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5-methylcytosine (5-mC) O 4-methylcytosine(4-mC)
5-hydroxymethylcytosine (5-nmC) O 6-methyladenine (6-mA)
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Amino Carboxylic Acid
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Side Chain Here
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*HN—C——H ‘HsN—C—H
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N | | e
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RNERR: BHAFR

Isoelectric
P |
57 75 067 597 _ ,
(click for more detaled
1.0 6.01 Gly a1 amino acid inforration)

Ala w5 75

71 50 Monoisotopic AA Residue Monoisotopic Mass
Mass (1ass -18.0106) (click for ion trap : :

2.2 598 (dick forthe calculated TV data) -1.7 750
izotopic distribatiomn) .

Leu His
1131 1311 / / / e 1371 155.1]7
13 507 [25 545|008 567] |11 547 [-075  587|]-27 5.41] |

Val Phe Tyr || Met Thr || Asn
001  N71[Q471 165141631 1811 [A131 149 | 4 101 119 {114 1321281 146.1)7]
31 602| [15 5800 (020 648|017 507 [-L1  568]|20 565|945  10.76]

Ile Trp Pro Cys Ser Gln Arg
113.1 130101861 20410497 1151 [fiog 121|187 105 1281 146141561 174.1

[onsowrce, LLC Copynght 2000- 2006
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FREZMEF (Codon)

T C A G
TTT Phe (F) TCT Ser(S) TAT Tyr(Y) | TGT Cys(C)
TTC .. TCC TAC ochre TGC
TTA Leu (L) TCA TAA Ter TGA Ter opal
TTG TCG TAG Ter mber TGG Trp (W)
CTT Leu(L) CCT Phe (P) CAT His(H) CGT Arg(R)
CTC CCcC CAC .. CGC
CTA cca CAA Gln (Q) |CGa
CTG CCG CAA CGG
ATT Ile(I) ACT Thr(T) AAT Asn(N) | AGT Ser(S)
ATC ACC AAC .. AGC ..
ATA .. ACA AAA Lys(K) |AGA Arg(R)
ATG Met (M) | ACG AAR AGG
GTT Val (V) GCT Ala(ad) GAT Asp(D) [GGT Gly(G)
GTC GCC GAC .. GGC
GTA GCA GAA Glu(E) | GGA
GTG GCG GAA GGG
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AcK-tRNA synthetase tRNA
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SEgdcsE : DNAMFF

O Dr. Ray Wu, 19284 Fit7®, 2008FE Lt

O RERKETFEYESREFHR. EYERE
TEEIEAZ—

O (EBFE “4£” , 8zHE)

T 19684F 1% DNAMIF 53X

Journal of Molecular Biology

2
g
Structure and base sequence in the cohesive ends of bacteriophage k
lambda DNA

Ray Wu' 2, A.D. Kaiser' 2
Received 4 March 1968, Revised 6 May 1968, Available online 8 July 2006




REF4E: DNAMIFF

O &XFEE: VEFFRMERSIYEM (Location
specific-primer-extension principle in
labeling the DNA)

O 19734, Gilbert; 19754, Sanger

S s
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left half D NA right half §7]
aaaaaa . A “
- A B A A
SRV, \/ © 7 —>
! 1 OH VP —
P o T I po
G .
heovy strand light strand

Ray Wu as Fifth Business: Deconstructing collective memory
in the history of DNA sequencing

Lisa A. Onaga

Studies in History and Philosophy of Biological and Biomedical Sciences 46 (2014) 1-14 ST
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51, R3asesd . B A LATADNAM
Pa 2l i)

FHERRAE B HEF. 2B MERENENEN (EFE 17 S2FE) , ERENERINEE
fREA=ED B, IFHEIGEI—E. EFE—aOS5SHMERFER: “1971FZERM5 ek, MR —-x@s
B SECETLAMT - BRRZIIRFEE S AN LERWEILY FrEiR A L RERESangerlIFE,  RTLAR S ESanger
mtiaEs. MERRARE [, RFRTREERT A PEMESHFEFMEE, R, TALARET NEER
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o e

ifﬁi& : 1554113 j . ﬁ:-jl‘l'l j.:,ﬂ}’-':‘ Sci China C Life 5ci., 2009, 52(2):99-100
Stud Hist Philos Biol Biomed 5ci,, 2014, 46:1-14
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O S FEMERRPZREENTE: FAEDNADTF

rh B TR R 2R AR A5 A
3 1980, Walter Gilbert & Fred Sanger: #
R AN EDNARFS

1958: JES &

iDNA

Frederick sanger FHalll Eerd W Eller eDert Frederclk sanger
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Polymerase chain reaction %
CTAAC
' BE B U Primer R
A

(PCR) .

DNA Polymerase

G
T ‘*— New Bases
C

GATTGCGTCCTA
Template DNA sequence

>,
\/ T 4

CTAACGC'A /

GATTGCGTCCT

|

CTAACGCAGGATOC

Kary Mullis, 1983
19934 1% Dl /R4 GATTGCGTCCTAG

New double-stranded DNA
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O “BRUNREERE—ITER, ZRA—LFHIFTARK,
XAFERBE M ANE ERERIR”

[ 1980s, Leroy Hood & R& T J94FPLR 1E % H BRHR
EMENEBRCEOBRFE, Ul TMFERAR

O AMEBEAER— 1T RMNPUF, HE—INFF

FHES R R

O Hood: FIRATEHWEEZEHIERIFLIX
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All four dideoxy chain-terminator
reactions are loaded into the

same sample well.
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F—RMEFE: BN

[ 1986, Model 370A DNA
Sequencing System
& Applied Biosystems, Inc (ABI)

€ 1987, ABI 370

& FIRAMUMER, ATEE

-
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Company History
Company Name
Genetic Systems Company (GeneCo)

Atpplied Biosystemsz, Inc. (ARI)

bpplied Biosvstemz, Perkin—Elmer

FE fpplied Biosvatems

PE Bioswvztems

bpplied Bioavstemz Group, Appler or

Applied Bioavstema
Life Technologiez

Thermo Fisher Scientific
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Genomic DNA i - = EmeE e Do
Fragmented - l - sl =—L = lﬂ
DNA l

Cloning and ampilification "’ :

Sequencing | . . — — B B
4 |
5... G A s }. ...CTG.H.T©...
..CTGATC@...
, ..CTGATCT@...

Detection o

..CTGATCTA@®...
GA AGG GCA :

...CTGATCTAGGCTCGCACT...
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[J Next Generation Sequencing, NGS
O Read: 15%E%

454 llHlumina/Solexa ABI-SOLID
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& I E I DNAG FEEZIESH A HRE

& EF 8T8 —1a0F
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<(Solexa has 800 images @ 4 megapixels each)
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Illumina/SolexaillF{Y _ERY/NEX (tile)




EXTENEREE

O RIGESRRHBIERIR: TBL
® Solexa =
& ABI-SOLID: >
@ 454: <

1%%51 AVAEIE
E

EHEEEHRALEMEE (basecall) (A, C,
,or G, URE— 1 REENSERSE)

T

m

R EERE (RRMEILRL
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ASAM| [ 18

O FE—HHRSIBEEDNATRF{L

O 20045 s2Hrg k4t

3 104~ NETA AT [E BT E 8N AR

O £BBRNF (pyrosquencing) \
@ A HIER TNy
# B. —{bead LA HEHEEB AT E—TFF
& C. WELYBIEMIRS LR, #HPmER
& D. BT IB—1mE

O WERBERIRLD, FEBANREEIR

O Polonator: JRIEHE{EL, FFEFE (26bp)

||||||
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Roche (454) GSFLX Workflow:

Primer, template,
dNTPs and polymerase

Chemically cross-
linked to a glass slide

Library construction Emulsion PCR PTP loading
L% & A A
— —
. B] B } B
i A
2 Pt ’ Annsaked
2 y primear
. F Suffurylase
v L iferi
Luciferase e

DMA capture bead

comdaming millions

of copies of a single

clenally amplified L|gh1 + Oy Luciferin

fragpmwnl

Fi M /N EK
Pyrosequencing reaction TRENDS in Genelics
a Roche/454, Life/APG, Polonator
Emulsion PCR
One DNA molecule per bead. Clonal amplification to thousands of copies occurs in microreactors in an emulsion
100200 million beads
Break Template Fomrd
amplrflcatlon emulsion dissociation
\ /



GS FLX+ System (454) -

PicoTiterPlate

LR

iz
% A1000bp
ZXWE  F700bp

B
o >500bp: 85%%5%
IRy W&y >7000p: 4595

Frides iHE: 700Mb

RAE FRIEERIMEK
HERAPE: 99.997%
BEEE: 23/

Bioinformatics, 20

Roche shutting down 454 sequencing business

Medtech @&# o

Roche is shuttering its 454 life sciences sequencing operations and E

laying off about 100 employees, the company confirmed.

The 454 sequencers will be phased out in mid-2016, and the 454 facility in Branford,
Conn., will be closed "accordingly,” Roche said in a statement e-mailed to GenomeWeb
Daily News.




lllumina Genome Analyzer

O &P HSolexaF &i&it, WER
HluminaBF2a]

O 20064 SEER Al 1t

O §4# 58 71NA/3H

O KERE, FTEEEERDBY!
BLERNFENRE

[ Sequencing by synthesis
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lllumina Genome Analyzer Workflow
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i ] i L i .!’/ I IR 1 I N W, ; L I II I i e e b e arcd ol
Adapter ligation ' — : i
g Bridge amplification
Surface attachment 4-

b Illumina/Solexa
Solid-phase amplification
One DNA molecule per cluster

Sample preparation
DNA (5 g)
Template
dNTPs
and
polyrmerase

Bridge amplification

I||'j||.lll .://g'.

enaturation
|'§* _:-,
I i igl|I
) at o
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Single base extension Imaging
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Helicos BioSciences %

€ Helicos BioSciences: one-pass sequencing
Single molecule: primer immobilized

d Helicos BioSciences: two-pass sequencing
ﬂ Single molecule: template immobilized

= a ﬂ ”~ Billions of primed, single-molecule templates

Billions of primed, single-malecule templates

Adaptor[fl g, 2AJEEEK Wit e E e, SRJEEAdaptor
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Incorporate
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nucleotides,
each label
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Qo
@

C
(F)
Wash, four-
colour imaging
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groups, wash

.
-

Repeat cycles T

¢ Helicos BioSciences — Reversible terminators
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and inhibiting
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.
-
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HiSeq 3000/HiSeq 4000 (illumina) g

HiSeq 3000 HiSeq 4000
Flow Cell%{ 1 18%2
BE/IR >200Gb >400Gb
B[R] <1-3.5Kk <1-3.5Kk
I NRERAEE 6 12

AN
I
l'l'n. y

(

Flow Cell
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HiSeqg X Ten (illumina) %

10&HiSeq X4 A%
FHEMAAEFLHE: >18,0001
BN ANEEFEL (30X): <$1,000
FHiEE: 1.6-1.8Tb

B3eETE: <3XK

DDDDD




AFOARIEHINGS & & JR2

[ 2013411,
= (Food and

Personalized

HER AR, ;
jjﬂ%'&ﬂﬁﬁ/ﬁ

O llumina MiSeq Dx

-

-

FDA: EERmMMAPET

Drug Administration)

medicine”: Fl,

%AAML

877 %Iﬁﬁll}’ﬂm{ .
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llumina — EE TS

SETUMFR

SBS: Sequencing
by synthesis

iseq 100% & MiniSeq%k MiseqZF| © NextSeqZ 5l @
= FR ER A ER A R R
FEEERIENE (AZ5, B, oD ®
RS EFERNE (R, RS L
SME TR o
HEEEMEF g7, EEpanel P
ERFRNE o
TEFMRNA-Seqi TEFEFAEA L
LEEEREAESR
ok BB
miRNAFISmall RNAHRT o
DNA-ER A ERAS T L
ERE R o
16SEERERNE o
E{TitE 9-17 58 4-24/ 455/t 12308
AR L 1.2Gb 7.5Gb 15 Gb 120 Gb
HRi=TEEMNE A readl 4 M 25 M 25 Mt 400 M

=gk 2 x 150 bp 2 x 150 bp 2 x 300 bp 2 x 150 bp




llumina — & = #L R B Y

AP

L]
—
[ e ]

NextSeqZ | © Hiseq®5| © Hiseq XZ&H[* NovaSeq® 3| @
R A FiERR A FaRR A E3 A FitRiF
FESEFEMNE (AZS B, D @
TR BEERME (RSN, A3 o
SMEFEEMRE @
SLERENE g, EEpanel) o
SEFHENE @
fERAMRNA-Seqil TREEFIAES T *
miRNAFISmall RNAS T @
DNAZEQ BT fEAS L
FRE LR @
S EERRFE o
EfTHE 12-30/] M 12 ::J;\Equ_HL-I.S;EEEj: i?gfﬂggg )4000) <3F 19-40/ 1
aAE 120 Gb 1500 Gb 1800 Gb 6000 Gb!
BRETERRNEAreaddy 400 M 5B 6B 20 B=

=KiEk 2 x 150 bp 2 x 150 bp 2 x 150 bp 2 x 150 bp



ABI-SOLID %

(2007 LIk 4

O S E % 20GBRIEIE
OS%: 6GB
(Sequencing by ligation

"2 based encoding”

*“color-space” data
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(a) Solid sequencing process ff “f
I'I'I'I"I 3 I'I'I"I1

A g 4

|'|I'|I'|.|'\IT??:|'

L
JnN LR 3 AR
-bsed " e P1 Adapter Template sequence ¥
Round Ligation cycla
1 2 3 4 &
Univarsal Saq Primer
1 = ITTITTm 4.5 @i1o 1415 1920 2425
. Bri i 1 | 1 1
Roset Y Universal Seq Primer n-1 || || ,—|| |I
5 = FTTTTITITITIM el @Rl 1314 1829 2324
|
i _ I |
Resst Y Universal Seq Primer n-2 || '| B
3 = ITTTITITm 2.3 7el  fElis 178 2223

Resat Universal Seq Primar n-3 ',I '.I
» ITTTITm 1.2 67  1h2l 1817 21,22

Universal Sag Primer n-4

- TN 0.1 5.8 1011 1516 2021

Reset 7

(4]

(b) Principles of two base encoding

Fefarence ACGGTCGETCGEGTGTGCGT

s Em | ==
2 base probes N DN N NN NN NN BN

Sequence 1 5%%%%%%%{%% Wild type = ACGETCETCGTATECET

seqrcs 2 DOOOOOOOOOOOOOOD 2courcrares = acsrcs croraraces
Sequence 3 %é’%éééééééé 1colorchange ™ ACGGTOCGTOGTGETGOGT

Sequence 4 55%&555&&% I::;mmlﬂr > RCGETCGTCGTGETGCGT
change = errar

couocas QOOOOO OOOOOOOOS 11psuion > acosre recressees

TREMNDS in Genstics




a
Life/APG — Sequencing by ligation %
a

Pri di
ABI-SOLID I = b
niversal seq primer (n) \ AT’

3J
Fladapter T& Target sequence
p . ‘ Flucrescence,
12-probes Excite  four-colour imaging

%, ¥ Interrogation bases
n Degenerate bases \ _j
z Universal bases *

% | | 3,

3 1T g
XYTNNZZE ..,
3 £ Cl t
eavage agan
geagent

XYNNNZZE -~
3 /3:{ AT\I
AYTINMEZE P‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘I‘ P y
/* ) TA
4 xr;fmmzzz ” ‘

e -+

Repeat ligation cycles Ligation cyclel 2 3 4 5 6 T.(ncycles)

|"|" AT TT T GT TT Ch GC

b Alignment of colour-space reads to
colour-space reference genome I].I.I.I.I.I.I.I.I.I.T‘E" Sl il il §huCS

(Twob ding: each target
wo-base encoding: each targe ) o
rucleotide is interrogated twice Reset primer (n — 1), repeat ligation cycles
Template ;
2nd base sequence
LCGT ©eCooCo -
% .Y ATACAAGA Ji_ %
C CECACCTC
5|3 GCGTGGAG Primer round 2 | base shift
. TATCTTCT TCGGATTCAGCCTGCTGCTCTATCA | niversal seq 1
. ¥y . i — /
primer (n — 1) " BA/CT GC TG AT CC CG

.

¥ | m TITTITITITIT
T G4 &G 4l Ta G5 GO
Reset primer three more times
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Revolocity: Complete Genomics

IMPACT OF CORRELATION ANALYSIS
ON FALSE-POSITIVE RATE

Without With
Outcome correlation correlation

analysis analysis
SNP Sensitivity 98.5% 98.3%
SNP False-Positive Rate 12% 2.1%
Indel Sensitivity 83.4% 83.1%
Indel False-Positive Rate 26.3% 17.8%

Proprietary library preparation—the first step to quality results

Sheared DNA Ligate 1st adaptor Circularize
fragments )
HALF HALF Head-to-tail
V ADAPTOR ADAPTOR concaterners
) f- mm ADAPTOR A
GENOMIC DNA 3 g [ i ==
a 4
o >
\ ADAPTOR B

iﬁkg i ( B G I ) crredlarize DNA Nanoballs™
-70 pr/\ /\é70 bp (DNB™)

ADAPTOR A

Ligate 2nd adaptor
HALF HALF

\\ ADAPTOR ADAPTOR
[ —f—



BGISEQ: SEEMFRS:

BGISEQ-500

EARRE
2=

BGISEQ-50

BGISeq-500 NextSeq-500

EE 8-200G 25-120G

BE 50SE/50PE/100SE/100PE 75SE /75PE/150PE
BE Q30 bases > 85% Q30 bases > 75%/80%
ZfTEtiE -24h 12-30h
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FE_ME (Massively parallel)

1 Genomic DNA - - . EmeE we SeEm
2 Fragmented DNA - s l = - .
3 Adaptor ligation ———— e - EEEEE e

Native DNA

e B ﬂ.plll.
I |

Wy Wy o1 | r\ Hll |||l
‘I‘

5 Detection Cycle 1 Cycle 2 Cycle 3 Cycle 4

3. GACTAGATCCGAGCGTGA .5

, —
5. G A .

4 Amplification
I




FGBHIEHIE ST (2008)

[ Solexa: ~$6,000 per GB
(JABI-SOLID: $6,000 per GB
(3454: $85,000 per GB
OEEEKBEMNE

O AKEFEH3GB, {HR1x coverage S BESERH
2015: RNA-seq, ~$1,000/GB

72017: RNA-seq, ~$10/GB (65~80RMB)
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ST

O ZMFN=EFFEEL (Solexa = 36 bp, 2008)
& S EFEHEKEM
O E5 XM HHIAFIEE

OFEZEEZENBEE
OfERFR:
O HEE

& & {CHY I

SE
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Paired-End Sequencing (3KB)

Fragment, Biotinylated Exonuclease
methylate Hairpin Adaptor treatment and
and polish ligation g, ..~ Adaptor
Genomic DNA Met “Bo = o cleavage
wrrr— o Melesa
) | * RLM : * BLD-L\\ * EIIID Met BE}
S — =] Bi [T
: ——ly - el 0
Streptavidin capture Circularization {
@ of biotinylated Bio
- Adaptors _';'D
__ Bio
Bio * \Bjo *
~100-base tags .
A B Bio
s olsrye Clonall
Long Paired End D?.?. 3;
Adaptor e g
ligation emPCR A fragmentsB
-—p 2 . : el 454 Sequencing™




E={LMFF: PacBio Systems

d

The “third-generation sequencing”: long-read
seguencing

Single Molecule, Real-Time (SMRT) technology
DNAR &EEEE
DNAB S FRIARRERNFL

“real-time” sequencing

g Qg d

Tt 10~ 15kb 8-~12kb
ZMWs 15h 1005
#HIES / SMRTCell 500Mb~1Gb 5-~10Gb
SMRTCell No./Run 1~16 1~16
Run time / SMRTCell 0.5~6hrs 0.5~6hr
Multiplex Amplicans 384 1536

PacBio RS |l Sequel rmates 2025, HUST
\



PacBio SystemsllFF/RIE %
: WL

ZMWTFl (Zero-Mode Waveguides, BEESFL)
HE2NTARBFEACR, XasRITE
O FLIREBXEEREIE £ 5 FDNARSEFAH 53 FDNA

Pacific Biosciences — Real-time sequencing

ospholinked hexaphosphate nucleo

M—M—%

Limit of detection zone

\
\'._
‘\_l\..
INTENSITY  — A




lon Torrent™ (Life Technologies)

criteia | _lonTorrent Proton | _lllumina HiSeq 2500

System Price

Annual Service cost (yr 2 & 3)

Per Gb cost
Per Run Gb
Per Run cost

Three year TCO @ 30% utilization
Three year TCO w/ HiSeq Upgrade
Time from library to data
Throughput per 40h workweek

Accuracy

Expected readlength at launch
Potential readlength improvement

Ease of use

Two bases
are incorporated

$243,000
$19,400
$16.67

~ 60 Gb (est.)
$1,000
$731,800
$731,800

8 hours

600 Gb

99%

200 base-pairs
400 base-pairs
+++

Two hydrogen ions

are released

$740,000
$59,200
$46.00

120 Gb

$5520 (est)
$2,100,400
$1,410,400

27 hours

480 Gb

99%

150 base-pairs
250 base-pairs
+++

s, 2025, HUST
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Oxford Nanopore Technologies

3 MinlON (100 g, USB 3.0)
& S120MKFLIBE, HaER~-109H
& JEEE>200kb, 10-20Gb/48/)\h

O PromethIlON
& 30001 4NKFLIEIE, 11Tb/48/\EF

r =]

MNanopore devices perform DNARNA sequencing directly and in real time.
The technology is scalable from miniature devices to high-throughput installations.

How it works J

Compare products I Gr|d|ON X5 |

A

SmidglON Flongle MinlON GridiION PromethlON




Nanoporeill F &I

O DNASERIE R :
€ B-DNA (2.0nm); A-DNA (2.6nm)
O NanoporeZ&! . £HFLF#RFL

a-hemolysin Silicon nitride

Vestibule

Barrel

Lipid bilayer—gm = m

1.4nm >2nm
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Nanoporelll F J& 38

O RN E
& FFLER
& fRiER R

O K FL A M £
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. el




ERIELEE

Hethod

S5ingle—molecule
real-time
sequencing
(Pacific
Biosciences)
Ton
semiconductor
(Ton Torrent

sequencing)

Pyrozequencing

(454)

Sequencing by
synthes=si=s
(I1lumina)

Sequencing by
ligation (SOLiD

sequencing)

Hanopore

[Te1y

Sequencing

Chain
termination
(Sanger

sequencing)

Read length

10,000 bp to 15,000 bp aws
(14,000 bp N50): mawimum read
length >40, 000

bases[651[81 (7]

up to 600 bp[Ta]

700 bp

MiniSeq, NextSeq: TE5-300 bp;
MiSeq: 50-600 bp: HiSeg 2500:
50-500 bp: HiSeq 3/4000: 50—
300 bp; HiSeq X: 300 bp

50+35 or B0+50 bp

Dependent on library prep, not
z0 user chooszes
fup to 500 kb

the dewvice,
read length.
reported)

400 to 500 bp

Accuracy
(single
read not

conzensus)

BTH =ingle—
read

ACCUracy [eg]

oEK

09, ok

99, 9%
(Phred30)

4o, ok

TRz - 9Tk
zingle read
{up to

99, Dak

consenauz)

09, ok

Comparison of high—throughput sequencing methods

Reads per run

50,000 per SMET cell, or BO0-1000

negabazes 6910701

up to 80 million

1 million
MiniSeq/MiSeq: 1-25 Million; MNextSeq:
130-00 Million, HiSeq 2500: 300

million - 2 billion, HiSeq 3/4000 2.5
billion, HiSeq ¥: 3 billion

1.2 1o 1.4 billion

dependent on read length selected by

user

/4

Time per run

30 minutesz to 4

hours[T!]

2 hours

24 hours

1 to 11 days,

depending upon
zequencer and
specified read

length [T4]

1 to 2 weeks

data streamed in
real time. Chooze

! min to 48 hrs

20 minutesz to 3

hours

B3] 164]
Cost per 1
million

bases (in

us$)
$0. 13- §0. 60
§1
$10
$0.05 to
$0. 15
$0.13

$500— 999 per
Flow Cell,
base cost
dependent on

expt

f2400

Advantages

Fazt. Detect=z 4mC, EmC,
Ami. [72]

Lez=z expenzive

equipment. Fast.

Long read =size. Fast.

Potential for high
zequence ¥ield,
depending upon szequencer
model and desired

application.

Low cost per base.

Longest indiwvidual
reads. Accessible user
community. Portable

(Palm sized).

Uzeful for many

applicationas.

— https://en.wikip-e-d_ia.org/wiki/DNA_sequencing

Dizadvantages

Moderate throughput. Equipment can be

VEry eXpenzive.

Homopolsymer errora.

Funz are expensive. Homopolymer

EXrors.

Equipment can be wery expenszive.

Fequires high concentrations of DHA.

Has issues
[75]

Slower than other methods.

zequencing palindromic sequences.

Lower throughput than other machines,

Single read accuracy in H0s.

More expensiwve and impractical for
Thi=

method also requires the time

larger =equencing projects.

conauming step of plasmid cloning or
PCE.



e SUBBAO 771 &

O #ZBESPUABIEE: GenBank, EBI-ENA,
NGDC, DDBJ

O GSA (Genome Sequence Archive)
@ Raw sequence read

O Ensembl##EEE: EEHFHE
O Refseq#iEE
O NCBIfIGene(s EEIEE
O Z&BKRFS: UniProt#:

N
|
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GenBank L

O https://www.ncbi.nlm.nih.gov/genbank/

EE An official website of the United States government Here's how you know v

m National Library of Medicine

National Center for Biotechnology Information

GenBank Nucleotide v

GenBank Submit - Genomes ¥ | WGS = Metagenomes * | TPA = TSA - INSDC = Documentation Other =

GenBank Overview GenBank Resources

GenBank Home
What is GenBank?

GenBank @ is the NIH genetic sequence database, an annotated collection of all publicly available DNA sequences (MNucleic Acids

Research, 2013 Jan;41(D1):036-42). GenBank is part of the International Nucleotide Sequence Database Collaboration, which comprises
the DNA DataBank of Japan (DDBJ), the European Nucleotide Archive (ENA), and GenBank at NCBI. These three organizations exchange Search GenBank
data on a daily basis.

Submission Types

Submission Tools

Update GenBank Records
A GenBank release occurs every two months and is available from the fip site. The release notes for the current version of GenBank provide

detailed information about the release and notifications of upcoming changes to GenBank. Release notes for previous GenBank releases

are also available. GenBank growth statistics for both the traditional GenBank divisions and the WGS division are available from each

release.

An annotated sample GenBank record for a Saccharomyces cerevisiae gene demonstrates many of the features of the GenBank flat file
format.

Access to GenBank

There are several ways to search and retrieve data from GenBank.

Bioinformatics, 2025, HUST




EBI-ENA

O https://www.ebi.ac.uk/ena/

# EMBL-EBI & Services #% Research & Training © About us

NA> 2/

European Nucleotide Archive

We recommend that you subscribe to the ENA-announce mailing list for updates on services.

For SARS-CoV-2 data submissions, users should contact us in advance of submission at virus-dataflow@ebi.ac.uk for specific advice on options and to access the highest levels of support.

We have also launched a Drag-and-Drop Data Submission Service (currently in Beta) suitable for certain SARS-Cov-2 submissions. We are inviting submitters to try this out. Please contact us

at the email above for details.

European Nucleotide Archive

The European Nucleotide Archive (ENA) provides a comprehensive record of the world’s nucleotide sequencing information, covering raw sequencing data, sequence assembly information and

functional annotation. Vore about ENA.

Access to ENA data is provided through the browser, through search tools, through large scale file download and through the API.

Bioinformatics, 2025, HUST




About

Tools Standards Publications

[ https://ngdc.cncb.ac.cn/

®cneB s NGDC

* EREFEARFIIERL
National Genomics Data Center
‘
ExEEEEFEERCRRHE S 2EECell

Taxonomy , MiEifla{sEH !

HREEADBRALSTTFERBHERERRER, BrAaSBFEASGRILERE. £2F8. FIot=E

S5 &SRR R, RAEIEEZ X SBUNARF rEMFER, BRTEREEGNZERE. iR
G ERER ZHAR L.
All databases w
/
K" '

J

e.g., PRJCAD00126; SAMC000385; tp53; EGFR; human; KaKs_Calculator; GenBank
' ;ﬁ

& e &)
MEhsEEE

|[m

HSBEMETS | ANSCEESE RFlEEELRS
BEEH
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NGDC/NODE

S NODE

O https://www.biosino.org/node/

Cloning of Macaque Monkeys by Somatic Cell Nuclear Transfer

Liu, Z, Cai, Y., Wang, Y., Nie, Y., Zhang, C_, & Xu, Y., et al. (2018)

Database Tool & Pipeline News

Institute of Neuroscience, CAS Center for Excellence in Brain Science and Inteligence Technology, State Key Laboratory of Neuroscience, CAS
Key Laboratory of Pnmate Neurobiology, Chinese Academy of Sciences, Shanghai, China

& Overview

NODE (The National Omics Data Encyclopedia) provides
an integrated, compatible, comparable, and scalable multi-
omics resource platfiorm that supports flexible data
management and effective data release. NODE uses a
hierarchical data architecture to support storage of muti-
omics data including sequencing data, MS based
proteomics data, MS or NMR based metabolomics data
and fluorescence imaging data

Launched in early 2017, NODE has collected and
published over 900 terabytes of omics data for researchers
from China and all over the world in last three years, 22%
of which contains multiple omics data. NODE provides
functions around the whole life cycle of omics data, from
data archive, data requestsiresponses fo data sharing, data

R TR By Ty

oV P SR Y] Pe e e

& Submitting to NODE

Making data available to the research community enhances
reproducibility and allows for new discovery by comparing
data sets.

=+ 1. Sign up for NODE and Login

+ 2 Data Upload/Transfer

+ 3 Release of human genetic resources
=+ 4 Archives (Submit Metadata)

+ FAQ

& Contact Us

Whether you're looking for answers, would like to solve a
problem, or just want to let us know how we did, please
contact us by the following Email Address

Bioinformatics, 2025, HUST

8 Feb 2018

& Using NODE Data

Use NODE data to validate experimental results, determine
variance and open up new avenues of research

For Public User:

= NODE Search
= Data Download
-+ Request for Restricted Data

For Data Owner:

-+ NODE Architecture
= Data/Metadata Management
= Data/Metadata Security

+ Share and Review



DDBJ =

O https://www.ddbj.nig.ac.jp/index-e.html

%, DDB]J Services SuperComputer Statistics Activities About Us oos. veo e - |y -

2 DDB] Bioinformation and DDBJ Center provides sharing and analysis services for data from life science
d researches and advances science.

DDBJ Rel. 129.0, DAD Rel. 99.0 Completed
2023/01/17 | Data Release DDBJ]
DDBJ Center

more

Services Submission Super Computer
Search, analysis, database services of Navigation for how to submit your data NIG Supercomputer
DDBJ Center

Statistics - Activities About us
Statistics of DDBJ Center services Training sessions and achievements of About Bioinformation and DDBJ Center

DDBJ Center
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Genome Sequence Archive

O https://ngdc.cncb.ac.cn/gsa/

i 24
SGSA o T T
Genome Sequence Archive e.g., CRADD0112; CRX006656; SRA1423347; human
Browse Search Statistics Support v 3 Login i Register

e RRRERSEHIETERS.

W FrEzhE: ZEINSDC SRAEF & LEIERE R

HEFE G BRE o€) AR
BREHERF
EJEOmicronill FEHE
1% T& 2 = L
7 7 — [:! AR RESE
< (8) = i & TEEAR RS
ZEFEZIGSA TZiGSALEE W2 EAFFRIGSAE R ERTEINEESFHEE
G EphfE
CESEEHE }LJE.E‘" UE bfEiIREFESE RS, SRINFEARSE
s FETER R A
Email: gsa@big.ac.cn
QQEf: 548170081
644,547 30,682,422 23,153,989 24,741,900
i E]
big E%N LG W R R
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Ensemb|#IEFE

O http://asia.ensembl.org/index.html

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

Login/Register

&N~ Search all species... Q

Tools BioMart >

All tools Export custom datasets from
Ensembl with this data-mining tool

Search

BLAST/BLAT >

Search our genomes for your DNA
or protein sequence

All species

~ | for

Variant Effect Predictor >

Analyse your own variants and
predict the functional consequences
of known and unknown variants

e.g. BRCA2 or rat 5:62797383-63627669 or rs699 or coronary heart disease

All genomes

-- Select a species -- w

Pig breeds
# Pig reference genome and 12 additional breeds

View full list of a

Favourite genomes Vg

Human
GRCh38.p13

- Mouse
h GRCm39

Zebrafish
s GRCz11

Ensembl is a genome browser for vertebrate genomes that supports
research in comparative genomics, evolution, sequence variation and
transcriptional regulation. Ensembl annotate genes, computes multiple
alignments, predicts regulatory function and collects disease data.
Ensembl tools include BLAST, BLAT, BioMart and the Variant Effect
Predictor (VEP) for all supported species.

Ensembl Release 108 (Oct 2022)

e Changes in the default tracks in the Location view: cDNAs EST
cluster (UniGene) CCDS to be removed when MANE Select is
available

® RMASeq tracks including data from GeneSWitCH consortium for
chicken

# Variation data for crab-eating macaque, pike-perch, prairie vole,
Japanese quail and collared flycatcher

& Retirement of postGAP tool

New assemblies with gene and protein annotation every two
weeks.

Note: species that already exist on this site will continue to be
updated with the full range of annotations.

The Ensembl Rapid Release website provides annotation for
recently produced, publicly available vertebrate and non-
vertebrate genomes from biodiversity initiatives such as Darwin
Tree of Life, the Vertebrate Genomes Project and the Earth
BioGenome Project.

Rapid Release n

& on our blog



Ensembl - Homo sapiens S

O http://asia.ensembl.org/Homo_sapiens/Info/Index

ASIA
BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

1 Human (GRCh38.p13) v

Search Human (Homo sapiens)

Search all categori 0 search...

e.g. BRCAZ2 or 17:63992802-64038237 or rs699 or osteoarthritis

Genome assembly: GRCh38.p13 (GCA_000001405.28)
o More information and statistics

r!'l Download DNA sequence (FASTA)

% Convert your data to GRCh38 coordinates

ﬁ Display your data in Ensembl

|GRCN37 Full Feb 2014 archive with BLAST, VEP and BioMart v | [{E5)

Comparative genomics

What can | find? Homologues, gene trees, and whole genome alignments across multiple species

0 More about comparative analysis

r!] Download alignments (EMF)

Regulation

What can | find? DNA methylation, transcription factor binding sites, histone modifications, and
reaulatorv features such as enhancers and repressors. and microarrav annotations

H8p¢
dE6E
View karyotype

Example region

"

@

o
Example gene iree

Login/Register
Bl - Search Human .

Gene annotation
INS

What can | find? Protein-coding and non-coding genes, splice varants, cDNA and protein sequences BRCA?2

non-coding RNAs

o More about this genebuild Example gene

[!'l Download FASTA files for genes, cDNAs, ncRNA, proteins

[!] Download GTF or GFF3 files for genes, cDNAs, ncRNA, proteins .

\ Update your old Ensembl IDs Example transcript

Variation
ATCGAGCT
What can | find? Short sequence variants and longer structural variants; disease and other phenotypes ATCCAGCT
ATCCAC
0 More about variation in Ensembl ATCGAGAT

Example variant

el @Q

Example
phenatype

[!] Download all variants (GVF)

% Variant Effect Predictor
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RefSeq##EFE <

O https://www.ncbi.nlm.nih.gov/refseq/

EE An official website of the United States government Here's how you know ~

National Library of Medicine

National Center for Biotechnology Information

RefSeq RefSeq v

RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,

transcript, and protein.

Using RefSeq RefSeq Access RefSeq projects
About RefSeq Human Genome Resources and Download Consensus CDS (CCDS)
Human Reference Genome RefSeq FTP RefSeq Functional Elements
Prokaryotic RefSeq Genomes RefSeq genomes FTP RefSeqGene
EAQ New RefSeq genomic (last 30 days) Targeted Loci
NCB| Handbook New RefSeq transcripts (last 30 days), Virus Variation
Factsheet New RefSeq proteins (last 30 days) RefSeq Select
Searching for RefSeq records (Queries) MANE

Bioinformatics, 2025, HUST




T reseati: K

(] 1:1'~E1/\|_.| J\E%R$E¥m §IJ1I=|:|_.\

O BIFEELEDNA,. RNAREF ALK E
FER

O FIXHFRIERIR ST

& DNA/RNAFEFI: NM_004336.5, XM_XXX

& EARKRFES: NP_004327.1, XP_XXX

& JEZRAERNA: NR 135914.2

& fE{k: NC XXX

FF

i
o

Announcements

January 13, 2023
RefSeq Release 216 is available for FTP

This release includes:

Froteins: 249 864 639
Transcripts: 49 869 497
Organisms; 128,299

Available at:  fipJ/fip.ncbinlm. nih gov/refseq/release/
Bioinformatics, 2025 Documentation:Release Notes




NCBI| Gene

A Y

5 M RefseqBiBEER 53

0 FRIERER, BRERES
B EARAR, ERGWF

National Library of Medicine

National Center for Biotechnology Information

ABWENM, HE

Gene Gene ]| Sassis

Advanced Help

Gene

Gene integrates information from a wide range of species. A record may include nomenclature, Reference Sequences

(RefSeqs), maps, pathways, variations, phenotypes, and links to genome-, phenotype-, and locus-specific resources
worldwide.

Using Gene Gene Tools Other Resources
Gene Quick Start Submit GeneRIFs oMim

FAQ Submit Correction RefSeq
Download/ETP Stafistics RefSeqGene

RefSeq Mailing List BLAST Protein Clusters
Gene News [} Genome Workbench

Eactsheet

http://www.ncbi.nlm.nih.gov/gene




;

O ExREZNERRFIIHIES FIHE
O UniProtKB: UniProt Knowledgebase

InX

R )
. .
Unlpfo.t..' BLAST Align Peptide search ID mapping SPARQL Release 2022_05 | Statistics & @ 5 Help

Find your protein

Examples: Insulin, APP, Human, P05067, organism_id:9606

UniProt is the world's leading high-quality, comprehensive and freely accessible resource of protein sequence and functional information. Cite UniProt **

http://www.uniprot.org/ |




UniProt¥#BEE <

3 UniProt®/NFEE:
$ Swiss-Prot: Reviewed
$ TrEMBL: Unreviewed

O ERAKRFIRFEEIN (GERINAF)
& O>P>Q>A>B...
& R HER, TREREEE

[, !__llL.::IlJl'l'i "
Ny SR8 E

Proteins
UniProt Knowledgebase

B
Reviewed Unreviewed

(Swiss-Prot) (TrEMBL)
568,744 229580,745

MNon-redundant archive of publicly available
protein sequences seen across different

¥ y I| ;. y :Ju'. A -
= = - Y Fr
'.n _ Y | a0
— s ] -). = h
Protein sets for species with sequenced Clusters of protein sequences at 100%,
genomes from across the tree of life 20% & 50% identity

databases
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