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Sequence production rate acceralated

Whole Genome Sequnecing in “1000 Genome Project”

1000 Genomes

A Deep Catalog of Human Genetic Variation

Home About Data Analysis Participants Contact Browser

LATEST ANNOUNCEMENTS

All Project
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December 2010 Data Update

genome and are released in the format VCF 4.0 Information

Media
Archive

Data access links: EBI/ NCBI

Link to additional information:README file

Download
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Full Project Genotype Release

) P Sample
Genotypes and haplotypes have been added to the SNP calls released in November. These calls are based on 629 individuals from the and
20100804 sequence and alignment release ofthe 1000 genomes project. This release is based on the GRCh37 assembly of the human Project
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Improved sequencing capacity of “Next Generation”
reduced the time and cost for the genome/cDNA analysis

Wash-U Cancer Re-sequencing design

Whole Genomic DNA (Cancer: 50X)
Whole Genomic DNA (Normal; 50X)
Exome (Cancer)

Exome (Normal)

RNA Seq (Cancer)

1 run
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“Sample Prep automation” is necessary even in a small setup

Sequence facility in Univ. Tokyo, Kashiwa

GAllx 3+ Hiseg2000 1@The Univ. of Tokyo

Operation:
Technicians 4
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Providing NGS platform for researchers
in various research fields

http://www.genome-sci.jp/

R RAEEE MO MAT TORERE

R —I I —ZANERERIDIES ) LEMEN TV R To— LR

a1

EAMEZFAL-H TS EFEOES ICEHHDNAAF L L B D #E T
M) AT LHEHOEEER Z HHEVEF MO T F LR RO FHEEDFZEA

oz HAEICE T AL DEEHKE

BRE R NN A EEFHFEEERLL-ER-BEL NI TOEEGIESHET RO
AH HBE HRERAE 8| ESEIEBHERRNAZ N L=V ORFY /S & (A EE D & ]

HH = (FFTBS) [HRFEKXE BB AT IOTONRMNEA A=AV RO I - DRIy

FHEZ RRERAZ RSt = —O IEFERRL T T T Y X LG O 5 F AR

% PIH *ﬁm RRAY /arbyarbl\10)'EPMJZIEE%@*%L&;U%ﬁs%ﬁw’\%gﬁ

_‘é\‘ IL.\ iﬁiﬁ%"— i \E \ﬁ'Z_LJ@ Eo)ﬁgﬂﬂ

TR ER BEAE EEE%EIJ(IEH*/hv—ab\bﬁélﬁuﬁ:mtﬁﬂﬁﬂ F—HFAF—DHEILDFAH=X L
Bt HF0 RRAZ BRI IS I LN ER LI EAD=X L DfEER

FEE FIX LEEARFEZHER FAERYSNTFREEREDER 7L R ZE(FHRACKI D HEREAZER

=R EN EEXE MRRICH TR E AR EE DR

IEM F RRAY HAEFDIEZEFEIC &(T%)J%I#L%L?R%%E@JEH:

B %088 FEXZF p53§x%l¥%§Aﬁ:l J:é’]l:l??/ E a.Ps'D"l:l/JvL\ﬁuﬁM&iﬁ fi# BB
Rk BET BRERART X ; A li) 5

Wil EE HEXE EE wn.a_in%b\b#%

=FL£E BEAE '\'J:l/\bél—l: I:I'Jo) ﬁ*ﬁﬂiw*ﬁtxr HEAN=XLDIFE

EFF 5 NN DKL ISBTEIOXFUHIEDYT LA LEHR

B %08H FTEXE SR Fp53lc kb - B AR e RN B D IE TR T I R il
BE Bk REKRE TORIBIG T RBENIC LA MR ENDCo2 M KEXLEEEETOREL]




RNA Seq®D % %8

BTBENIULTHBED (36bp Single End Read)
SR/ LEFIHY

 REEEHATEEO (MRNA) RNA Seq
small RNA Seq
BB EDRERREHAIT LD RIP Seq/CLIP Seq

BHERETSED (>76bp Paired End Read)
S5/ LEFIEL

BIn¥F7/T—3av3 510 de novo 7t>J1)
MRNA Seq

BIRORT AT BT 53D




Template Prep. for
RNA Seq

mRNA
Total RNA \,
Estimated 0.3-1 million copies per cell
MIRNA \' 20,000 species in humans

PolyA selection 90% of the cellular RNA are polyA (-); rRNA, tRNA, mtRNA...

U

AAAAA
RNA fragmentation @
F— I AAAAA
1st strand syn. using random primer @
<4 NNNN
<4 NNNN
<4 NNNN
< NNNN
<4 NNNN
2nd strand syn. @
== NNNN
NNNN
Seguence Adaptor ligation to both ends @
N— —_—
r I ﬂ
PCR amplification @
—

MmRNA Seq Template




BioAnalyzer is essential for sample preparation

BioAnalyzer (Agilent):
Electrophoresis on microchip

[FU] 28S rRNA
2000 — S 60
— J_S_S_LBNA
40 l B
20 ] B
1000 — S \ |
fol & o
0 _ 1 N -
T T T 1 T T
25 200 1000 4000 nt)

00 = Overall Results for sample 1 : i i kondo JF.PBLs 1
RNA Area: 3321
RNA Concentration: 123 ng/pl

200 — RNA Ratio [28s / 18s]: 2.0
RNA Integrity Number (RIN): 10 (8.02.07) RIN=10
Result Flagging Color:
Result Flagging Label: RIN:10
Fragment table for sample 1 : kai i kondo JF.PBLs 1

25 —  — s—— - -

Name Start Size [nt] End Size [nt] Area % of total Area
188 1,770 2713 és8 207
28s 3.038 4523 1302 410

S Dissecton KADA—N—DEETTNERA- -



Advantages in using BioAnalyzer (l)

effective material (250-450 bp)

effective material (250-450 bp)

non-effective material

Primer dimer

[FUlq -~ &
& -4
)@' |
100 2
507 L
g
04—t Y . el
T 1 T T T TIT T T 711
50 300 500 700 1500 7000 [bp]
Overall Resultslfor sample 2 : input 50ng lot 022433
Number of peaks found: 1
Peak table for sample 2 : input 50ng lot 022433
Peak Size Conc. Molarity Observatio
[bp]  [ng/pl]  [nmol/l] ns
2 285 43.18 258.0

el )
Ful | $°
50 o
40
2n 3%
30 DE,”.I'
20 - [l
10— "K\_ | |
0 \M ——— L., S
T T T UL UL
50 300 pJo 700 1500 7000 [bp)
Overall Results for sample 5 : input 50nq lot023554
Number of peaks found: 3
Peak table for sample 5 : input 50ng lot023554
Peak Size Conc. Molarity Observatio
[bp] [ng/pll  [nmol/I] ns
2 125 6.84 827
3 148 340 345
4 307 12.36 610

To measure effective template amount



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

=0 TTTGCTGACGCTGCTGTAGAACCTATTGATTTTCC
TTTGCTGACGCTGC TG TAGAACCTATTGATTTTCC
TTTGCTGACGC TGC TG TAGAACCTATTGATTTTCC
TTTGCTGACGCTGC TG TAGAACCTATTGATTTTCC
TTTGCTGATGCTGCTGTAGAACCTATTGATTTTCC

TGTATATGCTGCATCTATG
CATTTGC TGACGCTGC TG TAGAACCTATTGATTTTC CTGTATATGCTGCATCTATG
CATTTGCTGACGCTGCTGTA AACCTATTGATTTITTCCAATTGCTCCTGTATATGCT

CATTTGCTGACGCTGCTGTA

or CATTTGCTG CTGTAGAACCTATTGATTTITTCCAATTGCTCCTGTA CTGCATCTATG
CATTTGCTGACGCTGCTGTAGAAC
-1 TTGCTGACGCTGC TG TAGAACCTATTGATTTTCC TGCTCCTGTATATGCTGCATCTATG

CATTTGCTGACGCTGC TGTAGAAC

CATTTGCTGACGCTGCTGTAGA CCTATTGATTTTCCAATTGCTCCTGTATATGCTGC
GCTGCTGTAGAACCTATTGATTTTCCAATTGCTCC

CATTTGC TGACGC TGCTGTAGAACCTATTGATTTTCCA TGCTCCTGTATATGCTGCATCTATG

-------------------------------------------------------------------- CATTTGCTG GCTGCTGTAGAACCTATTGATTTTCcaattgotcn GTATATGCTGCATCTATG
CCTATTGATTTTCCAATTGCTCCTGTATATGCTGC

T T T T T T T T T
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 1080

T
108,014,659

40

20

s
r—
e

S

-
5
S

108,02(

© 408011027 108012537 108,014,047 108,015,557 108,017,086 108,018,577
H - i * } ¥ = Sil— 00T
40.00
20.00 l
| A b I
107,97'7 793 107 ,969,373 1 03,00'1 953 103,01I 4,033 108 ,055,1 13 108 038193

b acaT I_I;NA Seq ( DLD-1; the ACAT1 gene region )




Sample Prep for Time-Course RNA Seq Analysis

2-1
4000 — 0- \’
——— ——— — — — — [FU] & & -
150 ‘ | [FU] ”’9’9" %Q’\z
| 150
2000 — L 100 | " ]
n® 100 | A
2 P w
1000 — — 50— Q." A" | DA
> (Y 50 = / Y
A { \ i Bl \ il
500 — b 0 g | A ks —— . ' ‘l_’w.__ ) L s FTm—— o~ 1Ll
T T T T T I T 111 .} | LI SN O X LI I
200 — 50 300 500 700 1500 7000 [bp] 50 300 500 700 1500 7000 [bp)
R R R R — ——
25 —
2-2 2-5
i D- el (%Y e
o ; kumagai 2-1 — FU) | %,b,@ Ful | &8 &
150 — 150 ‘ |
500 ‘ |
[ ‘ > 1
‘ 100 s 100 2
" | - ,":\ & 02
5 | ! — i - 0" A
"1 /1 50 I\ | = i ? / \k U
ot bty 3 S . S I e~ |
T I B — T 04— LS S \
25 200 1000 4000 [nt] LI 1 T 1 L
L | U | ! 1 LU 50 300 500 700 1500 7000 [bp]
Overall Results for sample 6 : _kumagai 2-1 50 300 500 700 1500 7000 [y
RNA Area: 4,593.5
RNA Concentration: 25,998 pg/pl
rRNA Ratio [28s / 18s]: 12
RNA Integrity Number (RIN): 7.8 (B.02.07) 2-3
Result Flagging Color: o> g
Result Flagging Label: RIN: 7.80 [Ful I &
Fragment table for sample 6 : _kumagai 2-1 150 I
Name Start Size [nt] End Size [nt] Area % of total Area
100 - %\'
188 1,647 2209 8422 140 M
283 3244 4,125 7735 168 50 Pa
. ¢ |
\ —, I
oLt —— Al
L 1 I 1 L
50 300 500 700 1500 7000 [bp)

Starting material

: total RNA >1microG (E[&(&£>100ng -> 10ng)



Various types of Sample Preparation

Human Colon Cancer RNA

(Fu] o &>
100 >
2
50 &
- 1
127 ,
o4—1la J N~ _ L
TT T T T T IIrTT
50 300 700 10380 [bp)
Overall Results for sample 1 : mimori 33
Number of peaks found: 2
Peak table for sample 1 : mimori 33
Peak Size Conc. Molarity Observatio
[bp]  [ng/pl]l  [nmol/l] ns
2 116 0.68 8@
3 274 26.69 147.7

Flatfish RNA
Ful | o o
100 - Y
o i
50— % [" ‘
o—4—L Lt - S|
T T T T T T ITTT 11
50 300 500 700 1500 7000 [bp]
Overall Results for sample 1 : _kaiyoukenn
Number of peaks found: 2
Peak table for sample 1 : _kaiyoukenn
Peak Size Conc. Molarity Observatio
[bp]l  [ng/pl]  [nmol/I] ns
1 4 50 8.30 2515 Lower Marker
2 127 1.76 210
3 266 24.18 137.6

4 p 10.380 420 06

Upper Marker




Occasionally, “irregular samples” should be also handled

Total RNA from operation material

[FU] |
|
|

10 I
1 |
i [ I
f |
5— | | I‘ . J | I
) T i I
[ i "’J\F.,;.., |
0 —fdatioad > rv?,’ e s
1 |
I 1 | 1 1 ll
25 200 1000 4000

Overall Results for sample 8 :

RNA Area: 248.0

RNA Concentration: 81 ng/fyul

rRNA Ratio [28s / 18s]: 6.7

RNA Integrity Number (RIN): N/A (B.02.07)
Result Flagging Color: 1
Result Flagging Label: RIN N/A

Fragment table for sample 8 :

Name Start Size [nt] End Size [nt] Area 9% of total Area

185 1,608 2,134 49 20
285 2,852 5,337 328 13.2

RIN N/A; but this is still RNA!

[nt]

“irregular” template

[FUJ— o
o
3 |
2

100 - 3 /(\v@ |
A2,
e[
50— N

0_.__2'.L..__4._."'.,.... = ; S FL_..N-

I 1 I 1 T I T I I
40 50 60 70 80 90 100 110 [s]

Overall Results for sample 1 :

Number of peaks found: 2

Peak table for sample 1

Peak Size Conc. Molarity Observatio

[bp] [ng/ul] [nmol/I] ns

1 ‘ 15 420 4242 Lower Marker
2 210 10.95 789

3 264 12.49 77

- } 1,500 210 21 Upper Marker
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HHEFEDdenovo

@ data process
lllumina Read 76PE

(Pass Filtered , remove the read including N)

@assemble result

# Reads (76bp) # Assembled contigs #Matched with
¢ 500bp< tBLASTX < 1e-50
Average contig length 500bp<
AbySS (version 1.2.6)
¢ JDPBLs-1 46,771,912 23,045 11,549
(Average 1,141bp)
> 500bp contig i H
‘L \ | contig length | #F3 |
tBlastX (Query:contig , DB: NT) ELAND (Ref:contig) 500-599 4323
600-699 31590
700-799 2561
800-859%5 1959
900-999 1555
3222 1000-1999 6992
2000-2999 1633
6000 3000-3999 487
=000 4000-4559 163
4000 - 5000-5995 75
ﬁ 3000 - 6000-6999 30
=T 2000 A 7000-7999 18
1000 - 8000-39595 6
0 - | — T T T T T T T 1 9000-9555 &
(=3} (=) (=3} (=) (=) (=) (=) ] (=2} (=) (=2} (=) (=] (=) (=2 (=)] (=) L]
1
o o o o o . . . H 0 . . . . ™ e
=B 2 2 B &8 & &8 8 8 & &8 8 & &8 &8 &a ¢ 1 2000— 2
= ] ! 2 2 2 R 8 & 8 8
s 3 total 23045
contig_length

T ED R



HHEFEDdenovo

@tblastx assembled contig to NT thlastdER ISR

Y2752 4w a (Danio rerio) 27%
—)7 A (Oncorhynchus mykiss) 6%
mtZ?F 524w 3/a (Danio rerio) 'f k3 {(Gasterosteus aculeatus) 5%
m =377 A (Oncorhynchus mykiss) FAZAD T ( Saimo salar) 5%
TR 3 - i
m-TF3 (Gasterosteus aculeatus) %iiijj'j‘bli(_};jtﬁ‘f‘?’on I,?(}g!'OWI’J;:?:S‘) . 3 j:
EH ) ipposiossus Aippogiossus
3tz (Salmo salar) — £ £ o
=R o . = g — m N
mEFU 2o {Ietraodon nigroviridisy F525 (takijgufi) 1%
mAEaD: =33 (Hippoglossus hippoglossus) = 1%
BvIA F A S (Anoplopoma fimbria) 1%
mbS57% (takigufu) =5+ (Paralichthys olivaceus) 1%
wth O 12%
v pu— . . ey
mF¥25 S (Anoplopoma fimbria} Nt R L 30%
mbE=3¢ {Paralichthys olivaceus)
mZOM Example: xxx Assembled contig : Query length 588bp
Nt IR
>contig_102559 588 97855
CAATGAGCCAACTGCTGCTGCCATTGCTTATGGTCTGGACAAGAGAGATGGCGAGAAGAACATTCTTGTGTTCGATCT
GGGTGGCGGCACCTTCGATGTCTCCCTCTTGACCATCGACAATGGTGTGTTTGAAGTGGTGGCCACCAACGGTGACAC
TCACCTGGGAGGTGAGGACTTCGACCAGCGCGTCATGGAGCACTTCATCAAGCTGTACAAGAAGAAAACTGGCAAAG
ATGTGCGCAAAGACAACCGTGCTGTGCAGAAGCTGCGTCGTGAGGTTGAGAAGGCAAAGAGGGGGCTGTCCGCCCA
GCACCAGGCCCGCATTGAGATCGAGTCCTTCTTTGAGGGAGAAGACTTCTCTGAGACTCTGACCCGTGCCAAGTTTGA
AGAGCTGAACATGGACCTGTTCCGTTCCACCATGAAGCCTGTGCAGAAGGTGCTGGAAGATTCCGACCTGAAGAAAT
CTGACATCGATGAGATTGTCCTGGTTGGAGGCTCCACCCGTATCCCCAAAATTCAGCAGCTGGTGAAGGAGTTCTTCA
ATGGCAAGGAGCCATCTAGGGGCATCAACCCTGATGAGGCTGTGGC
2 586 zElpblethiBBCZZSSZ 1 Paralichthys olivaceus glucose-rezulated protein 78 (Grp78) nRNA,
Q [ ¥ L) Length=2587
uer ¥
y '. I r SnEt a:ignmgnts fn; lhistsygjefgtseauence by :
I Expect = 1e-124 I e~ e e 8 Eeet = 1eraa Guory otari posiiion Subject start position
Identities = 100% 1 THontition 2 1857195 (100%)  Fosiiives = 185/195 (100%), Gaps = 0/195 (0%)
, Frame = +2/+1
I I Query 2 NEPTAAAIAYGLDKRDGEKNILUFDLGGGTFDVSLLTIDNGVFEVVATNGDTHLGGEDFD 181
EPTAAATAYGLDKRDGEKNILYFDLGGGTFDYSLLTIDNGYFEYVATNGDTHLGGEDFD
E)E3 Shict 748 NEPTAAAIAVGLDKRDGEKNILVFDLGGGTFDVSLLTIDNGVFEVVATNGDTHLGGEDFD 927
Query 182 QRVMEHFIKLVKKKTGKDVRKDNRAVQKLRREVEKAKRGLSAQHQARIEIESFFEGEDFS 361
b DQ 1 ) QRVYMEHF IKLYKKKTGKDYRKDNRAYOKLRREYEKAKRGLSAQHQARIEIESFFEGEDF
g XXXX. Shict 8928 QRUMEHFIKLVKKKTGKDURKDNRAVQKLRREVEKAKRGLSAQHQARIEIESFFEGEDFS 1107
T el T T
cOo ntigﬁﬁ 9{7 %E—f Shict 1108 ETLTRAKFEELNMDLFRSTMKPYQKVLEDSDLKKSDIDE IVLYGGSTRIPKIQOLYKEFF 1287
P ———————————————————

542 NGKEPSRGINPDEAY 586

Query
tag bpm rpkm Sbict 1289 NGKEPSRGINPDEAV 1332
2035 94 159.86




Chinese hamster ovary denovo

@ data process
P @assemble result

[llumina Read 76PE

(Pass Filtered , remove the read including N) # Reads (76bp) # Assembled contigs #Matched with
500bp< tBLASTX < 1e-50
¢ Average contig length 500bp<
) CHO total RNA-1 42,552,668 22,466 17,108
AbySS (version 1.2.6) (Average 1,184bp)
‘1' CHO total RNA-2 51,249,176 24,833 18,070
> 500bp contig (Average 1,149bp)
\ contig_length R4
tBIastX (Query:contig , DB: NT) ELAND (Ref:contig) 500-599 4076
600—-699 3078
700-799 2300
5000 800-899 1893
500-999 1523
;ggg 1000-1999 6660
2000-2599 1813
5000 3000-3999 570
= 000 - 4000-4599 219
i 2099 5000-5999 69
2000 - 6000-6999 41
1000 - 7000-7999 11
0 T T T T T T T T 1 8000_8999 10
(=) (=2} (=) (=2} (=2} (=2} (=2} (=)] (=2} (=) (=2} (=2} (=2} (=2} (=21 (=2} 6
282 88 %8 28 8 8 2 F F 2 8 8 g [foooomes !
8 8 8 8 8 & & & & & & & & & B o =u o 10000-10988
h o ~ ®© o 8 8 8 8 8 8 8 8 8 8 8 11000-11999 2
— —
contig_length total 22466

Bl S ED L RE



Chinese hamster ovary denovo

@tblastx assembled contig to NT

|~ 22 (Mus musculus)

m P FF XX (Rattus norvegicus)
pFrAZ—X )L AR — (Cricetulus griseus)
w7+ A = (Peromyscus maniculatus)

m 7t (Oryctolagus cuniculus)

thlastx§aizk PNER

7 22 (Mus muscuius) 66%
FZx X2 (Rattus norvegicus) 22%
F A =—Z b R B— (Cricetulus griseus) 1%
23 X2 (Peromyscus manicuiatus) 0%
D X (Onvctolasus cunicufus) 0%
Ek 2%
T D th 9%
nt 3 I7a L 2%

el
nEDIh

mntH ISR

201 248 252

293 294 347

\: o
WA
/

Query * .
Expect = 8e-20
¥ Identities = 81%

DB
ref| NM_172049.2 contighfild IRt

tag ppm rpkm

71 4.05 §.21

Example: CHO Assembled contig : Query length 652bp

>contig_243_652_3342

TTAGTAGAAAGCCTACCGACTGAATGGCCACAGTCTGATAATCCTAAAGTGTGAATCTGTGG
TTCCTTCATGAAGCCGCTGCAGCACTTAACCTGAATTGTGCTCTCAAAGTCTTGATTTGTTCCA
CTTTTACACTGAACAACAATAGCAAAAGTACCAGCAGAAATAACATAGTATAGTAAGTCAAA
TTTTAAATTTAAAACCACACTGTTAAGTCATGGACATTGTATCTAAGGGTATATCTAATTTGTG
TTTCTGAAACTACTGGTTCAGGGTGTTTAATCATTTTGTTTACGAAGGCACTCATGACAACATT
GATTAGTTTCACAGAAAATGACAATATATTGTTTAGTTATATTTAGTTAGATAAATCTGAAGCA
GGAGAGTGTCAGGTAGGTCTAGAACTCACCAATCAGATCTGTTCCCCTTGACCTTTGTGTCCA
AGGATATTGGTCCATATAGGAAAGAGAGTGGTTGAGCTGCTTGAGTTCTGGCATTGTCCAGA
GCAGCTTCAGGGGTGATGGAGAAACTAGAAAGAGAGGGGACTTGTAGATTCTGTGCATTTT
GAGACAACACTATCACTAATCATACATTGTTTAGACGGACTGTATTTGGAACCATCCAACTTA
ATCTAGTTTTTTTCTCTGATAA

>0ref W _172049.2 | [DEE Mus musculus transmembrane protein 18 (Tmenl8), nRNA
h=2971

Length=

GEME ID: 211986 Tmeml8 | tr
(Over 10 PubWed Tinks)

brane protein 18 [Mus musculus]

Sort alignments for this subject sequence by:
E value Score Percent identity
Query start position Subject start position

Score = 34.1 b
Identities = 1
Frame = +3/+1

its (68), Expect = 8e-20
3/16 (B1%), Positives = 14/16 (88%), Gaps = 0/16 (0%)
Query 201 NHTYKSWTLYLRYYLI 248
NHTYKSWTL L+ YLI
Shjct 1897 NHTVKSWTLCLKGYLI 1944

Score = 32.7 bits
Identities = 14/28
Frame = +1/+1

Query 364  LDKSEAGECOVGLELTHNOICSP*PLCPR 447

LDKSE ECQ+GL+  + PLC R
Shict 2053 LDKSETTECQIGLDSPTRCYPFRPLCLR 2136

(65), Expect = 8e-20
(60%), Positives = 17/28 (B1%), Gaps = 0/28 (0%)
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Variation in Expression Levels between Patients

A Gene of Similar Expression Level

Expression level

j2_human_S_3 - SE (1pxI=158)

s

il

2
3 e
32 [

n_S_4- SE (1pxI=158)

LA H DR B (LT TR T

LU T[T HH H H HEH

Q141 q143

T T T T T T T T T
119,480,138 119,482,548 119,484,958 119,487,368 119,489,778 119,492,188 119,494,598 119,497,008 119,499,418
Sequence is too dense for display.
— - = - 4 e d +Hi |
— - L i L 2 +- |

A Gene of Different Expression Level

Expression level

J2_human_s_3 - Sk (1pxI=28)

Patient |

Patient ||

Gene model

Patient |

j5_human_S_4 - SE (1pxI=2B)

|
Hﬂlﬂhl"
il il

|
|

Patient ||

p13.2 p123 p12.1 p11.2z

T T T T T T T T T
54,361,661 54,362,031 54,362,401 54,382,771 54,363,141 54,383,511 54,363,881 54,364,251 54,384,621

Sequence is too dense for display.

Gene model
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B

11610 AN

166861 N

0£5910 AN

6€/7L0 AN

1212€0 AN

201120 AN

30

25
0
15

10

5
0

| I-IIE

€€Z¥00 N

S€¥202 AN

60990000 AN

S¥/€£00 AN

200200 AN

056120 AN

20

26.0

15.0

13.2

28.4

6.1

TSSseq
6.1 11.9 13.7 Fold

9.1

7.9

4.9

TSSseq
Fold




Fold change in gene expression (stimulation +/-)

AK025835 AK092486 AK097884

Tag fold (tag count)
5.5 (183/32) 8.7 (175/20) 6.3 (11/2)

Real Time RT-PCR fold: Primers set at different positions

1.42 6.26 4.65
2.23 *4.99 1.32
2.05 11.54 244
1.59 1.03 *1.29
1.40 4.65 *3.02
*1.91 1.53
1.88 5.12
*22.92
*.

N=3 for each : Ct>35 cycle

Stadard dev in each primer is mostly <10%

Even within RT-PCR, which RT-PCR results should be used?



Fragmentation efficiency?
Preference in sequence?

Bias in Expression Profile???

Full-length cDNA

CDS region
Assenbled EST

Support EST

Shotgun tag nu
nber

1100 1300 1500 1700 1900 2100
Tss tag nunber

A A A A A M M N
1§o 300 500 700 900 1100 1300 1500 1700 1900 = 2100

Solexa tag
] | ) ]

cs region [ ]
Assenbled EST

Support EST

Shotgun tag nu
nber

20

L

Tss tag nunber

10 20 30 40 50 60 70 S0 90
CTGTTGECCTACTGGGTGCAGACATCTTCGAGACATTGARTCTATTCACTTACARAGGARRATACAGAGAGCAGTARCARARTARGATGGGTTTC



; Adapter

DNA fragment

Dense lawn of primers

Adapter
H
I i i ) Attach DNA to surface
i i1 - Bind single stranded fragments randomly to
i R the inside surface of the flow cell channels
1y
) F - , -
s | ] "
o e '
i ;:‘ :“ ! \
o ' T
‘ . ! Clusters
i B
hat i

On completion, several million dense clusters
' ‘ P ., i / of double stranded DNA are generated in each
H " s ' .° channel of the flow cell.

¥

| HERE i 1| 3I5 . Completion of amplification
i %Hf“: i g L /

R RS

A

A
SNWIIHED=5Y; iR, ERERRHTOHRR




“Next Gen” Integrative Genome Analysis

To Proteome
Post-Transcriptional G Seq (polysome)

ReQUIatlon RNA Seq (cytoplasm) () ribosome AAAA

Translational
cDNA sequencing Regulat|0n

RNA Seq (nucleus)

Transcript Analysis

BS Seq

Transcriptome

AAAA
Nucleosome Seq mRNA TSS Seq
nucleosome Tr'anSCI’Iptlona|
Y- A S - AP Regulation
ChIP Seq (3:E & F) ChlIP Seq (polll) ChIP Seq (Histone) |
Nuc Cytoplasm
Genome

Genome-Resequencing ChIP Seq | | RNA Seq

Genome-wide Data using NGS as a Common Platform
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DLD-1 cell (colon caner) B E4H ) B IRAE A

/'\ Chr2: 47,443,347 - 47,477,133 (NM_002354)

25.00

I
3

Annotated mRNA v / =\\ B 1 T t -
DLD-1_H3K4me3 (IP) J

0.00 b || HI‘I I 1 — |v 1

25.00 = = S

B
g

DLD-1_H3K4me3
(background)

0.00 | Iy L i wiatlon Ja b wu b R ot 2ht s 1 i 1 b a s u | 1 e, L
2500 st b e

B
3

DLD-1_H3Ac (IP)
28 X A.J‘ “AJLI Y| ! T 1 - AL . S P | al W ld s 1 ] 1 i

B
3

DLD-1_H3Ac
(background)

cool—+ tam 4l N W TP AT T SR PEES VI W T VPP | MR Y I | s uadidl s by . . I
0% e —— !

DLD-1_pol Il (IP) i
ooog_A_A_A_n_A_l_‘_Jn_L LUMLWM%.L__._A_UL@J_.#@_;#—LLJ@

DLD-1_pol i
(background)

5| Avgbase coverage Avgbase coverage mvgDpase coverage AvgDasecoverage —AvgDase coverage  Avg Dase coverage

0.00 " Al WA T | Laalsabd 1 ‘W._h o FYTP I TRPYRY Noa 2 PRI B Py
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DLD-1_TSSseq

DLD-1_RNAseq

DLD-1_Polysome
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Considering polysome RNA Seq tags for further filtering TSSs

oD
350
(bpi)SOO 300
300
RNA Segq (nucleus)
200 250
100 ﬁ 200
nuclear
C> SDG E>1 50
cytoplasmic
@ 100
RNA Seq (cytoplasm) 50
0
Lamin A/C GAPDH
B: Western
AP1 1 1 [
AP2 I
= cpitope
(kD) - m_uwvaz (HOXB0) AP ArZ
s 7 Tsstag 1170ppm 25ppm
20 A pol II binding bound bound
o . X58431
.5 = Corresponding cDNA BC014651 (HIT00195371)%1
Longest ORF in the cDNA 224 aa 140 aa
Expecl;ted molecular weight of 95.4 kD 15.2 kD
protein product =
Translation caveat no no
3 polysome tag enrich (p value) 1e-7 2e-3
RNA Seq tag (polysome) 9ppm 5ppm

408
60S
monosome/disome

A

polysome

RNA Seq (polysome)

fraction



Filtration for intergenic TSSs (IncRNAs)

A B
#TSC (log10) #TSC (log10) %iTSCs
100000 1000000 T 100

100000 1\ /

10000 )\
/ \ - 60
1000 A
\ - 40

100 e

= Number of iTSC

- 20
10 Cumulative population
1 T T T T T
0 2 4 6 8 10 1 ' ' ' ' — 0
Expression level of TSCs (Ppm) 0 2 4 ® 8 (ppflf%
C D
%TSCs (pol Il plus) %TSCs (RNA Seq tags in polysome are enriched by p<0.01) )
100 25
=—&— DLD-1 B RefSeq TSCs (pol Il plus)
- HEK293 20 4
80 —@—  \MCF-7 iTSCs (pol Il plus)
— l
60 — 15
A 10
40 Wi -'l\‘" ‘ ,'l)"‘
AN 5
20
0 i T T T T
0 4 6 8 O-1ppm 1-2.5ppm 2.5-5ppm 5-10ppm >10ppm
Expression level of TSCs (ppmm) Expression level of iTSCs

Yamashita et al Genome Res 2011



5t£R{mRNA

GPPP AAAAA
RYJA+RNA (*1) P AAAAA FEZ2RmRNA
HO AAAAA 52 REmRNA
O
GPPP AAAAA
HO AAAAA
HO AAAAA
TAPALE @
) AAAAA
o IFUdxvvEo Tkl (*2)
HO AAAAA
HO AAAAA
5 75 F3—DRNASA S — 3> @
= AAAAA
HO AAAAA
HO AAAAA
H18cDNASE (3 FHTE—DBA) @
AAAAA
<= NNNN
PCRI= &5 HiE @
—
e
TSSSe i)

E1C



TSS Seq (DLD-1; the GRHL3 gene region)

300

15000

0.0

24554072

0
/451 I6.432 24.52'4.372 24.53;].31 2 2453'5.252 24.54'2.1 92 245‘{6.1 .
* PTET! i
g sroce

- RS

24560012

25

=
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=
Chronosonal Assignnent
: Untranslated Region (UTR) [ : Protein Coding Sequence (CDS) W

: 57 end Sequence of 0ligo-capped cDNA
Ensenbl: Lﬁ'?531642
ENST00000269305 I 0-Hi .|
Ensenbl: 7531642
ENST00000359597 Lﬂ—ﬂ-ﬂ"
RefSeq: l%-?531642
HM_000546 THH il

L
755(}000 7530000 7520000

Repgat=-B ¥ 11 W
. a|
CpG 1slan§

. E—
sue = || R T AT T

rs3744259 rs9906502 rs12941951
0ligo-capped cDNA

rs11659090 rs7212296 rs35895718 rsdd11556 rsl6d42793 rsl12940629

One-pass cDNA (588bp separation)

ELI] Alternative pronoter 1 (Total clone: 6, Confident clone: 188%)
cDNA Tag Region

7560617

o 6 TSS-tags

EIT] Alternative pronoter 2 {(Total clone: 148, Confident clone: 188%)
cDNA Tag Region

7531532

9 140 TSS-tags= Previously reported
NM_000546 \\TSS"

cDNA Tag Region

t 17 TSS-tags

ENSTOO000269305

Wioooses Major promoter correctly detected
7531700 7531690 7531680 7531670 7531660 7531650 7 31640 7531630 7531620 7531610 7531600 i

TETGCHCCCTECTCCCCHHCTCCHTTTCCTTTGCTTCCTCCGGCHGGCGGHTTHCTTGCCDTTﬂCTTBTCHTGGCGHCTGTCCFIGCTTTGTGCCRGGHGCCTCGCHGGGGTTGRTG

HITo00031625 Detection of Minor promoters
HIT000031628

rs_17854410
?53%530 ?53}570 ?53%560 753:1[.550 ?53}540 753%530 753}520 75 }510 7 3:}.500 ?53}490 753%430

scmTGGGlISTTTTcccmcccmcrscmaasacmGcccmmnu| TTTGAGCTTC Hfi\ﬁﬂGTCTﬂGﬁliil:CRCCBTCCF\GGGQGCHGBTHGCTGCTGGGCTCCGGGGHCF\CTTT
1 11 1B 1
2 2 3 2
1pf11

530



“Intergenic” TSSs

Analysis of full-length cDNAs and TSS Seq

Chromosome Browser: 4 |
48 =) | View - | Find ~ Gene Labels: GeneSymbol

Control i
Simulation (+) i
Cell type | i
Cell type Il i

Validation analysis by qRT-PCR

Expression 150
level (ppm)
100
50
° )
S otV
“\,'( 3‘\0
o ‘5\«\“\ C

\
c ()
A\ “‘ge\\ o®

Biological relevance of long ncRNAs
still remains mostly unknown...

A\N



DataBase of Transcriptional Start Sites

(DBTSS@http://dbtss.hge.jp/)

Database Search

Dutadbeseof anserpuonal St 91

DRTSS

English | Japanese

Expressng Cell Typus:
Unemin woechas epmeta cetune - teasze 18)

Promoter Type:
3] 5
 Expression Preterence:
Sampiel | Besid porers ke

15} / Samplea

B =E ]

Exgresson Level:
e (] o (parts pur wiion taget

O poi2 vinding

o | © raxemes (active cheomatin)
O H3Ae

| stts binding

47 RMA Seq everinpping

Ana SHP overapping Y

(Sep20) ) update) —

|

Link to old version

Datahase Search

- DataBase of Transcriptional Start Sites -

DRTSS

Release 8.0 Updated @eptember 152011)
Based on UCSC hgl3, mad
‘We recommend to use the Internet Explorer 6.0 or later for visiting our database.

Keyword Search

Species:

H. sapiens v

Cell

TSSseq : DLD1 : clorectal adenocarcin v

Category:
RefSeq ID (NM_) ~
Keyword:

ppm #(>=):
5

(Sep, 2011 update)

@] TSS Seq Detail Search

| About this Database |

DBTSS: Database of Transcriptional Start Sites

Current version is based on UCSC hgl9, mm9

ABSTRACT

About Database

To support transcriptional regulation studies, we have constructed the DBTSS (DataBase of
Transcriptional Start Sites), which represnts exact positions of transcriptional start sites (TSSs) in the
genome based on our unique expeti lly validated TSS method, TSS Seq. Here we
included new TSS data, so that a major part of human adult and embryonic tissues are covered.
DBTSS now contains 491 million TSS tag sequences for collected from a total of xzx tissue and cell
cultures. We also integrated our newly generated RNA seq data of subcellular- ﬁ'a:uonated RNAs
and ChIP Seq data of histone modifications, RNA p I and several

regulatory factors in cultured cell lines. We also mclud:d recently accumulating external epigenomic
data, such as chromatin map of the ENCODE project. We further associated those TSS information
with public and original SNV data, in order to indentify single nucleotide variations (SNVs) in the
regulatory regions. These data can be browsed in our new viewer which also supports versatile
search conditions of users. We believe new DBTSS is helpful to understand biological consequences
of the massively identified TSSs and identify human genetic valuations which are associated with

)
DLD1
7SS in all
conditions ¥
CnPseq 1 B
O RNAseq ue i
O RiPseq (Ago1)
e
e 1\“1
—a

ChiPseq i
o All condition - ™

owe 1" ‘¥A777_M‘

ez | L
|
L 1yt
2,99 1.99
[ ez
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Tissues
¥ TSSinall
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10 2
ZITNETH 2
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i

Wy 4

LI

NCBI Refseq
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~
e

-

_‘J SNP Detail Search disordered transcriptional regulations.
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MRNA MAMRA

Total RNA
mtRNA

Small RNA (miRNA/piRNAZE)

¥ ElEsmall RNADHIZDNTERT A, BAP treatment @
BaDRTFYTCHA XL ETZETIE. - Takara Protocol lllumina protocol
FTARTORNAISODWTRBO RIGAEI . OH (v1.5)

Total RNA input 100ug

Adapter ligation to 3’end of RNA @ Size selection Need No need

%718 nt~30 nt E D
Small RNAZ B Bt

[FU] & Sample 2
90
A 4

80

70

5 P4 F2—@ORNASAHF— 3>

60

S0

40

30

20+

W

2
s

g

h

Small RNA Se B




small RNA Seq (DLD-1; the MIMAT0004584 gene region)

0.00 = =

T T
52,211 641 52,233,551

T
52,255,461

T
52,277 371
| mmaTO000414

| MIMATO004584

T
52,321,191

T
52,343,101

s0

a0

=F

52,277,051 s2277.141 52277 231

S2277521 S2277411
B vfraTo00Ns4
W nsTO00S
—

acggcatacgagat AQCtGTACAAACTACTACCTCA

acggeatcegagatafCTGTACAAACTACTACCTCA
atggcaggegagataaCtGr ACAAACTACTACCTCA
acwwca\:acvawacA'C\:GTaCAAAC\:ac\:ACCTCA

GAGATCTCCTGTACCGGGTGGTATCATAGACCCTCA
CaTATCTCeTGTACCGGG MBS TATENT AW c e

52277 501

52,277 591

52,277,357 52,277,367

I 70000414

52277377 52,277,387 52,277,397 52,277 407 52277417

52277427

. 7000455

52277 581

X

B



B The MIR17HG gene region (DLD-1 cells)

Annotated mRNA )R THG apcs  #
oo \
RNAseq (total RNA) om0 / u\
00 l l I
IS | \
small RNA Seq w00
oo
RIP Seq (agol: IP) -
RIP Seq (ago2: IP) rsm0
a0 .
ChpSeq (H3Kaves: ) < il ESENOBIEREA
ChIP Seq (H3K4Me3: WCE) ==
ChIP Seq (H3Ac:IP) seo ||
ChIP Seq (H3Ac: WCE) o0
ChIP Seq (pol lI: IP) L

o
so00

o Seq (pOI ) WCE) ‘w@




Schematic diagram of
RIP(RNA immunoprecipitation) -Seq

—_— RNA B
IP RNA C — RIP- RNA seq (Target
RNAD RNA)

RNA pool

Ve

R Yie

\ J

O RNA binding protein

S B



Schematic diagram of biogenesis of microRNAs and
post-transcriptional silencing of target mRNA

=0

Cytosols .
Q Dicer

ucleus @
processing Small RNA-seq
AR A A Trascribed by pol II @
/A Drosha %} RIP-Small RNA-seq
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MRNA cleavage

T N

mRNA-seq RIP-RNA-seq MRNA degradation




CASANA_ago1_IP_Morm - SE (1pxI=211B)
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No sequence data file found for this chromosome.
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Log, IP_mRNA (target mRNA/RPLP2)

I

Validation By Real-time PCR 1

(N>=3)

DACT1IN

DACT1H

KIF21BH

HHIP N

.

AHNAK N

HHIP H

AHNAKH
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Log, IP_miRNA (miRNA/RUN6B)

Validation By Real-time PCR (N=3)
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“Sample Prep Automation” in Big/Small Sequence Centers

Beijin Genome Institute (China: >100 HiSeq) “Sciclone” (Caliper)

Lucky Numbers

Staff

HiSeq 2000
SOLD 4.0

Data production
CPUs

FLOPs

RAM

Storage

Kashiwa, UT(

Jan 2010
3,000

0

o

100 Gbiday
5,000
woT

2078
20078

Japan: 1

Dec 2010
5,000
37

27

5 Tbiday
50,000
1,0007T
200 T8
10 PB

96MTP in 3 days
AgilentXT +Exon-capture automation

12 sample Double strand DNA/cDNA
Adaptor ligation

Size fractionation (gel-free)



Template Prep. for mRNA
RNA Seq Total RNA
Estimated 0.3-1 million copies per cell
MIRNA \ 20,000 species in humans
PolyA selection @ 90% of the cellular RNA are polyA (-); rRNA, tRNA, mtRNA...
AAAAA
RNA fragmentation @
F— I AAAAA
1st strand syn. using random primer @
€= NNNN
@ NNNN
€= NNNN
< NNNN
€= NNNN
2nd strand syn. @
SPRI-TE

NNNN —
NNNN

Seguence Adaptor ligation to both ends

\f

—
N\

PCR amplification

G|l

MmRNA Seq Template




“Acceptable” Sample Prep

Lot#: 023554 Input: 10 ng
D V,“ ey
[FU) A Rl &
|7 T
100 '
| |
- ) 1
50 69'.5 [ ft
o+4—1 #.‘,_,) SN ) 1 [
T T T T T IT T T 711 -
50 300 500 700 1500 7000 [bp]
Overall Results for sample 3 : _input 10ng lot 022433
Number of peaks found: 2
Peak table for sample 3 : input 10ng lot 022433
Peak Size Conc. Molarity Observatio
[bp] [ng/pl]  [nmol/l] ns
2 124 155 19.0
3 284 61.40 3277
IP: 1 ng
Fuy | &> [ ]
| -
100 3 [
bg,'.o
50 2
\ £ f
\ ~ i . ™
o Lmd =
T T T T TITTrTroT T —
50 300 500 700 1500 7000 [bp]
Overall Results for sample 8 : ChIP 1ng lot 022433
Number of peaks found: 2
Peak table for sample 8 : ChIP 1ng lot 022433
Peak Size Conc. Molarity Observatio
[bp]  [ng/pll  [nmol/I] ns
2 121 483 603
3 285 2322 150.1

IP: 2 ng
ol
FUl | = & :
o
100 o
5
50 R
[ ‘ f
| \
| ] :
0 el M, - )\
LI 1 1 | e
50 300 500 700 1500 7000 [bp)

Overall Results for sample 7 :
Number of peaks found:

Peak table for sample 7 :
Peak Size Conc.

_ChIP 2ng lot 022433
2

ChIP 2nqg lot 022433

Molarity  Observatio

[bp]  [ng/pl]  [nmol/I] ns
2 122 306 401
202 5287 2741
IP: 500 pg
o oS
[FU] ,gf’ &
| N
10977 ">°”'L ‘,@'
50 — ‘ 1|8
i '
o4—LI 2 . |
TT T T T T IT T T
50 300 500 700 1500 7000 [bp]
Overall Results for sample 9 : ChIP 500pg lot 022433
Number of peaks found: 3
Peak table for sample 9 : ChIP 500pg lot 022433

Peak Size Conc.

Molarity Observatio

[bp] [ng/ul] [nmol/I1] ns
2 122 404 503
3 282 875 525

4 205 14.62 75.2




“Un-Acceptable” Sample Prep

Lot#: 022433 Input: 10 ng
(FU] o° @gv
40— |
® P
YA
30 * &
204 |, —F
l L |'
10— \
oIt — il
LI I 1 T LILLE L L
50 300 500 700 1500 7000 [bp]
Overall Results for sample 6 : input 10ng lot023554
Number of peaks found: 2
Peak table for sample 6 : input 10ng lot023554
Peak Size Conc. Molarity Observatio
[bp]  [ng/pl]  [nmeol/I] ns
2 126 6.11 732
3 268 27.66 156.6
IP: 1 ng
}
Ful | o8 o &
2 .
30 D
|
20 i
10+ | ] \
/ |
0_.,.... A —_ —
| | | | | mwmrrra
50 300 500 700 1500 7000 [bp]

Overall Results for sample 11 :

Number of peaks found:
Peak table for sample 11 :

Peak Size Conc.
[bp]  [ng/pl]

2 131 826

IP 1ng lot023554

1
IP 1ng lot023554

Molarity Observatio
[nmol/I] ns
a58

e

IP: 2 ng
[FU] o ubgv
h S
3 R
20 | =
10+
\ || \ - N |
o ] . |1
1 T T T T I T 1711
50 300 500 700 1500 7000 [bp)
Overall Results for sample 10 : 1P 2ng lot023554
Number of peaks found: 2
Peak table for sample 10 : IP 2ng lot023554
Peak Size Conc. Molarity Observatio
[bp]  [ng/pll  [nmol/I] ns
2 131 7.06 817
3 203 4523 2330
IP: 500 pg
[FU) & o &
304 & ..,c;’ |
|
204 | 7
10
| I
giie
o1— 4 ~—
T T T T I TTT7
50 300 500 700 1500 7000 [bp)

Overall Results for sample 12 :

Number of peaks found:
Peak table for sample 12 :

Peak Size Conc.
[bp]  [ng/pl]
2 132 6.80

IP 500ng lot023554

1

IP 500ng lot023554
Molarity Observatio
[nmol/I] ns
783




Sequence outcomes of SPRI-TE samples

M Favorable samples

Sample ID # tota | read primer dimer dimer (%)

sampleA 28,502,937 559,185 2.0%

sampleB 28,635,753 660,799 2.3%

B Unfavorable samples

YT ILE B)—F# primerDimer 225 hDEE

sampleC 42,781,509 8,797,067 20.6%

sampleD 35,953,985 4,553,405 12.7%
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RNA Seq (R Y —LAES)

RNA Seq (fIF2 & E %)

AAAA

() ribosome

ol e il 2]

RNA Seq (RS54 R/\FA—FEHT)

RIP Seq (RNAZ /Ny EHEERA)

RNA Seq (#%E1%5)

INHILT7AF Seq

(AF IS RS2 SR Th—L

mRNA 5 f#5% & (BRIC%)

MNase Seq (ERk1) 2 H—) mRNA

DNasel Seq (A—7>/0<7F)

AAAA

TSS Seq
(B E R R)

”“C'e°s° o 2 2 poll PP e P

Smal RNA Seq

ChIP Seq ChIP Seq ChIP Seq
(RS ETFHEA ERAL) (AR E T4 & &R ) (Histon{Z£ff) 3C/HIC Seq
(VO FUBRIEE)
PPN
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F=EH

Sequencing Design (A>T Zvbk 74— LIEZGAIIX; HiSeqlE5 /L) —H TV X A)
>50M reads/lane (>80% data mapped)

Single end read (3 days)

36 bp
TSS Seq: 1 lane

ChIP/RNA IP Seq: 1 lane (WCE/IP)
RNA Seq: 1 lane
Small RNA Seq: 1 lane
HZ 54 BLIDIndexing (AT EE

Pair end read (10 days)
76 bp

De novoFARNA Seq: 1 lane

cDNA shotgun: 1000 clone/lane;
(see Reginald et al PLoS One, 2010)



Towards medical appication

Disease

Clinical trial

Cell/Animal model

??

Mal-function of genes

??

Expression disorder

RNA Seq, ChIP Seq

DNA mutation

Exome, Whole genome resequencing

Data compilation
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