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Nothing is simple in oncology
Nothing but this
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Deep phenotyping N Multi-layer “Omics’
= 3 based profiling

Classic symptom N
= approach -> based classification

Stratification "\
approaches :

Examples of Deep immune g
status phenotyping: [l

* Multichannel FACS I e Genomics
 Mass Cytometry © e Transcriptomics

techniques
needed

1 Classical clinical :
medicine: .

« Patient history

Blood count « TCRBCR repertoires * « Proteomics
* e Clinical chemistry e Multiplexserum cytokine  © « Metabolomics
i g Fatobisagy © measurement © e Epigenomics
. I Imagestream analysis ©« Microbiomics
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Therapeutic
approaches :
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3 Multi-layer :
“Omics’: :
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ot (eutrophila) selected cell markers : i eee :
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sc‘Omics' and * Integrated

Cell type
specific ‘Omics’ -> dynamic analysis network analysis

FACS-based or Finer FACS-based Single cell (s¢)
magnetic beads- : el oting followc i ‘Omics’ and dynamic
based cell sorting : by ‘Om : measurement:

followed by ‘Omics': [l

i Integrated
: network analysis:

I e Scdroplet-Seq * Unsupenvised classification

er sc-'Omics’ : or supervised machine
« Longitudinal © leaming (SVM, KN,
measurements 5 Bayesian, etc)
« Signaling dynamic e DEGanalysis
responses of patients’ ©« Differential network

immune cells tostresses - analysis
© '+ PEEP analysis
e SSNanalysis
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© Intracellular networks of the
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Signaling response
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Project Country Scope Population Period URL

size

Human Genome International Genome 4 1990—2004  http://web.ornl.gov/sci/techresources/Human_

Project—Read Genome/index.shtml

DeCODE Genetics Iceland Variants, anthropology, 160 000  1996—present https://www.decode.is/

inherited diseases
Cancer Genome Project United Cancer — 2000—present http://www.sanger.ac.uk/science/groups/
Kingdom cancer-genome-project

SardiNIA Project International Variants, disease and 6700 2001—2015? https:/sardinia.irp.nia.nih.gov/index.html

age-related

10K Genomes Project  United States,  Autism 10000  2001—present https://www.autismspeaks.org/site-wide/

(autism) China autism-10k-genome-project

Estonian Genome Estonia Precision medicine - 2001—present? http://www.genomics.ee/genome/index.html

Project

International HapMap  International Variants, precision medicine 1184 2002—2016  https://www.ncbi.nim.nih.gov/variation/news/

Project NCBI_retiring_HapMap/

African Genome International Variants, precision medicine, — 2003—2015  http//www.africagenome.co.za/

Initiative anthropology

Autism Genome Project International Autism >1200  2004—present https://www.autismspeaks.org/science/

(AGP) initiatives/autism-genome-project

The Cancer Genome United States  Cancer >11 000 2005—2017  https://cancergenome.nih.gov/

Atlas (TCGA)

The Genographic International Anthropology 275000  2005—present https://genographic.nationalgeographic.com/

Project

Alzheimer's Genome United States  Alzheimer's Disease 1510 2005—present http://curealz.org/projects/alzheimer%E2%

Project 80%99s-genome-project%E2%84%A2

Personal Genomes International Precision medicine 100000 2005—present http://www.personalgenomes.org/

Project

Neanderthal genome  Germany, Anthropology 5 2006—2013  http://www.eva.mpg.de/neandertal/index.html

project United States

Human Variome Project International Variants, precision medicine — 2006—present http://www.humanvariomeproject.org/

(HVP)

Epilepsy Phenome/ International Epilepsy 4000 2006—present? http://www.epgp.org/

Genome Project (EPGP)

Geisinger MyCode United States  Precision medicine 134379  2007—present http://www.geisinger.org/for-researchers/
partnering-with-patients/pages/mycode-
health-initiative.html

Human Heredity & International Genetic variability in >10000 2007—present? http://h3africa.org/

Health in Africa infectious diseases,

(H3Africa) genetic diseases

1000 Genomes Project International Variants 2504 2008—2015  http://www.internationalgenome.org/

Human Microbiome United States ~ Metagenomics 300 2008—present http://hmpdacc.org/

Project (HMP)

Chronic Lymphocytic ~ Spain Cancer 500 2009—2014  http://www.cligenome.es/

Leukemia Genome

Project

Roadmap Epigenomics United States Methylation patterns AN 2009—2015?  http://www.roadmapepigenomics.org/

Project

GONL: Genome Of The Netherlands Variants 769 2009—present http://www.nlgenome.nl/
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Project Country Scope Population Period URL
size
UK10K United Rare variants 10 000 2010—2013  http://www.uk10k.org/
Kingdom
Southern African South Africa Variants — 2011—2014  http://sahgp.sanbi.ac.za/
Human Genome
Project
Pediatric Cancer United States  Cancer 658 2011—present https://www.stjude.org/research/pediatric-
Genome Project cancer-genome-project.html
The Iranian Genome Iran Variants, precision medicine 77 2011—present https://irangenes.com/
Project
Deciphering United Developmental disorders 33000 2011—present https://www.ddduk.org/
Developmental Kingdom
Disorders (DDD)
International Rare International Rare diseases — 2011—present http://www.irdirc.org/
Diseases Research
Consortium
Finding Of Rare Disease Canada Rare diseases —+ 2011?—present http://www.genomebc.ca/research-programs/
Genes In Canada projects/health/finding-of-rare-disease-genes-
(FORGE CANADA) in-canada-forge-canada/
Belgian Medical Belgium Variants, precision medicine —_ 2012—2017  https://www.belspo.be/belspo/fedra/proj.asp?
Genomics Initiative |=en&COD =P7%2F43
100K Genomes Project United Rare diseases, cancer 70000  2012—present https://www.genomicsengland.co.uk/the-
Kingdom 100000-genomes-project/
Alzheimer's Disease United States  Alzheimer's Disease 11491 2012—present https://www.niagads.org/adsp/content/home
Sequencing Project
Human Longevity Inc.  United States  Variants 10 545 2013—present http://www.humanlongevity.com/
Project MinE International Amyotrophic Lateral 15000 2013?—present https://www.projectmine.com/
Sclerosis (ALS)
The Cognomics Project Netherlands Genetics and brain function 10000  2013?—present http://www.cognomics.nl/
Utah Genome Project  United States  Variants, precision medicine — 2013?—present http://healthsciences.utah.edu/utah-genome-
project/
MSSNG United States  Autism >10000 2014—present https://www.mss.ng/
The Precision Medicine United States  Variants, precision medicine 1000000 2015—present https://obamawhitehouse.archives.gov/
Initiative (PMI) precision-medicine
Genome Russia Project Russia Variants, precision medicine, 2980 2015—present http://genomerussia.spbu.ru/
anthropology
Human Genome United States  Artificial synthesis of 0 2016—2026  http://science.sciencemag.org/content/early/
Project—Write genome 2016/06/01/science.aaf6850/tab-pdf

Astra-Zeneca 2 million
Genomes

Epi25 Project

Proyecto Genoma
Navarra (NAGEN)

The Danish Reference
Genome Project

The Norwegian 1000
Genomes Project

United States,
United
Kingdom,
Finland
International

Spain

Denmark

Norway

Variants, precision medicine 2 000 000

Epilepsy 25
Rare diseases and cancer —
Variants, precision medicine, 150
anthropology

Variants, precision medicine 1000

2016—present

2016—present

2016—present

2017

2017

https://www.astrazeneca.com/Harnessing-the-
code-of-life-to-develop-new-treatments.html

http://epi25.org/

http://www.navarrabiomed.es/en/
presentation/navarrabiomed

http://www.genomedenmark.dk/english/
about/referencegenome/

http://kreftgenomikk.no/en/1000genomes/

www.PersonalizedMedicineJournal.com
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Project Country Scope Population Period URL
size

Swedish Genomes Sweden Variants, precision medicine 1000 2017 https://www.scilifelab.se/research/national-
Program projects/swedish-genomes-program/
Singapore Genome Singapore Variants 292 Finished http://www.statgen.nus.edu.sg/ ~ SGVP/
Variation Project default.html
Singapore Sequencing Singapore Variants 100 Finished? http://www.statgen.nus.edu.sg/ ~ SSMP/
Malay
Melanoma Genome Australia Melanoma 500 Ongoing https://www.melanoma.org.au/research/
Project current-projects/melanoma-genome-project/
GCAT Genomes for life Spain Cancer, diabetes, 50 000 Ongoing http://www.gcatbiobank.org/qui-som/en_

cardiovascular disease index/

respiratory disease and

others
4D Genome Project Spain 3D genome structure =— Ongoing http://www.crg.eu/en/content/research/

4dgenome-erc-synergy-project

RD-connect International Rare diseases databases — Ongoing http://rd-connect.eu/

platform
Metastatic Breast United States Metastatic breast cancer e Ongoing https://www.mbcproject.org/
Cancer Project
Human Cell Atlas International Health and disease — Ongoing https://www.humancellatlas.org/
Project
Centers for Mendelian  United States Mendelian diseases >20 000 Ongoing http://mendelian.org/
Genomics (CMG)
International Cancer International Many cancers >16 000 Ongoing https://icgc.org/
Genome Consortium
(ICGC)
Qatar Genome Qatar Genome 27 000 Ongoing http://www.gatargenome.org.qa/
Programme
GUaRDIAN India Rare diseases —_ Ongoing http://guardian.meragenome.com/home
Initiative on Rare and  Japan Rare diseases — Ongoing http://www.amed.go.jp/en/program/IRUD/
Undiagnosed Diseases
(IRUD)
GenomeAsial00K South Korea, Asian reference genomes, 100 000 Ongoing? http://www.genomeasia100k.com/

India variation
Saudi Human Genome Saudi Arabia Variation and genetic 100 000 Ongoing? http://shgp.kacst.edu.sa/site/
Program disease
African Genome United Variants 1000 Ongoing http://www.sanger.ac.uk/science/
Variation Program Kingdom, collaboration/african-genome-variation-project
Uganda
Epi4K International Epilepsy 4 Ongoing http://www.epidk.org/
China Precision China Variants, precision medicine 1 000 000 — -
Medicine Initiative
African Ancestry United States  Ancestry and health o o https://blog.23andme.com/23andme-research/
Project 23andmes-african-ancestry-project/
France Population-scale France Genome — — http://www fiercebiotech.com/it/france-plans-
Seq 745m-investment-to-build-235-000-genome-a-
year-sequencing-operation

Korean Reference South Korea Variants, precision medicine — — http://koreagenome.kobic.re.kr/
Genome Project

odlgils Sl slacl adlolay ¢ Slb p by ol )l jlows 5 35 o5
Lol 4 ol gl len po 5 Ol v oSl Judo &

uS.‘.cj.v) dwwgo Yoy JLA ).‘>|5‘ BN : 100K |°5") 059y
5 s Bas L1, (100KGP) 100K g5 s s oliadSH
2,55 el vo VY Jlo b a5 I Vo sgas 5l iy 5o Voo

W=t



)

S

\(/3\
s
}J

C

B

slagsbow sl b))l i sagis Jlg b sl je cdls slaay Lo
Sl it 5 S layeSE L badye e
b 5 ey ikt iyl a3lge 505 & oy
oy bl «gilu casin (ol Bas o)l S el 3
s Joe o obml sl AL &8s (b anny
95 Y ol ael )5 69, b el ap o5 5 dwl,lS cdl
Congj Slods I3 oasS &1,) Wuxi Apptec oo &S )
drwy glp 33l Jl> ;o Huawei Technologies g «s,5Ls
I, CPMI sudgs saosls polac oo a5 (50l Colu ) S

(VoY Vasiwe S oiloy,

el 5L:_M,9 K gased Sy 9«58y Sy SloMasl
S ol ool Ll cire gl g oad eolitul K0S
i g opd yeminge Conl SIS Mgl
sl Lpamie 5Kty 5 Slayd slagis, o5 asl e oyl
O BB (Shpm Ll (T)ogd il 5 ik 08 52
(S5 syl el s Olilen ln oo 2les S,
ol B (Kb o)l 35 e gl (Swiy S g ane
wSlo 08 ;8 e (Shp Slgad b lagls 45 Cons Lins
50 aS Cewl ooz pj a0l 8l sanaa b LUl asl el
Ly olidcan 1 2B Glom S 4 @ pdiaam] Ol
S bl b yo b ol BB Jliol o )l (i
S (e 3,509, L0809 (al il Sl e b ol e
SrSidy 5 Sy ol il ] )0 &5 «ann ly Wl
a8 Sy gl 5 S o ol dilen s (gl 6 lons
S sl plpls ol olas (0wl o a8 )3 Sl o
(YY)l ol 0,55, cpl lp €580

oF potie Lol sl dpi B (3ads Sy oMol az 51
sl cwslosg (Sloys Sudlye 5l (pi5u w0l sladle ol
ol uils 5l s S0y (BB (S 5o (9> JUl b
Sk (Sogae Syg0 59) O3k 5 pludl slopgs b Il
b slere Bamos oo 1) gloys e b hler Baeka o5l 5 005
cslin 390 b (ol g 5T S Sl 61) canlio 59l
L Caglie bl & leyo bog onls loyo canlio yloj 4o g
Sloaiges az STl sl Golew Jo Jsb 0 )55l
G Ll w23l lgiion |y Sy i slagis o Syl
Cal dnal g el S99 L 05059, EuBlio 50 380 (Sd
DS Cdls aliBee slo sy Cuwows 4 ST slaJls yo
el Sy 35y b el o pakd (Soj Sl
oz ol o el b s sleasl p 5l obbdiges LSSl o
KR PRSI

www.PersonalizedMedicineJournal.com

peis ol B0 Hb Jlgi w0fgm Bas .ol bl | 1o peif Ol sy
Sl 5l (o iged 99 o 5o Lo e TO) Sl o jlen
o) o5 ol 5152 B0 5 (gole 3L Sl 5,50 5 5059
Wged 99 5 jlor 0,8 5l (S iged s Sy 5o jle 2 VY )
Y-Vl ((Solgils K 5l

el 5lo55.53 T00K (GAT00K) LT 55 0551 :100K Lol s
MedGenome s Macrogen slocS 10 sogas pguw pudS jlas
Sod 4 &S pgis yol> sla polius jo Lol po e B9l oo |y
Sz G )1 (625 g Cangy s 350 lopg) Cro @
L, ol Camex Z¥e sga> Lowl poge aShl of ude 05 )las
Jolos 5 2b I ojgn cnl hel Ban (nlpls a0 JuSi5
B S Sl ads San bl @.L:..MJ 33l pgis sl Voo
S s 4 (ogd Slaa¥ (o) p 059 n (Ul al> e
O 53y ¢ e galed oS Lz ol Ll 08 e Ve
9979 (Sragd Dglite slaog S )0 calizes (sla Wil 5 )0 e
‘5)510; ).u 9 o..\JLo..Jl; O).é )‘).Q Qe LS’lJQSHy 5‘09\) 4.l>)A .o)b
Geos Judzs Sl wledlbol pl el b g (omi9i8 slaools
s lon baal) )0 (5)len 5 cdl Jlas 5, bl Conax
(Gl aile lodizmn slagslom 325 5 (Joie Zily5 5 P
Saejlys Olalllas .aiS' oo @2l Slldcuas SYMST g cobo
(YY)l 00 (630,20l o 5

Byl S35 Horezmad) Yo 0 Jlo )0 1380 (Sop axY
Guds (Sop asuY w0 allls Guasg sl o debgl STHL
SG sl Lol ise 9o asuY pl oS #del Lo, |, (PMI)
b oanil Gy S g olbpm g 55505 b SoeolisS ik
(Pl 55k a6 slen 9 Cedlos S i IS ST 2 55 505
e 9 i Sloyo sl S 11wl le PMI lys GSlaal
oSen b aldbgls (Lo a5 o szl ol sl
(goyas > Cblis aied 08 )l i Gerlee So Bl
9 ogee A 6)5ea ol g (Sl ihe lap e 3gue
Yo Gade VO Glaal cpl 4 olows jehaie 4 L cogas>
Gyl o Simlos ojlol g egyls g 1ae g o NIH lavsgs
(YNl (6,138 a5 yus Codhs SledIb|

ez polke oRiils Yol aygily jo i 380 (Sbj axY
Jlo b a5 5,5 odel 1) (CPMI) 58> Sij asuY (CAS)
2,5 wlem b o cdgs 5l 6 Y0 o lhe 4,Y azog YoVo
Aol 5l sidu (BB Sy aS el 00,5 aul e o
50 4l sowsy Pl 05 walg> 0> YoV o-Yo & alls b
BGI (s ) 4 0595 crl 28,5 ploxil poye (o 0505 0L >
Sy Sledbl g yglanz b 1) Slisio IS a5 59y aalgs
Copde Jgl Jlo 0 Cdbgls Fooo 3l g dunge cpaiz )l
s 5 Juis oty JS 55 Ll Jal o5 5,5 o ol



B
O

@

L

s Slisleil jo &858 b g oz o e b edd ab
(YP-Yd)oiwn

oaedS el Gl j0 380 (Sbpy hge sladiged
1 S e slenr <8l o 630k Sl Gla iz e
e Shs ¥ es Subs wile Glosizmy slag ler «Jlie )0
slaailis Gl oS 5 S ie alfaizr bl slopiie yez
b @ analy Bl b ay o s g ST e
SN Hles <L ) pe aF cul Sgline Sl gl oS
aeis 45 ol pl p odle 0,0 wansl g yiasd b
5 a2l luodl ilays (clodyy, Conl S dils goltuo
50 i Jolate Jlews slazul gz ge Gloys S 4
WS ooliinl (olasidgiss 5l GBs (Shh «s0)lge etz
NGS alewgy o095 g r25 Jold 395l (G52 oy 05l &S
I ohlew o atls ulol a5 1 b jiziw S50 5l glasls 4
(V)23 00 a5 oo ol 3 o Bllae 35l (lops sl
aalllae (358 (S 5l (LA5u ((oogiioS Loyl sagi] (omlidiglo
el ol slag)ls 4 08 Gl la; 6510550 (SSeSs
Seeis b ) (as)ld ple) (oulidy)ls g L ) ol
593 5 ol 9 oo G9)lo 4 sl (o Shes 5 agys adlllas)
00551 o1 3,5 IS o iS5 0,8 cilise gl comilio
b Slinbesl jo gauas sles Sug;y Ll il dga0me Ly
oolidig)ls 095 o Uil sai] o aiiws adlle Jl> o
g aels Glops sl 1y calio gl lo angd (Gl (o055
ol sl sy (8 olonr Jols cdls SDLans |
S ool 2 ) el g 500l

(Silwg)ls Caio 3 ad Slides Bae e (lpe 4
e o Sagpuse i o WS NS spal. SR
Jolo BBl @IS W 5 o SEEE slas S
Sy Dligiod il bl (eje 0)0 g (8 o)l g0
slaglon L b pe moons JUB (slag)lo b abal; )3 (g 5208
(LNDM) S8 iy 508 sbgisee wile (Ll (S35 ol
5 ilr glag)ls (plulid Jlss 4 385 (Sap o)l 0929
(Nl BDNM ule (gl gz (6l 5 Sg0

OB i3 (A8 (S)lom o3y 4 o slas Lo P4 (SCS 5
2l g Gl oS o (ol Jalge Vg g colod 5 (o Slee Lo
Sz joky oS alis 8l anwgd Gl 50 (SN CudeS
Clye Glaptcs )18 oo U ok slojas sladl 5
s Soie slaglon s cbid il 4y (Ko 9 (bl
A1y Cudlye b g (oulidglo g (Al Mo 90 G5l
JSie G408 Dl £9,8 (a4 ) DA &5 Hge
o b Lol il 00,5 s (6, K0T 5,k cuslos el cilag
SG bl (Sl Sdlie 5 (S «ESL g o Lo
UG YR DURR SRS

P sl e 5l (29,5 PIDS) (culul (sl slaals
Sz il LNGS asy 5l ] sloJlo o 45 axies
el L paite SYNES aled s 0y Jle slagy) ololih
UK o pgls 5 PID 5l laasl JSb (CVIDS) oy
SGazx STl YLE )5 5 B0sS o ‘_;al.gs‘;ﬂ SgaaS
CVID (hlew 5l (SasS acgoman 19 S5 Golow Jolo
o3 U5 ool 3 cgnp ol aollin oLl s b
sl etz Wl it 5o (5 Wiz Jele S S wiladly o
Slallhe 5 RNA b Jls aile NGS (slaigisleis plo
39 oLl o ol 5 e 555 55 (it o Suif
adlasls CVID o506 ,lew

535 Sy ol gl 65Ty UKIOOK 35 o3 15!
WS L) g s (Sabes b DI > g g0 5l a5 Al e
ol pgs &5 Ad el Cual 00 yiiie |y S0 ) (SO
iz (Ol o i B0 Sgam 0aiiSHiee) SLC2AL o5 4o
00 gl 2o Fige padgilio 5l 0,50 A8 09008 el 5 azils
Mg 4 ;0B 1, gl jae a5 0%ng (2IAE w2 ole SG 5l g 2
5 5L 3] o S 5 3y 23 5 (5,251
(FF)as sanlie 4l 4o

oais oold aseis sbog lew aSil I NIH coges (§gdi0
Slasl .S oo Colex 385 a5l gldiges ;lgica (UDN)
aeis b ol sl slen parid & ardon Co g o
Cypin g o Fdl Cupie glp Ollpiing Seups waii cols
A ol s Lo g Lo 05508 die )0 oyt Dlidod
ey o 03ls (e lags lon b ollos (et by
sl Sl o e et (g2a5S Sla el (slo S
doazily (6381, 4 g cle ays 35 5o s (g5l el iz
Coloal s o S5y g sl (elopeeill ol 5 ladigas daosls
@B JSSsn slml 59 » 4yl 35 505 .28l dalys Cows oud Sl
Jelos DNA o g 1) 5 ghlost sles ) 5 ) sl
el 035 o (6lopanclS )| 10 (63,115 Slalllas g o SKlgilio
3455 3929 b hlew yoeg SbJly ol b akal, o
S0 5n51 555 5 olloym SaadST 55150 35 il slasdy
drwgl Sz 50 55088 Gl el 5 Bliws sz g0 (5,185
by (Pl (09 GlagsT S lp wiedan alagle)s
o5 siin ol Sl b s ebizs ol e 5o ledd
pll Gloyo Siloj cslaejly o pliee | (J5Sge siluailed
2l a5 e Ll oS ags |y o8 Sledbl g sls
Slialesl jo llews 50,91,0 Cugae 4wl ot adé
o] Slallae sl 039y Siadan (glapleys il b ol
Ohless 2o y0 A0 - YA ;0 058lly (69,5 )5 LS a5 Wlosls L
b s gl glo il | wiadan asly b ond Ligles]
Sg,ls Bras 4y polo wo 0 V8 B O Lo Ll ogd o a8l

o 5



)

S

O

C

=1

Jlsl (Jeax) (oot Same sla Shy 08 e 38,
FB b el (e (g (g, 0 g oy Dlole (leyo
a MBI 1yl 0,155 osilly clogs b ey 1 bz s
el Sy Ol glaosls 5 (Ko sleodigy ol o
3,8 12 gl 0ol o ygudio adgl 4 yorie (Miedige Celus uiile)
oot by 55 o3 (s ool i (355 oo
Sz sl 5l (S alins (nl a5 0 15 o )18 eoliiul 5 g0
Mg P Sy oy oal > el Slobne S,
Sleel S olaS5e, 1) gilem 5 00,5 (oS ) (Sl oS
ey a3 5 s pleys 4 Cueglie o lony Joo5 Lo
lee plo o 30 gloyd cudlie g byylo o slowl 4y Jiles o
iz Gid abaly cpl o aiis gl ala>de LB g g Joluws
3 bl s wails (pogas 5 (spges) Sudle Cuio

(V)i ST sla o 55 055 oo/ Slilas slaasli

Lol Gl 38 58 59, o Gladloads ob 55 slapgis leds
o> slapsis b alises gl slag)S ogee slopsis
cilize gl Jshe iy > goie g e b Glilen
Sl p3Y Sledbl cpl dan a5 SO 5l (gole blae jo Sl )
oolail yludl adi 4y g gl B5lo g 003 (el g Yige jgla
G meplae P4 (SO0 L5 sk 5 380 (Shp s
$99) 4 g odd Zolex (09 (Db Iy abwgay &5 e
g Codlow sl etz Ll b g cods st o
J& 50 oLl p95 Gil,é_é 0595 s aalez 51y Ll Sy AT

EW%ols uLw l) Sg> ui',)')l ol

SLo 5 Geye sl lom Jb 2ol )0 (@l 2B (Sh5 50
L oS5 j0s055 slosselenss 3l oolaiwl b aslin iy wo)ls
5923 Gt F Slem Sl plulid (parsis sla by,
S oy paeteis il iy g waler (Sae o] @ede
BliS e ) wazr Sy glhan s 5l aled wsdll (o)len
A S eSS (S Sew alalET Clsesl o ol 4
sk 53 DNA azrlgié g Jabs 5| aolisal oz
dole oy gl iz glsil aseis ojl>! (cfDNA)
LSbSJ?‘A o0z ‘_glb.\.u‘)ﬁ cell @3&/6\))3 DS o0 4...]5‘
SAJS S 4 o sl o pan 0.3 sl
bale Jole pydeize i g golee s S5 5
Jle plgie a4 (Fo)asS o SaS wiadan loys SO 50
sl o slalizd Ly Gl 1 Wl oo CDNA Julos
Jozs Job o 1) calite ey ojlal a5 wil oube ol
Ohlewm U1y Sledbl Wb o] ke jo 1 5 )Lie 020 50 (5 Lo
3 ools i 5 ¢ S5 S ool p0s) Gl S o)l
als AT 5,8 peeas b oS )] sass sloolKiws
Oledbl 4 cows Jd i Lo PY ol 5 b 51 asily
9 QLA)O o u‘)i)Lc)») )LQS o9 L@ng.af W 9 0 MMS

(FH)cwlh walys  cedlw laas

ST 9 s sl
50 el cwlol (o5 o 65 cpl )0 00l el S

WDgl 6)5164-? LL as le.a‘ sleosls oLl L;‘b) slal
Vb badlior ol (aoms sla,eSl 5 (St ales G

1. NHSEngland. Improving outcomes through personalised medicine. NHS England, 2016. Available from: https://www.england.nhs.uk/
wp-content /uploads/2016/09/improving-outcomes- personalised-medicine.pdf.

2. Goodwin S, McPherson JD, McCombie WR. Coming of age: ten years of nextgeneration sequencing technologies. Nat Rev Genet 2016;
17:333-351

3. Illumina. Understanding the genetic code. NGS technology enables massivelyparallel DNA analysis for a deeper understanding of biology.
Illumina, 2017. Available from: https://www.illumina.com/techniques/sequencing/dna-sequencing.html.

4. Hayden EC. Is the $1000 genome for real?. Nature Publishing Group, 2014,Available from: http://www.nature.com/news/is-the-1-000-ge-
nome-for-real-1.14530.

5. Watson M. HiSeq move over, here comes Nova! A first look at Illumina NovaSeq.Watson M, 2017. Available from: http://www.opiniomics.
org/hiseq-move-overhere-comes-nova-a-first-look-at-illumina-novaseq/.

6. ThermoFisherScientific. SOLiD Next-Generation Sequencing. Thermo Fisher Scientific, 2017, Available from:https://www.thermofisher.
com/us/en/home/life-science/sequencing/next-generation-sequencing/solid-next-generation-sequencing.html.

7. ThermoFisherScientific. Ion Torrent Next-Generation Sequencing Technology. Thermo Fisher Scientific, 2017, Available from:https://www.
thermofisher.com/es/es/home/life-science/sequencing/next-generation-sequencing/ion-torrentnext-generation-sequencing-technology.html.

8. Qiagen. GeneReader Platform. For next-generation sequencing applications Qiagen 2017, Available from: https://www.qiagen.com/es/prod-
ucts/ngs/mdxngs-genereader/library-preparation/qiagen-genereader-platform/.

9 BGI. BGISEQ-500: a BGI Sequencer. Beijing Genomics Institute (BGI), 2017, Available from: http://www.genomics.cn/en/navigation/show
navigation?nid = 4203.

10. PacBioSMRT science. SMRT sequencingAdvance genomics with single-molecule,real-time (SMRT) sequencing. Pacific Biosciences
(PacBio), 2017, Available from:http://www.pacb.com/smrt-science/smrt-sequencing)/.

www.PersonalizedMedicineJournal.com



11. Robinson K. AGBT2017, PacBio Workshop. Robinson K, 2017. Available from: https://storify.com/OmicsOmicsBlog/agbt2017-wed-pac-
bio-workshop.

12. OxfordNanoporeTechnologies. How does nanopore DNA/RNA sequencing work?Oxford Nanopore Technologies, 2017. Available
from:https:/nanoporetech.com/how-it-works.

13. Genapsys. Changing the World, One Genius at a Time. GenapSys, 2017. Available from: http://www.genapsys.com/product2/productwith-
features.html.

14. Genia. Biological Nanopores: Structure-Based Sequencing of Single DNA Molecules.Genia, 2017. Available from: http://www.geniachip.
com/technology/.

15. Robinson K. Illumina’s Unveils Firefly. Robinson K 2016. Available from: http://omicsomics.blogspot.com.es/2016/01/illuminas-un-
veils-firefly.html.

16. Yuzuki D. NanoString’s Hyb&Seq single-molecule sequencing platform at AGBT2017. Yuzuki D 2017. Available from:http://www.yuzuki.
org/nanostrings-hybseq-single-molecule-sequencing-platform-agbt-2017/#tc-comment-title.

17. Gnubio. The GnuBIO Platform is the only Fully Integrated Next-generation DNA Sequencing Platform. Gnubio, 2017. Available from: http://
gnubio.com/technology/.

18. Mankos M, Shadman K, Persson HH, N’Diaye AT, Schmid AK, Davis RW. A novel low energy electron microscope for DNA sequencing
and surface analysis. Ultramicroscopy 2014; 145: 36-49.

19. NHGRI. International Human Genome Sequencing Consortium Describes finished human genome sequence Researchers Trim
Count of Human Genes to 20,000-25,000. National Human Genome Research Institute, 2004, Available from:https://www.genome.gov
/12513430/2004-release-ihgsc-describes-finishedhuman-sequence/.

20. Moraes F, Goes A. A decade of human genome project conclusion: Scientificdiffusion about our genome knowledge.

Biochem Mol Biol Educ 2016; 44:215-223.

21. Boeke JD, Church G, Hessel A, Kelley NJ, Arkin A, Cai Y et al. Genome Engineering. The Genome Project-Write. Science 2016; 353: 126-127.
23. Muddyman D. The UK 10K Project: 10 000 UK Genome Sequences-Accessing the Role of Rare Genetic Variants in Health and Disease. In:
E Zeggini AM ed. Assessing Rare Variation in Complex Traits, 2015, pp 87-105.

24. WTSI. UK 10K Rare Genetic Variants in Health and Disease. Well come Trust Sanger Institute, 2014, Available from: http://www.uk10k.org/.
25. Kaye J, Hurles M, Griffin H, Grewal J, Bobrow M, Timpson N et al. Managing clinically significant findings in research: the UK10K
example. Eur ] Hum Genet 2014; 22: 1100-1104.

26. GenomicsEngland. The 100 000 Genomes Project. Genomics England, 2017, Available from: https://www.genomicsengland.co.uk/the-
100000-genomes-project/.

27. GenomeAsial 00K. GenomeAsia 100K. We are a Mission Driven Non-Profit Consortium Collaborating to Sequence and Analyze 100 000
Asian Individuals Genomes to Help Accelerate Asian Population Specific Medical Advances and Precision Medicine.GenomeAsia 100K, 2017,
Available from: http://www.genomeasial 00k.com/.

28. TheWhiteHouse. The Precision Medicine Initiative. The White House President Barack Obama 2015, Available from: https://obamawhite-
house.archives.gov/ precision-medicine.

29. China.org.cn. China kicks off precision medicine research. China.org.cn 2016, Available from: http://www.china.org.cn/china/Off the
Wire/2016-01/09/content 37537726.htm.

30 Liu P. China initiative would pour billions into precision medicine. BioWorld. The Daily Biopharmaceutical News Source Now From Thom-
son Reuters 2016 Available from: http://www.bioworld.com/content/china-initiative-would-pourbillions-precision-medicine-0.

31. US.NLM. What is the difference between precision medicine and personalized medicine? What about pharmacogenomics?. US National
Library of Medicine,2017, Available from: https://ghr.nlm.nih.gov/primer/precisionmedicine/precisionvspersonalized.

32. Schork NJ. Time for one-person trials. Nature 2015; 520: 609—611.

33. Kienzler AK, Hargreaves CE, Patel SY. The role of genomics in common variable immunodeficiency disorders. Clin Exp Immunol 2017;
188:326-332.

34 Cookson C. Genomics promises a leap forward for rare disease diagnosis Faster and Cheaper DNA Sequencing Brings New Hope to Patients.
Finantial Times, 2017, Available from: https://www.ft.com/content/d2e2 1 cea-d684-11e6-944b-e7eb37a6aale.

35. UDN. The Undiagnosed Diseases Network (UDN). The Undiagnosed Diseases Network (UDN) with support from the NIH Common Fund,
2016, Available from: https://undiagnosed.hms.harvard.edu/.

36. Ramoni RB, Mulvihill JJ, Adams DR, Allard P, Ashley EA, Bernstein JA et al. The undiagnosed diseases network: accelerating discovery
about health and disease. Am J Hum Genet 2017; 100: 185-192.

37. McCarthy MI. Painting a new picture of personalised medicine for diabetes. Diabetologia 2017; 60: 793—799.

38. De Bellis M, Conte Camerino D, Desaphy JE. Toward precision medicine in myotonic syndromes. Oncotarget 2017; 8: 14279-14280.

39. Sagner M, McNeil A, Puska P, Auffray C, Price ND, Hood L et al. The P4 Health Spectrum—A Predictive, Preventive, Personalized and
Participatory Continuum for Promoting Healthspan. Prog Cardiovasc Dis 2016; 59: 506-521.

40 Rabbani B, Nakaoka H, Akhondzadeh S, Tekin M, Mahdieh N. Next generation sequencing: implications in personalized medicine and phar-
macogenomics. Mol Biosyst 2016; 12: 1818-1830.

41. Salvi S, Gurioli G, De Giorgi U, Conteduca V, Tedaldi G, Calistri D et al. Cell-free DNA as a diagnostic marker for cancer: current insights.
Onco Targets Ther 2016; 9: 65496559

42. InstituteforSystemsBiology. P4 Medicine. Institute for Systems Biology, 2017, Available from: https://www.systemsbiology.org/research/
p4-medicine/.



Personalized Medicine Journal

R

Sl 3 ey b 3 N 1 o 595 Loy
S g0 s s (SIS slow

Vb ol

Sl el ecodlasd ol olKetsls ¢ ) sl S )
O el (Kb (5,90l8 dnwgi 09 5 Gl il &S b pasd  Shp Sladsd S e Siegh

___Cf O

5 ety S5l O b e ye pemlin 5 SeagifsTlo,lb pogde 55y 2 Il isy9e allie
Ll 390 DNA (SongfsSlals e B i (ol s w5 o 3503 (55 (5ot g 375
St ol Jliol Gl s WS (o0 oy paiFe jebar | (Sp0ls, Sl sla)ls o
(S5 ls oo ] S 5 5 o903 39 Lo el g2l il a0l Lol 5 o SmgiiSle
oyge;l plo 5l eolaiwl sl oloml sla w .ol sads ools 7,23 (s psh! b o iulesT)
e pias Glogs,lual sl gl G sl Sl Glsiea RNA (ly 5,503l 4,5,
1) SrogieSla s (glocins 51 oolisl Lilla s o 00ls gy A0S y30ds 35 (655 e
S ole [(oulit gy OMSie (Sl ) (59, 35505 b (Sl la)l5 o (gl b Al
Sy doled 3,50 50 b Sledbl .l ol o0ld esei (5550 0 A bgrpe Jluw g panis
Ol godgazme 3l )l a5 (Shilew 59, 45 )l 35503 (eSlee ol jbe 55, y&““’" S50 9
saty] lalllas (gl ool pve «uslgdyd gy oo Sgus i oy 08l gl jrgo0 | Ylaio| 5 witun
O3e3l (8,8 i o weils (Shnlyy )0 €gyls ead satd e godiy| Ll ouds slpiing
5 (S S (2l SS (595 2 &5 Sl pad g (ae o piie 5 (WSeegifeS eyl

588 oo Sl Lo 1 slp 9)l0 2 (29l Gl (SeslisgShesld) (o9 s Selias

Cw! QQ;LL..:Wy‘fajb‘swwj)‘bw)bd&wy)ﬁsu)lﬁ

S5l s
Sl PASO g S yipes
orral39lS” ags o

gl S

S5 (g k]
Sglio pgjaiw

OT b Jasi 3o @adlio 9 JuSregsjoslo s |

& FeagiioS o) slacens JUl Sk Soo sl el il 1o 0950 slacd i b (Sbioly, ol 51 gyl
g LT (wSangieSleyls gatan) g il bl (b DLl (¢ s sy ) sl saiies Lal (a5 g3eleiSS
OFpdy (KiSz 8590 0 ou sl FDA) g)ls 5 138 lojlee o, 0 €00 nms e ey |y 0595 ol & SmeS i
03,5 oolitul oS lese popbe | SegiisSle,lb laces L]y S lsy laize gl uls a5 paghe dw gl S5
0 gy 4N Djgots oS les porde cnlplh el s s o g oS Leges (SeegigsSTe b sl sl

www.PersonalizedMedicineJournal.com



pled () 0,8 cop yoly ail alils s o9l wly s
Lol 5 L

55 )logas poio|

Olgreds (Seeg5595 Loyl lacens il g Jou8 51 91 ool
‘51).3 ‘5)L:.A.M.‘i o._Q.u)l.u ols )1)_5 o Oy90 ‘) Lm;)Loﬁ.g sl b
c.;'}'%ﬁ So» el ol oy ey ol ) e Oyl 3529 o )5 legu
(b (S sloanl bl pald Glyiear (Bly )jg0a oS
sl S 4 (SaigsSle b sloguly b 55l sloanlp
ol jgiws o950 slacS i gl sFDA Yoo Jlu )l jo
@910 sl )5 jo (S DMl Jsods 5 5 pslaaz 990 50
sleggs a5 Sy slacs mls FDA bl y 0,5 aws
Sl &S S8 2g)ls SCS 14 Wog (6 re sb,S legu
Sledbl Wl wuS o ool FDA (o 1) 095 Sladss syos
ol ol Lol s Lol oo 1) € e o ,S leg? L s e
OY) col gl (SaiseSle, B slaosls

91D (503w b j39%5 'o,.;‘.n..ol
oSe9iieS o, 8 4y lag e SMhasl Kool pasd e
gl go 03] eI N L, SIS s o
VA9V Jlo 5o dlliepu ol ol 00,5 iy ya5 CGlow (S5
Gl e 4 (6395 4 oabpatd (Sbjp a5 35 i
)‘)5 OMG.W ).\9.?.3 s o 60&[.4......:‘ ;‘ M)‘SA ‘Sﬁ—ﬁJL’
Sodgl slopad 4 b iy Sl s iy v 1 Sy
Sszge (SeiieSlo)ls slacens Jud oall 5o o olidl lis!
3 Famy 0adpatd 2925 porde 0,5 42gi (Shipoly, 50
slazas wads o el WSiagijeSle, s L SuiseSle 18
( crims 32 T nng gl i 0l st 31928 Condiigd (gl
4 (6590680l ilizeiigs aided uleiy s (gl)ls TPMT o
o3l aS Iy (o s (Slb s slasbs 5l 28k sladiges
oatie (003 Gle (S9p) (@)l o el romis
JEolS g slasabi &l 5l eolinwl 5 Slbpw slasle 50
GOl o (o) il aS oo @al )
Iy JolS5 el HER-2/MEU (50535 45 o0ty sl JUslS gige
I, g tiwlie HER-2/neu oS aiews (slo b yus oy 500 g 00, S
o LaI O3 a5 jsblon (VF) Canl 03,8 cased |y S o ol
Al oo e S legs SO 1) TPMT gls g 1ae losle s
A0 5l 2aS) Cawl o5 ol TPMT L olse olass wiz ya
6. Trastuzumab
7. Herceptin

PeS ‘a%b‘.{u Sl 00l 00l T | 5o as )skum o
Lol el 00,5 oy JolSS uSn 995 Lo )l sy )0 00l paseds
g 48,5 )5 4y 55 eSeegieSLe )0 5l 518 Wil e

sl 0955 9 (539195 5lnzad iy |

Ol asl daswgs Yo )8 Slol (o aS W slagielsss
DS 5 byt sl Cend o) (s3le (S5 slases]
Jbo o Sl pgiy )bopasdi 5 () wimsiee 1) (S5
2 sz pas il ol lagpl g5 o ol JelS Yoo
OBl a5 (53505585 550 slacd piay 5l (S (V) wogy (S
Ot 6P geelS Sl (Byme 3,5 ool 81, (S5 ]
ol> Jb 0 (V) o Affymetrix GeneChip ale Cudss)
() DNA alylsn; slacsislsiss cnl st loJSi
3 St i Sl (F) Illumina BeadArray platform ol
1) diged o (slp Y3 Vooo 5l oS (slansa b SNP fgelo oo
ol G310 55 Cend T el g s oo

ol a4y o a5 09l o0 Sy Sboy Mo slas5sleiSS (pl Coenl
ol 95 baigeln 5 05 Yoooo 5l i ol o35 w90
s (ol ogdle 3,15 '(SNP) (6055218 63T ppunnnd y90 by
o o Solz 5"l lsaless ) slappmnd go by atile 50l (S5
B Jole glapinns 5l (5 Lo cilinlin (B)arslyassls
Wls oS axgi LONV @ Cuigil uand gl oolil 0,90
wiloads (aiS SieSle,ld 45 S5 p0 )b ydgl 9 (F) aidils oo
(V) (CYP2D6) P450 2D6 g4, g Jolis

HSa093 95 Lo pld Az b |

ISl e G B
G, Ll wanl 00,5 S Jgomali 5 400 L slos o
oSergisS o)l el e oy Yloiol SiegifeSle o
P S Shy el lp enin G o Ol
1404 Jl.w o ijj AAQ) ol ous QLQ,».«.«.:.: 4\3.]9‘ CAJ‘)A
() 0) dazma o sdllie Gubo 0,5 elayl 1) SCi5e5e 8 (gaalS
S Gl et g g95 Gadlhor O g0 SsSLos
30 Glos S jabas g ol ool (a5 € pg)ld uly jo il g
ool oolaiwl ‘515).) p.‘.u.JjaLm 5o o..\....fu.....:.? LSLQU) L A.L:.»‘)
O sl S o3 sSTla s (ge3ly 5l ) o]
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1. Ciliary neurotrophic factor
2. neuronal PAS domain protein 3 gene (NPAS3)
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