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Abstract

Purpose: Renal cell carcinoma (RCC) is not a single disease, but several histologically defined can-
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cers with distinct genetic drivers, clinical course, and response to therapy. To investigate the mo-
lecular characteristics of the different RCC subtypes, a flowchart for the classification of the sub-
types of RCC is presented, and the signature genes of the subtypes are analyzed. Methods: Based
on DNA methylation and gene expression data, integrated statistical methods and machine learn-
ing methods, signature gene sets associated with the three subtypes of renal cell carcinoma were
screened, and a model for renal cell carcinoma subtype classification was constructed. Results: In
this paper, six classification signature genes were obtained; The accuracy of the constructed clas-
sifier reached 96.6%, and the precision and sensitivity were 93.4%, 94.7%; The accuracy of the
independent test set was 93.1%. By enrichment analysis of the characteristic gene set related to
renal cell carcinoma subtypes, it was found that kidney renal clear cell carcinoma is mainly asso-
ciated with negative regulation of the immune system and related pathways, such as leukocyte
proliferation and adhesion. Both Kidney renal papillary cell carcinoma and Kidney Chromophobe
are associated with the development of the kidney and the renal system. Conclusion: In this paper,
we achieved the three classification of renal cell carcinoma subtypes by constructing a classifica-
tion model, and the results will be helpful for understanding the mechanism of renal cell carcino-
ma subtype formation and for classification, diagnosis, and treatment.
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1. 5l

B 2 e AR i PR J G R e L) =R E M 2 —, HURRER IR T R — EAL T ARk B MR
PERIRE R 2R AR J LA o AR THE 5 T A= 20 21 [ e fiE i S WL (International Agency for Research on Cancer)
BOFTR AT 2020 SEABREHTRE AR ) BoR: 2020 4EARER B PEB AOREAE 1007 Jif5l, oA R
RIGNEL 27 T, AN T AEk B U s RE[ L] o B A M e — e BRI 214 2R b R I
2], B2 EMREA, RN IAECE AR AR SR SOR . IRRERIAIG ST )M [3].
T iE B RO BRI, R 20 N R IR IS O &, x0T E a7 ok Ui e 5 M. BE
HAE F AT A IS Wi BOR () 58 AU, ERE B RE S 7E S R I 1 T S 45 T T TIORIVG YT, ke e
K AAFEAFR (], BARIR S AR R, B 70 32 BEET 05 40 i - i AT A, DATEZY 432K 1
77 3T AN B R T LA, RN R X B A e ) A e Wis )T B L

B 4 i e ) 3 IV AR 65 3% B 4 8 (Klidney Renal Clear Cell Carcinoma, KIRC). B 3 3kt 4 B
(Kidney Renal Papillary Cell Carcinoma, KIRP)F ' i o 14 4 i Ji (Kidney Chromophobe, KICH), 737l 7'
2 {0 e 993 91 ) 65% 20%7FH 5% [4]. B 17X = R4, H E MM R . TR R IR FIAR Y
S e 55 J L B D 2 DL PR E [5] 0 6T T 400 e O B RO 9 i AR T AR 2 49 H7: - Ricketts SF[6]RF 50 T =
AN ) FR AR U, KIRP AR B At TV 2 B A 58 () Y B K1 o 0 G A pg DUESCRE HEAT 23 M A3
KIRC L Ye itk 3p 1583 £ 5q I3, KICH FEERMH 1. 2, 6. 10, 13 ¢ 17 SHafkE
HLRMENX, H KIRC MRAEZR ST KICH M =£%[7] [8]. Davis 5[9] KM AA U @ILLE KICH
I EEBGE, MTE KIRC A1 52 B0 . G AHICHE FE[6] [10]%F TP53 Al PTEN HI AT /00T, KILEATIMI %
R T KIRC 1 KIRP A A73E . IX Ui FUim I 2H 5 2 (A B6f bl A3 T AN [R) S0 Y s 1 4H 22 3R BT X

ik
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Lo TR

AR FO LR 702K, Han SF[L1TRI AT T BB VR BE 22 SIHESE, (s T H SO LI =43 H SRAS 1 B Aok
DX A s ) = e R EEE, 155) 7 85%MIEREE, 88%IRF . Chaudry SE[12] )\ Fe B F 3R K
BT EUE RENVNEIRAE, T RCC WAL, Il FR ORI, 7 RIEFTEILE T 92%. H
FEBE B 2 s R 2H 2 e AR RO, R LG T P PR B xS A e 2 ST 9T, R SLE T T
REF) 73 AR SO AT e BRAh, A AL A 50 Bk 70 0 21 100 R 0 o IR i o 2 R R B 3 1T 0 e
AERIE T SR AR B . 140 Gui S5[13]2E TR IR A . (A4 RAZ A DNA HFEALHIE T KIRC MITUG B
TP BRI R R B 1 BRI LR 259 Deng S5[14]15 TR KR AHHRHIE 175 KIRP 5B A R 178
FEIRITHE A

FEIZ I T, 1 A DNA FEAE AT mRNA 25 K x 240 i e S0 20 SRR A PO A 22 R 30 AT 5 5 »
TFAREBN G P RFALIE A, SO AR BEAT 02K, R AR AR I B AT IR IE s [N ot A I R )
AEFE % GO (Gene Ontology)/r#fr, KHL T A R AEIE S ERANREIZ AL, X I PR _EHF 78 1 4 P s A1
RUIE BRALE LU A2 WG T SR it T B kAt

2. M5 R=E
2.1 BT HESTmLLE

211 BIETEH

JeB i FE [R 41 B3 [15] (The Cancer Genome Atlas) &t 7t Fi RFIRRE TR H, ©EHE E4iiEE
P 30 22 i S L o AT 7 1) B 44 s 58 B 1 12330 H (https://portal.gdc.cancer.gov/), FZ240#E T KIRC.
KIRP 1 KICH f#] “unstranded” 2874 {] mRNA &Ik fls i1 DNA HIEA B (6L 1), MR Pl R 70 30108
H-1V IREAS . FE3EALRE ST 4 /2 illumina Human Methylation450 BeadChip (GPL13534) [16], HZ:{L4%
£1F & . ENCODE project (http://genome.ucsc.edu/ENCODE/downloads.html) T #%[17].

Table 1. mRNA data (DNA methylation) statistics of renal cell carcinoma subtypes
2 1. B4 TE R A mRNA $i#E(DNA BELEE) St

bi:¢) T | 3 EHEREA
KIRC 272 (161) 72 (24)
KIRP 172 (127) 32 (23)
KICH 20 (20) 24 (25)

) I 3 K] 26 1A 4 2 (Gene Expression Omnibus, GEO, http://www.ncbi.nlm.nih.gov/geo) s 2 757 & 214
R A REA SR, TR AR . TR ERE: BE “KIRC” o “KIRP” B{ “KICH” , FFELEFTT
HHRELE 1 T 4 AR SE R . ARHf Tl A R GEO #dfla i, 193 T GSET76351 fE M A IRER, 1%k
SEMERT G & GPL11532, A4 1 12 ' 3% WA 40 e -

2.1.2. BEmMALE

AW )2 MRNA R DNA HEEEGE . 25 /8 252 BE K KA 1) DNA HE L 2R
AR R E T X IR [18], B Sk AR AT 5 B 200 bp (TSS200) 3R 40 X S i iR4Er,  FFEHZ X G 1R
EEIG BB RSB AR %3 A 1 R A KT

XA — B A e AR AR B, H T IR RO 25 S ORI HL4E R e, R T b e 8 AR 2
FE, MIBRAERTAREARPRIE N “07 K, XRREEF AT IH— AL B . 13— B E i A (1):
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X =X .
Xr‘eW B Xmialx - >r(n:in (1)

Hort X AR S A RIABAE, Ko REHE— FEAE S FEA R LI BT/ IME, X I IR
BHAPRIEENRKE.

2.2. BHEEAEI 8 5y REMEEE R T

1) B R PR = R B BRI . X AN B B (e R AR N IE AR A s TR IR Rk s (R0
AL B8 ) S RE AR 43 8525 2 [ () Spearman [19] [20]4H % 2%, Fide4axi 8 kT 0.5 FIFEE, FAdi &
K125 7 2250 T [21] [22] 03 AR AR R i 22 S B MR TR o FE BRI IR R, #F&|log,FC| > 1 IEEFI1E R
F kLK [23] (Differentially Expressed Gene, DEG); 2 [ 31| F FE AL EH 0 3 R R IA B2, K pF &
[log,FC| > 0.5 (LK 1 hy 2 57 F 364k 3 [X] (Differentially Methylation Gene, DMG).

2) 'S T RRE R R Rk . (REHEEKNFIAR DNA HEALICH REREAS . Fxt 4 8 B 40 f g
LR FRREAEAS, B T F A B3 AR DR A B A 2 (R SR DG OG22 57 AL R DR R 22 S R I
PR 2 TB) B RH DG TR 2 D, B0 v R A 8 25 (R RV R Ak R IR vk, T DNA FE AL e & AR 2%
VIAASE[24], [RILAR B S5 FR AL BE TR (logoFCl > 2) K H X B RIBFE R o &5 9 IR P 4045 B S X
Fa) R 5 00 M e M ZR R R B R

3) PHAERER L . EFx B AN A = I 2R (1 Ao R R AR K 2 2 1) W RS AR SR R B, R
FH 75 2543 W 975365 A B8 = e U 8 ] ) i % 22 5% (P < 0.05, FDR < 0.05)FiF, 1 FH It M 45 [25] [26]
X H AT o RO RRME I HE R, SR A HER S T o 2 2 SRV 5 i ) SRR B A

2.3. SrAEB[ATERITM

AT ST P S A A L[2 7145 7 (Support Vector Machine, SVM), (BT =020 B, 75EAESNE Rk
£ “One-vs-Rest” (OVR)E{ “One-vs-One” (OVO) £ a4 — 43 K25 [28]. OVR ZTE VIR FE H EUAE A
HN ANRGIIE— BB B —2, BHR N - 1 BN —25, (HI D77 mT ae £ I FURE AR 1) iz ize
KTIEFEAR, WNITFEREAR R, MUIZ0EEZE; OvO = EIZR #2E a2 ) 2 T AL g — A~ 4)
s, JLREME NN — 1)/2 Nor2eds, (HA2 07 6 T IE SOREASAS P47 (1 i o R LG AR ST A S A5
R AHF TR T OvO 35

SVM J& — P st o 251 il i) vk . @ik A python H sklearn g 58 Bl s T~ SCRE M S AL R 1) 73
PR . AHEFCIE I B AR, B2 E 1) SVM 1 EZLE S50 F

1) %% BT SVM 0% 08 303 BT 2 i R 8. 2 T =A% R 2. Sigmoid bR 3I0RN i 1% b £ (radial
basis function), 41X 78 A A E A SR AN PT 2 100, A 54 FH v A R

2) TETTRE C MR A R E gamma:  1& 3] RECE P 10 S 1 2 2% BERTR 73 KR R R RIS
4: gamma 7 RBF #% BR U RS BRASFE A BEAN 3 FEF T S S 40 AR T A8 FH RS T S 10 i i 4
ffig “C=30", “gamma=3" .,

3) R XHIE cv: A T3 BIRRAE AT FERIBAY, FERTEIRY 2 AR ZE VAL, AR SR AR SN T
FLHTAE XIIE (cv = 5).

A I VR R R MR B R R Ay R AL A5 5L, IR A AERR M (Accuracy, ACC). BUEK 1 (Sensitivity,
SEN). #& it (Precision, PRE)AI F1-score (F1)%} 70 3545 kAT 1PAh . i+ AR T

TP+TN

ACC =
TP+TN+FP+FN

@
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TP

EN = (3)
TP+FN
TP
= 4)
TP+FP
F1— 25 SEN*PRE 5)
SEN +PRE

Hor: TP ZRIEM DRI EREAN SR, TN BREMS R ARERIEE, FP RN MY E BUERE
AIEE, FN RoR RPN AR AR I

N T IR = RS, A CEINT kappa REC. E Rk TR A AR B AT R SR 4R
Fro JEH ST kappa BUEAE 0~1 2 08], A4 AT Bk H]: 0.81~1 JL 584 8, 0.61~0.80 /¥
— 1%, 0.41~0.60 15—, 0.21~0.40 —fx—FMELL K 0~0.20 FAK—F k. THEARXWT:

kappa = ‘;;p (6)

Hre L= K000, FEARBAECO n, B —RESREARN N a, ap, ag: TN RNEE—3K
FEARMNH A by, byy bao o RANEME S HKIIERIZ:  p, =(a, *b, +a, *b, +a,*b;)/n’ .
2.4. THEEEE ST

Sy BIXE 72 2.2 HH A3 21 DEGs R i B 40 i 0 AR 3 R HEAT Th e & 2 0 b, AR R 5 B 4 i
WA KRB R A F i FE . GO i & 1 AL #2 (Biological Processes, BP). #fl ik 43 (Cellular
Components, CC) 14> ¥ & (Molecular Functions, MF), AHT5% EEBE T AV S H. o, HH7E
25 T.H STRING (https:/string-db.org/) %} 5 7 BA 41 fa e 1) & He 45 FdbAT 7 B A0 - B2 1 A B0 FH I 465 4y
#r: 83T Cytoscape %+ “cytoHubba” #5145 3] 10 A hub F:[K, 4447 hub 25 KIRC [ %2 40 (&
AL B4, CD8+ T4l CD4+ T 4Hfd. EMELNA. Mok B RIR S DR 4 )2 e 7K SF R AH S 1
FEXF hub AT T 8 EE 04T

25. KRARKFRIEE

AWFFELL RCC =Fh T ZWRONBT TS G, 455 R A DNA FEEALHE,  SEBL 10X = Filn 1
FHE 2R, BRI 1 R,

3. &R57He
3.1. R EEFTFIE

¥ mRNA FRIAH A DNA FEALEAR T —4, R 2.2 45 B0 22 S B R e 07 v 43 AR 21 1 =F
W24 () DEGs 1 DMGs, Wil 2 firzn, ZhAAbRHN I BMEIEFERI 2 2 (BB g value = 0.01); H A 2L (3Rt
e A (s R AE) BE R, RO IR (IR 2R AG) 2L (K. AHEE T KICH, KIRC #1 KIRP ] DEGs HA 5
e R B I s T R Y i TR SR A 1 2 e S PR v T DNA FE AL

R 2.2 ¢ H 0 B 4 e T BRI 258 DRI i e 7 v, 3RAS B 40 s 7 B AR A R A o KR — T2 ) DEGs
A1 DMGs ULHL, VLECAS SR 3. X KIRC WAL, 3R1% 1 271 M7E DNA HIBEAL AR PR A 245 2 (R A
TR R IVCHCEER, MEAMRIEAR ) T 31 AN R F SR B R B L0t B () SRR JE R, 15 380 25 (R 3R A A
FRIEAL PR A 2 a0t 302 * 2 /N(FEH ZRIA AT DNA FJEAL) T BYRRAESE L o [RIEE, M KIRP 3848 1 92 * 2 ME
RURFAF LN, 045 82 NUUACHE N f 10 8 5 FHOEAL LR M KICH H3R48 T 113 * 2 MY FESE AL,
L35 98 ANLHCHE A Kz 15 AN 55 H SE AL JE 1A
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‘ Summary of gene expression and DNA methylation characteristic genes ’

L analysis of variance and Elastic network ’

Int tati d [ -
. eargjyaSilso:fan Identification of the final signature ]
characteristics genes

Independent
validation set
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[ Evaluation index ]

Figure 1. Flowchart of renal cell carcinoma subtype classification

E 1 BapeElEsERizE

3.2. I EERATHE

FH 2.2 45 B RRHESE N TR T35, IR0 R IESE R . R J7 22 70 i ik 45 3 1 852 M3
25 SRPAE DAL, 1) FH S0 DX 286 T B V35 7 S R R R X 0 R ) D ik, B DTRE HE 44 1T 10 FRVRFAIE 3 (R Ay fi
53 FAFAEIE R o a0 35 2 firw, AT DL HE TOPL0 [FHFAE S K 1 A — 4> DNA FEALE R (“M_TMEMS88” ),
HARE mRNA FRIAIE K . A LET AL RRAE LR, mRNA SKIARFAE LR X = AN AL 5 2K (1) DT ik
Ly

3.3. SIIRBE R Sy KFHERETE

BT B IA5IE 73 FERFAEFE R, 18I A& SVM 23 S, S T 5% ' 4 i — P T R Fr A B o2
N T UL o RFFE AT 70 R AE R, A FOR AN FH H IR5 I 73 FSRFE TS 5] 23 il BEAT G AR % 73 S 45
RELE, g5 R L2 3 A 4. 85 BB IR 200 KRR LR 6 /NI, HERRIE L GRUR AR 12 23 71 96.6%
94.7%711 93.4%, F1-score {EF1 Kappa REUAE]T 0.94, BEARIEFRIIAE) T . Bk, EHERT 6 NEEH
(PRPS2, FGF7, TM4SF19, PXDNL, COQ3, SLC25A5){E A fik 2 ()53 KAEFIERE A
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Figure 2. Differentially expressed genes and differentially methylated genes of three subtypes
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Figure 3. The matching map of gene expression and methylation of Renal Cell Carcinoma. (a) KIRC, (b) KIRP, (¢) KICH
3. BpERERERESPENAEARE. (2 KIRC, (b)KIRP, (c)KICH

KIRC KIRP KICH
|
140
KIRC 0 120
— 100
[
=
=
]
£ KIRP- 3 80
= |
- 60
] 40
KICH 0 2 18
- 20
T T |
Predicted label
L1 o
Figure 4. Classification prediction matrix of renal cell carcinoma
4. BHRERES LXRIBENRE
Table 2. Ranking of contribution values of gene
2. EETTEHS
TOP Gene name TOP Gene name
1 PRPS2 6 SLC25A5
2 FGF7 7 RHCG
3 TMA4SF19 8 PROM2
4 PXDNL 9 M_TMEMS88
5 COQ3 10 SCPEP1

T “M_TMEMBS8” Hiff] “M_" J& DNA LRI 4 .
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Table 3. Comparison of evaluation indexes of TOP gene classification
2 3. TOP & [H 43 2N IR HRATELER

TOP HEE/ M R B BURME Fl-score Kappa &%
8 96.1% 92.9% 94.2% 0.935 0.92
96.5% 93.1% 94.7% 0.939 0.94
6 96.6% 93.4% 94.7% 0.940 0.94
5 94.0% 88.8% 89.9% 0.893 0.89
4 91.1% 85.0% 82.0% 0.934 0.84

TE R R B 20 P e S 2R SRS R, P T A8 OB EUE B T o0 B m] S e e s Rt — B I0AIE
WAy R (@M, SIS IR4E GSET6351 HIAEANHEIT RG], BB IERGRIAS] 93.1%: BRI
RIS I A i 12 AN EE A PRIE T IERG 7 11 4, SRR IR BE —EEEt:, 2%
FRAEFE R B LU A 2

I FRFAEFE RIE A [R) A r Fak & 0 A WL 5 Bizs . AEIH AT LA i COQ3 il SLC25A5 JE A 7E =
TP A R IA K 22 380k, FGF7. PXDNL 1 TM4SF19 JEREIZE KICH Hh it 2632 8 Hodth i b 0 A v,
TM4SF19 7£ KIRC [fJRIE K T H AR AL, [F]f &I PXDML #1 FGF7 7E KIRP ik & f ik . 2 1 PRPS2.
COQ3 A1 SLC25A5 #& KIRC HI4FHEF A, H7E KIRC F 4R/ Fifl; FGF7. TM4SF19 Al PXDNL f& KIRP
PIRFIERER, FBR T PXDNL & Biff, HRMA#EGE TR .. FGFT & seer 4E4m i A K R -1 (Fibroblast
Growth Factor, FGFs) Kk 1, | Z2Z S54MniE. otb. . MR E . IE £ HmiEE
G FE[29]. PRPS2 St —FPIE M A W) & B4R R 1 S H BRI AR [30], (233 T MY C # Ak 4 i i k% iR
G RSN, PRPS2 i PRPS2 P —AN L [ TR 57 o488 & & A U AZ B R I AR W6 1k
5'UTR, JFH e Myc FIEIEEAYT Re0s B AL TR AR )6 B, S 4N M 1 0 A 3 1 189 s L A57)

[31]-
Box diagram of the top 6 genes with the highest contribution value
11
M KIRC
1 ‘ o @ L] L] o o ] (]
[ KIRP
0.9
o o [ KicH
0.8 ° g Y
=] ° 8 °
9 0.7 [} °
% o X x
g 0.6 I o o 8
o
?1<) 0.5 ° e °
: . 8 :
5 04 s § H o °
O ° H °
0.3 o 52 o °
[ 1
0.2 - 8 g X .
g i .
01 + 3 I ) * i
0 . T j_ o [
PRPS2 FGF7 TM4SF19 PXDNL coa3 SLC25A5

Gene name

Figure 5. Box diagram of the top 6 genes with the highest contribution value
5. WEMERSHAET 6 MNEERFERE
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3.4. BHfE T RERFIENESR S

B, SRR AR R RBET T GO 40#r, % 4 F1% 5 4352 KIRC Al KIRP f & 2 A0HE 45 5
KIRC ‘& £ 2Iffil 6 - Z 508 7 (IS 5. BV s IR R4S . 20 M B 2E A DA% 62 240 A 1) 184 B 11 A
FMPEA s KIRP 3 25 S8 il (4 5 A S B A 5% . X B 4l de SE & DEGs #4771 GO 4 b izn: KIRC
TGRS AT BRI 504k ARG FEANAE I . R AR BT S o e S A K
(150 )% R G AH DG A S (55 S1)s KIRP EZEEEEAE T RENIKE « 58T RIS Fi JR A R 4
MR B S AHCREE A R (3R S2); KICH REEEIME I REMIKE « B BALIIK & UL R A B G AR

T A (3 S3).

Table 4. Functional enrichment of KIRC preliminary signature genes

%= 4. KIRC #1435 EEE R IH

s

REE
Description P value Count

GO: 0034329 cell junction assembly 2.30E-05 17
GO: 0006814 sodium ion transport 1.73E-06 14
GO: 0035725 sodium ion transmembrane transport 9.41E-06 11
GO: 0050670 regulation of lymphocyte proliferation 9.95E—-05 11
GO: 0032944 regulation of mononuclear cell proliferation 0.000108 11
GO: 0070663 regulation of leukocyte proliferation 0.000213 11
GO: 0007043 cell-cell junction assembly 9.02E-05 9
GO: 0070830 bicellular tight junction assembly 5.46E-05 7
GO: 0120192 tight junction assembly 6.42E-05 7
GO: 0120193 tight junction organization 8.10E-05 7
GO: 0002028 regulation of sodium ion transport 0.000101 7
GO: 0043297 apical junction assembly 0.000101 7
GO: 0010765 positive regulation of sodium ion transport 6.61E-05 5

Table 5. Enrichment analysis of KIRP primary signature genes

% 5. KIRP M1 Z4FHEEEIhEEEE

Description P value Count

GO: 0034329 cell junction assembly 1.46E—05 8
GO: 1904861 excitatory synapse assembly 4.37E-05 3
GO: 0097106 postsynaptic density organization 6.10E-05 3
GO: 0099084 postsynaptic specialization organization 7.48E-05 3
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Figure 6. PPI network map of KIRC signature genes (Genes in red are hub genes, Outer ring genes are arranged in order of
degree centrality from large (dark color) to small(light color))
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Table S1. Functional enrichment of KIRC differentially expressed genes
& S1KIRC ZRFREEENIIER

Description P value Count
GO: 0042110 T cell activation 1.50E-18 114
GO: 0002683 negative regulation of immune system process 447E-12 88
GO: 1903131 mononuclear cell differentiation 1.37E-11 88
GO: 0007159 leukocyte cell-cell adhesion 8.40E—13 84
GO: 0050863 regulation of T cell activation 2.38E-13 79
GO: 0030098 lymphocyte differentiation 8.29E-11 78
GO: 0070661 leukocyte proliferation 4.33E-13 76
GO: 1903037 regulation of leukocyte cell-cell adhesion 2.34E-11 75
GO: 0046651 lymphocyte proliferation 1.50E-13 72
GO: 0032943 mononuclear cell proliferation 2.64E-13 72
GO: 0070663 regulation of leukocyte proliferation 5.16E—12 62
GO: 0050670 regulation of lymphocyte proliferation 9.53E-13 60
GO: 0032944 regulation of mononuclear cell proliferation 1.45E-12 60
GO: 0002703 regulation of leukocyte mediated immunity 8.35E-13 58
GO: 0042098 T cell proliferation 1.59E-12 55
Table S2. Functional enrichment of KIRP differentially expressed genes
& S2.KIRP ZRRIAEFMINGEEE
Description P value Count
GO: 0030001 metal ion transport 4.61E-13 100
GO: 0003012 muscle system process 5.04E—-11 90
GO: 0090066 regulation of anatomical structure size 9.60E—09 89
GO: 0006816 calcium ion transport 1.56E~-11 85
GO: 0001655 urogenital system development 1.79E-13 76
GO: 0006936 muscle contraction 1.87E-10 74
GO: 0072001 renal system development 1.60E-13 71
GO: 0001822 kidney development 3.61E-13 69
GO: 1903522 regulation of blood circulation 1.06E—09 63
GO: 0003018 vascular process in circulatory system 1.64E-12 62
GO: 0070588 calcium ion transmembrane transport 1.85E-08 62
GO: 0060047 heart contraction 2.60E-08 58
GO: 0098657 import into cell 2.56E—09 53
GO: 0008016 regulation of heart contraction 2.56E—08 53
GO: 0072006 nephron development 6.22E—13 44
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Table S3. Functional enrichment of KICH differentially expressed genes

%% S3.KICH ZRFRIAEAMIGEEESE

Description P value Count
GO: 0044782 cilium organization 2.54E-21 104
GO: 0060271 cilium assembly 1.82E-20 99
GO: 0007018 microtubule-based movement 5.34E-13 81
GO: 0007389 pattern specification process 2.06E—09 80
GO: 0001655 urogenital system development 4.17E-10 67
GO: 0072001 renal system development 5.85E-10 62
GO: 0001822 kidney development 3.57E-09 59
GO: 0003341 cilium movement 2.41E-12 47
GO: 0072006 nephron development 3.88E-09 37
GO: 0001539 cilium or flagellum-dependent cell motility 4.64E-09 35
GO: 0060285 cilium-dependent cell motility 4.64E—09 35
GO: 0001578 microtubule bundle formation 1.20E-10 34

GO: 0072073 kidney epithelium development 3.96E—-08 34
GO: 0035082 axoneme assembly 4.33E-13 31
GO: 0072009 nephron epithelium development 7.44E-09 31
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