brnonHdopmauMOHHAA OLLEHKA
COBEpPLUEHCTBA CTBO10OBbIX
KNEeTOK YenoBeKa

Mapusa WyTtosa, Cepren Kucenes
NOl'en PAH
Bnagumup Haymos, Amutpum UweHKo,
HUNDOXM PAH
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- Morula

3mbpuroHanbHble
CTBOJIOBblE |
KNeTKu

Blastocyst

@ Inner cell

mass
ESCs culture l

A )
Blood cells

Pancreatic Islet cells

Neurons Intestinal cells (Meregally 2011)



Adult cells ?

éVlH,ﬂ,yLI,MpOBaHHbIe
éI'IJ'IPOpMI'IOTeHTHbIe 1
CTBOJIOBbIE
KNETKU

Genes inserted to

induce reprogramming
Oct4, Klf4, Sox2, c-Myc

Reprogram into
ES like-cells

(Meregally 2011)






Starting cell types

------

Adlpose stem cells N
Mesenchymal stem ce s
Dental pulp stem cells

Availability

Hepatocytes _
Amniotic fluid cells

Neural stem cells

Cord blood cells

Ease of reprogramming

Delivery modes

Apoptosis. cell cycle
and senescence:
p16NK#A% p53%

microRNA, p21

Epigenetic regulators:
histone deacetylase,
histone demethylase,
G9a, DNMT1*

Signalling pathways:
TGFB, WNT, ERK-MAPK

*Potential oncogene
*Potential tumour
suppressor gene

(Belmonte 2012)



Transplantation of genetically
matched healthy cells

Treatment Q
with drugs
@

€ e

? Patient
o
L
Disease-specific drugs cMYC OCT4
(2] Healthy cells
Screening for
therapeutic In vitro
compounds differentiation
Skin biopsy
Affected cell type Repaired iPS cells
X = e Use gene targeting to repair
_Invitro /(% : ) disease-causing mutation
differentiation el

Patient-specific iPS cells

(Robinton 2012)

Deerme Nolecuiar dafect of donar o) Tl tpze S ¥oractioted tom 75 cefs Do phecompied  Drigoc
1 Sffererrieted oS funetiernd sy
Neurological
Amyotroptic internl scieecsts (ALS)  Heteroryposs Leu 1345 he mutation Motor newrons a0d g cels ND No
inS0D1
Soina’ muscular mropty (SMA) Mutations in SMNT MNeurans 20 astrocytes, and mature motor Yes Yes
neurons
Parkrson's daeose Muititactoral; mutatons i LRRG Coparrengic neures No Yes
anddor SNCA
Hantington’s damse 72 CAG repeats in the Puntingtn gene Nomwe N o
Dowr's syndroene Trisomy 21 Teeatorms wilh tissoe froem sach of the thees Yiou o
germ ayers
Fragle X sy-xirorm OG5 triget repest sapars.on rsultivg  Noow NA No
Inthe silenzing of FMR
Famital oysautonomsa Mutation o K2KAP Ceatral nervous sysiem inesge. penphenai Yes Yes
neurons, haematopoiesc calls, endothetal cells
and wndodurrnal culs
Rett's syndrome Heletzygoss mutation m MECR2 Newrz progenitor cells Yes s
Mucopohsacchordoss type B Homozypous mutaticn i NAGLL Negres: shans oalls 3eC differantisted reurom Partaly Vs
MFS I1E)
Schizoprvena Compiex tat Newrons Yes Yes
Peirkeedt adrenclyaadystrooty Mutation »n ABCDI Cligocierceotytes ard reuros Partaly Yes
ALY, chichooe
caruiral ALD (CCALD) snd
acranssmyeloneupathy (AMN)
Haematological
ADASCID Mutation or deabion v ADA Now ND No
Frruoni'’y arsenia FAA and FADZ curmceg Fanmalcpoist c cols No (cormaciec]) o
Schwacma-Bodae-Danwed Multifectoral Now NA Ro
STcnome
Schu-cell srawnis Humozygoun Hu5 mutsbon Now NA L5
-Tralassaern g Hoerswzygous destionie the -glodn  Feamalopoietc culy ND No
(13
Poycythaemis vera Hetenzygoas Valb L 7Phe muatation Fasmatopoit c progen toes (CO34°C03%") Partaly No
in A
Prirary rynofibeos Helorozygous mulation n JAK2 Now NA No
Metabolic
Lestr-Nyhe syndrome (carier)  Helerozygous srulation w HPRT ) Now NA No
Tye= 1 diabtes Multiscioeal; ansrows P-Cadl-lien cotts (ieprass sornatostatin, ND No
Fucagan ard Inwidin; Fucose nsponsw)
Gaucnes's disease, type Ill Mutanon n GEA None N No
ab-Antitrypsn detiziency (ALATD)  H 43 mutation n e +epatccytedine ceils {fetal) Yes No
al-snlilryps e goae
Glycogen storage cisease la Defectin gucose-&-piaphategene  Hepstocyte dho cells (feta) Yes No
(GS0i%)
Famliaf fypercholestercizema Autezomal dominant mutation n LOLR  Hepatocyse bhe cels (Jetal) Yes Ne
Crigier-Najar syrdrome Deletion in UGTIA2 Hepatocyte tke cels (fetal) N Ne
Hereditary fyrosinzema, type L Mutation in FAHD! Hepatocyte tke cel's (fetal) NO No
Pompe cisease #nocwout of GAA Ekelety mscle colls Yes No
Progrsssive e iis ctolwstosis Mutfactonia Hopstocyte- ke onl's (letal) ND No
Hurler synciome (MPS 1H) Gerabic detect = DUA Haernstonontic ol o N
Cardiovascular
LEOPARD sy-wlroew Hatarazygous mutation in FTPN] ) Cardiormyocytes Yins No
Type ! long QT syndrome Domnact mutation ir XONGT Cardiomyccytes Yos No
Type 210ng QT syndrome Masense mutation in MOHE Cardiomyocytes Yea Yes
Primary
ECID or foaky SCD Matation in R8G2 None NA No
Omerr: syadrome (0S) Mutation in RAG? Nene NA No
Cartilage-hay hyoooasa (CHH) Mutation in RMRE Nene NA No
Hurpss simgpius srcaatunitis (HSE)  Matation in STATL or TLR3 Muture ot tyoes of the cantral neevous systert No No
Other category
Duchenre muscular dystropty Deleton In the Cystraphin gene None A No
Bechar muscaar cystrophy Uncerttiod mutation i dystroonn None NA No
Dysmemtosis congenis (OC) Deietion in OXC2 None NA No
Cy=tcfbrosa Homazygous celetice In CFTR None NA No
Friedreich's atasia (FRDA) Triruciechce GAA repeat expansion Senscry and oerane| neurcrs, and Partialy No
RN cardiomyccytes
Retritis pigmentosa Haterogenety N causatve gerasand  Retiral progenitors, photorecentor procursons.  Yes Yes
mutations: mutators In AP, BP2, retral-pigment epthelial cels and red
PRPHZ ce RO pholorecestor cells
Recessive dystrophi: Mutstion in COL7A 7 ic: ol P -l Partinty Yas
noidermaolys s buloss (RDER) karat riocytes that diffecentishe into cwls of all
treve germ Layers in v
Schracers Uraromr: None A No
Dstegpernsis impurbctn Matation in 001 1A2 None NA No
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naoeHTU4YHocTb ICK u iPS?

OZIMHAKOBbIe CBOMUCTBA? “HOPManbHOCTL”

OAWHaKoBaA 3PPEKTUBHOCTb
nnpdepeHunposkn? “ynobcrso”

6e30NaCHOCTb MCNO/Ib30BaHMNA B MeaAnLMHe?

“afeKBaTHOCTb MCMNO/Ab30BaHUA iPS KneTok KaK
moaenn bonesHen?




naoeHTn4yHoctb OCK un iPS?

Reference

Cell lines

Level of analysis

Key findings

Marchetto ef al. {(2009)"7

Chin et al. (2009)"

Ghosh et al. (2010)™

Guenther et al. (2010)*
Newman ef al. (2010)*

Feng et al. (2010)°

Hu et al. (2010)'

Polo et al. {2010)*

Kim et al. (2010)"

Narsinh et al. (2011)°

Lister et al. (2011)"

Bock et al. (2011)*

Laurent et al. (2011)™

2 hiPSCs + 2 hESCs

4 hESCs + 5 hiPSCs +
3 somatic

4 hiPSCs + 4 somatic
6 hiPSCs + 6 RESCs

17 hESCs + 67
hiPSCs

6 hiPSCs + 14 hESCs
5 hESCs + 12 hiPSCs

12 Murine iPSCs

31 Murine iPSCs +
14 murine ESCs +
somatic

3 hESCs + 4 hiPSCs

2 hESCs + 5 hiPSCs

20 hESCs + 12
hiPSCs

69 hESCs + 37
hiPSCs + somatic

Transcriptome via microarray
Transcriptome via microarray
MicroRNA-ome via microarray
Histone methylation via ChIP
Transcriptome via microarray

Histone methylation via ChIP-seq
Transcriptome via microarray

Meta-analysis of microarray data

Hemangioblastic differentiation propensity
Endothelial cell differentiation propensity
Nearal differentiation propensity
mRNA transcripts via gPCR
DNA methylome via HELP
Histone modification via ChlP
DNA methylome via CHARM
Hematopoietic differentiation potential
Osteogenic differentiation potential
mRNA transcripts via single-cell gPCR
Cardiovascular differentiation propensity
DNA methylome via methylC-seq

Histone methylation via ChIP-seg
Transcriptome via RNA-Seq

Transcriptome via microarray
DNA methylome via RRBS
mRNA transcripts via fluorescent counting

Genomic stability via SNP genotyping

Distinct gene expression signature of hiPSCs
Distinct gene expression signature of hiPSCs
Transcriptional memory of somatic cell of origin

Inconsistent hiPSC vs. hESC differences
Lab-specific gene expression differences

Lab-specific gene expression signatures

Early senescence of hiPSC progeny
Variable yield of neural progeny
Epigenetic memory abrogated by extended
passaging
Epigenetic memory of somatic cell of origin

Single-cell heterogeneity of hiPSCs
Variable yield of cardiovascular progeny

Hot spots of aberrant methylation

Bioinformatic analysis predicts differentiation
propensity

CNV in hiPSCs and hESCs

(Narsinh 2011)



naoeHTn4yHoctb OCK un iPS?

Conclusion about the Cione
Relationship between Numbers
ESCs and IPSCs First Author Year ESC IPSC
It is difficult to distinguish ~ A.M. Newman 2010 23 68
between them M.G.Guenther 2010 36 54
C. Bock 2011 20 12
There are notable M. Chin 2008 3 5
differences C.M. Marchetto 2008 2 2
J. Deng 2008 38 4
Z. Ghosh 2010 8 4
A. Dol 2011 3 9
Y. Ohi 2011 3 9
K. Kim 2011 6 12
R. Lister 2011 2 5

QUALITY

(Yamanaka 2012)

D

Published iPS cell
signatures

Cross-validated
ES vs iPS classifier

Positive controls
(ES vs fib. classifier)

Negative controls
(trivial classifiers)

Cell-line specific deviation from ES-cell reference

lips celi Classifier Accuracy |Sensitivity | Specificity| TN (ES)| FN FP TP
Chin2009 gene expression signature 63% 0% 100% 20 12 0 0
D0i2003 DNA methylation signature 63% 0% 100% 20 12 0 0
Stadtfeld2010 single-gene signature (MEG3) 72% 100% 55% 1 0 9 12
ES cell lines vs. iPS cell lines {DNA methylation) 78% 67% 86% 17 4 3 8
ES cell lines vs. iPS cell lines (gene expression) 68% 48% 81% 16 6 4 6
ES cell lines vs. iPS cell lines (both data types) 81% 64% 91% 18 4 2 8
ES cell lines vs. fibroblasts (DNA methylation) 100% 100% 100% 20 0 0 6
ES cell lines vs. fibroblasts (gene expression) 94% 73% 100% 20 2 0 4
ES cell lines vs. fibroblasts (both data types) 99% 95% 100% 20 0 0 6
Predict everything as ES cell line 63% 0% 100% 20 12 0 0
Predict everything as iPS cell line 38% 100% 0% 0 0 20 12
Flip a coin {50% chance to predict as ES cell line} 50% 50% 50% 10 6 10 6

>
7

) -+ Average over all ES cell lines
X Average over all iPS cell lines
@ Specific iPS cell lines (simulated)

iPS-specific deviation from ES-cell reference

(Bock 2011)
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somatic memory?

a Reprogramming Differentiation
Blastocyst —>» fESC
Bone
P ntESC
2 Fibroblast ==~
s > F-iPSC
Blood
B6/CBAB-thal Blood @ =———> B-iPSC

»
0
=)

120{ =dE
=M

mm GM
1007 o GEMM i

8 -

2 6 -

! . 44

. | . 5]
B-iPSCs F-iPSCs ntESCs  fESCs 0 i i

. =" S - B-iPSCs F-iPSCs NtESCs fESCs
(h=11) (n=10) (n=3) (n=3)

@
i

Colony number per 100,000 cells
o
o

Calcium deposition (ug)

(K Kim, A Doi 2010)



(Bock 2011)

ES/iPS cells

.

—

Non-directed EB differentiation
(16 days, 2-5 replicates)

-

Expression profiling for
500 lineage marker genes

8-

Quantification of expression
differences versus reference

-

Gene set enrichment analysis for
lineage marker genes

e

Lineage scorecard estimate

of differentiation propensities

ES/IPS cells

mRNA counts

-
Failed EBs
(hiPS 27¢) &j&
- l. .
. \ ..

Impaired EBs we e

(15D, 29¢) s e e s
- --g‘ . -~
s .ll .‘.... - Z
O b
» % .
-
ES cell lines
iPS call lires

ES-cell cerived '6-day EBs
iPS-cell derived 16-cay EBs
Fioroblast cell lires

commitment?

Differentiation propensity: ®high [Cmedium M low
s P %

hiPs 11b
hiPS 11c
hiPS 15b
hiPS 172
hiPS 17b
hiPs 18a
hiPS 18b

Differentiation propensity: Ehigh O medium M low
o

N A B r



lab-specific stochasticity?

Laboratory-specific differences rendered as a
fuzzy cluster network.

GSE15175 Thompson

I GSE15176 Thompson
GSE13828 Ebert, Svendsen
GSE14711 Jaenisch

‘ Bl GSE9709 Sakurada

,‘ i Bl GSE9832 Daley

{ : GSE12390 Cowan, Hochedlinger

Bl GSE16093 Lanza, Kim

BN GSE16654 Plath, Lowry

3 O nipsc < Fibroblast
3 [ nesc @ Cluster 1

Sullivan G et al. Mol. Hum. Reprod. 2010;16:880-885



OLYMPIC REPROGRAMMING ARENA

Reprogramming factors Histotype
expressiof pattern = S
ftesencliymatio- | H — ‘g Number of divisions
epithelial ransition : AR
u e | (n Differentiation degree
<=

In vitro conditions, etc

somatic cell populatior\ '
\

ee

Chroma%.

remodeling

|
|
1
|
|
I
|
|
|
|
|
|
|
|
|
1
|
1
|
|
|
|
1
|
|
|
|
|
|
|
|

individual clones [
oy T of plurlpotexint stemce[lls
- . -
i - | 2
. Residual somatic gene | £
Cell aging expression i o -
| . 8 -
| | Philonenko et al, 2011
S S e Y W ST —— I i e "
Partially reprogrammed cells Completely reprogrammed iPS cells

0,1-1%

Does the reprogramming process retrace the developmental pathway?
Does incomplete reprogramming influence tumorigenic potential of iPS cells?




npoBepKa TOYHOCTU
penporpaMmmmpoBaHuA

n3oreHHana cuctema (ES=somatic=iPS)
oAHa nabopatopua, oAHU PYKU, OAHU cpeabl
yyeT COCTOAHMA COMATUYECKUX KNeTOoK

TPpW TUNA comaTnyecknx/iPS kneTok B
yeTbipex/LecT NOBTOPHOCTAX KaXKAbli

napannesnbHbl aHaNNU3 METUANPOBAHMUA
(450k) n skcnpeccnn (HT12v4) Bcex KneTok



ESO5

M30reHHaAa cncrema

| dubpobnactol

inewb

| HEMPOHDI

IPS7 iIPS47 IPS27

| KNneTku rnasa

v

iIPS29 IPS22 IPS14

v

methylome |

v

transcriptome |




transgene silencing -‘hnew 5 pluripotency tests

MACS Sorting
\) N\
| NCAM-l] | RPE65+ FACS
\
IPS7 iPS47 iPS27 iPS29 iPS22 iPS14

pluripotency tests  RT-PCR karyotype ICC

v v

methylome | transcriptome |




cTaHAapTHaa xapaktepuctmka ES/iPSCs

* mopdonorusa

* npoandepaTMBHas akTUBHOCTD,
camonoggeprkaHue

* HOPMA/IbHbIN KAPUOTUN

* AnddepeHUUpPOoBKa in vitro

e nnddepeHUNpPOBKa in Vivo

3TOro AOCTaTO4YHO, UJ1IK HYXKEH NOJIHOreHOMHbI aHaNus?




JNUreHeTu4veckKkas peryndauums

ACCCGTCAGATGEGATG 3KCnpeccum reHoB
TGGGEAGTCTACGETAC

‘ ‘ ylated GpG istan Methylated CoG island
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i

frers

+ DNA methylation

>
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> b unmethylated GG island shore
O D
gene switched "on": gene switched "off": g) ¢4 atee ' ﬁ
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CpG island is a region with at least 200 bp,
and a GC percentage that is greater than C f\l??f‘)"ffﬂftl (ene Dod\ ;.)‘IH“."."‘i-'l‘f,"ff{:o;"{_] (jene boay

50%, and with an observed-to-expected
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Aled repetitive sequence Unmethylated repstitive sequence

il i

eemssmormecm o o Ef



AHaNN3 MeTUNNPOBAHUA
illumina Infinium HumanMethylation450 BeadChip

* MoOKasaHuA ypoBHA meTtmnnmposaHuma 485,512 CpG
AnHyKkneotnaos (1,5% 13 Bcex KOTopble ecTb B reHome)

* NOKpbiTUEe —99% RefSeq aHHOTMPOBAHHbIX FEHOB

* BOCNPOM3BOAMMOCTb AN TEXHUYECKNX NOBTOPHOCTEN HBonbLue
99%

* 600 oTpuUaTENbHbIX KOHTPONEWN

5'— GAGTCACCGTTCGTTAA —
l Bisulfite treat

5'— GAGTUAUUGTTCGTTAA — :

l PCR amplify, clone, sequence

5 — GAGTTATTGTTCGTTAA —
si2: me-cytosine

bucynbPunTHAA KOHBEPCUA

HaHeceHWe Ha Yumn
(microarray)

LiBETOBAA AeTeKL NS



A  Infinium | assay: 2 bead types per CpG locus, both in the same color channel

U bead type M bead type AT C G
T Single-base extension
: T
Infinium peobe. ., / /
B GAAGTATC o &' CG
Bisulfite corverted gONA 3 s GAAGCATC e 5”
o v

. 4"
C
3 e GAAGCATC e 5" 3'—GAA8<T3§C p—

B Infiniumn Il assay: 1 bead type per CpG locus, two color readout

U + M bead type

Ao To c. GO
A Singla-base exiension

o/

3 s GAAGTATC e 5°

Gl

o/




Index

W NS W

S S e T
w b

“

TargetlD

cgd0000029
cg00000108
cg00000105
cg00000165
cg00000236
cg00000283
cg00000292
cg00000321
cg00000363
cg00000622
cg00000658
cg00000714
cgd0000721
cg00000734

cgd0000765

ansa eanHmnyHoro CpG 3HaveHunsa ot 0 go 1 (ot 0% go 100%)

CHR  COLOR. INFINIUM_DESIGN_TYPE 'PROBE_SNPS

-
-

3
3
8
4

-
-

15 Red

rs9857774
rs9864452

rs62037371

Beta value

UCSC_REFGENE_NAME
RBL2

C30rf35;C30r35
FNDC38;FNDC38

VDAC3;VDAC3
ACTNLACTNIACTNI
ATP2ALATPZAL
SFRP1

NIPAZNIPAZ NIPAZ;NIPA2
MAN1B1

TSEN34;TSEN34

LRRC16A
CNBP;CNBP,CNBP,CNEP,CN
DDX55

UCSC_REFGENE_GROUP RELATION_  MAPINFO

TSS1500
Body;3'UTR
Body,Body

F'UTR;3'UTR

FJ'UTR;3'UTR;3'UTR
1stExon;lstExon

1551500

N_Shore

S_Shore

N_Shore
N_Shore
S_Shore
N_Shore

TS5200,T55200;755200;7 Island

Body
Body;Body
Body

Islang
S_Shore
S_Shelf

S5'UTR;5'UTR;5'UTR;S'UTI Islanc

155200

Island

53468112
37459206
171916037
51194674
42263294
69341135
28890100
41167802
230560793
23034447
135997924
54695678
25282775
128902377
124086477

YNCNO = CTeneHb MeTUiInpoBaHnNA, y4mTbliBalOTCA 3HAYEHUNA ONA

CpG, KoTOpble AeTeKTUpoBanu bosblue Tpex buaos

MaKCMMaNibHaA pa3HMUa B 3HaYyeHmAx 0.15 ansa TexHUYecKnx m
0.24 pna 6BMonorM4ecKknx NOBTOPHOCTEN



B Genomic location

ST TR I
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* 40% npob

Promoter surn Stargenic Muitiple

HaXxoAATCA BHE §s | s " oestons
M3BECTHbIX 5% I oo .
PEry/IATPOHbIX - g e ————
pernoHos =

* 6O/IbLWIMHCTBO 17 I WT’ il
N3 HUX Relation to CpG Island
NOKPbITHI C 20
nomoubto Inf2 ?? ?? ? ?? ? ?
Tna 61aos ——

45.97%

* Infl umeer
28% NOKpbITUA
CpG, Inf2 —

4 e ia 51.7‘ 200
72% Type I % aoo‘

30.95%
23.08%

Infinlum sites (%)
0 20 &

. 159
841

48.3
Total sites 150,254 112,067 223,19
Type i sites TT 674 223N 35,431

Type |l sites 72,580 89,696 187,760



Preprocessing

KoppeKuusa batch effect Ha
ocHoBe PCA

dunbTpaumna caomnnos ¢ <90%

high-confidence 3HauyeHuM
(pval>0.01)

dunbTpauma npob,
COOTBETCTBYIOLWMX YACTO
BcTpevatowmmca SNP

KoppeKumna pasHuLbl B
3ddPeKTUBHOCTM MmedeHus/
CBOMCTBax CKaHMpoBaHUA/
MHTEHCUBHOCTU ABYX LLBETOB Ha
OCHOBE 3HaYeHUMN
OTpULLATENbHbIX KOHTPO1EN

1.QC

PCA
Bead nb. filtering
Sample QC

l

2. Probe filtering

Genetic variations
Allosomal positions

l

3. Signal correction

Color bias
BG subtraction

|

4. Subset based quantile
normalization

Infl/Inf 11 shirt correction
Between-sample normalization



Infl vs Inf2 probes

Inf1 curHanbl 6bonee
CTabUNbHbI

Infl curHanbl umetoT
PACLUMPEHHDbIN
ANHaAMUYECKNIN
Anana3oH 3HaYeHumn

Inf1l nyywe
neTekTnpyet
61n3Kkme K 0
3HayeHwus, Inf2 —
HaobopoT

3HauyeHua Infl 6aunkKe
K «uaeanbHbIM»
pe3y/ibTaTam

SD Bbiwe y Inf2

3.5 -
3.0 Infinium | NT
Infinium I T
2.5 Infinium I NT
2.0 <4 Infinium I T
1.5 =
1.0 -
0.5 - J
0.0 +—
| ] 1 ] ; |
0.0 0.2 0.4 0.6 0.8 1.0
B
50 - |
F i :
% a0 |
3
10
0, e
0.1 0.2 0.3 0.4

0.0

Standard deviation



Inf1/Inf2 shift correction =
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Donsity

Density

IMA pipeline + ComBat for batch
correction

GS: control normalization: YES
background filtration:NO
IMA:Peak correction: NO

GS: control normalization: YES
background filtration:YES
IMA:Peak correction: YES

< Design type

—e— infinium |

™ e
0.0 0.2 0.4 0.6 0.8 1.0 Bk L
=
Bet g
* — >
(@]
GS: control normalization: YES
background filtration:YES
IMA:Peak correction: NO N
o ‘Al
T T T T 1
0.0 0.2 04 0.6 0.8 1.0
Beta

filterdetectP, whether or not to filter probes based on detection P-value;

Xchrom, whether or not to remove the loci from the X,Y chromosome or both;
peakcorrection, whether or not to perform peak correction;

. transfm, whether or not to transfer the raw beta value using arcsine square root or logit;

: 1 normalization, whether or not to perform quantile normalization;

0.0 0.2 0.4 06 08 1.0 na.omit, whether or not to remove the loci containing missing beta values;

snpfilter, whether or not to filter out loci whose methylation level are measured by probes
containing SNP(s) at/near the targeted CpG site

Beta
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GSE31848 dataset (Nazor 2012)



Probes

Hlumina HT12 v.4

Description

RefSeq Content

N
XM
NR
xR

Source

Coding transcript, well-established annatation
Coding transcript, provisional annotation
Non-coding transcript, weli-establishec annaotation
Non-coding transcript, provisional annotation

RefSeq source release

Figure 2: Direct Hyb Gene Expression
Profiling Bead Design

Address

Human
HT-12 v4.0*

12-sample

28,688
11,121
1.752
2,209

Human RefSeq
Rel 38

Figure 4: GenomeStudio Gene Expression Module

gt G Pratie A% gt

L= ]

H
i

The GenomeStudio software interface (left) provides a flexible graphical interface for data and controls display. GenomeStudio software contains powerful
built-in data display tools, such as line graphs, tables, and heat maps (right) for expression analysis.

"/ Biotin
Labeled
: cRNA

Table 2: Direct Hybridization Gene Expression Assay

Product Specifications

Parameter

Probe-Length

Sensitivity

Dynamic Range
Detectable Fold Change
Reproducibility CV

Input RNA Required

Specification

50-mer gene-specific probe,
plus 29-mer address sequence

< 1:250,000
= 3 logs

£13

(&)

fold

< 10%

o

50-500 ng



correlation to qRT-PCR based log, ratios

Normalization methods
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Genome Studio normalization
methods

Average - average signal of all samples becomes equal to the
global average of all sample signals

Quantile - is a method used to make the distribution, median, and
mean of probe intensities the same for every sample. The
normalization distribution is chosen by averaging each quantile
across samples. Like cubic spline, this method assumes that all
samples have similar distributions of transcript abundance.

Cubic spline - For each sample, the vector of quantile intensities is
computed. Similarly, quantiles for the “virtual” averaged sample
after background subtraction are computed. Cubic B-spline is
computed and used for interpolation.

Rank invariant - Rank invariant normalization uses a set of probes
that is rank invariant between a given sample and a virtual
sample. Rank invariant normalization operates under the
assumption that probes with similar ranking between samples
have similar expression levels.
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“pluritest” by Alex Meissner

* Pluripotency Score: A score that is based on all samples
(pluripotent cells, somatic cells and tissues) in the stem cell
model matrix (red - 95% pluri samples, blue — 95% somatic)

pluripotency

50

o o 0 0
e el el e - -D_—_-&_D——_——_——_——-o—ﬂ_.o—c—o_p—.
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“pluritest” by Alex Meissner

Novelty Score: A score that is based on well-characterized pluripotent
samples in the stem cell model matrix. A low Novelty Score indicates that
the test sample can be well reconstructed based on existing data from
other well-characterized iPSC and ESC lines. A high Novelty Score indicates
that there are patterns in the tested sample that cannot be explained by
the currently existing data from well-characterized, karyotypic normal
pluripotent stem cells.

novelty

-

pluripotency

-50

-100 .

novelty




BapuabenbHocTb ICK/iPS
450k
INFO_PERCENT
INFO_PERCENT AXIS 20.068%
27.356% 1 15.751%

19.195% 2 11.547%

AXIS
1
2
3
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e 450k — IMA (Wilcoxon rank-sum test), pval 0.01, delta 0.2
« HT12 —t-test, pval 0.01/0.05, foldchange 1.5, qvalue 0.05

. reprogramming trace
. iPS-specific

. somatic memory

. intact

. pluripotent
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(gprox.sourceforge.net)
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GO enrichment 1. pluripotent 2. somatic memory | 3. iPS specific

common processes microtubule motor negative regulation | metal ion binding,

for all groups activity, M phase of of transcription from | nuclear chromatin,
mitotic cellcycle, | RNA polymerase Il | fibroblast growth
mitotic sister chromatid )

. o promoter, neural factor-activated

segregatlon, calcium ion t b | t Hvit
BT r—— ube closure, receptor activity,
chromosome patterning of blood muscle organ
centromeric region’ Vessels, NAD(P)H development,
sulfuric ester hydrolase | dehydrogenase calcium-mediated

activity (quinone) activity signaling




pluripotency-related part

3from3

negative regulation of cellular component organization
negative regulation of epithelial cell proliferation
central nervous system development

axis specification

negative regulation of cell proliferation

negative regulation of biological process

negative regulation of neuron projection development
regulation of epithelial cell proliferation

regulation of multicellular organismal development
cellular response to epidermal growth factor stimulus

0 3.25 6.50 9.75 13.00

3from3 and 2from3

mitotic cell cycle

cell cycle

mitotic cell cycle phase transition
nuclear division

organelle fission

regulation of mitotic cell cycle
nuclear envelope organization
G1/S transition of mitotic cell cycle
negative regulation of mitosis
regulation of proteasomal protein catabolic process
regulation of metaphase/anaphase transition of cell cycle
DNA replication

DNA metabolic process

©BioVenn Tim Hulsen 0 075 150 225 3.0C




somatic memory part
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old somatic memory vs young

HT12

intact_young
pluri_young
specific_young
diff sum (old only)

450k

intact_young

pluri_young
specific_young
diff sum (old only)

intact_old

6250
15
107
1
123

intact_old

413275
428
7376
319
8121

only in

young_group

¥ somatic memory
somatic
memory
somatic
memory

¥ specific
specific
specific

¥ pluri
pluri
pluri

¥ inact

HT12

HT12

sm_old pluri_old specific_old diff sum
{young only)
a5 2328 a8 2411 eS
18 10 190 a4 .').Qu‘ ’g -
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317 26 a3 485 +
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stayed max changed old_group with
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HT12: iPS specific old =
40 % 54 % intact
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Fibroblasts young and old
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reprogramming-specifc locuses
4 genes - expression

new5 data vs GSE25970

1RO

http://amazonia.transcriptome.eu/

iPS Cell Classifier (Bock2011) Accuracy Sensitivity Specificity TN (ES=ES) FN (IPS=ES) FP (ES=iPS) TP (lPs=IPS)
Chin2009 gene expression signature 63 % 0% 100 % 20 12 0
Stadtfeld2010 MEG3 72 % 100 % 55 % 11 0 9 12

Shutova, unpublished, one-gene signature 69 % 90 % 33 % 18 8 2 4
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“markers” = stochastic + somatic
memory

. . .
P -

: [+ Average over all ES cell lines
. | X Average over all iPS cell lines
e Specific iPS cell lines (simulated)

Cell-line specific deviation from ES-cell reference

A 4

iPS-specific deviation from ES-cell reference
(Bock 2011)



