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Preserving intact genetic material and delivering it to the next generation are the most significant tasks of living
organisms. The integrity of DNA sequences is under constant threat from endogenous and exogenous factors. The
accumulation of damaged or incompletely-repaired DNA can cause serious problems in cells, including cell death or
cancer development. Various DNA damage detection systems and repair mechanisms have evolved at the cellular
level. Although the mechanisms of these responses have been extensively studied, the global RNA expression
profiles associated with genomic instability are not well-known. To detect global gene expression changes under
different DNA damage and hypoxic conditions, we performed RNA-seq after treating human cervical cancer cells with
ionizing radiation (IR), hydroxyurea, mitomycin C (MMC), or 1% O, (hypoxia). Results showed that the expression of
184—-1037 genes was altered by each stimulus. We found that the expression of 51 genes changed under IR, MMC,
and hypoxia. These findings revealed damage-specific genes that varied differently according to each stimulus and
common genes that are universally altered in genetic instability.
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Introduction

**Ofo'E MHH= ME Q| RMEZQI DNAE 7HX|1 1, 0f
1517 RAIEE A2 MM |X| X S40| IR Z235t
Hd(genome integrity)2 CFSt X501 QJaHA] A
=2 A OlJ_l_ _/I._\_AOI' | 0|0-|L.|- DNA& 7(‘|X‘|3 I:I OE Hjl-g A|0| LHO“ =
TLE|Ofof ST, DHY AME DNAVL HIHZE 27EX] 28 A=
DNA mutation0] F=&=[11 0|2 2IaH ME 7|S0il X7t 47(A =
Ct. O] 20| Mst 22 o MEEs UMEIt =L, ME=0] 27ts
ot ZRE MEAIES LO7|A ECt O|ZAH RTAMSHH0| |FX|= X
rSOZ N s QMAIEHEM(genome instability)2 QXY
OLt MIZEL| RIBHIHOIIA LASHA =1, O0f CHEH 2 AFIL &
23| O|R0{X| 0 AUCH1T-4].
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RUHSHHES KM QQI0|L} HIRHMA =
S=0, f8% 2012 HEE DNA SH|LE & 3H3-_r101| S E A
S| |MXt O[&0|lA Of7|EICt. 2|1 HIRMAN MiR=E2E, &
MAA | Me|BEAM (ionizing radiation, IR) Xt M(ultraviolet, UV),
02| Rl SBIZEES & 4 QUCE T2 MHA= 0[2{5t DNA 4
8 QOISZEE DNAZ E5517| IsHA, DNA AlSHE X|26H= 042
S HAUESES 7K1 ACH5,6]. HX &4EF DNAE QIAGH= 092
DNA o=+ HHEO0| Ao 222 2tA DNA Aol ASE M4
5174 /1, DNA AldH E20]| 2t M2 CH2 Z20| CHEI0| 9tk
T APY0|| EO{5HA EIC CHEXQ! DNA AsiET 7|H0= E7 12|
S (base excision repair), 72 LE|E™H|=E(nucleotide exci-
E21 B 23(mismatch repair), DNA 0|SLIMEHE
| AL, 2} Aol 2Pyt

o rf
s 0>-
dT o

sion repair),
T(DNA double strand break repair) S0
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7158 Stz SHAES0| 02 A0l QshA & 22X UCH7-10].
02{ DNA &4 Z0|X DNA O|SLIMETE 713 Mztst &40= o
A A=d, Ol HtE O|FLMI0| 2|7 =HX| 242 42

2 4oz & U1, HUHE S17t =X $oH s &
M| FZHchromosomal translocation)E Y9 Z! 4=
(2,4].

DNA O|ZLMMEES 2o7|= B2 A=E0| U=H|, X IR2 2
EXE 0|23tA|74A], 0]710] DNAZ 3Z5k= hydroxyl radical2 A4
‘d510{ DNAS &MAIJCEM, CrFet YEHS| DNA HEHS RS
[11]. Hydroxyurea (HU)Q| AR 2|22 Y QEI= &gias AX|
Hl(ribonucleotide diphosphate reductase inhibitor)QIH|, 2|25
E2|2E|E(ribonuclectide)S 2H2A|I7{ DNAS TtEE= CISA2|ER
23| 2E|=(deoxyribonucleotide)E UEE &47} HIZ 2|2732
QE|E SASA0ICE HUE 0] 2|[E 722 REIE S AE AX|ot
0f DNA 42 AH[st, 0|42 Z= DNA SX AEY AR 2Z5}
0f DNA O|ZLIMETES Lo 7|A ELH12]. Mytomycin C (MMC)=
O}El|'Hl (adenine) 2t S0t (guanine)XflAl WXIZAEH(cross-link)S &
g5, Ol= DNA &4 ¥ SXIE AHloh= 7|22 DNA 48 &
OF|A ETH13]. MitAaXS(hypoxia)2| A= ZFHQZ DNA 4
SHE 2O 7|= Z40| OFL|X|Zt, DNA Aai=ET 7|MS AMESOZM Al
ZO| RUMZAM LS S7HAZ (A ECt 02 FS0| L U=d|
DNA Alsi= T 7|8 S0|A| DNA O|SLIMAETE T HI M=, £
2 & 271 52 Kot |AM RTMEAH LS S7tAI7|1, 0]Z0] &
= YO TIHO| FkS = 0| AU ACH14).

DNA &4 5+ HAHLES U5| S7E1 A=l HIshN, S|
ZHM0| RAIEX| 211 U= M)A Q] MAEQI RNA transcrip-
tomeO| O{%EH| HSt==X[0)| CHt ¢i-l= R&5 AF0|CE 0| 7
0jA= DNA EZO}0|AMZIOMK| AX|X|(topoisomerase inhibitor)
£ MESIH =T RNA MA} ga| 2UHA == 20| YK QLa[15],
UV X2| Al small non—-coding RNAZ} 7|5H= S9| HI™AMEQI @
TRt S40] 2|0 ACH16].

04710iM= CHFSt DNA damage A=2KIR, HU, MMC), K&tAaXt
22 MESI0 ME RTMSHES FESIIA O, MA| tran-
scriptome0f] O{EH HaEIH U=X] HTHET| 2/5f RNA-seqS 5t
7|2 SICE RAEHEY MEFO! HelLaS A5 MZ CHE X120
M O RNAO| B2t QU=X| AT, HF|ZQl AL Loig 24
off EUCE. 2|30 MZ CHE X201 2fsiA HatE RXL0] ofF
ot RO|HO| Y=X| HTHET STMZAYMOIN S5tE S

A} LRH0| UK HTHEUTH
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Materials and Methods
1. MIE H{QF 2 DNA MalEtS
A2AE MIEFQl HelaE A0 AFSIILE. HelLa= Dulbec-

co’s Modified Eagle Medium (DMEM)/high glucose (HyClone,
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Logan, UT, USA) HiX|0 10% AEHO}&H(fetal bovine serum,
Millipore, Burlington, MA, USA)Zt 1% penicillin2t streptomycin
(Invitrogen, Waltham, MA USA)S M0{A 37°C, 5% O|AISIENA HY
L7101 HHAFSHALCE. DNA AoliEtEsS U27|7| flshM o2 XI=&
2 A=, Ol Ch2at 2t IR 2 Gray, 10 mM HU (Sigma-
Aldrich, St. Louis, MO, USA) 2A|ZF 2|, 500 nM MMC (Sigma-
Aldrich) 16A17t M2|E oI, MAAXIEE F7| ISHM MZE 1%
0, K&t HEZ|0M 24X|7HS 7 |SICH.

2. 4-thiouridine X2|2t RNA & 3! total RNA 2t0|E2{Z]
=

TXIZ ZHOtLH7| QI5HM, Hela MIZEO| Z+Zto| AlH X{2|S &t
DMEM HHX|0| 4-thiouridine (4-shU, Sigma—-Aldrich)S 2A[Zt
OF QUL AR X2|Q] BR= 2 Gray YA XA S0 250
uM 4-shUS DMEM HiX|0f] 210, 2A|7F SOF O|AtaIEtA HHQEZ|Of
21 HIYSIUCE T2 2= MZUM RNAE FESH| T 24|
7t SQt 4-shUS XM2lotl 37°C, 5% O|ASE A HIQETZ|Of|A] HHRLSE
ICt 10 mM HU= HUZ 250 uM 4-shUE #0| 211 2A|7F S¢F
37°C, 5% O|&tatEta HHQEZ|OfA BiFSHALCE. 500 nM MMC 164
Zt XM2|9] L= 14M7F MMC X2| 20f| 4-shUE HiX|of] ‘20311
CHAl 2412 SOt BHISIRACH, KAtA K719 BRE= KAk HIET (0| A
A0 SEE 1%E RHFL MEE 2447 SO B{oh=0| OFX|f 2
AlZHHRQE A|ZE SOt 250 uM 4-shZ '20{A 20| 7|R== SICY,

2A|Zt 4-shU X2|7} 22 Hela ME= trizol (Invitrogen)g 0|
510§ 8ali5tal T RNAS FE0IUCE MEZ MAIElE RNAS2 B
5 RNAO| 4-shUO0| S0{7t JQO{A, biotin—streptavidin &| 2t
o= HX| RNA & 4-shU7} £0{7t U= RNASEH CEA| HH|SIRACH
[17,18].

3. Total RNA 2{0|22{2| = % RNA-seq data &4

XM= 4-shU labeled RNAE= total RNA-seq2 QISHA] C2M0f|
o|2122 H¥ 11 Truseq Stranded Total RNA H/M/R prep kit (il-
lumina, San Diego, CA, USA)S 0|25}0] ribosomal RNAZ X|
71t total RNA 2t0|E2{2|E HIZSHUCE CHS0Zl 2t0|Ee2|=
NovaSeq 6000 (illumina)2.2 A|EAIGIZECE. A|ZA ZTH= Human
hg190il Tophat v 2.0.13 [19]& 0|85t0] WS, differentially
expressed gene (DEG) 2M& 2I510{ cuffdiff v.2.2.0 [19]8 0|2
SIULCE. oM ML fold change > 2 & fold change < —22

UZSIY, p < 0.062! ZRUA Rt A2 ZHFSIUL,.
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4. Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway 24 2! gene ontology (GO) &4

Hat7h Lot RS 7|5 3 A=E 24ot7| fIsiA DAVID
functional annotation bioinformatics microarray analysis (http://
david.nciferf.gov)2 O|23ILCH20,21]. KoM AEL p < 0.05¢!
40| RFelet A2 75111, HIXet RTX 7|55 Q07| ol

X REVIGO (http://revigo.irb.hr/)E 0|50 HE|5ICH22].

Results

1. FLIAL 2ol IfE D2 24
HIZO| SMHMZSHH0| =2 AEts THE0 =11, 0|If RNAO| A

2 4 UE 01 HSIE B otal RNA-seq2 A&}
=
T

o
T 1
NIEEL MEF2! HelaE AtEot0 HESIAL). KRS
|

0] 52 485 US| AUoiM CtAE DNA damage A=t AR}
22 #7|2 5IQICt. DNA damage XF222= DNA O|ELIMAES
olOoZl (o]

2IARM XH2(IR), 12|12 DNA 28| AEHA X=F(HU,
MMC)E F= ACE MEGIAN, MMAXEE 7| oMz ME
2 1% 0, AN 7|R= ZHOZ SILCt. 5| 22| X}= 0|Z0f| H
Stel= RNA IHEES 2X44517] 2I5hA RNA analogue?! 4-shUE O]
2510 MEH M= RNAZHS labelingdlal 4-shU labeled RNA
2 2 Motz WHE MESIULH7]. WAK X=EE & ME=, X-
ray ionizing radiation 7|H2 2 Gray2| &AMME ZASHY, 11 0|F
ML HHEZ|OA 242 SOF BHRFSHA| =l=0, 11 A2t SO MIE HH R
MOl 4-shUg XM2[5H0, LA XI= 0|=0f| Ladkl= RNAS| H3SIE
ZH&t 4= A SICE HU, MMC2| A= 10 mM HU 2A|ZE, 500
nM MMC 16A1Z2t St X2|oh=E| O] RNAE FZot/| ™ OrX|%f

A

1,200

1o

g 1,037

v 1,000 ~
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:TS 800
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L& 600

[2]

(0]
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o 400 n

; 184 204

2 200 A

% H .. B

Z 0 T T - T
Hypoxia 1% O, MMC HU IR

MIEE BiYotz 2A|7F S0z, ME B0 4-shUS H2|5Hd
Ot MAAKIZS MEE 1% 0, R ZHG KAA HIT|(hy-
poxia chamber)OflAf 24A|7t SOF 7| =0, Ol OEX|F B 24|7F
SOH0f|(22-24A|21) 4-shUE XM2[6IALt. tHERCZ AESt Hela
cells®| AR= 4-shUS MIEH{A0| 10, 2417 SO MIEL B |
OlA 712 20l RNAZ FE5ILE 4-shU0| E0{Zt RNAE FH|IHY
2 AXAM17], library KXt & RNA-seqS 61, T ZtE
MBIZLCE. 2 MZ0|M 61M-80MQ| sequencing readsE ¢
87-91%2| reads7t hg19 genomell mapping=l= HS &QI5t
CHTable 1). RNA2| LIS H3SIE 2015t | lshA UCSC genome
browser0|A| 2tzte] @FMXIE2| 3'UTR length change, alternative
splicing, premature cleavage and polyadenylation §2| H3}= 2t
ZSIRAX2 TR} H| SIS I, ZH2te| REXL Ll Xt0| /0] Ct

i B B

on
38 19 HI

Hela control X1} H|W5H0] ZH X}=2 0|50 24H O|AH S5}

Lt ZASk= |MXE B0l p-value < 0.055 PtESHE |RUXITHE =

Table 1. Mapping statistics

Mapping

Sample Total reads Mapped reads rates (%)
HeLa control 80,042,916 70,697,565 88.3
Hypoxia 61,114,308 53,709,833 87.9
HU 80,990,370 72,823,657 89.9
MMC 71,209,784 65,211,853 91.6
IR 61,124,930 55,565,278 90.9

Total reads, mapped reads, and the mapping rates for each RNA-seq
sample are presented.
IR, ionizing radiation; HU, hydroxyurea; MMC, Mytomycin C.

I Up

R 189 |15 1 Down
HU 54 I: 2
MMC 154 |:I 30

Hypoxia
1% 0, 358 679

r T T T T T T 1
600 400 200 0 200 400 600 800
Number of genes (> 2 fold, p < 0.05)

Fig. 1. Summary of RNA-seq data. (A) The numbers of genes are affected at each condition are presented. (B) Black bar and grey bar represent upregu-
lated genes and downregulated gene, respectively. Up and downregulated genes were analyzed by cuffdiff v2.2.0 with following cutoffs: fold change > 2-fold

and p-value < 0.05.
IR, ionizing radiation; HU, hydroxyurea; MMC, Mytomycin C.
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SOoIRACt. TR FTAL Hatet 7t = Aok FUASS
£ Fig. 10f] LIEFLHQICE, KAA EZ4Q1 1% O,0|1A 24A|7+ HHISH
oM 7H B2 49| QUAIt HatetE HE &01E 4= UUL.
1,037742] RTX}E LS10| HSISIAL, CHA| MIREORE LisH 67974
o QEXI7t 2t OAH £7t, 2|11 358742 SRKE7} 2tH O A ZHAS}
9Lt 1 CI2OZ 3 BIEIZ LIEFH 2 HIALM FAIBE=H| & 20471

obr Y 4>

A Hypoxia upregulated genes
O terms

Canonical glycolysis
Glycolytic process
Response to hypoxia
Negative regulation of cell proliferation
Cellular response to hypoxia
Gluconeogenesis
Angiogenesis
Inflammatory response
Peptidyl-proline hydroxylation to 4-hydroxy-L-proline
Negative regulation of fat cell differentiation
Response to insulin
Establishment of protein localization to mitochondrion
Response to lipopolysaccharide
Negative regulation of cell cycle
Positive regulation of release of cytochrome ¢
from mitochondria
Cholesterol biosynthetic process
0 5 10 15

-Log (p-value)

C Hypoxia downregulated genes
GO terms

Mesenchyme migration
Positive regulation of smooth muscle cell proliferation
Heart trabecula formation
Heart development
Positive regulation of endothelial cell migration
Response to mechanical stimulus
Nucleosome assembly
o 2 4

1
6

-Log (p-value)
E MMC downregulated genes
GO terms
Nucleosome assembly
Chromatin silencing at rDNA
Telomere organization
Negative regulation of gene expression, epigenetic
DNA replication-dependent nucleosome assembly
Positive regulation of gene expression, epigenetic
0 20 40

-Log (p-value)

o RTXIZL HetstA L, 11 S0IM 15742 RTAL S7t, 189712 |
MRtz ZA5HACE. MMC2 HU X2| A0 {8+ k=, eof & i
O Xt=0i| Hio Hatol= At & O HULE MMC X{2{9| Z2 184
MO SEXIZH HEISIZAN 015 3070 B7t, 15471 ST LASIA
Ct. HU X2| Alofl 7+ X2 0| KA Hals 2. 56719 KM
A7t HSkSIRT 270 S7t, 647071 ZASIACE MUARSS MLl

B Hypoxia upregulated genes
KEGG pathway

Biosynthesis of antibiotics
Glycolysis/Gluconeogenesis
Biosynthesis of amino acids

Carbon metabolism
HIF-1 signaling pathway
p53 signaling pathway
Pyruvate metabolism
Axon guidance
Fructose and mannose metabolism
Central carbon metabolism in cancer
TNF signaling pathway
Pathways in cancer
Rap1 signaling pathway
Renal cell carcinoma
PI3K-Akt signaling pathway
FoxO signaling pathway
0 4 8

-Log (p-value)

D Hypoxia downregulated genes
KEGG pathway

Systemic lupus erythematosus
Alcoholism
Viral carcinogenesis
Inflammatory mediator regulation of TRP channels
MAPK signaling pathway
Regulation of actin cytoskeleton
Pathways in cancer
0 5

10
-Log (p-value)
F MMC downregulated genes
KEGG pathway
Systemic lupus erythematosus
Alcoholism
Viral carcinogenesis
Transcriptional misregulation in cancer
MAPK signaling pathway
TNF signaling pathway
T T 1
0 25 50

-Log (p-value)

Fig. 2. Analysis of gene ontology (GO) terms and Kyoto Encyclopedia of Genes and Genome (KEGG) pathway of affected genes in genomic instability
induced cervical cancer cells. GO term and KEGG pathway analyses were performed and the results are displayed as a histogram (p < 0.05). (A-D) Genes
affected by hypoxia. GO terms of (A) up- and (C) down-regulated genes. KEGG pathway of (B) up- and (D) down-regulated genes. Genes downregulated by

MMC (E, F), HU (G, H), and IR (I, J) were analyzed.
IR, ionizing radiation; HU, hydroxyurea; MMC, Mytomycin C.

20 www.kijob.or.kr



Jung-Min Oh. Gene expression analysis in DNA damage conditions

G HU downregulated genes
GO terms

Nucleosome assembly

Telomere organization

Chromatin silencing at rDNA

DNA replication-dependent nucleosome assembly
Negative regulation of gene expression, epigenetic

Protein heterotetramerization

0 50 100
-Log (p-value)

| IR downregulated genes
GO terms

Negative regulation of ERK1 and ERK2 cascade

Response to mechanical stimulus

Positive regulation of transcription from RNA
polymerase Il promoter

Positive regulation of cell migration
Endoderm formation
Positive regulation of gene expression
Transcription from RNA polymerase Il promoter
Positive regulation of smooth muscle cell proliferation
0 5 10
-Log (p-value)

Fig. 2. Continued.

CHE M=0ME S7totks REAEEHE dacke RUAVEE B
Yoz Qlah 0 RHAE
HEPt UASS LIEHHL, TR &3 ZA71 O BO| Lt

2. GO term1} KEGG 4= &4

Zt2t0] ZZA0A LSH0| SIS 184-1,0377H2] RMAEL| EMS2
U0t 7| 2I5HM GO term} KEGG A2 EAM2 ARSI 1= of
HXQI AIE Fig. 20 LIEFLHRAC

MAAKFONM B7tok= RUXMEL 7120 LT b U= re-
sponse to hypoxia, canonical glycolysis, angiogenesis, negative
regulation of cell proliferation S0| YUL, ZASH= FTXE2
0|2t= C}E, mesenchyme migration, response to mechani-
cal stimulus S0 &3t= QXXIS0| UUCE MMCLF HUE H2|
St ARE nucleosome assembly, chromatin silencing at rDNA,
telomere organization0f H2tE RTXS0| HASH= 40| S
S LEHLE WS 2ol = UUCL IR XM2| 20| ZAdte TR
£2 tumor necrosis factor (TNF) signaling, mitogen—activated
protein kinase (MAPK) signaling, Focal adhesion, regulation of
actin cytoskeleton0i] EE RFTXS0| SHXMCE F|otA LIEL

= XS =USHACL.

H HU downregulated genes
KEGG pathway

Systemic lupus erythematosus
Alcoholism
Viral carcinogenesis

Transcriptional misregulation in cancer

T T 1
0 50 100
-Log (p-value)

J IR downregulated genes
KEGG pathway

TNF signaling pathway

MAPK signaling pathway

Focal adhesion

Regulation of actin cytoskeleton

NF-«B signaling pathway

2 4 6
-Log (p-value)

o

3. A=0ll SSHLE Halot= RTAL

ORX|2O 2 2t ZZANM SYUSHA Hatet RTXS0| U=X| Ot
U=L, Fig. 3A%t 3B9| il CLO|0{ IS 4THEH 1% O,, IR, MMC,
HU 471X & X2| ZAH0M SSH= 28l 014 S7tokAHLLE, 24K
0|4 HAdk= SN QIRULE O|A2 MZES0| 25 T2 X=ES &
OtM STRIZQHHHO| OF7 =47 10, Halkl= RTRIL| SFIt L2
Ct= AS LIEHACH HUOIN HatE RTXIE HOM 0|F 2AM0f|A
= HMQlst, 1% O,, IR, MMC 712 0|85t SSXHCZ H3tst
= QEAIES SHOtEUTHFig. 3A and 3B). 372 ZZHNM RE =
7t5t= |RTRE= 2707t UAL, 49702 RVt SSHOE ZASIY
CHTable 2). E5X 02 ZUAsh= QTS| KEGG pathway?t GO
term 24 ZATH= Fig. 3C2F 3D0]| LIEHLHRACY.

Discussion

MIZE0il DNA AoiXI=0] FO{X|H ML= DNA H3hE 2145t
Tot= BHE0| LOILIA| El=0, ME HatES17t HfX| L2 B2
THZQPEH0| OF7|EICt, RTMOE HoliE+ FLXI0| 0]40] U7
Lt BIAHO 2 Moll=7 QHXte Wi0| LASH EHle 0= ME
O REAMZCHH0| S7totA E Lt O|H A= M2 RHUMS MY
MO| B7I5H= ME0M LojLt= RNA FAKtranscription) 2 =0f
Ot 317} LIEHLH=X| ATHET| ohA], MZ Ct2 DNA &sixt=at
DNA Ma{E+ 7|ME AXSl= A2 AT KAAXZ0| 2|5HA

=2
=
o
h

—
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A Upregulated genes B Downregulated genes
(> 2 fold, p < 0.05) (> 2 fold, p < 0.05)
MMC HU Hypoxia MMC HU Hypoxia

1% 0, MMC

Hypoxia Hypoxia
1% 0, A IR 1% IR
8 62
3 47
IR
C Downregulated genes D Downregulated genes
KEGG pathway Go terms
MAPK signaling pathway Heart trabecula formation
Positive regulation of transcription from RNA polymerase Il promoter
Calcium signaling pathway Nagative regulation of transcription from RNA polymerase |l promoter
Inflammatory mediator Response to mechanical stimulus

regulation of TRP channels

Positive regulation of smooth muscle contraction

0 1 2 3
-Log (p-value)

Embryonic heart tube development

Cellular response to mechanical stimulus

Cell migration involved in sprouting angiogenesis

Regulation of transcription from RNA polymerase Il promoter
Thyroid gland development

Cellular response to vascular endothelial growth factor stimulus
ERK1 and ERK2 cascade

Sarcomere organization

Skeletal muscle cell differentiation

Response to lipopolysaccharide

Positive regulation of cytosolic calcium ion concentration
Positive regulation of vascular smooth muscle cell proliferation
Negative regulation of apoptotic process

Atrial cardiac muscle cell development

Positive regulation of transcription via serum response element binding

T
012 3 456
-Log (p-value)

Fig. 3. Common genes affected in genetic instability. Venn diagrams of upregulated genes (A) and downregulated genes (B) under hypoxia, IR, MMC, and
HU (fold change > 2-fold and p-value < 0.05). (C) KEGG pathway of downregulated genes (p < 0.05). (D) GO terms of downregulated genes (p < 0.05).
IR, ionizing radiation; HU, hydroxyurea; MMC, Mytomycin C; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Table 2. Common gene list

Number
Genes

of genes
Genes are upregulated 2 RAB3A, PRAME
inall IR, MMC, and
hypoxia conditions
Genes are 49 TAGLN, EDN1, VCAN, STK38L, CNN2, LINC00152, NKX2-5, TUFT1, EGR2, SYNPO2, LMOD1, FHL2, SOWAHC,
downregulated in all SPHK1, GADD45A, ADAMTS1, NUAK2, NPAS4, DLX2, SNX18, FOSB, GBP2, RASGEF1B, MYLK, CD83, FBLIM1,
IR, MMC, and hypoxia LOC221946, NR4A1, FOXC1, ANKRD1, BDKRB1, DUSPS5, ID1, NCOA7, DUSP2, BDKRB2, DOK7, NR4A3,
conditions CRISPLD2, MIR143HG, GATM, PCSK7, TNFRSF12A, EGR3, DCUN1D3, CRB1, SRF, LONRF2, PTGER4

Common genes affected by IR, MMC, and hypoxia.
IR, ionizing radiation; MMC, Mytomycin C.
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M| transcriptomedi| 01 HSL7} Q=X H| WS HULCE

07 |Me FTXL Eedol Hat #3F OfL|2t it transcriptome?)
H3IE 2HEGH7| foHM oligo—dT RNA-seqO| Otl total RNA-seq
2 £85I RNA 20U H| W5l EUCE 7|1= HTE0|A DNA
2 = X2/ 42 RNAL| Z0|7} #OtX|l= Z*7t H1&7|
= 5t[15], EE= UV X2|7F RNA 8422 ZHGH0 small non-
coding RNA2| &7}t 0]Z40]| transcription recoverys EXISHH=
B1=0| AOM[16], 2 HESIO| HWE 7] 2fa 0{7|M= T2
ZRO AIFES MEISI RNAQ| HSHE HTHERATH,

O AB0IME {12 BN &2 RNA transcriptome?]| H
ol AmE £ QY 71 =0l Bl Hals o RMAte| Ual H
SIRACE. 0|42 O] HHO|A AHESH DNA Aol 27450| 2 HelE Y
O7|7|0l= Ca gt 2740|U7| ELE MZIELCE 0| RS & O
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