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Abstract

Murine_transplantation modelare used extensivelfo researchimmunological
rejection and toleranceHere, we studied on both murine heart and liver allograft
models using microarray technology. However, we hadficulties in identifying
genesrelated toacute rejectionexpressedn both heart and liver transplantation
models using two standard methodologies: StudentissiTand linear models for
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microarray data (LimmaHere we describa new methodgandardizedold change
(SFC) for differential analysis omicroarray dataWe estimated the performance of
SFC, T-test and Limmaby generating simulated microarray data 100 tin&sC
performed bettethan Ttest and showed a higher efficiency than Limma in sensitivity
where arlarger fold change of expression value ex@$t€ hadbetterreproducibility
than Limma and Test inreal experimental data from Micrrray Quality Control
(MAQQ) platform and expression dathmouse cardiaallograft. Eventually a group
of significantoverlappinggenes was detected by SFCQhe expression data of mouse
cardiac ‘and hepatic allogratied further validated bthe quantitative RIPCR assay.
The group includedgenesfor importantreactions of transplantation rejection and
revealedfunctional changes ofhe immune systemin both heart and liver of
mouse‘modeMWe suggesthat SFCcanbe utilized to stably aneffectively detect the
differentialgene expression amd exploremicroarraydatain furtherstudies.
I ntroduction

At thevery stage of oan failure the organ transplantation is the {gaving
medical, procedurethough still having someproblems, e.g.transplant rejection,
reception of lifelong immunosuppressive drugdransplantation models withbu
immunosuppressioare importanandthe mechanisms akjection and tolerancia
these medelare highly requiredio be disclosed

The mcroarray is a welkstablished and widely used technology, providing a
picture of gene expression or RNgvofiling in different tissuegl]. To identify the
differential expressionsStudent's-test and linear models for microarray datanima)
are twow=popular choicef2-4]. T-test utilizes information of all the samples (or
standard deviation) in one microarray pradred conducted independently among

different probeg4]; while Limma uses the empirical Bageapproach to shrinkage of

the estimated sample variances towards a pooled estimate. The information (means

and standard deviations) from all probes in a replic#e of experiments are
combinedand used at one probe level to detect differential expressihimma [2].

In the present study, westimatedmurine heart and liver allografhodek and
conductedmicroarray technology to reveal the significant genes that related to

This article is protected by copyright. All rights reserved



88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

transplant rejection. By usintest andLimma, no significanintersectinggenes were
obtainedn the models ofmurine heart and liver allograft§herefore, v developech
new method namel Standardized Fold ChangéSFC) to detect differential
expressiondy borrowing information from neighbors oheprobe with an adjustable
bin sizeTo'compares-C with T-test andLimma, we generatec simulateddatasetto
estimate'the “performance and condec the real experimentaldatasets from
Micro-Array Quality Control (MAQC)platform and the transplantatiomodel to
estimate the, reproducibility’Ve concludedthat SFC can be appliechs a new and
effectivemapproach fodifferential expression detection and contribute more reliable
results in/the microarray studidsventually, ve calleda setof significant genefrom
expressiontdata ghurine heart and liver allograftodel byS-C and validated tha
by gRFPCR Gene expressiorchangs revealfunctional reactionsand pathway

activities in thesarly stage ofallograft in both heart and liver.

Results
The SF€.method

Wesobservedhe distribution othe meanvalueand variance of one prolsggnal
is nondinear (Supplementary Figure 1). The information of neighboring probes can
usually-be._borrowed to improve the statistical powW2}]. SFC was intoduced to
estimatevariancefor eachprobe ratherthan obtainingrom all samples; it takes
informationfrom neighborsof that probewith an adjustabléin sizeb. As we set up
the defaultvalue ofb as 1000, the variances of cases aadtrols in one probe can be
obtained-by-calculating the median of those prpbeparatelyEventually, bllowing
by theFormula (3, we canobtainthe statisticS-C for every probe, ang-value can

be furtherestimatedased on these.

SFC had a better sensitivity and specificity based on simulation data

We investigatedhe false positive rate (FPR) and the false negative FatR)(of
these three methodmder the null hypothesis and alternative hypothesis. As indicated
in Formula (2), signals of the hinypothesis were generated by a simplenulay=x
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with a Gaussiamoise added. The badmrmulas are adjustable with the parameters
The signals of alternative hypothesis weescribedby Formula(3), with variable
values off andthe portion ofreal positive callsWe calculated the AR and FNR for
every different & and portion of real positive calls with a 0.05 significant threshold
and 100tme;simulation(Table 1).

Underthenull hypothesis, the rataf three methodare all near the significant
thresheldbetween 5% and 6% -igure 1A). Under the alternative hypothes&;C
had a better, performance BPRthan the other two methods genergfygure 1B).
With an‘imereasingd and portion of real positive calls, the FPR &FC showeda
decreasing biaswhereasLimma and T-test showed a positive bias with these
parametersifgble. 1). To theFNR, as thed andportion of real positive callscrease
Limma 'showed a faster decline thartest, while SFC had a lowef=NR thanLimma
and performed better witharge ¢ andportion of real positive calldnterestingly,
SC shows.a relatidg small number of call§from 4.9% t010.5%, Table. 1), while
Limma ‘andJ-test calls a larger set in this situation. To suwwomparing withLimma
and T-test at the significant threshold of 0.05-C had a better sensitivity and
specifieity, especially with a larger value of differential expression fold chahge (

50%).

Reproducibility of S=C is better than Limma and T-test based on MAQC and mouse
transplantation data

Reproducibility is a indispensable estimatéor the experimentsand algorithms
[5, 6]=We-choose bothMAQC dataset and ause cardiactransplantation data to
assess theeproducibility ofSFC, Limma andT-test.

We calculated the reproducibility of top 100 and top 1000 géaneBIAQC by
using.thethree methoddg-or the interplatform,heatmapshowsthat SFC performed a
better reproducibilitthanLimma andT-test among six platforms when detectibgth
top 100and top1000; while for intraplatform reproducibility, all three methods did
not perform well in detecting either top 100 or 1000 significant géfigare 2A& B).
Sameoperations wereonductedin the mousecardiactransplantation datavhere
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SFC also showed a better performanten the other (Figure 2C). Therefore,
according to better performances of reproducibility in both MAQC data and mouse

transplantation dat&~C is more stabl¢hanLimma or T-test.

Inter sected significances from mouse transplantation data were found by SFC and
validated by gqRT-PCR

Wefurther utilizedthe three method$o analyzethe mousergan transplantation
data andvalidated theresults After experimental process generating CEL files from
mousetissues we conducted thee methods onthe expressiondata of PODS5 of
cardiactransplantatiorand thePOD5 andPOD8of hepatictransplantation

According to SFC, one hundred and sevensight significant genes were
differentally"expressedn the cardiacallografs compared with isograft including
158 overexpressedienes and 20 undexpressedjenes [Eigure 3). There were also
362 genes.(263 ov@xpression and 99 undexrpression) have significantly different
expressions/in thaepaticPODS5 allografts compared with isogradt and 389 genes
(258 “averexpression and 131 undexpression) have significantly different
expressions in théepatic POD8 allografts compared with isogradt respectively
Based on thesen intersection ofhesethree groupsncluding 52 important genes
was obtained, in wbh they are all oveexpressedor cardiactranspantation and 51
overexpressed and one undexpressedor hepatictransplantatior{fFigure 3). At the
same time, the calling sets of significant genes underlyimgma and T-test
(Supplementary Figure 4A& B) showed no intersected ones.

We further performed quantitative RPCR for the calls derived fron8-C to
validatethe fold changesf the mRNA expressions. Nineteen mR&§Avhichwere
up+egulatedin both ofcardiacand hepati@llografts compared with isogradt were
randomlyselected(Table 2 & Supplementary Table 3). Being consistentvith the
results of microarray, a significantly higher amount of mMRNA expression was detected
in allografs versus isografts irtardiac (Figure 4A) and hepatic Kigure 4B)

allografts.
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178  Discussion

179 Microarray iswidely usedand accepteds a stable,well establishedand less
180  costingtechnology to investigatgene expressiodata[l, 7-9]. In this study base on
181 the microarnay data, we establishednavel methodSFC to detect differential
182  expression@and compared it witfi-test and Limma. According to theFormula (1),
183  the parameterb can be adjusted to control the nearby number of probes, which
184  contribute thevariant of the central probe. We set 108% default and users can
185  customizets,value based oadifferent size of microarray probdsor the simulation
186  data,themparameter configuration8 é&nd k) of the null hypothesis and alternative
187  hypothesis also can be adjust@brmula 2&3)[10]. Moreover,we calculated the
188 FPR and“FNR based ordifferent significant levet (p-value = 0.0land 0.001)for
189 different"values off and k. With a morestringent significant leve(from 0.05 to
190 0.001), theFPRs were decreasing wlei the FN ratesvere increasingwhich was
191  observed.byall three methodsHigure 1, Supplementary Figure 2& 3, Table 1, and
192  Supplementary Téable 1&2). Notably, when p-value equals to 0.001T-test
193  performed a high FPR48%, 6 = 50%, and true positive gene percent = 1)0&thd
194  Limmasperformedwith a highFNR (sometimesnore than 90%)Thesesuggestedhe
195  T-test choosdo give more positive hits with high RPwhile Limma will report fewer
196  hits to reduce the FPbut miss some TP onebnportantly, SFC can make a good
197  balance ofFPR and FNR, and perform well both in FRPand FNR with stringent
198  significant lavel.

199 Statistical orrection(e.g. Bonferroni correction}y often introducedor multiple
200 comparisensto adjustp-value and contilothe falsediscovery rate[11]. We also
201 analyzed the mic&ransplantation data by the other two methddevfa and T-test)
202 on the different significant levelp{alue = 0.05, 0.001, and 0.05 wiBonferroni
203  correetion).Limma andT-test had ahugenumber of positive hits whethe p-value is
204 0.05in three phase¢Supplementary Figure 5& 6). When p-value is0.001, the
205  positive hits byLimma and T-test decreased a lot while b§FC the number stayed
206 respectivelystable.When p-value was stringento 0.05 with Bonferroni correction
207 (Figure 3 & Supplementary Figure 4), SFC still reported 52 significances
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overlapping with three phasedut Limma and T-test showed no overlapping
significance The results ofT-test showed no sharing significance witd-C.
Intriguingly, in 67 significances of cardiac POD5 reported by Limma
(Supplementary Figure 4), thirty genesshowed in thecardiacPOD5 resultof SFC,
and 16.showed in the 52 significanceBesides, forhepaticPOD56 and POD8 by
Limma,~4=out~of 7 POD5) and 19 out of 36 RODB) were observed in the
corresponding results &C, and 2 out of 5 (overlapping POD5 andPODB) appear
in the 52genesof SFC. As 19 in 52genesfrom S-C were randomly selecteahdall
passedhewvalidation oQRT-PCR,these results indicated th&C had a more stable
resultthanT-test andLimma.

Wejtherefore investigated the functions of these 52 gen@gpplementary
Table 4);“revealing the most significant pathways were erafsushost disease
(mmu05332) and allograft rejection (mmu05330). Moreover, immune system
response.(eq. mmu622, mmu04660, GO: 0006955) and positive regulation (e.g.
GO: 0050863, GO: 0051249, GO: 00508Were also activated. All these enrichment
analyse, indicated a reaction of transplantation rejection in vivo and functional
changes™of immune system both in cardsaa hepatic level after five days of
allografts[12-14].

In cenclusionpased on theuality controlexperimentabataandsimulateddata,
SFC performedsomebetter thanLimma and much better thaf-test by usingthe
nearby information of one probe in pooled probes. We utilged into thereal data
of mouse transplantation modeblnd it reportech more stable andonvincible set
with 52ssignificant genesrevealingthe insights of pathway and gene expression
changesafter both cardiac and hepatic allografts. Nineteen gever® further
randomly picked up anslalidated bygRT-PCR. We suggeste®-C is a new and
effective approachwhich candetect differential expressions ahdlp to find more

reliable informatiorin microarray studies.

Materialsand Methods
Animal
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Male B10.BR (BR, H2k), B10.D2 (D2, H2d), C57BL/ 10 (B10, k2b), and
CBA (H-2k) mice (weighing 2880 g) were purchased from thizuoka Laboratory
Animal Center (Shizuoka, Japan) and housed and cared for in agreement with the
guidelines of; the Institutional Animal Care and Use Committee and the National
Research Institute for Child Health and Development guidelines on laboaaiongl
welfare. " The'*Committee on the Care and Use of Laboratory Animals at the National
Research Institute accepted the experiademqrotocol for Child Health and
Development (Permission Number: 20023). All surgical procedures were
conducted=by anesthetization with isoflurane/oxygen, and all attempts were carried

out to minimize suffering.

Transplantation and RNA extraction

The cardiac transplantation was performed on thenssxhed B10 donor to the
CBA recipient by microsurgical techniques. Intdadominal vascularized heterotopic
mouse cardiac transplantation was perforrfigs]. The cardiac graft survival was
determined using daily palpation of the recipient’s abdoninee case samples on
the fiftheday were obtaine®R mice were used as donors and D2 mice were used as
recipients in the orthotopic hepatic transplantation. We performed transplantation
surgery.en.the micfl2]. For orthotopic liver transplantation, BR mice were used as
donorsfand D2 mice were used as recipients. We subsequently transplanted the
hepatics into the rgaient mice using the cuff techniq(®2]. Grafts were harvested at
5 days post operation (POD5) or PODS8 after transplantation and were submerged in
RNAlater®s=stabilization solution (Life Technologies, Carlsbad, CA) foeZig.
Total RNA was extracted from frozen tisss@&mples using ISOGEN (NipponGene,
Tokyo, Japan). We also designed control groups of three normal cardiac tissues and

three hepatic tissues.

Standardized fold change method
The probe signals from microarray data were firstly transformeldnignd then
manpulated with quantitative normalization. To assess the differential expressions

This article is protected by copyright. All rights reserved



268 among cases and controls, the statis#eS is defined as:

SC = rT-¢C _ 7; B Q
26 Y STEAT -0 J\ar(T - ©) (1)

B Mdi ant ,t,,.t.) - Mdanc,c,,..c,)
\/Md’an(olbu - Cj—b/2)2’-' <7; - CJ‘)Z’-- <7;+b/2 - Cz‘w/z)z)/o- 455

270  For the variance of each probe, we ranked all probes by the mean values of signals
271 from_all_samples andchén took the median value of itsnearest neighbors as the
272 variancey. Where the default bin size wfhere is 1000. The SFC software now

273 implements this algorithm in Linux system at https://github.com/Weicheu/SFC

274

275  Smulatien data study

276 We generated the simulated data from siniptenulas with the Gaussian noise
277 (mean =0, variance = 1) as a default distribution for gene expressiofl@ltahe

278  control.and.case samples in the null hypothesis are shown as follows:

279 HO control : yo = xo + MO,1) (Wkxo + 1)
280 HO case : yo' = (1 + Go)xo'+MO0,1) (Whxo' + 1) 2)

281 Thef@.represented the differentiakpression underlying cases versus controls and we
282 defineddy is 0% andkis 1. The control and case samples in the alternative hypothesis

283  are shown.as follows:

284 H1 control : yi = x1 + M0,1) Whkx1 + 1)
285 H1 case : vi'= (1 + Q)x1'+MO0,1) (\Axi'+1) 3)

286 We defineddy as 10%, 25% and 50%, respectively. The size of real positive calls
287  consists«1%; 5%, 10% of the whole simulated data, respectively. Following these, a
288  1004imessimulation was conducted to assess BREFNR.

289

290 MAQC data and the reproducibility analysis

291 MAQC data was conducted by the US Food and Drug Administration (E®DA)

292  develop standards and quality control metrics, which involved six Centers (ARJ, AF

293  AGI, GEH, ILM, and NCI) major providers of microarray platforms and RNA
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294  sampledl, 7]. The reproducibility of top 100 significant genes and 1000 significant
295 genes were estimated in the intand intraplatform bythe three statistical methods

296 and he heat maps were drawn with the matrix of each batch. For the expression data
297  from mouse jtransplant model, we picked up two out of three cases and controls to
298  build one batch and made a 9x9 matrix heat map to estimate the reproducihdity. T
299  significantlevelof mice microarray data was 0.05.

300

301  Application en mouse transplantation data

302 We detected the gene differential expressions between cases and controls in three
303 phases: POD5 of cardiac transplantation, PODS5 of hepatic transplantation and PODS8
304 of hepaie=transplantation. Allp-values from expression data are adjusted by the
305 Bonferroni“correctionAfter getting all significant probes frol&C, we converted

306 these probe level significance to gene level using annotation file. The Venandsagr

307 showed..the» significant genes with differential expression. Pathway and GO
308 enrichmentanalys were performed by using the Database for Annotation,
309 Visualization and Integrated Discovery (DAVID) database

310 (http://david.abcc.ncifcrf.goy/with the Bonferroni correction adjustgdvaluesless

311 than 0.05[17]. Mouse transplantatio data have been deposited in NCBI's Gene
312  Expression.Omnitmi[18] and are accessible through GEO Series accession number
313 GSE89340

314  (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=grmliwycxlovtuf&acc=GSE
315 89340). All data were conducted by quantile normalization before processed by
316 differentsmethodsLimma can be found @ithe R packageimma [2, 3] and the kat

317 maps were,, conducted bygplots. All R packages can be downloaded from
318  Bioconductor (www.bioconductor.org).

319

320  Quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR)

321 The RNA was reverseranscribed to cDNA using a PrimeScript® RT Reagent Kit
322 (Takara Bio, Shiga, Japan) as described previdi€jy The sequences used in our
323 study are shown isupplementary Table 3. Quantitative RIPCR was performed
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using a SYBR green system on the Applied Biosystem PRISM7700 instrument
(Applied Biosystems, Carlsbad, CA), and experiments were conducted using 0.4 uM

of each primer in a final reaction volume of 20 ul of KAPA SYBR® FAST gPCR Kkit
(Kapa Biosystems, South Africa). The PCR cycling conditions were as follows: 95°C
for 30 sec,‘and 50 cycles of 95°C for 5 sec, 60°C for 1 min. The normalized threshold
cycle (Ctywvalue of each gene was obtained by subtracting the Ct valueedbftain

18S rRNA. The cardiac mRNA levels were analyzed on PGLfire 4 indicates the
numbefsofucopies of each of the three representative mRNAs measured in the
syngeneiesgrafts or allografts obtained from three individuals. The relativard of

each mRNA was normalized to that of 18S rRNA. All experiments were analyzed in
three mice'per each time point and expressed as the mean + $ENI.05 compared

with syngeneic on day 5.
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Figure'l'egends:

Figure'l.Histograms of False Positive Rate (FPR) and False Negative Rate (FNR)

from the threesmethods under the null hypothesis (HO) and the alternative hypothesis

(H).

(A) The,EPR histogram under the null hypothesis (FN = 0). (B) The histograms under
different alternative hypotheses, in whi@hs equal to 10%, 25% and 50% and the
simulated real positive calls is 1%%5and 10% of the whole simulated data,

respectively..The significant threshold is 0.05.

Figure 2.Heat maps of reproducibility analysis.

(A) The_reproducibility of top 100 significant genes Mtest, Limma and SFC,
respectivelybased on the MAQC datéB) The reproducibility of top 1000 significant
genes by the three methods based on the MAQC data; (C) the reproducibility of
significant genes by the three methods based on pairwise analysis of data from the

mouse. cardiac graft model.

Figure 3 Venn diagram of significant genes analyzed by SFC with the significant
p-value under 0.05 after the Bonferroni correction.
The overall numbers of significant genes in three phases are shown ,outsatieare
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459

followed by numbers in the brackets showing the counts of-exmnessed genes
versus undeexpressed ones. The circle on the top represents PODS5 for heart; the
circle on the left bottom represents POD5 for liver and the one on the right bottom

represents PODS for liver.

Figure *4:validation of the microarray data using a gRT-PCR assay in the mouse
cardiacgraft model and hepatic graft model.

(A) Thesgraph shows the cardiac mRNA levels analyzed on PODD5, indicating the
values of*mRNAs measured in the syngeneic grafts (CONT) or allografts (D5)
obtained /fromthree individuals; (B) The graph shows the hepatic mRNA levels
analyzed=on' POD5 and PODS, indicating the value of mRNAs measured in the
syngeneic grafts (CONT) or allografts (D5 or D8) obtained from three individals.
two-tailed unpaired-test was usetb calculate pvalues comparing syngeneic grafts

to allografts.

Tabled:.Evaluation of three methods with the significant p-value under 0.05.

T-test Limma SFC
HO
FPR (%) 5.043 5.222 5.694
FNR (%) 0.000 0.000 0.000
Calls in total (%) 5.043 5.222 5.694

H1: simulated real positive calls= 1%

6.043 5.455 5.350 0=10%
FPR (%) 8.763 6.306 5.038 0=25%
14.255 8.600 3.990 6=50%
6.825 15.367 6.958 06=10%
FNR (%) 0.783 1.933 0.058 0=25%
0.808 0.025 0.000 6=50%
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6.908 6.240 6.220 0=10%
Calls in total (%) 9.661 7.217 5.980 6=25%

15.098 9.507 4.943 0=50%

H1: simulated real positive calls = 5%

13.306 7.987 3.616 0=10%

FPR (%) 32.978 17.856 1.818 0=25%
52.026 34.301 1.057 0=50%

6.942 15.283 8.224 0=10%

FNR (%) 0.492 2.108 0.075 0=25%
0.699 0.020 0.000 0=50%

17.290 11.820 8.020 0=10%

Calls in total (%)  36.301 21.854 6.714 0=25%
54.388 37.5817 5.999 0=50%

H1: simulated real positive calls = 10%

27.850 13.782 1.615 0=10%

FPR (%) 56.305 35.345 0.626 0=25%
73.170 57.081 0.266 6=50%

7.282 15.334 9.830 0=10%

FNR (%) 0.551 2.042 0.277 0=25%
0.652 0.019 0.000 0=50%

34.336 20.870 10.470 0=10%

Calls in total (%)  60.619 41.606 10.535 0=25%
75.787 61.371 10.238 6=50%

—

460 Table 2. Thelist of validated genes.

Access No. Gene Gene name Fold-heart Flod-liverD5 Fold-liverD8
NM_008337 Ifng interferon gamma 1593.863 54.675 72.591
NM_010259 Gbp2b guanylate binding protein 2b 1263.049 12.951 18.460
NM_013542 Gzmb granzyme B 185.351 147.035 114.736
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NM_008324 ldol indoleamine 2,3-dioxygenase 1 103.729 38.474 47.050

NM_011073 Prfl perforin 1 (pore forming protein) 99.539 38.016 37.767
NM_008510 Xcll chemokine (C motif) ligand 1 82.096 27.777 26.918
NM_011579 Tgtpl T cell specific GTPase 1 76.367 33.074 59.197
NM_021396 Pdcdllg2 programmed cell death 1 ligand 2 74.231 14.479 41.463
NM_001081110 Cd8a CD8 antigen, alpha chain 60.400 33.458 32.012
NM_024253 Nkg7 natural killer cell group 7 sequence 47.828 38.247 30.322
NM_019465 Crtam cytotoxic and regulatory T cell molecule 46.089 26.296 15.863
NM_001033126 _Cd27 CD27 antigen 33.240 39.830 41.565
NM_008798 Pdcd1 programmed cell death 1 29.391 74.356 69.542
NM_033078 Kirk1l killer cell lectin-like receptor subfamily K, member 1 28.611 18.487 16.631
NM_008530 Ly6f lymphocyte antigen 6 complex, locus F 27.006 56.930 29.637
NM_011612 Tnfrsf9 tumor necrosis factor receptor superfamily, member 9 26.947 30.625 29.872
NM_009977 Cst7 cystatin F (leukocystatin) 25.625 26.383 30.931
NM_011337 Ccl3 chemokine (C-C motif) ligand 3 21.102 47.883 82.279
NM_013652 Ccl4 chemokine (C-C motif) ligand 4 19.907 35.686 56.794
461

462  Supplementary Figure legends

463  Supplementary Figure Distribution of mean and variance of sample microarray

464  signalsimeach probe derived from the MAQC data.

465 The Xaxis is the means of microarray signals derived from the MAQC data and
466  transformed by n. The ¥Yaxis is theLn values of variance.

467

468  Supplementary Figure 2Histograms of False Positive Rate (FPR) and False

469  Negative Rate (FNR) from the three methods under the null hypothesis (HO) and the

470  alternative hypothesis (H1) with the significant p-value under 0.01.

471 (A) The FPR histogram under the null hypothesis (FN = 0). (B) The histograms under
472  different alternative hypotheses, in whi@hs equal t010%, 25% and 50% and the

473  simulated real positive calls is 1%, 5% and 10% of the whole simulated data,
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respectively.

Supplementary Figure 3Histograms of False Positive Rate (FPR) and False
Negative Rate:(FNR) from the three methods under the null hypothesis (HO) and the
alternative hypothesis (H1) with the significant p-value under 0.001.

(A) The'FPR histogram under the null hypothesis (FN = 0). (B) The histograms under
different alternative hypotheses, in whi@hs equal to 10%, 25% and 50% and the
simulated real positive calls is 1%, 5% and 10% of the whole simulated data,

respectively.

Supplementary Figure 4fenn diagrams of significant gene numbers analyzed by

T-test and“Limma with the significant p-value under 0.05 after the Bonferroni
correction.

The numbers of significant genes in three phases are shown puthidé are
followed: by numbers in the brackets showing the counts of-exmnessed genes
versussundeexpressed ones. The circle on the top represents PODS5 for heart; the
circle.on“theleft bottom represents POD5 for liver and the one on the right bottom

represents PODS for liver.

Supplementary Figure 5/nn diagrams of significant gene numbers analyzed by

T-test, Limma and S-C with the significant p-value under 0.05.

The numbers of significant genes in three phases are shown puthidé are
followed=by~numbers in the brackets showing the counts of-ex@nessed genes
versus undeexpressed ones. The circle on the top represents PODS5 for heart; the
circle on the.left bottom reprasts PODS5 for liver and the one on the right bottom

represents PODS for liver. Every part of the Venn also display a counting number.

Supplementary Figure 6/nn diagrams of significant gene numbers analyzed by
T-test, Limma and S-C with the significant p-value under 0.001.
The numbers of significant genes in three phases are shown puthidé are
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518

followed by numbers in the brackets showing the counts of-exmnessed genes
versus undeexpressed ones. The circle on the top represents PODS5 for heart; the
circle on the left bottom represents POD5 for liver and the one on the right bottom

repregnts PQDS for liver. Every part of the Venn also display a counting number.

Supplementary Tables

Supplementary Table 1. Evaluation of three methods with the significaalug

under 0:01:

Supplementary Table 2. Evaluation of three methods with thefisanti pvalue

under 0.001.

Supplementary Table 3. Primer sequences for BBR-

Supplementary Table 4. GO term and pathway enrichment analysis based on the 52
significant genes. Sheet 1: GO term enrichment analysis with three categories BP
(biological gacess), MF (molecular function) and CC (cellular component).

Sheet 2: Pathway enrichment analysis based on the KEGG dataset.
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