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(https://www.ebi.ac.uk/arrayexpress/help/GEO_data.html), GEO @7 —X A
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Hennerici 1998), &R IXERL) Y V(LB HRZERICE > TATP 2 EAT S

i, EMHERFO = R VX —EAEDOFLI MBI E 255, HFE-CHLEE.
éﬁiﬁh LT HMEBEELWE SN TOVRVREZ NS R T EN), B b E
XU & T2 @EEAYOERHBOHIRIT, (KERFRIRIC X 2 AmiERr D falks
[l 9-~< < Hypoxia inducible factor (HIF) (Zf8F& SN AHIKEEEILED T AT
LEHLTWD, HIF [FaWV72=y NHIF-a) & ¥ 7 2=y FHIF-18)D
TR A v —E R L CHERET DIRER T Th b, £7o, HIF- o (21X HIF-1 o,
HIF2- o, HIF3-a 2% 5,

(KEAR T3 2 AR SUR OBFFEIE, 1990 4R HIF-1 0% HAZ KV BIIC
A 72 (Semenza and Wang 1992; Wang and Semenza 1995; Wang et al. 1995)0
OB ZR NI LIy VT LT U VR, =2 —T N7 U TR,
Ty 7 e A UYHRRIT 2019 L) — VAR - BEEREEZE LTS,
IEHERFIRAETIX, HIF- o @ oxygen-dependent degradation K A A NIFET
D o077 vl ok E(P402, P564)1L, FESE A #i[K7- & L7z prolyl hydroxylase
(PHD)X° factor inhibiting HIF-1 (FIH-DIZ X - CT/KER{L &1 5 (Figure 3), £ ™
# . von Hippel-Lindau tumor suppressor (pVHL)’2 & D E3 2 &% F U H—
KBtz 7e ) 2@ #HL, 28X F o -Tur TV —LRICEST
HIF- o 2353 3T, SERBEME( L2230 £ 415 (Jaakkola et al. 2001; Mahon et
al. 2001), — 5 C. KEEFEIRETIZ PHD <° FIH-1 OJEMENE T L. HIF 13K
1t % %241 C aryl hydrocarbon receptor nuclear translocator (ARNT) <C#z5 =
7 7 7 X% —"Td 5 cAMP response element-binding protein (CREB)f&EA & /X
VB EBEEREIER L, fRbER, &4, ERIRER EIZBEET 2 NiRDOEs
T FBL A HfH9 5 (Ebert and Bunn 1998), #il 2 1X. M&EFHAEICEROH 585
& L T vascular endothelial growth factor (VEGF)3& VD . Z O#E(& 7 H HIF
SRV BBENTTEIND Z LB B LTV 5 (Semenza 2003)
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Hypoxia

Under normoxic conditions,

Hypoxia Inducible Factors(HIFs) are hydroxylated by the a-ketoglutarate-dependent dioxygenase factor
inhibiting HIF-1 (FIH-1) and prolyl hydroxylase (PHD),

resulting in degradation by the ubiquitin—proteasome system and suppression of transcriptional activation

 HIF-lo

Under hypoxic conditions,

-_ _ . 3

el 2
hydroxylated ubiquitinated degradation HECRT

PHD and FIH-1 activity is reduced, and HIFs escape hydroxylation and form a complex with aryl hydrocarbon
receptor nuclear translocator (ARNT) and the transcriptional co-factor CREB-binding protein to regulate
expression of downstream genes

P300/
CBP

:] - HIF-1B - HIF-1p , " - Angiogenesis
(ARNT) transcriptional (ARNT) = - Metastasis promotion

dimerization gene

activation

Koyasu S, et al. Cancer Sci 2018

Figure 3 (ERRFLEHEDEX X

BEBERIK
HY %,

513
7]
o

ETIL HIF-1 a [T ESNDD. BEEERT TEOBERN TERFRIREH
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1.4 AHF5Eo B

JFamo 1.1 R ASA 7 ADE T, FMAOEEDOR Y #BEICANDO>D, 43
J AT =B IR EOHBRIIRNA T AR LI2T — % 2l & LICftr Bk
by CATAFTERI R & B9 D M BZ DWW Tk 7z, £2, 1.2 A—TF T —X DE
T, A XTI AIRE 7R AT — H _— 21T OB HRIT — X DIF1EL
TWDLZ LIZOWTIRRTz, £/, 1.8 [KIERFEOFE T, KEEFEITRT 5 AKX
SISO ) —_NVEEZE LIZZEOMAENS D Z & L KRR IRDL T Tk,
HIF MEBETI3BLOMRER, W& HE, BBEER CICBEST 2 TiROEE 7%
WaFHESTDHZ Lo Tih7z,

IR TR D AR BOS OWFFE5 BFIX. 1990 FA0 HAFsE Er & L CIREsE S
&Y, HIF &\ O R FRIGE D 5 KRN REEBRF 2N FEL, A—T T —
HR—= 2L DBIGTFIHBT —ZPFET D7D, AT AL > THA SN
ol A ET =2 RU T UAZTELOTIEE RN EE 2T, LEX Y | FAX
AWEDO B EZ, =77 =2 Z1EM LT RBREISEF L/ SA T = A OPRR
TFHEDORFE] & LT,
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2 Hik
2.1 ERETE AT
2.1.1 gene2pubmed

Hypoxia inducible factor 1 subunit alpha (HIF1A)|3{KEEFIGE 53 B DR EH
721851 Cd H(Supplemental figure 1), NCBI gt L TW\Wba75 —%t v F T
& % gene2pubmed (Figure 4) % ciZ L C, HIF1A L& b FBIa 1 & OFELUET
&5 Simpson R & # A= B H L7-, gene2pubmed 1%, AW Z L D
Taxonomy ID, &1 EntrezID & % DiEEFIZOWVWTELIN TV D LD
PubMed ID 2Nft#i SN TWBH T —F &y hThHDH, Simpson fZE Six. LATD
KzflioTHMH LT,

|X NY|

ST = L 17

|X nY|1Z HIF1A EEBEOBEL DO EDH HICHi%% 9 % PubMed ID O TH
v, min(|X],|YDIL HIF1A & 5 WHMEE OB T O PubMed ID O#d 9 &, /)
S 5D PubMed ID #t& 9%, Simpson 257 1 125 < 13, HIF1A L8
LlThsdZ &aBWT 5, FLUEZ R T 5B, Simpson #RE7217F T < |
Jaccard fREH FET L7z, Jaccard £2# L ¥V Simpson £2%(0 J5728 HIF1A SAEE
DB XY T DO ZEORE SN K B2 ZIFIT< < AlfifbicE
T HAa7 LHKrL7- (Supplemental figure 2),

BT 2 & O ORE R KX O Simpson #2 5O H H 121X Python %1~ T
HH L7z (httpsi//github.com/no85j/hypoxia_code/tree/master/CodingGene) , |-
LD Simpson % % o H WH i &% #EH
gene2Pubmed(ftp:/ftp.ncbi.nlm.nih.gov/gene/DATA/gene2pubmed.gz) & Gene
Info (ftp:/ftp.ncbi.nlm.nih.gov/gene/DATA/gene info.gz)i 2021 4£ 1 A 4 HIZ
ZForua—RLT,

HIF1A DIAMZ 4. endothelial PAS domain protein 1(EPAS1)<°> ARNT, aryl
hydrocarbon receptor nuclear translocator like (ARNTL) & V- 7= fKfg 3 & DR
HPENE 2 B HIBIR T & O Simpson FHLE AT EOBE T X IZx LEH L
(Supplemental figure 3), HIF1A 2MEER R AFSE 55 B ORER) 70851 & T L.
HHURE:R G A MRS T OBRERICIT HIF1A & OLE 2 HH L,
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Gene datasets provided by NCBI : Gene2pubmed

In [2]: df =pd.read_csv('../data/gene2pubmed.gz', sep="\t")
df_hs =df.loc[df['#tax_id']==9606,] # human Tax_id
print('total row count : ' + str(len(df)))
print("human row count : ' + str(len(df_hs)))
df_hs.head()

total row count : 12339644
human row count : 1498491

Out[2]:
#tax_id GenelD PubMed_ID
2707618 9606 1 2591067
2707619 9606 1 3458201
2707620 9606 1 3610142
2707621 9606 1 8889549
2707622 9606 1 12477932

Figure 4 gene2pubmed DA

NCBI HMEHEL TLVA gene2pubmed % Jupyter Notebook ZFHLNTHBZMERL-, &4
MIEDBIETFILIZ. TOFERHO EBE SN T PubMed O ID HMEFSNI=T—2 vl
STWS, 2EMET 1 FALI—FLULE EFDBEEFICRELZEIFELZ 150 5
La—FDEHRMAESEN T,
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2.1.2 PMC @ FANTOM, GENCODE zt.abim 3k

PubMed Central (PMC) f& %8 Ti%. [RNA-Seq ® % ]. [RNA-Seq &
GENCODE]. [RNA-Seq & FANTOM,| D& H D im X OFHED =D, LL
Torx) 2L, (2022.4.9 Fhi)

RNA-Seq: “rna-seq’[MeSH Terms] OR “rna-seq’[All Fields] OR (“rna”[All
Fields] AND “seq’[All Fields]) OR “rna seq’[All Fields]. RNA-Seq AND
GENCODE : (“rna-seq’[MeSH Terms] OR “rna-seq’[All Fields] OR (“rna”[All
Fields] AND “seq’[All Fields]) OR “rna seq’[All Fields]) AND “gencode”[All
Fields]. RNA-Seq AND FANTOM : (“rna-seq”’[MeSH Terms] OR “rna-seq”’[All
Fields] OR (“rna”[All Fields] AND “seq”’[All Fields]) OR “rna seq”[All Fields])
AND “fantom”[All Fields]

2% 24 3 015 2 MEDLINE format (2 T4 7>z — KL, DP (Date of
Publication) % & & IZK4EHT-V OHEEBREH L, HEEREET 5729
Do~y RIIMBRER LI TO@m IcFE T L,

% grep -E DP - PMC_result.txt | awk "Yprint $3}' | sort | uniq -¢c >
output.txt
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2.2 RNA-seq
2.2.1 7T— X

KRFEICEET 5 —HOERT —% 2V —X—E% GEO O LI FOMRER
"hypoxia"[MeSH Terms] OR hypoxialAll Fields]) AND "Homo sapiens"[porgn]
AND "gse"[Filter] THiZE L, 202048 H 17 HIZX v — R L7-,

Python /X 47— pysradb(v 0.11.1) %> T SRA NG AX T —HE XD
27— KL, GEO W® Series Matrix File(s) | @375 %% Series D A X7 — X
ZH45 L. normoxia & hypoxia DL A[FEZ2 Y > 7 /L dDxf (HN-pair) (2725
TF—He~v=maT Fal—rar iz, Falb—varDO5M1E RNA-Seq D
T—HThbHZ L EFE—FEHREY hOFIZ HN-pair &5 TARndH5H L
ElLTz, ¥azlb—Tartk, EZ2T—XEy b% NCBI 7»5 prefetch =2~ >
N2 TINEE L7z,

2.2.2 T—XBt5

KR ICEE T 57 — 2 it L7c%. xf57 2 RUN 7—% % DDBJ FTP
¥4 RO SRA 76 & n— K L7= (fep//fep.ddbj.nig.acjpl), &7 2 m— K
L7BF T — %X SRA 74 —~v N Th o777, SRA Toolkit
(https://www.ncbi.nlm.nih.gov/sra/docs/toolkitsoft/) ® fasterq-dump 7' 17 7' 7 A
ZHAWT, BEBEEMRICFASTQ 74—~y N7 7 A NVIEW LT, T
T RY—=REXTZ 2 R — ROWMG g s L,

223 V77 LA

a—F 4 VT OATIZIE GENCODE release 30 2V 7 7 L Afd4l &
LTHEH L, a2—T7 4 > 788 L ncRNA OfENTIZ1Z FANTOM-CAT
V77 L AsE LTHER LT,

FANTOM CAGE-associated transcriptome (FANTOM-CAT)i% FANTOM5
Cap Analysis of Gene Expression (CAGE)D 7 — % # W CTIEL L=, (EHEME
D5 5242k b IncRNA gene DA — 7> 7 — X Th %, FANTOM-CAT &
T2 AT 5ICH2 0 . ESLAFZERRRE N B LA gEET RO Y AR b
U

(https://fantom.gsc.riken.jp/5/suppl/Hon_et_al_2016/data/assembly/lv4_strin

gent/) ICTIRMESNTWET—FZMHEH L=, GTF 7 7 A L% b & (T gffread
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v0.12.1 70 75 AEfE-> T FDa~ 2 NIz T FASTA file Z/EfE L. U 7 7
Lo AELTHEHALE,

% gffread FANTOM_CAT.lv4_stringent.gtf -g hg19.fa -w lv4.fa
2.2.4 E&

O—F 4 B ORIEEIZIE RNA-seq /31 7T A4 > Th 5 ikra
(v1.2.3) (https://github.com/yyoshiaki/ikra) % H L 7= (Figure 5),

ikra |2V — FOMSEEH (Trim Galore version 0.6.3) <°. GENCODE release
30 %Y 77 L > A & L7 Salmon version 0.14.0(Patro et al. 2017) Zffi f L 7=
RNA-seq 7 —# Ot © HEMb & AIREIC T 5, AWFSETIE ikra DT 7 4L kD
PRESMTHENT L7z, salmon_tximport O ETIE, 74 77 VA X% L
WA=V > 745 scaledTPM #88H L7, SRIOT—%tEy N TlX, 7—%4
A & B A B THRIZ 2.4 GHz 8 =27 Intel Core 19, 64 GB A E U #4587
MacBook Pro (2T 1 » HZ%E L7z, £72. RNA-seq 7 —Z N LA0H L 7-#z5
FEM) D E BEAE RIS figshare (T7 v 7 — R LABKHIIL TV
(https://doi.org/10.6084/m9.figshare.14141252.v1),
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ikra RNAseq pipeline

matrix

fasterq-dmup

Download SRR mode
fastq files
from SRR id

fastq mode

fastQC MultiaC

Quality control Aggregate
i fil fastqc.html .|
lastq files o = »] fastqc.html Qc reports multigc_report_raw_reads.html

Y

Trim Galore!
Automated quality
and adaptor trimming

L fastQC
fastq files Quality control fastqc.html
on raw sequences

salmon
Wicked-fast
Transcript quantification

quant.sf salmon log 3‘9:9:::'"‘: multigc_report.html

Y
MultioC

N

ximport
Aggregate
salmon outputs

v )’

output.tsv designtable.csv

A

Downstream analysis
IDEP, DESeq2, clusterProfiler etc...

Figure 5 RNA-seq /S 54> ikra D) —H 20—

[d https://github.com/yyoshiaki/ikra/blob/master/img/ikra_pipeline.ong &£WFIFHALT=,
FANTOM-CAT DEsEYT EDEMTIZDULNTIE Figure 14 A OT7O—DBYIZEHELT=,
Index fERX. EEDEICIE. I—TAV T EGFORBEEEDEICAL: kra DEESE
HERIZ D=1, Pitagora—cwl (https://github.com/pitagora—network/pitagora—
cwl/tree/master/tools/salmon) Z— &R ZEL ikra @ salmon M /\— 32 ER#KRIZ salmon
0140 ZfEMALT=,
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2.2.5 HN-score &

KlESE LBEIRF DT Z LI, Bis 1 2 &IZ Hypoxia-normoxia ratio (HN-
ratio), R # L FOXEZHWTHE L7,

R = Thypoxia +1

Tnormoxia +1

T 13K B a1 E Y DR Bl & scaledTPM % 7~9,

WIZ, TXTOXTH 7L HN-ratio DIEZ 1.5 fFOREIZ L > T up.
down, unchanged ® 3 FEIZHE L7z, BIEIZOWTIZ 1.5 5L 2 fEDSEMFIZD
WTHRET L, AWFZEICIE 1.6 528 LT, REBUUHE L2 Y o 7V 6 R BUK
Tl I a5 \\Wicfi%a HN-score & L7z, 2 HDT —HIZOWTIE
figshare "5 7 7 B AR[EETH 5 (hitps://doi.org/10.6084/m9.figshare.14141135.v1),

HN-ratio OHEHOBRIZIX, 5N 012725 2 L 2B<Ted, R 1Ich
LD EBOMEZMAET 5 2 L2 FEANIE L7z, +1 H DWW, EDOBIETE =i
REVHNSVWETH D +1e-09 2% L7z =T HN-score Z#HH L., ZD5H
EHER LT, ELOLORER L KRERENI RN 720, BEENIEF IRV B
FOOTDRBEBMEOEIN LD HELZITIILK b2 2 MfFL T, oREE
7 fZ+1 Z & LC HN-ratio ZHH L=/ R 28 A L7z, £7. HN-score %
ML T, A N EOIREEFRE LSO FERIT A HN-pair EH HIZH 0> T
WD SRIEREDRBOMERS, Y REO AT TA— 7 > 7 — &2 B IEEEH
Th oK 7L L AR RICINEE L= 3 > 7 L HN-score D434 D Lk
%17 - 7=(Supplemental figure 4), A7 T{Z% 41Z 4L HN-score @ K Z WIEIZ 100
BIE AR LT, 208 T%2 4 UP 100, DOWN100 gene list &
L7z,

3.1 & DHURER RIS E B in+ DPRFE ) I TRSH L TV 5 HN-score |
GENCODEvV30%2 U 77 Lo AL Liza—T 4 > Vs +IZRE L 7= HN-score
TH Y. Z® HN-score 1% 3.2 # ncRNA % & 7= 85 5 FEY) OIRFERFE A O G
FFEOREE ] IZBWTIZXBI 7= % HNg-score & £it T 5,

3.2 B [ncRNA % & O -HREEY DRI FEISE ORI T IE OS] <Tik, V7
7 L AR B OB D I D _FEFH O HN-score 2 H L7-,

HNg-score(GENCODE # U 7 7 L' > A & Liza—F 4 v 7 i&ls+? HN-
score) : BE R OT —H &> FOFNnG | KEERIC LD 1.5 FEORBLEBHDOH 7=

27



2.3

2.4

HN1.5 Ofiz HNg-score & LT L7z, ZOF7—XIZ
figshare(https://doi.org/10.6084/m9.figshare.14141135.vIIZ TABH L 7=,

HNf-score (FANTOM-CAT % U 7 7 L A & L72#554)® HN-score) :
FANTOM-CAT % V 7 7 L > AT L= LASME HNg-score DHEHITIEIZHE > T
HNf-score # 5 L7z, FHEGWOT 77— a AFEHIT
https://fantom.gsc.riken.jp/cat/v1/4#/genes 7> 5 BfE L7z,

T o F A MR

Ty F A MENTIE, BELDNEAL LB B T REOBRE D R 2 {2 4 5 7=
DOFETH D, AL, HN-score D ED->72, & D WK I BI5FHEO
e 223 272N L7=, HN-score = > U v F A > MRITIZIX
Metascape (https:/metascape.org) (Zhou et al. 2019) &  ChIP-Atlas
(https://chip-atlas.org/)(Oki et al. 2018) & fii H L 7=, Metascape CTl¥. *&Di&
BAHEOY A NEL LI, FFEOEMFH T at A, X I EDRTE & DFE
BIZ Lo TERSINTEHT OBy NOFRE S LITHITT 52 & T AW
FHNARE BT 59 2 ERHFFTE D, Metascape 137 7 4 /L M SIS TREH
L7z, LATFIZiR_% ChIP-Atlas D=2V v F A v MENTTIX, TR OB
THEDV A NZL EIZ, ZNODBBTDOT ) NEIFEST HEBER 72 EDH
PRI EETRTHZ ENRAREE 72D, ChIP-Atlas TOFKE TiX “Select data
set to be compared” MDIEH % “Refseq coding genes (excluding user data)” &
L. ENLSMET 740 R & LTz,

ChIP-Atlas fi#tT

7 a<F bkl (ChIP, Chromatin Immuno Precipitation) 1%, DNA
fhif 2 v X7 BIHE A LTz DNA RS &t 3 o8 Cdh 5, ~A Av—7" |k
= Y= MW TR T 5 J7ik%Z ChIP-seq {5 & -5, DNA &4 v
NZEIZIIE A N URIRBR T ENET B, I R AR E v
FEVEME TR L7 DNA BB Z B ST 5 2 & T, 7/ A Ok AR 2 g
95 Z LN TE D, ChIP-seq fighT Tl MACS2(Model-based Analysis for ChIP-
Seq 2) 7' vV T LEfo TG A NE#ET D,

UP100 gene list <° DOWN 100 gene list OaFlid0 7212, SRA IZTAB S
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TUW5 ChlP-seq 7— X &N, Fal—Ta LT —H BRI T 5
Web > —/LTd %5 ChIP-Atlas Z{EH L7, SREEFEEEREA 1 & filf#2
T 5 KB n T OEGERLGRATIT O DNA B & OfEEE (MACS2 227) 1§
WA HfS L7z, ChIP-Atlas @ “Target Genes” Y —/ /L&MW T, X CTOEKET
D) MACS2 A 27 % ifs L 7o, %55t 2 HIF1A, hypoxia-inducible factor-
20 (HIF-2a) & LTCHHEHNSD EPASTI BELWNARNT & L C, 5B SAND
D FEHE% B3 5 Distance from TSS /N7 A —& % £5k L% E LT, KEETD
HN-score & MACS2 2 a7 %, Bl 44 F—ICLTHG LT,

2.5 7T RHITEH LT fENT

T TR ABREEWIL, F N Ea— FRIa RIS NI Ha—
NI DOt o ARG ED O FFHIOEF N LTSN b OE WS 5, 4H
DFEMT TlI 2 —F 1 > 781D HN-score T 5 HNg-score DEn->72, H
HUNTIED o 72 200 BAGIZXIGST D7 T RREWIZEH Lz (Figure
6), 7T EAEFYOY A N ETGT 57202, Bedtools (v2.30.0)00 7' =
7T NPT OB A 1T > 7=, HNg-score % JtiZ &8k L 7= UP 200 genes,
DOWN 200 genes Z#LF1 D transcript id 2 & & (2, %48+ 2 & O2EE
% merge L7-bed 7 7 A NV EAEK LTz, ZDbed 77 A /L% 1 &IZ, Bedtools
? intersect A~ Faffio> T, ¥ AMHDOBIs T & [ CALAIGEHEA T > F &
AHICEHEB L TWLEETEYE Y A N T v 7 L, £1E10 HNf-score & fiiH
L., R LT,
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400 UP 200 coding gene [P mpn

@ up_200

sense UP 200 coding gene DOWN 200 coding gene

1

antisense AS_transcriptl AS_transcriptl '
1 1 1

[l AS_transcript2 1 AS_transcript2 1

1 1 1

AS_transcript3 AS_transcript3

!I

HNg-score

-200 DOWN 200 coding gene

0 5000 10000 15000 20000
HNg-score rank of gene

Figure 6 Z>F 2 REEEM) AFDOEE

HNg-score MEWL\H AU TIELVEERLT= UP 200 O—T 14 &5+, DOWN 200 30—
TAVT BIEFOToF U RBICHBET AEEMET o F o AEREYIEERZLT)RE
7y LT,



2.6 AIRAL

B2 7oA Xz i TIBCO Spotfire Desktop version 11.0.0 38 XY
11.5.0 (TIBCO Spotfire, Inc., Palo Alto, CA, USA)Z £ L 7=, Spotfire (Xt
XA AT IV A (BI) V=L ThHY, ?*5@#7%.%@@ H L7z
FEMAEAT T D R U VE T ARITHSFIREZR 2 & D BERER A 72 Al RIZE LT
%

HE£E5ORRERTREN 2 ABULTET X UKTH L0, BEOEMOBR
M%7 3 D IZ1% Upset plot 23 L CW 5, = U v F A MENTIZEH L7
Gene Ontology = & D% 48 s T OBAMRMEZ AL 2 3 5 BEIC Upset plot &
f# /] L7z, Upset plotg IZ R (version 4.0.3)® UpSetR (1.4.0)/% v 77— % [
UAERK L7z,

Violin plot & 137 — % O34 OB E Z v T 2BRICHWS D HIETH
%, Violin plot ®{EXIZ 1% Python(3.8.10)?® pandas(1.2.5), matplotlib(3.2.2),
seaborn(0.11.0)/X > 7 — Y & H L=,

T LT ITUYEE T A EOMERFRICE DO TR A 2w e R Lz
WHE T a—RL7eY TELT7TUYFDZLTHD, 7/ LEREDOAIHAICIT
BV T FN=T RKREY 7 — X8 (UCSC, University of California Santa
Cruse) 23HEFFEEE L TV 5 UCSC genome browser (https://genome-
asia.ucsc.edu/index.html) Z/EM L7z, {HT / LDT /T —va Dl &%
Track & FE5, Track O7 /7 — a FREEZO IO OEHRITA—7 7 —
A THVHTHEECHEMNT 22N TES, AEHTCIX. 2o UCSC
genome browser (Z “FANTOMS5 summary Tracks” ZiB01 L Cal#4k L7=
(Figure 7), FANTOM-CAT ®V 7 7 L > ZAFHNZAERLT DB L7247 7 A
U7 7L Ahgld ENX—Va U ERiZ2 BT, AICAWEZ 77 L0 R
7 ) LDsR3— =3 (UCSC genome browser M3 EEIE Human Assembly)
t, GRCh37/hgl9 il L7z, V77 L AT ) LAOEWIZ L D ER 202
LT D72, GRCh38/hg38 DU 77 LU AT ) AD/X—T 3 &
T, PGK1 & TAF9IB O 7 ) AL FIGAL L, ZOOBBETFHESA-T UF
TUADNEILSH D Z L AR LT,
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Genomes  GenomeBrowser  Tools  Mimors  Downloads My Data
Track Data Hubs

Projects

Ip About Us
Public Hubs My Hubs Hub Development

Track data hubs are collections of external tracks that can be added to the UCSC Genome Browser. Click Connect to attach a hub and redirect to the assembly gateway page.
Hub tracks will then show up in the hub's own blue bar track group under the browser graphic. For more information, including where to host your track hub, see our User"
Guide.

Track Hubs are created and maintained by external sources. UCSC is not responsible for their content.

The list below can be filtered on words in the hub

ion pages or by
Search terms: [FANTOM

| Assembly: [e.o. hg3s [ Search public Hubs
Displayed list restricted by search terms: FANTOM [ Show Al Hubs |

When exploring the detailed search results for a hub, you may right-click on an assembly or track line to open it in a new window.

Assemblies
Display Hub Name Click to connect and browse
directly

Advanced BarChart configuration of cellular microRNAome.
ABC of cellular Evaluation of >20 billion small RNA-seq reads from 196 rm
microRNAome. primary cell types (+plasma, +platelets) across 175 main 09

Search details .

[+] hg19, hg38, mm9,
T ;’:':‘nst‘eerEsg;cdlf;faeb)i:mmenta\ data and TSS annotation mmi10, danier?,
rheMac8, galGals, ms...
Search details ..
hg38, mm10, hg19,
FANTOMS RIKEN FANTOMS Phase1 and Phase2 data mm9, canFam3, rn6,
rheMac8, galGals
Search details ...

Figure 7 UCSC genome browser T® FANTOM5 DT —4®M;BMNEXE

Track Data Hubs IZT Search terms [CTT’FANTOMS " Z##&ZFEL T Track ZE/0L 1=,



3 iR
3.1 BrBURER RIS B AT DR

A 31 ETIHEBBAFUSEICED L, =77 —F_X—=R %I X X T
EEMAL, BT ALY AZICL KR T D HMAEZRSNTT LI L%
HiuE L7z, FilIKBBICEBEFORBIIRELS 3OOTRIZHT NS
(Figure 8), Step 1 TIIABEIsTFEHT — & 1 HARMEFAITKIZEILR T 5 RNA-
seq 7 — X &#HF L7, GEO KW AT —Z&HEG L, ~=27 /LF 2L —T 3
VRIS T — 2y P OB FREOE R CRBEREEICERT S UP
100 gene list, DOWN 100 gene list # %57, Step 2 Ti% UP 100 gene list, DOWN
100 gene list O\ F—32 3 »&{To 7, H%IZ Step 3 T gene2pubmed % H
VW2 HIF1A @ Simpson FLUEE 2 {KFERISZEMIE ToAE H EORREFEE L LT
R BTHUEIE RIS E BT 2R LT,
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Figure 8 {BEERFSV RV Tb—LASBHOEKXE

Step 1. =TT —AR—ZAQLEBERSEEEGFOTYILFaL—avéEsdHy
LXal—arasf L. JRARZ YT LT=, Step 2. BREN DB Z R M EEEFHE
WENTWNBIEETER LT, Step 3. FIRIERFRLETETTFEIERL -,
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3.1.1 fRATRRT — F DEK)

X C &2 All Of gene Expression (AOE; https://ace.dbcls.jp/) (Bono 2020)
AW, Z<OEBBICEHE LT — BB INTWDHZ L 2R LT, €D
#%. NCBI ® GEO bt SN TWD A X 7 — X & LIt T — 2 ¥ =
L—yvarlic, ¥a=b—rvar15oH# L LT, Hypoxia & Normoxia @
EREMEORENFE —F —% >V —X2H Y HN-pair 2% ETE5H2 L, b b
DOHMfARE & B IR IR D RNA-seq THHZ & & Lz, WRIZEEHRNHHZ
XN TVWAHIKEHREEET — & U X k& OFER L OEBEOHERZ R T SRA 7»
569 7 —% U —R, 495 ® HN pair & 72 %% > 7 /L0 SRR numbers % It/
L7 (https:/doi.org/10.6084/m9.figshare.14141219.v1),

ﬁ%ﬁ)ﬂ“%‘é@T B DARFRFESAFITONT 495 0 T LT HOWTER L7z

(Figure 9), BFIRRBIC OV TIL, —HFGRiEo 2N v b G Enon—
A IE 20% Eﬂ%f)&ﬁf&)é . KRR, BBEREOHRPH DY
TATONTIZ 0.1 226 B%DIRE, —FBIZIL CoCla 72 ED 7 I Iy bnA RF o
THikY Lin, AEFFEITFEEHO S 2 b DI OW TR T 1 R, &KET
X3y HiZole, 7—=2%y b, b B WRIED, REEE DKM 1% B
TP, 24 BERALERTS 572, 2KD 65% BB AHKOI T THY 2D T
D 2V H AR T FL S AR 72 5 72,
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Hypoxic condition Treatment time
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3.1.2 HN-score Z W=7 —% & v b O

HN-score | &, KEEF LM T OBIn FIBAE 2 EMHRICFHET 52 227 ThH D,
TDAaTEHWD Z L2V, RNA-seq (2 CTE & S IV BRIREE DK ES 35 HIUL
AR DARBLSE IS E M2 5T T RE & & 2 72, B 21T VEGFA D513 406 UP, 25
DOWN, 64 unchange & 72V . % @ HN-score (% 381 &£ 725, Z @ HN-score 23 fH\
JIE7> 5 100 BT, AKWIIED S 100 BAs 7% Z40Z 4 UP 100 gene list, DOWN 100
genelist & L7 (Supplemental Table 1), F72, Z®D U A LI figshare 2667 7 &
A B[ HE T & 5 (UP100 gene list : https://doi.org/10.6084/m9.figshare.14141015.v1,
DOWN 100 gene list : https://doi.org/10.6084/m9.figshare.14140997.v1) ,

E3R > UP 100 gene list, DOWN 100 gene list 73 HIF1A 72 & Kk 35 B8 74 & X
FDOEBELZT T DL 0 EHERT <<, ChIP-Atlas (2L 5=V vF A T\ﬁg
Mr&1T -7, UP 100 gene list CTiZ HIF1A, ARNT, EPAS1 7¢ & O HE 3 B
FRxT U v F A b, DOWN 100 gene list Tl Sin3A associated protein
30 (SAP30), histone deacetylase 1 (HDAC1)2 XD Y = % T 4w 7 72l
K70, ffaE S oELT e EICBEE T 5208 BT O MYC proto-oncogene,
bHLH transcription factor MYC)2 =) v F * > h & 7=(Table 1), FEEIZ.
Metascape ([Z Tz U v F A2 Mgz L7z & Z A, UP 100gene list TlI,
Hypoxia Bf3# [K 1 (GO:0001666: response to hypoxia, M255: PID HIF1
TFPATHWAY) 78~ U v F Ak L7, DOWN 100 gene list TiZ GO:0034660:
ncRNA metabolic process 3i< = VU v F A kI Tz, (Figure 10 AB)

UP 100 gene list ®=> U v F A METIZTELIZZ Y v F A M LT
HIF1A, EPAS1, ARNT (ZSOW Y MACS2 B— 7 O % 7' v v k L7z,
MACS2 v —7 OE Wi s 11X HN-score b E2>> 7= (Figure 10 C,D),
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Table 1 ChIP-Atlas TO IV YF A MBTDHER

ChIP-Atlas DIy F AU NEN TS /L LD BGEFEDEGEFICHEELTLNDEY

NIBZEFBILI-,
UP 100 gene list 1> yhELT-ER

Antigen ID Log P-val Log Q-val Fold Enrichment
HIF1A SRX4802348 -88.8246 -84.064 35.6249
ARNT SRX4802353 -76.4303 -72.3686 83.3136
EPAS1 SRX3051209 -73.1987 -69.2831 34.9928

DOWN 100 gene list 1> T yh&ELT-HER

Antigen ID Log P-val Log Q-val Fold Enrichment
SAP30 SRX116447 -34.1844 -30.0149 496916
MYC SRX1497384 -31.4158 -27.5474 297453
HDAC1 SRX186644 -27.4205 -24.1541 3.3231
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G0:0001666: response to hypoxia

M255: PID HIF1 TFPATHWAY

G0:0005996: monosaccharide metabolic process

G0:0044262: cellular carbohydrate metabolic process

G0:0018126: protein hydroxylation

ko00051: Fructose and mannose metabolism

ko05230: Central carbon metabolism in cancer
G0:0005978: glycogen biosynthetic process

] ko00500: Starch and sucrose metabolism
G0:0048514: blood vessel morphogenesis
G0:0010942: positive regulation of cell death
R-HSA-70268: Pyruvate metabolism
G0:0010917: negative regulation of mitochondrial membrane potential

I G0:0044275: cellular carbohydrate catabolic process
M145: PID P53 DOWNSTREAM PATHWAY
GO0:0044706: multi-multicellular organism process
ko03018: RNA degradation
G0:0051384: response to glucocorticoid
G0:0006979: response to oxidative stress
G0:0007411: axon guidance

G0:0034660: ncRNA metabolic process

R-HSA-163200: Respiratory electron transport, ATP synthesis ---
G0:0006399: tRNA metabolic process

G0:0090501: RNA phosphodiester bond hydrolysis

G0:0042255: ribosome assembly

]

]
e
I
—— G0:0032259: methylation
]
—
]
I—
—
—
I
—
—
—
—
]

GO0:0000966: RNA 5'-end processing

k000240: Pyrimidine metabolism

G0:0009451: RNA modification

G0:1990542: mitochondrial transmembrane transport
G0:0000963: mitochondrial RNA processing
GO0:0006353: DNA-templated transcription, termination
GO0:0006261: DNA-dependent DNA replication
G0:0006520: cellular amino acid metabolic process
G0:0006403: RNA localization

M66: PID MYC ACTIV PATHWAY

R-HSA-196854: Metabolism of vitamins and cofactors
G0:0072527: pyrimidine-containing compound metabolic process
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Figure 10 BRI EEL 3R R M BIEE R F D HESR

(A-B) Metascape ZFL =T yF AU NMERT (A) UP 100 BIzFEATYMILI-#ER
(B) DOWN 100 sE{nFEATYMLI=#ER, Figure DIRE DS L EMELI= R-HAS-
163200 MBI FEYRRAITIDELY , R-HAS-163200: respiratory electron transport,
ATP synthesis by chemiosmotic coupling, and heat production by uncoupling proteins,
(C-D) {EEEREEHR (HIF1A, ARNT, EPAS1) O ChlP-seq F¥E—V DEIFEI(C)
HIF1A & ARNT D8 # (D) EPAST & ARNT DE#E, I3 HN-score IZ& 5,
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3.1.3 KB E E X L LT T U A4 — LT

Bin1 & Y O BRME DO #H1E gene2pubmed 7> 6 Bf&RIRETH 5, UP 100
gene list OF B FO MR & . RBEREEK 7 & L TE4 7 HIF1A & O
M:% gene2pubmed D7 —# % JCIZ Simpson A HEH T 5 Z & T, KiREHM
EOWFIEN EFUE E STV D 0% 50 L 7= (Figure 11A), Z D X 5 7405
7R R 2 W@t ik %2 © 7 U A — Lt & 'E5, UP 100 gene list O
T HIF-1 12X 2 EEHIEE ST 5 G B (Hirota and Semenza 2006)
Z . HhR#EE HIF1A & © Simpson tREO AR X TRl L L7z, HIF-1 12 X 5E
HHERHON TV D BB FHEON THIKD H 5B I51#E CA9, EGLNS,
VEGFA &, AED A %57 — X T HN-score D& IoiB@InFHED 9 H D
ankyrin repeat domain 37 (ANKRDS37), N-myc downstream regulated 1
(NDRG1), G protein-coupled receptor 146 (GPR146)DWLE R = & 12 log2 28
#2 L7= HN-ratio % Box plot (Z CA[f@{t. L7z, (Figure 11B)
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(A)UP 100 gene list [ZE1F5 HIF1A &®D gene2pubmed 1E#ZTTIZL 1= Simpson $8{LLE
HOEBEEFITONWTO, EERRNEBIFRERS-YD

EM3XEL (B) UP 100 gene list D —

hypoxic treatment time
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3.1.4 &%=

GEO IZBH SN TWIEBTREIT —X D5 b, KEEICBEHET 2 697 —4
V=X G L, BEROK 465 & 725 495 O HN-pair D7 — 4 % SRA
WIS LTz, BOTBIETREAT —% O 66% 0NN AFMIEE K TH -T2, NAM
R SR DORRAR N DB, ARRRIZBRT 2B AN AN L HHZ L & K
FESEALE BRI WD T AMBRRIZERICA LT W R EnEX oD, =
DT =Yy MIAEEKANDOETENT AL L TWDADbITTliEZRL, T—
Ay MR BRHHEEZOLND, ZOFalb—yaryEn-r—%ty bo
P TNDE TN KIS TH 5725, HN-score 1IN AMIEE A A NTIK
BRSBTS Z R L TWAH Z & b,

Up100 gene list Z{# > 7= Metascape ¥ & U ChIP-Atlas OfiFATHE R T, A&
1# Y Hypoxia B# D gene set DU v F A v M PRHEGRTE /22 &5, HN-
score NAEEME VD IKEEZEHIHGEBIG 128k TE TV D LK L7- (Table 1,
Figure 10)

Metascape X° ChIP-Atlas ®= > v F X MENTHER T up100 gene list T
Hypoxia B D gene set AT U v F A FENTWEZ Enn, LIBEOMENT
TIL UP100 gene list & A A ZfET 28D 5 & L1z, —J5® DOWN 100
genelist TITMYC 3> U v F A FEIfLTWe, HIF I2X % MYC O#IHNIC
ONTIEHEWL O #ERH D, HIF IZL 5 MYC OfilNZiE MYC O % /37 /g
BEBRDOT > 2 F=2T 4 v 7 Iafi & BH % (Gordan et al. 2007), DNA &
AL DOBEEIT L D MYC DOEREIE M D EHH % (Koshiji et al. 2004), MYC 7' 1
T TV — LAy fREtE(Zhang et al. 2007; Wong et al. 2013) %/ L= OB H SN
THZ &ML, b d HIF I X 2725277 DOWN 100 gene list (2%
BRLCWDEEZXD,

DOWN 100gene list %1 > 7" > k & L72 Metascape D> U v F A MEHT
Tl ncRNA metabolic process & DBHEN/RIE XN T2, Z OFEHIE MYC 12
K ORENER L TWDAREMEDN H 575, FEMIE LT > Ty, ZD7
». ncRNA metabolic process (ZBIfR T B F5E1% 8.2 7 ncRNA % & & /- #in 5 pE
Y OARFR RSB DR T IEORESE ] ([T 228 & LT,

Reference Expression dataset (RefEx) (https:/refex.dbcls.jp/) %, 1E% 7340
kORI 7e & O KRB 7285 7 8l7 — % Z W4 L. EST, GeneChip, CAGE,
RNA-seq & %72 7% 4 DOEERTFE TR O NIZFHBUEZ W AN A AliE & 5
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D=7 Y=L Tho, Refbx THME I NTLEIEAFDOERRIADRIEIZIT
gene2pubmed 23F]fH &3 TV 5 (Onoet al. 2017), TDIEHAEZEEIZ, L<H5
NTWRWEE T Z R T 5 7291 gene2pubmed % AV 7=, gene2pubmed %
AT ZoDEREER LTz, —2 HIZ8Is+ 2 L otk s . 2-oHI3 HIF1A
& O¥EIE % Simpson (28 CTH 5, Simpson #2EIx. HIFIA tEEOH S
PubMed ID & & %i&fn 1 & BHD H 2% PubMed ID DI~ HAHE DR X %7K
FHARUE & LU CfE A L7z, Simpson £22008 1124717 4UE HIF1A & O BE 2358
EHEE S ND N, & D —5 D PubMed ID O GIZ /D 2 WGE L, &
T L HBERMEDR RO S TERWGEEDR D D,

FROBBICED AL THRTAZEDEELZ X, 2116 O HIRE.
Simpson %% & . UP 100 B= RO T, HIF1IA Oflfl#51F 5 Z L 233 Tz
5N TV 5 iEL 7 (Hirota and Semenza 2006)3 X 227 vy N ENDH0%E
"k L7= (Figure 11A), HIREDIZ W A1 Simpson FREDME < 72 - 7223,
ZAVUTAE SN DS EE 2 72 2 S K 0 BRI 5T 72 » T2 B im0
A ZORER, Simpson FREDNE/ NG ST DD EFE L BN D, 2006
FIZHE S HIFIA I X > THIE SN D 2 &R bN TW LB FHEIT. @
THEBLNT D0 5T, Simpson R TEVMEZ R L, BEUFER 27w v
FENle, =, @B D IRV BIn T BRI, DR TIED D BRI &
DR HE T TV D ANKRD37(Peng et al. 2018; Deng et al. 2020)72 &' 73
ElREARO Eio7 vy hSuTWe, £ 2T, [BRfRO Fio7' v v b L7z sperm-
associated antigen 4 (SPAG4), GPRI146, protein phosphatase 1 regulatory
subunit 3G (PPP1R3G), transmembrane protein 74B (TMEM74B) and serine
protease 53 (PRSS53 )/ & DIEIsF73, FHLOAREE RIS BN RIS+ DFEAHIC 2 D
DCIEARN I E £ % 7=, PubMed % NCBI gene % 1 L% &3 % a2 OHE .
SPAG4 &K IZ BRI D #5133 Tlzdh - 7-(Knaup et al. 2014; Shoji et al.
2013)7%%, LSO 2 b DBISFITHOWTTRE Y SCRIT 2R o 72,

Log2 & #t L7 HN-ratio 78 v 7 A7 v v MZTA[H{L L7z (Figure 11B) ,
B L7cE{sF1E, HIF-1 12 K 2 EEEHIE 2 50TV S E{sF#E2> 5 carbonic
anhydrase 9 (CA9), egl-9 family hypoxia inducible factor 3 (FGLN3), VEGFA
L A BID A X T — HfEHTC HN-score D ho 1285 FEED 9 H D ANKRDS37,
NDRG1, GPR146 & U7, ANKRD37, NDRG1 I3ARW4E2E O LLFi O 4 (Bono
and Hirota 2020) T % &\ HN-score 72> 72, ZiL 6 DB{E 1L, 40h 72 & D—
EROREZ BT AREE R IR E D3 DAL TV A BE T & [AARIZIEOME O HN-ratio

42



Zon LT, IREERALERH Z & @ log2 £#2 L7~ HN-ratio O#&HTlX, 40h
TEInFIBEEBND /NS WVINMET L, Z ORERHE OfARIE2E T NK Mla bk
THFREIX 1% o7, BN 3 L7 < NK MifddkoOBIEIZZ o 32
LISMZIE 72 o7z, ZAUE 40h WP CTOREL VT LA NK MiflaTiioh b o
BT ORBEISEITR ONRWATEEEZ R LTV DD, FEIC DWW TIIART
»H 5, UP 100 Bix F-REDOEERH B HN-ratio (22Tl Supplemental figure 5
TR b L7, £72. CA9, VEGFA, GPR146 2>\ T % Supplemental figure
6 [ THIfL DSt Z &l L L 7=,

G ¥ R BIEZHIR(GPCRICIZZ 7 A A, B,COBENRD D, 77 A Al

n R R E BT, RO Y T RV T a7 I VICHET %,
77 A BIIRTTF FALEr &AL, NREGIZ 100 205 300 77 X/ ik EL D
IR Z RO, 77 A CIEN KGR L Z 300 7 X/ MEREOFEELFHL, 7
FIVIRIIRESND T I VB EEFET D, GPRI46EEFIE 7T A AL
J&3 5 GPCR T& % G protein-coupled receptor 146 % > /X 'E % a— N3 5,
Figure 11A O#AIXTiL, GPR146 IXHhk# & . HIF1A & @ Simpson /% &
OBATK TIXEYFRO TN 7 7 > b S, oOBEFKEE R RS Z T & [F
FRIZEB R T RBUTEDHER I N-, — T, PubMed <° NCBI gene # (I U &
T 53R TlE, "hypoxia” “GPR146”% 7 = U & L CIEIHA L 72 & 2 5 GPR146
IZ hypoxia & DHREITEN TITW o722 &5, GPR146 134 £ THHB &h
TV VWEHEAZLERAISCEE"EEBE F TH D EH X TWVD
(https://pubmed.ncbi.nlm.nih.gov/?term=GPR146+hypoxia),

MEHER) 72 AR FHBLT — & & W T ARER A8 T ARER SRR X - THREBLT
EL7ZEEFY A FOHIZ GPR146 133 £ 5(Qi et al. 2010; Labrecque et al.
2016), L2L72 6, 4 FETOREDOAETIL, GPR 146 112 < DIKEEFEHIK
B R T RO D272 0 — 2 DBIETIZT 72, GPR146 Ol =2 L AT
7 —/LOEFICEE LTz Z & (Yuetal. 2019)%°, Class A 4+ —~7 7 > GPCR
EEEBEZLNTNDH DO GPR146 OV 7Y RERE LTEZ LN TS C 2
7'F Ry, IRMEROIKEE TS ATP HH I HnH a9 72 = & (Richards et al.
20172 ENME SN TE Y, GPR146 O/EWHMREMIAIZ E T £+ 4% R
LTV &2 HND,

PPPIR3G &Ia 11X GV ~7 == hToH 5 protein phosphatase 1 regulatory
subunit 3 G # =2— N9 %, PPPIR3G IZgIZBITHEEZDO 7V a— R ERE
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DR A A AL ZZFHBE LTV % (Zhang et al. 2014), 3T3L1 i Tix.
PPPIR3G ZEIHEHAIELH L 7V a—FBIXRNI 7Y RO L~ULH |
AL OWENH Y, £72 PPPIR3G 2 &H CTRIBS -~ A CEE&%
Gzl Z A, BpAEM L g U CRE X OREIHE AN BICED Lo Z 272
o7, PPP1R3G Z# KT 5 L ERHE &L L O _LIRBAERED DRE S 1L
L ARHHEE N NNE L7z & OWE N H 25 (Zhang et al. 2017), T A5 Ok F % 87
BT, EREFEISE I L W PPP1R3G @ HN-score 2303 o 724 [E OFE Faix, 1KER
FARUL T TOAEBRANTOMRBOME 2 INfil T 2O TRt Z2 R~ 32 LB 2
%o

TMEM74B &5+ 1% transmembrane protein 74B % 22— N9 A&+ ThH
V. C200rf46 &\ 95 R4 & Fio, FmsCEEIT A 70 < Hs AUMBIark & s AR
FOa—HER (CNV) a7 74V 7ORR, BEOAT— LE#T 5
Bisf & LT C200rf46 s STz (Fatima et al. 2017), K & ORfR
PEIZDOWTIIARBTH 553, AEIOHFEIZHW ST 7 UTE A RO
YINNBENoTeZ ENBIANAICEITH TMEM74B ORREREHTIC OV TIES
BOWFEOREN I D,

PRSS53 & /5413 serine protease 53 # 21— K4 5@+ Th b, HEL LW
B DEZIZDOWNWTDOT T T A Y I NER5IZ LT genome-wide association
scan DFER, ZOFORITEEE 5 25 & LT PRSSH3 DElE1-E (Q30R) 2
[FE STz & 0SNS5 (Adhikari et al. 2016), Lo L7 HKERE & ORIf%
PEIZDOWTIIRTZH S NI S TUVRYY,

A E OfEHTTIE ncRNA metabolic process 78 DOWN 100 gene list TEAZ T
U v F A FENTW(Figure 10B), Z AUIHMEERE HIELA ncRNA DO FE B
BN b HELE KT L TWD AR 2Rk d %5, 4 EOME L GENCODE o
SN IEA—T 4 VBT DB 7w R G & L72D T, ncRNA O3
BN DO WTIIFIT ORIRIL L 72> T D, (KEEFEHILIZ X D ncRNA O s
UL ~DFEIZONTIL, S LRDIMENLELZ X 72720, 3.2 % IncRNA
% O T HR G PEY) DIRFR IS E OFHI T IEOREE ) (T T DA IR ~%,

AL CTITIREEZINEIZHE H LT, gene2pubmed 7 — % % JCiZ &8 n T DOHF
JEMEE AR LAk Uiz, #F5EE O BB O a2 B & T BAS3 AliE 72, 2Kk
T OBLHRBERE AT — 220D 2 812X 0 FEmALET 5N
THZERABT, ZOMIRIZE ST, DT —FR—RAE LI LA Z T —X
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AT L AT —% R U 7 U fif#dT i & % < OIKEEFZRIFEERRICHB W T
GPR146 m%@%ﬁmLﬂmm%M5 k%ﬁmbto

3.2 ncRNA % 73 & - #2 5. PEM D ARNE F G Z O R 715 DG S

3.1 & HHURIER IS BT OWREK) 2D 5T, KR YLT TIE
ncRNA ORHNZEEHD D BI5 FREORBME T L TWeZ L2 LML

oo LILZERSLZNE OB TREN E D X 512 ncRNA ORFHIHEELE 52 %
PCOWTEEMIIARR Z %<, a—F 4 V7 BInf & il LT neRNA (2
DNWTOHIIT D720, 22T, ABFEOH 3.2 FTiX, ncRNA § 5D 7-HzE
Wt L7 — 4% R U 7 AR FEAFUSZEE 2T i T2 2 2 Bav e LT,

ARETIE, BIECTHELF2b—var i, BarBAL—T 0T =4~
— ZHRDOEMBEALICEDL T =2ty Fa2b iil, —oDY 77 L AR
FI| 2 JCIAR R IR R O 54 & FFM L 72 (Figure 12), —DlE=a—7 1~
T@InFIcDBHEH L, GENCODE release 30 & & & (2 U728 s 3 BLARHT
T, 9 2FFANTOM-CAT #V) 77 L AL L, a—T 4 BT &
ncRNA (26T 2B ERT —Z W iTTh b, &6 60T HN-
score ZHH L7228, KBD7-® GENCODE % 5tiZ HN-score # 5 L7=54
X HNg-score, FANTOM-CAT % jt!Z HN-score % & L 7-35A1% HNf-score &
RKiLT D,

a—7 4 VT BRI DHAE B LTI T, ARSI X Y ncRNA
metabolic process, T T% ribosomal RNA ¢tRNA)IC 54 % i 12 ] &
NTNWLZLERLE, RiICa—T 4 v 7 iEfa T & ncRNA 22\ CTHE % A
i7. FANTOM-CAT % st MfEAIARIRFRIC K DG~ DR B4 L, YL
& = & @ HNf-score DAL v -7 o F o 28U EH L THEET L=,
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Human RNA-seq Protein coding and non-coding transcripts

= Hypoxia-related datasets } Reference transcript ; FANTOM-CAT Survey of HN-scores for sense and antisense pairs
[—

—_—

UP 200 coding gene

Hypoxia-Normoxia (HN)-score of all transcripts sense DOWN 200 coding gene
V@ 2016 DBCLS TogoTV / CC-BY-4.0 ! ! !

Protein coding genes only 119,962 } Genename HN-score B : i
transerints BHLHE40-AS1 300 s rencriorz [ | T

Reference transcript : GENCODE release 30 (44%) SLC2A1-AS1 263

2 RAB11B-AS1 242
DOWN k] @
Enrichment Analysis 200 £ }
genes s
g
£ 152,891 366
.C_) Transcripts transcripts
E (56%) (72%)
Gene name  HN-score
MT-ND2 -245
= F MT-ATP8 -230
MT-ND3 -221

250

-250 0
ncRNA metabolic process HNf-score
Mitochondria

Antisense transcripts
Antisense transcripts

Down200 GO Network
) - ~ 483
Vi ization of HN per chr Transcripts

(75%)
: o J .D 200 200 -100 0 100 <100 0 100 200 300
fo o e ue . f?’ o ncRNA HNf-score HNf-score
T o s R taboli o
e Q00 2l gl metabolic 7 + Genome Browser PGK1 and TAF9B
Ot 3 ® process
R QD | QCI’&QMM.« . 00 . 1
Y ¢ ao O‘%‘ﬂ = T
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Transcripts
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HN-score
:
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Figure 12 ncRNA ZZ O - EY DB R ILE DM D AR T

EFDIEEESR RNA-seq T—3ZEMERAL. Z DDV I7L U RELEICKELZDDBINELT
oo A—TAV T EIEFDHIZHE B LI TIX. GENCODE &) I77L U RIZfHERAL
t=o BB RICKAHINETEEGFN RNA [CEDHZEEFNIV)YFAVRENTLM =,
O—T 4> BI5FE ncRNA (255 B LT-fE#T TIE. FANTOM-CAT Z1JJ7L > RIZEHL
f=o IBEER RN T TIE. SR 7 DNA BERDEEYIETLTULN ., ToFEVAD
R TILEEFRIZHE (PGK1 & TAFIB) DR MEATRE SN,
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3.2.1 =Y v F A MENT OZEMFHE

%FﬁﬁﬁaﬁmKLﬁ%@%%J@:~74/ﬁLh% ZOHFEHR LI
Ty F A MEH T, BBRBICLD2EZEINSTIORETH S HNg-
score D A7 200 D& s ¥ CIIMERERIGEBHE D geneset 3= U v F A h &
7= (Figure 13A), — T HNg-score FiZ 200 DB DTV v T A MMiF
HrTlZ. ncRNA metabolic process BHH & (xF DRILHIHI 23 50 iZ7e > 7=

(Figure 13B), % Z T. 7% ncRNA metabolic process |21 2 BIx R %
WET 272D, =V v F Ay MEHT TR LN 2D OBIEFOFHM & A
THZEE LT,

G0:0034660 ncRNA metabolic process (2O T, LV ML= T 2TV D
HFCIELL FOIEE (neRNA processing, ribosome biogenesis, ribonucleoprotein
complex biogenesis, rRNA processing, rRNA metabolic process 72 &) 2N& £
7= (Supplemental table 2), GO network fi##T (Figure 13C) & Upset plot @
"4k (Figure 13D) (ZX ¥ . ncRNA metabolic process (Zi%¥4 3 5B n{1T
rRNA ([ZBD LB FHF TR S TS Z L 2R Lz,
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G0:0034660:
G0:0006399:
G0:0018130:
GO0:0009451:
G0:0042273:
G0:0090501:
G0:0006260:
G0:0006259:
G0:1900262:
G0:0140053:

ncRNA metabolic process

tRNA metabolic process

heterocycle biosynthetic process

RNA modification

ribosomal large subunit biogenesis

RNA phosphodiester bond hydrolysis

DNA replication

DNA metabolic process

regulation of DNA-directed DNA polymerase activity
mitochondrial gene expression

WP4022: Pyrimidine metabolism

R-HSA-163200: Respiratory electron transport, ATP synthesis by ...
G0:0016556: mRNA modification

G0:0031123: RNA 3'-end processing

G0:1990542: mitochondrial transmembrane transport
R-HSA-196854: Metabolism of vitamins and cofactors

G0:1901796: regulation of signal transduction by p53 class mediator
G0:0006520: cellular amino acid metabolic process

hsa00330: Arginine and proline metabolism

G0:0007005: mitochondrion organization
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40g10(P)

M255: PID HIF1 TFPATHWAY

GO0:0001666: response to hypoxia

WP534: Glycolysis and gluconeogenesis

hsa00051: Fructose and mannose metabolism
GO0:0018126: protein hydroxylation

GO0:0016051: carbohydrate biosynthetic process

WP5094: Orexin receptor pathway

GO0:0033169: histone H3-K9 demethylation

G0:0048514: blood vessel morphogenesis

WP2456: HIF1A and PPARG regulation of glycolysis
G0:0044262: cellular carbohydrate metabolic process
M145: PID P53 DOWNSTREAM PATHWAY

G0:0060537: muscle tissue development

WP3932: Focal adhesion: PI3K-Akt-mTOR-signaling pathway
G0:0042326: negative regulation of phosphorylation
M5885: NABA MATRISOME ASSOCIATED

G0:0062012: regulation of small molecule metabolic process
G0:0045765: regulation of angiogenesis

hsa00500: Starch and sucrose metabolism

G0:0048545: response to steroid hormone

T T T

10 15 20 25 30 35
-ogl10(P)
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GO term Genes
ncRNA metabolic DKC1|MET TL1|NOP2|RRP9|DDX21|NOLC1|WDR46|LCMT2][FARSB|RCL1|NPM3][NOP56[WDR4|RPP40[UTP14A|POP1|RR
process S1|ADAT1|DIMT1|UTP20|RRP7A|RRP15|MRTO4|POP5|POLR3K|EXOSCA|BRIX1|LYAR|ELAC2|DUS1LINOL6|NOCAL|MET

TL8|MRM1|PUS1|UTP15|MAK16|RRP36|FDXACB1|IMP4|MARS2|DTD2|KTI 12| TOE1[TRMT61A|CTU2
rRNA processing DKC1|NOP2|RRP9|DDX21|WDR46|RCL1INOP56|RPP40JUTP14A|DIMT1|UTP20|RRP7AINIP7|EXOSC4|PNO1|ELAC2|NOL
6|NOCALINOL12|MRM1|UTP15|LTV1|RRP36[IMP4
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Figure 13 {EERZEFIHIEE ncRNA metabolic process iB{=F D g #r

(AB) Metascape IZ&DIU)yF A MEHT (A) DOWN 200 gene list #f > Tvk&Lf=T
D) yFAUMENIEREZ R T A D E L ERELT= R-HAS-163200 DB Fvh 4
[FLLTDi1EY R-HAS-163200: respiratory electron transport, ATP synthesis by
chemiosmotic coupling, and heat production by uncoupling proteins, (B) UP 200 gene list
EATIRELI=T ) yF AU REHT (CD) ncRNA metabolic process [Z5EIL TLV5iE
IZFtEYrDEHE (C) DOWN 200 gene set #A > TybELI=TU)yF AV MERZETTIZL
7= GO network fiZ#T(Z& 5 ncRNA metabolic process EFELEILT=E{zFvhEa[R1EL
7=. (D) ncRNA metabolic process & rRNA B EEFLVvrFDEENDEHEE 5% Upset
plot [ZT7RLT=,
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3.2.2 FANTOM-CAT & GENCODE D7tk D & % dm SCEGH A

FANTOM-CAT <> GENCODE % ff H§ L 7= RNA-seq #FZE28 K DFEE 2 ST
WD EFERT 572012 PMC IZTHE L7, PMC IZIZT7 7 A N7 7 MNEIFT
72 < ML EXNIEE SN TEH Y . Material and Method (258 ST\ 5 Z &)
BEINDY 77 L ADFERBMBRLRIZAR D, £ZTPMC ZREk5 L L
T. GENCODE, FANTOM & RNA-seq DOit#iD & - =i S A EmICRH I L
72o RNA-seq DFCIRD & - 725w I 2021 FFI2iE 4 TAHBEZTWE=—F5 T,
FANTOM & RNA-seq [fi# DRl % 55 EZ D 0.5% T, GENCODE 03
X% 105D 17 -7 (Table 2),

Table 2 FANTOM & RNA-seq DEER D H M EM DAL

“RNA-seq” &"GENCODE”  “RNA-seq” &"FANTOM”
year  “RNA-seq”

(%) (%)
2017 17373 769 (4.4%) 123 (0.7%)
2018 20400 996 (4.9%) 127 (0.6%)
2019 25668 1254 (4.9%) 130 (0.5%)
2020 33607 1593 (4.7%) 176 (0.5%)
2021 40757 1976 (4.8%) 210 (0.5%)
2022 9420 406 (4.3%) 39 (0.4%)
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3.2.3 FANTOM-CAT % H\ 78554 > HNf-score D FF{H

FANTON-CAT <TiZ, transcription initiation evidence score (TTEScore) & I
XD A 37 % i FANTOM-CAT & fs 1 %7 L T\ 5, TIEScore @ B =
L5 1% permissive (n = 124,245), robust (n = 59,110), stringent (n =
31,520)IZ47 L T 2,

N EN TS FANTOM-CAT @ GTF 7 7 A v & 4 & 124 FASTA 7 7 1 /v

(raw, permissive, robust, stringent) Z/Epk L. ZHx VU 77 L AFSIE L
TIREE G- B FEEEIRED 495 XT OFERT — 2y NOBTEMEZEREL,
FANTOM-CAT %# U 7 7 L > A & L7z Hypoxia-Normoxia score (HNf-score)%
B L7=(Figure 14A), Robust & stringent DU 7 7 L > A% & W T, (KR
FRFICEXVBENILET 22 EDMOENNTWD InecRNA Th 5
MIR210HG(Ho et al. 2022)? HNf-score 23 [EDEZ /R LTV o Z & 2R L7z

(Supplemental figure 7), F 72 Robust & stringent % [Fl4k® HNf-score 454
ThoZ Lo L, LRI Tldm bk L&D TIEScore O RIEDME
AU7= stringent ® FANTOM-CAT 7 —4# %t v N&2{EHT5HZ & & LT,

HNf-score ® FAL FAZICEEN TV DG ED L I b DB EENTND
7% k4 L7z (Figure 14B, Table 3), i\ HNf-score % 7~ 3 IKER RIS E G ) D
H12i%. B HNg-score DBIEFDT v F & v AFUNE L TV HERES BN L
SndH -7 (BHLHE40-AS1, SLC2A1-AS1), —J. /& HN-score DB L I
kR TEBETFNRED)->7Z(MT-ND2, MT-ATPS),

3.2.4 Yufa k=L ® HNf-score D EHK)

EALTFAL25 D kZ > A2 Y 7 kD HNf-score [Z-oU T, Table 3 ([2#a#9 5,
4 F — X | S W T T figshare 2 ¥ & W &» T » 5

(https://doi.org/10.6084/m9.figshare.19679493.v1), %ufa{k = & |2 HNf-score
AL Lo R TlE, Bk & 13#7e 0 I 2 KU 7 DNA HROERS:
¥)Ci% HNf-score @ HRAE XA OfEi %~ L 7= (Figure 14C, Supplemental table
3), EEARICEIZ L DYOIR T L OFE T OV CEEART 217 o 7228, 4 Bl fiF
B CIIge ek = & ORI 72 28T R S v/ - 72 (Supplemental figure 8),
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Table 3 HNf-score DE N >1=H AL IEN>T-EEEMD LI 25 )R+

= HNf-score MEZEY)IZ(X BHLHE40 D7 > F 2 AFHIZHIE 9 5 BHLHE40-AST 71
E . AS (antisense) N BIZFRIZEETNTLV =, —A. {EL HNf-score DELEYIZIFZhT
VRYTHEEDEEYMNIANT v TENT=,

Transcript id HNf Chr gene name gene class antisense
UP 25 of 1 : ENST00000607600.1 321 i chré RP1-261G23.7 short ncRNAs AS_VEGFA
all
2 ¢ ENST00000481651.1 309 i chr7 RP11-61L23.2 pseudogenes
transcripts
3 ENST00000307365.3 301 i chrl0 i DDIT4 protein coding mRNAs
4 ¢ FTMT21000000269.1 300 : chr3 BHLHE40-AS1 IncRNA, intergenic AS_BHLHE40
5 1 ENST00000368636.4 289 | chrl0 i BNIP3 protein coding mRNAs
6 : ENST00000335174.4 275 i chr4 ANKRD37 protein coding mRNAs
7 : ENST00000290573.2 272 i chr2 HK2 protein coding mRNAs
8 i FTMT24300004891.1 267 i chrll i LDHA protein coding mRNAs
9 : HBMT00000242044.1 265 : chrll | SBF2 protein coding mRNAs : AS_ADM
10 | FTMT24200000803.1 265 ¢ chrll | CATG00000004979.1 IncRNA, antisense AS_LDHA
11 : ENST00000380629.2 265 i chr8 BNIP3L protein coding mRNAs
12 { ENCT00000004975.1 263 i chrl | SLC2A1-AS1 IncRNA, divergent AS_SLC2A1
13 : ENST00000543445.1 257 i chrll i LDHA protein coding mRNAs
14 : ENST00000378357.4 257 i chr9 CA9 protein coding mRNAs
15 : ENST00000453116.1 254 1 chrl0 i MXI1 protein coding mRNAs
16 | ENST00000471240.1 253 : chrl0 . DDIT4 protein coding mRNAs
17 : ENST00000460806.1 251 i chr3 BHLHE40 protein coding mRNAs
18 : FTMT20200001505.1 250 i chrl SLC2A1 protein coding mRNAs
19 : HBMT00000734702.1 250 : chrl9 | CATG00000040757.1 IncRNA, divergent AS_GPI
20 : FTMT21100041760.1 249 | chr3 BHLHE40 protein coding mRNAs
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21 i ENST00000250457.3 246 | chrl4 | EGLN3 protein coding mRNAs
22 { HBMT00000734730.1 245 ¢ chrl9 i CATG00000040757.1 IncRNA, divergent AS_GPI
23 1 ENST00000426263.3 243 i chrl SLC2A1 protein coding mRNAs
24 HBMT00000727478.1 242 i chrl9 i RAB11B-AS1 IncRNA, divergent AS_ANGPTL4
25 1 ENST00000534464.1 241 i chrll : ADM protein coding mRNAs
DOWN 25 1 i ENST00000320270.2 -248 | chr8 RRS1 protein coding mRNAs
of all
2 {1 ENST00000368232.4 -246 i chrl GPATCH4 protein coding mRNAs
transcripts
3 ENST00000361453.3 -245 ¢ chrM | MT-ND2 protein coding mRNAs
4 ¢ ENST00000361851.1 -230 i chrM i+ MT-ATP8 protein coding mRNAs
5 : ENST00000361227.2 -221 i chrM : MT-ND3 protein coding mRNAs
6 ¢ ENST00000361390.2 -215 i chrM : MT-ND1 protein coding mRNAs
7 i ENCT00000264196.1 -200 i chr20 i IDH3B protein coding mRNAs : AS_NOP56
8 { ENST00000362079.2 -194 : chrM | MT-CO3 protein coding mRNAs
9 { FTMT30000000001.1 -193 : chrM | MT-ND5 protein coding mRNAs | AS_MT-ND6
10 { ENCT00000020267.1 -188 i chrl i CATG00000042732.1 IncRNA, divergent
11 : FTMT20300078215.1 -188 i chrl i APOA1BP protein coding mRNAs | AS_GPATCH4
12 1 FTMT26100009680.1 -188 i chrl6 : POLR3K protein coding mRNAs
13 FTMT24100001922.1 -187 i chrll i H2AFX protein coding mRNAs : AS_HMBS
AS_MT-ATP6
14 1 MICT00000370386.1 -185 : chrM | MT-TA structural RNAs
etc
15 : ENST00000416718.2 -177  chrl RP5-857K21.11 pseudogenes
16 : HBMT00000533809.1 -176 : chrl6 . ALG1 protein coding mRNAs i AS_EEF2KMT
17 ¢ FTMT22300045607.1 -176 | chr6 SRSF3 protein coding mRNAs
18 | ENST00000585075.1 -175 i chrl7 | RP11-649A18.12 IncRNA, divergent AS_SLC25A19
19 | ENST00000295304.4 -175 i chr2 CHAC2 protein coding mRNAs
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AS_MT-ATPG6

20 ¢ MICT00000370388.1 -175 i chrM | MT-TA structural RNAs
etc
21 1 ENST00000361899.2 -175 i chrM | MT-ATP6 protein coding mRNAs
22 ENST00000458605.1 -174 : chr22 ;| RRP7B pseudogenes
23 : HBMT00000611042.1 -172 i chrl7 { METTL23 protein coding mRNAs
24 1 ENST00000371538.3 -170 i chrl SELRC1 protein coding mRNAs
25 | ENST00000293860.5 -169 | chrl6 : POLR3K protein coding mRNAs
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325 B A-TrF L RBICER L-HE

KEEFRISE =2 —T 1 v 7851 UP, DOWN 4 200 7 > F & A (ncRNA
Gir) OBMLGFRIOEEHZLIZ4->OHh T AV IZH5¥E LT (Figure 15A, Table
4), B ABMOBIEF L FEROEB 2 RT T o F 2 AHDOETMN I L2
3/4 7 O TV, Wi & O HNf-score Z/ R L7 B A-T U F 2 AT §
1F1E L7=, UP200 gene set O 7 > F & o AFHIZKkT 2 Topl0 DB Tl
short ncRNAs <X° IncRNA 737%4 L. Bottom10 Ti% “protein coding mRNA”
% hro 7=, ToplO Tl phosphoglycerate kinase 1 (PGK1)2MEEEFE 12 Xk - T3¢
Bl o & - 7= TAFIB (TATA-box binding protein associated factor 9b) D 7 >/
T ZANZEE Y LTz,

T AT TR U AEAT OF T, TAF9B & PGK1 IZ2WT#H L, UCSC
7 LT TP TEOYRER EOME L B F L TO HNg-score % fEqd
L7- (Figure 15B, C), UCSC genes X° GENCODE D& /a - HF#H TIZZ D >
DiEfr11% sense-antisense D RIFR & (372 5 7228, FANTOM-CAT % ¢ &2 L
TR TIX Z D 2 DEREM)T sense-antisense DN EIZFE(ET D Z & H S
Lol
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Table 4 UP 200, DOWN 200 ;B FH DT F LU RGBT HIEEY

DOWN200 gene list 510D HNf-score Top10 Tl PGK1 AMEEERIZ K> THRIRINEI D &H-T=- TAFIB 7
UFE RN E LT,

Transcript id HNf gene name gene class antisense
Topl0 1 { ENST00000607600.1 321 | RP1-261G23.7 short ncRNAs AS_VEGFA
Antisense 2 ¢ FTMT21000000269.1 300 | BHLHE40-AS1 IncRNA, intergenic AS_BHLHE40
transcripts
of UP200 3 HBMT00000242044.1 265 i SBF2 protein coding mRNAs AS_ADM
gene list 4 1 FTMT24200000803.1 265 ¢ CATG00000004979.1 : IncRNA, antisense AS_LDHA
5 ENCT00000004975.1 263 i SLC2A1-AS1 IncRNA, divergent AS_SLC2A1
6  HBMT00000734702.1 250 | CATG00000040757.1 | IncRNA, divergent AS_GPI
7 HBMT00000734730.1 245 1 CATG00000040757.1 | IncRNA, divergent AS_GPI
8 i HBMT00000727478.1 242 : RAB11B-AS1 IncRNA, divergent AS_ANGPTL4
9 { ENCT00000211059.1 241 | RAB11B-AS1 IncRNA, divergent AS_ANGPTL4
10 ¢ HBMT00000734676.1 234 { CATG00000040757.1 | IncRNA, divergent AS_GPI
Bottom10 | 1 : ENCT00000244163.1 -152 { RP11-259N19.1 IncRNA, divergent AS_HK2
2 { HBMT00000507967.1 -124 : CATG00000025826.1 | protein coding mRNAs AS_1SG20
3 ENST00000309424.3 -115 : CD3EAP protein coding mRNAs AS_PPP1R13L
4 1 FTMT21900007493.1 -111 { SRFBP1 protein coding mRNAs AS_LOX
5 ENST00000524270.1 -94 . SPSB2 protein coding mRNAs AS_TPI1
6 | ENST00000357429.6 -87 i CT7orfb0 protein coding mRNAs AS_GPR146
7 : ENST00000462901.1 -81 | CGGBP1 protein coding mRNAs AS_ZNF654
8 : ENST00000439489.1 -81 . DIABLO protein coding mRNAs AS_B3GNT4
9 : MICT00000230070.1 -80 | PPIL2 protein coding mRNAs AS_YPEL1
10 i ENST00000422285.2 -79 . PDHAL protein coding mRNAs AS_MAP3K15
Topl0 1 MICT00000376640.1 175 | PGK1 protein coding mRNAs AS_TAF9B
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Antisense
transcripts
of
DOWN200

gene list

2 ¢ ENCT00000468735.1 145 | PGK1 protein coding mRNAs AS_TAF9B
3 ¢ ENST00000229270.4 128  TPI1 protein coding mRNAs AS_SPSB2
4 1 FTMT29100015042.1 120 - PGK1 protein coding mRNAs AS_TAF9B
5 ¢ ENST00000566326.1 114 | MAP2K1 protein coding mRNAs AS_SNAPC5H
6 : ENST00000329078.3 99 | SPNS2 protein coding mRNAs AS_MYBBP1A
7 ENST00000222256.4 87 | RAB3A protein coding mRNAs AS_MPV17L2
8 : ENCT00000059259.1 76 1 PDZD7 protein coding mRNAs AS_TWNK
9 : MICT00000139943.1 71 : SPNS2 protein coding mRNAs AS_MYBBP1A
10 { FTMT25300024476.1 70 | ZBTB25 protein coding mRNAs AS_MTHFD1
Bottom10 1 | ENCT00000264196.1 -200 i IDH3B protein coding mRNAs AS_NOP56
2 ¢ FTMT30000000001.1 -193 i MT-NDb protein coding mRNAs AS_MT-ND6
3 FTMT20300078215.1 -188 i APOA1BP protein coding mRNAs AS_GPATCH4
4 1 FTMT24100001922.1 -187 i H2AFX protein coding mRNAs AS_HMBS
5 MICT00000370386.1 -185 ¢ MT-TA structural RNAs AS_MT-ATP6
6 - MICT00000370386.1 -185 : MT-TA structural RNAs AS_MT-ATP8
7 - MICT00000370386.1 -185 : MT-TA structural RNAs AS_MT-CO3
8 : MICT00000370386.1 -185 : MT-TA structural RNAs AS_MT-ND1
9 | MICT00000370386.1 -185 : MT-TA structural RNAs AS_MT-ND2
10 : MICT00000370386.1 -185 : MT-TA structural RNAs AS_MT-ND3
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3.2.6 BE

b NEE O, BEICISHEIN TV LBEEFZ2 LI ST,
HMADODVIR BB EZ RN RICITHZEEFHEV N RO TND
(Stoeger and Amaral 2022), — 5T, 7—% RU 7 U RN TEZH L5177 -
TEHESIT, MR Z RN B ORI ST TiEl, EAEBRRIG LT —#
Ty b LR T A ENTEL LI o7e, 3.1 EICT, KEBRRILEIC
X ABETFHRBALEZONT, HIRSA TARHHZ 2Rl S TRES
TW KR F BB R T HE 2B 5202 L72(0Ono and Bono 2021), L L723 &,
R FISEIT L0 BB S 172" ncRNA metabolic process” B {x
FDOFERIZOWTIIARATH D,

95 3.2 EOMILTIL, KERISENEE S BICHLNITHR-A L LT, =20
T —Fkboll, —DFa—7 4 7 EETIZHEH L7 ncRNA metabolic
process “ELFDFFMIFHAE. b 9 —2i% ncRNA OE#R L #E5E L7~ FANTOM-
CAT 2V 7 7 L U A LR RISEBIsF O Th 5 (Figure 12),

GENCODE # W Ca—7 1 > 7B 123 H L THEH L7 HNg-score @ |
AEFALD 200 Einfaxtges L= U v F A MEHTTIX. A7 200 BlsF
TR RIS A B E Gene set 735% % L7c— 5T, TL 200 E{= T TiX ncRNA
metabolic process BTV v F A > h Zifz (Figure 13 AB), GO network fi#
H1TlE ncRNA metabolic process & rRNA processing ([ZBH A4 Fu —n
/Al £k © B = - 8 TH K = v T w72 ( Figure 13 CD )
(https://www.ebi.ac.uk/QuickGO/GTerm?id=G0:0034660), ©>F Y ncRNA O H
T rRNA processing (2B DB TRESDOEENRKRE W EPRINTZ,

rRNA [V R Y — L&k L TH v EARIERE A2 FFo, VR Y — L LA
L CHIREIZAFET % IncRNA R3Sz & O3 & U (Carlevaro-Fita et
al. 2016), MMz T ncRNA 7 rRNA #H A Lo v o7 Lzt nr@ELH D
(Schmitz et al. 2010),

B 3.1 BEOMT ClEa—T 4 V7B TORMIEFH L TWeZH, ncRNA §
& O TR ZREREY) ~DIRFER IZ L DB OV IR CTh o7z, £ 2 T,
KIZ FANTOM-CAT %75H L ncRNA & & O 78554 HNf-score % fEFEAIIC
BHTszZ L& LT,

GENCODE 7V —713, & h&vUADY ) LOWHET /7= a w2170,
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TOT—FxEMEL TS, ZoEETFE Y ME, ENCODE =22 Y —v 7 A%
%< D7 u =7 k(eg. Genotype-Tissue Expression (GTEx), The Cancer
Genome Atlas (TCGA), International Cancer Genome Consortium (ICGC),
NIH Roadmap Epigenomics Mapping Consortium, Blueprint Epigenome
Project, Exome Aggregation Consortium (EXAC), Genome Aggregation
Database (gnomAD), 1000 Genomes Project and the Human Cell Atlas (HCA))
WZIEF & TV % (httpsi//www.gencodegenes.org/pages/gencode.html) ,

FANTOM (%, o~ T 257 AERFEHRTr =7 N CTINEINTEER
cDNA O7 /7 —va w415 2 & B L LT 2000 4FI2FE Rk S L7z EREFIE
A=V T ATHY, ZOBEENI VAT ESTHAL S/ 4, vt
— & —, =P — neRNA, 1 71 RNA 7 @ REICED 5 5% %
IR L TWD, o7 ay=/ O HHLO—>Thb FANTOMS 71
PV MELFT A7 )T b= AFHIZEEEOE WV 5'E B InecRNA 7 —2 &
v hTHDH FANTOM-CAT 7—#t v F&i%at, £ L T 5 (Figure 16),
FANTOM-CAT (Zi%, B L% 28,000 @ human IncRNA genes with high-
confidence 5' ends, HEREZFFOAREMED B 5 L% 20,000 D IncRNA D E#H A3
&5, GENCODE Off#H LY H 85 TH Y FANTOM-CAT #{EH4 5 Z & T,
thoa—T7 4 U TBEFUNDEDTBEFREBEEH®RE D & ICBRFRIEE
ERTDHIENAREL D,

https://fantom.gsc.riken.jp/cat/

»
>

CA.G.E P FANTOMS Samples FANTOM
transcription major human cell-types and tissues Long non-coding RNAs
start sites

wwemm RNASe i\
D.ata Integratlop transcript motﬂl
with a custom metric . .
Diverse Collections GENCODE
e M At Long non-coding RNAs Regions at Transcript 5’ End

Figure 16 FANTOM-CAT

Evidence For Transcription Start Site

IR CRAFE SN 1= CAGE(Cap Analysis of Gene Expression)}ifiT. #8280 RNA-seq T—4
#{F->T. EF long non—coding RNA M IEFE7L 5’ Kifiz+HD FANTOM-CAT T—42tykhH
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Eont-. COEIEX FANTOM-CAT MDY A b https://fantom.gsc.rikenjp/cat/) &Y FIFAL

1’—
o

FANTOM-CAT 7 =%t v h&iEHT5 2 LICLV B hDa—FT 4 Ti&
LA B OB FRBGHREERET D ENAETH DL, 13 OBAFMIT
HA L TCEEBEFREET 2TV AONRK & EITICE ST 2 AliettE 0 & 5 3k
Jva—F 4 o PG ERE Lz (Imada et al. 2020)<°, JEFEMERTSZIRD
A DRI R T D A[REMED & 5 IncRNA % R L 72 # 5 (Imada et al. 2021),
FANTOM6 == > Y — 37 A2 L DB IncRNA iz bimH I Tn5s
(Ramilowski et al. 2020),

Lo L7203 6, FANTOM-CAT (34 U F ¥ A NTIETF 2 a7 )7 —vay
LR 7 7 A /LD gene feature format (GTRE X DA TR I TEY ., FASTA
T x—<y N TIEARINTWRY, D7 RNA-seq D7HD Y 77 L2 A
Bedll & LTI BT S CunenwZ ERHEZE Sh7-, £ 2 T, PubMed
Central Zxf5 & L T’RNA-seq” & "FANTOM” i3 23 fidl S AL TV D im X & 7
BLT, DD, "RNA-seq” DA FE# SNV TV Dam & . "RNA-seq” &

“GENCODE"/i# M5l ATV D im 8 b A L7z,

"RNA-seq” & "FANTOM” W # % £5-0im LT FANTOM-CAT D@3k S
iz 2017 FELETH > TH “RNA-seq” DL DO H D LD 1%% Flal 5 b5
72o7=(Table 2), 2F V5 —4% 51 FANTOM-CAT #V 77 L > A& LZi#
GTIREAEBEOREFIZIDOTNTHD Z LAURENTZ, <ML THWDHDIFE
IS, RSN TWDOEANEINTVWD Z L5 3.1 TR LA,
ﬁ%@*k%977vyx@%%%ﬁ’%ﬁ%éhfné@fi&w#&%z
72o D% D FANTOM-CAT %MWz E&EIZ X VHAMRNHE LD Z L BRHRET
s LEZI,

ncRNA % & & 7= MR 72 AT 2 3 5 1213 FANTOM-CAT %75 L TR EIL
B OFHIIIRES T DMER 5 &£ B X LT OMr2 9% Z & & Lz, FANTOM-
CAT @ GTF 7 7 A /L% % £ 12 FASTA 7 7 A /L Z{ERE L HNf-score Z {1 L 7=

(Figure 14 A), GTF 7 7 A /L% TIEScore DRUE = L2/ S 4172 vl raw,
lv2 permissive, lv3 robust, 1v4 stringent @ 4 FEH3H U | X057 Tl Iv3 robust
& 1v4 stringent @ 5% T HNf-score #H H L7=, 1v3 robust & 1v4
stringent ® —>® U 7 7 L > AELF|TlEED HNf-score NHEHTX 7= & & ff
Pl L7211, 1v4 stringent 3D HNf-score TifflifiitrzED s L& LT-
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(Supplemental figure 7).

HNf-score ® ML 25 OB FI1EI F=2> KU 7 DNA HROEGY) D %>
el &M, WITHER T L OB I Z ATk L7z (Figure 14C, Table
3)o X by N TEEFICHT HEENMUOYAKRI Y bBHETHDL Z L &R
L 7=, IKEEEHIZ X 5 mitochondrially encoded NADH dehydrogenase 2 (M7*
ND2), mitochondrially encoded ATP synthase 8 (MT-ATPS), mitochondrially
encoded NADH dehydrogenase (MT*ND)72 E D k2> B U 7 EInFDOIIK
TIET TIZAH S TEH Y (Arnaiz et al. 2021), ZILHOFREREFIE LV, MZ
T, I hary NI 7= 77 P—MEBBIZC L > THHFES L Z L, 20T m
21213 HIF-1 774 FT? BNIP3 D3N MNELR Z & N (Zhang et al.
2008) SN THY, TOMRLAMEORREY R— T2,

—J5. HNf-score O _Efr 25 OEREY D& T4 121%, BHLHE40 antisense
RNA 1 (BHLHE40-AS1)72 & ® Antisense & B0 D& 540 1OBIET13H -
7=(Table 3), x4 OIRETLO BHLHE40 IXEMFEIGEEE & LTaLA
TWHEIEFTHD, AT, oL b HNf-score DEH - 7= RP1-261G23.7 13
KRS BB & L THAZ VEGFA ©O7 > F & AN E L 7= short
ncRNA TH %5, Z D short ncRNA %, {KEEFEKFD VEGFA DR 55 IZHEEERY
ZB5-T % L oL H H(Nieminen et al. 2018), Ziu b LV | (KEEHEIGEEIS
TOT v FH L ALHDEEMICONTELRLHEETHMERD D EE %
7=

TroTFRCADEEM LT, a—T 4 VB v a—T 4 T BIEFD
B ORI 2 T > F 2 o AN DIE SN HIEEYO Z L2 E%RT 5, & b
(Ozsolak et al. 2010) & ~ 7 A (Katayama et al. 2005) TiZd L% 30%DEzEW)
T TR AHITEEMER L TWD, a—T 1 7 BIs T ORISR IS E R
T& 5 HNg-score & b & (KRR IS E B n % UPDOWN Z 1241 200 #Eis 1
ZRE L, TOBMBTOT T AOERFY D HNf-score Z7¥ i L7z, & D
H.. UP, DOWN Z1FEND7 Tt AEEYD 3/4 131 2 AEDERT L A
BROBBLEE 2452 LRI N, — T, ¥\ E OFRBUGIE & 72 25ROk
‘G H1EE L= (Figure 15A),

DOWN 200 {8 ETRED T v F & v ZAHITALE T 5 HNf-score DL\ EEF W)
IZ1%. HNf-score DX > 72855 D FAL 25 U A b (Table 3) & [AARIZI b=
KU 7 DNA HKDEEY D3 2% 0> 72, DOWN200 gene list @ Topl0 TlX B
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RO Z &2 PGK 2MEBRFRIC & - T O & - 72 TAFIB 7 > F & > Al
%Y L7z (Figure 15B), PGK1 &= 1-I% phosphoglycerate kinase 1 22— K
THEMLFTHDH, PGKL I3 RIZEB VT 1,3 -diphosphoglycerate 75 3-
phosphoglycerate ~® A28 % il U C 1ATP % 4 p%3 % (Valentin et al.
1998), PGK1 /3 HIF1A Ol e, EEEERIMIC & v B+ BB THES D 2
220 FLL LRI B BTV A (L et al. 1996),

TAF9B X transcription factor II D (TFIID) 24§95 % /X7 'ED—>Th
. BRFRAIZ IV CHE AR 2 72 9 (Tora 2002; Frontini et al. 2005, 9),
F7-. TAF9B (X HIF1A @ / v 7 X 7 TR BLEF | KB T CTRELH] 2
HDHZLENHE STV D (Mathieu et al. 2011),

FANTOM-CAT # 5 Z 128V, PGK1 & TAFIB ORARA A7 o F
T UARTICRD Z R ENT, 2T UCSC gene X° GENCODE TiZZ o
B0 ¢l 72 (Figure 4C), £7-. PGKL & TAF9B Off{#|% GRCh38/Mhg38 <
T2T (2B W T H RO EREGR TH 5 Z & iR L7 (Supplemental figure 9)
TrTF e ABEEWIZ L DB ORIENIXAFSE S L TE Y (Pelechano and
Steinmetz 2013; Katayama et al. 2005; Okada et al. 2008), E72 > T\ 5t
AEHE T T AEHOEREW N B H O FF AN W Do T RIFFICERE S B 4 S
NDGEITIREIZBE D A KT OEZENE 0 BIEFRIEZMET5 2 ERB 2
biLd, THOREFRIL. PGKL @ 3 KM R L - T TAFIB OFBUZ
ZRIFLTWDAREEZ R LTS,

AlalD T — 2 fif#T1% Strand-specific RNA sequencing H13RIZ[RE L TV R0,
Strand-specific RNA-seq TiZ7eWG5E, #io TRV AT o F & AD/FINX
RSN NWEFEEESNTWDLREERH D, 5REHE L7 PGK1 & TAFIB @
HNf-score DZALIL, HMEK T TH Y HimE DL TH D, €D, Strand-
specific sequencing |ZFRE L TW W Z OFENT TH > T, [A] U HNf-score (255
HL7ZGA B L TEZOREBII/NINEEZEZ TS, LLERL, &5745
221213 Strand-specific RNA sequencing & V5 7= strand specific 72 S25r<°,
knock down %> knock out EBE I TEMERICEIZE DD DB RN ERE S
N5 xR 5, 207 —Zy N7 7 —FZ2EHT 52 LITER
DRI FIGE A T = X L DOPGR ORI O—IZ e 5 LB R D,

3.2 & ncRNA % & 0 128 G pEW) DIRBLR I E ORHT 7 ik OS] Tid, (KlR
RISERR G DR 2 S HIZHET 572012 FANTOM-CAT (XU &3 54

64



— 7T =2 EIEM U TR LT, RERFEAIIIZ LV ribosomal RNA (255
B3 5B FREOBBUSTRA L, 2 b=y KU 7 DNA HEROEGY OI B &
DETT 52L& IRBEBRISEBE RO T T v ANLE T D5 OIKEE
FINEMEA HNf-score (2 TR L TR LTz,
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4 fEim
BInFOFEBEIZIFIAA T ARDY , IO TWAHEEFIEE L < HfiES
o, ESTIEaryEa—2O/BgEINm EL IEHTE T — 2 &L 27,
HMADLIRNVBIEAIZOWTIET —H R T AT T 20 ENHH EEZ D,

AMFETIET —% N 7 AR RIS E B {n 2 W L, ncRNA 239
TR B EW) OARIE RIS OFH T 1E 2 s UTe, R 2B 58T — & fft
RS LT AHRTOAINIT., VB FOERBIELEIRT S LRI T 5,
FRIZUL T DS Z N 12 T RRNT I DWW TUIRET OMED 6 5 & B 2 5, (DIKEEFE A
WSZE OS5I IC 31T 5 HIF1A O L 5 70, Y% 5 CORERN iR 5K
05D Z &L (2)Gene Ontology (T TT7 A AENDHFEL LS TVDHF
BB ThHHZ L, QBB IHUT —FE2RHELTWVWIHTHLZ LTS,

AWFFENZ DWW TUEFHR L7727 — #1134 T figshare (2 TR THF A RIHEZ IR AE
ICTHAFLTWD 3.1 & FHHEBIBICEELRFORK] 2OV TIE,
https://doi.org/10.6084/m9.figshare.c.5323769.vl |Z7 —F ZX &KL THY, =
=TT TR Y v —F VIS ER SRR #(Ono and Bono 2021) Tk 5, B X
W 3.2 # IncRNA % 5 D -G EY) OARIEFICE ORI T EORESE) OF — 4
% https//doi.org/10.6084/m9.figshare.c.5971218.v2 ML T 7B ARRETH Y |
Z b biE bioRxiv IZF LY R & EFREFE A Td 5 (Ono and Bono 2022), Z D
AT 1AL, ZORFFRIZIR 59 8 b RNA-Seq ffTICB W TUSHAIREETH 5, =
O ORI, RBBRISEM DB RO THHNAT 2 A OF =& N 7 728K
BFREORTRORTHERLIZLEE XD,
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Supplemental figure 1 “hypoxia” &2 T!) ELT-ER X 1HE#HZEH EIZERLL 1= Word cloud

BERHARSFORRNGEGRFOFTFMIZ(E. word cloud [Z&% PubMed (M 500 kD

TFIRANSORDR[fRLEERESE L LT=. Biopython /\w4 —> (version 1.78). scispacy

1\ —(version 0.4.0), spacy /Ny — (version 2.2.4), en—core—sci-sm-0.4.0 EF )L
ZERAL. “hypoxia”Z I T EL TR HEFEZERIRIL LT, fiTIX 2021 £ 4 A 11 B
[CRITL =, TDHERHIF 1 a AlEE— B FHELTRESNT -, BHFOLEHKRLE, O—F
ZRITSEAHTELICAIREIERAE LD EHERET LA EHRIC HIF 1 o DHAGE

EFELTRTSN = BERERRT HELFELTED Gene symbol THS HIFIA &
BAL=,
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Supplemental figure 2 bibliome BHTIZ#+5 HIF1A &0 Simpson {&#. Jaccard R D
{ii

FUEEZRE T BHITHRICIE. Simpson {RE7Z1F TL<. Jaccard ¥ H1&ETLT=, Jaccard
FREBI. LBEREOZODOEHDMEESEANBIHF OO, SEIOT—2EVbDIHE
[FLLEXRT R D HIFIA DEBLFHDESEINEZEL THELUELARDEINNIKGYTET
&, AIRIEIZE DBIRITES TN EHIBTL 1=, Simpson REBIIBESDHBERZERL
- ETH S, Jaccard {REIELY Simpson ZRED A M HIFIA LEEDEEF X (254 Y
THMXBDEDKESIZKDFZEEZ T, AIRIEISET 2 Ra7 &ML=,

ﬂ;‘
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Supplemental figure 3 BEEMEATIZEH 1+ HIFIAEPAS1, ARNT, ARNTL @ Simpson 54l

FE O 51

HIF1A LASH 24, EPAST 45 ARNT, ARNTL ELVof={BEE R LD EEME A RSN TULVDIE
EF LD Simpson FALELXEEDELF X ITHLEL LT, Mt &EnF DR,
HEICRBUELRLU . WIThEEHZROIERERLIZD, HIFIA NMEEREAR S EFD
KEBWGEGFTHAZE, b, FIRERRCEEEGTFORERICIT HIFIA EOBELE
R ALT-, (XL HIF1A A_E:EPAS1, ZT:ARNT, & F:ARNTL)
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Supplemental figure 4 HN-ratio, HN-score M &2 5+

(AEECTFRIEZELORME (1.5 /&, 2 &) DLLE. (B)HN-ratio RHDIFED B ESF
[ZHNE T AIE(+1, +1e-09) D HN-score (X T HHEED T MDIERE TR, (C) ZEHA
WEGE DIEEERFMH LN DEERT ADEZE DT, #HiEtdh HN1.5woEx [FIEEERF M4
LIS DEEEN AN T ILD HN-score DEZ B F D7 %, 1&EEH HN1.5Exp [XBH
BRREH. EBRFFHEESLOYUTILICEHERIZEFINELRE DEBRN AL H oY
> 7LD HN-score DEBIZF DR HERLIZ, (D) HITHARTEEIN TN YT
T—% (18, 127 HN-pairs)&, SRV =7 )LFaL—2ar THEICRELE=HUTIL
T —45(#it#h, 368 HN-pairs)& JTIZH i L7= HN-score D # D FF (i, A B TIXIFIF:EL
MELNENIE, C, D TIEEAGS YT ILEED HN-paird THAIZE D H 5T FEHk
DINF—2THHEXTEZELT=, AIFRIEIZIE Jupyter—notebook Z LYY=,
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Supplemental figure 5 UP100 gene list O {EEE A& B fE 5 @ HN-ratio
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Supplemental table 1 HNg-score ZJt(ZiE$#kL71= UP 200 gene & &1 DOWN 200 gene list

UP 100 gene list $ & T DOWN 100 gene list [EZ D) A+D £ 100 fiEEALT=,

UP 200 gene list

HNg-
Symbol description
score
1 | ANKRD37 ankyrin repeat domain 37 415
2 | NDRG1 N-myc downstream regulated 1 410
3 | P4HAL prolyl 4-hydroxylase subunit alpha 1 389
4 | BNIP3L BCL2 interacting protein 3 like 383
5 | BHLHE40 basic helix-loop-helix family member e40 383
6 | BNIP3 BCL2 interacting protein 3 382
7 | VEGFA vascular endothelial growth factor A 381
8 | DDIT4 DNA damage inducible transcript 4 380
9 | PPFIA4 PTPRF interacting protein alpha 4 379
10 | SLC2A3 solute carrier family 2 member 3 377
11 | ENO2 enolase 2 376
12 | ADM adrenomedullin 373
13 | HK2 hexokinase 2 372
14 | ANGPTL4 angiopoietin like 4 369
15 | Cdorfd7 chromosome 4 open reading frame 47 367
16 | SLC2A1 solute carrier family 2 member 1 366
17 | ALDOC aldolase, fructose-bisphosphate C 365
18 | EGLN3 egl-9 family hypoxia inducible factor 3 365
19 | PFKFB4 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 4 364
20 | KDM3A lysine demethylase 3A 356
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21 | PLOD2 procollagen-lysine,2-oxoglutarate 5-dioxygenase 2 353
22 | MXI1 MAX interactor 1, dimerization protein 351
23 | AK4 adenylate kinase 4 350
24 | TMEM45A transmembrane protein 45A 349
25 | CA9 carbonic anhydrase 9 343
26 | CCNG2 cyclin G2 339
27 | EGLN1 egl-9 family hypoxia inducible factor 1 339
28 | PDK1 pyruvate dehydrogenase kinase 1 336
29 | STC1 stanniocalcin 1 335
30 | LDHA lactate dehydrogenase A 334
31 | EFNA3 ephrin A3 329
32 | INSIG2 insulin induced gene 2 328
33 | FUT11 fucosyltransferase 11 328
34 | SPAG4 sperm associated antigen 4 326
35 | TCAF2 TRPMS8 channel associated factor 2 326
36 | FAM162A family with sequence similarity 162 member A 323
37 | NFIL3 nuclear factor, interleukin 3 regulated 322
38 | PGK1 phosphoglycerate kinase 1 322
39 | PAHA2 prolyl 4-hydroxylase subunit alpha 2 322
40 | ERO1A endoplasmic reticulum oxidoreductase 1 alpha 321
41 | GPR146 G protein-coupled receptor 146 321
42 | ALDOA aldolase, fructose-bisphosphate A 319
43 | ARRDC3 arrestin domain containing 3 317
44 | ANKZF1 ankyrin repeat and zinc finger peptidyl tRNA hydrolase 1 316
45 | SH3D21 SH3 domain containing 21 316
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46 | Cdorf3 chromosome 4 open reading frame 3 314
47 | ERRFI1 ERBB receptor feedback inhibitor 1 312
48 | GBE1 1,4-alpha-glucan branching enzyme 1 311
49 | ZNF395 zinc finger protein 395 311
50 | C8orf58 chromosome 8 open reading frame 58 307
51 | LOX lysyl oxidase 306
52 | VLDLR very low density lipoprotein receptor 303
53 | HILPDA hypoxia inducible lipid droplet associated 301
54 | ANG angiogenin 298
55 | KCTD11 potassium channel tetramerization domain containing 11 297
56 | CXCR4 C-X-C motif chemokine receptor 4 293
57 | PNRC1 proline rich nuclear receptor coactivator 1 293
58 | IGFBP3 insulin like growth factor binding protein 3 291
59 | PPP1R3G protein phosphatase 1 regulatory subunit 3G 291
60 | RIMKLA ribosomal modification protein rimK like family member A 287
61 | STC2 stanniocalcin 2 286
62 | PGM1 phosphoglucomutase 1 285
63 | MAFF MAF bZIP transcription factor F 285
64 | PFKP phosphofructokinase, platelet 283
65 | SLC16A3 solute carrier family 16 member 3 281
66 | KDM4B lysine demethylase 4B 280
67 | LRP1 LDL receptor related protein 1 279
68 | ZNF292 zinc finger protein 292 279
69 | FGF11 fibroblast growth factor 11 2718
70 | RNF122 ring finger protein 122 277
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71 | GPI glucose-6-phosphate isomerase 276
72 | TNIP1 TNFAIP3 interacting protein 1 275
73 | FOSL2 FOS like 2, AP-1 transcription factor subunit 274
74 | LOXL2 lysyl oxidase like 2 274
75 | ZNF160 zinc finger protein 160 274
76 | WSB1 WD repeat and SOCS box containing 1 273
77 | WDR54 WD repeat domain 54 273
78 | EFCAB3 EF-hand calcium binding domain 3 273
79 | PPP1R3C protein phosphatase 1 regulatory subunit 3C 272
80 | PFKFB3 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3 270
81 | PLOD1 procollagen-lysine,2-oxoglutarate 5-dioxygenase 1 270
82 | TMEM74B transmembrane protein 74B 267
83 | DUSP1 dual specificity phosphatase 1 266
84 | GAPDH glyceraldehyde-3-phosphate dehydrogenase 266
85 | TCP11L2 t-complex 11 like 2 264
86 | TPI1 triosephosphate isomerase 1 262
87 | BTG1 BTG anti-proliferation factor 1 260
88 | RORA RAR related orphan receptor A 260
89 | SEMA4B semaphorin 4B 256
90 | RLF RLF zinc finger 255
91 | PPP2R5B protein phosphatase 2 regulatory subunit B'beta 254
92 | PPP1R3B protein phosphatase 1 regulatory subunit 3B 253
93 | PDK3 pyruvate dehydrogenase kinase 3 251
94 | EFEMP2 EGF containing fibulin extracellular matrix protein 2 251
95 | ZNF654 zinc finger protein 654 251
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96 | ENO1 enolase 1 249

97 | RAB20 RAB20, member RAS oncogene family 248

98 | PGAM1 phosphoglycerate mutase 1 246

99 | PRSS53 serine protease 53 245
100 | GYS1 glycogen synthase 1 243
101 | B3GNT4 UDP-GIcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 4 242
102 | YEATS2 YEATS domain containing 2 239
103 | PLEKHA2 pleckstrin homology domain containing A2 239
104 | WFDC3 WAP four-disulfide core domain 3 239
105 | PTPRH protein tyrosine phosphatase receptor type H 238
106 | STBD1 starch binding domain 1 237
107 | UPK1A uroplakin 1A 237
108 | LRP2BP LRP2 binding protein 237
109 | APLN apelin 235
110 | CIART circadian associated repressor of transcription 235

FAMATE-
111 FAMA4TE-STBD1 readthrough 235
STBD1

112 | JUN Jun proto-oncogene, AP-1 transcription factor subunit 234
113 | 1ISG20 interferon stimulated exonuclease gene 20 233
114 | PAM peptidylglycine alpha-amidating monooxygenase 232
115 | VKORC1 vitamin K epoxide reductase complex subunit 1 232
116 | FANK1 fibronectin type Il and ankyrin repeat domains 1 232
117 | AHNAK2 AHNAK nucleoprotein 2 232
118 | NOG noggin 231
119 | SEC61G SECG61 translocon subunit gamma 231
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120 | NCKIPSD NCK interacting protein with SH3 domain 231
121 | FOS Fos proto-oncogene, AP-1 transcription factor subunit 229
122 | SPRY1 sprouty RTK signaling antagonist 1 229
123 | VPS37D VPS37D subunit of ESCRT-I 229
124 | BHLHE41 basic helix-loop-helix family member e41 228
125 | KDM7A lysine demethylase 7A 228
126 | SERPINE1 serpin family E member 1 227
127 | BMT2 base methyltransferase of 25S rRNA 2 homolog 227
128 | ACAP1 ArfGAP with coiled-coil, ankyrin repeat and PH domains 1 226
129 | ARFGEF3 ARFGEF family member 3 226
130 | RRAGD Ras related GTP binding D 226
131 | RBPJ recombination signal binding protein for immunoglobulin kappa J region 225
132 | CDKN1C cyclin dependent kinase inhibitor 1C 224
133 | CSRNP1 cysteine and serine rich nuclear protein 1 224
134 | LNPK lunapark, ER junction formation factor 224
135 | AMPD3 adenosine monophosphate deaminase 3 223
136 | PRTN3 proteinase 3 223
137 | YPEL1 yippee like 1 223
138 | NYAP1 neuronal tyrosine phosphorylated phosphoinositide-3-kinase adaptor 1 223
139 | SAP30 Sin3A associated protein 30 222
140 | PPP1R13L protein phosphatase 1 regulatory subunit 13 like 220
141 | PTPRN protein tyrosine phosphatase receptor type N 219
142 | RNASE4 ribonuclease A family member 4 217
143 | THAP8 THAP domain containing 8 217
144 | CSRP2 cysteine and glycine rich protein 2 216
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145 | GPRCHA G protein-coupled receptor class C group 5 member A 215
146 | BCKDHA branched chain keto acid dehydrogenase E1 subunit alpha 214
147 | GNRH1 gonadotropin releasing hormone 1 214
148 | SFXN3 sideroflexin 3 214
149 | ITGAS integrin subunit alpha 5 213
150 | MPI mannose phosphate isomerase 213
151 | DPYSL4 dihydropyrimidinase like 4 213
152 | NARF nuclear prelamin A recognition factor 213
153 | CREBRF CREB3 regulatory factor 213
154 | C2orf72 chromosome 2 open reading frame 72 213
155 | PKM pyruvate kinase M1/2 212
156 | FAM13A family with sequence similarity 13 member A 212
157 | PFKL phosphofructokinase, liver type 211
158 | HERC3 HECT and RLD domain containing E3 ubiquitin protein ligase 3 211
159 | RNF24 ring finger protein 24 211
160 | TRIM9 tripartite motif containing 9 211
161 | PLIN2 perilipin 2 209
162 | HSF4 heat shock transcription factor 4 209
163 | KDMA4C lysine demethylase 4C 209
164 | KDM6B lysine demethylase 6B 209
165 | SNX33 sorting nexin 33 209
166 | DPCD deleted in primary ciliary dyskinesia homolog (mouse) 208
167 | GALNT18 polypeptide N-acetylgalactosaminyltransferase 18 208
168 | FOXD1 forkhead box D1 207
169 | TNFRSF10D TNF receptor superfamily member 10d 207
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170 | ARHGEF37 Rho guanine nucleotide exchange factor 37 207
171 | RASSF7 Ras association domain family member 7 206
172 | FAM110C family with sequence similarity 110 member C 206
173 | IER3 immediate early response 3 204
174 | DNAJB2 DnaJ heat shock protein family (Hsp40) member B2 203
175 | PTGS1 prostaglandin-endoperoxide synthase 1 203
176 | S1PR4 sphingosine-1-phosphate receptor 4 203
177 | ISM2 isthmin 2 203
178 | ATF3 activating transcription factor 3 202
179 | ALKBH5 alkB homolog 5, RNA demethylase 201
180 | PNCK pregnancy up-regulated nonubiquitous CaM kinase 200
181 | MAP3K15 mitogen-activated protein kinase kinase kinase 15 200
182 | S100A10 5100 calcium binding protein A10 199
183 | RIOK3 RIO kinase 3 198
184 | FAM210A family with sequence similarity 210 member A 198
185 | RCOR2 REST corepressor 2 197
186 | DSP desmoplakin 195
187 | INHA inhibin subunit alpha 195
188 | PIK3IP1 phosphoinositide-3-kinase interacting protein 1 195
189 | PRELID2 PRELI domain containing 2 195
190 | NIM1K NIM1 serine/threonine protein kinase 195
191 | TMEM91 transmembrane protein 91 195
192 | CLK3 CDC like kinase 3 194
193 | QSOX1 quiescin sulfhydryl oxidase 1 194
194 | TMEM158 transmembrane protein 158 194
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195 | CLK1 CDC like kinase 1 193
196 | PHF21A PHD finger protein 21A 193
197 | NDUFA4L2 NDUFA4 mitochondrial complex associated like 2 193
198 | ANGPTL6 angiopoietin like 6 193
199 | TBC1D3L TBC1 domain family member 3L 193
200 | RSBN1 round spermatid basic protein 1 192
DOWN 200 gene list
HNg-
Symbol description
score

1 | RRS1 ribosome biogenesis regulator 1 homolog =272

2 | CHAC2 ChaC glutathione specific gamma-glutamylcyclotransferase 2 =271

3 | GPATCH4 G-patch domain containing 4 -257

4 | MT-ND2 mitochondrially encoded NADH dehydrogenase 2 =247

5 | SFXN2 sideroflexin 2 -244

6 | NOL6 nucleolar protein 6 -238

7 | MARS2 methionyl-tRNA synthetase 2, mitochondrial -237

8 | MT-ATP8 mitochondrially encoded ATP synthase 8 -235

9 | COA7 cytochrome ¢ oxidase assembly factor 7 -234

10 | MT-ND6 mitochondrially encoded NADH dehydrogenase 6 -232
11 | TAF9B TATA-box binding protein associated factor 9b -230
12 | DDX28 DEAD-box helicase 28 =227
13 | SLC25A35 solute carrier family 25 member 35 -225
14 | MON1A MON1 homolog A, secretory trafficking associated -225
15 | CTU2 cytosolic thiouridylase subunit 2 -224
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16 | POP1 POP1 homolog, ribonuclease P/MRP subunit -223
17 | MPV17L2 MPV17 mitochondrial inner membrane protein like 2 -221
18 | NOP2 NOP2 nucleolar protein -221
19 | RTN4IP1 reticulon 4 interacting protein 1 -220
20 | MT-ND1 mitochondrially encoded NADH dehydrogenase 1 -219
21 | TOR3A torsin family 3 member A -219
22 | PNO1 partner of NOB1 homolog -216
23 | RRP9 ribosomal RNA processing 9, U3 small nucleolar RNA binding protein -216
24 | POLE2 DNA polymerase epsilon 2, accessory subunit -215
25 | CD3EAP RNA polymerase | subunit G -215
26 | CTPS1 CTP synthase 1 -215
27 | PRMT3 protein arginine methyltransferase 3 -213
28 | TAP2 transporter 2, ATP binding cassette subfamily B member -213
29 | URB2 URB2 ribosome biogenesis homolog -213
30 | LTV1 LTV1 ribosome biogenesis factor -213
31 | POLR3K RNA polymerase Il subunit K -212
32 | HPDL 4-hydroxyphenylpyruvate dioxygenase like -212
33 | NOL12 nucleolar protein 12 -210
34 | PNPT1 polyribonucleotide nucleotidyltransferase 1 -210
35 | FDXACB1 ferredoxin-fold anticodon binding domain containing 1 -210
36 | NOP16 NOP16 nucleolar protein -209
37 | PYCR3 pyrroline-5-carboxylate reductase 3 -209
38 | SCLY selenocysteine lyase -209
39 | TMEM138 transmembrane protein 138 -209
40 | TOE1 target of EGR1, exonuclease -209
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41 | WDR77 WD repeat domain 77 -209
42 | UTP15 UTP15 small subunit processome component -208
43 | CDC25A cell division cycle 25A -208
44 | FAM86C1 family with sequence similarity 86 member C1, pseudogene -208
45 | SLC5A6 solute carrier family 5 member 6 -207
46 | TIPIN TIMELESS interacting protein -207
47 | WDR4 WD repeat domain 4 -207
48 | NDUFAF4 NADH:ubiquinone oxidoreductase complex assembly factor 4 -206
49 | DOLK dolichol kinase -206
50 | PSEN2 presenilin 2 -205
51 | SNAPC5 small nuclear RNA activating complex polypeptide 5 -205
52 | COQ3 coenzyme Q3, methyltransferase -205
53 | DCTPP1 dCTP pyrophosphatase 1 -205
54 | EEF2KMT eukaryotic elongation factor 2 lysine methyltransferase -205
55 | MT-CO3 mitochondrially encoded cytochrome c oxidase Ill -204
56 | METTL1 methyltransferase like 1 -204
57 | MYBBP1A MYB binding protein la -203
58 | GRWD1 glutamate rich WD repeat containing 1 -203
59 | EIF2B3 eukaryotic translation initiation factor 2B subunit gamma -202
60 | MT-ATP6 mitochondrially encoded ATP synthase 6 -199
61 | SLC43A2 solute carrier family 43 member 2 -198
62 | NIP7 nucleolar pre-rRNA processing protein NIP7 -197
63 | SCFD2 secl family domain containing 2 -196
64 | ABCF2 ATP binding cassette subfamily F member 2 -196
65 | HGH1 HGH1 homolog -196
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66 | PDSS1 decaprenyl diphosphate synthase subunit 1 -195
67 | PSME3 proteasome activator subunit 3 -195
68 | UTP20 UTP20 small subunit processome component -195
69 | FARSB phenylalanyl-tRNA synthetase subunit beta -195
70 | MT-ND3 mitochondrially encoded NADH dehydrogenase 3 -194
71 | RIOX1 ribosomal oxygenase 1 -194
72 | RRP7A ribosomal RNA processing 7 homolog A -194
73 | NOP56 NOP56 ribonucleoprotein -193
74 | RPP40 ribonuclease P/MRP subunit p40 -193
75 | GINS3 GINS complex subunit 3 -193
76 | ATAD3A ATPase family AAA domain containing 3A -192
77 | PPIL1 peptidylprolyl isomerase like 1 -192
78 | PUS1 pseudouridine synthase 1 -192
79 | ZNF689 zinc finger protein 689 -192
80 | POLR1B RNA polymerase | subunit B -191
81 | LSM10 LSM10, U7 small nuclear RNA associated -191
82 | PRMT6 protein arginine methyltransferase 6 -190
83 | TPK1 thiamin pyrophosphokinase 1 -190
84 | ZNHIT2 zinc finger HIT-type containing 2 -190
85 | EXOSC4 exosome component 4 -190
86 | PAK1IP1 PAK1 interacting protein 1 -189
87 | PGAM5 PGAM family member 5, mitochondrial serine/threonine protein phosphatase -189
88 | SLC27A4 solute carrier family 27 member 4 -189
89 | MCM10 minichromosome maintenance 10 replication initiation factor -189
90 | TMEM177 transmembrane protein 177 -188
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91 | DSCC1 DNA replication and sister chromatid cohesion 1 -188
92 | ATP5MC1 ATP synthase membrane subunit ¢ locus 1 -187
93 | AUNIP aurora kinase A and ninein interacting protein -187
94 | UFSP1 UFM1 specific peptidase 1 (inactive) -187
95 | ODC1 ornithine decarboxylase 1 -186
96 | TMEM201 transmembrane protein 201 -186
97 | DIMT1 DIMT1 rRNA methyltransferase and ribosome maturation factor -186
98 | ELAC2 elaC ribonuclease Z 2 -186
99 | PSMG1 proteasome assembly chaperone 1 -185
100 | RUVBL1 RuvB like AAA ATPase 1 -185
101 | SRM spermidine synthase -185
102 | UBIAD1 UbiA prenyltransferase domain containing 1 -185
103 | NOLC1 nucleolar and coiled-body phosphoprotein 1 -184
104 | DAGLA diacylglycerol lipase alpha -184
105 | GFM1 G elongation factor mitochondrial 1 -184
106 | RFC3 replication factor C subunit 3 -183
107 | TEDC2 tubulin epsilon and delta complex 2 -183
108 | TOMM40L | translocase of outer mitochondrial membrane 40 like -183
109 | ZNF30 zinc finger protein 30 -183
110 | E2F2 E2F transcription factor 2 -183
111 | AIMP2 aminoacyl tRNA synthetase complex interacting multifunctional protein 2 -183
112 | MCIDAS multiciliate differentiation and DNA synthesis associated cell cycle protein -182
113 | CHRNA5 cholinergic receptor nicotinic alpha 5 subunit -181
114 | DPH2 diphthamide biosynthesis 2 -181
115 | ALDH1B1 aldehyde dehydrogenase 1 family member Bl -181
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116 | FLAD1 flavin adenine dinucleotide synthetase 1 -181
117 | DDX21 DExD-box helicase 21 -180
118 | GTF2H2 general transcription factor IIH subunit 2 -180
119 | PFAS phosphoribosylformylglycinamidine synthase -179
120 | PIGW phosphatidylinositol glycan anchor biosynthesis class W -179
121 | TELO2 telomere maintenance 2 -179
122 | CDCA7 cell division cycle associated 7 -179
123 | LYSMD2 LysM domain containing 2 -179
124 | MAK16 MAK16 homolog -179
125 | MRPL20 mitochondrial ribosomal protein L20 -178
126 | MRPL4 mitochondrial ribosomal protein L4 -178
127 | TIMMS8A translocase of inner mitochondrial membrane 8A -178
HECT and RLD domain containing E3 ubiquitin protein ligase family member
128 | HERC6 -178
6
129 | HMBS hydroxymethylbilane synthase -178
130 | ADAT1 adenosine deaminase tRNA specific 1 =177
131 | DTD2 D-aminoacyl-tRNA deacylase 2 -177
132 | FOXRED2 FAD dependent oxidoreductase domain containing 2 -177
133 | ABCG2 ATP binding cassette subfamily G member 2 (Junior blood group) -177
134 | METTLS methyltransferase like 8 -177
135 | SPSB2 splA/ryanodine receptor domain and SOCS box containing 2 -176
136 | BRIX1 biogenesis of ribosomes BRX1 -176
137 | TWNK twinkle mtDNA helicase -176
138 | CDC45 cell division cycle 45 -176
139 | IMJD4 jumonji domain containing 4 -176
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140 | LETM1 leucine zipper and EF-hand containing transmembrane protein 1 -176
141 | POP5 POP5 homolog, ribonuclease P/MRP subunit -175
142 | BEND3 BEN domain containing 3 -175
143 | SLC25A19 solute carrier family 25 member 19 -175
144 | UTP14A UTP14A small subunit processome component -175
145 | WDR62 WD repeat domain 62 -174
146 | EXOG exo/endonuclease G -174
147 | MRPL12 mitochondrial ribosomal protein L12 -173
148 | ARMC7 armadillo repeat containing 7 -173
149 | BAG2 BAG cochaperone 2 -173
150 | SPRTN SprT-like N-terminal domain -173
151 | KTI12 KTI12 chromatin associated homolog -173
152 | PTRH1 peptidyl-tRNA hydrolase 1 homolog -172
153 | TIMM10 translocase of inner mitochondrial membrane 10 -172
154 | ACTRT3 actin related protein T3 -172
155 | DHRS11 dehydrogenase/reductase 11 -172
156 | MRPS12 mitochondrial ribosomal protein S12 -171
157 | MRTO4 MRT4 homolog, ribosome maturation factor -171
158 | SLC35G1 solute carrier family 35 member G1 -171
159 | EEF1E1 eukaryotic translation elongation factor 1 epsilon 1 -171
160 | ALDH4A1 aldehyde dehydrogenase 4 family member Al -171
161 | GINS1 GINS complex subunit 1 -171
162 | HNRNPAB heterogeneous nuclear ribonucleoprotein A/B -171
methylenetetrahydrofolate dehydrogenase, cyclohydrolase and
163 | MTHFD1 -170

formyltetrahydrofolate synthetase 1
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164 | PPARGC1B | PPARG coactivator 1 beta -170
165 | SLC19A1 solute carrier family 19 member 1 -170
166 | TRMT61A tRNA methyltransferase 61A -170
167 | ZNF239 zinc finger protein 239 -170
168 | ADCK1 aarF domain containing kinase 1 -170
169 | NSMCE4A NSE4 homolog A, SMC5-SMC6 complex component -169
170 | C110rf98 chromosome 11 open reading frame 98 -169
171 | CENPM centromere protein M -169
172 | ANAPCY anaphase promoting complex subunit 7 -169
173 | PCNA proliferating cell nuclear antigen -168
174 | RPS6KL1 ribosomal protein S6 kinase like 1 -168
175 | RRP15 ribosomal RNA processing 15 homolog -168
176 | SPOUT1 SPOUT domain containing methyltransferase 1 -168
177 | WDR46 WD repeat domain 46 -168
178 | HSPBAP1 HSPB1 associated protein 1 -168
179 | IMP4 IMP U3 small nucleolar ribonucleoprotein 4 -168
180 | NPM3 nucleophosmin/nucleoplasmin 3 -167
181 | POLR3H RNA polymerase Il subunit H -167
182 | RRP36 ribosomal RNA processing 36 -167
183 | SFXN4 sideroflexin 4 -167
184 | CLUH clustered mitochondria homolog -167
185 | DKC1 dyskerin pseudouridine synthase 1 -167
186 | LRR1 leucine rich repeat protein 1 -167
187 | NOC4L nucleolar complex associated 4 homolog -166
188 | OGFOD1 2-oxoglutarate and iron dependent oxygenase domain containing 1 -166
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189 | RCL1 RNA terminal phosphate cyclase like 1 -166
190 | CCDC86 coiled-coil domain containing 86 -166
191 | LYAR Lyl antibody reactive -166
192 | MRM1 mitochondrial rRNA methyltransferase 1 -165
193 | POLR3B RNA polymerase Il subunit B -165
194 | WDR35 WD repeat domain 35 -165
195 | ZNF593 zinc finger protein 593 -165
196 | DUSIL dihydrouridine synthase 1 like -165
197 | ELOVL6 ELOVL fatty acid elongase 6 -165
198 | GEMINS gem nuclear organelle associated protein 5 -165
199 | LCMT2 leucine carboxyl methyltransferase 2 -165
200 | MCM6 minichromosome maintenance complex component 6 -165
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Supplemental figure 7 FANTOM—-CAT Robust (¥t#l) & Stringent(4###)D HNf-score @
E2 2]

MIR210HG DT AYMIDNTIR)LEBZRFFAL TRAIFRIELT =, LV Tt HNf-score HYIE
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W EERERRLT=,
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Supplemental table 2 DOWN200 ncRNA metabolic process related group (2529 5i&

5F

Metascape [Z&DIU) Y F AU MENIERZTICREIERH LTz, GO:0034660 ncRNA
metabolic process T D member M Term DEFEHMZEELT=,

GroupID

Category

Term

Description

InTerm_InList

Symbols

1_Summary

GO
Biological

Processes

GO0:0034660

ncRNA metabolic

process

46/470

DKC1, METTL1, NOP2, RRP9,
DDX21, NOLC1, WDR46, LCMT2,
FARSB, RCL1, NPM3, NOP56, WDR4,
RPP40, UTP14A, POP1, RRST,
ADAT1, DIMT1, UTP20, RRP7A,
RRP15, MRTO4, POP5, POLR3K,
EXOSC4, BRIX1, LYAR, ELAC2,
DUSTL, NOL6, NOCAL, METTLS,
MRM1, PUS1, UTP15, MAKT16,
RRP36, FDXACB1, IMP4, MARS2,
DTD2, KTI12, TOE1, TRMT61A,
CTU2, URB2, MYBBP1A, NIP7,
NOP16, PAK1IP1, MRPL20, DDX28,
MPV17L2, LTV1, RUVBL1, GEMINS,
GTF2H2, PSME3, PPIL1, PNOT,

WDR77, NOL12, LSM10

1_Member

GO
Biological

Processes

GO0:0034660

ncRNA metabolic

process

46/470

DKC1, METTL1, NOP2, RRP9,
DDX21, NOLC1, WDR46, LCMT2,
FARSB, RCL1, NPM3, NOP56, WDR4,
RPP40, UTP14A, POP1, RRST,
ADAT1, DIMT1, UTP20, RRP7A,
RRP15, MRTO4, POP5, POLR3K,
EXOSC4, BRIX1, LYAR, ELAC2,
DUSTL, NOL6, NOCAL, METTLS,
MRM1, PUS1, UTP15, MAKT16,

RRP36, FDXACB1, IMP4, MARS2,
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DTD2, KTI12, TOE1, TRMT61A,

CTu2

1_Member

GO
Biological

Processes

GO0:0034470

ncRNA

processing

43/384

DKC1, METTL1, NOP2, RRP9,
DDX21, NOLC1, WDR46, LCMT2,
RCL1, NPM3, NOP56, WDR4, RPP40,
UTP14A, POP1, RRS1, ADATI,
DIMT1, UTP20, RRP7A, RRP15,
MRTO4, POP5, POLR3K, EXOSC4,
BRIX1, LYAR, ELAC2, DUSTL, NOLS,
NOCA4L, METTLS, MRM1, PUST,
UTP15, MAK16, RRP36, FDXACB1,

IMP4, KTI12, TOE1, TRMT61A, CTU2

1_Member

GO
Biological

Processes

GO0:0042254

ribosome

biogenesis

38/293

DKC1, NOP2, RRP9, DDX21, NOLCT,
WDR46, URB2, RCL1, NPM3,
MYBBP1A, NOP56, RPP40, UTP14A,
RRS1, DIMT1, UTP20, RRP7A,
RRP15, MRTO4, POP5, NIP7,
NOP16, EXOSC4, PAK1IP1, MRPL20,
BRIX1, LYAR, DDX28, NOL6, NOCAL,
MRM1, UTP15, MAK16, MPV17L2,

LTV1, RRP36, FDXACBT1, IMP4

1_Member

GO
Biological

Processes

GO0:0022613

ribonucleoprotein
complex

biogenesis

40/444

DKC1, NOP2, RUVBLT, RRP9,
DDX21, NOLC1, WDR46, URB2,
RCL1, NPM3, MYBBP1A, NOP56,
RPP40, UTP14A, RRS1, GEMINS,
DIMT1, UTP20, RRP7A, RRP15,
MRTO4, POP5, NIP7, NOP16,

EXOSC4, PAK1IP1, MRPL20, BRIXT,
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LYAR, DDX28, NOL6, NOCAL, MRMT,
UTP15, MAK16, MPV17L2, LTV1,

RRP36, FDXACBI1, IMP4

1_Member

GO
Biological

Processes

GO0:0006364

rRNA processing

29/218

DKC1, NOP2, RRP9, DDX21, NOLCT,
WDR46, RCL1, NPM3, NOP56,
RPP40, UTP14A, RRS1, DIMTT,
UTP20, RRP7A, RRP15, MRTO4,
POP5, EXOSC4, BRIX1, LYAR,
NOL6, NOC4L, MRM1, UTP15,

MAK16, RRP36, FDXACB1, IMP4

1_Member

GO
Biological

Processes

GO0:0016072

rRNA metabolic

process

29/229

DKC1, NOP2, RRP9, DDX21, NOLCT,
WDR46, RCL1, NPM3, NOP56,
RPP40, UTP14A, RRS1, DIMTT,
UTP20, RRP7A, RRP15, MRTO4,
POP5, EXOSC4, BRIX1, LYAR,
NOL6, NOC4L, MRM1, UTP15,

MAK16, RRP36, FDXACB1, IMP4

1_Member

Reactome

Gene

Sets

R-HSA-

8953854

Metabolism of

RNA

39/673

DKC1, GTF2H2, METTL1, NOP2,
RRP9, DDX21, WDR46, LCMT2,
RCL1, PSME3, NOP56, WDR4,
RPP40, UTP14A, POP1, ADATT,
GEMINS, DIMTT, UTP20, RRP7A,
POP5, NIP7, PPIL1, EXOSC4, PNO1,
ELAC2, NOL6, NOCA4L, WDR77,
NOL12, MRM1, PUST1, UTP15, LTV1,
LSM10, RRP36, IMP4, TRMT61A,

CTu2

1_Member

Reactome

Gene

Sets

R-HSA-

72312

rRNA processing

24/204

DKC1, NOP2, RRP9, DDX21, WDRA46,
RCL1, NOP56, RPP40, UTP14A,

DIMT1, UTP20, RRP7A, NIP7,
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EXOSC4, PNOT, ELAC2, NOLS,
NOCA4L, NOL12, MRM1, UTP15,

LTV1, RRP36, IMP4

1_Member | Reactome | R-HSA- rRNA 16/61 DKC1, NOP2, RRP9, WDR46, RCL1,
Gene 6790901 modification in NOP56, UTP14A, DIMT1, UTP20,
Sets the nucleus and RRP7A, PNO1, NOL6, NOCA4L,
cytosol UTP15, RRP36, IMP4
1_Member Reactome | R-HSA- rRNA processing | 22/194 DKC1, NOP2, RRP9, DDX21, WDR46,
Gene 8868773 in the nucleus RCL1, NOP56, RPP40, UTP14A,
Sets and cytosol DIMT1, UTP20, RRP7A, NIP7,
EXOSC4, PNO1, NOL6, NOCAL,
NOL12, UTP15, LTV1, RRP36, IMP4
1_Member Reactome | R-HSA- Major pathway of | 19/184 RRP9, DDX21, WDR46, RCL1,
Gene 6791226 rRNA processing NOP56, RPP40, UTP14A, UTP20,
Sets in the nucleolus RRP7A, NIP7, EXOSC4, PNOT1,
and cytosol NOLG, NOCAL, NOL12, UTP15,
LTV1, RRP36, IMP4
1_Member | KEGG hsa03008 Ribosome 11/109 DKC1, RCL1, NOP56, RPP40,
Pathway biogenesis in UTP14A, POP1, RRP7A, POP5,

eukaryotes

NOL6, UTP15, IMP4
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Supplemental table 3 AT LMD HNf-score DEHFHETE

HNf-score [ESha R 7 DNA HXERDEEMIZE WL TIREZRLT=,

Avg StdDev Max Min UniqueCount | UniqueCount
o (HNf1.5) | (HNf1.5) | (HNf1.5) | (HNf1.5) (transcript) | (gene)
chrl -4.36 28.41 263 -246 25737 3080
chr2 -3.2 27.44 272 -175 19941 2183
chr3 -3.64 27.66 300 -156 16450 1723
chrd -3.14 26.11 275 -157 10762 1265
chrb -3.74 28 220 -169 12744 1533
chré -2.52 26.78 321 -176 14168 1778
chr7 -4.27 27.75 309 -149 12723 1516
chr8 -2.79 28.6 265 -248 9983 1171
chr9 -3.71 27.61 257 -148 10124 1218
chrl0 -1.98 29.77 301 -149 10457 1244
chrll -3.85 27.92 267 -187 16230 1664
chrl? -4 27.96 238 -147 15532 1643
chrl3 -4.15 24.77 161 -136 4748 631
chrl4d -4.14 26.69 246 -140 9596 1141
chrlb -3.4 26.94 175 -148 8819 988
chrl6 -6.86 29.79 233 -188 11596 1267
chrl7 -5.07 29.86 237 -175 16322 1746
chrl8 -2.81 23.96 135 -132 4417 509
chrl9 -2.28 27.48 250 -157 17788 1983
chr20 -3.69 28.15 195 -200 6810 888
chr2l -1.25 28.46 168 -160 3167 378




chr22 -4.51 28.38 194 -174 6064 729
chrX -2.15 24.92 228 -151 8276 1057
chrY -0.61 12.98 51 -63 269 a7
chrM -98.18 64.55 68 -245 54 34
(Empty) -13.66 33.47 49 -128 76 0
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Up 200 gene
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