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Read mapping ¥ Cufflinks Z2 1 Eofl transcript assembly 22 21g85tRSLICE 1 A2 Laf2l
transcript0j| CHal 2 MEHZ expression profile 22 ¥ 1, transcript/genes 7|22 & read count,
FPKM (Fragment per Kilobase of transcript per Million mapped reads), TPM(Transcripts Per Kilobase
Million) ¢S H2[SIASLICE

0| 2t2 0|83t 25 H| w23} (TEST_vs_CTRL) 0| CH3 DESeq22 0| 235t0 DEG(Differentially Expressed
Genes) =42 2ASIAL, F IE AP Lolst= RUAE MESH| 2/5tH [fc|)=2 & nbinomWaldTest raw
p-value(0.05 & TF3l= gene 2,88671HE FE3tASLICE

% 4= [2lst gene2 &2 2 hierarchical clustering (distance metric = Euclidean distance, linkage
method = complete) 242 Sall Zt ME2| geneE Ud I{THL| FAMY =& 0| 8310 YE 1EE, gene’E 1E3}HE
YEE AlZt2teto] LIEHH 2 ALCE
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Heat map of the two-way Hlerarchical Clustering
Color Key using Z-score for normalized value (log2 based)
(2,886 genes satisfying with fc2 & raw.p)
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1% 8. RNA Sequencing Experiment Workflow

Nat Rev Genet. 2011 Sep 7;12(10):671-82

1) MEMZ EE 232) 2 2E| Total RNAS isolation ZHLICt.

]

2) DNaseZ 0|83} DNA contaminations M| HgLICt.

3) libraryA|2f tHA| =2 = 20tial & RNA ZF0 w2t kitS M= 8iL|Ct poly-Atailo] A= mRNAS ez H &
A2 mRNA purification kitE, mRNA %2t OtL|2} non-coding RNA(lincRNA §) & = 3.:..3_ total RNAE CHAC 2
A7 & A2 ribo-zero rRNA removal kitZ 0|23+0{ RNAS ZA|&tL|Ct.

4) HHE RNAE short read2 Al#42 5t7| 215l randomdtA| fragmentation AIZiLICH.
5) ZA 27121 RNA fragmenti| Cisl reverse transcription 2t4S S5l cDNAZ HSL|CE.
6) 2H=0{2! cDNA fragment & 2 Z0f| M2 CH2 adapterE £0|1 0| ligation SLLCH.

7) sequencingO| 7H53t HE0| YO 2 PCR ZE A|7l % size selection2td e
SHESILICE Paired-end sequencing® 4, cDNA fragment?| &% LTt
sequencingO| EL|Ct.

£45l 200-400 bp2| insert size &
O 282 read?| lengthZtZ
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12 9. Analysis Workflow

1) A2AE Eoll @012 raw reads?| quality control 2412 ZIHBHLCE M| 242! read?| quality?} total bases,
total reads, GC(%) & 7|2 SAIZIE MLt

2) &M A19| biasE £0|7| fl5ll low-qualityE 7+A|7Lt adaptor sequence, contaminant DNA, PCR
duplicates®t Z+2 artifacts2 M| 7{5H= 22| 2+4S AHZILICH

3) MA2| 2}HS 72l readsE TopHat ZE21HS 0| 8310 reference genomelil mappingst £, aligned reads&
AASH |C},
ocood

4) reference 7|9t5t aligned reads2| 42 Z 0|235t0{ Cufflinks Z212S E5t transcript (S22 Z2I#EHLCE
O] 2pHofl A 2242l transcripts 2! novel transcripts, alternative splicing transcriptsof| Ci$t 42 E AAHst 4
Ol *l__||:|-

AMH .

5) 2t ME9| transcript quantification2 Sslf €2 YWZS read countlt transcript length 2 depth of
coverageE 11248t normalization 242! FPKM (Fragments Per Kilobase of transcript per Million mapped
reads) /RPKM (Reads Per Kilobase of transcript per Million mapped reads) Zt2f TPM (Transcripts Per
Kilobase Million) 2t2.£ expression profileZ F&&LIC}.

6) 20| LHE & I ol¢o| &diats SAXQ 7t
AL CH

i

Sot04 2} 235t

F|F

FUAL E= transcripts&

7) LM U= %’ﬂlf HEI U= 42, A WS RHAE Y22 GO Y KEGG databaseE 7|8tk functional
annotation & gene-set enrlchment analysis& Z2I4gtLCt.

8) RNA-seq H|O|E{0{A{2] SNV calling, STARE reads& genomic DNA referenced|| mappingst £, Mark

A~ - -
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duplication & sort 242 7ZILICt. 1 0]% Split ‘N’ Trim 2! mapping quality reassignment, Indel
realignment, base recalibration 2t¥& &35t0 4 7158t mapped readsE ZHSLICt. 0|27 data
cleanup2td S A2l readss2 &2 £ haplotype callerE 0|25}0q variant calling= ZIg4&HL|Ct.

—od

https://www.broadinstitute.org/gatk/guide/best-practices? bpm=RNAseq

9) Defuse, FusionCatcher, Arriba Z2 1# 2 AF23510] 8832 A (fusion gene) & G| &Lt
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3. M HoJE] 29

3.1.Raw H[O|E{ 7|2 &A

|2

(B 2! result_RNAseq/Analysis_statistics/raw_throughput.txt 2f11)

o|25}4l 6 A

MMZ0f| CHSH transcriptome raw datall &

210
=
E|e
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0[, read ==, GC(%), Q20(%), Q30(%) YLICt. IE

=0{, MG_CTRL_1 ¥E2 66,947,992} reads7} 44 H, & Z20[2| 22 6.8G bp= MAL|ASLICE GC
content(%)7t47.97%%R2H, €7| 22 ¥4 30014E 2= 7|2 HIE(Q30, %) 95.36% 2 LIEHHELILCE
H 1. Raw data SAIA|
Sampleid Total read bases* Total reads GC(%) Q20(%) Q30(%)

MG_CTRL_1 6,761,747,192 66,947,992 47.97 98.49 95.36
MG_CTRL_2 6,538,936,142 64,741,942 48.13 98.41 95.2
MG_CTRL_3 7,510,790,462 74,364,262 48.43 98.38 95.13
MG_TEST_1 8,009,813,686 79,305,086 49.32 98.26 94.87
MG_TEST_2 6,347,729,608 62,848,308 48.91 98.45 95.31
MG_TEST_3 7,216,968,938 71,455,138 49.71 98.49 95.36

(* Total read bases = Total reads x Read length 2 #|4+E!)
Total read bases: 24| A|21d &l €7(|9] &

Total reads: 24| read?| =
GC(%): GC &tzF

Q20(%): Phred quality score 20 0|42
Q30(%): Phred quality score 30 0|2

=
=

Al

=
Al
=

k=1
=
k=1
=
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3.2. 0|2 B F7|E%

(B E: result_RNAseq/Analysis_statistics/rawData/A_fastqc/ &f11)

UrH0 2 MAEILO[E(0| EL 2 7|0 TS B2 4 (phred quality score) 2 HIEFEILICE, FastQC &
AFE5101 MOIZE TR 97| B YA BROE BHz0f & 4 YL
J2mo| x 22 AJO|2 S, y 2 TS B H4E HOIBLICL Da|E B W4 20 2 99% YHEE LT,
UFHO 2 20 O[40| B B Y48 7HIH 0| YSBICH & 4 UYBLIC

@I http://www.bioinformatics.babraham.ac.uk/projects/fastqc

Quality scores across all bases (Sanger /lllumina 1.8 encoding)

12345678% 11 13 15 17 12 21 23 25 27 2% 31 33 35 37 3% 41 43 45 47 4% 51 53 55 57 52 61 63 65 67 6% 71 73 75 77 72 81 83 85 87 8% 91 93 95 97 9% 101
Position in read {bp}

% 10. MG_CTRL_1 (read1)2| AO|2E Ed 7| &

quality scores across all bases (sanger / lumina 1.9 encoding)

123456789 11 13 15 17 18 21 23 25 27 29 3l 33 35 37 32 41 43 45 47 48 51 53 55 57 59 61 63 65 67 69 71 73 75 77 72 81 83 85 87 89 91 93 95 97 99 101
Position in read {bp}

JZ 1. MG_CTRL_1 (read2) 2| AtO| 2E Hd F7| &

e Yellow box: Af0|3 7| £2 H49|interquartile range (25-75%)& LIEHH,
® Redline: AO|2E F7| 22 Ao SY U

o Blue line: AlO| 2 ?:.“7| AP G Y

e Green background: 245t 222 LIEM.

e Orange background: ¥&gt Z2S LIEHH

e Red background: L1 ZEZIZ LIEHA.
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3. 3. Trimming H|O|E{ 7| = SA|A]|

(d=: result_RNAseq/Analysis_statistics/trim_throughput.txt 2F11)

2M0j| £017}7| A, Trimmomatic Z2 1S £5}0{ adapter sequence H|75t1, reads?| ends 2 K
base quality 3 0|22l bases?}t £210|Y 2= trim7|# 2 2 window size=4, mean quality=15Z Z+Z&513]
OtO™ basesE H|EILICE 11 &, min length=36 bp 2Lt #2 readsE H|7{5t= HAE AHA trimmed datas
WMot SLICE

¥ 2. Trimmed Data 4|

Sampleid Total read bases Total reads GC(%) Q20(%) Q30(%)
MG_CTRL_1 6,649,641,185 66,167,454 47.98 98.88 95.92
MG_CTRL_2 6,420,603,246 63,918,246 48.15 98.83 95.8
MG_CTRL_3 7,372,930,453 73,393,434 48.44 98.82 95.75
MG_TEST_1 7,846,601,127 78,155,316 49.33 98.73 95.55
MG_TEST_2 6,237,415,963 62,086,894 48.93 98.86 95.89
MG_TEST_3 7,098,103,937 70,627,636 49.72 98.87 95.91

Total read bases: Trimming &, 24| A|ZA =l 79| &
Total reads: Trimming £, 44| read?| =
GC(%): GC at&F

e Q20(%): Phred quality score 20 0| 42| EZ8 Z= &7|9| H|E
e Q30(%): Phred quality score 30 O|&e| 2212 ZH= &7|9| H|E

C R
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3. 4. Trimming & Al0|2E B G7|52

(ZBE: result_RNAseq/Analysis_statistics/trimmedData/A_fastqc/ 1)

a% 12, 238 132 trimming HAIE 712l = A0| 228 Ea G7| F2S HEHLIC.

Quality seores across all bases (Sanger / lumina 1.9 encoding!

123456789 11 13 15 17 1% 21 23 25 27 2% 31 33 35 37 3% 41 43 45 47 4% 51 53 55 57 53 81 83 65 87 6% 71 73 75 77 7% 81 83 85 87 83 91 93 35 97 92 101
Position in read (bp)

J& 12. Trimming & MG_CTRL_1 (read1)2| AlO| 2 = &7| &2

Quality scores across al bases (Sanger / llumina 1.9 enceding?

123436789 11 13 15 17 12 21 23 25 27 2% 31 33 35 37 32 41 43 45 47 49 51 53 55 57 52 61 63 65 67 6% 71 73 75 77 79 81 83 85 87 83 01 03 95 97 02 101
Position in read tbp}

3 13. Trimming & MG_CTRL_1 (read2) 2| AlO|2'E E# E7| &

Yellow box: Af0|3tﬁ 7| £2 H49|interquartile range (25-75%)& LIEHH
Red line: AfO| 2 &7| 22 A+

Blue line: AfO|2E ?:.”'7| =22
Green background: 245t 222 LIEHH.
Orange background: &S5t EZIS LIEHH.
Red background: L} Z21S LIEHH,
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4. A 7|5t B U AR OS] 2t
4. 1. W HIoje] SAA|

(B 2! result_RNAseq/Analysis_statistics/mapping.tophat.stats.txt 1)

RNA-seq A2 SoliA B2 cDNA fragmentE M 517 2/5 genomic DNA reference (GRCh38)2
Ar235HELICE Of2 = Bowtie2 alignerE £35104 spliced read mapping 2|7t 7t538t TopHat Z2 330 2
mappingst SA| ZutULICt 2 MEE read, read22| processed read 7i14=, mapped read 7=, multiple

mapped read 74 2! overall read mapping ratioZ 291 14! 4= QU&LICH.

H 3. Mapped Data E712|

Sample ID # of processed reads # of mappedreads  # of failed to align # of multiple
reads mapped reads
MG_CTRL_1 66,167,454 64,779,936 1,387,518 2,003,840
(97.9%) (2.1%) (3.1%)
MG_CTRL_2 63,918,246 62,521,403 1,396,843 1,962,913
(97.8%) (2.2%) (3.1%)
MG_CTRL_3 73,393,434 71,740,691 1,652,743 2,365,013
(97.7%) (2.3%) (3.3%)
MG_TEST_1 78,155,316 76,171,999 1,983,317 2,163,176
(97.5%) (2.5%) (2.8%)
MG_TEST_2 62,086,894 60,551,614 1,535,280 1,762,387
(97.5%) (2.5%) (2.9%)
MG_TEST_3 70,627,636 69,138,148 1,489,488 1,888,886
(97.9%) (2.1%) (2.7%)

e # of processed reads: Trimming % cleaned read
e # of mapped reads: Reference0f| mapping=! read
e # of multiple mapped reads: Multiple mapped read <
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Cufflinks =271

USLICL OS2 =

2 E:
o=

2 F=

E£510] reference gene modelS At23H 7|20]| 2212l gene/transcriptE o{dlE2]| & 4
, i transcripte] abundance ¥
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2 read count?} within sample normalized value!

FPKM (Fragments Per Kilobase of transcript per Million mapped reads) 222 Walzs 4+ AUSLICE

4. 2. 1. Known Transcript

HIS:
A

7k

= =%
T=

(B E: result_RNAseq/Expression_profile/Cufflinks/
Expression_Profile.GRCh38.transcript.xlsx &11)

H 4= 7|20 L2242 transcript] CHet HE B LS LIEHH O|A] ZatLICE 0] Z2b= Cufflinks2| -
=& 0|83l novel transcript assemblyE 112{3}A| 211, reference annotation based transcript (RABT)
HEAS 22510 7|20]| L2{2 transcripte| Y3 ZtS 225 A0S LIEPHL|CE

H 4. Known transcripts 2| &&z} (GllA])
T ipt_ID G ID | Gi Symbol Descripti T ipt_L T ipt_Length - o AM_FPKM | BM_FPKM
ranscript_| ene_| ene_Symbol escription ranscript_Locus Encaptlength [ e R ount _| _|

NM_001101 B0|ACTB actin beta chr7.5566778-5570232 1812 101378 144745 1009.54 1362.35
NM_004301 86|ACTLBA actin like 6A, transcript variant 1 chr3:179280667-1793061 1898 1125 2304 10.427 20.3277
NM_001130004 87|ACTN1 actinin alpha 1, transcript variant 1 chr14:69340839-6944608 379 27 120 0.129273 0.548208
NM_001130005 87|ACTN1 actinin alpha 1, transcript variant 3 chr14:69340839-6944608 3710} 75 49 0.368167 0.226404
NM_001102 87|ACTN1 actinin alpha 1, transcript variant 2 chr14:69340839-6944608 3725 19342 25769 94.5861 120.143
NM_001258371 89|ACTN3 actinin alpha 3 (gene/pseudogene), trangchr11.66313865-6633080) 3087 1 1] 4.19515E-05| 3.80965E-05
NR 047663 89|ACTN3 Homo sapiens actinin alpha 3 (gene/pse|chr1.66314311-6633080) 2939 21 11 0.124547 0.0600351
NM_001105 90|ACVR1 activin A receptor type 1. transcript variajchr2:158592957-1587 316 3045 1 1| 8.08978E-10| 4.14288E-08
NM_001111067 90|ACVR1 activin A receptor type 1. transcript varélchrZ 158592957-1587323| 2864 539 380, 3.31363 2.31123
NM_000020 94|ACVRL1 activin A receptor like type 1, transcript v{chr12:52301201-5231714] 4263 1 1 0.00007053] 8.00872E-06
NM_001077401 94|ACVRL1 activin A receptor like type 1, transcript v|chr12:52306112-5231714] 4126 28 34 0.113084 0.133785
NM_000666 95|ACY1 aminoacylase 1, transcript variant 1 chr3:52017299-52023218 1678 203 330} 211537 3.32206
NM_001198897 95|ACY1 aminoacylase 1, transcript variant 4 chr3:52017299-52023218| 1483 20 1 0.225968| 1.21107E-11
NM_001198898 95|ACY1 aminoacylase 1, transcript variant § chr3:52017299-52023218| 1573 50 63 0.555338 0.673857
NM_001198895 95|ACY1 aminoacylase 1, transcript variant 2 chr3:52017299-52023218| 1673 1 1| 2.53292E-05| B8.57631E-05
NM_001198896 95|ACY1 aminoacylase 1, transcript variant 3 chr3:52017299-52023218| 1462 1 1| 4.79615E-12] 8.87341E-23
NR_126393 97|ACYP1 acylphosphatase 1, transcript variant 2 _|chr14:75519927-7553075) 702 1 11]  1.70328E-19 0.260103

® Transcript_ID: Splicing variant (isoform/transcript) &

® Gene_|D: FMAI2| 0|

® Gene_Symbol: RHAe| LHHO| S

® Gene_Description: F22j2| 4H

[ ]

Transcript_Locus: Genome0|A Trancript2| ${2|

e Transcript_Length: TranscrithI Z IO|
e [Sample Name] _Read_Count: MZ ¥ read count
e [Sample Name] _FPKM: & ¥ FPKM (normalized value)
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4. 2. 2. Known Gene Waigt &

(A2 result_RNAseq/Expression_profile/Cufflinks/
Expression_Profile. GRCh38.gene.xIsx 211)

T KL O A= =] ZIS % o Sf AH= H
B S5& FUAL T2 ME E LIS Yl oAl 2t LTt 7|20 2242 transcriptdf] Lt HE &
= o S5 . o = =
WSS genettl 2 &5t Z1t0|H, Cufflinks2| -G &412 0|&45H novel transcript assemblyE 12{5tA|
. o = == A
o+1, reference annotation based transcript (RABT) A2 2 2510] 2135t &LICH
5. Known gene 2| 2317} (0f|A])
Gene_ID Transcript_ID Gene_Symbol Description (L o AM_FPKM | BM_FPKM
- Pt ==Y P Read_Count | Read_Count - -
27[NM_001136000,NM_001136001,NM_001]ABL2 ABL proto-oncogene 2, non-receptor tyrosine 5145 6735 7.836987 9.9130971
28|NM_020469 ABO ABO, alpha 1-3-N-acetylgalactosaminyltransfg 3 4 0.024827 0.0481101
37|NM_000018,NM_001033859,NM_001270{ACADVL acyl-CoA dehydrogenase. very long chain 26094 26688) 200.835542| 195.690048
38|NM_000019 ACAT1 Ecety\-CoA acetyltransferase 1 1042 3566 8.56795 27.8635
39|NM_001303253,NM_005831 ACAT2 acetyl-CoA acetyltransferase 2 933 1427 10.457377 15.259281
40[NM_001094, NM_183377 ASIC2 acid sensing ion channel subunit 2 4 0] 0.013597848 0
172|NR_003226 NR_003227 NR_003228 AFG3L1P AFG3 like matrix AAA peptidase subunit 1, pse 681 858 4.219935 3.9538
173|NM_001133 AFM afamin 0] 3 0] 0.0183909
174|NM_001134 AFP alpha fetoprotein 3 0] 0.0185118 0]
175|NM 000027 NM 001171988,NR_033655|AGA aspartylglucosaminidase 251 284| 2.082699679 2.2293071
176{NM 001135 NM 013227 ACAN aggrecan 9 4] 0.016414383) 0.003922265
177|NM_001136,NM_001208929,NM_001206JAGER advanced glycosylation end-product specific r 3120, 2956| 33.65818658) 30.51683042
178|NM_000028 NM_000642,NM_000843 NMJAGL amylo-alpha-1, 6-glucosidase, 4-alpha-glucan 4866 3634 1158945114 8.23442508
181|NM_001138 AGRP agouti related neuropeptide 0 0 0 0
182|NM_000214 JAG1 agged 1 859 691 2.52453 1.94234
183[NM_000029 AGT angiotensinogen 3 0 0.0143218 0
185[NM_000685,NM 004835 NM 009585 NMJAGTR1 |angiotensin Il receptor type 1 0 0 0 0

e Gene_ID: R 0|5

e Transcript_ID: Splicing variant (isoform/transcript) Tt|
e Gene_Symbol: 22| LHEO|E

e Gene_Description: §742to| 4

e [Sample Name] _Read_Count: & & read count

e [Sample Name] _FPKM: ¥Z & FPKM (normalized value)
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4. 3. Novel Transcript / Alternative Splicing Transcript 0=

Novel transcript?} novel alternative splicing transcript& 0l£5t7| 2I5| Cufflinkse| -g M2
A= 0| mapping ZI2 transcripte| assembleg 712 2
ZAnt2 cuffmergeE 0|25t0 annotation (GTFIIY) 2 &2l & known / novel transcript0i| CH3H 2 MEH
4! novel transcript| YERE F2517| 2l5H cuffcompare
B, 1 Z24= transcriptS Of2 E 63} 20| class codeS £045}0{ 7|Z annotation ¥

olg Hasio

Z
=]

Z2OHS 0|83

novel transcript2| Et2S &5

S Z7FS AL 4= UELICE 7] & annotationZte| H| 12 2

RELct.

H 6. Novel splicing alternative transcript2| class code &%

complete match of intron chain
,.A"-

contained in reference (and intron

c isoform compatible)

N

containment of reference (reverse

k containment)
—

—— ;- 7 J—— --

at least one junction match
j _\ = —‘ ,-__7‘“ —

intron match on the opposite strand
s (likely @ mapping error)

exonic overlap on the opposite strand
(like ‘o’ or ‘@’ but on the opposite strand)

—— T —

fully contained in a reference intron

y contains a reference within its intron(s)

MACROGEN NGS SERVICE
Research use only

o

r

gH4g 0|83 2t

AIHSIESLICE ZF ME9| assembleZl annotation

single exon, overlapping intron, possibly

pre-mRNA fragment (unspliced intron)

other same strand overlap with

reference exons

——
possible polymerase run-on (no actual

overlap)
ey ———

repeat (at least 50% bases soft-masked)

none of the above (unknown, intergenic)



Humanizing Genomics

macrogen

4. 3. 1. Known/Novel Transcript 0f|2 ! W3igt =

(B2 result_RNAseq/Novel_transcript_analysis/Cufflinks/
Expression_Profile_with_Novel. GRCh38.transcript.xlsx &11)

(@)

| Z1+= known transcript, novel transcript, novel alternative splicing transcript0i| CH5t0{ 2 S

LIS Yot ZALICH

H 7+ CufflinksE 0| 2310 7|20f 2242 transcript % novel 2 0| &=l transcript0il CHSH ME 8 UHUS
LIEHH 01|A| HALICE 07]1M novel geneO| U2 A2 Cufflinks Z2IH| A= 0] “XLOC_xxxxxx” 2 A|
Gene IDE F0{5t11, novel transcriptLt alternative splicing transcript?t U2 Z4<20l= MZ& Transcript
IDQ! TCONS_yyyyyyyy E A ID7} 2O =M ZF transcript OFCH transcript locus, length, class code,
read count, FPKM Zt2 &1 & 4~ QUELICt.

7. Known/Novel transcript &3Zf (Gi|Al)

. i Transcript Trancript AM BM
Transcript_ID Gene_ID | Gene_Symbol Description ‘ Locus Length Class_Code Read_Count | Read_Count AM_FPKM BM_FPKM
NM_001297778 64802 |NMNAT 1 nicotinamide nucleotide adenylylranchr1:10002980-100455) 3796|= 1 1| 276598E-05| 270542E-05
NM_001297779 84802 NMINAT 1 nicotinamide nucleotide adenylyltranchr1:10003485-100418| 1094|= 48 66 0.799571 1.062
NM_022787 84802 |NMNAT 1 nicotinamide nucleotide adenylyliran chri:10003485-100455 3r8i|= 582 843 2.82687 3.00007
TCONS_00000309 64802|NMNAT1 nicotinamide nucleotide adenylyttranchr1:10003603-100457 3986)j 96 48 0.442326 0.212003
TCONS_00000027 XLOC_0000]. - chr1:1000700-1002767] 2067|u 342 438 297671 3.59819
NM_ 017734 54873|PALMD palmdelphin chr1:100111430-10016 2578|= 5| 2 0.0270185 0.0138501
TCONS_00002121 54873|PALMD palmdeiphin chr1:100111430-10017] 1281 1 0] 0.00360962 0
TCONS_00006694 391059|FRRS1 ferric chelate reductase 1 chr1:100136716-10023 4070) 676 518 2.96286 2.13587
NR_037516 100500863 |MIR548AA1 microRNA 548aa-1 chr1:100154610-10017] 4= 0 0 0 0
TCONS 00006695 391069|FRRS1 ferric chelate reductase 1 chr1:100168981-10023 7983 779 1182 1.74064 2 49467
NM_001013660 391059‘FRRS1 ferric chelate reductase 1 chr1:100174268-10023 2678|= 322 187 214266 0.98449
NR_049882 10084705ﬂMR5697 microRNA 5697 chr1:10027438-100275) 8= 0 0 0 0
TCONS_00008992 XLOC_0026]. - chr1:1002858-1003976) 1118[u 83 126 1.3243 1.92859
NI_000642 178|AGL amylo-alpha-1, 6-glucosidase, 4-alp|chr1:100315639-10038) 7371)= 4604 3525 10.9625 7.98643
TCONS 00002123 178|AGL amylo-alpha-1, B-glucosidase, 4-alp|chr1:100315639-10038 7997] 56| 48 0.121196 0.0986665
NI_000643 178|AGL amylo-alpha-1, E-glucosidase, 4-alp|chr1:100316044-10038 7169|= 1 1] 1.44458E-05| 8.71369E-06
NI_000028 178|AGL amylo-alpha-1, 6-glucosidase, 4-alp|chr1:100316044-10038 7449|= 62 1 0.145269| 4.02099E-05

e Transcript_ID: Splicing variant (isoform/transcript) &
e Gene_ID: R2t9| 0|5

e Gene_Symbol: RZZte| LEO|E

e Gene_Description: §72to| M

e Transcript_Locus: Genome0i|A trancript2| £/

e Transcript_Length: Transcript2| Z0|

e (Class_Code: Transcript IDO]| [[}Z class code (# 6 &%)

e [Sample Name] _Read_Count: & & read count

e [Sample Name] _FPKM: #Z & FPKM (normalized value)

N NG QFRVICFE
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4. 3. 2. Known/Novel Gene 0j|2 & 2i5igt &

(B2 result_RNAseq/Novel_transcript_analysis/Cufflinks/
Expression_Profile_with_Novel. GRCh38.gene.xIsx &11)

(@)

| Z1t= known transcript, novel transcript, novel alternative splicing transcript0i| CH5+0{ 2+ MEH

LUAUS gene level 2 H2|ot ZIQILICE

=

rOIl

H 8= CufflinksE 0| 2310 7|20f 2242l gene % novel 2 0| 2=l genedj| CHSH ME H LUHIS LIEHH Of|A|
A0tRIL|CE, 07| M novel genel| 2 A< Cufflinks Z2 1| M= 0|2 “XLOC_xxxxxx” 2 YUA| Gene IDE
F045t1, novel transcriptLt alternative splicing transcript7t %2 4<0ll= MZ& Transcript ID2!
“TCONS_yyyyyyyy” 2 UA| ID7} £0{=|H Zt gened]| [[F2 Transcript ID2t gene_symbol, transcript® class
code, MZ ¥ read count@t FPKM Z+2 &1 &t 4= QI&LCt,

i 1

# 8. Known/Novel gene 251} (GIA])

. . AM BM
Gene_|D Transcript_ID Gene_Symbol Description Class_Code Read_Count | Read_Count AM_FPKM BM_FPKM

1|NM_130786, TCONS_00047533 A1BG alpha-1-B glycoprotein =j 195 134 0.69357 0.4502962

2/NM 000014 NM 001347423 NM_0013A2M alpha-2-macroglobulin ====jj 0 7 0] 0.007631116

3|NR_040112 AZMP1 alpha-2-macroglobulin pseudoge = 0 0 0] 0

9|NM_000662 NIM_001160170,NM_001{NAT1 N-acetyltransferase 1 =======7 58 121] 0.396796035 0.982973461
10]NM_000015 NAT2 N-acetyltransferase 2 = 2 0 0.0303151 0
XLOC_000011 |TCONS_00000024, TCONS_0000002|. uuuu 1065 1315] 5.14250025( 6.07279804
12|NM_001085 SERPINA3 serpin family A member 3 = 0 3 0] 0.0238443
13|NM_001086 AADAC arylacetamide deacetylase = 0 5 0] 0.0471377
14|NM_001087 NM_001302545 AAMP angio associated migratory cell g== 5650 1792 54.62937 71.39462
15[NM_001088 NIM_001166579,NR_1105AANAT aralkylamine N-acetyltransferase== = ] 24 26| 0.277158678| 0.225565462
16|NM_001605 AARS alanyl-RNA synthetase = 17643 26056 92.6467 130.121
XLOC_000017 |TCONS_00000038 . u 127 366 0.992825 2.82578
XLOC 000018 |TCONS 00000039, TCONS 0000004 . uuu 106 106| 1.491445406| 1.173963163
18[NM_000663,NM_001127448 NM_0206 ABAT 4-aminobutyrate aminotransferag=,=,=.jj 2161 1922 7.614496588 6.632409
19|NM_005502, TCONS 00088409 ABCA1 ATP binding cassette subfamily 4= 62 107| 0.099729045| 0.177826165
20|NM_001606,NM_212533. TCONS_000ABCAZ2 ATP binding cassette subfamily 4=,=]jj] 13632 13426 28.499237 26.862917
21|NM_001089, TCONS_00033835,TCOIABCA3 ATP binding cassette subfamily 4=} 918 1087 2653321 2.740275

e Gene_ID: 2At2| 0|5

e Transcript_ID: Splicing variant (isoform/transcript) &t<|
e Gene_Symbol: F2Ate| LHH#O|E

e Gene_Description: f2Afe| 4

® Class_Code: Transcript IDO]| [[}Z class code (# 6 &%)

e [Sample Name] _Read_Count: & & read count

e [Sample Name] _FPKM: ¥Z & FPKM (normalized value)
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(Z&: result_RNAseq/Novel_transcript_analysis/Cufflinks/Novel_transcript_list.xIsx 1)

0| Zit= 7|22 Y242l exonO|Lt genelf| W& £|Z| 9411, intergenic regiondi| M |0 novel transcript=2
0f|= =l ZatAL|C} B 92 known / novel transcript0ilZ Z1H0f| M class codeZt ‘u’ Q! list2he MEH50{ novel

transcript listitY 2 A2t ZotlL|ct.

H 9. Novel transcript 2| AE

(GilAl)

Transcript_ID TCONS_00000634 TCONS_00000957 TCONS_00002485 TCONS_00002500 TCONS_00002501
Gene_ID XLOC_000199 XLOC_000284 XLOC_000722 XLOC_000728 XLOC_000728
Transcript_Locus | chri:22482041-22484118 | chr1:32001255-32002175 | chr1:120150436-120158602 | chri:142804939-142810577 chr1:142805680-142827136
Trancript_Length 1902 920 8166 4875 2256
Strand + + + + +
Exon_Count 2 1 1 2 8
142805681,142810265,142812943,
Exon_Start 22482042,22483206 32001256 120150437 142805000, 142806244 142813101,142819266,142823389,
142824917 142826264
142806313,142810349,142812984,
Exon_End 22483030,22484118 32002175 120158602 142805540,142810577 142813293,142819336,142823552,
142825111,142827136
Class_Code u u u u u
AM_Read_Count 28 1 183 133 48
BM_Read_Count 19 10, 68 74 34
|AM_FPKM 0.259766 0.204279 0.405756 0.555787 0.4318
|BM_FPKM 0.155353 0.186772 0.139684 0.329609 0.322364
e Transcript_ID: 7|20 2| Z| AU M2 exon0| Z&HEl transcript®! A<, Cufflinks

L2 M=0IE

“TCONS_yyyyyyyy” 2 Al IDE £

Gene_ID: 7|&

of Z2AR|A|

otot
LS M -

0|& “XLOC_ xxxxxx” 2 A| IDE £20f

HEE

A=
=]

Transcript_Locus: Genome0i|A| Trancript2| ||
Transcript_Length: Transcript2| Z0|
Strand: Genomic region0|A{2] transcript2|
Exon_Count: i transcript2| exon 7

=1 =14

o o

=

FH0f| A EAH EfMSEgenel| U2 HR

Exon_Start, End: s transcript2| exon# start2} end2| position
Class_Code: Transcript IDO]| [[+Z class code (# 6 &%)

[Sample Name] _Read_Count:
[Sample Name] _FPKM:

H read count
FPKMZf (normalized value)

C CFRVICF
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4. 3. 4. Novel Alternative Splicing Transcript &2|

(B2 result_RNAseq/Novel_transcript_analysis/Cufflinks/Novel_splicing_variant_list.xIsx 1)

0| Z1t= known / novel transcript 0iZ Z2t0j|A] novel alternative splicing transcript (class code: 'j',
'c, ke, i, 0N, ', s, ) of| tHaH A2 22310 geneS 7 |E 2 = A &S ABp]L(Ct

Novel alternative splicing transcript= 7|22| 222l exon0fl ¥ &[] ¢ 1, M2 exon2 & 0| S E| ALt
7|2 transcriptt= CHEA| HEEl 22 E 712 transcriptE Y8HLICH B 102 ME2| of|A| 2 Cufflinks2]
Reference Annotation Based Transcript assembly (RABT) &AlS 28310 referencelt CHE novel
alternative splicing transcriptE EAi5t0{ &5t ZutE LIEFHLICE 712 245t geneS 7[R 2 ST El=
novel alternative splicing transcript?| start, transcript end, exon count, exon start, exon end position,
read count, FPKM, class code g2 &Q1 & 4= U&LICt.

H 10. Novel alternative splicing transcript 2| AE. (0f|A)

refGene_Name 43 48 49 81 54991
nearest_refTranscript_Name NM_001302621 NM_001278352 NW_001097 NIM_004924 NM_001330308
cuffGene_Name 43 48 49 81 54991
cuffTranscript_Name TCONS_00081480 TCONS_00087654 TCONS_00058856 TCONS_00046202 TCONS_00004599
Gene_Symbol ACHE ACO1 ACR ACTN4 Clorf159
et acetylcholinesterase . chromosome 1 open reading
Gene_Description (Cartwright blacd group) aconitase 1 acrosin actinin alpha 4 trame 159
Transcript_Locus chr7:100487424-100493754 | chr9:32407455-32417830 | chr22:51177917-51183858 | chr19:39190811-39220132 chr1:1016862-1051736
Trancript_Length 3709 3338 1412 20238 3804
Strand - - + - -
Exon_Count 4 3 3 2 9
1016863,1019861,1021258,

Exon_Start 1832:;;;2133::2;22 2;3%;:‘;;32“45““ gm;géf,ﬁﬂsmg, 39190812,39220085 1022519102282 1025733,

’ 1026852,1027371,1051440

1019763,1019886,1021392,

Exon_End lggjg?;%lgg:ggggj 223??2;3’32415804’ 21122322,51182\534, 39220001,39220132 1022584,1022977,1025808,

’ 1026945,1027483,1051736
Class_Code ] X ] X ]
AM_Read_Count 1 117 23 13888 186
BM_Read_Count 1 110 1 20048 332
AM_FPKM 0.000819272 0.60924 0.287372 8.59587 0.86336
BM_FPKM 9.09894E-05 0.555086 1.99817E-08 11.86836 1.47506

® Gene_ID: GenelD

e nearest_refGene_ID: Novel alternative splicing transcriptZ 6| 22l 220j| M 742 25t
FUAe| 01

e nearest_refTranscript_Name: Novel alternative splicing transcript?} 0|2 &l £ 20{|A 7+
&8t transcript ID

e cuffGene_Name: Cufflinks Z2 1A £04El genel| ID (“XLOC_xxxxxx” & F0{&)

e cuffTranscript_Name: Cufflinks Z21Z40f|A] 204 transcripte| ID (“TCONS_yyyyyyyy” 2
F0E)

e Gene_Symbol: 24t FMAL| HHO|E

® Gene_Description: 248t 42te| 4H

e Transcript_Locus: Genome0i|M Transcript2| %]

e Transcript_Length: Transcript2| Z0|

e Strand: Genomic region0| 2| transcript2| &gk

e Exon_Count: 3li'd transcript2| exon 74

e Exon_Start, End: 3i{ transcript2| exon's start2t end2| position

® (Class_Code: Transcript IDO]| [[}Z class code (# 6 &%)
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e [Sample Name] _Read_Count: ¥E ¥ read count
e [Sample Name] _FPKM: MZ & FPKM (normalized value)

MACROGEN NGS SERVICE
Research use only



5. Zl.gul-

Humanizing Genomics

macrogen

U =4 At
5.1. 24 HO|E| Z& el A

HALA ofdlE2| A2 ¢ known geneli| CHSH read count 242 7HA| 11, ME7H0| AfH Wl QMRS MESH=
Y-S ZIHRLCEH MR 2| 2t = 20| S0{7t7| A H|0|E{2] quality check, MZ7t normalization 244 S
2184511, biological replicatesO| 2 i ME 7t FAHE S 2101510{ H|O|E{ L 2| Of & mhofaiL|Ct.

—

Az

(ZB&: result_RNAseq/DEG_result/ [DataSet] /Analysis_Result.html 1)

5.1.1. MEFE L FA [zl

BME Q5 AF2SH MEL2 Z 6ME QIL|CH APNIGHME M U BM 232 Sample.Info.txt THYS 211
HFEfL|CY.

Index Sample.ID Sample.Group
1 MG_CTRL_1 CTRL
2 MG_CTRL_2 CTRL
3 MG_CTRL_3 CTRL
4 MG_TEST_1 TEST
5 MG_TEST_2 TEST
6 MG_TEST_3 TEST

=4 B2 gtat o e 2 eto)| thet SAIEA W2 of2tet 25U Ch

Index Test vs. Control

Statistical Method

1 TEST vs. CTRL

Fold Change, nbinomWaldTest using DESeq?2, Hierarchical Clustering

Research use On\ly
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5. 1. 2. H|0]E{ Quality Check

(2! result_RNAseq/DEG_result/ [DataSet] /Data Quality Check/ &t11)

Ztgene &, 13| 671 HZ0]M 20{ & St E 0|40l A 02! CounttE 7HAl= gene= A0l A A| 2/,
ek, & 46,4087 gene S0|A| 24,8407HE A2t 21,5687 genes 22 S E4AS 2dst

Distribution of genes with various number of zero Counts

24,840 genes with at least one zero Counts are excluded
leaving 21,568 genes to be analyzed.

30,000 —
W Paszs
W Filter
25,000 —
" 21,568
41}
5 20,000 —
o
5
° 15,000 — 14, 467
3]
fa]
E
= 10,000 —
5,008 3,251
1,823 1,566 1,602 2,131 -
o I s s B
2] 1 2 3 4 6

Number of zero Counts across samples

5.1. 3. HO[&] tHet 3 Hts}

MEZ7FH| 10| 2101 biological meaningd| &2 & = U= systematic biasE &0|7| $slf read count
dataS 0185101 size factor& S35+, 01F 0/:8510{ Relative Log Expression (RLE) normalization 2,
871248 UYYELICL (DESeq2R lbrary 018)

2 Ct. rlog transformation2 &4 Z40| '-*S £ gene/transcript0]| CH3H{A] HE 7tO| ZFOI Z|A3}
Sh= SHRILICE HA| count datag log2 scale2 HEISH F, library size factor2 normalization2

AetL|Ct ME 7t library size factore| 210|7t 2 0= rlog 4= 0185t= 20| H[O[Ef A|Zfatof| |2|3ICt
LA ASLIC

Q| logarithmzZtE-2 visualizationS LISHM 2 AL EILICY.

DESeq2E& 0|85t 4| 24 A|0ll= RLE normalized countE 0|-&35t0{ negative binomial Wald
Test(nbinomWaldTest) & 21845t &LICE

MACROGEN NGS SERVICE
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51.3.1.%

AHIZEH
EE

24

=2 [ X=2

Of2i= raw signal (read count)2f read count+12| Logarithm (based 2), RLE Normalization
Chsto] siE MEE UAUTEE LIEHNT| Il WERs, SYU, 25U E 2=, 75U 2=, 2T

0|_9_3|-0:|A|7|'1-|OE I%_d?_[-é) |-:LE_IOI|__I|:|.

. rlo
Raw data Logarithm 9
transformation
! 204« , 1 1 vl 079
1200000 | P AR Pl
1000000 { + | | | | Lo I IR R
A _As g W
oo =~ IS A e I
800008 ~ | ¢ i 1 ) s oo > Pl P
b e =
5 9
T T B 18 -
600000 -{ | | | | | ! 8 10 4 N
ol = o
oo g E
400000 { | | | | | | S £
54T S BRI
200000 { | | | | o1 A A
pd Ll Ll ill Ll el cOpP. ! .|
T T T T1 T T T T 1 T T T T T T
BRI AR R R
(e IR D BN R
oL I T o B o R B [ I O L B L R s R [l B R o R R L R
=EEEEEE E|E|E|EIEIEI EIE|E|EIE|EI
N [ D N e | = = =2 2 2 =
5.1. 3. 2. ME4 wsigt 22| Density Plot

Of2il= raw signal (read count)2f read count+12| Logarithm (based 2), RLE Normalization Zt0i|
CHoto] 2t MEE A2 Q1 eoigto| 225 ot =0f| Z0tE 7| /510 density PlotQ = LIEHH T QiL|Ct.

Raw data Logarithm
<
L
g B MG_CTRL_1 s B L_MG_CTRL_1
e O MG_CTRL_2 O L_MG_CTRL_2
2 @ MG_CTRL_3 o B L_MG_CTRL_Z
O MG_TEST_L - O L_MG_TEST_1
W MG_TEST_2 @ W L_MG_TEST_2Z
1. B MG_TEST_3 g W L_MG_TEST_3
T ©
< @
ol Fl
] g 2
c - s 2
g g 24
@
3| +
@ i
N °
' 8
e
t
o}
@
e | 4 o |
g bhr—77—7T—— s T T T T
© 200000 600000 1000000 Q 5 10 15 20
Count loga(Count +1)
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Z MEH, rlog transformed value & AF83t0] ME7F RAMY A& (Pearson’s coefficient, T|0j&
3t

dEA ) E 2IHEC2M s HEQ| MY RS 2AQILICE (Range: -1<r < 1) &2 Al=240] 10|
IPEeE AEL RAHY0| =SS 20[FLCt

| MZ0] thSt correlation matrixe= OF2HRt Z-&L|Ct.

Correlation Matrix for All Samples

1.668
N_MG_TEST_3 4

6.9%9
N_MG_TEST_2 4

N_MG_TEST_1 4 - 8.998

N_MG_CTRL_3 4 - 8.997

N_MG_CTRL_2
I 8.996

N_MG_CTRL_1 4
I 8.995

_14

N_MG_CTRL_1

N_MG_CTRL_2
N_MG_CTRL_3

N_MG_TEST_2 ~

N_MG_TEST_3

N_MG_TEST.
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5. 1. 5. /&3 & (Hierarchical Clustering) =4
2t MEY | rlog transformed value £ AHE3510{ OfTH ME7)|2| Ua A =7t FASHA| &5t
SHASLICE (Dlstance metric = Euclidean distance, Linkage method= Complete Linkage)
Hierarchical Clustering
(Euclidean Distance, Complete Linkage)
g | B CTRL
[ | |
= | |
| Q o
= 5 ;I
5. 1. 6. C}AHR = (MDS, Multidimensional Scaling)
Zt MZ4E, rlog transformed value £ AFE5H0{ MEZH FAME YES H._f%'%lf 27H°| ComponentE 0|25}0
22+ St &of| ®eAst A AULICE Outlier HE0]| A=A], ¢

ojs

Jtoh

191 8 4+ QUGLIEE,

MDS (Multidimensional Scaling)

20

10
2 e s N_MG TEST 3
Q _MG_CTRL_
“ N_MG_TEST 1
<
S0 TRL
o N,M%CTRL,Q ®cC
g TEST
c
o
2 N,MG,C%LJ.
8 N_MG_TEST 2

104

-204

-40 -20 0 20 40

Component 1 (84.9%)
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5.2.2j'8 &% |42 24 dat

o2} HH2 DEG(Differentially Expressed Genes) &4 &ME LIEFHL|CY,

1) Original Raw Data = Cufflinks -G option&3li &2 7|&2| &2{2l genesdf| Lt read countZts 4=
StASLC
® Rawdata
(Z2: result_RNAseq/Expression_profile/Cufflinks/
Expression_Profile. GRCh38.gene.xIsx &11)
: 46,408 genes, 6 samples

2) H|ojE] MA{2| & QC 2+H0|A low qualityE 7+A|= genesE filtering &, RLE normalizationS 2|85t &LICt.

® Processed data
(B =: result_RNAseq/DEG_result/ [DataSet] /data2.xIsx &F11)

: 21,568 genes, 6 samples

3) EAEM2 ZHH|w2E ¥ Fold Change, nbinomWaldTest using DESeq2& 0|25t &LICt.
ZAtE |fcl)=2 & nbinomWaldTest raw p-value(0.05 240 2 MEFIFELICE.

e Significant data
(B 2! result_RNAseq/DEG_result/DEG/data3_fc2_& raw.p.xlsx &11)

: 2,886 genes
4) |9|5t M2t 2| AE0| CHsH hierarchical clustering 2412 E5 2t QMAMEZ MEH QALY H=E
g2 fﬁmﬂ, 0]ofl tisl heatmap L' dendrogram@ & A| 2t 5t &LICE

e Hierarchical Clustering (Euclidean Distance, Complete Linkage)
(B2:result_RNAseq/DEG_result/ [DataSet] /Cluster image/ &f11)

5) S9lst S22t 2|AE| CHsl g:Profiler tool (https://biit.cs.ut.ee/gprofiler/) & 7|82 2 Gene Ontology
Enrichment &4 2I45tRELICt
data3 It Q| GO_stat, GO_genes sheetZ 211 HIZL|CY,

of2fel & Zup7t A SELICt.
e GO_stat
® GO_genes

6) Flgt F2 2| AE0 sh KEGG database (http://www.genome.jp/kegg/) & 7|222 gene-set
enrichment —E-@.% 2t A SLICt.
data3 OFU9| KEGG_stat, KEGG_genes sheetZ 211 HIZHL|CY,

otz2fe] 2 Zut7t A S-ELICt.

o KEGG_stat
o KEGG_genes

S KEGG_pathway.html It 2 KEGG enrichment analysis Z1t& &iQ15H 4~ QIELICE

MACROGEN NGS SERVICE
Research use only


https://biit.cs.ut.ee/gprofiler/
http://www.genome.jp/kegg/

) . .
Humanizing Genomics

macrogen

5.3. 218 &% {42 8 dut

(B =: result_RNAseq/DEG_result/ [DataSet] /Plots/ &f11)

ol

0|3 Resulte= fc2_& _raw.p, TEST_vs_CTRL 0f| Cigt Z 3} Of| A| LT},

r

5. 3. 1. Fold change 7|& up, down's Gene 7+

oflE H| 2§ fold change 7|22 2 up, down' gene 7H4-E LIEFHL|CY.

UP, DOWN regulated count

(|FC|>=2)
o uP
1,973 B DOWN
TEST/CTRL
1,413
| I | | | I
¢} 500 1080 1580 2080 2580

Count of genes

5. 3. 2. Fold Change ¥ p-value 7|& Up, Downs Gene 74

oflE H| . 28 fold change 2! p-valueZ|£2 2 {93t gene?| 7H4=E LIEFHLICE.

UP, DOWN regulated count
(|FC|>=2 & raw.p<0.05)

o up
1,729 | ® DoWN

TEST/CTRL
1,157

T T 1
500 1000 1500 2000

@

Count of genes
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= el 2L
8ol M 2t 12 normalized 24| £EZ LIEPHLICE,
Distribution of ExXpression Level between
TEST_vs_CTRL
W CTRL
| W TEST

g -
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Expression Level
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5. 3. 4. £ 1§7Hesigo] Volcano Plot

SifE Hl w287k &7k2| log2 fold change?t & 187 Yot H| w & S8l ==Fl p-valueE volcano
plotO 2 LIEHH J2IQiL|C},
(X2 log2 Fold change, YZ: -log10 p-value)

Volcano plot between
TEST_vs_CTRL

10.04 o

A ..‘
-}‘o':?-‘:j

7.5+

34

-

o
o

FC>=2 & raw.p<0.05
5.04

e FC<=-2 & raw.p<0.05

-logieraw.p-value
frod”

2.5+

0.0+

log, fold change
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5. 3.5. 2 Z&0f U= AP e f4AF #H9, MA Plot

T 0| wagte| Wr0o| =2HA control CHH|, test 1 E0i|A 2t0|7F UAAUT gened Q1517 | 215 MA
plot(XZ: mean of normalized counts, YZ: log2 Fold Change) 2 2 LIELLH A SLICE.

0l£ £01, fold change?t S51H7| 28f Of&f 2t0| LITEHE Bt ZHZL0] 2 =X0|A] 28l 04 240 L= 20|
HISH =2 20l 2t0]7t L= geneO| 412|40| =2 = UELICE

MA plot between
TEST_vs_CTRL

|FC|>=2
e |FC|>=2 & raw.p<0.05

log, fold change

0 5 10 15 20
log, basemean
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5. 3. 6. A28 3 (Hierarchical Clustering) £4]

(B2: result_RNAseq/DEG_result/ [DataSet] /Cluster image/ &11)

O[3t DEG 2| AEO0|| Ci5te] 2k ME29| gene'd 'UdiZk (rlog transformed value) 2 0| 8510{ Ld H =7}
b ME 2 genesE hierarchical clustering analysis (Euclidean Distance, Complete Linkage) &
E2I5t0 LHEHHASLICE.

Heat map of the two-way Hierarchical Clustering
Color Key using Z-score for normalized value (log2 based)
(2,886 genes satisfying with fc2 & raw.p)

MG_CTRL_3
MG_CTRL_2
MG_TEST_3
MG_TEST_2
MG_TEST_1
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5. 4. GO Enrichment £A

(B =: result_RNAseq/DEG_result/ [DataSet] /gprofiler/ 2t11)

g:Profiler = Gene Ontology, biological pathways &2| data source 0f| 7|25t Enrichment analysisE
Z3l8t= Tool YLt

GO 42 GOL| 37t4| category0f| tisto] 2IAE|RSLICE GO2| graph F+20] 3i{E5H= Ontology file %!
Annotation file (GO consortium0]| sist= 2t & reference DBY|A A|S5k= annotation, 2 Uniprot0ilA{

AHZ3H= multispecies annotation) & parsingdtt{ GO D2t ¢l gene =2 gene product, moleculeZ
e[S

- Link for the ontology documentation: http://geneontology.org/page/ontology-documentation
- Link for the ontology files: http://geneontology.org/page/download-ontology
- Link for the annotation files: http://geneontology.org/page/download-annotations

Enrichment £ Za}= of2fje] 27tA| SlEf| 2 DEGZAL} (data3-+*.xIsx THY) o] ZH A|E0| K2 =0 Ml ZElL|Ct.

e GO_stat
° GO_genes

MACROGEN NGS SERVICE
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5. 4. 1. GO_stat Sheet

term_idE 7|22 &, associationk|H}-= genelt test stat= He|5t ZutAL|Ct EX term_id7t s DEG

set2 0|83t enrichment 240 A Ot F2ISHZ|E AT E 4 USLICH

source | term_id term_name adjusted_p_value | term_size | query_size | ii ion_size | effective_domain_size

GO:CC |GO:0022626 |cytosolic ribosome 2.72198E-17 115 1921 50| 18797|6134, 6206, 6155, 6204, 6168, 200916,
GO:BP  |GO:0006614 |SRP-dependent cotranslational protein targeting to membrane 3.60328E-15 96 1824] 44] 17816(6134, 6206, 6155, 6204, 6168, 6747, 6
GO:MF |GO:0003735 |structural constituent of ribosome 1.32911E-14 170) 1860 59 18098|6134, 6206, 6155, 6204, 6168, 200916,
GO:BP |GO.0006613 |oi protein targeting to membrane 2.03613E-14 101 1824| 44| 17816(6134, 6206, 6155, 6204, 6168, 6747, 6
GO:MF |GO:0005198 |structural molecule activity 4.45523E-14 739 1860 151 18098(6134, 6206, 127294, 4586, 301, 3887,
GOBP |GO0045047 |protein targeting to ER 7.18306E-14 109 1824 a5 17818(6134, 6206, 6155, 5204, 6168, 6747, 6
GO:CC |GO:0044391 |ribosomal subunit 2.36014E-13 195 1921 61 18797(6134, 6206, 6155, 6204, 6168, 200916
GOBP |GO:0072599 |establishment of protein localization to endoplasmic reticulum 2.82077E-13 113 1824] a5 17816(6134, 6206, 6155, 6204, 6168, 6747, 6
GOBP |GO:0070972 |protein localizatien to reticulum 4.06119E-11 137] 1824 47| 17816(6134, 6206, 6155, 6204, 6168, 6747, 6
GO:CC |GO:0005840 |ribosome 1.34069E-10 246 1921 65 18797|6134, 6206, 6155, 6204, 6168, 200916,
GO:CC |GO:0022625 |cytosolic large ribosomal subunit 1.69728E-10 64 1921 29 18797(6134, 6155, 6168, 200916, 6167, 6161,
GOBP  |GO:0000184 |nuclear-transcribed mRNA catabolic process, nonsense-mediated decay 7.11348E-10 122 1824| 42 17816(6134, 6206, 6155, 6204, 6168, 6167, 6
GO:CC |GO:0044459 |plasma membrane part 1.34094E-09 2879 1921 400 18797[165829, 10326, 6405, 4283, 8322, 574:
GO:CC |GO:0071944 |cell periphery 1.8891E-09 5662 1921 709 18797(829, 165829, 10326, 23256, 6405, 428
GO:CC |GO:0005886 |plasma membrane 5.37824E-09 5539 1921 692 18797(165829, 10326, 23256, 6405, 4283, 50!
GO:CC |GO:0044444 |cytoplasmic part 5.37824E-09 9685 1921 1125 18797(6134, 829, 84532, 10326, 5332, 23256,
GO:CC |GO:0005737 |cytoplasm 5.47219E-09 11534 1921 1309 18797|6134, 829, 84532, 10326, 5332, 23256,
GOBP |GO:0009888 |tissue development 5.79564E-09 2068 1824 305 17316(6405, 5054, 8322, 5743, 144185, 1272
GOBP |GO:0006612 |protein targeting to membrane 5.95069E-09 195 1824] 54| 17816(6134, 6206, 6155, 6204, 6168, 6747, 5
GOBP |GO:0051179 |localization 1.23607E-08 6751 1824| 824 17816(6134, 829, 10326, 10734, 23256, 6405,
GO:CC |GO:1903561 |extracellular vesicle 1.65132E-08 2165 1921 309 18797(828, 5054, 10103, 2098, 9518, 4151, 4
GO:CC |GO:0043230 |extracellular organelle 1.66899E-08 2167| 1921 309 18797(829, 5054, 10103, 2098, 9518, 4151, 4!
GO:CC |GO:0044445 |cytosolic part 2.71585E-08 252 1921 60 18797(6134, 8206, 6155, 6204, 6168, 338321,
GOBP_|GO:0032501 |multicellular organismal process 3.22915E-08 7718 1824 922 17316[6134, 829, 6405, 5670, 5054, 7079, 83

source: Gene ontology2| 37l category Ex) GO:BP | GO:CC | GO:MF ...

term_id: ID for the enriched term/functional category

term_name: readable name for the enriched term

adjusted_p_value: Hypergeometric test & multiple testing correction (FDR) 22 E&E HHE
p-value

query_size: 3i'e data source (the functional category)0f| association=l unique DEG2| =
intersection_size: 3T term_id0i| associationE unique DEG2| &

term_size: M Species?| 24| Gene & slid term_id0i| associationE gene?| =
effective_domain_size: Z Species?| 4| Gene & 3 data source (the functional category)of|
associationel gene?| =

intersections: 3 term_id0i| association® DEG (£l#2 HZAE)
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5. 4. 2. GO_genes Sheet

GeneZ 7|2 =, associationEl term_id2t DEGEA A1

=2

term_id7t associationE|0{U=2|E fold change, p-value, volume, normalized value?} 22 stat}

AT 4 UL

Humanizing Genomics

macrogen

| statE 2|5t ZAALICE EX Genel {3t

source | term id term name | adjusted p value | intersection size | GeneID | TranscriptID | Gene Symbol | test/controlfc | test/ logCPM raw.pval | test/s bh.pval | N_control 1 | N_control 2| N test1 | N_test2

GO:CC |6O:0044424 |cytoplasmic part 5.37824E-09 1125[9 NM_000662, N NATL 2593577 0.965259| 1.66575E-06| 140133E-05| 1167645 0902212 1879864] 1926688)
GO:CC_|60:0005737 |cytoplasm 5.47219E-09 1309[9 NM_000662,NNATL 2593577 0.965259) 1.66575E-06| 140133E-05] 1167645 0902212 1879864] 19266838}
GO'BP_|6O:0070887 |celular response to cf 6.97255E-05 417]9 NM_000662,NNATL 2593577 0.965259) 1.66575E-06| 140133E-05 1167645 0.902212[ 1.879864] 1926688}
GO:BP_|GO:0050836 |response to stimulus 0.000405505 1045[9 NM_000662.NNATL 2.593577 0.965259| 1.66575E-06| 140133E-05] 1167645 0.902212[ 1.879864] 1.926688}
GO:CC_|G0:0005829 |cytosol 0078450245 563[9 NM_000662,N{NATL 2.593577 0.965259| 1.66575E-06| 140133E-05] 1167645 0.902212[ 1.879864] 1.926688}
60:CC_|60:0005622 |intracellular 0110987379 1522[9 NM_000662,NNATL 2.593577 0.965259| 1.66575E-06| 140133E-05] 1167645 0.902212[ 1.879864] 1.926688}
GO:MF_|GO:0004060 [arylamine N-acefylira 0573292063 1[8 NM_000662,NNATL 2593577 OQESZE' 1.66575E-06| 140133E-05 1167645 0.902212] 1.879864] 1925@‘
GO:CC_|GO:0005575 |cellular_component. 1 1921[0 NM_000662,NNATL 2503577 0.065250| 1.66575E-06| 140133E-05| 1167645 0.002212[ 1879864] 1026638}
GO:BP |GO:0008150 |biological_process 1 1824[9 NM_000662, N NATL 2.593577] 0.965259| 1.66575E-06| 1401336-05] 1167645 0.002212[ 1.879864] 1026638}
GO:CC |GO:0044459 |plasma membrane pa| 1.34094E-09 40024 NM_000350 [ABCA4 -8.936138| 3.797432) 14729E-62| 6.80076E-60] 4626002 4764920 1.879864] 1961991
GO:CC |GO:0071944 [cell periphery 18891E-09 709[24 NM_000350 [ABCA4 -8.936138| 3.797432) 14729E-62| 6.80076E-60] 4626002 4764920 1.879864] 1961991
GO:CC_[60:0016020 |membrane 0.000132828 1085[24 NM_000350 [ABCA4 -8.936138| 3797432 14729E-62| 6.80976E-60] 4626902 4764929 1879864] 1961991
GO:CC |60:0097458 |neuron part 0.000244106 234[24 NM_000350 [ABCA4 -8.936138| 3797432 14729E-62| 6.89976E-60 4626902| 4764929 1.879864] 1.961991}
GO:CC |60:0042995 |cell projection 0.000353388 283[24 NM_000350 [ABCA4 -8.936138| 3797432 14729E-62| 6.80976E-60] 4626902| 4764929 1.879864] 1.951991f
GO:CC |6G0:0044425 |membrane part 0.000390502 81324 NM_000350 [ABCA4 -8.936138| 3797432 14729E-62| 6.80976E-60] 4626902 4764929 1.879864] 1.961991}
GO:BP_|GO:0050896 |response to stimulus 0.000405505 1045(24 NM_000350 [ABCA4 -8.936138] 3.797432) 1.4720E-62| 6.80976E-60] 4626902| 4764920 1.879864] 1.961991}
GO:BP_|60:0051606 |detection of stimulus 1 3s[24 NM_000350 [ABCA4 -8.936138| 3.797432) 14729E-62| 6.80076E-60] 4626902 4764920 1879864] 1951991
GO:BP_|GO:0008150 |biological_process 1 1824[24 -3.936138] 3797432' 14729662 6.80076E-60] 4626002 4764928 1870864] 1961001
GO:CC |GO:0044444 |cytoplasmic part 5.37834E-00 1125[34 NM_000016,NACADM 2.226451] 4220200 9.93422E-14| 278040F-12| 3715210 3505224 4754088] 4772040)
GO:CC |GO:0005737 |cytoplasm 5.47219E-09 1309[34 NM_000016,NNACADM 2.326451] 4229202 9.93422€-14] 278049E-12] 3715210 3.505224] 4.754088] 4.772040)
GO:BP|GO:0009888 [tissue development 5.79564E-09 305[34 NM_000016,NNACADM 2.326451] 4229202 9.93422€-14] 278049E-12] 3715210 3.505224] 4.754088] 4.772040)
GO'8P|6O:0032501 |multicellular organis 3.22015E-08 922[34 NM_000016,NNACADM 2326451 4229202 9.93422€-14] 278049E-12] 3715210 3505224] 4754088] 4772040)
GO'BP_|GO:0048731 [system development 3.55854€-08 626[34 NM_000016,NNACADM 2.326451] 4229202 9.93422€-14| 278049E-12] 3715210 3505224] 4754088] 4772040)
GO:BP_|60:0048513 [animal organ develop) 3.78565E-08 47834 NM_000016,NACADM 2.326451] 422920 9.93422€-14] 278049E-12] 3715210 3505224 4.754088] 4.772040)

e source: Gene ontology2| 37l category Ex) GO:BP | GO:CC | GO:MF ...
e term_id: ID for the enriched term/functional category
e term_name: Readable name for the enriched term

e adjusted_p_value: Hypergeometric test & multiple testing correction (FDR) 22 E&F HH

p-value
e intersection_size: S term_id0j| associationEl unique DEG2|

Research use on\ly

SHA|

&

—



Humanizing Genomics

macrogen

data3.GO_x.gprofiler.png: Gene Ontology Enrichment Analysis Z1t = adjusted_p_value 7|& 4¢|
20712| termE dot plot2 2 LIE}A.
(GO_stat & 7|Hto = 2H4H)

data3.GO_x*.gprofiler.sizefilt.png: Gene Ontology Enrichment Analysis Z2} & term_size
filtering(min=10, max=500) ¥ adjusted_p_value 7|& &¢| 207i2| termE dot plot = LIEHH,

(GO_stat £ 7|9t0 2 2=l . /gprofiler/data3*.GO/ZH &=)

- term_size filtering: Term size7} 01 Z7{Lt 2 GO term2| 42, Hypergeometric testt Z-2 ZZ0f|A]
SAAH {2l 90| 2YE 5 U7 20 size filteringS 2.

- GeneRatio : 5li'E term Off 2t21E DEG 7= / 3iE functional categoryOil 2tEE DEG 74
(intersection_size / query_size)

Ol2f= K2l genesE CHA S 2 Gene ontology DBE E5H enrichment 24
LIEFHASLICE (term size filtering 21854 942 data3.GO_x.gprofiler.png Ofl CHSt Of|A])
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® o0
@ o
. 0.75

Adj. p-value
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5. 5. KEGG Enrichment £4

(B=: result_RNAseq/DEG_result/ [DataSet] /KEGG_view/ 2t11)

KEGG database= molecular information (genome sequence, structure), chemical information
(Metabolism, Glycans, Lipids etc.), molecular interaction information (physical interaction,
co-expression) 1t Z2 CtAFet 72| omics A7 ZSE|0] QST

KEGG pathway homepage: http://www.kegg.jp/kegg/pathway.html

KEGG pathway viewer+ sliE speciesOf| 2t =l pathway map JEE HIRHO 2 ZF XGHE 2 Ui =
[24At9| fold change WE-E pathway map0il Z2{ 2 B315t1, ZF pathway map's 2|5t DEG 2| AE0|A

OjE =l | 4Rt 242 T speciesOlA sHY pathwayOll I =|= 24| SR} 244
enrichment testE +5t1, 11 Z1tE heatmapl2 2 A S&iLICt
Enrichment &4 Z3}= 0tz 2| 27tA| YElZ DEGZLL (data3-*.xIsx IH) 2| 2t A E0]| H2|=|0] A|Z-ELICE.
o KEGG_stat
o KEGG_genes

i
ja
10
o
2
«Q
[0)
-}
%
wn
0]
—

Ot2H heatmap2 Zt pathway map's & modified fisher's exact testE 0|235t0 gene-set enrichment
analysisE =gt 21t QJLICt. Legend= enrichment p-valueE LIEHT, p-value?t 0.05 2Lt FE2 =5
significantly enriched pathway termO|2}1 & 4~ QU&L|Ch 2} H| W ZX3HH pathway map blockES S2I5tH,

o

| A

SliE pathway map0il 02l == S22 Ate] fold change colorings E4A! 4= JA&LICE

Metabolism

Genetic Information Processing
Environmental Information Processing
Cellular Processes

N
Organismal Systems ﬁ?
Human Diseases ©
o/
A
Enrichment map test p-value ;

)ZiSj»

p<=0.001 p<=0.01 p<=0.05 Pp>0.05

PI3K-Akt signaling pathway

Pathways in cancer

Cytokine-cytokine receptor interaction

Calcium signaling pathway

MAPK signaling pathway

Transcriptional misregulation in cancer

Focal adhesion

Axon guidance

Ras signaling pathway

Lipid and atherosclerosis

Rapl signaling pathway

Neutrophil extracellular trap formation

wnt signaling pathway

Pathways of neurodegeneration - multiple diseases
Neuroactive ligand-receptor interaction
Inflammatory mediator regulation of TRP channels
EGFR tyrosine kinase inhibitor resistance

Human papillomavirus infection

Gastric cancer

Adrenergic signaling in cardiomyocytes

1% 14. Gene-set enrichment 241 A1} (p-value top 20)
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5.5. 1. KEGG HTML Viewer

KEGG Pathway Analysis
Company / Institution Macrogen Order Number 1600AHS-0000 “
Customer Macrogen Number of Samples 6
r
1
I | r
‘?‘a s"&v’ ‘feﬁ
Enrichment map test p-value & E &
EEEEED & &
0.01 0.1 N S
( AT A\ Metabotic pothwvar’ [N N D N
2 3 4 Biosynthesis of antibiotics - - 5
Carbon metabolism| - -
Global and overview maps 2-Oxocarboxylic acid metabolism|

Fatty acid metabolism) | | ]
Biosynthesis of amino acids| -

Degradation of aromatic compounds|
Glycolysis / Gluconeogenesis|

Citrate cycle (TCA cycle) [ ]

Pentose phosphate pathway| -

Pentose and glucuronate interconversions|
Fructose and mannose metabolism|
Galactose metabolism|

Ascorbate and aldarate metabolism)

Metabolism Carbohydrate metabolism
Starch and sucrose metabolism)

Pyruvate metabolism)
~
Glyoxylate and dicarboxylate metabalism{l}' satble A vs Sample 8, Pyruvate metabolism(hsa00620), p-value: 0.02208 “
Propanoate metabolism| [ ]
Butanoate rneﬂlmlism"

se orfly

inositol phosphate metabolism| | [N

Oxidative phosphorylation|
Energy meta bolism Nitrogen metabolism|

sulfur metabolism| | ]
e

%}mgan""—‘ Resea

L L8 )i - perTe—— |

2 15. KEGG Viewer +2 4

e At 1:DEGO| AHEE 28 =5

o ARt 2: KEGG pathway 2|4t

e 2} 3: KEGG pathway 2tk

e AZt4: Pathway map 0|5

e &2} 5: KEGG enrichment map score (p-value) 0l LSt heatmap (empty = none mapped
gene)

e A+6: MouseE S2{FH Chaat 22 ES0| LIERH (£ 0|E, pathway 0|, KEGG
enrichment map score (p-value).

o A2t 7: Color HAE E=I51H ME2 20|l s pathway mapO| LtEH

category

¢l
=]
2| category

® "Global map and overview map"2 KEGG homepagel| #4522 EA|Z|7 | 20| 2 A|Zt0] CtA

ZY4 QaLIC
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PROPANOATE METABOLISM

3-Chlos il
dagnd:&:‘ruw *

3 Hydiozy-
propanoats

Aceboacetyi-Cobs O 26.1.19] B-Alanine

eetoasetate Q Pm 0 B henate

oetoace Proppaay | oA bisytess
11413

Aceione Q@ =—=——#0 - Va6 [ ¥qrD
- Glyolyois ) Y6 ][ ¥aiD ]
[L1a13.]

fanos
{Li1oheoe 5121 -Os{s2 b0

T-—»

—— Cysteine and methionine
igtabolisi

(
1A lo) -
| hmiroeycopope- 035997

2 o—11.127

Glycolysis f= =00 Lactate
0%
propionyl-Cof

__of ¢ Brancied.
dibasic acid metsholism
| N
)\l Isalewcine degradation

3 Hyelioxy:
oA

B-Alangi-Cok

thyl
Hyrlroxy- frate

1,2-
o Fiopuaecsl

2y
o

Mty acainte 03 (4233 |0 O “’o , 93] [421.]
Glycerone P Methyiglyoral (222 ] Llachldehyde  1-Proparol Succinate
con Gl S0 T S bt
. m* 3 Swenioh P4y g 41330} o
Metharol

00640 612115
(c) Kanelusa Laboratories

4 9

Treat vs Control [hsﬂﬂﬁ&)
Sample C vs Sample B ¥
Sample A vs Sample B
Sample C vs Sample A

é’l-;(l- 8: ngl. 9()-" MEHE| X

—_ 71—

1% 16. KEGG pathway map 1+ &Y

8to| fold changeztO| color key 7|22 2 S (TiZHHo 2 2t 22 down

regulated gene0| mapping=|ACt= 2|0[0|H, W7o = Zt4+F up regulated geneO| s
module0il mapping =IUCH= 242 2(0]).

oAt 9: MEH HAHE 0| 8510 LHE H|w £810| SYUet pathway mapl 2 0|5

A} 10: 31l pathway map0fl mapping E|HA, processed data (data2)0il £35t= A= &AL 829]

color keyE 7|22  fold change?t Zt module unittfl E3&|H, 0| &, |2l6tAH MEE D
2

EG

(data3)E Zgfet module2 EZHY HO[ 7tx[0f BA| (SHA+2] module unitdf] 012 {27}

mapping=l= 4%, &
A2t 11: 2 moduled|

gene id= EA| £|Z|2t,

F4Ah)

fou
.

°
o> U

I-]I- 1

w

0IRAE S2|H, mapping=l=

A} 244 3= unit37|E LR fold change color7t EA|)
2+ 2 fold changed 27F LIERE (THeF

fold changeZt 9l A& processed data (data2) o= 2aH3HA| 42
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5. 5. 2. KEGG_stat Sheet

Ot2f| table2 pathway map'2 2 modified fisher's exact testE 0| 235}0{ gene-set enrichment analysis
£ 23S OA| Zat QLICH 2 24 ZAats ZF 2§ data3nbY 0| "KEGG_stat” sheetOl| M 221 514! 4~ QLELICE

Pathway map enrichment analysis Z1t G A|

MapID MapName Number_of_SigGenes Genes Sig.NotIn.KEGG  Genome.In.KEGG  Genome.NotIn.KEGG PValue Bonferroni FDR

01100 Metabolic pathways 86 10229,10622,10797,10998,110¢ 281 1220 58263 8.6357E-61 2.29709€E-58 2.29709E-58
01130 Biosynthesis of antibiotics 25 113675,1491,2026,2027,22934 342 214 59269 5.67107€-22 1.5085E-19 7.54252E-20
05203 Viral carcinogenesis 22 1021,1026,1030,3017,3106,313: 345 206 59277 1.32494€-18 3.52434E-16 1.17478E-16
04151 PI3K-Akt signaling pathway 2510110,1021,1026,1280,2057,22« 342 347 59136 179176E-17 4.76608E-15 1.19152E-15
04142 Lysosome 18 10577,138050,1514,175,1777,2 349 123 58360 2.54025E-17 6.75707E-15 1.35141E-15
05200 Pathways in cancer 26 1021,1026,1030,11211,2034,22 341 398 59085 3.16913E-17 8.42988E-15 1.40498E-15
05205 Proteoglycans in cancer 20 1026,11211,1514,1839,3678,40( 347 204 59279 2.73765E-16 7.28215E-14 1.04031E-14
01230 Biosynthesis of amino acids 14 113675,1481,2026,2027,22934,. 353 74 39400 9.20432E-15 2.44835E-12 3.06044E-13
05166 HTLY-I infection 20 1026,1030,11211,1958,2114,23! 347 261 59222 177887E-14 4.7318E-12 5.25756E-13
01200 Carbon metabolism 15 113675,2026,2027,22934,230,2! 352 113 59370 6.6255E-14 1.76238E-11 1.76238E-12
04010 MAPK signaling pathway 19 1649,1847,2248,2261,2264,235! 348 257 59226 1.62278E-13 4.3166E-11 3.92418E-12
04350 Hippo signaling pathway 16 11211,126374,1490,166824,271 351 154 59329 2.11892E-13 5.63633E-11 4.69694E-12
04115 P53 signaling pathway 12 1021,1026,27113,5054,51246,5 355 68 59415 240037E-12 6.38498E-10 4.91153E-11
04145 Phagosome 14 10381,11151,1514,155066,310€ 353 155 59328 4.8863E-11 1.29976E-08 9.28397E-10
05206 MicroRNAs in cancer 17 1021,1026,2261,3162,3371,367: 350 297 59186 1.46683E-10 3.90177E-08 2.60118€-09
04550 Signaling pathways regulating pluripotency 13 11211,2261,2264,3625,5600,56 354 142 59341 2.51263E-10 6.6836E-08 4.17725E-09
04668 TNF signaling pathway 12 1051,1906,2353,3726,4323,468, 355 110 59373 2.6984E-10 7.17774E-08 4.2222E-09
05168 Herpes simplex infection 14 2353,3106,3133,3665,406,4938, 353 186 59297 4.01978E-10 1.06926E-07 5.94034E-09
00260 Glycine, serine and threonine metabolism 9 113675,1491,211,23464,2593 2 358 40 50443 5.52529€-10 1.46973E-07 7.73541E-09
04110 Cell cycle 12 1021,1026,10274,1028,1030,53« 355 124 59359 8.7649E-10 2.33146E-07 1.16573E-08
04015 Rap1 signaling pathway 14 2248,2261,2264,2770,5600,560 353 211 59272 1.70866E-09 4.54503E-07 2.1643E-08
04068 FoxQ signaling pathway 12 10110,1026,1030,10365,23710,! 355 134 58348 1.87658E-09 4.9917E-07 2.26895E-08
04060 Cytokine-cytokine receptor interaction 15 2057,3576,3590,3625,51330,51! 352 265 59218 2.64579€-09 7.03781E-07 3.05992E-08
05169 Epstein-Barr virus infection 13 1026,10622,3106,3133,3315,37 354, 201 59282 1.01035€-08 2.68752E-06 1.1198E-07

° MaplD: KEGG map ID

e MapName: KEGG map O|&

® Number_of_SigGenes: data3 H|0|E{ 7| &2 2 s{T KEGG map0i| If& & S50

e Genes: 5i'd KEGG map0f| 0{&lEl R4t 2|AE, Number_of_SigGenes 744~ Tt

e Sig.NotIn.KEGG: data3 & KEGG map0i| O{ JE|R| 4= FXAF

® Genome.In.KEGG: KEGG database0|| ZAl|ot= sli'd species| M| FHA}F 244 F KEGG mapoi|
OHE FHAL M4

e Genome.NotIn.KEGG: KEGG database0il ZAl5h= 3l species?| HH| G2t M4 F KEGG
mapd| IHE|R| 42 FUAF 4

e PValue: Modified fisher's exact test& £5t0 =%l raw p-value

e Bonferroni: Bonferroni A0 2 HY =l p-value

e FDR: FDR A0 2 HHE p-value

r|r

SR A4

|:||.U )

N

Mgt

MACR
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5. 5. 3. KEGG_genes Sheet

Sl ata3ﬂf°'°| "KEGG_genes sheetOf| A &2l %’ —1‘— A&
2 F4A12| enriched KEGG map2 filtering SHA 4= USL Eh

RAUA} 7|20 2 Y| KEGG pathway map enrichment analysis Z2} Of|A|

InID MapID MapName PValue Bonferroni FDR Gene BrAfe B/Avolume NA N_B
22801 04151 PI3K-Akt signali  5.34874E-08  1.12324E-05  5.34874E-07 ITGA11 1706859 11.100807 10721833 11493176
22801 04510 Focal adhesicn  0.002603438 0.546721969 0.008040029 ITGA11 1.706859 11.100807 10721833 11493176
22801 04512 ECM-receptor it 0.001875844  (0.393927235 0.006353665 MGALL 1.706859 11.100807 10721833 11493176
22801 04810 Regulation of ai 0.002975034  0.62475714 0.009054451 ITGA11 1.706859 11.100807 10721833 11493176
22801 05410 Hypertrophic ¢z 9.33482E-05  0.01960313  0.000502644 [TGA1L 1.706859 11.100807 10.721833 11493176
22801 05412 Arthythmegenic  0.017901038 1 0.042238405 MGALL 1.706859 11.100807 10721833 11493176
22801 05414 Dilated cardior  0.002059901 0432579199 0.006655065 ITGA1L 1.706859 11.100807 10721833 11493176
3017 05034 Alcohelism 8.28056E-07 0.000173892 6.68814E-06 HISTIH2ZBD 1.647010 11.092905 10.738818 11458667
3017 05203 Viral carcinoger  2.52581E-05 0005304204 0.000136006 HISTIH2BD 1.647010 11.092905 10.738818 11458667
3017 05322 Systemic lupus 2.5681E-06 0.0005393  1.85966E-05 HISTIHZBD 1.647010 11.092905 10738818 11.458667
441024 00670 One carbon pot 1 1 1 MTHFD2L 1.747046 9.561974 9.167981 9.972899
441024 01100 Metabolic pathv  5.97272E-15  1.25427E-12  1.79181E-13 MTHFD2L 1747046 9.561974 9.167981 9.972899
89853 04144 Endocytosis 0.033602909 1 0075877535 FAM125B 1677441 9.607461 9.241573 9.987835
7869 04360 Axen guidance 0.005283715 1 0.014994327 SEMA3B -2.103133 8.787416 9.340035 8.267495
10135 00760 Nicotinate and =~ 8.87463E-05 0.018636723  0.00048044 NAMPT 1.620452 10.752957 10410395 11.106791
10135 01100 Metabolic pathv  5.97272E-15  1.25427E-12  1.79181E-13 NAMPT 1.620452 10.752957 10410395 11.106791
534 00180 Oxidative phosg 1 1 1 ATPBV1G2 -1.647407 8.093609 8461714 7.741517
534 01100 Metabolic pathv  5.97272E-15  1.25427E-12  1.79181E-13 ATPEV1G2 -1.647407 8.093609 8461714 7741517
534 04145 Phagosome 3.15039E-07 6.61582E-05  2.87644E-06 ATPGV1GZ -1.647407 8.093609 8461714 7.741517

e |nID: Matching key ID (ex. Entrez GenelD)

® MaplD: KEGG map ID

® MapName: KEGG map name

e PValue: Modified fisher's exact testE £5t0{ =& &l raw p-value
e Bonferroni: Bonferroni 4|0 2 HY =l p-value

e FDR: FDR A0 2 HHE p-value
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6. SNP % Indel 0| &4
6. 1. SNP X Indel 0| &2

(ZB&: result_RNAseq/Variant_calling/STAR_GATK/VCF_files/*.rawVariants.vcf 211)

Ho| U= (SNV calling) 22 STAR Z21#O = cDNA sequence readsE genomic DNA referenced||
mapping 8t &, Mark duplication & sort 24 2 XIMEIL|CE, 0|F Split ‘N’ trim & base recalibration 2tdS
3510 24 7+55F mapped readsE 2H= 11 HaplotypeCallerZ 0|85} variant callings 484§ C}.

6. 2. SNP, Indel HO| filtering & annotation 37}

(B =: result_RNAseq/Variant_calling/STAR_GATK/SNV_Call_*.xIsx #f11)

Zt ME | HO| 229 AutE JHR| 11 GATKS| VariantFilteration (Fisher Strand values (FS) 30.0) and
Qual By Depth values (QD { 2.0) & Depth (DP )= 10)) 22 2Z5l= variantE MEsIASLIC

MEEl variantdf] FM2 27| 28 dbSNP, 1000 Genome Project database, ESP6500, SIFT database,
CLINVAR 5 CtY5t databaseS 22510 SnpEff, SnpSiftS 331 &L|Ct.

@I https://www.broadinstitute.org/gatk/guide/best-practices? bpm=RNAseq
Ol2f= 6 E2| SNV 20f ZutRlL|C,

H11.SNVEIE QO

Sample_ID Number Number  Number of Number of Number Number Ratio of hom
of SNPs of coding synonymous nonsynonymous ofindels of coding  variants
SNPs SNPs SNPs indels
MG_CTRL_1 40,787 36,881 5,860 4,310 8,444 7,768 22.50%
MG_CTRL_2 42,353 38,130 5,970 4,342 8,571 7,885 22.56%
MG_CTRL_3 43,815 39,345 6,025 4,419 8,818 8,086 22.51%
MG_TEST_1 48,222 42,534 6,309 4,623 9,193 8,289 23.20%
MG_TEST_2 42,603 38,081 6,070 4,460 8,041 7,348 22.93%
MG_TEST_3 45,498 40,366 6,429 4,761 8,011 7,284 23.36%

NGS SER)

Research use only


https://www.broadinstitute.org/gatk/guide/best-practices?bpm=RNAseq

Humanizing Genomics

macrogen

JHIE SNV Zit= vefof i A o 2 2|5 =|H, L Ql vefoU o ZEH Of|Al= ottt ZE Lt

I3 http://www.1000genomes.org/node/101

4 ileformat=VCFrs.1

#4f i 1eDate=20030805

#igourcesmy [eputaticePrograsid. |
##reference=file:///seq/references/1000GenomesFilot-NIE136. faste
##contige<IDe0, lengthef2435964 anseably=B3, nd5ef 126edtBabe0cTE 3746151 166bebidda, speciesnHomo sapiens®, tazoncaysy>
#iphasing=partial

#410FD=<1D=H3, Nusber=1,Type=Integer ,Description="Number of Samples With Data">
#210F=<1D=0P Nusber=1, Type=Integer Description="Total Depth®>

82 INFD=<ID=AF Nusber=} Type=Float Description="Allele Frequency®>
82INFO=<ID=AA  Number=1, Type=String Description="Ancestral Allele>
##1NFO=<ID=DE, Nusber=0, Type=Flag, Description="dbSNF sesbership, tuild 129
#2INFD=<ID=H2 , Nusber=0, Type=Flag, Description="Haphapd mesbership™>
#4F[LTER=<ID=ql0, Doscription="(uality below 10>

$IFILTER=<IDw250, Description="Less than 50} of samples have data™>
#4FORMAT=<10=GT , Fmber=1, Type=5tring, Descriptice="Genotype">

#4FORMAT=<10=5] , Fmber=1, Type=Integer  Description="Genotype (uality">
BETORMAT=<I0=0P  Rumber=1, Type=Integer Description="Read Depth">
#4FORMAT=<T0=B] , Fmber=2, Type=Integer, Description="Haplotype Quality™

SCHROM POS D REF  ALT  QUAL FILTER INFQ FOEMAT KA00001 NAD0002 NAO0003

Fi 14370 raf0s4257 G i 29 PASS  No=3;DPeld;AF=0,5;DB;E2 GT:GQ:DP:BY 010:43:1:51,51 110:43:8:51,51 1/1:43:5:.,.
0 1380 . 1 ! 3 ql0 N3=3;DP=11;AF=0.017 GT:GO-DP:BY 0)0:49:3:58,50 01:3:5:65,3 0/0:41:3

0 11106596 ra6040355 A G,T 67 PASS  NS«2;DP=10;AF=,333,0.5667;AA=T;D8 GT:GQ:DP:B] 112:21:6:23,27 211:2:0:18,2 2/2:35:4

M 123077 T, 47 PASS  NS=3;DP=13;AA=T GT:G0:0P:BQ 010:54:7:56,60 010:48:4:51,51 0/0:61:2

0 1234567 microsat] GIC  G,GTCT 50 PASS  NS=3;DP=9;AA=G CT:G0:DP  0/1:35:4 0/2:17:2 1/1:40:3

e CHROM: Chromosome name

e POS: Reference position (1-based coordinate)

o |D: AlEA} (dbSNPO| 2AH5H= variant?! 2= rs#E BAE.)

e REF: sl position0i| LSt reference sequence

e ALT: A0{% St ME0]|A callEl non-reference sequence

e QUAL: Phred scaled quality score, SNP quality &= QUAL ¥4E 7IA|™H £12|40| &2 callo|2t &

Fae] k=)
T MO

e FILTER: 'PASS'= 8l position2| callo| filter 7|2 (Fisher Strand values (FS ) 30.0) and Qual By
Depth values (QD ¢ 2.0))& THE34CH= 2f0|Y
° INFO: MD|Z2E22= 272l positiondf| TSt AR E & = US (vef MHof| w2t 2olgt)
= NS: Number of Sample with Data
= DP: Total depth
= AF: Allele Frequency
= AA: Ancestral Allele
- DB:dbSNP &4 7
- H2:HapMap2 24 8%
e FORMAT: ¥E columnof| CHSt H|0|E| Z3Z GT (Genotype):GQ(Genotype Quality) :DP (Read
Depth):HQ(Haplotype Quality) =2 2 LIEHH,

e Sample Name: Sampledi| Ci$t genotype dEE FORMAT column2| A& &0 = LIEHH,
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7HQIH 2h=2El SNV Z2HE vefutaat otL|2t dbSNP, 1000 Genome Project database, ESP6500, SIFT
database, CLINVAR S C}5t database®| ZEE 57t510] AMII 2 2 25IH&LICE.

OflAl= A A2l H|O|E1 & 2250 BaS HRLICH AN|SH A= F 3 E PDF YU S Rs|FM 2.

I3 AnnotDescription.pdf

H12.0E L=F SNVO| 4 E7| 0lA|

CHROM chrl chrl chrl chrl chrl chrl
POS 981131 962573 982994 1650787 2335969 19413261
REF A C T T C T
[Sample1] ALT G C C G A
[Sample1]_Zygosity HOM HOM HOM HOM HET
[Sample1] QUAL 41.74 4574 62.74 .07 126.77
[Sample1] DP 2 2 2 2 9
[Sample1] AD 2 2 2 2 5
[Sample1]_MQ 60 60 60 60 60
[Sample1]_FILTER PASS PASS SnpCluster PASS PASS
[Sample2] ALT T C G A
[Sample2] Zygosity HOM HOM HOM HET
[Sample2] QUAL 96.03 125.9 4574 3IBTT
[Sample2] DP 4 5 2 3
[Sample2] AD 4 5 2 2
[Sample2] MQ 60 60 60 60
[Sample2] FILTER PASS PASS PASS PASS
[SampleN]...

Effect missense_variant [sequence_feature |synonymous_varigmissense_variant [3_prime_UTR_varijmissense_variant
Putative_lmpact MODERATE Low LOW MODERATE MODIFIER MODERATE
Gene_Name AGRMN AGRM AGRN CDK11B RER1 UBR4
Feature_Type transcript domain:SEA transcript transcript transcript transcript
Feature_ID NM_001305275.1 [NM_198576.3 MM_001305275.1 |NM_001787.2 MM_007033.4 MM_020765.2
Transcript_BioType protein_coding | protein_coding | protein_coding | protein_coding | protein_coding | protein_coding
Rank/Total 15/38 19/35 21438 4/20 i 100/106
HGVS.c c.2555A>G ©.3389-134C=T ¢.3558T=C c.J35A=G c.*1406C>G c.14599A>T
HGVS.p p-GIn852Arg . p-Phe1186Fhe p-His112Arg . p-Met4867Leu
REF_AA Q - F H - M
ALT_AA R - F R - L
dbSNP151_ID rs9697293 rs3g613192 rs10267 rs1137003 rs12085089 rs12584
p3_1000G_AF 0.0345447 0.028185 0.835863 . 0.321286 0.601438
ESP6300_MAF_EA G:0.002326 . T:0.081279 . . T:0.434186
CLINVAR_CLNSIG Benign . Benign

ExAC_AC 1663 . . 60544 . 70751
gnomAD_exomes_AC 2935 . . . . 144594
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Ber2 AL (Fusion Gene) 0l Za}
7. 1. Defuse &4 Z1}t

(B2 result_RNAseq/Fusion_gene_analysis/DEFUSE/ &11)

DefuseZ 2 1S ARSI 82h72 A (fusion gene) & OIESIASLICE Defuse ZEIM2 A2 LZ|SIA|
O+= paired-end alignments (spanning reads®t split reads) £ clusteringst= WHO 2 88t AALL| A
H2|E of|=25}1, 0] Z1tof| heuristic filters 2-835}0{ real fusion gene2| ({EE 2F8tL|Ct

goh

B 13. 0|52 8YRUAL2[AE OflA|

Sample AM AM BM BM

ATAATCTGACACTATG | TCGAGGATACTCACCA | ATAATCTGACACTATG | TCGAGGATACTCACCA
GACTTCAGACATGCAG | GAAACCGAAAATGCC [GACTTCAGACATGCAG| GAAACCGAAAATGCC
Splitr_Sequence GGTGAC|GGTCGGTGA | GAAACCA|CATTACTTC | GGTGACIGGTCGGTGA | GAAACCA|CATTACTTC
GCTGGTAAAGGTTACG |ACGGTGAACTTCAGCC [ GCTGGTAAAGGTTACG | ACGGTGAACTTCAGCC
AAGATTAATGTGAGTG | ATGAGAACCAGAAAG | AAGATTAATGTGAGTG | ATGAGAACCAGAAAG

Splitr_Count 39 1 15 138
Span_Count 17 12 6 15
Adjacent Y N Y N
Genel ENSG00000108953 ENSG00000092820 ENSG00000108953 ENSG00000092820
Gene2 ENSG00000167193 ENSG00000058335 ENSG00000167193 ENSG00000058335
Gene1_Description tyrosine 3-monooxygenaqezrin [Source:HGNC Synityrosine 3-monooxygenagezrin [Source:HGNC Sy
Gene2_Description v-crk avian sarcoma virus|Ras protein-specific guan|v-crk avian sarcoma virus|Ras protein-specific guan|
Gene1_Name YWHAE EZR YWHAE E7R
Gene2_Name CRK RASGRF1 CRK RASGRF1

Gene1_Strand
Gene2_Strand - - -
Genel_Chr 17 6 17 6

Gene2_Chr 17 15 17 15
Gene1_Start 1247566 159186773 1247566 159186773
Gene2_Start 1323983 79252239 1323983 79252289
Genel_End 1303672 159240444 1303672 159240444
Gene2_End 1366456 79383118 1366456 79383115
Genomic_Strand1
Genomic_Strand2 + + + +
Genomic_Break_Position1 1257505 159239114 1257505 159239114
Genomic_Break_Position2 1326944 79356868 1326944 79356868
Probability 0.883417506 0.985006948 0.84040979 0.936824427

e Sample: 3l fusion geneO| WA E ME

e Split_Sequence: Fusion sequenceZ LIELHH '|' 12O 2 SR MAIC| HAIE LEHHH, &
88H72t9| sequences B0l & £ Q).

o Split_Count: 3t& £&0| FH22| ZA0| align=|1, LHHA| E8-22 align0| ¢t =|:=read 5

e Span_Count: Paired-ends?} A 2 Ct& [FX A0 alignO| &= read =

® Genel, Gene2: Genel, Gene22| ensembl ID

e Genel_Name, Gene2_Name: Genel, Gene22| §24t 0|

® Genel_Description, Gene2_Description: Genel, Gene22| XAt &

® Genel_Strand, Gene2_Strand: S} &5k

® Genel_Chr, Gene2_Chr: Genel, Gene27} 2{z[2t Chromosome

e Genel_Start, Gene2_Start, Gene1_End, Gene2_End: & §212}2| start, end position

® Genomic_Strand1, Genomic_Stand2: Fusion splice/breakpoint2| 2} R4AHE genomic strand

® Genomic_Break_Position1, Genomic_Break_Position2: Fusion splice/breakpoint2| 2t FXAHE
genomic position
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® Probability: Fusion gene2 2 272 &S LIEI. 0] 20| =245 fusion gene¥ 7t5d0| =&.
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7. 2. FusionCatcher 24 Z1}

(B&: result_RNAseq/Fusion_gene_analysis/FusionCatcher/ 1)

FusionCather= RNA-seq data22E{ 0|0| ¥2{A A7{Lt M| 22 somatic fusion genes, translocations,
chimerasE #H= EFYLICL 7|24 O 2 readZ low quality filtering/trimming 3t & 24201 RNA fragment
size distribution0f|A] B10{L}= readE CHA 2.2 0]0] 22{2l exonZ} intron JEE 0|8510] 2|4 St 2742] gene

= ZIHEL= H H H o ZA
B= ENSEMBL Database0i| ZA5H= fusion junctionS 2H&LLH.
0 = O 35HO
H14. 0|22 SERUAEAE Of|A|
Sample AM AM BM BM
Gene_1_symbol (5end_fusion_partner) RPS13 EZR RPS13 EZR
Gene_2_symbol (3end_fusion_partner) PLEKHAT RASGRF1 PLEKHAT RASGRF1
adjacent,ribosomal_prot
Fusion_description adjacent.ribosomal_prote ein, 10K<gap<100K readt
hrough
Counts_of common_mapping_reads 0 0 0 0
Spanning_pairs 18 15 33 104
Spanning_unique_reads 19 9 20 34
Longest_anchor_found 30 30 30 43
Fusion_finding_method BOWTIE.BOWTIE+BLAT|BOWTIE;BOWTIE+BLAT|BOWTIE:BOWTIE+BLAT|BOWTIE, BOWTIE+BLAT|
Fusion_point_for_gene_1 (5end_fusion_partner) 11:17098715:- 6:159239114:- 11:17098715:- 6:159239114:-
Fusion_point_for_gene_2 (3end_fusion_partner) 11:16692729:- 15:79356668:- 11:16892729:- 15:79356866:-
Gene_1_id (5end_fusion_partner) ENSG00000110700 ENSG00000092820 ENSG00000110700 ENSG00000092520
Gene_2_id (3end_fusion_partner) ENSG00000166689 ENSG00000058335 ENSG00000166639 ENSG00000058335

Gene_1_Descriotion

ribosomal protein 513 [Si

ezrin [Source:HGNC Sy

ribosomal protein 513 [S

ezrin [Source:HGNC Syn|

Gene_2_Descriotion

pleckstrin homology dom

Ras protein-specific guar

pleckstrin homology dom

Ras protein-specific guan

Exon_1_id (5end_fusion_partner)

ENSE00003521366

ENSE00001212701

ENSE00003521366

ENSE00001212701

Exon_2_id (3end_fusion_partner)

ENSE00003571290

ENSE00001665313

ENSE00003571290

ENSE00001665313

Fusion_sequence

ATTTACAAACTGGCCA
AGAAGGGCCTTACTCC
TTCACAGATCG™CCATA
ACCAGCAGACCACAG
CATTCAGGCATCCTGT
GACGGGA

GGGGATCGAGGATAC
TCACCAGAAACCGAAA
ATGCCGAAACCACAT
TACTTCACGGTGAACTT|
CAGCCATGAGAACCA
GAAAGCCT

ATTTACAAACTGGCCA
AGAAGGGCCTTACTCC
TTCACAGATCG™CCATA
ACCAGCAGACCACAG
CATTCAGGCATCCTGT
GACGGGA

TGTITTCGGGGATCGA
GGATACTCACCAGAAA
CCGAAAATGCCGAAA
CCA*CATTACTTCACGG
TGAACTTCAGCCATGA
GAACCAGAAAGCCTTG
GAGCT

Predicted_effect

out-of-frame

in-frame

out-offrame

in-frame

Predicted_fused_transcripts

ENST00000228140:176/
ENST00000531066:264;
ENST00000228140:176/
ENST00000355661:233;
ENST00000533969:157/
ENST00000531066:264;
ENST00000533969:157/
ENST00000355661:233;
ENST00000525634:297/
ENST00000531066:264;
ENST00000525634:297/
ENST00000355661:233

EMST00000367075:181/
EMST00000558480-543;
EMST00000367075:181/
EMST00000419573:552;
EMNST00000337147-146/
EMST00000558480-543;
EMNST00000337147-146/
ENST00000419573:552

ENST00000228140:176/
ENST00000531066:264;
ENST00000228140:176/
ENST00000355661:233;
ENST00000533969:157/
ENST00000531066:264;
ENST00000533969:157/
ENST00000355661:233;
ENST00000525634:297/
ENST00000531066:264;
ENST00000525634:297/
ENST00000355661:233

ENST00000367075:181/
ENST00000558480:543;
ENST00000367075:181/
ENST00000419573:552;
ENST00000337147:146/
ENST00000558480:543;
ENST00000337147:146/
ENST00000419573:552

Predicted_fused_proteins

MGRMHAPGKGLSQSA

LPYRRSVPTWLKLTSD

DVKEQIYKLAKKGLTPS
QIAITSRPQHSGIL:

MPKPHYFTVINFSHENQ

KALELRTEDAKDCDEW

VAAIAHASYRTLA...DQ

SFVMDEESLYESSLRIE
PKLPT;

MGRMHAPGKGLSQSA

LPYRRSVPTWLKLTSD

DVKEQIYKLAKKGLTPS
QIAITSRPQHSGIL;

MPKPHYFTVNFSHENQ

KALELRTEDAKDCDEW

VAAIAHASYRTLA...DQ

SFVMDEESLYESSLRIE
PKLPT;

& 4 Q1= pair-end reads?|

e Sample: 3l fusion geneO| WA E ME
[ J
® Fusion_description: Fusion gene?| type
[ J
read?|
® Spanning_pairs: Fusion= &%
(]
(]
e Fusion_finding_method: ReadZ align & If AFE3HE it
(]

Chromosomal position; 1-based coordinate

Research use On\ly

Gene_1_symbol, Gene_2_symbol: Fusion partner2| &% Gene2| symbol

Counts_of_common_mapping_reads: Fusion gene2| &% gene 250f| SA|0| mapping &=

Spanning_unique_reads: Fusion junctionti| uniquedtA| mappingEl read2| 4

Longest_anchor_found: Fusion junctiondi| uniqueatA| mappingE read 30| 7+& 2! anchor

Fusion_point_for_gene_1, Fusion_point_for_gene_2: Fusion junction?| 5" end 2} 3" end 2|
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Gene_1_id, Gene_2_id: Fusion partner2| &% Gene2| Ensembl gene id

Gene_1_Description, Gene_2_Desciption: Fusion partner2| &% Genel| XAt 4H

Exon_1_id, Exon_2_id: Fusion partner2| &% Gene2| Ensembl exon id

Fusion_sequence: Fusion junction® & {%E|= sequence (asterisk & junction pointE 2|0|&)
Predicted_effect: Ensembl databaseZ £E{ €2 annotation Y &8 AHE3SI0{ 0f|ZE fusion geneO|
0|2|= B¢

Predicted_fused_transcripts: s genes 2 0|20{2l BE 71535t fused transcripts
Predicted_fused_proteins: 2= 7}s5t fused transcripts2 £E{ 0|&k|= Of0| it

C R
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7. 3. Arriba &4 Z3}

(B &: result_RNAseq/Fusion_gene_analysis/Arriba/ 211)

Arriba Z21H#HS AE3H0 getRAAt(fusion gene) & OIE3HAELICE Arriba Z2 12 STAR7[HIC 2

alignment 21 &,

U= TEE HSELIC

ML T

B 15. 0|52 8RUAL2[AE OflA|

Sample MG_CTRL_1 MG_CTRL_1 MG_CTRL 2 MG_CTRL 3
genel ACTN4 RBX1 ENAH INOQ80C
gene2 RYR1 KRT38 LINC02814 LOC105372063(46915),INO80C(11417)
strand1(gene/fusion) +/+ +/+ -/- /-
strand2(gene/fusion) +/+ -+ -/- J-
breakpointl 19:38647907 22:40955446 1225507951 18:35478282
breakpoint2 19:33584943 17:41439952 1:229102875 18:35456916
sitel splice-site intron splice-site splice-site
site2 splice-site intron splice-site intergenic
type duplication translocation/s-5' duplication deletion/read-through
directionl downstream downstream upstream upstream
direction2 upstream upstream downstream downstream
split_reads1 15 0 0 0|
split_reads2 10 2 1 0|
discordant_mates 7 2 4 4
coveragel 374 32 469 165
coverage2 37 4 2 1]
i high medium high low
filters duplicates(5),low_entropy(3) duplicates(3) duplicates(1) mismappers(1)

fusion_transcript

GCGGGAGCTGAGGLGGGEAGCGGACAGG
CTGGTGGGCGAGCGAGAGGCGGCGGAA
TGGTGGACTACCACGCGGCGAACCAGTC
GTACCAGTACGGCCCCAGCAGCGCGGG
CAATGGCGCTGGCGGCGGGGEGCAGCAT
GGGCGACTACATGGCCCAGGAGGACGA
CTGGGACCGGGACCTGCTGCTGGACCCG
GCCTGGGAGAAGCAGCAGCGCAAG|TGT
TACCTGTTTCACATGTACGTGGGTGTCCG
GGCTGGCGGAGGCATTGGGGACGAGAT
CGAGGACCCCGCGGGTGACGAATACGA
GCTCTACAGGGTGGTCTTCGACATCACCT
TCTTCTTCTTCGTCATCGTCATCCTGTTGG
CCATCATCCAGG_ GTCTGATCATCGACG
CTTTTGGTGAGCTCCGAGACCAACAAGA
GCAAGTGAAGGAGGATATGGAG  ACCA
AGTGCTTCATCTGTGGAATCGGCAGTGAC
TACTTTGATACGACACCGCATGGCTTCGA
GACTCACACGCTGGAGGAGCACAACCTG
GCC

CTCCCACTTTGGCCTTCCAAAATGTTGCG
IATTATAGGCGTGAGCCACTGTGGCTGGC
CTGAAATTTTCTAGTATCCACATTCATAAA
GTAAAAAGAAAATAAAAAG|GGAAATAAA
TGAAGGAAGACAAACATATATGCTTGGAT
ITAATGAGGAGTTTTCCCTTCCATCTTCCAT
CAGCTTCGATTGTAATGAAAATTTTACTGT
IAGAGAATCTAGCAAGGAAGAAATGACAA
ITGATTCCCTCACTCAACAAGTATTTGGG

CAACAATAGAAACAGAACAAAAAGAGGA
CAAAGGT__GAAGATTCAGAGCCTGTAAC
ITTCTAAGGCCTCTTCAACAAGTACACCTG_
| AACCAACAAGAAAACCTTGGGAAAGAA
CAAATACAATGAATGGCAGCAAGTCACCT
GTTATCTCCAG|CATTTGTCCCTGGAGGGT
CTCTGAAAGTCCAGGTCAGCCCCTGGGC
TGGGTCCCCACAGTAAGAAGAGAACTGT
GATGGGCAACACCCCAGAAAAGAAGACT
ITGCAGCCTCACTTCAGGTCAATTTGCAAG
IAACTGACATCACACAGCAG

IACCTGGAAGAACCTGAAACAAATCCTCG
CTTCTGAAAGGGCATTGCCGTGGCAACTG
IAACGATCCTAACT__ACTTCAGTATTGATG
CTCCTCCATCCTTTAAGaCALTCAGGTCTG
CTT|GGTCTCACTCCATCACCCAGGCTGG
AGTGCAGTGGTGCCATCTTGGCTCACTGC
IAACCTCCCTCTTCCAGGCTCAAGCAATCC
TCTCACCTCAGCCTCCCTATAGCTGGACT
IACAGaCACGCACCACCACACCTGGATAA
IT_GAACCACCAAACTGTTTTCCACAGAG
GCTGCATCAATTGACATTCCCAC

reading frame

in-frame

out-of-frame

out-of-frame

peptide_sequence

MVDYHAANQSYQYGPSSAGNGAGGGGS
MGDYMAQEDDWDRDLLLDPAWEKQQRK]|

CYLFHMYVGVRAGGGIGDEIEDPAGDEYELY
RVVFDITFFFFVIVILLAIQGLIDAFGELRDQQ ||

EQVKEDMETKCHCGIGSDYFDTTPHGFETH

TLEEHNL

TIETEQKEDKGEDSEPVTSKASSTSTPEPTRK
PWERTNTMMNGSKSPVISs|icpwrvsespgqplg
wvptvirel

SGLL|gltpsprlecsgailahcnlplpgssnpltsasl*

e Sample ID: Sample 0|&

® Genel, Gene2: si{e fusion genedi| tiidt gene1/gene22| gene symbol. Gene 12 fusion

transcript2| 5'%2|

* Intergenic region2| fusion?!

o
704‘!‘,

RHUAE LIEHHH, Gene2+= fusion transcript?| 3'29| G XALS LIEFH,

upstream2t downstream LHO{| 7} 7}7}0|

HAISHH, 23 2t0j 31lH fusion pointetali'e FXAL ZFe| HO{Z HE|E BA| €. & =01,

ZNF23(1396), ZNF19(10425)2| HE{Z HA|Z|H,

L o =
UE RUME

fusion gene 2 & L{0j| A Read-level filters, Event-level filters& 0|83}0q fusion?| 754

8l fusion gene?| upstream 1,396bp H20]

ZNF23 A7k Z2fi5tH, s fusion gene?| downstream 10,425bp 220l ZNF19 |47t
ZAStCH= of0].

e Strand1, Strand2: i fusion gene0]| LSt gene1/gene22| strand A&

* (Gene/Fusion) E0il (+/-) 2 7| & ZB0l= 7|&2] genel| genome &A= (+) Strandof|

ZMSER| 2, fusion gene M B2 (-) Strand 2 MAHES 2|0Jgt.

® Breakpoint1, Breakpoint2: sii'e fusion genedi| Ci$t gene1/gene2 7|& breakpoint.

e Sitel, Site2: genel/gene2 2| breakpoint? = 2I2| Z & (Splice-site, exon, intron, 5’ UTR,

Research use
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3'UTR, UTR, intergenic) & LIEH,
® Type: FusionZ &H3l= reads?| &3kt breakpoints 2| HEE 7|2510], 3T fusion?] type
(translocation, duplication, inversion, deletion)0| Z&E!.
e Direction1, Direction2: genel/gene2 7| fusion partner2| sk A&
+ Downstream: partner geneO0| fusion breakpoint2| downstream 0{|A] 8|0 2. =, partner
gene0| fusion breakpoint HCt =2 Zt& ZHo|lM 88 2.
+ Upstream: partner gene0| fusion breakpoint2| upstreamOflA| 8&t=|0] S, &, partner
geneO| fusion breakpoint 2Lt 52 2t# 70l A 88 .
e Splitread1, Split read2: Fusion & A#3}= reads &, Zt fusion genedi| mapping=! split reads
(reads 4= split reads2| H 71 segment& alignl= gene 7|22 2 countE.)
e Discordant mates: Fusiong As}= discordant mateE 0| = read?| 4= (spanning reads or
bridge reads) & LtEfH.
® coveragel, coverage2: breakpoint1 ¥ breakpoint2 22| gene coverage £ LIEH.
e confidence: Zt fusionOfl CHSH 0f| 2| 412 2 CHE1t 20| 1124510{ low, medium, highl =2 F2&.
* supporting reads2| 4= (fusion2 &Hsl= reads 40|, split_reads1, split_reads2,
discordant_matesE 5=gt.), split reads?t discordant mates2| #&, breakpointsAto|2| 72|,
fusion?| event type, breakpoints2| intragenic®£, multiple isoform2} balanced
translocations?| & 52 ALE.
(RHMISHLHE2 interpretation-of-results &=X)
o filters: 24| fusiong Y& 4 U= reads == split_reads1, split_reads2, discordant_mates,
filters &=0| reads2| &2 = ALt 4= U=H, H7|M HHE reads2| At
e fusion_transcript: Fusion® transcript sequence & LIEHH breakpoint= DO|Z 7|S ()2
HAIE.
o AFA}: SNPs LE SNVsE LEEHHH,
« "[","]" AtO|e] At Insertions
* (-): Deleted bases
* (__):Underscore 37l introns
* (...): CoverageZt Z&E5IA| 0t +2 EH ZE
+ (?): reference 12| mismatchQt 22 2S5t ||
e reading_frame: Fusion gene?| 3' end?} in-frame 2 £ fusion0| £|%=2, = out-of-frame2 2
fusionO| E|¥U=2|E LtEFH.

® peptide_sequence: peptide sequenceE LIEHHH breakpoint= IH0|Z 7|5 (*]") 2 HA|E.

Research use On\ly


https://arriba.readthedocs.io/en/latest/interpretation-of-results/

Humanizing Genomics

macrogen

0= =l fusiondi| LSt chromosomal ideogram 42| fusion $/2| %! annotation AEE of2{2| 2 171}
ZO0| AlZtgtetL|ct. 21t EC Lf PDFIHY 2 AISEIH, 2t fusion B2 o 1|0[2|2] TH o 2 MdEL|Ct

chromosome 1 chromosome 2

1 q21.3 p23.2
AR (N RN N EEE R EE D

breakpoint

breakpoint
20 1:154142876 229446394

AAGCTGGAAAAGACAATTGATGACCTGGAAGTGTACCGCCGGAAGCACCAGGAGCTGCAAG

3kbp { introns not to scale

3 RETAINED PROTEIN DOMAINS
in—frame fusion

Tropomyosin
SUPPORTING READ COUNT
Split reads in TPM3 = 27
Split reads in ALK = 44
Discordant mates = 30

TPM3 ALK
Protein tyrosine kinase

Figure 17. 6| Z-E 8/ ALGllA|

1. Fusion gene?| YEHE H0{FH fusion genel| 7|2 Z & (chromosome, transcript, coverage,
sequence, break point) &= LIEHH.
2. CircosPlot@ 2 Fusion®l genell chromosome $|2| ZEE HAIS.
i fusion genedt H2tEl protein domaind 27t HA|E|H, fusion2 HH35H= supporting reads2

split reads®t discordant mates & read count?t EA|E. H2tE protein domain0| 8l= 49 3HC =

HA| E.
+ Splitreads in [geneA], Split reads in [geneB]: Z} RAAL 2] split &l read2| =
+ Discordant mates: Discordant mate& 0|2= read2| 4= (spanning reads or bridge reads)
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8.C2=E Qhy
8. 1. Raw Cl|0|E{
Raw Cl|0|E{= adapter sequence?t HIAHE|A| 42 FASTQ THU LT,

Download link File size md5sum
MG_CTRL_1_1.fastq.gz 8.3G 18cffa866442fe323d5612ce341f3d5¢
MG_CTRL_1_2.fastq.gz 8.3G 1e82982a2fed892f4b27601d5100db1c
MG_CTRL_2_1.fastq.gz 8.02G 91637e3fbb20f714bea9323591b2ddcb
MG_CTRL_2_2.fastg.gz 8.02G 72233a9ec85c1a768eeacddc63f719c8
MG_CTRL_3_1.fastq.gz 9.21G 306c928¢518538973df1a463a293f1ce
MG_CTRL_3_2.fastq.gz 9.2G dd1ae2c969fc66b0e111bf92dc9ce179
MG_TEST_1_1.fastq.gz 9.81G 24287dabbaa7c183200348debd493955
MG_TEST_1_2.fastq.gz 9.79G 96febal1645ff682b5297375f607f091a
MG_TEST_2_1.fastq.gz 7.79G 55066b44058fdb78c3aa175d371c9a80
MG_TEST_2_2.fastq.gz 7.79G b65ef88c8e70c67a06f1328fdaf6031a
MG_TEST_3_1.fastq.gz 8.86G 977614bd41252cf399d5f56ab5af41db
MG_TEST_3_2.fastq.gz 8.86G 898ba04594825bc2800348b5bebb6cc5

e fastq.gz:
® md5sum : IHUe| 2HHS

2M0]| AF2E FASTQ7H (==l mrtQlLCt,
3101 517| 2|5t md5sumE AFR5HHE

QUZ, HY, FE7| g2 TUYLICY.

L|Ct. 2FF md5sum 2t0| Y| SICHH, O] IHU2

Download link File size
HNOO000000_result_RNAseq.zip 1.18G

(md5sum: 1bc94df3a83b78ff34a0ce1ead0fb862)
HNOOOOOO00_BAM_files.tar 43.6G

(md5sum: 77a63ec82

9467fab324c6d5cd21b8008)

MACROGEN NGS SERVICE
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https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_CTRL_1_1.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_CTRL_1_2.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_CTRL_2_1.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_CTRL_2_2.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_CTRL_3_1.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_CTRL_3_2.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_TEST_1_1.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_TEST_1_2.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_TEST_2_1.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_TEST_2_2.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_TEST_3_1.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/MG_TEST_3_2.fastq.gz
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/1_TC_result_RNAseq.zip
https://data.macrogen.com/~macro5/RNA_Seq/202310/1_TC/1_TC_BAM_files.tar

|77 | result_RNAseq
I— [ Analysis_statistics/

&y rawData/ -

[/ trimmedData/
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|77 Folder

File

[Sample]_[1]2]_fastqc/

& [Sample]_[1]2].trim_fastqc/

[raw]trim] _throughput.txt

mapping.[program].stats.txt

SNV.call.stats.txt

BB Expression_profile/ — [ [Program] ——

I

i

[§7 Variant_calling/ —— [ [Program] ——

|— {57 Fusion_gene_analysis/

—— [ [Program]

B
L

L

Raw_ data

" data2xlsx

=
|— & [Sample]/

——[E] [Sample]_sorted.bam[.bai][.md5sum]

Expression_ Profile.[Ref |.[Feature].[xIsx|txt]
[Program] result/ — [ii [Sample]/

Annotation/ — [Reference].gtf

Variant _calling_ result.[xlsx|txt]
SNV _Call_[Sample].xlsx

VCF_files/ —I: [Sample].Filtered Variants.vct
SNV_Call_[Sample].txt

Fusion_gene_analysis _result.[program].[xIsx|txt]
[Sample]_[Refl.arriba.pdf (only Arriba)

[Program]_result/ — [ [Sample]/

B DEG_result/ — [y [DataSet]/ —— B Cluster image
I— [ Data Quality Check
— ,f\—; Plot
- b

DEGViewer_Input (optional)

—[ data.txt

Sample.Info.txt

data3 _[filtering criteria].xlsx
data3_[comparison pair]_[filtering criteria].xlsx

Analysis_ Result.html

|77 Folder

File

A\ tiolel 2347|742 3700, 37| B 20| LRSI 22
CHEHIY (ngskr@macrogen.com) EE= EHEAL0|AH 2 F2| HEZfLICE

MACROGEN NGS SERVICE
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0.8E=%
. |
oy S d+E
oY= 2 des 2420 sliTote Q7|7 L0t} HEHSGHR|E =AL2 LIEHH A0 2 QA7 245 off r%”'7| 9|

Atz 7t &Lt Q202 wrong base probabilityZt 1% 0|22 Q302 wrong base probability 7} 0.1% JLIC}.
Ofgfl= Z2f| = Z2 Her LTt

Quality of phred score Probability of incorrect base call Base call accuracy Characters
10 1in10 90% "#$% &' () *+
20 1in 100 99% ,—./012345
30 1in 1000 99.9% 6789:;h=i?
40 1in 10000 99.99% @ABCDEFGHUJ
3= £2 ¥+ Qe -10logioPZ A[AFRILICE 67|M P= base call 7 &&= LtEFHLCY.

Research use On\ly



Humanizing Genomics

macrogen

0.2. ZM0j| AFRE Z 2T

0. 2. 1. FastQC

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

FastQC= raw sequence| CH3H #4S 214517 | Z40]| HIO|E{0f| 2|7t ¢l=A| quality checkE 3l ==

T2 IMALICE FE 7|SE2 BAM, SAM, FastQ files2 import Sk= Z42} Ot 20| 2|7t UAR=A| quick

overviewE AlAlsH F11, 29FF J2H It E0|S ZutE html THU 2 H|SEHL|Ct.

0. 2. 2. Trimmomatic

http://www.usadellab.org/cms/? page=trimmomatic

Trimmomatic2 illumina paired-end &= single-end0i| CH3H LSt parameter® trimming 212

5= 22 IMAULICE Trimming THAI0| IS 2l= parameters2 OF2H2F Z+&LCt

® |LLUMINACLIP: Read2%E{ adapter L} &4 sequenceE &2

© SLIDINGWINDOW: Sliding window trimmingS +3g&fL|Ct. Window Lif & quality?} threshold

O|otol 42 RapH
® LEADING: Threshold 0|20l Z2, read?| start? 22| baseE &2t
® TRAILING: Threshold 0|22l B2, read?| endF&22| baseE Zz2fH]
e CROP: £ length& read& A&
© HEADCROP: Read?| start2£E{ £ bases IE A&
e MINLEN: £4 length O|20|H 3T read= drop
e TOPHRED33: Quality score& phred33 scoreZ Hat
® TOPHRED64: Quality scoreE phred64 scorez tHet

9. 2. 3. TopHat version v2.1.1, Bowtie2 2.5.1
http://ccb.jhu.edu/software/tophat/index.shtml

Tophat2 AR A| 24 B|0|E}E bowtieE 0|83t0f mammalian-sized genome0i| readE M Al7
EQULICH S M 5 ADME JER| 11, ZAAOI Al 9J2|Qf AlA ZBHL Q| (exon junction) £ ZOFEEL|,
SRS WHo| Yr S 2I8H splicing 1[0l U= GT-AG 2| 271 F7| T Q1A HEE waqgit|ch

9.2.4.STAR 2.6.0c

http://code.google.com/p/rna-star/

STARE CHEFO| AR A|2A HIO|E{E reference?| transcript A0 splicing 5t0] W= Z72ZM,

uncompressed suffix arrays & 2= CH2, seed clustering 1t stitching procedure& 0|83}0 sequential

maximum mappable seed searchE 5t= RNA-seq alignment algorithm O] AF2E|R}&LICE,

9. 2. 5. Cufflinks version v2.2.1
http://cole-trapnell-lab.github.io/cufflinks/
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Cufflinks= A& ZAgh £20]l Chst A E JZ0| 7158t aligner 2| W ZutE Q=40 2 2ot HHH M ESS 0[0f
=0l= M 2 (sequence assembly) Z2IMO 2 assembleZ! ZALA|0f| CHSH S 2F Y= 245 4

ULH samples?te| E3 42| 210|& &l5t= & (cuffdiff) S Z2HE HSELIC

0. 2. 6. GATK version v4.2.0.0

https://software.broadinstitute.org/gatk/
https://www.broadinstitute.org/gatk/guide/best-practices? bpm=RNAseq

GATK= germline DNA2t RNA-seq datalilA| SNP2t indels2 20t = = LICE GATK best praticedi|

[[t2 step-by-step2 2 20| ZIYE|H STAR 2-pass mapping, Picard MarkDuplicate, Split ‘N” Trim,
Realignment, Base recalibration 2| 2}40[| Zgtz|0] QI&ELICE. Variant calling2 HaplotypeCaller2
FAHELICH

9. 2. 7. SnpEff version 4.3t

http://snpeff.sourceforge.net/SnpEff.html
AnnotDescription. pdf

SnpEff= genetic variantE annotation 8l = =12, R2}2| genetic variant2 QI3+ HiE A Ho|
4512t 0| 2915t functional effectE Of| &L Ct.

SnpEff= Of2fet 22 ZutE MdetLct.

Variant0i| 2/l FeFS &2 genedt transcript

Variant2| 2|

Variant?} protein &40l &= Gk (0f|: stop codon 4-d)
04217}2| database0i|lA{ 0[0] 2242 QU= variant2tQ| H| il

9. 2. 8. Defuse version 0.8.1
https://bitbucket.org/dranew/defuse
http://compbio.bccre.ca/software/defuse/

deFuse= RNA-Seq dataZ 8897222 W@st= T2 1O Z 85+ QAato| ZASHHL|E 27| Q|5 M2
UX|5HA| &= paired-end alignments (spanning reads®t split reads) £ clustering 5= B S 0| 2510
0= 7158t fragment?| length distribution H|3H A4&4El spanning readsQf split reads2| fragmentZ0|7}
true positive?lZ| {EZ heuristic filter2 28310 887 XAt {2 E of|2&tL|Ct.

9. 2. 9. FusionCatcher version 1.00
https://github.com/ndaniel/fusioncatcher
FusionCatcher= RNA-seq data2£E{ 0|0] YA UL} M2 somatic fusion genes, translocations,
chimerasZ &= S QLICL 7|2 A0 Z readZ low quality filtering/trimming 8t & 24201 RNA
fragment size distribution0f|A] H10{L}:= read & CH&t 2 2 0[0] Y242l exontintron ¥ &-E 02510 2[ASH
2712| gene 25 ENSEMBL Database0i| Zl{5t= fusion junctiong ZF&LCt.

9. 2. 10. Arriba version 1.2.0

https://arriba.readthedocs.io/en/latest/
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Arriba= RNA-seq data25%E{ fusion geneE detection 5t7|2/8t command-line tool O|H, A& A
SHE0|AM AR5 | flsh ZHE = RASUCEH 2= 7|20 #2 HEIY R =2 UHEE 7|22 = o0 2AISHRASLICE
STAR alignerZ 7|90 2 5t 1, post-alignment HEH2 YBtMO = 284 & QULICE Arriba= STARE
7["to 2 St CHE fusion detection tool2t= CHEA| focal deletions2 2 QI5H EHlSH= fusion= detection St7|
QI STARQ| alignintronMax O{7H 452 £ 7t i&LICt
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