NGS data analysis service of LARC
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1. Introduction

AA A A=A H A (NGS, Next Generation Sequencing)fio] W2 BPatAzo7 A=A, Ads= 0%
20| o5 o]t 7YEol I whEA AREH dsuydh o2 NGSe o #2 Genome(DNA).
Exome(DNA), Transcriptome(RNA), Epigenome (&/d874A)s2e ogdoz Ao Z&&y JF{ Yo
(McFadden, D. G. et al, 2014; Stephen E Gould et al, 2015).
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Fig from A User's Guide to the Encyclopedia of DNA Elements (ENCODE) in PLoS Biology.

a. Whole genome sequencing (Re-sequencing and De-novo sequencing): DNAAFQ] S7HA ¥ o|E=(SNV,
InDel, SV, CNVE)& &Holst7] ¢Jst A]HAI 22 whole genome©] THA}

b. Exome sequencing: DNAAIS] S KALE Q] (gene)S A0 2 st= MEHA A|EA. v 2487 7=

c. Transcriptome sequencing (mRNA and small RNAs): RNAS Aoz 3, mRNAS] €s g &

S|
(Gene expression profile), non-coding RNA(piRNA, tRNA, snRNA, snoRNA, rRNA, microRNAE) &3]
BHEo o5t A|HA

S

:‘

d. Epigenome sequencing: S-X X} w3 RxA35t= DNA-methylation profile 242 23t A|HA

oj21gk NGS+= 2AA o= &= Ho|HE AitetH, ol AFAsto] dst= 2uE & & Qv 499 =7
AEA (o] Z=efQl, pipeline)7} a3yt %2 Bioinformatics AFAIES F4HCE O]
ARG, ARAR oz Aol7|o= 0]Eet Fo|] YT FAlo] d¥t AP =

RRAREE 23
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A=2xUAIE] (LARC, Laboratory Animal Resource Center, KRIBB): [}QFst NGS A|HA] ZPESS
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AlYdst= “NGS dlolg EBAXYAMuA"E AlFFuUct o]2igt Au]2a:= wild typeg Z3SE genetically
engineered mouse, syngeneic mouse, xenograft mouse, aged mouseS-2 o] &%t °FF, =3 AEHA &
o] S |3 $7olA°] DNA, RNA, Epigenome HlojElo] tjst AuEMe X|Yste o] o AT}

2. Analysis pipelines
ARRARAE A dgAt] S BE 2AS] 93 LA BRIWER ojRolA YUt ol2ig U
=]

o] =2 Jefs "mpojmeielrolet Ry, gUiE AZE ST A Y AnE S0 AYAYU

2.1. JEFANX|AAH|A mro]majQlo] FF
A Y molmepel e offiet ZEUth. DNA oA 9] s o] (SNV, InDel, SV, CNVE)E
Whole genome sequencingZ 7222, A[HAC] v A FAE 125t RAAL F9(exon)Ths AEA o2
W7ok Exome Ao AR ZAS AU, RNA HHE AL ofgst mojmeolsg /dstelon, A
cArlo] wep AjtAdo]l ZHsEuUth. DNA methylationo] tfgh FEE #A5h= mpojmetele X Medip-Seq
7Igko g &0} gloy, thg FR/9 Chip-Seqk 7Fe@duyth

O DNA applications
® Exome analysis pipeline
® (Whole genome sequencing: resequencing and de-novo sequencing)

O RNA applications
® Transcriptome: gene expression analysis
® Transcriptome: variation calling
® Transcriptome: small-RNA analysis
® Transcriptome: alternative splicing analysis

O Epigenetic applications
® Epigenome: Medip-Seq analysis
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2.2. Transcriptome: gene expression analysis
2.2.1. 24 28

- o] mrojma}ol2 APALfS] mRNA &3 mfH S st= Zlo] 2mauct weld EA Arsho|
mRNA /o] th&=9] mRNA g} Afolif= & SRIGHA, MlzpFoAe] &4 A2 ¢
Bo] Wsts #ols 4 9l&Uch Gene, CDS, primary transcript, isoform $Z&of|A RAREUCE
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2.2.2. 7
- B40o] XS “RNA-seq: Gene expression analysis(72®)"9] ¥A S w2 afo]jmaielo g JLAL|o] 94t
- Raw read?] reference genome©f|? Of3H-2 Bowtie?} TopHato] o] &&, o]g Ao WA S HA RNA &3z
9] x}o]Ao] 7t transcript = geneH 2 &g}
5 le AN
RNA-seq: Gene
expression analysis
Cleaning and filtering
reads
'*' Annotation DBs
M G Ref >UCSC genomic
apping to Mouse Ref. Foitinos
BQC output:
1. QCresults € <
v
Transcript assembly
v
dDifferential
expression analysis
h
2. Differential
expression results
within samples
(FPKM)
Fig. Workflow used in the RNA expression analysis. Each number 1..3 indicates an output result file. The used tools in each step
are as follows; a->Bowtie and TopHat, b->Qualimap, c->Cuffmerge/Cuffguant, d->Cuffdiff, and the pipelinewas tuned with
perls.
2.2.3. ZAate] oA
a. QC results
Mouse reference sequenceo®] A% mapping ZiE EoFUo. Z]2A4Q &2 ofzier Zon, HEAF

(Qualimap_report_BAMQC.pdf)& ZrstA|H =}



1. Summary (inside of regions)

1.1. Warnings

Some regions are not loaded

40847 regions were skipped because
chromosome name was not found in

the BAM file.
1.2. Globals
|Referer|.ce size | |3,l}95,693,953
|Numher of reads | |68,{]44,634
|Mapped reads ||58,u44,534 / 100%
|Unmapped reads ”ﬂ | 0%
|Paired reads ”68,[!44,534 / 100%

|Mapped reads, only first in pair

| |33,951 091 /49.9%

|Mapped reads, only second in pair

||34,n93_.543 150.1%

|Mapcped reads, both in pair

”65,993,600 1 96.99%

|Mapped reads, singletons

||2,a51,|334 /3.01%

|Read minimax/mean length

||9m9m90

|Clipped reads ”[! 1 0%
|Dupli cafion rate ”48.54%

1.3. Globals (inside of regions)

|Regions size/percentage of reference | | 141,459 010/ 4.57%

|Mapped reads

||54,4za,955 ! 79.99%

|Map¢:ed reads, only first in pair

||2?,159,5?‘[ /39.91%

|Mapped reads, only second in pair ”2?’,25?,29-4 1 40.07%

Page 2

4. Coverage Histogram (inside of regions)

fistogram
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b. Differential expression results
- 71¥™o g t}giut Zo] gene, CDS, primary transcript, isoformS £&0|AQ] differential expression
Aut 2re AEFUC ol ‘Cufflinks'®] Zzyct.

isoform_exp.diff Transcript—level differential expression.

Gene-level differential expression. Tests differences in the summed FPKM of transcripts

gene_exp.diff

shar ing each gene_id

. Primary transcript differential expression. Tests differences in the summed FPKM of
tss_group_exp.diff . . .
transcripts sharing each tss_id
Coding sequence differential expression. Tests differences in the summed FPKM of

cds_exp.diff

transcripts sharing each p_id independent of tss_id

- 0|52 slEAoz oty Ee T

FAe TEUT

; gene_ samp| | sampl | statu | value | value | log2(fold | test_ | p_val | g_val signi
test_id id gene locus e_1 e_? S 1 _ _change) stat ue ue {|can
XLOC . )
XLOC_00 " chr1:78029730-78149 ’ Kidne 3.226 | 7.629 1.240 | 0.009 | 0.037
1847 90184 /773 200 Liver y 0K 46 58 1.24165 08 o5 508 | Yes
XLOC .
XLOC_02 - chr 17:3907512-40462 " 20.22 | 5.756 _ -1.91 ] 0.000 | 0.005
6013 32601 Z7EF1 53 Liver | Lung 0K 5 67 1.81284 732 o5 309 | Yes
XLOC .
XLOC_02 — chr17:3907512-40462 ’ 20.22 | 7.976 _ -1.52 | 0.001 | 0.021
6013 22601 Z7EF1 53 Liver | Lung 0K 5 55 1.34231 567 35 63g | ves
- 9 mo| 7 Ze 09l oujs Jurt
Column Column name Example Description
number
: Tested id XLOC_ 000001 A un|que |dent|f|er describing the transcipt, gene, primary
transcript, or CDS being tested
2 gene Lyplat The gene_name(s) or gene_id(s) being tested
chr1:4797771-4835 | Genomic coordinates for easy browsing to the genes or transcripts
3 locus )
363 being tested.
4 sample 1 Liver Label (or number if no labels provided) of the first sample being
tested
5 sample 2 Brain Label (or number if no labels provided) of the second sample being
tested
Can be one of OK (test successful), NOTEST (not enough alignments for
6 Test status NOTEST testing), LOWDATA (too complex or shallowly sequenpeq), HIDATA.(too
many fragments in locus), or FAIL, when an ill-conditioned covariance
matrix or other numerical exception prevents testing.
7 FPKMx 8.01089 FPKM of the gene in sample x
8 FPKMy 8.551545 FPKM of the gene in sample y
9 &ag?(FPKMy/FP 0.06531 The (base 2) log of the fold change y/x
10 test stat 0.860902 The value of thg test statistic used to compute significance of the
observed change in FPKM
1 p value 0.389292 The uncorrected p-value of the test statistic
12 q value 0.985216 The FDR-adjusted p-value of the test statistic
13 sionificant o Can be either “yes” or “no” , depending on whether p is greater
¢ then the FDR after Benjamini—Hochberg correction for multiple-testing




2.3. Transcriptome: variation calling

2.3.1. 24 21

- RNAE= DNAS Z3(template)z g JHEE RNA-seqg E35to] SNV, Indel, SVE9] DNAAQ]
variation)& 2¢lstil, o] Wolo] 7] U B ofvE B 7lo] o] BA mfo]malelo] BAQ

- RNA-seqo]7]o] §71¥lo]i kAl DNA seq@ Eatol Aj=Hel st 21e FHFUL

4»

2.3.2. 7+

L XM o](genetic

- NGS9 raw readS2 Bowtie ¥ TopHatg &3 reference genome©] mappings U th(o}f

Mapping®] Quality~= Qualimapg £ AluE 0, 0]9] variation calling2 samtoolsS E35f
=2 ANNOVARE &3] filtering ¥ annotation2 AX|A =y}

o]

Sample A,...,.N

RMA-seq: variation

calling
Cleaning and filtering
reads
*Mapping to Mouse Ref.
bQC output:
1 O,Creiults <€ Annotation DBs
’ =UCS5C genomic

features

v

“Variation(SNV,
small indel} calling
and filtering

2. Genetic
variations
annotated with

public DBs

Fig. Workflow used inthevariation calling analysis in RMA-seq. Each number 1 and 2 indicates an outputresultfile. The used

toolsineach stepare as follows; a-=Bowtie and TopHat, b->=Qualimap, c->ANNOVAR, and the pipeline was tuned with perls.

2.3.3. 219l oA
a. QC results
- 2.2.29] QC results &stA]7] vpgyot.

b. Genetic variations annotated with public DBs

J|S[=3

- AlZ N1k N2o] tfsto] thg #9b Z2 Zapb Aleguct. © ofdl £+ human samples AT

Zoolt, F2M FE2 AlTHA dsuyt. o oheaet A¥d human &2 SATHE A2

- F7t2 7} ¥0]9 mapping quality, depth59] A& 7}5% 7Hsgdyo.
- KeggPathway, genomic duplication, cpg island, cytobandS9] AE AlZL 7ty ot
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Known Disease DBs
(NCI60: Cancer

Predicted Mutation Risk (SIFT:
Sequence conservation based risk

Rsid and reported Cell line DB, e ;
freq. (1000G: 1000Geno | ClinVar: NCBI prediction, PP.Hvar: FloyPhen
Basiclnfo N1 N2 Genelnfo me Project, ClinvVar DB, diseases. PP_Hdiv: PolyPhen HDIV
ESP:Exome Sequencing | COSMIC: Catalog used wheﬁ evé\uatin
Project) of somatic Ing rare
mutations . in alleles related with complex
cancer ) diseases)
Muta Muta Muta | RSid
Call | Hete : Call | Hete : : .
Star tion | AAch tion | AAch tion | (dbs NCI6 | Clin | COSM ;
Chr i End Ref ?gﬁé ;?%e Effe | ange ?gﬁé ;?%e Effe | ange Gene Posi | npi3 1000G ESP 0 Var Ic SIFT | PP_Hvar | PP_Hdiv | LRT
Y |t Y |ct tion |8)
FAM2
0C:N
M_02
nons | 0223 IT=r [Tol | |
ynon | :exo erat Benign Benign
chr7 | 2900 12000 | g T Hom | ymou | n10: FAMZ | exon | 5286 ed(C | (C=0.01 | (C=0.00
11 1 0C ic 6519
s c.G1 i =0.0 | ) 1)
SNV 690T 8)
‘p.N
564D
2864 | 2864 FANR & 16=0
syno exon | s _
chr7 | oo 02 A G Het v oc A seeg | 16=0.26 08%8
26
2883 | 2883 FAM2 | exon
chr7 130 |10 |7 oc | ic




2.4. Transcriptome: small-RNA analysis

2.4.

2.4.

2.4

1. 24 58

DNAS 5302 cellioldl &5l RNAL Chysh 9&g a5t o geld aych dasos g
A Wiodo] Zgo] F& mRNA, of]imAlS Lh2i (RNA, SIS 245t rRNA QJoe Chpet 7158 535}
= RNAZ}F B1E3 Q&Y o] mrojmapol2 mRNAE A|Qlst & non-coding RNA(small RNA)S £A1517]
glah 2= AU
2. +4
AR 24 75 &52 tRNA, snRNA, snoRNA, rRNA, piRNA, microRNASo|H 7|&of] d2ixl 718 &Qlst
= 7 dHKR|A] e ZlEo] gigt o&o] Iyt miReap, miRandda, piRNApredictor 5& ©o]&3h). 1
2lo]] KEGG pathway EA0o]L} expression profile 84 ZAutx A= Uct.
RNA-seq: Small-RNA Sample A,..,N
analysis
Cleaning and filtering Annotation DBs
reads >RFAM
|b >miRBase
9QC output: . >Repeat DB
1. Read number *Mapping to Mouse Ref. >piRNA DB
2. Read length distribution >miRNA DB
3. Mapping statistics e >RefSeq
FKnown piRNA 8. piRNA
dAnnotation statistics: W > expression anal. expression profile
4: Gt?non.uc element € ——
distribution
5. ncRNA distribution «| “Known microRNA ; 9. microRNA
6. Repeat element distribution = expression anal. expression profile
v #Known microRNA 10.GO
L3 target prediction and = 11+ KEGG pathway
TCcRNAexpressich Not annotated functional analysis L et
anal.[tRNA,snRNA,sno |«
RNA,rRNA)
Novel piRNA INovel microRNA *Novel microRNA target prediction
7. ncRNA expression anal. expression anal. and functional analysis
expression profile ¢
12. Novel piRNA 13. Novel 14. co
expression profile mlcroRl‘fﬂ\ : 15. KEGG pathway
e expression profile
Fig. Workflow used in the small RNA analysis. Each number 1..17 indicates an output result file. The used tools in each step are
as follows; a->SOAP, b->Megablast, c->miReap, d->R package, e->miRanda, f->piRNApredictor, and all pipeline was tuned with
mirTools2and perl.
3. 2] oA

a. Read number

-%0: ofgf B human AZS BAS Algduct 5 zoioz npes Az Fygyct
Eg‘q“e—q“e 157442
;Ota'—q“er 18046672
reference
genome hsa
original query
18] 19| 20| 21| 22| 23| e2a| 25| 26| 27| 28] 29| 30| sum
5414 | oog4 | 1299 19261 2933 | 2601 2048 1458 | 1052 | 599 | 2504 | 845 | 220 | ™73 | wTag number




**Sum of
6661 | 1279 | 7079 | 1285 | 3355 | 6974 | 1447 | 3739 | 1577 1804 | ead number
29101 0| 04| 00| 4385| 36| 71 07 0 1| 8334 1281 372 | gggy E?aZLljB of
TagDepth))
1048 | 2020 | 2793 | 3110 | 3131 | 1804 | 1097 | 850 | 645 | 403 | 1s6| 50| 15| /15| genome.nia
1110 | 1318 | 2022 | 5371 | 3503 1554 | genome_tota
9782 2 S 2 : 2| 5689 | 3077 | 1383 | 1336 | 566 | 69 | 44| 1237 9enom
86| 180 | 250 | 361 | 466 | 337 | 246 | 202| 18| 174 87 25 11| 2611 r;ﬁm—“” Ique
3158 | 4090 | 5798 | 4190 | 2878 | 3331 | 1318 | 730| 689 | 1055 | 402 | 44| 35| O] rfan-total
6| 46| 94| 49| 20| 57| 13 6 1 1 1 1 0| si4 | MiANAUNIQU
1405 | 451 | 1415 | 3554 | 5430 [ P01 4318 | 32 1 3 1 1 o | 4003 | mifNA_total
304 | 615| 902 | 988 | 991 | 564 | 358 | 306 | 225 | 124 37 16 3| 5433 Lgpﬁf};—““‘q
1602 | 1576 | 2674 | gs51 | 1092 ) 2074 | ss2 | aso | 288 | 0| 37| 16 g | 2872 | repeat_tota
44| 83| 107| 25| 44| 12| e7| 74| 63| 31 4 0 0| 74 | MNAUNiqUe
50| 115| 139 | 196 | 694 | 286 | 200| 191 | 46| 33 4 0 0 | 2054 | MANA-total
unannotatio
508 | 1006 | 1440 | 1487 | 1401 | 734| 393 | 262 | 70| 73| 27 8 1| 7690 | n_unique_nu
m
3547 | 4874 | 3156 | 3735 | 8188 | 2924 | 2301 | 1765 | 259 | 105 | 32 8 1| 8089 | unannotatio
5| n_total_num
nove|_num 35
F  Small-RNA seq®] ZA1t= “>SampleName_TagXXX_xNN TCGTTTCCGGCTCG..."2 o]Folxq 2. 29 Hit= M=
SampleName© 2 B E| TagXXXzt= Aol NN ZAEEQct= oo, wabi] *Tag number?] 2]u]= “18meroA] 30mere] i A]
dasol 2 W HEHAEAE g1 s **Sum of read number= Z7f9] Tagoct’b NNS  HsiA  AbEeh A
‘genome_unique_num’ reference genomeo]] mapping=]= £0]H, ‘genome_total_num’2 o]of NN& JsiA &% £, YAl o]

o 5.

b. Read length distribution

-3 OH:
N
B Unigue reads O Tetal reads

100 — —_ 100 — —

20 __ an =

B0 — 80 —

7o — 70—

80 80 —

50 i 50 —

40 - a0 —

30— 30

20 20

10 - 10 -

- R RRN DD.= d__ NN _ _

18 19 20 2 22 23 24 25 26 T 2 29 30 18 19 20 21 22 23 24 25 26 27 2@ 29 30
Length type Length type

c. Mapping statistics
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e. ncRNA distribution
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f. Repeat element distribution
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g. ncRNA expression profile (miRNA, snRNA, snoRNA, tRNA, rRNA :3})

g.l. snRNA
_j_‘];D/]\]:

25000 -



Most abundant tag
Absol [ Relat
SN *SnNRNA ute ive Sequence T *xxxADs | ***xRe
count | count IDag olute lative | Tag sequence
count count
| DANIOIZASBES. 1)y 12071 GUGCUCACUUCAGCAGCACAGACAUCCAAAULGGAAAGAUACAGARAAGAULAGCAUGECCUAU  Ni-01= 4 23584,  TCTGGGCAACAAAGT
5700163 7 AAGAAAAGAARAAAGAAGACCAGUCUGAGCAACAAGUGAGACC 1o0038 91 GAGACCTAT
AAIY01493423 1/ AUUGCUUCUCGGCCUUUUGGCUAAGAUCAAGUGUAGUAUCUGUUCUUAUCAGUUUAAUAUCUGA  NY-D1_
2 1716-1526 AF000 163 0108 UACGUCCUCUAUCUGAGGACAAUAUAUUAAAUGGAUUUUUGGAGCAGBGAGAUGGAACAGGAGE 100032 45 20583, AMTGGATITTTGEA
04:U2; 49 JURCUCCRUCCACUCCACACAUCAACCUGAUAUUACAGUACUUCCAGARAUGGUGCACCAAAA  31_x45

B *snRNA: AMX]E Rfam sequence accession ID/Start-Stop_RfamFailiylD:RfamClanName, *xTag ID: A|EHA]
5 read9 18 ID, **xAbsoute count: snRNAQ] reads, **xxRelative count: Normalized snRNA read 3,
(snRNAS] read4/A]HAE total ncRNA) * 10°

g.2. snoRNA
- IO “g.1. snRNA”

ot
g.3. tRNA
- ZUl: “g.1. snRNA"¢} =<
ot

g.4. rRNA
- Ul “g.1. snRNA

h. piRNA

- RNAdb (http://research.imb.uq.edu.au/rnadb/rnadb2_archive.htm) AX Ayt
-ZO: “g.1. snRNA"} =<

1. miRNA

_;1_11_‘__1113:

*miRNA: A X]=l mirBase sequence accession ID

»+Tag ID: A|HAE read9] 1§ ID

*x*xAbsolute count: miRNA9] read 4

x+x+Relative count: Normalized miRNA read 2, (miRNA2] read4/A|EAIE total ncRNA) * 10°

Most abundant tag
S *miRNA Abcsgulnutte Hecloehtnitve Sequence — sxxppsolu | xx=Relat .
te count ive count
1 hsa-miR-222-3p 24888 621687.1  (coac ICUAGCUA - BP0 ]109000 23619  580088.3 hoquAGATCTGGCTAC
2 hsa-miR-29b-3p 2065 56578.32  (Jgct cnUUUGAMA ggiglgégoooz 1892 47261.01 [ASCACCATTTGAMT

j. GO functional analysis of known miRNAs

-o] #A2 (1)miRNAZF IHdE Zlo & AR =(Ex ZeAl) 8§ fAAE Wole A& AAGIA, (2)0]
SAAE0] &35t Gene Ontoloty(GO)2] 7|5A BAo0 g o]ojzl

j.1. Target prediction result of known miRNAs (miRanda®] 2}
_ED}H:
xTargets: miRNAQ}F A5 A8 (binding)& 7 0.2 o &&= gene name
**Score: mircrorna.orgo|Al A& &= mirSVR scoredUt}. 71 2419 miRanda prediction rules
(seed]—site pairing, site context, free-energy, and conservation)S ©] &3t & 7|HAdYct A
14044t
s**Minimum free energy (MFE): Free energy refers to the minimum free energy and shows how
strong the binding of a miRNA with its target is. Normally free energy is a negative real value
and its unit is kcal/mol. The lower the free energy, the firmer the binding structure is and the
more likely it suggests the true binding.

miRNAs *Targets **Score *xxxMinimum free energy Ig(r)?et prediction ts)ipg(t)rrwé?d
tools
hsa-miR-320a CDC14B 158 -19.3 miRanda microT
hsa-miR-320a IGF1R 283 -21.9 miRanda microT
hsa—-miR-29b-3p C3or {72 149 -18.42 miRanda -

j.2. GO report of known miRNA targets
_5]__‘]:}]\]:




#Enric

cléiier GO term *N **[) x| f:; Gene description Related genes wgiq; vgﬁie
biologic G0:000639 9963 A1CF ADARB1 ADARB2 ADAR AFF2 AICDA
al_proce 7 ' 8 7184 196 98 mRNA processing APOBEC2 APOBEC4 BCAS2 CASC3 CDK12 CELF1 6.93 0
ss CELF2 CELF5 CELF6 ..24eF
biologic G0:001046 9963 A1CF AARS2 ADARB1 ADAR AIMP1 AIMP2 AR
al_proce 7 ’ 8 7184 638 290 gene expression BOP1 BRF2 CARS2 CASC3 CCNT1 CCNT2 CD2BP2 6.3 0
ss CDC40 CDK9 CLNS1A CNOT1 CNOT4 ---A4ek
biologic . )

G0:001655 9963 cytidine to
al_proce 4 8 7184 2 1 uridine editing A1FF 6.93 0.19

SS
*N: total number of genes annotated by GO/KEGG in whole genome.
x*xn:totalnumberofgenesannotatedbyaspecificGO/KEGGterminwholegenome.
+x*xM:totalnumberofgenesannotatedbyGO/KEGGinpredictedmiRNAtargets.
+xxxm:totalnumberofgenesannotatedbyaspecificGO/KEGGterminpredictedmiRNAtargets.
#Enrichmentfold: Al 24|e] 57 GO termo]| &3t FAAIEY &4 85k miRNAZS] EdE 540 A&

##P-value:hypergeometrictestS &35t S9]¢

k. KEGG functional analysis of known miRNAs

~o] £42 miRNAZ} T A0 olAX(EE LelAl) el SAALE Welt oz AASIAL, o] §AAISol
431 KEGGO] 7|54 £4702 oloj U,

=>ITui:

KEGG #Enric #4p
patTwa *N *%) * %\ *KK K[ Related genes Wmen} vale
y ID 0
hsa006 AACS ABAT ACADS ACATT ALDHSA1 BDH1 GADT HADH  HNMGCST HMGCS2 L2HGOH
ns 15840 10039 30 14 oyAcS ABAT ACACS 0.74  0.44
hsa003 AADAT ACAT1 ALDH7AT CCBL1 CYP1A2 CYP1B1 HADH  ILAI1 INMT KMO KYNU
80 15840 10039 42 17" \AOA MAOB OGOHL TPH1 WARS WARS2 0.64  0.14

*N: total number of genes annotated by GO/KEGG in whole genome.

xxn:total number of genes annotated by a specific GO/KEGG term in whole genome.

x+*xM:total number of genes annotated by GO/KEGG in predicted miRNA targets.

w+*xxm:total number of genes annotated by a specific GO/KEGG term in predicted miRNA targets.
#Enrichment fold:EU°] 574 GO termol| £5h= RAASY H2A85h= mIRNASO] g 54 A=

##P-value:hyper geometric testS E£3F S9| &

1. Novel piRNA expression profile

—RNﬁkdb (http://research.imb.uqg.edu.au/rnadb/rnadb?2_archive.htm)-search-result
_;ll—]___tl)\ :

Most abundant tag
Absol :
SN| novelpiRNA ute R?iiﬁ:ye Sequence Absolu sl flve
count Tag 1D te o Tag sequence
count
1 ngéﬁl_piRNA 7 58333.33  AAAACTCAAAGGACCTGGCGGTGCTTC 2;601Tt0069 1 8333.33 AACTCAAAGGACCTGGCGG
_ _X
P n?ggl,piRNA 6 50000 TGAAAAATTTGAGAAGGAGGCTGCTG gggD1§tOO34 2 16666.67 éAAAATTTGAGAAGGAGGCTGCT
_ _X

m. Novel microRNA expression profile

- oy
*Seauencei o] miRNA9] Hairpin structure®] o|ojx|7} AlZH
*Precursor sequence: 0] A|€& A =ArofA] o] miRNAZ} &&d

CERE

i
=]
>
o2



Abs Rela | PTe Most abundant tag
Novel | o ?IU tive %m\ XS
miRNA rm I eour eguence Absol | Relat T a g
couj num Tag 1D utel|live SEBUETEE **Precursor sequence
nt ber count | count d
S e app 2511 pSR0CEGEA Nijeos 7s 20801 SEUG0UGC  GGATTACAGGCGTGAGACACCGCACOCAGCCACCCCTTTCTTTTTTT

30 57.4 CAT X178 8.5 CTTTT AAAAAACTTTTGAGGCCGGGAGTGGTGGCTCATGCCTGTAATC
XXX—M

GAAGTTGGG  NY-D1_t GAAGCGGG
m 2106 — 13194 GAATTCAGGGAACTATGGGAGCCTCTCACAAGCATGAAAAATCCAAG
2804 S 182 4gp 1 GCTCTTATT 0001744 114 74" GGCICTTA  TATTCAGATGGAAGTTGGGGCTCTTATTTTCCAGCTTGEG

. GO report of novel miRNA targets

o] A2 (1)miRNAZ} ZHAE ZAo2 AR S (EE Yejxl) Bl SAAIS 9s]s 2oz AJA|A], (2)0]
SAAIS0] 43 Gene Ontoloty(GO)Q] 7|5A BA0 g o]ojzluct,

m.l. Target prediction result of novel miRNAs (miRanda®] Z})

_ED)]\]

: *xx\inimum C o h Suppor ted by other
miRNAs *xTargets **SCore free energy Target prediction tool ol
xxx-m0034-3p TGFBR3 149 -24.03 miRanda -
xxx-m0034-3p TGFBR3 149 -24.03 miRanda -

m.2. GO report of novel miRNA targets

_EE}]\]:
*N: total number of genes annotated by GO/KEGG in whole genome.
+*xn:total number of genes annotated by a specific GO/KEGG term in whole genome.
«+xM:total number of genes annotated by GO/KEGG in predicted miRNA targets.
«xxxm:.total number of genes annotated by a specific GO/KEGG term in predicted miRNA targets.
#Enrichment fold:AlZH9] §74 GO termo|| &5t FAAEY A S5A80 = miRNASS Ui 54 A&
##P-value:hypergeometric testE £3F §9o|&

#Enr
GO cluster GO term *N *%[) *K‘A* ***m* Gene  description Related genes Iecnhtm V?IPU
fold °
Eécs)éogical_pro Sgéomo 99638 6§8 9 2 negative regulation of peptidase activity A2ML1 SERPINE2 3.52 0.14
blological.pro. 80:0052 99638 028 3 2 regulation of endopeptidase activity AMLIFUUR N 105 0.03

. KEGG report of novel miRNA targets

ol 4L miRNAZE ZHT A2 ol AR L(EL Y2iT) PR AAAE Walk HoR AXGIA of RHAIE]
KEGGe] 7154 #4102 olojaucy.

o

)

as

I_|>.I

s

*N: total number of genes annotated by GO/KEGG in whole genome.

+*xn: total number of genes annotated by a specific GO/KEGG term in whole genome.

«+xM: total number of genes annotated by GO/KEGG in predicted miRNA targets.

«xxxm. total number of genes annotated by a specific GO/KEGG term in predicted miRNA targets.
#Enrichment fold:ZUe] §74 GO termo| &ot= SAANSY 4S80 mIRNASS] Wad 540 A=
##P-value:hypergeometric testE £3F §9ol&

KEGG ##P

pathway *N ** *x %[ *k KA Related genes #Ertw ]Lgmen valu
D

hsa00650 15840 8895 30 9  AACS ABAT ACADS ACAT1 ALDH5A1 BDH1 BDHZ2 HADH  L2HGDH 0.53 0.1

AADAT ACAT1 AFMID ALDH1B1 ALDH3A2 ALDH7AT  CCBLT CYP1A1
hsa00380 15840 8895 42 17" GYP1A2 HAAO HADH 1L4T1 KMO MAOA MAOB OGDH WARS? 0.720.28



2.5.

2.5.1. 24 =

Transcriptome: alternative splicing analysis

b
A vIRS ASAAYAY S Aetets S4& fA5] A {AA] Jia-S 200090 =7HAR s 3
Rtoi7l oo s SAtEe FAMASH shAR Adnt ojut A2 2%ro7ie] fAlAtREe] 2RlE i,y
Ale fAAE 2o ebdol g thg/d(isoform)S &3 sidste Jlo= A< BuHgdayot
o] mojmeele} Fa= oleh RAIATY Ed ool fAlE= 714l Alternative splicingg =Istal, A&
HHnE p¥ste Ae 5oz dyn

2.5.2. 4

SHA T st FEjS Qlst= wyoz 7|EAHoz MATS(http://rnaseq-mats.sourceforege.net)S
AHEUTH Aat2 = 57HA] Alternative splicing eventSo thet JE S Alsdyct (ot 2 &)

BNA-seq: Alternative Sample Group A,....N
splicing analysis

Cleaning and filtering

reads

'l' Annotation DBs

. >UCS5C genomic

*Mapping to Mouse Ref. e
BQC output:
1. QC results <
B AS event detection tAS event detection within
within samples sample groups

! |

1. All AS events found in compared sample
1. All AS events found in compared samples - . 5
% Movel A muants fodng s compired 2. Movel AS events found in compared sample
samples i
3. SE events in compared samples group ;
: 3. SE events in compared sample groups
4. Rlevents in compared samples ;
- 4. Rlevents in compared sample groups
5. A3SS events in compared samples :
i 5. A35S events in compared sample groups
6. ALSS events in compared samples _
: 6. ASSS events in compared sample groups
7. MXE events in compared samples ;
7. MXE events in compared sample groups

Fig. Workflow used in the alternative splicing analysis. Each number 1..7 indicates an output result file. The used
tools in each step are as follows; a->bowtie2 and TopHat, b,c->MATS (http://rnaseq-mats.sourceforge.net/), the
pipeline was tuned with perl and python. The types of AS events—SE, RI, A355, A5SS, and MXE-- are as follows,




Alternative Splicing Events

Skipped exon (SE)

Alternative 5’ splice
site (ASSS)

Alternative 3’ splice
site (A3SS)

Mutually exclusive
exons (MXE)

Retained intron (RI)

|- Constitutive exon [ Alternatively spliced exon|

2.5.3. A1+l oA

a. QC results

- 2.2.29] QC results Zr135}A]7] vpyct.

b. All AS events

-2 SE
exonSta
geneSym upstrea | upstrea | downstr | downstr
ID GenelD bol chr strand ;t_Obas exonEnd mES T SETES e
1| FcAMR FCAVR chr 1 B 2.07E+g 2.07E+g 2.07E+g 2.07E+g 2.07E+g 2.07E+g
o | NFUT NFU1 chro B 6962742 6962768 6962323 696234% 696331% 696332l
-3LOH: A3SS, ALSS
| ongExo ; ;
D GenelD geneSym chr strand nStart_ longExo shor tES | shor tEE flankin | flankin
bol Obase nEnd gES gEE
1| vecr MECR chri B 2954308 2954333 2954308 295431? 2955723 2955742
2 | FOXM1 FOXM1 chr12 - 2973848 | 2973921 | 2973848 | 2973918 | 2975558 | 2975687
-3l MXE
1stExo 2ndExo
geneSy 1stExo 2ndExo | upstre | upstre | downst | downst
10 GenelD mbo chr strand ngéggé nEnd ngéggé nEnd ameS amee reameS | reamEE
11 Aars1 | AARSDY | ohr17 | - 4110?2 4110?? 411026 41108; 411022 411032 411082 411023
411038 | 411039 | 411068 | 411069 | 411025 | 411027 | 411071 | 411072
2 | AARSD1 | AARSDT | chr17 | - 16 11 9 84 42 45 74 41
-3 OH: RI
iExonS q
geneSym i riExonE | upstrea | upstrea | downstr | downstr
1D Gene D bol chr strand ;ggt_Ob nd mES mEE eameS eameE
1| Foamr FCANR chri _ 2.07E+g 2.07E+g 2.07E+g 2.07E+g 2.07E+g 2.07E+g
> | DERL3 DERL3 chro2 _ 2417668 241793? 2417668 2417913 2417928 241798?

c. Novel AS events
-mo: b 5

d. SE events

-0

ZRJYG. & 7]E9] "UCSCo| ol

[o) Ko X
=]

71”7 2]9] splicing event§t 7| 2%

Yet,




-1HZA3E A file that evaluates differential AS using only reads that span splice
junctions.

exonSt
geneSy exonEn | upstre | upstre | downst | downst
D Gene D mbo | chr strand g;;_Ob d ameS ameEE reamgeS | reamEE D
460341 | 460343 | 460336 | 460338 | 460345 | 460346
1033 | AKR1A1 | AKR1A1 | chr + 56 56 53 49 98 71 1033
358668 | 358668 | 358649 | 358651 | 358697 | 358700
10350 | RPN2 RPN2 chr20 + 04 55 8o 12 05 o5 10350
*1JC_SA | #*SJC_S | 1JC_SAM | SJC_SAM | IncForm | SKibFor | myajue | FOR IncLeve | IncLeve | [DCLeve
MPLE_1 AMPLE_1 | PLE_2 PLE_2 Len mLen [1 |2 e
836 14 181 47 141 66 0 0 0.965 0.643 0.322
123 1127 8 1373 82 75 0 0 0.091 0.005 0.086
*[JC_SAMPLE_N column is for the inclusion junction counts of SAMPLE_N and **SJC_SAMPLE_N

column is for the skipping junction counts of SAMPLE_N.
F-2]) What are 1JC and SJC? ]
otk MZS RNA-seq 38Fa, gene A9 exon 2] Skipped exono]Z} & uf,

RNA  seq 237}  "exonl(3read count) — exon2(1) —exon3(3)"o]H,

ol:= otgfiot &2 AdE T3

Chrl 5‘::::::::::::::::::::::::::::::::::::::::::::::::::3‘
gene A - == =~ — =~ — —— = ——— ——— ——— >
exon el———— e ——— ——— e3———————
RNA ——

read count 3 1 3

*[JC(inclusion  junction count) 1
«SJC(skipped  junction count) 2

-2HZA3E A file that evaluates differential AS with both reads that span splice
junctions and reads that map to target exons.

St
geneSy exon exonEn | upstre | upstre | downst | downst
D Gene |D mbo | chr strand :;;_Ob d ameS ameE reameS | reamkE 10
460341 | 460343 | 460336 | 460338 | 460345 | 460346
1033 | AKR1A1 | AKR1A1 | chri + 56 56 53 49 98 71 1033
358668 | 358668 | 358649 | 358651 | 358697 | 358700
10350 | RPN2 RPN2 chr20 + 04 50 80 12 05 o5 10350
x|C_SAM | +xSC_SA | IC_SANP | SC_SAMP | IncForm | SKiDFOr | pyaiue | FoR IncLeve | IncLeve | [DCkeve
PLE_1 MPLE_1 LE_2 LE_2 Len mLen [ |2 ence
1326 14 302 47 252 66 0 0 0.961 0.627 0.334
123 1127 8 1373 82 75 0 0 0.091 0.005 0.086
*]JC_SAMPLE_N is for the inclusion counts of SAMPLE_N

**]JC_SAMPLE_N is for the skipping counts of SAMPLE_N




2.6. Epigenome: Medip-Seq analysis
26.1. 84 =21

- 22 83 77dA(epigenome) A7t EstA Al°8E 1L

2 S o o
9»:1?14 q —?—}gﬂ'r/?_t
oly

AALe} GRS vte = ZhaRA(meiosis)A] AYA|IL, o]5 HoA

ol2{gr DNA tEe} FE=E5 HAlsH]

2.6.2. 7+

Sample A,...,.N

Cleaning and filtering

Medip-Seq analysis

reads
'b Annotation DBs
1 . =UCSC genomic
BQC output: Mapping to Mouse Ref. Faatias
1. QC results
<€
h 4 h 4

= Methylated
genome region
identification
{only one sample)

= Genome comparison for

the methylated genome
region identification
(between samples)

Methylated regions:
2. Peak result
3. Peak graph

dpeak annotation

v v

5t0{, DNA 23 £7d5h= DNA HEsts SsllA olFojdyn. duixoz A S57H0] &

4, Genes related
to identified peaks
(based on each

5. Genes related
to identified peaks
(based on sample

sample itself) comparisons)

Fig. Workflow used in the small RNA analysis. Each number 1..4 indicates an output result file. The used tools in
each step are as follows; a-*bowtie2, b->Qualimap, c->MACS (http://liulab.dfci.harvard.edu/MACS/), d-=CEAS
(http://liulab.dfci.harvard.edu/CEAS/), e-=diffReps

(http://www.plosone.org farticle/info%3Adoi%2F10.1371%2Fjournal.pone.0065598) and the pipeline was tuned
with perl.

2.6.2. A1t oA
a. QC results
- 2.2.29] QC results #FilstA|7] ugdyot

b. Peak result

ol

Hel



# This file is generated by MACS version 1.4.2 20120305

# ARGUMENTS LIST:

# name = samii

# format = SAM

# ChlP-seq file = ../sam11.sam

# control file = None

# effective genome size = 2.70e+09

# band width = 300

# model fold

10,30

# pvalue cutoff = 1.00e-05

# Large dataset will be scaled towards smaller dataset.

# Range for calculating regional lambda is: 10000 bps

# tag size is determined as 49 bps

# total tags in treatment: 24426988

# tags after filtering in treatment: 21556018

# maximum duplicate tags at the same position in treatment = 1

# Redundant rate in treatment: 0.12
#d =260
chr start end length summi t tags -10%L0Go(pvalue) fold_enr ichmen
chr1 9791 10890 900 433 208 1702.77 20.73
chr1 20625 23010 2386 675 96 77.85 7.23
. Peak graph
- %29): peak graph”} o]u]X|(gif, jpg, pngs)’t = o] ofyzt, A& Foj(of. IGVE)2 4 Ue ZY

AR, +.bdgelt, IGVolA E2i5Ydtl= FAS 'bdg oA ‘bedGraph’& vto] F7] uj,

. Genes related to identified peaks (based on each sample itself)
- EEI}]\-]

# RefSeq: RefSeq 1D

# chr: chromosome of a RefSeq gene

# txStart: 5' end of a RefSeq gene

# txEnd: 3' end site of a RefSeq gene

# strand: strand of a RefSeq gene

# dist u TSS:  Distance to the nearest ChIP region's center upstream of transcription start site (bp)

# dist d TSS:  Distance to the nearest ChlP region's center downstream of transcription start site (bp)

# dist u TTS:  Distance to the nearest ChIP region's center upstream of transcription end site (bp)

# dist d TTS:  Distance to the nearest ChIP region's center downstream of transcription end  (bp)

# 3000bp u TSS:  Occupancy rate of ChIP region in 3000bp upstream of transcription start site (0.0 - 1.0)

# 3000bp d TSS:  Occupancy rate of ChIP region in 3000bp downstream of transcription start site (0.0 - 1.0)

# 1/3 gene:  Occupancy rate of ChIP region in 1/3 gene (0.0 - 1.0)

# 2/3 gene:  Occupancy rate of ChlIP region in 2/3 gene (0.0 - 1.0)

# 3/3 gene:  QOccupancy rate of ChIP region in 3/3 gene (0.0 - 1.0)

# 3000bp d TTS:  Occupancy rate of ChIP region in 3000bp downstream of transcriptino end (0.0 - 1.0)

# exons: Occupancy rate of ChIP regions in exons (0.0-1.0)

# Note that  txStart and txEnd indicate 5' and 3' ends of genes whereas TSS and TTS  transcription start and end sites in

consideration of strand.

: : : . 3000b | 30000 30000

txSta stran | dist | dist | dist | dist 1/3 2/3 3/3
finame | chr rt txEnd d uTSS | dTSS | uTIS|dTTS $S§ %Sg gene gene gene %Tg exons | Gene
N2 | chr1 | 14362 | 20870 | - 59288 | 7553 | 7455 | 4122 0 0 0| 0.48 0 0 0 | BASH7
NA92 | chr1 | 34611 | 36081 | - 50577 | 14264 | 54047 | 12794 0 0 0 0 0 0 o | ENS




e. Genes related to identified peaks (based on sample comparisons)

e.l. Peak detect and annotation

- B U BS 5o BQlE peakS9| RO A FWALS EAIRL.
- P-valuex chi-square testo] 7yl
_ EE}H
Chrom Start End Length Irgﬁ%men gg?trol. Irgeémen gegtrol. Irgg:men ggptrol. Event log2FC
chri 9101 10100 1000 233.63 331.45 233.63 331.45 | NA NA Down -0.5
pval padj winSta | winEnd | winFC winP winQ GName TName Strand | TSS TES geatur D2TSS
3.875; 0.0083 9101 10100 05 3.875; 0.00Q% ?DX11L g§§046 + 11873 14408 Z{gmot —22725
Column Name Explanation
Chrom Chromosome name
Start 1-based start coordinate
End 1-based end coordinate (inclusive)
Length Length of the differential site in bps
Treatment .cnt Normalized read counts of the treatment group (separated by semi-colon)
Control.cnt Normalized read counts of the control group (separated by semi-colon)
Treatment .avg Avg. count (normalized) of the treatment group
Control.avg Avg. count (normalized) of the control group
Treatment .enr Fold enrichment vs. input based on avg. count (normalized) for  treatment group
Control.enr Fold enrichment vs. input based on avg. count (normalized) for control  group
Event Direction of enrichment change using the control group as reference
log2FC Log? fold change
pval P-value
padj BH-adjusted p-value (FDR)
winSta Start coordinate of the core window which is the window with most significant p-value among the
site
winEnd End coordinate of the core window
winFC Log? fold change of the core window
winP P-value of the core window
winQ Adjusted p-value of the core window
GName Associated gene name
TName Associated transcript name
Strand Associated transcription strand
TSS Associated transcript start site
TES Associated transcript end site
Feature Classification of the site's location
D2TSS Distance from the site center to the associated transcript's TSS

e.2. chromatin modification hotspot
B 8|12 £} 2AY peako] 2% A (hotspot)

_ED)]\]:
Column Name
Chrom
Start
End
Length
enrich
pval
padj
nsite

Sites

ntype

MarkType

Explanation

Chromosome name

1-based start coordinate

1-based end coordinate (inclusive)

Length of the hotspot in bps

Enrichment ratio (compared with background)
P-value of enrichment

Adjusted p-value

Number of differential sites in the hotspot

One-string description of the hotspots. The differential sites are separated by semi—colon. Each
differential site is described by filename:(info columns separated by comma):|ine_number .

Number of different types of chromatin marks in the hotspot

Unique chromatin marks in the hotspot. In order for find Hotspots to recognize mark names, you
must make the diffReps output file names contain  "standard" chromatin mark names. Such as,
diffout.h3kdme3.txt, diffout.h3k9ac.txt, diffout.polll.txt. If it cannot recognize the marks, it

will put the whole file names here.




2.7. Exome analysis pipeline
-FE3YU

Exome analysis pipeline |

Sample A,....N

| Sequencing

!

“QC output:

*Mapping to Mouse Ref.

Annotation DBs

1. Read number

>refGene

2. Read length distribution  [€
3. Mapping statistics

v

>dbSNP138

‘ ®Variant calling ‘

v

9Variant concurrency
analysis between replicates

v

‘ Variant annotation ‘

A 4
4. Variant annotation result
after filtering

Pipeline was controlled with Perl5.

Done with TMAP{Torrent Mapping Alignment Program)
Done with TVC{Torrent VariantCalier)

Done with QualiMapv2 0

Done with home made programs

on oo

h 4

5. Raw variant

annotation result




3. Hardware
- LARCE t}e3} 28 AE 7FX I Y&UTh o] 52 CentOS 6.6(64bit)S OS2 sto] AU,

Machine CPU number Memory size Main storage size
M1 16 47G RAID10 5.4T
M2 16 47G RAID10 5.4T
M3 8 47G RAID10 5.4T
M4 16 36G RAID10 3T
M5 16 36G RAID10 3T

Total 72

4. Publications (NGS related)

Ji-Youn Han, Yeon-Su Lee, Eun Soon Shin, Jung-Ah Hwang, Seungyoon Nam, Seung-Hyun Hong, Ho
Young Ghang, Sung Jin Yoon, and Jin Soo Lee (2012), A genome-wide association study of survival
in small cell lung cancer patients treated with irinotecan plus cisplatin chemotherapy,
Pharmacogenomics J.

Han JY, Shin ES, Lee YS, Ghang HY, Kim SY, Hwang JA, Kim JY, Lee JS (2012), A genome-wide
association study for irinotecan-related severe toxicities in patients with advanced non-small-cell
lung cancer. Pharmacogenomics J.
http.//www.nature.com/tpj/journal/vaop/ncurrent/full/tpj201224a. html

Ghang H, Han Y, Jeong S, Bhak ], Lee S, Kim TH, Kim C, Kim S, Al-Mulla F, Youn CH, Yoo HS, The
HUGO Pan-Asian SNP Consortium (2011), How Many SNPs Should Be Used for the Human Phylogeny
of Highly Related Ethnicities? A Case of Pan Asian 63 Ethnicities. Genomics Informatics, 9(4):181-188,
http://koreamed.org/SearchBasic.php?RID=0117GNI%2F2011.9.4.181&DT=1&QY=%22Genomics+Inform %22
+[JTI]++AND+2011+[DPY]+AND+Dec+[DPM]

Chumpol Ngamphiw, Anunchai Assawamakin, Shuhua Xu, Philip J. Shaw, Jin Ok Yang, Ho Ghang, Jong
Bhak, Edison Liu, Sissades Tongsima, and the HUGO Pan-Asian SNP Consortium (2011), PanSNPdb:
The Pan-Asian SNP Genotyping Databases, PLoS One.
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0021451
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