones que generan lugar de restriccion.

» Requiere equipamiento especial.
» Precisa experiencia en HPLC.
« Detecta cualquier mutacion.
« Detecta cualquier mutacion.

» Precisa equipamiento especifico.
» Requiere experiencia en biologia molecular.

lesiis Garcia Foncillas' y Santiago Raman y Cajal*
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Tabla 3  Principales metodos empleados para la determinacion de mutaciones de EGFR

Técnica Sensibilidad (% Mutaciones Deteccion precisa de
ADN mutado) identificadas deleciones e inserciones

Secuenciacion directa

Método de Sanger 25 Conocidas y Si
nuevas
Pirosecuenciacion 5-10 Conocidas y Si
nuevas
PCR cuantitativa en tiempo real
TagMan PCR 10 Solo conocidas No
Scorpions ARMS 1 Solo conocidas No
Técnicas de enriguecimiento del alelo mutado
PNA-LNA PCR clamp 1 Solo conocidas No
Digestion con enzimas de restriccion 0,2 Solo conocidas No
Smart 0,1 Solo conocidas No
COLD-PCR 1-10 Conocidas y Si
nuevas
PCR-RFLP 5 Solo conocidas Si
dHPLC 1 Conocidas y Si
nuevas
Inmunohistoquimica Desconocida Solo conocidas Si

Recomendaciones para la determinacion de blomarcadores en el i refractaria a la amplificacion; COLD: coamplificacion a temperaturas de desnaturalizacion mas bajas; dHPLC:

carcinoma de pulmén no microcitico avanzado. Consenso nacional

‘E:p':ﬁf,'fg'::‘(‘,’nii‘?c?:ﬂ; de Anatomia Patoléglca y de la Sociedad natografia liquida de alto rendimiento; EGFR: receptor del factor de crecimiento epidérmico; PCR: reaccion en
isa; PNA-LMA: acido nucleico peptidico-acido nucleico bloqueado; RFLP: polimorfismos de longitud de fragmentos

José Javier Gomez**, Javier de Castro®, Angel Concha*, Enriqueta Felip?,
Dolores Isla*, Fernando Lopez-Rios', Luis Paz-Arest, José Ramirez",
Julian Sanz' y Pilar Garrido”



Sensibilidad, Especificidad, LOD

TABLE 1 | Sensitivity and specificity of the most commonly BRAF diagnostic  me curen siats s moisuer

ing in the BRAF-Mutated

techniques. i
Diagnostic technique Sensitivity% Specificity% LOD%

IHC 93-97 92-98 -

Sanger seqguencing 80-93 100 20-25
Pyrosequencing 95-100 90-100 5-10

Real-time PCR based techniques 93-99.5 98-100 0.5-5

dPCR 100 95 0.001

HRM 87-99 96-99 5.0

MALDI-TOF MS 97.6 100 1-5

NGS 98 100 5




LOD

Reference DNA with Serial dilution of mutant Run test and
known gene X mutation DNA into wild-type DNA* determine LOD*

1 9 Signal?
V- BBE - o
|
Genomic DNA* 1 9
T H+F1= 1%
|
v
i i | 0.1% e

v
Cultured cell lines* 0.01%

XN N

Sutton K, et al. Horizon Diagnostics Application Note. www.horizondiscovery.com (21/02/2014);




LOD

Sustitucion Sustitucion ID

de dacidos de LOD COsMIC*
nucleicos aminodacidos | (unid. %) (V47)
Codon 12 (GGT)

AGT G12S 3,4 563
TGT G12C 2,5 562
CGT G12R 2,4 561
GAT G12D 3,8 564
GTT G12V 8,8 566
GCT G12A 2,5 565




LOD

“ADN Gen X Nativo”:
» Células tumorales con ADN no

‘ mutado
» Células normales acompanfantes p.e.:

= Linfocitos
Tumor = Macrofagos
= Células endoteliales
\ = Fibroblastos ?
1 Alta variabilidad inter -
observador en la estimacion
La muestra podria no del porcentaje tumoral Cantidad

incluir todas las clonas. de células

clonales
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Familial Cancer (2013) 12:27-33
DOI 10.1007/510689-012-9568-9

ORIGINAL ARTICLE

Somatic mosaicism and double somatic hits can lead to MSI
colorectal tumors

Isabelle Sourrouille - Florence Coulet - Jeremic H. Lefevre - Chrystelle Colas - 0Matic mosaicism and double somatic hits can lead to MSI 29
Mélanie Eyries - Magali Svreek - Armelle Bardier-Dupas - Yann Parc -
Florent Soubrier

Table 1 Charactenstcs of the pahients

Patient Gender Age at diagnosis MSI Loss in THC Bethesda Amsterdam Number of detected
staining somatic mutations
| F 39 I MILHI 1 |
2 F o4 | MLHI -
3 M 49 + MLHI — — 1
4 M 62 + MLHI1 — —
5 F 57 | MLHI 1
6 F 24 + MLH1 — — -
7 F 53 + MLHI1 - - 2
8 F 24 + MSH2 + — 1
9 F 3l } MSH2 2
10 F 79 | MSIH2 i 2
11 M 57 + MSH2 — — 1
12 M 62 + MSH2 + + 2
13 M 6l | MSH2 -
14 M 6l + MSH2 — - 2
15 M 6l + MSH2 — — -
16 F 70 + MSH2 + — 1
17 M 46 | MSH2 i 1
18 F 38 + - + — -




Familial Cancer (2013) 12:27-33
DOI 10.1007/510689-012-9568-9

ORIGINAL ARTICLE

Somatic mosaicism and double somatic hits can lead to MSI

colorectal tumors

Isabelle Sourrouille - Florence Coulet - Jeremie H. Lefevre - Chrystelle Colas -
Mélanie Eyries - Magali Svrcek - Armelle Bardier-Dupas - Yann Parc -

Florent Soubrier

Somatic hit no |

Somatic hit no 2

Dhagnosis

Patient no 8
Patient no 9

Paticnt no
Patient no
Patient no
Patient no
Patient no
Patient no

10
11
12
14
16
17

c.942 + 3A=T

c.664del A (p.lle222PheX2)
c.2541delA (p.Lys847fsX44)

c. 1165C=T (p.Arg389X)
¢.2038C=T (p.Arg680X)

c.645 + 1G=A (alternate splicing)
e 1823-1827delGCTTT

Deletion of MSH2 and MSHG

c.1147C=T (p.Arg383X)
Deletion MEH2 and EpCAM
c.942 + 3A>T

c. 1069G=T (p.Glu357X).

Double somatic mutation
Somatic mosaicism

Lynch syndrome

Double somatic mutation




[

Muestra

GermmaI/Somatlco'\

Alteracmn

3

% N2 aIteracmn

Herramienta

i

\ [ Tiempo de respuesta ]

/




")

[ Alteracion

% [ Ne alteracior'

Herramienta

/




Alteraciones gen MET

“MET-dependent solid tumours — melecular diagnosis and targeted therapy” - Mature Reviews 2020
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Alteraciones gen MET

Reordenamientos

5" upstream gene partner MET fusion MET gene

N/ N/ W77\

Known dimerization mechanism

. * CLIP2 *PPFIBP1 [ 1 [ .
= | sank -Dcm eon2 T HOOT—(0) )3
Coiled-coil domain | * TRIM4 *KIF5B SEMA IPT/PSI Juxtamembrane Kinase
= EPS15 *TPR domain domains  domain {exon 14)  domain
*TFG * LRRFIP1
* C8orf34
Alternative dimerization mechanism
5 ] — [« STARD3NL Exon 13 =—f 1} I
* FKSCAN1 .
Juxtamembrane Kinase

domain (exon 14)  domain

Exon 15 —C}— 3

Unknown mechanism

D

+ OXR1 * MYH15 *SLC1AZ Kinase
«CAV1 *ZKSCAN1 ~ =CDH1

*GPRCSC  *WNT2 * CNTNAPS

*PRKARZA  +HLA-DRBI  +PPPIR9A

*DYNC1L  *CAPZA2 *SRPK2

« ZNF277 « FOXN2 * CADPS2

* PTPRZ1 - GTF2I *PCM1

-ST7 » KMTZE - CD47

«TNFRSF18  *ANKRD7

“MET-dependent solid tumours — molecular diagnesis and targeted therapy” - Nature Reviews 2020




Alteraciones gen MET

Mutaciones

b MET exon 14 ubiquitination site mutations

Y1003C, Y1003F,
Y1003N, Y1003S

¢ MET kinase domain mutations

V10921, H10941, H1094L H1094R H1094Y,
N1100Y, H1106D, M1131T, V1155L T11731,
V1188L L1195V, F12001, V12201, D1228H,
D1228N, D1228V, Y1230A Y1230C, Y1230D,
Y1230H, Y1235D, M1211L M12501, M1250T

d MET extracellular domain mutations

E34K H150Y, E168D,
L269V, L299F, $323G,
M362T, N3755, C385Y

“MET-dependent solid tumours — molecuiar diagnosis and targeted therapy” - Nature Reviews 2020



Alteraciones gen MET

Mutaciones
a MET exon 14 splice site alterations Juxtamembrane
Semaphorin domain
domain IPT domain (exon 14) Kinase domain
1 1 I 1T 1
PSI domain
Extracellular Intracellular
Insertion/deletion mutations in
acceptor or donor regions, missense
mutations (R970C, P991S, T992l,
D1010H, D1010N, D1010Y)

“MET-dependent solid tumours — molecular diagnosis and targeted therapy” - Nature Reviews 2020



Alteraciones gen MET

¢ Que metodologia escogemos para
evaluar la presencia o ausencia del
exon-skipping del gen MET?




Exon-skipping

Alternative 5" and 3" end exons Alternative 5" and 3" splice sites

-
== JiE S 3

Mutually exclusive exons Skipped exons
O M- O T
Retained intron

g e o O g

“Exon skipping and inclusion therapies” - Yokoto T. and Maruyama R. - Methods in molecular biclogy 2018




Exon-skipping

Alternative 5" and 3" end exons Alternative 5" and 3" splice sites
—- - —{—- {7 -
/0 || —NT—- - -

Mutually exclusive exons Skipped exons

[

Retained intron

g e o O g

“Exon skipping and inclusion therapies” - Yokoto T. and Maruyama R. - Methods in molecular biclogy 2018




Exon-skipping

Skipped exons

“Exon skipping and inclusion therapies™ - Yokoto T. and Maruyama R. - Methods in molecular biology 2018




= Semaphorine
domain

a MET exon 14 splice site alterations Juxtamembrane

a-chain Semaphorin domain

domain IPT domain (exon 14) Kinase domain
I 1 f 1 I 1

Extracellular Intracellular

PSI domain

Extracellular

Insertion/deletion mutations in
acceptor or donor regions, missense
mutations (R970C, P9915,T9921,
D1010H, D1010N, D1010Y)

Intracellular

Y1349 +—
Y1356 +—

Docking sites




selected targeted therapies

semaphorin domain . . i

PSI domain

IPT domain

juxtamembrane domain

TK domain

multifunctional

docking site
‘ Journal of Thoracic Oncology  Yol, 12 No, 1: 15-26
£ s Targeting MET in Lung Cancer: Will Expectations Q(.....‘
downstream pathway activation Finally Be MET?

Alexander Drilon, MD,** Federico Cappuzzo, MD, PhD,*



Alteraciones gen MET

¢ Que metodologia escogemos para
evaluar la presencia o ausencia del
exon-skipping del gen MET?




Alteracion Herramienta Observaciones

* PCR convencional * PCR + RFLP
* Secuenciacion * 12,112, llI2 generacion
SNV/InDel  PCR en tiempo real * Sondas diferentes
e HRM e Cribado
e |ISH * FISH, CISH, SISH
« MLPA e Definir regiones
CNV  aCGH * Resolucion
e Secuenciacion « DNA
* Cariotipo * Interpretacion
e |ISH * FISH
SV * Secuenciacion  DNAyRNA

* Cariotipo * Interpretacion
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* PCR convencional * PCR + RFLP
* Secuenciacion * 12,112, llI2 generacion
SNV/InDel  PCR en tiempo real * Sondas diferentes
e HRM e Cribado
e |ISH * FISH, CISH, SISH
« MLPA e Definir regiones
CNV  aCGH * Resolucién
e Secuenciacion « DNA
* Cariotipo * Interpretacion
e |ISH * FISH
SV * Secuenciacion  DNAyRNA

* Cariotipo * Interpretacion






DNA primers DNA nucleotides
- - polymerase (dTTPR, dCTP dATP, dGTP)

; : Taq
Step 1.: DNA template strand
denaturing ' )
156-C) Sm
l Step 2:
annealin
two DNA strands g fefti)tlon of IDng
(55 "B 5 o be amplifie

v I 5

new DNA strands

Mw

four DNA strands © Encyclopzedia Britannica, Inc.

repeat cycle
(20-40 times)

(oo 2l) buizisayjuAs :g de;s




ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATA
GCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTC
CGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC
TAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGC
GACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA
GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACA
CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG
CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACCGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGAT
ATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGAACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC
TCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGAC
GTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGC
GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGA
CCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGG
CTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCC
TGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGAC
CTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACAC
ACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGC
CAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACA
CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG
CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACAC
AGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCAC
ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGGACGTAGGGCTCTCGATATAGCTCGCGACACACACAG
ATCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCT
AGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAG
CGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAG
CGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTC
GAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATAT
AGCTCGCGACACACACAGATATTATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCC
TCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACA
CAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACC
TGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTTATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACAC
GTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATAT
AGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGC
ACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGA
CACAGCTCGCACACCGCTCGAGATAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGAC
GTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGAC
ACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTA
GCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGA



ACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATA
GCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTC
CGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGC
TAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGC
GACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACAC
AGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTA
GCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACA
CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG
CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCT AGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACCGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGAT

ATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCRGAACEGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC
TCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATA CGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGAC
GTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGC
GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGA
CCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGG
CTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCC
TGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGAC
CTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACAC
ACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGC
CAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACA
CACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCG
CACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCT
CTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACHLC AGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACAC
AGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGARACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCAC
ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATA CCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGGACGTAGGGCTCTCGATATAGCTCGCGACACACACAG
ATCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCT
AGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAG
CGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAG
CGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTC
GAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATAT
AGCTCGCGACACACACAGATATTATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCC
TCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACA
CAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACC
TGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTTATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACAC
GTGCTAGCTAGCTCCTCTCGACGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATAT
AGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGC
ACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATA ASCGCTCCCTGAAACAGCTCCGA
CACAGCTCGCACACCGCTCGAGATAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACA QrAGCTAGCTCCTCTCGAGAC
GTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGAC AGCTAGCTCCTCTCGACGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGAC
ACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTA
GCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGA




ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGA GCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT, dGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCTGAAACAGCTCCGACACAGCTCGCACACCGCT! CTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC

Region 1

ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTA CTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAL CCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAY ACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACETAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC

Region 2

ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATA CTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC @ CTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGRGAMACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATA

Region 3




ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGA GCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT, §GCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCTGAAACAGCTCCGACACAGCTCGCACACCGCT CTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC

Region 1

ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTA CTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAL CCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAY ACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGCGAGACETAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGC

Region 2

ACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTC
GAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATAT
ATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCT
CGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATA CTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGA
GACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGC @ CTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATAT
AGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGRGAMACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACA
CCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCG
AGACGTAGGGCTCTCGATATAGCTCGCGACACACACAGATATATAGCGCTCCCTGAAACAGCTCCGACACAGCTCGCACACCGCTCGAGACCTGACCTGACACGTGCTAGCTAGCTCCTCTCGAGACGTAGGGCTCTCGATA

Region 3




Electroforesis

La electroforesis se define como el movimiento diferencial por atraccion o repulsién en
un campo eléctrico de iones o moléculas cargados

Estos iones o moléculas se separan por las fuerzas del campo eléctrico aplicado y se
moveran en una matriz sélida (gel de agarosa o de poliacrilamida, otros polimeros)

Habra dos polos cargados, uno positivo y uno negativo
El movimiento de las moléculas se llama migracion

El ADN tiene carga negativa
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Tipos de PCR

Basic PCR

Reverse Transcription PCR (RT-PCR)
Real Time PCR

Nested PCR

Multiplex PCR

Methilation Specific PCR

Otras




PCR + RFLP




Polimorfismo de Longitud de
Fragmentos de Restriccion
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100 “&== amplificado en dos fraggmentos
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Aplicaciones

e Estudio de marcadores microsatélites
e Estudio de inestabilidad de microsatélites
e Estudio paternidad

* Estudio de clonalidad genes IGy TCR
 MLPA
* Expansion de tripletes

* Genotipado de SNPs
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