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Providing NGS platform for researchers
in various research field
http://www.genome-sci.jp/
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RNA Seq®%#8

25 8EFHHRTEED (36bp Single End Read)

REEZEATHED (MRNA) RNA Seq
small RNA Seq

BNV BEDOBBEERZEATSHED RIP Seq/CLIP Seq

BRAIERETSED (=100 bp Paired End Read)

BIEF7/7—3v9 %D de novo 72TV
MRNA Seq
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Template Prep. for MRNA
RNA Seq Total RNA
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MtRNA Estimated 0.3-1 million copies pel
20,000 species in humans
PolyA selection @ 90%b of the cellular RNA are polyA (-); rRNA, tRN
AAAAA
RNA fragmentation @
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Sequence Adaptor ligation to both ends @
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BioAnalyzer is essential for sample preparation

BioAnalyzer (Agilent):
Electrophoresis on microchip

4000 —
[FU 28S rRNA
2000 —
&0 18S rRNA ‘
40— | | -
20- ‘ | E
1000 — — k 1
. R
n —
T -
T I I | I I
25 200 1000 4000 [nt]
i Overall Results for sample 1 : i i kondo JF.PBLs 1
RMA Area: 3321
RNA Concentration: 123 ng/yl
200 — rRNA Ratio [28s | 18s]: 20
RMA Integrity Nurmber (RIN): 10 (B.02.07) RIN=10
Result Flagging Color:
Result Flagging Label: RIN:10
Fragment table for sample 1 : kai i kondo JF.PBELs 1
20— — w—— .
Name Start Size [nt] End Size [nt] Area % of total Area
135 1,770 2713 ] 207
235 3,033 4,523 1302 418

6
\j Dissection



Advantages in using BioAnalyzer (I)

effective material (250-450 bp)

Wl

effective material (250-450 bp)

non-effective material

Primer dimer

[FU] -
30—
40
30—
20
10

|

AP 1.

Fulq = &
& -4
e -
100 ;
s |
i
- ]
{l S ——— - . 7
T | I | L -
50 300 500 70O 1500 FOOr  [bp]
Overall Resultslforsample 2 input 50ng lot 022433
Mumber of peaks found: 1
Peak table for sample Z : input 50nq lot 022433
Peak Size Conc. Molarity Observatio
[bp]l [ng/pl]  [nmelfI] ns
2 285 43.18 268.0

I I
50 U £

2N

I FImnrIrrT
700 iS00 7000 [bpl

Overall Results for sample 5 :

Mumber of peaks found:
Peak table for sample 5 :

Peak Size Conc.
[bpl  [ng/pl]

125 .64

149 340

307 12.38

daoLa P

3
input 50ng lot023554

Molarity Observatio
[nmad /1] ns

B27

M5

610

To measure effective template amount

input 50ng lot023554



Examples of NGS data (RNA Seq on Genome Studio Viewer)

=0 TTTSGC TEACGC TGO TG TAGRACCTAT TGATTTTCC

TTTGC TGACGC TGC TG TAGAACCTAT TGATTTTCC

TTTGC TGACGC TGO TGTAGAALC CTATTGATTTTICC

TTTGC THEACGC TGO TG TAGRLC CTATTGATTTTCC

TTTGC TGATGC TGO TGTAGALC CTATTGATTTTIC

ATTTGC TGACGC TGC TG TAGAARCC TATTGATTTTC TGTATATGC TEC ATC TATG -

CATTTGC TGACGC TGC TGTLAGAACC TATTGATTTTC CTGTATATGC TGCALATITATG
TCATTTGCTSGACGCTGCTGETA AACC TATTGATTTTCCAATTGC TCC TG TATATGCT

ICATTTGCTGACGS TG TAGAARCCTATTGATTTTCCAATTGCTCCTGTAT
CATTTGCTGACGCTGCTGTA ABRCCTATTIGATTITCCAATTIGC TCC TG TATATGE T
CATTTGC TS CTGTAGAACC TATTGATTITTCCAATTGCTCCTGTA CTGCATCTATG

CCATTTGC TGACGC TGO TGET MG AT ITTCC LATTGCTCCTGC ATATGES TEO ATCTATq--
TTTGC TEAC GO TGO TG TAGAAC CTATTGATTTTCC TGCTCC TG TATATGC TGCALATC TATG

T ATTTGC TGACGC TGO TGET LG AT TTCCALTTGC TCCTGC ATATGS TGO ATCTATE}"
ICATTTGCTGACGCTGC TGTAGA TGATTTTCCAATTGCTCCTGTATATSC TGC ATC T
CATTTGCTGACGC TGO TETAGAE CCTATTGATTTTCC AATTGC TCCTGTATLTHGCTGC

GCTGC TG TAGARCC TATTGATTTTCCAATTGCTCS [GCTECATCTATG -
CATTTGC TGACSCTGCTGTAGAACCTATTGATTTTCCA TGCTCCTSTATATGCTGCATCTATG -
T ATTTGCS TG GCTGCTGTLAGAACC TATTGATTTTCcaattgotcn GTATATGC TGO ATC TATG -~ - oo
AT T TG TG A CGe TG C TG TAGAACC TATTGATTTTCCAATTGC TCCTGTATATGCTGS

T T T T T T T T T T
108,014,659 108,014,699 108,014,709 108,014,719 108,014,729 108,014,739 108,014,749 108,014,759 108,014,769 108,014,779 108,0

108,011,027 108,012,537 103,01 4,047 108,015,557 108,017 067 108,018,577 108,021
HE - - - - 4 L3 B 0T
40.00
20.00
D_DD_J..LL | 1 Ill | |ll e .
LA L L L R B L L L L L L L L L L L L L L L R L L L L L L L L B AL L L L L L L L L BB R 8
107,977,793 107 959,573 108,001 953 108,014,033 108,026,113 10,038,193

Hihm acan RNA Seq ( DLD-1; the ACAT1 gene region )




[FU] - d .
60 | | Increasing number of templates
|
|
| L
| |
' | |
20 ‘ |
| 1, l
T m I T T -
25 200 400
Overall Results for sample 1 : E [FUl4 :
RMNA Area: 241.1 i | | !
RMA Concentration: 107 ng I |
rRNA Ratio [28s | 18<]: L7 10— i =
RM& Integrity Mumber (RIN): 3.8 (B ‘ |
Result Flagging Color: — 20— | | l
Result Flagging Label: RIN: 9. i \& ui_ﬁl_éf :
Fragment table for sample 1 : 5 o r — . ]' _ II- I i | e
Name Start Size [nt] End Size [nt] 5 200 4000
185 1,865 2,155 Overall Results for sample 2 : Samg [FU] ' ]
285 3,200 4,824 RNA Area: 2646 | :
RMA Concentration: 117 ngfpl L i |
rRNA Ratio [28s [ 18s]: 15 20 :
RNA Inbegrity Number (RIN): 9.5 (B.02.07 l =
Result Flagging Color: ]:[ 10 | | —
Result Flagging Label: RIN: 9,80 |'| o :
Fragment table for sample 2 : Sampl 0 e A..,_f-l‘_»- ) U’ — Il
Name Start Size [nt] End Size [nt] Area I T 1 T -
25 200 4000
185 1,848 2.163 64.0 .
285 3.575 4 570 1027 Overall Its for sample 3 : Sam [Fu]
RMA Area: 139.3 :
RMA Concentration: 52 ng/pl |
rRMNA Ratio [28s / 18s]: 17 40 :
RNA Integrity Number (RIN): 9.8 (B.02.0: | |
Result Flagging Color: l:[ 20 1 :
Result Flagging Label: RIN: 9.80 J |l :
Fragment table for sample 3 : Sampl| 0 e nalngtartag? ;’ . 1.
| 1 1
Mame Start Size [nt] End Size [nt] Are: T T T T l
25 200 4000 [nt]
185 1.631 2134 315 .
. . a8 2.201 4,567 sas Overall Results for sample 4 : Sample 4
Such as time-course RNA Seq analysis RO v
RMA Concentration: 103 ng/pl
rRNA Ratio [28s / 18s]: 1.3
RNA Intagrity Number (RIN): 3 (B.02.07)
Result Flagging Color:
Result Flagging Label: RIN:9
Fragment table for sample 4 : Sample 4

MName Start Size [nt] End Size [nt] Area % @total Area

18s 1,655 2,208 454 8.7
285 3,578 4,580 60.0 28.0




For fair comparison of multiple data points

FU] & & Y N
150 T |
100 \
S __
L]
(1 . -L.ah.uif e i ||'\ .
i ' —
T T I T ITITr T
50 300 S00 1000 1038
Overall Results for sample 5 : Sample ! ) Xy —
Number of peaks found: 2 [ ]_ \'
200 o ! b?‘
Area 1z 523.8 & i
Region table for sample 5 : Sample 5 150 | "=| -
From To Area % of Average Size 100—
[bp] [bp] Total Size [bp] distributi
CV [%] 504 1 i I}
201 387 523.8 05 283 8.8 = _.-_?'J e |L -
| | - I ' I I L. T =
50 300 500 100
Overall Results for sample 6 : [FU] i
Number of peaks found: 1 200 & ’]ﬂo
frea L 41 150 PA
Region table for sample 6 : S il | [ :
From To Area % of Average oo
[bp]l [bpl Total Size [bp] 50— 1l ]
1B 343 4917 03 255 07 “] I_ 11;
50 300 8

Uniform sample prep is essential

Owverall Results for sample
Mumber of peaks found:

Area 1:

Region table for sample 7

Area % of |
Total !

From To
[bp] [bp]

205 381 5252 04

'»'S?U
[FUJ $ B
®
150 | ;,.l’n-?‘ -
100 il
50 | |
T T T T T TTTTT -
50 300 500 1000 10380 [bp]
oOverall Results for sample 8 : Sample 8 T
Number of peaks found: 1
Area 1z 253.4
Region table for sample 8 : Sample 8
From To Area % of Average Size Conc. Co
[bp] [bp] Total Size [bp] distribution in ﬂ;ﬂi’ul] lor
CV [%]
207 334 2534 92 252 6.4 1560



Occasionally, “irregular samples” should be also handled

Total RNA from operation material

[FU] I
I
I
10 I
|
| |r| I
| | [ I
— | I
~ 1 i |
| I.- A r-"; I'| o ! |
N i - |
et ¥ o ’ o = ek "va\u.-.-\..H
1 o =" v
1 ] |
T T I | T I
25 200 1000 4000 [mt]
Overall Results for sample 8 :
RNA Area: 248.0
RNA Concentration: 81 ng/pl
rRMA Ratio [28s | 18s]: 6.7

BMA Integrity Number (RIN): N/ (B.02.07)

Result Flagging Color: ]:[

Result Flagging Label: RIN N/A
Fragment table for sample 8 :

MName Start Size [nt] End Size [nt] Area % of total Area

185 1,608 2,124 49 20
285 2,852 5,337 328 13.2

RIN N/A; but this is still RNA!

“irregular” template

o
[FUI- e
$ |
el &
100 - AV |
24
[
50 P
u_._g_l,_,l_ll.f.... . .E . .—IV.L....
|

| I I I I I I I
40 50 &0 YO 80 90 100 110 [s]

Overall Results for sample 1 :

Number of peaks found: 2

Peak table for sample 1

Peak Size Conc. Molarity Dbservatio
[bpl  [mg/pll]  [nmol/l] ns

1 ‘ 15 420 424 2 Lower Marker

2 210 1085 iR
264 1248 1T

4 ’\- 1,500 210 21 Upper Marker

11
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(1 pg total RNA)

Sequence Summary

mature 29,923,071
leaves

old 28,711,676
leaves

[nt]

7,165/ 2,304/834

V—OIIRSA4TI)—D
YERX (450ng library)

6,118/1,890/653

4,648/1,456/467

4,001/1,199/361

(RRFAZE, Z1E3E)

=Y TR EES BRI
(0.2ng library)
GAIllx; 36-base single-end read: 1 lane

microTom%~ / LA~DIvEV Y
microTom5e £ /K cDNANDITYE LS

De novo assemble (AbySS)

6,866/ 2,280/828

5,869/1,871/649



T2 RDNAND R IEH O 0

Expression level

Mature_lesves_110524_EASTIE_I001_S_1 - SE (1 pxi=56)

max 57 .00
25 =
7] = ===
= = -_—
[ - —
i & £
T ozl " = 35 k
i . = rpkm
= — =
E = ==
= - -—
= = = L
a = =T -
s 2700 Olei_leaves_110524_EASTOS_002_S_2 - SE (1pxI=88)
25
)
=
[ -
= = -
5 1af : - 12 rpkm
z H =
E = -
= - -—
= = = =
a : = - = -
41 405 561 41 406 541 41 407 521 41 408,501 41 409 481 41,410,461 41,411 441
=
- - A - ———— N | £ 10534510 EQECDNA
E L S - S =turelesves _assembled_contio_35355 .
RNA Seq assembled contig

(rpkm: read per million tags per kb mRNA)

MREEEMDORER

Expression level

Mature_leaves_110524_EASTIE_I001_S_1 - SE (1pud=576)

n 17140
=
S
[u]
S sy 169 rpkm ‘
2
g
=T o.00 il & B, “l l Ji ]I II Ll nl o Il
Old_leaves_110524_EASTOS_I002_5_2 - SE (1px=576)
o 11942
(=]
o
£
(=]
§ 5971t 127 rpkm
F]
[=1}
‘e@spe4 | 70sA74 Tiiess  7Tisds4  7a4q04  Tmels gawa 7aazae
=
= SE£ R cDNA
%ﬁ'*ﬁ,iﬁ%—j&%% B4 LEFL108SED0G
B Maiureleaves_sssembled_cortio_1 643 B matureLeaves assembled_corti 1006 RNA Seq assembled contig



De novo assembly of microTom transcripts and their annotations

20122922 B

Denovo Assembler { Abyss

version1 26 }

£2U-—Fa Zcontie®¥  over100 contie®¥  over300bp contie® over500bp _contie®k

# MicroTom 7d-old cotyledon 30,393,250 235,085 43854 8.295 3851
#2 MicroTom 7d-old stem 32.967.39 120,770 h4.022 14,790 7380
#3 MicroTom 7d-old root 36,954,984 126,452 53763 14,707 7270
#1 MicroTom mature anther 10,482,883 73518 17,788 3.427 1670
# MicroTom mature petal 9316408 101,142 24723 3.926 1.736
#5 MicroTom pistiliDAFD) 0,966,897 112,797 AN 3.755 1478
#7 MicroTom pistiliDAFR) 39,420,857 126,839 h4.338 15,731 7982
#3 MicroTom mature sepal 8,325,240 110,695 25,160 3.470 1352
#3 MicroTom flower bud H-fimm} 11,125,738 110,089 21,061 2197 1023
#0 MictoTom flower bud (-4 mmi 9,965,397 117,007 24016 3.226 1263
#1 MicroTom flower bud 2-25mm) 8.311.941 100,815 .97 2,192 1,060
#2 MicroTom flower bud ¢1.5mm} 9.858.575 120,008 27851 3.534 1336
#13 MicroTom pistil (DBAT) 20264717 20013 022 11.866 5301
#4 MicroTam anther (DBA1) 11440178 1185676 28463 4.400 1826
#E MicroTom anther (3-4mm bud) 11592597 121,701 29,451 4433 183
#6 MicroTam pistil 3-4mm bud} 8.373.840 111,534 265,855 3.547 1356
#7 MicroTom pistil 2-25mm bud) 8,656,200 110413 26,249 3.609 1389
#18 MicroTom fruit Emm in size) 12,681,304 124,587 10545 2430 azd
query {solexa abyss contig) subject hcbi NT) alignment_length direction g _start g end =_start = _end e_val {s_start) - (g_start)
7998 521 10649 £i|225316250|dbj| AK322604.1 | 173 -1 519 1 196 4 300E-117

8009 1081 14811 £i|2REEE64 73 ref[xM_0025192251 | 195 1 1 jiia) 1429 203 1.00E-114

8034 1095 31855 ei[14485574|eb|AF 3200281 |AF32C 161 -1 527 1009 508 23 0

8043 795 20118 £i[225318376]dbj| AK323834.1| 264 -1 793 2 a3 889 200E-168

8047 1146 9685 £i[225442449 ref[xM_002277903.1| 108 -1 1145 422 1213 1536 BO0E-53

8055 678 9145 ei[157863707|eb|EL 534021 | 187 1 2 472 1423 1893 3.00E-104

8070 732 6830 £i[332002898 eb|CPO02688.1 | 185 -1 557 3 14913585 14014130 g.00E-106

2114 723 543 i|224101 268 ref[xM_002312169.1 | 73 1 1 219 3 Tl | BO0E-49

8154 1407 17345 £i|22631 4868 |dbj|AK321217.1| N9 1 451 1407 607 1563 1]

G155 1040 7300 £i|2254458389 ref[xM_002270836.1 | 21 1 21 653 a8 720 1.00E-106

o168 14582 34829 i|47105223|eb|ETO1 38081 | 454 -1 12 1482 2406 1045 1]

8195 708 25150 £i[124052075)emb|CU302232.4| 170 -1 [ilitz] 160 94362 9487 1.00E-147

8196 550 3861 £i|226311526|dbj| AK3264651 | 183 1 549 1 1516 968 200E-116

8203 544 17195 £i|226320003|dbj| AK3244621 | 180 1 542 3 568 19 300E-117

8213 870 6299 £i|225321195|dbj| AK325396.1 | 186 1 403 a70 673 1140 1.00E-169

8217 540 39640 i[143533774|dbj| AK2475401 | 166 1 3 500 7 576 500E-101

8222 620 6172 £i[225320594|dbj| AK3246831 | 206 1 2 19 a7 1334 1.00E-143

8242 504 33557 £i[225470138|ref[xM_002265153.1] 198 1 1 504 544 1137 8.00E-106

8242 696 8318 £i[22531201 7|dbj| AK319756.1 | o 1 G35 3 780 as g.00E-155

8270 567 6532 eil212658107 eb|F J404768.1 | 188 -1 2 it} 21821 21258 3.00E-114

0288 585 6592 £i[225314436)dbj| AK327735.1| 193 1 579 1 2044 1466 200E-114

8280 654 4200 £i[224137399 ref[M_002322512.1| il 1 369 5&1 1978 2190 300E-43

8301 608 6840 £i|226313959|dbj| AK327706.1 | 202 -1 607 2 1174 1774 G.00E-139

8306 774 5292 £i|33411116|eb|AF167428.1| 258 1 1 74 9791 10564 1.00E-172

8318 942 14259 £i|226318543|dbj| AK329518.1 | 287 -1 941 a1 240 1130 1]

8335 786 4510 £i|225434 290 ref[xM_002275324.1 | 262 -1 786 1 121 906 700E-139

0347 642 3352 £i|226313095|dbj| AK3276321 | 214 1 1 542 g10 1281 H.00E-156

8356 1240 10416 £i|226314969|dbj| AK32131281 | 262 1 453 1238 1178 1963 1]

8366 735 13343 i[171254676|dbj| AB372269.1 | 1 1 180 a72 2534 2026 200E-83

8404 600 3264 £i|225321071 |dbj| AK3262821 | 200 -1 1 600 1196 57 4.00E-133

8431 1174 16803 £i[147867468)eb|AC204082.1| 118 -1 1174 81 21076 21428 1]

8447 1173 43488 £il47105512|eb|ETO1 40971 2m 1 603 1 g8 36 0

0451 1025 12226 £i[225445624 ref[xM_ 0022643801 333 1 4 1002 190 1188 0

0455 1380 22675 £i[225434 71 ref[xM_002279940.1| 78 1 1032 1265 4735 4968 T00E-60

8460 739 4308 £il32678731 7]eb|AC244065.7| 7 -1 w37 501 1645 1831 B.O0E-145

8501 611 6827 £i[225319229)dbj| AK3239331 | 203 -1 &10 2 ils] 674 9.00E-13

8510 608 3654 £i|226315227|dbjlAK321380.1 | 202 1 1 606 G2 667 00E-136

0543 1805 26793 £i|226322306|dbj| AK326322.1 | 601 -1 1805 3 4 2616 1]

8547 1372 27152 £i|226321143|dbj| AK325354.1 | 426 1 3 1280 28 1302 1]

8560 655 8991 £i|226316436|dbj| AK322389.1 | 218 1 2 G55 23 676 200E-143

definition

-323 Solanum lycoperzicum cOMA, clone: LEFL10390C11, H

1428 Ricinuz communiz conserved hypothetical protein, mRl
-22

-695 Solanum lycopersicum cOMA, clone: LEFL10650H10, H
68 PREDICTED: Vitiz vinifera hypothetical protein LOG10I

1421 Solanum lycoperzicum inogzitol-1,45-triphosphate-5-pk

14913028

312 Populuz trichocarpa predicted protein, mRMA&
156 Solanum lycoperzicum cOMNA, clone: LEFL1021CGFOT, H
67 PREDICTED: Vitiz vinifera hypothetical protein LOGT0I
2285 Lycopersicon esculentum clone 132729F, mRMNA seque
93693 S.lycopersicum DMA sequence from clone LE_HBa-29F

967 Solanum lycopersicum cOMA, clone: LEFL2007M22, HTY

116 Solanum lycopersicum cOMNA, clone: LEFL1078AED4, H

270 Solanum lycoperzicum cOMA, clone: LEFL1096AC09, H

76 Solanum lveopersicum cDMA, clone: LEFL1044BHOG, H
5 Solanum lyvcoperzicum cOMA, clone: LEFL10800G11, H
543 PREDICTED: Vitis vinifera hvpothetical pratein LOCTON

85 Solanum lycopersicum cOMA, clone: LEFL1001 DBOZ, H

21819 Antirthinum majuz clone BAG 6945 eenomic sequence
1468 Solanum lycoperzicum cOMA, clone: LEFL2037018, HT
1609 Populuz trichocarpa predicted protein, mRMA&

567 Solanum lycopersicum cDMA, clone: LEFL2035F18, HT
9790 Lycopersicon esculentum 1-aminocyclopropane—1-cart
=701 Solanum lycoperzicum cOMNA, clone: LEFL3146A413, HTY
-665 PRECICTED: Yitis vinifera hypothetical protein LOCTOI

609 Solanum lycopersicum cOMA, clone: LEFL2034G21, HTY

728 Solanum lycopersicum cOMA, clone: LEFL1023AH03, H
2354 Capsicum chinense mRMNA for putative 265 proteasom
1195 Solanum lycoperzicum cOMA, clone: LEFL1094CEDS, H

19901 Salanum lycoperzicum cv. Heinz 1706, chramozome 5 |

35 Lvcopersicon esculentum clone 133201F, mRNA seque

186 PREDICTED: Vitis vinifera hvpothetical pratein LOCTON
3703 PREDICTED: Vitiz winifera hvpothetical protein LOCTON

903

-544 Solanum lycopersicum cOMA, clone: LEFL1069BE11, H
61 Solanum lycopersicum cOMA, clone: LEFL1024AC085, H
=-1091 Solanum lycopersicum cONA, clone: LEFL2004124, HTC
22 Solanum lvcopersicum cOMA, clone: LEFL1095CGH3, H

21 Solanum lycopersicum cOMA, clone: LEFL1037BR0T H



@ data process
Solexa Read 76PE

(Pass Filtered , remove the read including

@assemble result

N)
AbySS (version 1.2.6)
JDPBLs-1 46,771,912 23,045 11,549
(Average 1,141bp)
> 500bp contig
contig length &
tBlastX (auery:contig, DB: ELAND (Ref:contig) 500-599 4323
NT) GO0—695 5190
700-755 OE61
500-855 1959
5000 S00-955 1599
10001 995 G992
7000
2000-2 555 1633
6000 A000-3999 487
=000 A000-4555 163
4000 - EO00-55999 75
ﬁ 3000 - BO00—FS95 A0
YT 2000 7000-7955 18
1000 - S000-5955 fi
0 - | T T T T T T T ] SO00—-55595 4]
5 5 & & & @ o@m o= o@m m o&m o@m oa . . a2 1 0000—1 09959 1
S & & o & = A ®m 3 @ @ 2 & 3 3 4 7 11000-11999
R 8 R B 8 8 8 8 8 8 8 8 8 8 & & -~ 12000 7
Lo | o] o] ] o] o] o] o | o] o] ]
S = R total 23045
contig_length
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@tblastx assembled contig to NT

Query
Expect = 1e-124
Identities = 100%

DB
gb| DQxxxx.1

mFF 3732 (Danio rerio)

m =37 2 (Oncorhynchus mykiss)
m-TF3 (Gasterosteus aculeatus)
ATz (salmo salar)
m=FU 345 (Tetraodon nigroviridis}

pAEa =3 (Hippoglossus hippoglossus)

BFA
mh=745 (takigufu)
=
m¥F_+ 5= CAnoplopoma fimbria)
mE == (Paralichthys olivaceus)
Fith
=g

586

contighitd &5 51

tag ppm rpkm
2055 84 159.86

>Ceh | DOGE2232 .1

thlastxfmok PSSR

Y57 4w a (Danip reno) 27%
—T 3 Cncorhynchius mykiss) 5%
A+ (Gasterosteus anuleatus) 5%
AL (I T (Saimo safar) 5%
IFUZS ( Tetraodon nigroviridis) 4%
gD i ESH ( Hpposiossus fibposiossus) 4%
73 2%
PSS (ratimdio 1%
EF 1%
T H8S (Anoplopoma fimbria) 1%
E S5 (Paralichthys olivaceus) 1%
T i 12%
Nt T L 30%

Example: xxx Assembled contig : Query length 588bp

>contig_102559 588 97855

CAATGAGCCAACTGCTGCTGCCATTGCTTATGGTCTGGACAAGAGAGATGGCGAGAAGAACATTCTTGT
GTTCGATCTGGGTGGCGGCACCTTCGATGTCTCCCTCTTGACCATCGACAATGGTGTGTTTGAAGTGGTG
GCCACCAACGGTGACACTCACCTGGGAGGTGAGGACTTCGACCAGCGCGTCATGGAGCACTTCATCAAG
CTGTACAAGAAGAAAACTGGCAAAGATGTGCGCAAAGACAACCGTGCTGTGCAGAAGCTGCGTCGTGA
GGTTGAGAAGGCAAAGAGGGGGCTGTCCGCCCAGCACCAGGCCCGCATTGAGATCGAGTCCTTCTTTGA
GGGAGAAGACTTCTCTGAGACTCTGACCCGTGCCAAGTTTGAAGAGCTGAACATGGACCTGTTCCGTTCC
ACCATGAAGCCTGTGCAGAAGGTGCTGGAAGATTCCGACCTGAAGAAATCTGACATCGATGAGATTGTC
CTGGTTGGAGGCTCCACCCGTATCCCCAAAATTCAGCAGCTGGTGAAGGAGTTCTTCAATGGCAAGGAGC
CATCTAGGGGCATCAACCCTGATGAGGCTGTGGC

Paralichthys olivaceus glucose-rezulated protein 78 (Grp78) nRHA,

complete cds
Length=2537

Brore

Sort alignments for this subject sequence hy:
Percent identity
Subject start position

E walue Gcore

Frame = +2/+1

Query start position
= 452 bits (889), Expect = 1a-124
Identities = 1895/185 (100%), Positives = 195/185 (100K), Gaps = 0/185 (0%)
2 HEPTAAATAYGLOKRDGEKN I LYFOLGGGTFDVSLLTIDNGYFEYVATNGOTHLGGEDFD 181

Query
Shict
Query
Bhict
Query
Shict
Query

Shict

HEPTAAALAYGLOKRDGEKNILYFDLGGGTFDYSLLTIDNGYFEYYATNGDTHLGGEDFD

748 HEPTAAAIAYGLDKRDGEKNILYFOLGGGTFOYSLLTIDHGYFEYYATNGDTHLGGEDFD 927
182 QRVMEHF IKLYKRKTGRDYRKONRAYQKLRREYERAKRGLSAGHOARIEIESFFEGEDFS 381
GRYMEHF IKLYKKKTGKDYRKDNRAYQRLRREYEKAKRGLEAGHOARTEIESFFEGEDFS
928 QRYMEHF IKLYKEKTGKDYRKDNRAVOKLRREVEKAKRGLSAGHOARIEIESFFEGEDFS 1107
962  ETLTRAKFEELNMODLFRSTMEPYORYVLEDSDLKKSDIDEIWLYGGSTRIPKIQALYKEFF 541
ETLTRARFEELNMOLFRETHKPYQRYLEDSDLKKSDIDETYLYGGETRIPRIQULYKEFF
1108 ETLTRAKFEELNMDLFRSTMKPYQKYLEDEDLKKEDIDEI¥LY¥GGESTRIPKIGOLYREFF 1287
542 HGKEPSRGINPDEAY 588
MGKEPSRGINPDEAY
1288  HGKEPSRGINPDEAY 1332
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ll‘ﬁ *&ﬁ’i*ﬁ- WA -RE EREBREFET MR

A& Yok URL =

a—RN)—REH JLIZTYELSF 5 (LiH. and
Durbin R. 2009 Bioinformatics)
a—RM)—FEDLGVAER) TSHRESIICERIZTS

vEVY BWA http://bio-bwa.sourceforge.net/

] http://bowtie-
Bowtie2 : o 4 A>3 % (Langmead and Steven L Salzberg.
bio.sourceforge.net/bowtie2/index.shtml 2012 Nat Methods) .
SARS 53,30 =IvEV T EBIE
TopHat2 http://tophat.cbch.umd.edu/ RITFGARD L LAV EBEBLUIRVELTELTE

5 (Kim et al. 2013 Genome Biol) ,
BRBRTSA RN TR EDOHEKIEEDETEOFH
B FRBEMEM  Cufflinks http://cufflinks.cbcb.umd.edu/ RESEMDT 2T ILEFTS (Trapnell et al. 2010
Nat Biotechnol) ,
Cufflinks@a<wFD—2, HEDHRRELRT 54
Cuffdiff EL A=V DERZHRET S (Trapnell et al. 2013
Nat Biotechnol)
http://bioconductor.org/packages/release/bioc/ht EEMDRNA Seq# T PRI EDEFHETRIICHE
ml/DESeq.html 9 % (Anders and Huber. 2010 Genome Biol) ,
TopHat2R—R T, VT IVFEIERTIUR—RHh
REEETFIEER TopHat-fusion  http://tophat.cbcb.umd.edu/fusion_index.html LREEEFEME T 5 (Kim and Salzberg. 2011
Genome Biol),
RT7IVREDRNASeq)—Fho, RS ERGIZHE T

DEseq

deFuse http://compbio.bccrc.ca/software/defuse/ % (McPherson et al. 2011 PLoS Comput Biol) .
_ , R7IVRDORNA Seq ) —Fmo ., A S ZHE Y
SOAPfuse http://soap.genomics.org.cn/soapfuse.html Z (Jia et al. 2013 Genome Biol) .
o = i http://www.bcgsc.ca/platform/bioinfo/software/tra k5> X9') 7 +—.Lde novo7 275 (Robertson et
TeYIN Ui ns-abyss al. 2010 Nat Methods) ,,
La—h)—FRITDONSURIYT—LT TS5, i
Trinity http://trinityrnaseq.sourceforge.net/ B AT EITKEL(Grabherr et al. 2011 Nat
Biotechnol),
UCSC Genome T—H%T7YvITO—RLTRRTHIENTES (Kent

A[tRIEY—IL http://genome.ucsc.edu/cgi-bin/hgGateway

et al. 2002 Genome Res) .

BAM, BEDI77AILIGE G HEIZAfRIL TS, 1214
A& (Robinson et al. 2011 Nat Biotechnol)

Browser

IGV https://www.broadinstitute.org/igv/home




Yamagishi et al Genome Res (2014)

Concept of “Interactive” Transcriptome analysis

f Peripheral blood

CO—AAAA
CO——AAAA

Human mRNA

O——AAAA
CQO——AAAA

Parasite mRNA

\_

Parasite Genomic

Blood
samples

“Mixed” with Parasites
and host Human cells

RNA extraction (after shipping to Japan)

MRNA
-, AAAA
Human mRNA
S AAAA

Parasite mRNA

RNA Seq

After generating sequence
tags, species were

separated by mapping tags
to the respective genomes

To avoid delicate material handling in fields
To monitor human gene expressions simultaneously



Read Statistics (malaria patients)

Number of samples 116 (24 from Manado, 92 from Bitung)

Total number of
mapped reads

Number of mapped
reads

Average frequency
of parasite reads

3,016,323,916 (25M reads on average)
2,794,371,292 244,767,495

10.2%
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ilumina

TruSeg®

Sample

Stranded mRNA
Preparation Guide

7Lk SureSelect
Strand-Specific RNA S475

) ER S
ANEFIIVFILYIRY—r
VAR

Whole-Transcriptome 54751 A%l

Jakai
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1st Strand cDNA

2nd Strand cDNA

75T —43h0
l DNAMDIEIF

P 1st Strand cDNA 7Y
\\% € uiRm(CIBIEENS

N

_ / ‘ﬂ d 5
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: . ’ AT > RESENR
6 éi N— \ RNA SRATHVETEE(C
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Tani et al Genome Res (2012)

“BRIC” Analysis for determining mRNA half-life (Akimitsu lab)

=== (APDH

A B
%RNA tags; Tx/TO
Incorporation of Bl ‘{— @ Brl) 100

Isolation of RMAs ‘ 60 —50K1
0) =—=RAP1A
P e v~ —
e P 40

LY

\ =T(F3
Immunoprecipitation ‘{_ - gfl_itlz-};neled s \ \ e PSF
20

g O~ | e
o 1 ot T 0 T
Wash / Elute ., Oh 4h 8h 12h 24h
A W .
s "Ea ™

1

cDMNA synthesis & gPCR / deep sequencing

BRIC can monitor the T1/2 for each RNA



BRIC revealed Half-lives of mMRNAs in a genome-wide manner
Refseq

3500
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500 ‘I:
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HMRNAS
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Regulation of signaltransduction - I:l_—: =
Fegulation of cell eycle - Ii_]jjl i
Regulation of cell differentiation - 'LI__D
Frotein kinaze activity HT ] { oe
Fegulation of apoptosis I:E | = ]
Tranzlation | |:: |
Proteazome activitor activiby EI:I
Cellularrespiration - g :ﬂ

o &5 10 15 20 25
t1e
[hour]

RNAs related to “regulations” are enriched in short-lived RNAs



MRNASs of short half-lives are enriched in the population of ChIP+/RNA-

; 1e+06 - ® Short hali-life (t1/2 < 4h)§
feabie: : Long half-life (t1/2 > 4h)’
ChIP (+) /RNA (-) ! ChIP (+) / RNA (+) 5
1e405- 1e+05 1
o [7)]
= 8
o =
(%]
3 -
Z s’ £
T P ST
pS Tl 5
= N g
= % N
x i ]
© ; x
L . A RT3
1e+03- TR i et 3 1e403 =
, R=0.71
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101 12400 1e+01 1e+02 1€403 1 1 i I .
(Gene Expressign Values 1e-01 1e+00 1e+01 1e+02 1e+03
Gene Expression (RPKM)

Maekawa et al submitted



half-lives of mMRNAs are controlled independently from transcriptional initiation

1e+06- :
1
E-
: |
3
! H
1e+05-
8 5=
=
wn
[
@
=
C k-
—1e+04- B
o 1e+04 g
[¢b) ! ! E
E i i i H £
§ i ' $ ! 'Ii -
) H : ! i
T : i i I
1e+03- ;i 1 + £ i
H H .
. E-
H - 1
3 . *
1e+02- P
| , | , | ChiFs/ chlP-r ChiPss ChiF+s ChiP s/
Oto5 51010 10to 15 15 1o 20 Above 20 AMA- FAMAs RNA+ (Tofal)  AMA+ (Zx)  RNA+ (1.1x)
Half-lives (hours)

ChIP+/RNA-



RefSeq: NM_001206957.1

Description: Homo sapiens Ras association (RalGDS/AF-6) domain family member 1 (RASSF1), transcript variant H, mRNA.
Position: chr3:50367217-50378367

Strand: - Gene Symbol: RASSF1
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TSS-seq
sicontrol : 16.3 ppm
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001206957&doptcmdl=GenBank&tool=genome.ucsc.edu
http://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=305933957&db=hg19&position=chr3:50367217-50378367
http://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=305933957&db=hg19&position=chr3:50367217-50378367
http://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=305933957&db=hg19&position=chr3:50367217-50378367

“Oligo-capping”
(cap-replacement)

Circularization
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Matsumoto et al NAR in press
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Reverse transcription
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PCR amplification using biotinylated primers
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Fragmentation (*3) and purification

Template preparation



Mate Pair library can detect TSS/TTS simultaneously

(tag count)
500

DLDL | | |

ACTCAGGTGCGCCGGTAGGGGACGCGCCGGCACAGCAAAAATGGCGGCGGCATTIACGGGTGGCG AAGTTTATTAAATTCTAGARAGATCTCTTTTGTGCCTTACTGTARAATTATTTA




Alternative TSS/TTS and their relations
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Semi-Automated Single-cell RNA Seq analysis

“C1l System” of Fluidigm

C, Single-Cell Auto Prep System Any lllumina Syste'




FLINEE: 80% (Fluidigm)-> 60-70% (7 E TDIRER) e
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Average expression level: LC2/ad 2nd
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: 0 | 1
. . 1 (copy; log10) . . . . .
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Suzuki et al submitted



Distinct splice patterns in different single-cells

GAPDH U2AF1

chr
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ZiEfESRERE S
1 BB (C1_LC2AD: 131025 HISEQ1A) VS
2 BB (LC2AD_2ND : 131025 HISEQ1B)

q1B]

131025_Hise

log10{rpkm) [

log10(rpkm) [131025_Hiseq1A]

log10(rpkm)
y = 0.95409x + -0.03752
R =0.9140295

q18]

131025_Hise

log10(RSD) [

16 18 20 22 24 26 28

log10(RSD) [130802_Hiseq1B]

LC2ad vs LC2ad_2nd

y = 0.97418x + -0.02766
R = 0.8898153



un-treated
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LC2/ad

Cancer Gene Census
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Schematic diagram of
RIP(RNA immunoprecipitation) -Seq
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|dentification of RNA binding protein target MRNASs

beta-Actin

ID1

T, T M, M i, Rk el e e =] oo = T T N

beta-Actln

Total RNA . l J K
oaRBPX IR

:Elution
Total RNA ID1

,/ -
= o o emvcles s - TS O o e TS ES

aRBPX IP \

‘Elution

@

. ID1 mRNA

J

EE@EE%
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small RNA Seq (DLD-1; the MIMAT0004584 gene region)
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Schematic diagram of biogenesis of microRNASs
and post-transcriptional silencing of target mRNA
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62,167,573 62,186,143 62,204,713 62,223,283 62,241,853 62,260,423 62,2789

No| seguence data file found for this chromosome.
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B The MIR17HG gene region (DLD-1 cells)
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Suzuki et al PLoS ONE 2013
Mutataion patterns of lung adenocarcinoma in 97 Japanese patients
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Materials

26 lung adenocarcinoma cell lines

name origin

PC-3 Japanese
PC-7 Japanese
PC-9 Japanese
PC-14 Japanese
RERF-LC-Ad1 Japanese
RERF-LC-Ad2 Japanese
RERF-LC-KJ Japanese
RERF-LC-MS Japanese
RERF-LC-OK Japanese
VMRC-LCD Japanese
ABC-1 Japanese
LC2/ad Japanese
11-18 Japanese
A427 Caucasian
A549 Caucasian
H322 Caucasian
H2228 Unknown
H1299 Caucasian
H1437 Caucasian

H1648 Black
H1650 Caucasian
H1703 Caucasian
H1819 Caucasian
H1975 Unknown
H2126 Caucasian
H2347 Caucasian

All cell lines were provided from Dr. Tsuchihara and Dr. Kohno in National Cancer Center.




Genor_n_e

Genome

Whole-genome sequencing:
v Single nucleotide variants (SNVs), Insertion/deletions (indels)
v" Copy number aberrations (CNAs)
v'  Chromosome rearrangements




Summary of SNVs/indels

Total number of positions
(Avg. of 26 cell lines)

SNVs Short indels
12,732,271 1,916,622
Total
(3,302,407) (453,821)
Germline 10,010,429 1,597,810
(3,177,173) (429,846)
. . 2,721,842 318,812
Somatic candidates (125,234) (23,975)
Genic* 892,941 118,268
(39,695) (8,516)
11,796 2,049
Upstream (-500 from TSS) (551) (159)
24,902 13
UTRs (1,086) (0.8)
16,354 573
DS (687) (37)
4,505 .
Synonymous (188)
11,849 exs
Non-synonymous (499)
346 39
Splice sites’
P (14) 3)
Intronic and others SE e 1.5 5
(37,357) (8,315)
Intercenic 1,828,901 200,544
g (85,539) (15,459)

Genor_n_e




Genomic mutation status in 26 cancer-related genes

© EGFR
: KRAS
: NRAS

: MYC

. PIK3CA

. ERBB2

. BRAF

. MET

;.............V.. ([ ] v
e
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‘® ° oo o
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Ding et al. Nature 2008; Blanco et al. Hum Mutat 2009; Imielinski et al. Cell 2012

- AKT1

. TP53

. CDKN2A
. CDKN1A
. STK11

. KEAP1

- NF1

. BRCA1

. APC

. RB1

. PTEN

. MSH6

. SMARCA4
- EP300

- ARID1A
. RET

- ALK

. ROS1

Oncogene

Tumor
suppressor
genes

Chromatin
remodeling-
related genes

Oncogenic
fusion-related
genes

Genomgd

® Non-synonymous SNVs/short indels on CDS
v SNVs/short indels on splice sites :
Highly copy number gains
: Copy number gains
. Homo losses /large deletions (>1 Kb)
E Copy number losses




Sequencing data

Whole-genome sequencing

Sequencing: illumina HiSeq2000/2500; 101PE

MRNA-Seq

Sequencing: illumina HiSeq2000/2500; 101PE

Bisulfite sequencing

Capture: Agilent SureSelect Methyl-Seq Target Enrichment System (84 Mb)
Sequencing: illumina HiSeq2000/2500; 101PE

ChIP-Seq for histone modifications and RNA Polymerase Il
Sequencing: HiSeq2000/2500; 36SE

IP Marker

H3K4me3 Active

H3K4/9ac Active

Pol Il Active

H3K36me3 Active (elongation)
H3K9me3 Silent, Heterochromatin
H3K27me3 Silent

H3K4mel Active, Enhancer

H3K27ac

Active, Enhancer

Comprehensive catalogues of
genome, transcriptome and epigenome
in 26 lung adenocarcinoma cell lines




Small-molecule inhibitors to chromatin-associated factors

Table 1: Small molecule inhibitors to chromatin-associated proteins

Chromatin-binding protein Compound

Histone methyltransferases

DOTIL EPZ004777 (ref. 21), EPZ-5676 (ref. 24), SGC0946 (ref. 86)

EZH2 GSK126 (ref. 37), GSK343 (refs 87,88), EPZ005687 (ref. 38), EPZ-6438 (ref. 44), EI1 (ref. 39), UNC1999 (ref. 89)
G9A BIX01294 (ref. 90), UNC0321 (ref. 91), UNCO06B38 (ref. 92), NC0642 (ref. 88), BRD4770 (ref. 93)

PRMT3 14u (ref. 94)

PRMT4 (CARM1) 17b (Bristol-Myers Squibb) (refs 95,96). MethylGene (ref. 97)

Histone demethylases

LSD1 Tranylcypromine (ref. 62), ORY-1001 (ref. 63)

Bromodomains

BET JQ1 (ref. 73), IBET7862 (ref. 72), IBET151 (refs 76,98), PFI-1 (ref. 99)
BAZ2B GSK2801 (ref. 88)

Chromodomains

L3MBTLA UNCB69 (ref. 100)

L3MBTL3 UNC1215 (ref. 101)

Helin & Dhanak. 2013 Nature
Chromatin proteins and modifications as drug targets



JQ1:
a small-molecule bromodomain inhibitor

h S \N.f,:im :;4 CI
3 0 o
N\{ OMe

@01 IBET762 IBET151

Fig. 4 Bromodomain proteins and their inhibitors.

Helin & Dhanak. 2013 Nature
L BRI Chromatin proteins and modifications as drug targets

l *‘I \ i Filippakopoulos et al. 2010 Nature
o~ Selective inhibition of BET bromodomains

Qss

Fig. 3a The acetyl-lysine binding pocket of BRD4(1) is shown as a semi-
transparent surface with contact residues labelled and depicted in stick
representation. Carbon atoms in (+)-JQ1 are coloured yellow to distinguish
them from protein residues. Distinguishing surface residues are shown in
red; the family conserved asparagine is shown in blue.



Genomic aberrations in chromatin remodeling-related genes

SMARCA4 (BRG1)

SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 4

183 lung adenocarcinoma (Imielinski et al. 2012 Cel//, Figure S3c)
B HSA domain 8 g
B Helicase = B
Tgrcimodomain L I 29 *wrgi‘*o?:f— g 5 %@s‘%@ § é
% 5 ¢ 3% EESges ko F 5050% F D
T L1 It w -
SMARCA4 | [ ] [
26 lung adenocaricnoma cell lines
‘\\c’e Xy
L A
415\% @b\,}‘l@b \/,\Q é»\'\
(O S50 S S (N s i A
170 206 460 532 750 942 1,084 1,246 1,427 1,577
+ large deletions (>1 kb) in five cell lines




Genomic aberrations in chromatin remodeling-related genes

ARID1A (BAF250) AT rich interactive domain 1A (SWi-like)

183 lung adenocarcinoma (Imielinski et al. 2012 Cel/l, Figure 3c)
= O * ., ¥¥=, O> )
forrd 858 5 FQRP3288 8
I3 I 02 ¥ E2ANNDOOO N
HhOICL az= » ZWLLOLOW O
I/ L 14 |
B ARID domain
1 500 1000 1500 2000
ARID1A
26 lung adenocaricnoma cell lines
&
‘bb(‘b6
@@/ %Q;b\
* * 2,285 AA
1,000 1,122
+ large deletions (>1 kb) in one cell line




Epigenomic aberrations in chromatin remodeling-related genes

SMARCAZ2 swi/sNF related, matrix associated, actin dependent regulator of chromatin, subfamily a, member 2

chrd

CIT D T T B [ D0 > [ T T/ T T T 7 W T [ W T T [T

p24.1 p223 p2l.2 pl3.2 pll.l qi2 ql3 q21.13 q21.33 q22.33 q31.3 q33.2 q34.12

11kb o
10 kb 2012 kb 2,014 kb 2,06 kb 2,018 kb 2,020 kb

ChlIP-Seq | | | | ! | ) | | i
H1650 H
H3K27me3
T A427
(transcriptional
repressive mark) |
PC-3
RefSeq Genes SMARCA?Z
SMARCAZ2
= 20
< RNA-Seq 15.47
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Transcriptome

Transcriptome

RNA-seq:
v' Gene expression profiles
v Fusion transcripts




Transcriptome

Gene expression profiles from RNA-seq

Used sequences Num of genes

(Read1) >1 RPKM >5 RPKM
(el VY.V.YY.V.V.Y.

o AAAAAAAAA PC-3 49,914,547 12,205 9,240
.7 AAAAAAAAA PC-7 50,925,975 12,129 9,009
PC-9 34,167,521 12,817 9,532
PC-14 53,977,381 12,169 9,037
RERF-LC-Ad1 56,406,046 12,298 9,206
‘ RNA-seq RERF-LC-Ad2 45,580,359 12,392 8,804
RERF-LC-KJ 60,803,665 12,054 8,938
Removing sequences with RERF-LC-MS 52,715,099 13,045 9,090
adapters/low qualities RERF-LC-OK 33,086,988 12,309 8,954
' VMRC-LCD 45,944,953 12,502 8,711
: ABC-1 37,993,504 11,715 8,384
Mapping on human reference genome LC2/ad 43,665,988 12,366 9,206
UCSC hg19 using ELAND 1I-18 63,869,445 11,955 9,038
A549 20,440,396 12,155 8,998
— : A427 41,895,881 11,866 9,011
Estimating expression abundances H322 54487583 12,457 9,351
in each gene (20,598 genes) H2228 56,465,940 12,409 9,106
H1299 51,120,991 11,735 8,958
H1437 49,890,034 12,275 8,921
H1648 38,908,100 12,604 9,317
H1650 26,635,691 12,716 9,595
H1703 87,705,180 11,736 8,695
H1819 75,262,673 12,494 9,185

H1975 36,195,247 12,715 9

H2126 46,862,796 12,143
H2347 50,325,156 12,278 9,




Transcriptome

ss ss
Y ¥ ¥ X
oo OO
Yo o
o U ORAW
- N |
3] > 3
) 5 2
[7)]
>
(@]
£
=
C
(@)
c
)
&
3
c
Re)
(V]
(Vp)
)
S
o
>
)
)
c
O
00
Ne
c
©
wn
()
@)
c
o
(Vp)
c
O
=
o
=
S
&
R
S o
c 2
o
)

600 -
100 -

suonejnw jolaquinpn

A half of mutations exist in the expressed genes.



Genome Transcriptome

Aberrant splicing patterns in tumor-suppressor genes

splice site SNVs splice site indels
3 intron, acceptor, AG>AT 6t intron, acceptor, AG>A
. . A 2
Cell line Symbol Mutation = i e e T -
N
PC-7 NF1 Intron 19, donor, GT>TT
VMRC-LCD ||| so = H2228 ==
Whol Whole-
VMRC-LCD STK11 Intron 3, acceptor, AG>AT ™™} eeoeneme
VMRC-LCD H2228
H2228 RB1 Intron 6, acceptor, AG>A RNA-Seq RNA-Seq
PC-9 PC-9
H1650  TP53 Intron 6, acceptor, AG>GG {52, RNA Seq
H1703  TP53 Intron 8§, donor, GT>TT 549 A549
RNA-Seq RNA-Seq
splice site SNVs :,ﬁ%seq :ﬂi%Seq
19%intron, donor, GT>TT
splice site SNVs splice site SNVs
6" intron, acceptor, AG>GG 8" intron, donor, GT>TT
PC-7 = 5 Z
Whole-genome ; i |
PC-7 H1650 . H1703
RNA-Seq Whole-genome ) - . Whole-genome
H1703
PC-9 ::\lis-oSeq RNA-Seq
RNA-Seq
PC-9 PC-9
RNA-Seq RNA-Seq
A549
RNA-Seq A549 A549
RNA-Seq RNA-Seq
H322 H322 H322
RNA-Seq RNA-Seq RNA-Seq

19t exon of NF1



Examples of aberrant splicing

RBM10 RNA binding motif protein 10

1 O o —— -

H2347
WGS

H2347
RNA

PC-9
RNA

H2347; Intron 20, donor, GT>TT;
Intron read-through (p.V785_splice)

KDM5A lysine (K)-specific demethylase 5A

T o

Hil by

ABC-1 h r
e etero
ABC-1

RNA hetero

PC-9
RNA

ABC-1; Intron 3, acceptor, AG>TG;
Exon skipping

patterns

Genome

Transcriptome

UPF1 UPF1 regulator of nonsense transcripts
homolog (yeast)

RBM10 was reported
as a frequently
mutated gene in lung
adenocarcinoma
(Imielinski et al. 2012
cell).

PTPRJ-Cllorf54
fusion was detected
in H322 cell line.

FETEY

VMRC-LCD
WGS

VMRC-LCD
RNA

~PC-9
RNA

Exon skipping

| i —

H2347
WGS

H2347
RNA

PC-9
RNA

hetero

hetero

VMRC-LCD; Intron 21, donor, GT>TT;

PTPRIJ protein tyrosine phosphatase, receptor type, J

[ — i — 1,

hetero

hetero

H2347; Intron 22, acceptor, AG>AT;

Deletion (p.11187_Q1188del)



Known oncogenic fusion transcripts

CCDCG6-RET fusion in LC2/ad

Transcriptome

Coordinates

Spanning Spanning Spanning pairs

Cell line Fusion Chrom Strand ] reads airs where one end
On the left On the right p spans a fusion
LC2/ad  CCDC6-RET chrl0-chr10 rf 61,665,879 43,612,031 184 27 98
CCDC6 CCDC6

10.7a:61,531,943-61,683,019

DUF2046 —

150 kb

2=
H 61,540 kb 61,560 kb 61,580 kb 61,600 kb 61,620 kb 61.640 kb 61,660 kb 61,680
| | | | | | | | | | | | | | |

[CRET]

B
Lc2/ad h
WLy

-l [ | | )
Cene - L 1]

RET

10.1a:43,563,991 43,636,408

75 kb
45

w zz 43,570 kb 43,580 kb 43,5390 kb 43,600 kb 43,610 kb 43,620 kb 43,630 kb 43,
Eeg [ I | | | | I I | | I I I | I

223

1

Gene ———————ptt R e ]

RET CSGALNACT)

CCDC6-RET ]-[ Kinase |—

RET

Cad Kinase |—

L H LC2/ad PC-9 A549 H2228
RTase - - + - + - + - + -

L: Ladder, H. H,O

From the RNA-seq data, known driver fusion transcripts such as CCDC6-RET in LC2/ad were identified

(Matsubara et al. 2012; Takeuchi et al. 2012; Suzuki et al. 2013).




ALK-related fusions (ALK-PTPN3, EML4-ALK) in H2228

PTPN3

0 fa:112,123,395-112,280,398

156 kb

Hz2228

112,140 kb 112.160 kb 112,180 kb 112,220 kb 112.2 60 kb 112.2
1 -

Gen il 11
FTPNZ
o2 fa:29, 407, 236-30,148,233
—  —
i 7148 kb
wih FEETTY s e W o s w
e 1 1 1 I 1 1 1 I 1 1
Ha22e .
]uﬂ L S . A C
L 1 c
HH- - J| e —— e
Gen ALK
2 fad2 387,162-42 568,848 .
o 176 kb
B A24Z0Rb B ArdEn 11 AL s =21

L

W LI n...um,_

1 v v v v F——A—H
EMLA

S ETRI RS TR — .

From the RNA-seq analysis, ALK-PTPN3 fusion was detected in H2228 cell line as reported in the previo
study (Jung et al. Genes Chromosomes Cancer 2012). EML4-ALK was also previously reported and detected by
RT-PCR but not detected by the computational analysis.

Transcriptome
- T ——

PTPN3

—[ FERM ]——[ PDZ ]-[ Phosphatase ]—
]—[ PDZ ]-[ Phosphatase ]—

ALK

EML4-ALK
WD40N | [ WD40/Y
(Here U VTN

L H LC2/ad PC-9 A549 H2228
RTase - - + - + - + - + -

L H LC2/ad PC-9 A549 H2228
RTase - - + - + - + - + -

L: Ladder, H;

ALK-PTPN3 ——D—

1 Kinase

EML4




Novel fusion transcripts

ERGIC2-CHRNAG in H1437

WGS

(- T o T

it
I 4O T

ERGICE

EFHD1-UBR3 in PC-9
WGS

Transcriptome

l

agmw

&
2
§

PC3
d PC-7
o PC-9
B PC-14

ERGIC2 ERGIC and golgi 2
CHRNAG cholinergic receptor, nicotinic, alpha 6 (neuronal)

RERF-LC-Ad2
RERF-LC-KJ

L H H1437 PC-9 A549 H322
RTase - - + - + - + - + -

RERF-LC-Ad1

L: Ladder, H: H,O

e e e e e e e e e e e e e e B e e

EFHD1 EF-hand domain family, member D1
UBRS ubiquitin protein ligase E3 component n-recognin 3 (putative)

l‘l"l’lmn‘l- HE NN TN ‘h“_ll‘ll‘ll- HOECI ST T

= L H LC2/ad PC-9 AS549 H322
: RTase - - + - + - + - + -

1kbp_

& L: Ladder, H: H,O

E[EIZfunctionalMEDM T HMBAELY,




Transcriptome

Differentially expressed genes in 26 cell lines
Num of genes" . Avg. RPKM x4
High expression  Low expression 140
(>4 fold of avg.) (<1/16foldofavg) _ o

PC-3 554 2,323 E 80

PC-7 731 2,700 %

PC-9 277 1,504 o

PC-14 264 2,019 0
RERF-LC-Ad1 240 1,661

RERF-LC-Ad?2 477 1,583

RERF-LC-KJ 293 2,178

RERF-LC-MS 403 918 % .
RERF-LC-OK 573 2,109 o
VMRC-LCD 871 1,818 0
ABC-1 346 2,636 £
LC2/ad 160 1,527 ol

11-18 203 2,478 10
A549 242 1,968 ;
A427 304 2,869

H322 241 1,828

H2228 304 1,663 12

H1299 279 2,775 10 1
H1437 341 2,007

H1648 226 1,389 ¢

H1650 328 1,511  ©

H1703 170 2,697

H1819 512 1,626 —
H1975 248 1,587 g8
H2126 315 2,033 -
H2347 251 1,739

*Total 16,573 genes were used in this analysis: Avg. RPKM > 0, 21 cell lines with >1 RPKM
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Differentially expressed genes in 26 cell lines
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Transcriptome |

Gene expression status of 26 cancer-related genes Fold of avg. RPKM In each gene

i X Fusion transcript i

EGFR
KRAS
NRAS
MYC
PIK3CA
ERBB2
BRAF
MET
AKT1
TP53
CDKN2A (p14*%, p16'N*4?)
CDKN1A
STK11
KEAP1
NF1
BRCA1
APC
RB1
PTEN
MSH6
SMARCA4
EP300
ARID1A
RET
ALK
ROS

HRRICE > TRBEICENHDIEGCFNEDISLHEHEZIFTTLNEM?
SIES ) LB

Oncogene

Tumor suppressor
genes

Chromatin
remodeling-related
genes

Oncogenic fusio
related genes

>




Epigenome

Epigenome()

Target captured-bisulfite sequencing:
v" DNA methylation profiles in regulatory regions




Target captured-bisulfite sequencing

Coverage oftarget regions (84 Mb)

Approximately 100 million mapped
reads (50 million pairs) were obtained

in each cell line.

Average depth: 109.7
x10 coverage: 91%

(Total length of the bait regions: 84Mb)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

X

X

X
X Xy
X
Xx
Xx
XX
X
%

« Average of 26 cell lines

Epigenome

10

Depth

Mapped Depth Coverage Conversion CpG sites
sequences
(R1+R2) (avg) (x10) rate (x5) (>x5)
PC-3 157,902,653 161.4 0.93 099 3,673,159
PC-7 109,919,011  110.9 0.93 0.99 3,418,929
PC-9 87,012,056 89.6 0.90 099 3,231,320
PC-14 204,216,479  210.3 0.96 0.99 4,064,068
RERF-LC-Ad1 87,043,746 89.1 0.90 0.99 3,264,395
RERF-LC-Ad2 78,300,691 83.0 0.92 0.99 3,448,211
RERF-LC-KJ 72,844,738 74.9 0.88 0.99 3,068,971
RERF-LC-MS 102,938,936  109.0 0.94 0.99 3,598,662
RERF-LC-OK 161,552,507 165.0 0.95 0.99 3,758,532
VMRC-LCD 84,681,570 89.5 0.91 0.99 3,136,774
LC2/ad 112,097,386 116.0 0.93 0.99 3,548,548
ABC-1 93,158,547 93.1 0.93 0.99 3,493,903
11-18 99,682,438 165.0 0.91 099 3,327,001
A549 87,966,180 91.0 0.91 0.99 3,324,364
A427 53,499,542 54.3 0.81 0.99 2,614,641
H322 153,896,186  165.8 0.95 0.99 4,161,775
H2228 122,705,759 81.6 0.90 0.99 4,815,543
H1299 118,923,875 82.2 0.91 0.99 4,533,930
H1437 98,311,209 63.1 0.88 0.99 4,382,225
H1648 102,033,841 104.4 0.91 099 3,357,747
H1650 105,694,196 109.4 0.93 0.99 3,460,378
H1703 127,897,486 81.6 0.91 0.99 5,513,896
H1819 220,008,485 2234 0.95 0.99 4,085,231
H1975 79,688,628 81.7 0.91 0.99 3,274,116
H2126 124,651,437 80.2 0.90 0.99 89
H2347 115,973,241 76.1 0.89 0.99 15

Depths and coverage were calculated using BEDTools (Quinlan AR and

Hall IM. 2010 Bioinformatics).
Conversion rate: (TA+TT+TC) / (CA+CT+CC+TA+TT+TC).




Average methylation rates in each cell line

CpG sites
Total

Regions
CpG islands '
CpG shores

Epigenome |

Average methylation rates

100 (%)
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Promoters )
CpG islands (-)

CpG islandsl&., {EAFJL1E,
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Epigenome I

Histone modification & RNA Polymerase Il binding status
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Epigenome

ChIP-seq

Mapped sequences (avg. of 26 cell lines)

WCE H3K4me3 H3K9/14ac Pol Il H3K36me3 H3K4mel H3K27ac H3K27me3 H3K9me3

19,100,553 26,140,455 19,596,187 26,056,772 24,264,604 25,900,257 25,690,276 21,584,812 21,155,573

MACS2 peaks (avg. of 26 cell lines)
H3K4me3 H3K9/14ac Pol Il H3K36me3 H3K4mel H3K27ac H3K27me3 H3K9me3

narrow peaks 21,209 34,374 15,715 107,708 108,882 61,061 53,587 39,559

narrow &

16,208 23,753 13,997 47,710 75,854 38,297 42,163 51,760
broad peaks




Replicates

H1975 H3K4me3

rep#l: 130705 Hiseq3A
rep#2: 130625 Hiseq3A
control (WCE): 130625 Hiseq3A

Epigenome |

Number of genes overlapping™ with
MACS?2 peaks

rep#l rep#2

H1975 H3K4me3 12,104 11,708 2.5
]

2.0

11,703 (96.6%)

H1975 H3K4me3
B rep#1
rep#2

Signal intensities

(intensity) = (IP PPM)/(WCE PPM")

1.5

rep#2

1.0 1

0.5

r=0.997

log10(intensity + 1)

0 05 1.0

1.5 20 2.5

rep#1 ‘

*+1.5 Kb from TSS
r: Pearson correlation coefficient




Epigenome

ENCODE DCC (Data Coordination Center)

Comparison with ENCODE data

A549 H3K4me3
Our dataset: 120531 _SangiB
Our dataset control (WCE): 120626_SangiA
ENCODE rep#1, rep#2: wgEncodeEH001905 (DCC Acc)
ENCODE control (standard control): wgEncodeEH001904

Number of genes overlapping” with

Signal intensities ENCODE rep#1 vs. rep#2
narrow peaks 3.0
N 25 -
. . * 3 r=0.997
Our dataset - \CODE  ENCODE (intensity) =(IPPPM")  § 5,
rep#l rep#2 0
Q
A549 H3K4me3 11,898 13,424 13,375 8 15
1.0
E 0.5
0, ) i
1|1'820 (87.5%) | 0 log10(intensity + 1)

11,807 (87.7%)
L
13,262 (98.0%)

0 05 10 15 2025 3.0
ENCODE rep#1

Our dataset vs. ENCODE rep#1  Our dataset vs. ENCODE rep#2
A549 H3K4me3 3.0

3.0
M Our dataset % 251 r=0.927 $ 25 r=0.928
[oF
B ENCODE rep#f1 © 20 | If—j 2.0 -
L
ENCODE rep#2 9 15 515
O O
Z 1.0 Z 1.0
0.5 - e 0.5 -
0= - log10(intensity + 1) 0 £ log10(intensity + 1)
0 05 10 15 2025 3.0 0 05 10 15 2.0 25 3.0
Our dataset Our dataset

*+1.5 Kb from TSS




Epigenome

ChromHMM

Using ChromHMM, chromatin states were detected and characterized from ChIP-Seq data of
the eight chromatin marks.

L BED files of ChIP-Seq J
o 1 HYH [Activepromoter |
-% 2 \Weak/poised promoter
Converting bed files to binarized » 3 Strong enhancer
files (BinarizeBed) c 4 Weak enhancer
© 5 L]
Learning chromatin state models g 6 .
(LearnModel) c 7
O 8 Low/no signal
~— —NOOM
Chromatin state model ] GEJ rc\%ér%: ©OO QO
for our data §§g£§§§§
MO X o% X
_ TI TOTIT®
We learned and analyzed eight T i R
chromatin states. Chromatin marks

ChromHMM: a program for the learning chromatin states using a multivariate Hidden Markov model .

Ernst et al. 2011 Nature
Ernst and Kellis. 2012 Nat methods
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Epigenome I

Differentially methylated genes in 26 cell lines (example)
IGF1R insulin-like growth factor 1 receptor
1 .
T eyt 09 Methylation rates of IGF1R
08
EI - g 07 - AVg MR x4
I Hl!IlCI-: i 'H?IICII-: i H.llllb ..g 06
PC-3 | [ I | | - gos Yy Y
et 204
o ‘ || 205
S | Hi or | Avg. MR x1/16
RERF-LC-A% | 01 - /
RERF-LG-A | RS EEEE S AAA = D=4
S e P S R I NSO 8855802588898 8
e I | GEETIFTESF e EeeTFISFFIsg
v Xl o ~ > ¥
II-II']. | |
o | | || | | RPKM (RNA-Seq) vs. Methylation rates (BS-Seq)
Haam [ [ 1 ¢ 70
=] | | | | | 0.9 - ——BS (Methylation rate) J— L
i | pUpop s I rs =-0.551 |2
HI650 || | g
| | | | E 9z
s SN O I i
W22 || | h R | || = |20
L ki I i 1
Cpi3 Islands —
b - |
RefGieg Gines GFIR
[ I - .
IGF1R gene was detected as one of the differentially methylated genes in the 26 cell lines. In IGF1R
promoters, three cell lines are highly methylated and five cell lines show lower DNA methylation.




EGFR epidermal growth factor receptor

RNA-Seq

ChIP-Seq H3K4me3

Integrated analyses

PC-7: Non-adherent cell

ChlIP-Seq Pol Il

ChIP-Seq H3K36me3
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Whole-genome RNA-Seq ChIP-Seq H3K4me3 ChIP-Seq Pol Il ChiP-Seq H3K36me3
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Integrated analyses |

CDKN1A cyclin-dependent kinase inhibitor 1A (p21, Cipl)  RERF-LC-Ad2

v" tumor suppressor gene controlled by p53
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__Integrated analyses |
CDKN2A cyclin-dependent kinase inhibitor 2A e
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Negative correlation between DNA methylation rates and expression levels

DNA methylation rates

CDKN2A (p16'NK4a)
1 7 ., e . ’ r 45
5 ®.. *
: o9 3
0.9 7 .--@-- DNA methylation rate * - 40
0.8 - ---@--- Expression level 35
. . g
0.7 ~
N - 30 £
0.6 - =
- 25 3
05 - gt » ks
Genomic deletion : High methylation : : Low methylation - 20 §
04 - : . : Pl 2
FY 8
1o 156 £
0.3 - o ugjl
0.2 - - 10
5
0
Promoter of p16'Nk42 was deleted in 13 cell lines and highly methylated in 6 cell lines. .
Expression levels of p16'Nk4a were down-regulated by genomic deletions or DNA

Integrated analyses

methylation of the promoter.

*FPKMs of p16 and p14 were calculated using TopHat2-Cufflinks.



Integrated analyses

Expression levels of p144RF and p16/Nk42
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Integrated analyses

ERBB2 v-erb-b2 avian erythroblastic leukemia viral

FPKM
Cell line
oncogene homolog p) NM_ 004448 NM 001005862
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*FPKMs were calculated using TopHat2-Cufflinks.



Alternative Promoter 2
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Gene Expression of Alternative Promoters
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