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Genome Res. 2013 Cct;23(10):1563-79. doi: 10.1101/gr. 154572113, Epub 2013 Jul 26.

Sumoylation at chromatin governs coordinated repression of a
transcriptional program essential for cell growth and proliferation.

Meyret-Kahn H1: Benhamed M, ¥e T, Le Gras 5, Cossec JC, Lapaqueite P, Bischof O, Ouspenskaia M, Dasso M, Seeler
J, Davidson |, Dejean A.

+ Author information

Abstract

Despite numerous studies on specific sumoylated transcriptional regulators, the global role of SUMO on
chromatin in relation to transcription regulation remains largely unknown. Here, we determined the genome-
wide localization of SUMO1 and SUMO2/3, as well as of UBCY (encoded by UBEZ2I) and PIASY (encoded
by FIAS4), two markers for active sumoylation, along with Pol Il and histone marks in proliferating versus
senescent human fibroblasts together with gene expression profiling. We found that, whereas SUMO alone
15 widely distributed over the genome with strong association at active promoters, active sumaylation occurs
most prominently at promoters of histone and protein biogenesis genes, as well as Pol | rRNAs and Pol 111
tRNAs. Remarkably, these four classes of genes are up-regulated by inhibition of sumoylation, indicating
that SUMO normally acts to restrain their expression. In line with this finding, sumoylation-deficient cells
show an increase in both cell size and global protein levels. Strikingly, we found that in senescent cells, the
SUMO machinery is selectively retained at histone and tRNA gene clusters, whereas it is massively
released from all other unique chromatin regions. These data, which reveal the highly dynamic nature of the
SUMO landscape, suggest that maintenance of a repressive environment at histone and tRNA loci is a
hallmark of the senescent state. The approach taken in our study thus permitted the identification of a
commeoen biclogical output and uncovered hitherto unknown functions for active sumoylation at chromatin as
a key mechanism that, in dynamically marking chromatin by a simple modifier, crchestrates concerted
transcriptional regulation of a network of genes essential for cell growth and proliferation.

PMID: 23293515 PMCID: PMC3727255 DOl 10.1101/gr. 1543872113
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BMC Bisinformatics. 2013 Jul 9;14:219. doi: 10.1186/1471-2105-14-219.

TCC: an R package for comparing tag count data with robust normalization strategies.

Sun J'. Mishivama T, Shimizu K, Kadota K.

[+ Author information

Abstract
BACKGROUND: Differential expression analysis based on "next-generation” sequencing technologies is a fundamental means

of studying RNA expression. We recently developed a multi-step normalization method (called ThT) for two-group RNA-seq
data with replicates and demonstrated that the statistical methods available in four R packages (edgeR, DESeq, baySeq, and
NBFPSeq) together with ThbT can produce a well-ranked gene list in which true differentially expressed genes (DEGs) are top-
ranked and non-DEGs are bottom ranked. However, the advantages of the current TbT method come at the cost of a huge
computation time. Moreover, the R packages did not have normalization methods based on such a multi-step strategy.

RESULTS: TCC (an acronym for Tag Count Comparison) is an R package that provides a series of functions for differential
expression analysis of tag count data. The package incorporates multi-step normalization methods, whose strategy is to
remove potential DEGs before performing the data normalization. The normalization function based on this DEG elimination
strategy (DEGES) includes (i) the ariginal TbT method based on DEGES far two-group data with or without replicates, (i)
much faster methods for two-group data with or without replicates, and (iii) methods for multi-group comparison. TCC provides
a simple unified interface to perform such analyses with combinations of functions provided by edgeR, DESeq, and baySeq.
Additionally, a function for generating simulation data under various conditions and alternative DEGES procedures consisting
of functions in the existing packages are provided. Bioinformatics scientists can use TCC to evaluate their methods, and
biologists familiar with other R packages can easily learn what is done in TCC.

CONCLUSION: DEGES in TCC is essential for accurate normalization of tag count data, especially when up- and down-
regulated DEGs in one of the samples are extremely biased in their number. TCC is useful for analyzing tag count data in
various scenarios ranging from unbiased to extremely biased differential expression. TCC is available at http:/Awww iu.a.u-
tokyo.ac |p/~kadota/TCC/ and will appear in Bioconductor (http://bioconductor.org/) from ver. 2.13.

PMID: 23837715 PMCID: PMC3716788 DOI: 10.1186/1471-2105-14-219
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Selecting between-sample RNA-Seq normalization methods from the
perspective of their assumptions.

Evans C' Hardin J2 Stoebel DM*

+ Author information

Abstract

RNA-Seq is a widely used method for studying the behavior of genes under different biological conditions. An
essential step in an RNA-Seq study is normalization, in which raw data are adjusted to account for factors that
prevent direct comparison of expression measures. Errors in normalization can have a significant impact on
downstream analysis, such as inflated false positives in differential expression analysis. An underemphasized
feature of normalization is the assumptions on which the methods rely and how the validity of these assumptions
can have a substantial impact on the performance of the methods. In this article, we explain how assumptions
provide the link between raw RNA-Seq read counts and meaningful measures of gene expression. WWe examine
normalization methods from the perspective of their assumptions, as an understanding of methodological
assumptions is necessary for choosing methods appropriate for the data at hand. Furthermore, we discuss why
normalization methods perform poorly when their assumptions are violated and how this causes problems in
subsequent analysis. To analyze a biological experiment, researchers must select a normalization method with
assumptions that are met and that produces a meaningful measure of expression for the given experiment.

PMID: 28334202 PMCID: PMCE171491 DOI: 10.1093/bib/bbx008

Aug 28, 2019

54




TCCé&edgeR (or DESeq2) DTEREIE.
DEGD{RY A %L (unbiased) B S X E A

H- b= =A\ A
MHREFT AR X DifEml |
G138 G2

4 A \Y 4 A \

G1 repl (G1 rep2 |Gl rep3 |G2 repl (G2 _rep2 G2 _rep3
genel 14 110 73 0 0 10
gene2 1 0 11 12 539 346
gene3 8 19 6 11 12 14
gene4d 8 6 3 5 1 52
genes 22 16 / 1 8 0
geneo6 436 696 543 774 808 835
gene’ 10 0 11 9 0 8
genes 10 5 5 27 20 1
gene9 101 71 13 49 63 63
genel0 1 2 2 0 0 0
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TCCé&edgeR (or DESeq2) D &EREIE.
DEGDRY A 7ELY (unbiased) IFE X EH
. ZDT—AIE. DDEGEE L EI A HY20%
(PDEG - 02) ) @yi (') linon—DEGo

H- b= =A\ A
MR ET M Em X D FE M L
G138 G2

4 A \Y 4 A \

G1 repl (G1 rep2 |Gl rep3 |G2 repl (G2 _rep2 G2 _rep3
genel 14 110 73 0 0 10
gene2 1 0 11 12 539 346
gene3 8 19 6 11 12 14
gene4d 8 6 3 5 1 52
genes 22 16 / 1 8 0
geneo6 436 696 543 774 808 835
gene’ 10 0 11 9 0 8
genes 10 5 5 27 20 1
gene9 101 71 13 49 63 63
genel0 1 2 2 0 0 0
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TCCé&edgeR (or DESeq2) D &E&EIE.
DEGD R Y H %L (unbiased) IH5E X H A
o CDT—ARI%. DDEGEE L EIE HY20%
(Ppeg = 0.2) , @Y [Enon-DEG, DDEG
DFENEGIEFETEHHFHIF (genel) . EYD
FIIG2B TEH I (gene2)

G138 G2

4 A \Y 4 A \

G1 repl |G1_rep2 |Gl _rep3 |G2_repl G2_rep2 |G2_rep3
genel 14 110 7 0 0 10 }
gene2 1 0 11 12 539 346
gene3 8 19 6 11 12 14
gene4d 8 6 3 5 1 52
genes 22 16 / 1 8 0
geneo6 436 696 543 774 808 835
gene’ 10 0 11 9 0 8
genes 10 5 5 27 20 1
gene9 101 71 13 49 63 63
genel0 1 2 2 0 0 0
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TCCé&edgeR (or DESeq2) D &E&EIE.

L =T =A\ + =D DEGDRY H7L ) (unbiased) 5 & X HE H
AE E$1ﬂﬁ A jC O) '%III AT, 1 . COT—4I%. DDEGEE L E| & HY20%
(Ppeg = 0.2) , @%%Y [£non-DEG, WDDEG
DF 3 EGIEFTEHFIR (genel) . ERYD
F 2 XG2EF THEFIH (gene2) , CHHID
, CF . S7F | 31 DEGORTE B S5 I=fRY
Gl repl |G1_rep2 |G1 _rep3 |G2_repl |G2_rep2 C,?_\.ff,,l'v\ SR OMERRER.
genel 14 110 7 0 0 10 }
gene2 1 0 11 12 539 346
gene3 8 19 6 11 12 14
gene4d 8 6 3 5 1 52
genes 22 16 / 1 8 0
geneo6 436 696 543 774 808 835
gene’ 10 0 11 9 0 8
genes 10 5 5 27 20 1
gene9 101 71 13 49 63 63
genel0 1 2 2 0 0 0
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EDMHEEIZIEALOT,. DEGDE|SI(E
A%, Bl Z X, DDEGEELE|FH

40% (Ppeg = 0.4) f2o1-&LTH. DEGD #

DIGIEHTEHFHIH (genel and 2) ., %Y

DH 57 XG2E# TE HIH (gened and 4) T

, G1E . ¥ | phigtieaEs,

G1 repl (G1 rep2 |Gl rep3 |G2 repl (G2 _rep2 G2 _rep3
genel 14 110 7 0 0 7
gene2 29 0 263 1 25 0 [
gene3 8 19 6 193 227 150
gene4d 33 6 3 443 41 139
genes 22 16 7 2 17 16
geneo6 436 696 543 594 520 681
gene’ 10 0 11 5 1 8
genes 10 5 5 35 100 5
gene9 101 71 13 35 26 73
genel0 1 2 2 0 1 0
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Ok = =A + =4 BDM4EREITEAGD T, DEGOEISIE
He E:Hﬂﬁ Akt jC O) I%IZI Akt 1 R, HIZ L. ODDEGEETEIEM
60% (Ppeg = 0.6) f=o1=&LTH. DEGDF
DEGIEETEHHIA (genel, 2,and 3) . 5%
YD E 57 1EG2E TE F IR (gened, 5, and
, C1# y C2F o ThHhEHRIZES.
Gl repl |G1_rep2 |G1 _rep3 |G2_repl G2_rep2|G2_rep3
genel 14 110 7 10 8 7
gene? 29 0 263 5 2 0
gene3 184 188 168 8 12 3 |
gene4 10 36 19 216 41 558
genes 24 3 24 23 278 308
gene6 784 503 677 11160 10965 13551 |
gene’ 10 0 11 / 1 8
genes 10 5 3 9 100 5
gene9 101 71 44 94 26 73
genel0 1 2 5 0 1 0
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AE E:Hﬂﬁ AT, j{ O) '%I:I AT 2 HTERBEDKLS%H. DEGOFKIRES/S
F—UICRYDHAEE T ERENHD
o cDFID LSFDEGEZ L EIE HY20%
G1E GoBE BELLTCCOMREFFLY,
4 A \Y 4 A \
Gl repl |G1_rep2 |G1 _rep3 |G2_repl G2_rep2|G2_rep3
genel 87 306 646 13 26 10 }
gene2 233 76 201 8 13 5
gene3 4 1 0 2 4 0
gene4 221 106 56 360 124 129
genes 150 170 154 190 149 140
gene6 16 35 23 22 12 12 ‘
gene’ 6 0 1 4 3 4
genes 1 3 2 1 3 5
gene9 3) 5 1 0 8 1
genel0 89 37 95 126 61 41 _
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(DDEGZE&E L E|E HY40% (Pye = 0.4) T,
@75 [Xnon-DEG, ODE TAHODEGAH'GT
HCTaHFEDLI7, DEGODHKITEE)/N
A—UIRYDBHDIGEILEREENHD
. CDEHIDES51DEGEE T E|E HY40%
FEETHLTCCOMEREIXE LY,

G1## G2%

4 A A\Y4 A \

Gl repl |G1_rep2 |G1 _rep3 |G2_repl G2_rep2|G2_rep3
genel 87 306 21 8 18 3
gene? 233 76 360 12 5 34 | ‘
gene3 69 42 144 5 1 10
gene4 3949 1408 2600 263 162 392
genes 178 153 125 138 166 127
gene6 15 21 22 39 28 31
gene7 6 0 2 0 0 1 | ‘
genes 1 16 5 1 3 7
gene9 3) 3 2 13 8 10
genel0 89 52 258 256 70 242| |
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4 A \Y 4 A \
Gl repl |G1_rep2 |G1 _rep3 |G2_repl G2_rep2|G2_rep3
genel 87 77 16 5 26 10 )
gene2 233 169 21 4 13 5

gene3 69 0 94 5 4 0 .
gene4 3949 5787 9658 144 124 129
gene5 3361 3211 2707 150 149 140

gene6 332 348 251 22 12 12
gene? 1 8 2 4 3 4
genes 3 0 0 1 3 5 | ‘
gene9 1 5 2 0 8 1
genel0 125 175 265 126 61 41| |
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G138 G2

4 A \Y 4 A \

G1 repl (G1 rep2 |Gl _rep3 |G2 repl (G2 _rep2 |G2_rep3
genel 87 306 21 8 18 3
gene2 233 76 360 12 5 34
gene3 69 42 144 5 1 10 . ‘
gene4 3949 1408 2600 263 162 392
geneb 3361 3009 2477 138 166 127
gene6 15 21 2 721 476 684 |
gene? 6 0 2 0 0 1]
gene8 1 16 5 1 3 7 . ‘
gene9 5 3 2 13 8 10
genelO 89 52 258 256 70 242
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G138 G2

4 A \Y 4 A \

Gl repl |G1_rep2 |G1 _rep3 |G2_repl G2_rep2|G2_rep3
genel 87 I 16 5 14 2
gene2 233 169 21 4 17 1
gene3 69 0 94 5 1 0
gene4d 3949 5787 9658 144 147 87
genes 3361 3211 2707 150 123 136
geneo6 332 348 251 22 24 32
gene’ 1 8 2 S7 41 30
genes 3 0 0 117 59 49
gene9 1 5 2 0 3) 1
genelO 125 175 265 62 148 419
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G138 G2
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Gl repl |G1_rep2|G1_rep3 |G2_repl G2_rep2|G2_rep3
genel 87 56 382 8 2 1
gene2 233 24 551 12 14 0
gene3 69 95 9 5 1 0
gened 3949 5958 2299 263 171 93 >‘
geneb 3361 2717 3113 138 154 139
gene6 332 870 475 39 20 24
gene’ 28 27 128 0 4 0
genes8 0 5 2 18 116 20
gene9 3 1 6 1 3 0
genel0 104 143 258 101 134 530

Aug 28, 2019 66



= B RSl [ TCC (IEFEIZIXDEGESIE ]
H- Bl = =\ IEiE)EEHTWNAETHDOT, [RER
'|$ HE ElzlZ ﬁlﬁ aht j{ 0) i & &) XCEP'GIJ:ETCC%IEEtLC;:%%jﬂfiT‘;

STULVELY,

m 1. DEGDIRYH LY (unbiased) IHE X E A, DEGD I & (L EEHR,
m DEGICIRYMHDGEIEEREENHD

2.
3.

Aug 28, 2019

DEGODE|EM0REELITDIEE (X, TCCOEREIXS LN XX/ A—TTF)
DEGOEIEMNTNIEELIEDIZEI(X. TCCOMEREIXIELN(T—XRLAN)L)

E3RAb ;& 8EE M Z% 3L : Evans et al., Brief Bioinform, 19(5): 776-792, 2018

67



0 Fhld. DY L —T DM REFHER Y T.

) ll‘i_-E ﬁlé Ezlz1mj EAX O) i & &) QDEEZHHTHYELT =,

m 1. DEGDOIRYD7ELN (unbiased) B S H A, DEGDE|S 4

RER

m DEGIZIRYDHLEEITEREENTED

3. DEGODEIEH60WFEELLLDIFE(L. TCCOMREIFIELN(T—RE

2. DEGOE|IEI 60U IEELITDIZE(E. TCCOEREIXE W IXIF/N\—T M)
LAJL) ‘

AUg 28, 2019 IEFR1E s E MM BEET M ST Evans et al., Brief Bioinform, 19(5): 776-792, 20

&

18
68




. Dty IL—T DR TR XD EED

O
4 26 ST 3R SA : &, A DEGDEIS , B DBEMQ
|SE He I:I:l:1m:-| AT, j{ 0) Flg . 8 Oracle (f#5%; BB LRI IE KLY)
eFDR by proportion of DE [ZIEIFHIE KLY,

asymmetry, different mRNA/cell

method
o —e— DEGES
&
L —+— DESeq
-8 -=- Qracle ’
S_ —+— PoissonS&q
uE.l ~#- TMM

-4 Total. Count

0.25 0.50 0.75
Proportion of Differential Expression ‘

IEFRbiE M REHEsR X DFig. 8DHE L DX

Aug 28, 2019 69



" «EEE—
L, = =A.

1%

REsTil s/ XX DFig. 8

eFDR by proportion of DE
asymmetry, different mRNA/cell

O T IL—T O HEREETE R X D EED
X, EEHDEGDEIE , HtEhD EAQ

Oracle (##5E; BB E LRI NI KLY)
2T lE Ly, ADEGESMATCCH I &

o

Empirical FDR

Aug 28, 2019

0.25 0.50 0.75 ‘

Proportion of Differential Expression

IEFRbiE M REEHEER X DFig. 8DHE LD

LY

method
—o— DEGES ‘
—+ DESeq

-== QOracle ﬁ
—— PoissonSeq

~&# TMM

-4 Total. Count

70




" JEEE
L, = =,

1%

REETi s/ XX DFig. 8

eFDR by proportion of DE

0.4 4

Empirical FDR

asymmetry, different mRchII

Oy IL—T D REFTEM R X D ERED
X, #EEADEGDE|E , HtEADIEHIQ
Oracle (##5E ; BB LRI nILLLY)
(2T HlE Ly, ODEGESATCCHZ &
. @DEGDE| & H60%<SLVETIZIFIX
IN—D I R, ZDEIE—KIZTEEE
NELTLE, ®7T5%LIEIET—X

Aug 28, 2019

0.25 0.50 0.75 ‘

Proportion of Differential Expression ‘|
IERR bR T MR X DFig. 8DA LD X

method
—o— DEGES ‘
—+ DESeq

-= QOracle ’
—— PoissonSeq

~&# TMM

-4 Total. Count

71




" M
/_7 U _7‘\/9:J-FEI::

eFDR by proportion of DE
asymmet@erent mRNA/cell

0.4

Empirical FDR

0.0

A
L

Aug 28, 2019

0.25 0.50 0.75
Proportion of Differential Expression

https://ja.wikipedia.org/wiki//—21) —5 > F E &

FDEBZBOSETIL, RIREFHHENT
HBESNADEGDEIE . DELVELY
40%F2EEE To

method

—— DEGES
—+— DESeq

-= Oracle

—— PoissonSeq
~#- TMM

-4 Total. Count

72



" M
—_ =

/=) =2 FFEE
eFDR by proportion of DE

asymmetry, different mRNA.‘

0.4 4

Empirical FDR

"“l—-—..__._.

0.25 0.50 0.75
Proportion of Differential Expression

Aug 28, 2019 https://ja.wikipedia.org/wiki//—2')—2F E &

D EHOEFHTIL., RIELEEFEHTT
HBEINSDEGHEIE (X, DEULELY
AONFEEZET, TN X, Q60%LL LA
DEGT. LMt R ADEIZ/E->TLSELDS
HEBETEDTEBINDIDIIET
IAARETIEHS,

method

—— DEGES
—+— DESeq

-= Oracle

—— PoissonSeq
~#- TMM

-4 Total. Count

73



'__ FhDEHOEE TIL., FEHEEREITT
— = A SN BDEGOES [E. DELEL
J— U _7/7'E IH MONEEET, Zhidz . @60%LLE A

eFDR by proportion of DE DEGT.LMNERADEHIZE->TLD KD
asymmetry, different mRNA' BEBEFEFTEHTEBNIDITET
FARETIHEHSL, LHOALZOFEREBAKRIE
/=) —5F F ¥ (no-free—lunch
theorem) [ZEH T 5D THYEY,
method
o -o— DEGES
E —— DESeq
E -= QOracle
"5‘_ —— PoissonSeq
LIEJ ~&#- TMM
== Total.Count
"“I—-H_._.
0.25 0.50 075
Proportion of Differential Expression
Aug 28, 2019 https://ja.wikipedia.org/wiki//—2') —5 > F FE 1 74



" M
— S —

/=) =2 FEE
eFDR by proportion of DE

asymmetry, different mRNA/cell

Empirical FDR

0.0 -

0.25 0.50 0.75
Proportion of Differential Expression

Aug 28, 2019 https://ja.wikipedia.org/wiki//—2')—2F E &

/=)= UFFBEORTHRBATS
E. T2 THOEBDEFH (DEGDIEF) I
BWWTHREEDIWAEIIFEELLGL &
VD2,

method

—— DEGES
—+— DESeq

-= Oracle

—— PoissonSeq
~#- TMM

-4 Total. Count

75



" JEE—— /=75 FEBECORTHET %
- — E T ETHOrEEOEFH (DEGDE|SR)IZ
/_7 U _7/9:I_~EI:: SWWTHBEDLWWAEIETFEELLGLE

eFDR by proportion of DE V52 &, WDEGES(TCCDZ &) (F,. QD
asyr;.cy, different mRNA/cell SFETIXFX/NN—Tz U MEEZFRLT
LNS A,

0.4

Empirical FDR

0.0

method
—o— DEGES ‘
—+ DESeq

-= QOracle
—— PoissonSeq
-&- TMM

-4 Total. Count

Aug 28, 2019

0.25 0.50 0.75
Proportion of Differential Expression

https://ja.wikipedia.org/wiki//—21) —5 > F E & 76



" -
—_ =

/=) =2 FFEE
eFDR by proportion of DE

asymmetry, different mRNvL

0.4 4

Empirical FDR

0.25 0.50 0.75
Proportion of Differential Expression

Aug 28, 2019 https://ja.wikipedia.org/wiki//—2')—2F E &

/=) =S UFEBEZOXTEHREAT S
s T2TOEEHDEFH (DEGDEE) I
PVNTHREDIWAERIFEELLEL &
LVS5Z &, DDEGES(TCCHDI L) £, @D
SFETIEIF/NN—D I REERLT
WO . ZDRIEZQDEFE THH>TLY
BHEBRT NIEKLY,

method
—o— DEGES ‘
—+ DESeq

-== QOracle
—— PoissonSeq
—&- TMM

-4 Total. Count

77



'_ /=2V—S5 FEBE_ORTHRHAT S
- == E.T2TOEEDEFH (DEGDE|SE) (2
J— U _7/9:J_~EI:: BOTHEED NG EIZFELLL &

eFDR by proportion of DE V53T &, DDEGES(TCCHDI &) (X, @D
asymmetry, different mRNw SFETIEIEN—TIMEMREZRL T

LEAY, ZDHREZDEFH THL-TLY
HEERTNIEEL, ERALEIE. @DEG
DEEMNIEBICELNTCCEITHRMNE
S5, Bl/I\vr—S DR AEHELR,

0.4 - method
-o— DEGES ‘
— DESeq

-== QOracle
—— PoissonSeq
—&- TMM

-4 Total. Count

Empirical FDR

0.25 0.50 0.75
Proportion of Differential Expression

Aug 28, 2019 https://ja.wikipedia.org/wiki//—2')—2F E & 8



|

-

Contents

BB ERRTIT)NAF DB

FSU RO Th—LEENT, FIRGENT, RIRE AN ERT YA
2BFREILEE BT —43 . TCC(REEOI LDEGIEZ S)

ftho IL—7TIZ otéliﬁbnﬂﬁ WX (TCCMIEHR LG DHIZEL!)
TCCT3EEME LLER . baySeqbflAEHE THIE/N\NI—FETHESD

m (RT)IEEECH|BEHT
m Single—cell RNA-seq(scRNA-seq)
B N\AFATHAIRTAIOREE

Aug 28, 2019

79



AF% vs. BEf vs. CEHD LT —2D15

-~ 3 L &.TCClZ...
TCCT3##fE bR
ARF ;= C#
4 A Y A ) A A\
Al | A2 | A3 | Bl | B2 B3| Cl | C2| C2

gene_1 691 364 869 21| 96/ 89 41 81 69
gene_2 11 83 125 7 0 1 1 4 7
gene_3 24 8 8 0 0 4 4 2 5
gene 4 34 5 9 0 0 0 0 4 0
gene 5 16f 30 13 0 1 3 2 1 1
gene_6 0 0 2 0 0 0 0 0 1
gene_7 0 21 9 0 3 0 2 0 0
gene_8 639 472 462 54/ 55 31 16 39 37
gene 9 14 59 44 21 8 3 0 4 2

SEEMEI LB D MERESE{M Z/ 3L : Tang et al., BMC Bioinformatics, 16: 361, 2015
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AZf vs. BEf vs. CEED 5T —3D 15
& . TCClE. ANOVAD KO5HETEZH D

BECTRREHLTWLBIEIZS XY

TEHFERILIMRLEE A,
At B#f C#t
A Y4 A ) A \

Al | A2 | A3 | Bl | B2 | B3| Cl|C2| C2]| guvalue
gene 1295 | 5415 5290 4941 315 419 397 310/ 328 328 5.56E-33
gene 1087 | 1859 2013 1375 106 81 66/ 65 108 96/ 5.56E-33
gene 554 | 7882 7549 8641 531 383 611 289 324, 472 5.56E-33
gene 1676 | 732 571 891 #HHt | #itttt | ##HH:| 868 1016| 1274| 8.65E-33
gene 48 830 906 729 39 40 34 65 53 81 8.65E-33
gene 879 | 804 647 713 32 33 32 61 61 37 1.04E-32
gene 2335| 118 112 135 1430 1440 1395 82| 99 107 4.83E-30
gene 2692 | 180 171 169 149 136/ 188 2671 1772 2437 6.46E-30
gene 1138 | 1393 493 706 20 22 9 36 50 55 1.19E-29

SEEMEI LB D MERESE{M Z/ 3L : Tang et al., BMC Bioinformatics, 16: 361, 2015
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TEAFERILMRLEEA.HIZIE. D
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gene_554
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7549
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328 328/ 5.56E-33
108/ 96/ 5.56E-33 ‘

324/ 472 5.56E-33

gene 1676
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o571

891

HEHRH

HHAH

HERH

868

1016 1274, 8.65E-33

gene 48
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729
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65

53] 81 8.65E-33

gene 879
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713

32
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61
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gene 2335
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99 107 4.83E-30

gene 2692
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gene 1087 | 1859 2013 1375 106 81 66/ 65 108 96/ 5.56E-33
gene 554 | 7882 7549 8641 531 383 611 289 324/ 472 5.56E-33
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Al | A2 | A3 | Bl | B2 | B3| Cl1 | C2 | C2 | g.value [orderings
gene 1295 | 5415 5290 4941 315 419 397| 310 328 328 5.56E-33| A>other
gene 1087 | 1859 2013| 1375 106) 81 66/ 65 108 96 5.56E-33| A>other
gene 554 | 7882 7549 8641 531 383 611 289 324 472 5.56E-33| A>other
gene 1676 | 732 571 89| #### | ### | ##H#H#| 868 1016| 1274 8.65E-33| B>other
gene 48 830, 906, 72 39, 40, 34 65 53 81 8.65E-33] A>other
gene_879 804, 647 71 320 33 32 61 61 37 1.04E-32[ A>other
gene 2335| 118 112 135| 1430 1440 1395 82| 99 107| 4.83E-30, B>other
gene 2692 | 180, 171 169 149 136/ 188| 2671 1772 243 6.46E-30| C>other
gene 1138 | 1393 493 706 20 22 9 36 50 55 1.19E-29| A>other
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SEEMLLES CRIF/INI—U D EEFE TS
O DHEBH/INAT A IRBEIFEI,
EHEEENDOsabe KD ARHIZRELT.
OsabeEEFIZin 4,

Accurate Classification of Differential Expression Patterns in a Bayesian

Framework With Robust Normalization for Multi-Group RNA-Seq Count Data.

Dsabe T'. Shimizu K1'2. Kadota K12,

#+ Author information

Abstract

Empirical Bayes is a choice framework for differential expression (DE) analysis for multi-group RNA-seq count
data. Its characteristic ability to compute posterior probabilities for predefined expression patterns allows users
to assign the pattern with the highest value to the gene under consideration. However, current Bayesian
methods such as baySeq and EBSeq can be improved, especially with respect to normalization. Two R
packages (baySeq and EBSeq) with their default normalization settings and with other normalization methods
(MRN and TCC) were compared using three-group simulation data and real count data. Our findings were as
follows: (1) the Bayesian methods coupled with TCC normalization performed comparably or better than those
with the default normalization settings under various simulation scenarios, (2) default DE pipelines provided in
TCC that implements a generalized linear model framework was still superior to the Bayesian methods with
TCC normalization when overall degree of DE was evaluated, and (3) baySeq with TCC was robust against
different choices of possible expression patterns. In practice, we recommend using the default DE pipeline
provided in TCC for obtaining overall gene ranking and then using the baySeq with TCC normalization for
assigning the most plausible expression patterns to individual genes.

KEYWORDS: RMA-seq; differential expression analysis; empirical Bayes; expression patterns; normalization

FMID: 31312083 PMCID: PMCB614938 DO 10117 7M1779322198605817
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Al | A2 | A3 | Bl | B2 | B3| Cl1 | C2 | C2 | g.value [orderings
gene 1295 | 5415 5290 4941 315 419 397] 310 328 328 5.56E-33| A>other
gene 1087 | 1859 2013| 1375 106 81 66/ 65 108 96 5.56E-33| A>other
gene 554 | 7882 7549 8641 531 383 611 289 324 472 5.56E-33| A>other
gene 1676 | 732 571 891 #### ## | ####| 868 1016| 1274 8.65E-33| B>other
gene 48 830 906/ 729] 39 40 34/ 65 53 81 8.65E-33 A>other
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gene 2335| 118 112 135 1430 1440 1395 82| 99 107| 4.83E-30, B>other
gene 2692 | 180 171 169 149 136 188 2671 1772 2437 6.46E-30| C>other
gene 1138 | 1393 493 706 20 22 9 36 50 55 1.19E-29| A>other
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Al|A2 | A3|B1|B2|B3|Cl|C2| C2 [honDEGDEG_ADEG BDEG_C|DEGall
gene 1295|5415 5290 4941 315 419 397 310 328 328 0.000f 0.999] 0.000, 0.000, 0.001
gene 1087|1859 2013|1375 106, 81 66/ 65 108 96[ 0.000] 0.996/ 0.000, 0.000, 0.004
gene 554 | 7882 7549 8641 531 383 611 289 324 472 0.000f 0.997] 0.000, 0.000, 0.003]
gene 1676 | 732 571 891 ####|#iH# ####| 868 1016| 1274 0.000f 0.000] 0.993 0.000, 0.007
gene_48 830 906/ 729 39 40, 34 65 53 81 0.000F 0.845 0.000, 0.000] 0.155
gene_879 804| 647 713 32 33 32| 61 61 37, 0.000 0.917] 0.000 0.000 0.083
gene 2335| 118 112 135/ 1430 1440/ 1395 82/ 99 10/ 0.000; 0.000[ 0.975] 0.000 0.025
gene 2692 | 180 171 169 149 136| 188 267117722437 0.000] 0.000] 0.000, 0.995 0.005]
gene 1138|1393 493 706] 20 22 9 36/ 50 55 0.0000 0.613] 0.002 0.001 0.384
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Al|A2 | A3|B1|B2|B3|Cl|C2| C2 [honDEGDEG_ADEG BDEG_C|DEGall
gene 1295|5415/ 529014941 315 419 397 310 328 328 0.000, 0.999 0.000] 0.000 0.001
gene 1087|1859 2013|1375 106, 81 66 65 108 96 0.000| 0.996/ 0.000[ 0.000] 0.004
gene 554 | 7882 7549 8641 531 383 611 289 324 472 0.000f 0.997] 0.000, 0.000, 0.003|
gene 1676 | 732 571 891 ####|#iH# ####| 868 1016| 1274 0.000f 0.000; 0.993 0.000, 0.007
gene_48 830 906/ 729 39 40, 34 65 53 81 0.000f 0.845| 0.000, 0.000] 0.155
gene_879 804| 647 713 32 33 32| 61 61 37, 0.0000 0.917, 0.000 0.000 0.083
gene 2335| 118 112 1351430 1440/ 1395 82/ 99 10/ 0.000] 0.000; 0.975 0.000 0.025
gene 2692 | 180 171 169 149 136] 188 267117722437 0.000] 0.000; 0.000f 0.995 0.005]
gene 1138|1393 493 706] 20 22 9 36/ 50/ 55 0.000F 0.61 0.002 0.001] 0.384
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Al | A2 |A3|B1|B2|B3|Cl|C2|C2 [honDEGDEG_ADEG _B|DEG_C|DEGall | pattern

gene 1295|5415/ 5290, 4941 315 419 397 3100 328 328/ 0.0000 0.999] 0.000f 0.000| 0.001DEG A
gene_1087 | 1859 2013/ 1375 106] 81 66| 65 108 96 0.000, 0.996] 0.000, 0.000 0.004DEG_A
gene 554 | 7882 7549|8641 531 383 611 289 324/ 472 0.000 0.997| 0.000] 0.000f 0.003DEG_A
gene_1676| 732 571| 8OL|#| #t ##H#| 868 1016/ 1274) 0.0000 0.000[ 0.993 0.000 0.007|DEG_B
gene_48 | 830 906| 729 39 40 34 65 53 81 0.000 0.845 0.000 0.000 0.155DEG_A
gene 879 | 804 647) 713 32 33 32 61 61 37| 0.000 0917 0.000 0.000 0.083DEG A
gene 2335| 118 112 135|1430| 1440 1395 82| 99| 107| 0.000[ 0.000] 0.975 0.000 0.025DEG B
gene 2692| 180 171 169 149| 136 188 2671 1772(2437| 0.000 0.000, 0.000] 0.995 0.005DEG C
gene 1138|1393 493 706 20 22| 9 36 50 55 0.000[ 0.613 0.002 0.001 0.384DEG A
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Al | A2 A3 | Bl1 | B2 | B3 |Cl|C2| C2 nonDEGDEG_ADEG_BDEG_C|DEGall | pattern
gene_1295 | 5415 5200| 4941 315 419 397 310 328 3280 0.000] 0.999 0.0000 0.000 0.001/DEG A
gene 1087|1859/ 2013|1375 106 81 66 65 108 96 0.000 0.996| 0.0000 0.000 0.004DEG A
gene 554 | 7882 7549 8641 531 383 611 289 324 4720 0.000 0.997] 0000 0.000 0.003DEG A
gene 1676| 732 571 801w | w868 1016/ 1274 0.0000 0.000] 0,993 0.000] 0.007|DEG B
gene 48 | 830 906 729 39 40 34 65 53 81 0000 0.845 0000 0.000 0.155DEG A
gene_ 879 | 804 647] 713 32 33 32 61 61 37 0000, 0917 0.000 0.000 0.083DEG A
gene_2335| 118 112 13514301440 1395 82 99| 107 0.000 0.000] 0.978 0.000] 0.025|DEG B
gene 2692| 180 171 169 149 136 188 2671/ 17722437, 0.000 0.000| 0.000] 0.995 0.005PNEE
gene 1138[1393 493 706 200 22 9 36 50| 55 0.000] 0.619 0.002 0.001 0.384DEG A
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Al | A2 | A3 Bl | B2 | B3 Cl C2 | C2 nonDEGDEG ADEG BDEG CDEGall | pattern
gene 1295|5415/ 5290 4941| 315] 419 397 3100 328 328 0.000f 0.999( 0.000[ 0.000] 0.001DEG A
gene 1087|1859 2013| 1375 106/ 81| 66/ 65 108 96/ 0.000f 0.996( 0.000f 0.000] 0.004DEG A
gene 554 | 7882 7549 8641| 531] 383 611 289 324) 472 0.000f 0.997 0.000f 0.000] 0.003DEG A
gene 1676| 732| 3571 891|#### |#H | A 868 1016 1274  0.000 0.000f 0.993] 0.000[ 0.007DEG B
gene 48 830 906 729 39| 40, 34 65 53] 8l 0.000 0.845 0.0000 0.000[ O0.IS5DEG A
gene 879 804 o647 713 32 33 32 61 61 37| 0.0000 0.917 0.0000 0.000] 0.083DEG A
gene 2335 118 112| 135 1430 1440 ]395. 82 99 10?. 0.000, 0.000, 0.975 0.000[ 0.025DEG B
gene 2692 | 180 171| 169 149 136 188 2671 1772|2437, 0.000 0.000 0.000f 0.995 0.005&
gene 1138 | 1393| 493| 706 20 22 9 36 50 55 0.000p 0.613] 0.002 0.001] 0.384DEG A
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Al | A2 | A3 Bl |B2 | B3|Cl | C2|C2 nonDEGDEG ADEG BDEG C|DEGall | pattern jorderings
ene 1295|5415 5290 4941| 315 410l 397 310 328 328 0000l 0999l 00000000 _0.001DEG A| A>other
gene_ R R Console ESR(ECR ~X3 -
gene_1087| 1859 2013| 1375| | . .004DEG A || A>other
gene 554 | 7882 7549 8641/ > table (outsMap) .003DEG_A | A>other
gene 1676 732 571 891# oo A pEc B DEG C DEGall nonDEG .007DEG B | B>other
gene 48 830 906 729 1293 725 475 .155DEG_A | A>other
gene 879 | 804 647 713 ~ S&b%ei'ﬁl‘derl“gﬂ} .083DEG_A | A>other
orasring.s —
gene 2335| 118 112 1351 A>B>C  A>C>B A>other  B>C>A B>other  -023DEG B| B>other
gene 2692 180 171 169 7493 3 4 2 689 .005DW@PE| C>other
gene 11381 1393 493 706 CEASB C>B>A C>other other>A other>B otLher>C ‘384DEG A A}Dther
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gene 1295|5415 5290, 4941 315 419 397 310 328/ 328/ 0.000] 0.999 0.000 0.000 0.001
gene 1087|1859 2013/ 1375 106, 81 66 65 108 96/ 0.000| 0.996 0.000| 0.000 0.004
gene 554 | 7882 7549 8641 531 383 611 289 324/ 472| 0.000, 0.997| 0.000 0.000 0.003
gene 1676 | 732 571 8OL|## | #itt# #i#| 868 1016 1274/ 0.000| 0.000] 0.993 0.000[ 0.007
gene 48 | 830 906 729 39 40 34 65 53 81 0.000 0.845 0.000 0.000 0.155
gene 879 | 804 647 713 32 33 32 61 61 37 0.000 0917 0.0000 0.000 0.083
gene 2335| 118 112 1351430, 1440 1395 82 99| 107| 0.000 0.000] 0.975 0.000 0.025
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