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Integrative Analysis of Genome, Transcriptome and Epigenome in Lung Cancer
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Abstract: With the rapid development of high-throughput sequencing technology represented by the second
generation sequencing technology, whole-genome detection technology has been able to detect data from
multiple levels, such as genome, transcriptome and epigenome. Biomass is a complicated regulatory system,
involving many levels of complicated regulatory mechanism. Considering the limitation of single omics data
analysis in exploring pathogenic factors, integrative multi-omics analysis with linear or nonlinear relationship
can provide a new method for the study of the disease. Integrative analysis of multiple omics has widely used
in various diseases, including lung cancer, and DNA or gene molecular level is particularly important as a
basis for intermolecular correlations and complex networks. Hence, this paper briefly describes integrative
analysis of genome, transcriptome and epigenome in lung cancer.
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FFN B A BRI RE . ZHFBE e
2 BT o AR, e R R A T,
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1 RNEBFAMPERAEARKS

FERRIB RN RN Z H RS R T
RAE A B A RE D 1 5, X 5L R k1
P A FH B 2 A0S 1 2t 3% IR = R 3 st A4 1 55
AR TR R, 3 R R B A UL
R E s e 5 Bh T 75 S i s e | sk
Rl RS AR Z B B AE DGR, MR R B
KRB KLEE,
1.1 DNAHIELFImMRNA

DNA H LAV AE JE R 1) 3 S RN SR T DR L 1k

#1 BEH. HRARRVERAKS ST EZEYREY

/NRNA ( microRNA, miRNA ) F:[RFE XK
#AEgRASRNA (long non-coding RNA, IncRNA )
PR S S 9 vh R AR G HEVE ] . DNA S8 HE L
e —FhFUs (L s, SER A )7 X S5
FEA A 9 5 R B At 35 R 2R 37 1) e i DL AIL A =2
— B RV b B[R] DN A R Ak ] BE 2
FEVEIRYT B OCHE , (HE AN w5 B SRR 2 9 43y
HA R FRTE . KwonZs P py vk 2 & 4 JE R 41 34k
T 5 DR R 1 e PR A i 9 vh 52 DN A T 4K A
B I, Selamat® 4 DNAH JL L FImRNA
FIRBHR, e RAR WA 5 AN W AR 24 it
PRIFEDNA B EAL Gt A R 22 oA K, (UR I
LGALSATE WM& v i 25 5 W AR T 38 T .
Yin P EE T kR AT R 4 22 S R AR A A
s S AL RN, 25 7 A [R) A i e g B SS
RUEA A R AR, RSk 22 55 A &
AR IR AETE T2 5
1.2 MicroRNAFImRNA
BT, miRNAR] LLIE [ 8 5 56 R %
ik, (B AE ML R B . Ma 5P AR
28 L i 95 1 905 - 9 55 IO FE AR I miRNA-mRNA 5=
ki, FH T miRNA-mRNAAH B A/EF M, 249
PAmRNAHFAH 105 8miR-1207-5p . miR-1228F
miR-939 Nil. HDAC4, MED1 ., SPNFIST8SIA21
i 22 2 miRNA R IR, 5] 2P miRNARY

Table 1 Major biomarkers of integrative analysis of genome, transcriptome and epigenome

Omics

Biomarkers

Epigenome and

transcriptome

1. DNA methylationtmRNA: (CCDC37, CYTL1, CDO1, SLIT2, LMO3, SERPINB5)", LGALS4"™
2. miRNA+mRNA (HDAC4, MED1, SPN, ST8SIA2)", (KRAS, RBMS5)*

(miR-1207-5p, miR-1228, miR-939, miR-1-5p, let-7b-5p, miR-21-5p, miR-1290, miR-149-5p, chr8_ 28846, chrX_31594, and

chr9 29897)° (miR-16, miR-124)"
3. IncRNA+mRNA:

(SOX2, FOXF1, PTK2B, XRCC2, VHL, HOTAIR, MEG3)"*, (AGER, SFTPC, GKN2, CLDN18, CLEC3B)"’
(FENDRR, TRHDE-AS1, LINC00842, LINC00472, U82670.4)"

4. cirRNA+mRNA: ¢ircTP63"" | FOXM1™
5. DNA methylation+miRNA+mRNA:

(BRCA1, COLIA1, ESR1, FGFR2, HNF4A, IGFBP3, MET, MMP3, PAK1)"", miR-224""

6. DNA methylation+IncRNA+mRNA:

KPNA2™ (CDOI, C20rf40, SCARF1, ZFP106, [FFO1)"™"
LOC146880", (BC091525, uc001xhy, NR_037620.1, BC023010)"""!

7. miRNA+IncRNA/circRNA+mRNA

(miR-582-5p, miR-665, miR-1197, miR-657, miR-582-3p, 41 circRNAs, 82 IncRNAs, 211 genes)"

Genome and 1. CNVs+methylation: HOXA49""!

2. SNP+miRNA/IncRNA:
(CXCR2, DRD1, ALDH1A43)""", KRAS"™

epigenome

let-7 rs61764370" (miR-561 rs2234978, miR-494 rs713065, miR-302a rs6886834)"" miR-149 rs2292832""

Genome and

transcriptome

1. CNVs+mRNA: (EGFR, KRAS, NRAS, BRAF, PIK3CA, MET, CTNNB1, LMTK2, ARID1A4, NOTCH2, SMARCA4)*"
2. SNP/insert/deletion/rearrangement+mRNA: BCOR, PDGFRA™

Genome, epigenome (pGrR CDKN14, CDKN24)>", (KRAS, NRAS, MYC, ERBB2, MET, TP53, STK11, KEAP1, NF1, SMARCA4, RET)™

and transcriptome

Note: Only some biomarkers are listed in the table.
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/I Bl s 1) % 2 R SR BRI B 2R E Y T
PRl Zhang®5E R 22 5 258 FmRN A FIHE
[ia] i RINA 73 5114 87N 240 36 i s 0 /D 240 6 3 79
miRNA-mRNAW %S, 55 BIR, miR-16HImiR-124
A A8 43 90 e /0N 200 it e A0 A /0N 20 B il e B A 12
NIy AR v/
1.3 LncRNAFImRNA

LncRNAEIE GG RNAN —Fh2E B | 7670
WAL AR 20 B R A R0 A0 A A R s S A
G A EEAEH . R A IncRNATE L
Pl g v S ik, HRB R JH A IncRNA AT
Sk M e A1 Bk B R Y, Wang G T 16
Xl il 3 968 2H 41 M AE B A R0 3L I 4 Inc RN ARl
mRNA TR AKCF - FE it 5 2 5 - SR G e S o
( qRT-PCR ) 74718 5 iEIncRNA K 57K
S, B2 7484 FIEIRE 8524 T A BT TE
AL R RIEIEE . THASW R, 467F
184~ Inc RNAFEEF 43 73l 7 WK A b 2k o e v
SbE2e ik, Chen® P MGEO T #8 A 2 il
mRNAFIIncRNAF A, #7257 8B5S
Bro @R, 257K IncRNAESLH LT
{35 A R HmRNAR) 22 55 KA HL ], I Hix sk
JIAM IncRNATE Y] 68 & 4 7 R B H 31 T Y
P
1.4 FIRRNA (circular RNA, circRNA ) FImRNA

CircRNAN G 9 % R S DI iR Nase e i, HL
HA®SERSFHEMAL | By pmreRE,
AT A5 28 B Sk Vs A 1) iR 2 WG b R RN 3R T R
AP HTcireRNARIBFZE M AL TR A BB, X
HI e FMLE ¥ A B . cireRNA FZ4E Jy 38 4
PENJERNA (ceRNA ) 7E4IfE H e FlmiRN A
AR AP OO, T 7 A mi RN A X G 3 66 AT g 4
HlVE R, T ML R Y 35 KOF T # mRNA .
ChengZ "% 5 b ¥ A= W AR 28 7] N ceRN AR
G143 K, FE B T 98 circ RN A FIm RN A () 3t
Fikilk, KMcircTP63E 3% FIHFOXM1 . ik
miRanda il & M circ TP63 35 4 M 25 5 miR-873 -
3p, T BmiR-873-3p X ¥R KL N FOXM 1Y A
PRSI A F
1.5 DNAMI3fk. miRNAFImMRNA

BARDNA H AL FImiRN A B] 43 51 8 4 3 (]
235, (AdAUF5E £ DNAH B/ AimiRNA
A E RS . BORERmAER, a2 L

FER B FRIE, AR R 40 P i . miRNAs
959875 X A DNA 5 H AL I hmiRNAs 3R
BB P 2 —C s, B P miRNAsH)
S B AL R 4 ] BE 2 R R BB AL 2 —
X EE R miRNAs 7 8l 5 X B SE A0 0 g 1)
KA KRG R A EE/ER . YangZ 2R
FHTCGAXT ifi B9 (I DNA H LAk X mRNA FlmiR-
NAW R BB HIT Z A =00, 3 PAK] .
FGFR255 fili B s i A A7 AT . Ao R A
miR-seq & BimiR-2247 /NN T8 ( NSCLC )
HEh 2 LR, #F— PR kKA IKH
FAL TS ERKAR 53 % 2 5 ¥ miR-2247E
NSCLCH ik
1.6 DNAH AL, IncRNAFIMRNA

Feng %510 12%6F A /I 24t i firs ez 1 983 035 55 4
A1E17 T IncRNA . mRNAZE A FIDNA H 3L {b 1 4>
JEHH T, FKHILOC1468807ENSCLCH ] fig &
FESUREL SEAIE ] . TRANSFACTH I % P05 5%
KlF-SP1REZLS 5 FILOC146880)H 81X, it hh 5
PR AR IR . ISR ] IR R a8t 12 A 5
REGER, o4 T HE L Inc RN ATE R /N2 A it s
HFEA . Feng & o fiad 548, 505910 T3k
/N 9 5 IneRNA/mRN A TA A5G Y 22 7 H
Hefb (DM) fiigd, PR TR/t 9 DN A
FEAR FNIE R ik D R 20 A= i A 22 R 22 (1] 1 [
AR
1.7 MiRNA . IncRNA/circRNAFIMRNA

W LI, HLeincRNA | circRNAFilpre-
mRNAX ] % ¥ microRNA 25 /E FHPY ., miRNA
HlncRNAZ [A)RE R DA E 32 A0 BEAEF, W] DI
o HA sy 7 (RenleE A msEnmE Sy )
i) 2 52 o b 9 ) kAR MR, 87" miRNAFI
IncRNAKH B/ FAE Iiigd e A= v i 4 T AT DAk
i gRE B4 32 W A T B AT S . Wang &P 1
TCGA B P2 3 B AF /I 40 e i e 9 98 2 40 % 0E
ZH 2 [H) 22 H 2K miRNA . IncRNA, mRNA,
Fo i ce RN AV ¥ M 2% , &8 43 5 [K AT 68 WA IR T
NSCLCEH BB a, HHR EE L2 EY
FRAEEOR, MR RE IR 77— B IE
2 A SR AT FL A, R BIE A B DyREtE cir-
cRNA-miRNA-mRNAE# M4, 76 HFmP . 4F
TR Pk R I E O S i b B LAY, R =
4 B DR A4 P11 08 455 D) 8% 4 T A It 9 v v oA AL
T o Tin AU A 051 R e R o HE 2 A ot
FEARVEATRNAME , M TmiRNA | circRNA
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MImMRNALL M IncRNA, % 8= 4 0 fr i
37 LAmiRNA R H bR 0 IR P 58 4 X 2%, i 18 5
B ST AR B, M T R
WM, i, IncRNA/circRNA-miRNA-
mRNA W 2% (¥ & 3 Al B 2l 3 AT % 9 0 1 9%
R 5L RS ML LA S W A 196 T 8 a5 AT B 4 1T 1)
N, HEZ40TKFERA, HMEMEELR, 1)
Wik — 2

2 EFEAMRIERAEHKS

LR K B 7E FDNAJFE A 224k, T
FEULHE R K1 1 el A8 AN 5 S DN AP 31 (2 4k
XN A 5 BERIAE T B RER G R .
2.1 DNA#E DU 8 AT Ak

HAl, sEmA 5 RMs L = HENE S
PLI AT s SR, R 5 ARy
KR 2 LT B A B, o A E T
DRI, o a5 A2 R 2R a8E 1 A8 Se B 28 7 Sfe 19 RT3 T
FE BT >R SR8 (04 i IR s BRAR A9, T 4 A
FEIE B2 W HG YT o SonZE V00 i) F A B R 4H 4
A Fi AR (array comparative genomic hybridization,
aCGH ) FH ZEALE i 2B (R 207 /N4 i i 9 A8
B AR AL SRR AR 2 JE DR 2 L PN 1) 57 DNA
P& DU BTG Ol WFFE RN, HOXA9[W]IR -
A L AIDNARE DR, TR b 23
lRins, I HoE i R sk -RA M EE L (qRT-
PCR) . HELINHIGR 5-A A E T (DAC)
S K pCMV-ACHOX A %% YL S i 45 R 44 5 1%k
B2, R HOXAIT] R 2 i & s AL Az W
VG TR SE A
2.2 SNPFImiRNA/IncRNA

HEHIRZ &1 (single-nucleotide polymor-
phisms, SNPs ) A] LI miRNAR T, M52
M A 44 X6 968 E 19 20 JE . miRNAZE K Fh il SNP
B DL =Ry A g @ v
T SR 1 5% 53 808 o pri-miRNA Flpre-miRNA4b
P 83 5 X miRNA-mRNA M B AE A
ChinZE" L Bl T 55— P miRNAZE A7 S5 SNP, &
AT LB B0 rh R W A R B NS CLC XU 1
RER . PuSE B E— 2L R B T miRNA
AH OG22 25V AT RE G Ao AR B R B miRIN AR 5
SNSCLC#EH B REE RARK . I3 H BG40 07
miRNAZKE [H 22 85 5 il i 18t 15 Sy ek B 0 1 0%
B2, IncRNATY SNPs b [ifi i 5 1% &) [k Je 19U
KM I A R

3 HERFEEMEFAFKS

B SR AN A 3 ) 22 R R R R s T2 F
PR AL SR IT o (HE: BRIk (o 5 SR 2L &
B EARKHIME, T2 2 5 RIA B HNE AT
B MR 22 57, X BT DRI RIBEG JF A BHARER R .
10 o) A T DR A RN B S A B SR R AR i A B
HET BT
3.1 DNA¥DNI 7% (CNVs) FImRNA

Z Koy F IR G o3 A i] LUK o3 R FE R e
G I N s v 3L B — B8 T 1k R 19 A B
fEH . DNA¥E DIEAE S (CNVs ) S48 Ml 4241
28R LA B Y e iR B B DL B R A . F
JE R, CNVA]RES B St K 3 3K 7K P 19 48 £k
AR PRI, CNVsTEJE R £k vl gt 1L
A S B G B R T 15% M0 B AR B fil
i PR 2% 38 o0 AR 0 BH R I IR 12 Ui AR 0 1) —
Rk i Fnn] 47 A9 TS, (HIEAR—2 REH R 0T
S S ENLE . IranmaneshZ 5@ 1 XFCNV
15 15 A 5 10 4 L R 2 mRN AR 35 (15 540 Bt
) 5 A CN'V/mR N A 9 45 ) 4% Sy fili 982 00 ) v Vs e
FICN VIR 5 AL Pt 1 8 L 4R 3
3.2 SNPAHfi A/EeSe/EHEFImRNA

TEEE i g A DX 1 2848 &5 5 | i s JE R )7
G AR FN I R R el A (HA W R, dE&E
P 5 2 fih [X 3 11 SNP # A AN I 4 i 58 A 12T
SereewattanawootZE*FI| it i 98 40 M bk i A 7 22 40
MY, TERA N HAT G 3l 5 58 - D) HE 1Y X
ARG I B 2R BISNP . FFHEE A0 S 43
( ChIP-Seq ) FIRNAMJT, 43445 X 58 A8 v i,
e R SR A P 23 AR A R 2 28 S A B R B % A T
Z5 . GEREI, 137TMBLER IR XA |
146 RefSeqlt AW sk i1, 2/04 841 SNV
MR TVFE N s 25 B

4 EFEA. RUBEFRAMERAES

AN B 2 A2 W A Y o
&, WRKRER:EYIRENSET KRENE
98 . BjaanasEPILES T RAE L B3N
mRNAR A CE e, e T — 1~ 2E TDNAR JLfb
VS ORVIEE Y AT RD R 8 E s WS B )=l 8 S A0 5
ZIA, AT R REAESE AL . FIE K 4 Fl i
SO ERAEM SR, SuzukiZE Y E T R IR LE G
ZWF T B RS S A | B S A RN R 3
AT 2H i A% 2 1) A5 B AR A0 A ) 27 fif B A (B
At
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