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Deoxycytidine diphosphate (dCDP)
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Dideoxyribonucleotide

NH;
ddATP ddGTP i
r 93 R
O—IPI—O—IFi—O—lF’l O—F"—O—Fl-‘—O—F"
5 5 5 [ I [
o) o) o)
NH,
ddCTP | AdTTP
o o o o o o
| | | N\ | | |
0—P—0—P—0—FP 0 0—P—0—P—0—FP
I T
0 o) o)
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H-N—C—C-OH
Amino Carboxylic Acid
Group iR_J Group

O - carb
Side Chain Here
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201 H W B H R AR

ARAR A 7 PR e A PR

[ele]e} Coo [olele
*HgN—C—H  *HN—C—H  *H;N—C—H
H CH, HC
~
H30/ Chs
H%Z % Gly, G NZIR Ala, A iz % Val, V
coo coor coo

*HsN—C——H  *HiN—C——H  *HN—C—H

7 ERAER

Coo” Ccoor [elele)

*H;N—C—H *H;N—C—H HSN—C—H

c c CH2
KN Phe, F 2z Tyr, Y (22 Trp, W

CH, :|:H2 H——C———CHs
CH CH, CH,
H3C/ \CH3 s| (.LHg
l
el Leu, | HIRE2E Met, M 5220 % lle, |
REEA T LA ) R
coo coo coo"

*HN—C—H  *HN—C—H  *H;N—C—H

CH,OH H—C—O0H c||-<2
CHs SH
L4 Ser, S WEME Thr, T a2 Cys, C
coo coo coo

H
c *HyN—C——H *HN—C—H

N
C. CH.
cl: C‘:H; 7 \o | ’
s
HoN

1% #2 Pro, P 4N Asn, N 4% BEIE Gin, Q

R%WE %ﬁﬁﬁﬁ%@

*HN—C——H

*HN—C——H ‘HsN—C—H

CH, flle THz
CH. CH, C—NH
N | | e
CH, CH, V4
| HC—N
CH, HN
NH, C|:=NH2‘
NH,

WM Lys, K K%M Arg, R 211 His, H

R 41 HL Ay ) R

coo" coo

HN—C—H HN—C—H

CH, CH,
coo CH,
coo

KA EM Asp, D % Glu, E




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



FREZMEF (Codon)

T C A G
TTT Phe(F) TCT Ser(S) TAT Tyr(Y) |[TGT Cys(C)
TTC .. TCC TAC TGC
TTA Leu (L) TCA TAA Ter TGA Ter
TTG TCG TAA Ter TGG Trp (W)
CTT Leu(L) CCT Phe (P) CAT His (H) CGT Arg(R)
CTC CCC 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 AAA AGG
GTT Val (V) GCT Ala(A) GAT Asp (D) | GGT Gly(G)
GTC GCC GAC .. GGC
GTA GCA GAA Glu(E) |GGA
GTG GCG GAA GGG




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
I P AR
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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SRS - DNANEZ A @i

B8 10735 iklghE 2015-59 15:13 | RiEpmdEllaifis  #5F3HEEE

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
= CRAILATERY Y . RTARENSEE NS FHCESRTSN. BERNTEESS WEY IBEREENRE
o e

ﬁfﬁi& . 1954:.’;12-} . ﬁ:-jl‘l'l :l:f%i-':‘ Sci China C Life 5ci., 2009, 52(2):99-100
Stud Hist Philos Biol Biomed 5ci,, 2014, 46:1-14




DNAN FF

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




in

ing each AANTP reaction
fferent lane:

Load

a di

R
e

(i

=N N D = = = =T <]\ D D =D N D DT =T =] LT

020, HL

)




B &

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.

Each dideoxy chain-terminator
reaction is loaded into a separate

Leroy Hood
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F—RMEFE: BN

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

€ 1987, ABI 370

& FIRAMUMER, ATEE

-
] E—
=| )

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

il vl il 0

o e g | e ——
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¥
|
-1
'
o !
4
1




F—RNF

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...

Bioinformatics, 2020, HUST




55— IR &

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

454 llHlumina/Solexa ABI-SOLID

Bioinformatics, 2020, HUST




SAARTLAR

BN RGEHNMFENARE, BEKRFEIEHEM:

& 1F 5N FAIDNAYIBT R NS R ER

& I E I DNAG FEEZIESH A HRE

& EF 8T8 —1a0F

& —RM— 1 RE, RERVAEKES: A/C,T,&G
& FES o HEIGLOER AR

<(Solexa has 800 images @ 4 megapixels each)

-k

n
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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

T

u

— b]nt b]nt R
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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

\ 1 | il
= i I e —Zl'-' I i %
o i | - i
P Poarmnrwy. e g | e g i 1 | sith O I i [ M
gy e e e ol h Armarg e e e e a | i ! | L R e e
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
1% I ; i ! !||!‘l ”I‘ﬁ;':}rjh' ;m-u -H-:-' m'\-\..u-'.
ti .ﬂ'""- - '_r*‘"f e T

Clusters

i I
o \z:-ﬂ — — o

N Yo - e

[} L | T e L. | defi L LM TN T g Ol L. Y
I I | f e R L rYENe NorsmEcn o anch Sl of P Tig piocsps T e 593 08 Apspaars

L] ’ i vl .
L '“* | 1 __.-"-.- i T

B L T T LY B owll Mgmery oy gty of P el bam? bory sack noopoeied Bess e eeoved

I (P

Single base extension Imaging

TRENDS in Genebics




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

Bioinformatics, 2020, HUST




Incorporate
all four
nucleotides,
each label
with a
different dye

Qo
@

C
(F)
Wash, four-
colour imaging

Cleave dye
and terminating
groups, wash

.
-

Repeat cycles T

¢ Helicos BioSciences — Reversible terminators

® ®
e ® G
o % % o, 9 & o
@c - @e
Incorporate ®_.
single, (E;J ¥
dye-labelled
nucleotides Each cycle,
add a
different
dye-labelled
dNTP
¥
Wash, one-
colour imaging
Cleave dye c
and inhibiting
groups, cap,
wash

.
-

Repeat cycles ey



Incorporate
all four
nucleotides,
each label
with a
different dye

Qo
@

C
(F)
Wash, four-
colour imaging

Cleave dye
and terminating
groups, wash

.
-

Repeat cycles T

¢ Helicos BioSciences — Reversible terminators

® ®
e ® G
o % % o, 9 & o
@c - @e
Incorporate ®_.
single, (E;J ¥
dye-labelled
nucleotides Each cycle,
add a
different
dye-labelled
dNTP
¥
Wash, one-
colour imaging
Cleave dye c
and inhibiting
groups, cap,
wash

.
-

Repeat cycles ey



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
Bioinformatics, 2020, HUST




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 1.26b 7.5 Gb 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

Bioinformatics, 2020, HUST




(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

Bioinfor




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

Bioinformatics, 2020, HUST




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)

Bioinformatics, 2020, HUST




ST

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

OFEZEEZENBEE
OfERFR:
O HEE

& & {CHY I

SE

Bioinformatics, 2020, HUST




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 ~rmatcs 2020, 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

\
\'._
‘\_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
+++
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Oxford Nanopore Technologies

3 MinlON (100 g, USB 3.0)
& S12PMKRFLEE, HFmER~105H
& 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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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.
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O #ZBESPUABIERE: GenBank, EBI, 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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< X @® FZ£ | bigd.big.ac.cn

Databases Tools Standards Publications About

National Genomics Data Center

The National Genomics Data Center advances life & health sciences by providing open access to a suite of resources,
with the aim to translate big data into big discoveries and support worldwide activities in both academia and industry.

< All databases @

e.g., PRJICA000126;, SAMCO00385; tp53; EGFR; human; KaKs Calculator; GenBank

http://bigd.big.ac.cn/

* Featured Resources

L Submission

m 2019-nCoV Data Resqg

-
== Popular Resources

\ GSA - BioProject
¥

Genome Sequence Archive Biological Project Library -

Human Genomics Biodiversity Databases

P— 'l- .

—/ GVM BioSample EDK EWAS Data Hub PGG.SNV iDog iSheep IC4R elLMSG

— Genome Variation Map A Biological Sample Library PGG.Han PADS Arsenal LSD PED
N GWH o~  Database Commons -—




< X

“**NGDC

Databases

Tools

@ bigd.big.ac.cn/gsa/

Standards

Publications

About

§.GSA

enome Sequence Archive

Home

Submit

2H 2 U B VA R e

!Ifj "

s AN S

AR FIGSA

B gtil

100000

@ 80000

n

® Experiment

Browse

% (Genome Sequence Archive) &4 EEGEHEICE . FIE.
i

Search

GSA

Statistics

1R HE A S L AT

T

o

FHGSAKIRE

UL

W L2 A RIGSALG B

Documentation

R b

v | find a GSA accession

e.g., CRA000112; CRX006656; human

2[5 P a4 [E B A

e

FEAR T B S5 B SR

2 Login

G HEHhH

i Register

SR EFEROR A R B R, SORILE T RS

e,

S I SRR
Email: gsa@big.ac.cn

QQitf: 548170081

B R GS AR 1
WEEE, R REE

HE

ip-&53

GSA Y RF 1 1417

GSALIER Z AW BRI RIR A AT,

R A

<7

GBI R o 3 2
B R

I 0 L P 44 R

Elsevierli(t Jy 4k & B B4R TP

http://bigd.big.ac.cn/gsa/

Cell

I 1600

WGeometiooy  ATHG

nature

re PNAS Cell Research
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Ensemb|#IEFE <

€ C @ 7%= | asia.ensembl.org/index.html mr O
Login/Register

ASIA
BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog &)~ Search all species... Q

Ensembl is a genome browser for vertebrate genomes that

Tools BioMart > BLAST/BLAT > Variant Effect supports research in comparative genomics, evolution,
Predictor > sequence variation and transcriptional regulation. Ensembl
All tools Export custom datasets from Search our genomes for your anrotate genes, computes multiple alignments, predicts
Ensembl with this data-mining DNA or protein sequence Analyse your own variants and regulatory function and collects disease data. Ensembl tools
tool predict the functional include BLAST, BLAT, BioMart and the Variant Effect Predictor
consequences of known and (VEP) for all supported species.
RIS VTR Ensembl Release 99 (January 2020)
e Update to GENCODE 33 for human
® Update to dbSNP153 for human
Search
® Import of updated VISTA enhancers for human and
All species v for mouse

® New genomes: 10 mammals (including 2 dog breeds), 11
m birds, 15 fish and 4 reptiles

e.g. BRCAZ2 or rat 5:62797383-63627669 or rs699 or coronary heart disease # Updated genome asemblies: zebra finch, fugu, Nile tilapia
and Asian bonytongue

% on our blog

All genomes Favourite genomes
-- Select a species -- v . Human
: 8l GRCh38.p13

Still usin

= Mouse
h GRCm38.p6

-~ | http://www.ensembl.org/index.ntml |




T reseati: K

O *IEEL\E in%ﬂu$7l3¥ﬂ,] §IJ1I=IH_:\

O BEEFEHDNA, ERHEFIRNALIKE
FIER

O FACHRIFRIR

& DNA/RNAFFFI, NM_XXX, XM_XXX

& EAKRFY: NP_XXX, XP_XXX

@ Lk NC_XXX Announcements

AR
o
Pl

January 10, 2020
RefSeq Release 98 is available for FTP

This release includes

Proteins: 161,133,441

Transcripts: 29,134,515

Organisms: 98,406

Available at:  ftp://ftp.ncbi.nIm.nih.gov/refseg/release/

Documentation:Release Notes

http//WWW anI - n I m . n I h gOV/Refseq/ See previous announcements, follow NCBI on Twitter, or

subscribe to NCBI's refseg-announce mail list to receive
announcemen ts.

Bioinformatics, 2020, HL




NCBI| Gene S

A Y

5 MRefseq ¥ IEEH 1S3
0 1¥RE'J,I5F"1=..U SEEFREREFRANEM, &

>

B EEHRBWM, EEEH, FF

% NCBI  Resources (%) How To Sign In 1o NCOI

Gene Gene v @

Advanced Help

Gene

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

(RefSeqgs), 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/FTP Statistics RefSeqGene

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

Factsheet

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




UniProt

ZHIE

Juf

0 £

C @& uniprot.org

BLAST Align Retrieve/ID mapping Peptide search

1J\’$§U§&J
O UniProtKB: UniProt Knowledgebase

5MiRE

& % O

Q Search &

— e/ R L~
Help Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional information.

UniProtKB

UniProt Knowledgebase

UniRef

Swiss-Prot .
(561,568) .
Manually ;n.)‘

annotated and
reviewed.

Records with
information
extracted from
literature and
curator-evaluated
computational
analysis.

Literature citations

TrEMBL

UniParc

Sequence archive

({0

Supporting data

Taxonomy

Proteomes

Proteome sets

Subcellular locations

000

Pre-release access to 2019 Wuhan Coronavirus
protein data

News

Forthcoming changes
Planned changes for UniProt

UniProt release 2019_11

Thicker than water | Functional annotation of
different gene products | Changes to FT and CC
text format | Cross-references to RNAct | Pr...

News archive

(179,250,561)

Automatically

annotated and not

http://www.uniprot.org/

reviewed. =




FHR RSB

(J DNA/RNA/FEBZCHERYFRIR
O GenBank# #EE I\

O UniProt

O FASTA
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syvmbol Neaning

(7 (7

A A

T T

C C

k Aor G

bi Coor T

N Aor ©

E Gor T

5 Coor G

W Aor T

H LG or T not G
B “, T or T not A
Y AC or G not T/U
i LG or T not C
N AC G,or T

l-letter code S-letter code Amin Acid

A Ala alanine

o Cvs cystelne

i Asp aspartic acid
E 1u glutamic acid
F Fhe phenvlal anine
i 31y glvcine

H His histidine

I I1e isoleucine

K Lvs lvsine

L Leu leucine

il Net methlonine

(| Lsn asparagine

F Fro proline

g xln glutamine

E Lrg arginine

5 SET serine

T Thr threonine

W Val valine

W Trp trypotophan
X Xux Ar

ki Tvr tvyrosine
'e"~ 7 7 T &ksx T T T Asp or Asn
I Glx Glu, or Gln
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GenBank# BT\

< 00 Ve X3 r e
(_3 NCBI 90909%. ‘3@53:?%"‘00“...... S Protein [Sign In] [Registen

Pubhed Nucleotide Frotein Genome Structure PMC Taxonomy amdlbd Boaoks

Search | Protein ¥ for

Lirnits Preview/|ndex History Clipboard Details

Display | 5enf

ceeesen (ACCESSION NUMbeTr|

BLink, Conserved

[01: NP 477382 Repofts Bubl CG7838-PA [D. [gi:1713758 ?ﬁ”'&g ﬁﬁ%@ Dirraliic: s

Comment Features Seguence /

LOCTTS NP 477382 1460 aa linear INV 12-0CT-2006
DEFINITICN EBubl CG/S535-PL [Drosophila mwelanogaster].
ACCEZSITION NP_4773I5E

VERZION NP _477382.1 GI:17137586 . g . — H
DESOORCE REF3EQ:T accession NH 5 Defl n Itl O n . */]_\‘/-EE
EEYWORDS

SOURCE Drosophila melanogaster

ORGANIZM Drosophila melanogaster
Eukaryota; HMetazoa; Arthropoda; He
Neoptersg:; Endopterygota; Diptera; EBra
Ephvdroidea; Drosophilidae: Drosophila.

poda; Insecta; Pterygotar
voera; Muscomorpha:

REFERENCE 1 [residuez 1 to 1460)
AUTHORS Aat——mr Bergman,C.M., An maud, D. ,
Al = nd Anxolsbehere,D. GI number .
TITLE C Wij:—q noe annotation of Il genome
=

JOURMNAL Poos——ompuc—romiol. 1 (2), e22 [(2005)
FUEHED 16110336
REFERENCE 2 [residuez 1 to 1460)

A TTMTT AT TTe —1m ee = TV 2 [T R el mmee T TT Am e 11 = AT

e e e .




GenBanky#iE Y

el el e el el e
W -1 oy 0o LA O

L0 o S I o Y O Y O R T I

PET
oD
MAM
VRT
I
PLN
ECT
VEREL
PH=
=N
UNA
EST
PAT
=T 3
=55
HT(=
HTC
ENW
CON

primate Sequences

rodent =equences

other mammalian sequences

other vertebrate segquences

invertebrate sequences

plant, fungal, and algal sequences

bacterial sequences

viral sequences

hacteriophage sequences

syvhthetic sequences

unannotated =equences

EST =sequencez (eHpressed sedquence Lags)

patent =sedquences

3T3 zequences (Sedquence tagged sites)

=55 =equences (genome SUrvey =seduences)

HT=S =sequences (high throughput genomic sequences)
HTC sequences (high throughput cDNA sedquences)
Envircnmental sampling sequences

Constructed =equences
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UniProt# g\

Downloads - Contact - Documentation/Help

Search Blast * Align Retrieve ID Mapping *
Search in Query
|Protein Knowledgebase (UniProtkKB) % | | Search ” Advanced Search » “ Clear ]
P31749 (AKT1_HUMAN)© Reviewed, UniProtkB/Swiss-Prot Contribute
ey o A s - - L4 Send feedback
Last moo July 27, 2011 Version 148. ) History e
= 2 Clusters with 100%. 0% identity | Documents (7) | || Third-party data
Names and origin
Protein names Recommended name: A .
RAC-alpha serine/threonine-protein kinase b
AC aiphas ccession number
Alternative name(s):
Protein kinase B
Short name=PKB
Proto-oncogene c-Akt
RAC-PK-alpha
Gene names MName: AKT1
Synonyms:PKB, RAC
Organism Homo sapiens (Human) [Complete proteome]
Taxonomic identifier 9606 [NCBI]
Taxanomic lineage Eukaryota » Metazoa » Chordata » Craniata » Vertebrata » Euteleostomi » Mammalia » Eutheria » Euarchontoglires » Primates » Haplarrhini » Catarrhini » Hominidae » Homo

Protein attributes

Sequence length 480 AA
Sequence status Complete.
Protein existence Evidence at protein level.

Bioinformatics, 2020, HUST




Display FASTA v| Show: 20 ~ Send to File

L: . myw -
....{FASTA Definition Line
arrodi 4 0243 |/yb |UO07 63 1 | SCU07163

AACAN — - -
LLA“L&AAAAAG 'LAALAALAL ALbILLAbbA CAZL 3 "‘LLAml
CGCAG b AATTCAAN CTTCACCTGTAAGAGA

CAATRA ATATGG SAAAATTCCATCACCT . Locus Name
ATGA TS G A i A

AATTAGGAAAGGGTAAATT Bt Identifi 7 TATATTTGCGCACT
GAAAGTAATGGAGAAGGAA| DaTaDase Ldentitiers ) b \TA
CMCITCOCTMNTTC b Gempank [ Accession umber e
. ¥ -) } AU AVVUC L A Lhanuuan
TTAGCATCAGATTATATT EMBL ATGCATAAAAAGAATATTATTCAT
AGAGATATTAAACCTGAAA] . DDBJ TTAAGTTAACGGACTTCGGATGGA
GTATAATAAATCCGCCAGA AATTGACTACCTTTCTCCAGAAAT
GGTGGAGTCAAGGGAATAT SWISS-PROT GGCGTCCTGGCGTTTGAACTACTG
ACCGGTGCCCCTCCGTTCG . AAAGGATAGCAGCACTGGATATCA
i
AAATGCCCAGTAACATTTC Protein Databank ACTACTAAAATACGACCCCAAAGA
TAGAATGCGCCTTGGAGAC PIR AACAAGCCCTTTTGGGAAAATAAG
CGGTTATAGAATTAAAGTA PRE AATCACTCCCGCACATATCACATA
ATACTAAGTATCCATTTCT TATATTGCGATATTTGATTAAATT
TTCTTGTTCATTTTTTCCT RefSeq AGAGGAAAACAAGCTGAAAATTGC
TATGCATTAAAGTAGCAGA ATAATAAGAGTAATGAAAGAAAGC
AAAAAAATGGCTAAAGATA ACATTCAATTGTCTCAA

Bioinformatics, 2020, HUST




R SISIRM A &

O %l: FIASLIREHZE (Flan, BZE 551“ )
AT EGLH B ENER T EHEEE
A—1EE, MFERAT (genotype)

CCCCTGCCTGGCAGCCCTTTCTCAAGGACCACCGCATCTCTACATTCAAGA
ACTGGCCCTTCTTGGAGGGCTGCGCCTGCACCCCGGAGCGGATGGCCGA
GGCTGGCTTCATCCACTGCCCCACTGAGAACGAGCCAGACTTGGCCCAGT
GTTTCTTCTGCTTCAAGGAGCTGGAAGGCTGGGAGCCAGATGACGACCCC
ATAGAGGAACATAAAAAGCATTCGTCCGGTTGCGCTTTCCTTTCTGTCAAGA
AGCAGTTTGAAGAATTAACCCTTGGTGAATTTTTGAAACTGGACAGAGAAAG
AGCCAAGAACAAAATTGCAAAGGAAACCAACAATAAGAAGAAAGAATTTGAG

GAAACTGCGGAGAAAGTGCGCCGTGCCATCGAGCAGCTGGCTGCCATGGA
TTGAGGCCTCTGGC
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ST ¢

O X ER~EE ?

O wENEBRFIIREHFR?

O BRERTHINESEME (domain) ?
O eiTheE R EHER?

O eEEZEYPERTE?

O BREB=ZREHER?
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NCBI: BLAST

C @& ncbinlm.nih.gov

O I

— NCBI

w * O

Resources ¥ How To [~

—=NCBI

National Center for
Biotechnology Information

NCEI Home
Resource List (A-Z)

All Resources
Chemicals & Bioassays
Data & Software
DNA & RNA

Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

All Databases v

Welcome to NCBI

The National Center for Biotechnology Information advances science and health by providing access to

biomedical and genomic information.

About the NCBI | Mission | Crganization | NCBI News & Blog

Submit

Deposit data or manuscripts
into NCBI databases

Develop

Use NCBI APls and code
libraries to build applications

Download

Transfer NCBI data to your
computer

Analyze

Identify an NCBI tool for your
data analysis task

Learn

Find help documents, attend a
class or watch a tutorial

Research

Explore NCBI research and
collaborative projects

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

I
L

Sign in to NCBI

Popular Resources
PubMed

Bookshelf
Bublded Central
BasT |
Nocleonde
Genome

SNP

Gene

Protein

PubChem

NCBI News & Blog

Important changes to the genomes FTP
site in February

\..'. I 20 _'i./.
We have added the latest NCBI
Fiikaruntic (Gennmea Annntatinon Pinaline

Read about NCBI resources in 2020
Mucleic Acids Research database issue

2020

The 2020 Nucleic Acids Research
Aatahaze izzie features naners frinm

NLM announces Curation at Scale
Workshop

Data curation plays a critical role in




Nucleotide blast

& C @ blast.ncbi.nim.nih.gov/Blast.cgi ® % 6

m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI

BLAST ° Home  RecentResults  Saved Strategies  Help

Basic Local Alighment Search Tool

Search Betacoronavirus Database

BLAST finds regions of Similarlty between biologlcal sequences. The program We have created a new BLAST database focused on the 2019-nCoV Sequences

compares nucleotide or protein sequences to sequence databases and =
B S " (Wuhan coronavirus). For further detail please visit NCBI GenBank.
calculates the statistical significance. Learn more w
Mon, 03 Feb 2020 10:00:00 EST B More BLAST news...
Web BLAST

https://blast.ncbi.nlm.nih.gov/Blast.cqi

DIUITNUTITIAULS, £2UZU, TTUO |




Or, upload file

PR ARSI

NG ]

Job Title

Enter a descriptive title for your BLAST search &

Align two or more sequences &

Choose Search Set

BLAST results will be displayed

in a new format by default

You can always switch back to the
Traditional Results page.

Database ® Standard databases (nr etc.): rRNA/ITS databases Genomic + transcript databases Betacoronavirus
Nucleotide collection (nr/nt) v @

Organism

Optional exclude *
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown &

Exclude Models (XM/XP) [ Uncultured/environmental sample sequences

Optional

Limit to Sequences from type material

Optional

Entrez Query Youllll[} Create custom database

Optional Enter an Entrez query to limit search &

Program Selection

Optimize for ® Highly similar sequences (megablast)

More dissimilar sequences (discontiguous megablast)
Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

BLAST

Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)

¥/ Show results in a new window

Bioinformatics, 2020, HUST




I.z = F- A I..a . [~ . . ' .
Ro J 0 O 4 @ [,“1, = hittpe/ P nchi Rl ik gowBLAST fBlast . cgi

+ | = MCBI Blast:lcl|27168 (420, X

1]

» NCBI/ BLAST/! blastn/ Formatting Results - DJMP5ZKF012

Job Title: Icl|27166 (420 letters)

Request ID
Status
Submitted at
Current time

Time since submission

This page will be automatically updated in 6 seconds

[Formatting options]

DJMPSZKFO12
searching

Sat Sep 1 07:53:41 2007
Sat Sep 1 07:53:45 2007




NM 001168.3: BIRCS5 (Survivin) -

Distance tree of results MSAviewer @

Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alighments Download Manage Columns ~  Show e
select all 100sequences selected GenBank Graphics Distance tree of results
| b Bl v S e SO
: Homo sapiens baculoviral IAP repeat containing 5 (BIRCS), transcript variant 1, mRNA 776 776 100% 0.0 100.00% NM_001168.3
"Homo sapiens baculoviral IAP repeat-containing 5 (BIRC5) mRNA, complete cds 771 771 100% 0.0  99.76% HM625836.1
Synthetic construct Homo sapiens baculoviral IAP repeat-containing 5 (survivin), mRNA (cDNA clone IMAGE:2964713), **** \ 771 771 100% 0.0 99.76% BC002388.1
Homo sapiens baculoviral IAP repeat-containing 5, mRNA (cDNA clone MGC:75168 IMAGE:5394399), complete cds 771 771 100% 0.0 99.76% BC065497.1
Pongo abelii baculoviral IAP repeat containing 5 (BIRCS), mRNA 771 771 100% 0.0 99.76% NM_001132255.1
Homo sapiens inhibitor of apoptosis homolog mRNA, complete cds 771 771 100% 0.0 99.76% AF077350.1
Homo sapiens baculoviral IAP repeat-containing 5, mRNA (cDNA clone MGC:8592 IMAGE:2961114), complete cds 771 771 100% 0.0 99.76% BC008718.2
Homo sapiens baculoviral IAP repeat-containing 5, mRNA (cDNA clone MGC:32768 IMAGE:4656567), complete cds 771 771 100% 0.0 99.76% BC034148.1
PREDICTED: Gorilla gerilla gorilla baculoviral IAP repeat containing 5 (BIRCS), transcript variant X1, mRNA 765 765 100% 0.0 99.52% XM_019028170.2
PREDICTED: Pan troglodytes baculoviral IAP repeat containing 5 (BIRCS), transcript variant X1, mRNA 765 765 100% 0.0  99.52% XM_009433243.3
PREDICTED: Pan paniscus baculoviral IAP repeat containing 5 (BIRCS), transcript variant X1, mRNA 765 765 100% 0.0  99.52% XM_003818274.2

Bioinformatics, 2020, HUST




BIRC5 Gene

Descriptions

Graphic Summary Taxonomy
Alignment view | Pairwise v | [ ] cpsfeature @ Download
100 sequences selected (2]
3 Download v GenBank Graphics ¥ Next <4Descriptions

Homo sapiens baculoviral IAP repeat containing 5 (BIRC5), transcript variant 1, mRNA
Sequence ID: NM 001168.3 Length: 2574 Number of Matches: 1

Range 1: 84 to 503 GenBank Graphics

Score Expect Identities Gaps
776 bits(420) 0.0 420/420(100%) 0/420(0%)
Query 1 CCCCTGCCTGGCAGCCCTTTCTCAAGGACCACCGCATCTCTACATTCAAGAACTGGCCCT

Shijet 84

Query 61

Shict 144
Query 121
Shjct 204
Query 181
Shjet 264

Query 241

CCCCTGCCTGGCAGCCCTTTCTCAAGGACCACCGCATCTCTACATTCAAGAACTGGCCCT
TCTTGGAGGGCTGCGCCTGCACCCCOGAGCGGATGOCCCAGGCTGGCTTCATCCACTGEC
TCTTGGAGGGCTGCGCCTGCACCCCGLAGCGGATGGCCGAGGCTGGCTTCATCCACTGCC
CCACTGAGAACGAGCCAGACTTGGCCCAGTGTTTCTTCTGCTTCAAGGAGCTGGAAGGCT
CCACTGAGAACGAGCCAGACTTGGCCCAGTGTTTICTTCTGCTTCAAGGAGCTGGAAGGCT
GGGAGCCAGATGACGACCCCATAGAGGAACATAAAAAGCATTCGTCCGGTTGCGCTTTCC
GGGAGCCAGATGACGACCCCATAGAGGAACATAAAAAGCATTCGTCCGGTTGCGCTTTCC

TTTCTGTCAAGAAGCAGTTTGAAGAATTAACCCTTGGTGAATTTTTGAAACTGGACAGAG

[ Refxted Information

Strand l_Gene - afsociated gene details

Plus/Plus PUBCRAEm BioAssay - bioactivity
screening

60 Genome Data Viewer - aligned

143 genomic context

120

203

180

263

240

323

300
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BIRC5 gene information

:'-':.' NCBI  Resources ¥ How To ¥

Gene Gene v 'NM_001168[Nucleotide Accession]| [ Search |
Create RSS Save search Advanced Help

Full Report - Send to: - Hide sidebar >>

0 Showing Current items.

-

Table of contents

Summar
BIRC5 baculoviral IAP repeat containing 5 [ Homo sapiens (human) ] g
Genomic context
Gene |D: 332, updated on 3-Feb-2020
Genomic regions, transcripts, and products

+ Summary ~ Expression

»

Bibliography
Official Symbol _BIR£5 proy

Official Full NamEL baculoviral IAP repeat containing 5 provided by HGNC Phenotypes

Primary source HGNCT—!GFC:S?:% =
See related Ensembl:ENSG00000089685 MIM:603352
Gene type protein coding
RefSeq status REVIEWED

Organism Homo sapiens

Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires; Primates;

Haplorrhini; Catarrhini; Hominidae; Homo General gene information

Also known as  APl4; EPR-1 Markers, Homology, Gene Ontology

Summary This gene is a member of the inhibitor of apoptosis (IAP) gene family, which encode negative regulatory proteins that

prevent apoptotic cell death. IAP family members usually contain multiple baculovirus |AP repeat (BIR) domains, but

this gene encodes proteins with only a single BIR domain. The encoded proteins also lack a C-terminus RING finger NCBI Reference Sequences (RefSeq)

Variation

HIV-1 interactions
Pathways from PubChem

Interactions

General protein information

domain. Gene expression is high during fetal development and in most tumors, yet low in adult tissues. Alternatively
spliced transcript variants encoding distinct isoforms have been found for this gene. [provided by RefSeq, Jun 2011] Related sequences
Expression Biased expression in bone marrow (RPKM 13.2), testis (RPKM 10.8) and 12 other tissues See more Additional links

Orthologs mouse all Locus-specific Databases

Bioinformatics, 2020, HUST




Gene info: 1724k

Fe

Genomic context

Location: 17q25.3

See BIRC5 in Genome Data Viewer
Exon count: 6

Annotation release

Status Assembly Chr  Location
109.20191205 current GRCh38.p13 (GCF_000001405.39) 17 NC_000017.11 (78214253..78225635)
105 previous assembly GRCh37.p13 (GCF_000001405.25) 17 NC_000017.10 (76210277..76221716)
Chromosome 17 - NC_000017.11
[ 78174079 p [ 78256185 p
LUCIO?‘BBSUSCII BIRCS se— LOC10S371910 .
TK1 THEH23S
AFHID THAL1P
« Genomic regions, transcripts, and products )7
Go to reference sequence details
Genomic Sequence: NC_000017.11 Chromosome 17 Reference GRCh38.p13 Primary Assembly v
Go to nucleotide: Graphics FASTA GenBank
=+ | Find: vi@op @ i == = A Tools ~ | £F Tracks + ¥, Download » & 7 =
K 78,214 K |78.216 K 78218 K 78,220 K 78,222 K |78.224 K 78.226 K
-
Genes, NCBI Homo sapiens Annotation Release 109.20191.. E
BIRCS
- - ¥ - — - - » 1>
> i>
> = >




hee;¥FE: Gene Ontology

Process E\;i;i:nce Pubs
apoptotic process IEA

cell division IEA

chromosome segregation IEA

cytokine-mediated signaling_pathway TAS

mitotic spindle assembly IBA PubMed
negative regulation of apoptotic process IDA PubMed
negative regulation of apoptotic process IMP PubMed
negative regulation of cysteine-type endopeptidase activity involved in apoptotic process IBA PubMed
negative regulation of transcription, DNA-templated IMP PubMed
positive regulation of cell proliferation TAS PubMed
protein phosphorylation IDA PubMed
protein-containing complex localization IMP PubMed
regulation of apoptotic process TAS

sensory perception of sound IEP PubMed
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O #ZBEAFEFIFRIRSF: NM_001168.3
O iZEE A ARBIRC5EH
Ok EN: 17925.3

O EFEZHLER: 78214253-78225635

O #MLThEEDTh: AT, HRETR, RE
EnE, FF
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NM 001168.3: A

Distance tree of results MSAviewer @

Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alighments Download Manage Columns ~  Show e
select all 100 sequences selected GenBank Graphics Distance tree of results
ek Soore | Soor | Gover | vaise | Kent, L. _A55m8n _
Homo sapiens baculoviral IAP repeat containing 5 (BIRCS), transcript variant 1, mRNA 776 776 100% 0.0 100.00;/1 NM_001168.3 |
Homo sapiens baculoviral IAP repeat-containing 5 (BIRCS5) mRNA, complete cds 771 771 100% 0.0 99.76% HEBE’?S?);I =
Synthetic construct Homo sapiens baculoviral IAP repeat-containing 5 (survivin), mRNA (cDNA clone IMAGE:2964713), **** \ 771 771 100% 0.0 99.76% BC002388.1
Homo sapiens baculoviral IAP repeat-containing 5, mRNA (cDNA clone MGC:75168 IMAGE:5394399), complete cds 771 771 100% 0.0 99.76% BC065497.1
Pongo abelii baculoviral IAP repeat containing 5 (BIRCS), mRNA 771 771 100% 0.0 99.76% NM_001132255.1
Homo sapiens inhibitor of apoptosis homolog mRNA, complete cds 771 771 100% 0.0 99.76% AF077350.1
Homo sapiens baculoviral IAP repeat-containing 5, mRNA (cDNA clone MGC:8592 IMAGE:2961114), complete cds 771 771 100% 0.0 99.76% BC008718.2
Homo sapiens baculoviral IAP repeat-containing 5, mRNA (cDNA clone MGC:32768 IMAGE:4656567), complete cds 771 771 100% 0.0 99.76% BC034148.1
PREDICTED: Gorilla gerilla gorilla baculoviral IAP repeat containing 5 (BIRCS), transcript variant X1, mRNA 765 765 100% 0.0 99.52% XM_019028170.2
PREDICTED: Pan troglodytes baculoviral IAP repeat containing 5 (BIRCS), transcript variant X1, mRNA 765 765 100% 0.0  99.52% XM_009433243.3
PREDICTED: Pan paniscus baculoviral IAP repeat containing 5 (BIRCS), transcript variant X1, mRNA 765 765 100% 0.0  99.52% XM_003818274.2
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Human BIRC5!

& NCBI Resources ¥ How To (%)

Nucleotide Nucleotide v

Advanced

GenBank = Send to: =

Homo sapiens baculoviral IAP repeat containing 5 (BIRC5), transcript variant 1,
MRNA

NCBI Reference Sequence: NM_001168.3
FASTA  Graphics

Go to: V]

LOCUS MM oooties . 2574 bp __mRNA _ linear _ PRI 13-JAN-2020
DEFINITION | Homo sapiens baculoviral TAP repeat containing 5 (BIRCB), |
transcript variant 1, mRNA. [
ACCESSION "™MTTofTes— — — — &— &/ —= == == == ==
VERSION NM_001168. 3
KEYWORDS RefSeq; MANE Select.
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 2574)
AUTHORS  Zou J, Liao X, Zhang J and Wang L.
TITLE Dysregulation of miR-195-5p/-218-5p/BIRCH axis predicts a poor
prognosis in patients with gastric cancer
JOURNAL  J. Biol. Regul. Homeost. Agents 33 (5), 1377-1385 (2019)
PUBMED 31663299
REMARK GeneRIF: dysregulation of miR-195-5p/-218-5p/BIRC5 axis predicts a




RENERRIFINER

CDS 65..493
/gene="BIRCH”
/gene_synonym= API4; EPR-1"
/note="isoform 1 is encoded by transcript variant 1;
survivin variant 3 alpha; apoptosis inhibitor 4;
baculoviral IAP repeat—containing protein 5; apoptosis
inhibitor survivin”
/codon_start=1
/product="baculoviral IAP repeat—containing protein 5
isoform 17 o ;- e m - - - :
/protein_idy’NP_001159.2"
/db_xref="CCDS:CCDST1755. 1~
/db_xref="GeneID:332"
/db_xref="HGNC:HGNC:593”
/db_xref="MIM:603352"
/translation="MGAPTLPPAWQPFLKDHRISTFKNWPFLEGCACTPERMAEAGFI
HCPTENEPDLAQCFFCFKELEGWEPDDDP IEEHKKHSSGCAFLSVKKQFEELTLGEFL

KLDRERAKNKIAKETNNKKKEFEETAEKVRRATEQLAAMD”
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BIRCS5: 142aa

& NCBI Resources ¥/ How To (¥

Protein Protein vl

Advanced

GenPept « Send to: =

baculoviral IAP repeat-containing protein 5 isoform 1 [Homo sapiens]

NCBI Reference Sequence: NP_001159.2
Identical Proteins FASTA  Graphics

Go to: [v]

LOCUS NP 001159 142 aa linear PRI 13-JAN-2020
DEFINITION baculoviral IAP repeat-containing protein 5 isoform 1 [Homo
sapiens].
ACCESSION NP 001159
VERSTON NP _001159. 2
DBSOURCE REFSEQ: accession NM 001168.3
KEYWORDS RefSeq; MANE Select.
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukarvota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (residues 1 to 142)
AUTHORS  Zou J, Liao X, Zhang J and Wang L.
TITLE Dysregulation of miR-195-5p/—218-5p/BIRCS axis predicts a poor
prognosis in patients with gastric cancer
JOURNAL  J. Biol. Regul. Homeost. Agents 33 (5), 1377-1385 (2019)




¢

O ARIBIRCSERREE 1421 &R, FF
FFRIRFA: NP 001159.2
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% ENFASTARS

& NCBI Resources %) How To ¥

Protein Protein v

Advanced

GenPept « Send to: =

baculoviral IAP repeat-containing protein 5 isoform 1 [Homo sapiens]

NCBI Reference Seguense: NP_001159.2
Identical Proteins | FASTA I%phics

Go to: [v]

LOCUS NP_001159 142 aa linear PRI 13-JAN-2020
DEFINITION baculoviral IAP repeat-containing protein 5 isoform 1 [Homo
sapiens].
ACCESSION  NP_001159
VERSION NP_001159. 2
DBSOURCE REFSEQ: accession NM 001168. 3
KEYWORDS RefSeq; MANE Select.
SOURCE Homo sapiens (human)
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata: Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (residues 1 to 142)
AUTHORS  Zou J, Liao X, Zhang J and Wang L.
TITLE Dysregulation of miR-195-5p/—218-5p/BIRCH axis predicts a poor
prognosis in patients with gastric cancer
JOURNAL  J. Biol. Regul. Homeost. Agents 33 (5), 1377-1385 (2019)




FASTARRINRIF

FASTA

baculoviral IAP repeat-containing protein 5 isoform 1 [Homo sapiens]

NCBI Reference Sequence: NP_001159.2
GenPept Identical Proteins  Graphics

>NP_001159. 2 baculoviral IAP repeat—containing protein 5 isoform 1 [Homo sapiens]
MGAPTLPPAWQPFLEDHRISTFKNWPFLEGCACTPERMAEAGF IHCPTENEPDLAQCFFCFKELEGWEPD
DDPIEEHKKHSSGCAFLSVKKQFEELTLGEFLKLDRERAKNKTAKETNNKKKEFEETAEKVRRATEQLAA

MD
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PHI-BLAST: find domain

& —-> C @ blastncbi.nlm.nih.gov/Blast.cgi

Specialized searches

SmartBLAST

Find proteins highly similar
to your query

IgBLAST

Search immunoglobulins
and T cell receptor
sequences

Multiple Alignment

Align sequences using
domain and protein
constraints

Primer-BLAST

Design primers specific to
your PCR template

VecScreen

Search sequences for vector
contamination

MOLE-BLAST

Establish taxonomy for
uncultured or
environmental sequences

Global Align

Compare two sequences
across their entire span
(Needleman-Wunsch)

CDART

Find sequences with similar
conserved domain
architecture
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CD-search

Find conserved domains in
your sequence

Targeted Loci

Search markers for
phylogenetic analysis



< C

Structure Home

3D Macromolecular Structures |

Conserved Domains

Search for Conserved Domains within a protein or coding nucleotide sequence

Enter protein or nucleotide query as accession, gi, or sequence in FASTA format. For multiple
protein queries, use Batch CD-Search. @

>NP_001159.2 baculoviral IAP repeat-containin
sapiens]
MGAPTL
DDPIEEHKKHSSGCAFLS
MD

Submit ' Reset

T
o
o

OPTIONS

Search against database [Z: CDD v3.17 - 52910 PSSMs \
Expect Value @ threshold: 0.010000

Apply low-complexity filter &

Composition based statistics adjustment @ ¥

Force live search (@
Rescue borderline hits Suppress weak overlapping hits
Maximum number of hits @ 500

Result mode '® Concise @ Standard (@ Full @

Retrieve previous CD-search result

Request ID:

Retrieve | @
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BIR domain

cme@w -' v

Domains E‘J" C
NewSearch |  Structure Home | 3D Macromolecular Structures ] Conserved Domains ] Pubchem | BioSystems
Conserved domains on [lcl|seqsig_ MGAPT_9a39546436cfe7208af86fbe7bf45623] View | Concise Results v [

NP_001159.2 baculoviral IAP repeat-containing protein 5 isoform 1 [Homo sapiens]

Protein Classification 2

BIR domain-containing protein (domain architecture ID 10460345)
BIR domain-containing protein

Graphical summary Zoom to residue level BELLACGCE )R
142

1
Query seq, PISPPlLPPF‘iJIJFFLKEI'R[5TFHJUFFLEGZPCTPER!“IFEI—“I}‘IHUDTEPEPEUGIFFU:I%H.BZIEPD[IIF‘IEBPKI'BSIIFFLSWNIFEELTLGEFLRLEEERQWKI# HNN«WEFEEFPEWH%RIEU.H—WU

Zn2+ bindina site § 4 i A
peptide binding grocve | AA A A A Y
Specific hits
Superfanilies BIR superfamily
Search for similar domain architectures | @ Refine search | @
List of domain hits -
Name Accession Description Interval E-value
[+] BIR pfam00653 Inhibitor of Apoptosis domain; BIR stands for 'Baculovirus Inhibitor of apoptosis protein ... 18-87 7.47e-31
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Home About Contact

Query all databases v % | search help

Y.
Visual Guidance #aSib resoliices

External resources - (No support from the ExPASy Team)

Categories
Databases Tools

proteomics
T EX UniProtKB « functional information on proteins * [more] —[cfignment tgols L Eoyr toolg for multiple alignments  [more]
P — | EN BLAST - sequence similarity search « [more]
protecmics experimern . — )
BN MyHits « protein domains database and tools + [more] & BLAST (DniProt) *BLAST Search ol the UniProt web

function analysis site = [more]

sequence sites, features and moifs BLAST - NCBI - Biological sequence similarity search * [more]

pEetiilon S BLAST - PBIL * BLAST search on protein sequence
protein structure databases * [more]
protein interactions Blast2Fasta * Blast to Fasta conversion * [more]

el |

similarity search/alignment u boxshade * MSA pretty printer » [more]

_——— = d g ClustalO (UniProt) = Align two or more protein
sequences * [more]

genomics
LA Clustal Omega (EBI) « Multiple sequence alignment
systems biology program * [more]

u ClustalW = Multiple sequence alignment * [more]
luti biol
cvouitionary biokogy ClustalW - PBIL + Multiple sequence alignment program = [more]

u Decrease redundancy « Sequence redundancy
reduction * [more]

population genetics

transcriptomics

) . DIALIGN + Local multiple sequence aligment * [more]
AT u Dotlet = sequence similarity plots = [more]

imaging FASTA/SSEARCH/GGSEARCH/GLSEARCH - Sequence
similarity searching of protein db « [more]

GENIO/logo * RNA/DNA & Amino Acid Sequence Logos * [more]

https://www.expasy.org/

DIUIMNUTITIAlULS, 2UZVU, TTUO |

IT infrastructure




http://web.expasy.org/blast/

Enter a sequence .
Primates

Rodentia le on EXPASy: ?

m Vertebrata

>NP _001159. 2 baculoviral IAP repeat-containing proteir protein sequence database

isoform 1 __[Homu sttpiens]_ _ - ) ) Viridiplantae nucleotide sequence database
MGAPTLPPAWQPFLKDHRISTFKNWPFLEGCACTPERMAEAGF THCPTENEPDI .

KELEGWEPD nucleotide sequence database
DDPIEEHKKHSSGCAFLSVEKQFEELTLGEFLKLDRERAKNK TAKETNNKKKEF protein sequence database
RRAIEQLAA Arabidopsis thaliana

MD
Caenorhabditis elegans

Dictyostelium discoideum

e.g. P00750, P05067-5, A4 HUMAN or acccgtggtc

Drosophila melanogaster

Run BLAST Reset
= GSCherichin ol mm == == == . == =

|

Choose a database | oMus museliS: — o o o o o o

Plasmodium falciparum

Rattus norvegicus

Protein databases:
Sacch isi
UniProt Knowledgebase (UniProtKB) ? acehatomyces cerevisias ¢ UniProtKB/Swiss-Prot only. ?

Schizosaccharomyces pombe

UniProtKB taxonomic subsets 7 v

UniProt prokaryotic reference proteomes ? Y
Other databases ? !



BIRCS5: 015392

Top Graphical overview of the alignments

Graphical overview of the

alignments Hatches on query sequence Hatches on hit sequences (sgrt scale)
X

i ] 0 1 1 1 1 " ; 44000 —

1 50 ' 100 1 100 300 600 1000 1600 2400 4857

Subnission

List of the matches
BIRCS_HUHAN
) BIRCS N-2
Alignments BIRCS5_HUHAN-4
giaco -2
BLAST parameters BIRC5_HUHAN-3
BIRCS5_HUHAN-7
BIRC6_HUHAN
Text output BIRC1_HUHMAN
BIRC7 _HUHAN-2
Notice, contact and E%EE%:&HEEH
BIRC2_HUHAN-2
references BIRC1_HUHAN=2

1

=
=
=X

50 100
| i | | 1 | i y | |

N - : 2&%&%@%&-—-‘.

—

| . %% Low-conplexity region
nasked by SEG

a 25 50 75 100%

Subnission

Identity

List of the matches

Clustal W (multiple alignment) v R

Select up to...
Include query sequence

Accession Length Db Description Score E-value

1 I 015392 (BIRC5_HUMAN) I 142 "5 Baculoviral IAP repeat-containing protein ... 256 bits (654) 1e-87
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BIRCSHIZEH _

X @ uniprot.org/uniprot/015392

| BLAST Align Retrieve/ID mapping Peptide search

UniProtKB

Publications

Feature viewer

Feature table

All None

Names & Taxonomy
Subcellular location
' Pathology & Biotech

Family & Domains.

m x O
_w e B oy |

Q search

Help Contact

- 015392 (BIRC5_HUMAN)

%, BLAST = Align 51 Format W Add to basket ® History B Help video [# Add a publication w Feedback

Protein Baculoviral IAP repeat-containing protein 5

Gene BIRCS

Organism = Homo sapiens (Human)

Status

gl Reviewed - Annotation score: @@@@@ - Experimental evidence at protein level

Function®

Multitasking protein that has dual roles in promoting cell proliferation and preventing apoptosis (PubMed:9859993, PubMed:21364656,
PubMed:20627126, PubMed:25778398, PubMed:28218735). Component of a chromosome passage protein complex (CPC) which is essential for
chromosome alignment and segregation during mitosis and cytokinesis (PubMed:16322459). Acts as an important regulator of the localization of
this complex; directs CPC movement to different locations from the inner centromere during prometaphase to midbody during cytokinesis and
participates in the organization of the center spindle by associating with polymerized microtubules (PubMed:20826784). Involved in the recruitment
of CPC to centromeres during early mitosis via association with histone H3 phosphorylated at 'Thr-3' (H3pT3) during mitosis (PubMed:20929775).
The complex with RAN plays a role in mitotic spindle formation by serving as a physical scaffold to help deliver the RAN effector molecule TPX2 to
microtubules (PubMed:18591255). May counteract a default induction of apoptosis in G2/M phase (PubMed:9859993). The acetylated form
represses STAT3 transactivation of target gene promoters (PubMed:20826784). May play a role in neoplasia (PubMed:10626797). Inhibitor of
CASP3 and CASP7 (PubMed:21536684). Essential for the maintenance of mitochondrial integrity and function (PubMed:25778398). Isoform 2 and
isoform 3 do not appear to play vital roles in mitosis (PubMed:12773388, PubMed:16291752). Isoform 3 shows a marked reduction in its anti
apoptotic effects when compared with the displayed wild-type isoform (PubMed:10626797). 4 13 Publications «

Sites

DIV NUIITIAdUCS, £UZVU, MMUD |




Amino acid modifications

Modified residue 20 Phosphoserine; by AURKC & 1 Publication « 1
Modified residue’ 23 N6-acetyllysine @ 1 publication « 1
Modified residue* 34 Phosphothreonine; by CDK1 and CDK15 & combined sources « 1
# 2 Publications =
Modified residue’ 48 Phosphothreonine; by CK2; in vitro # 1 publication 1
Modified residue’ 90 N6-acetyllysine € 1 Publication 1
Modified residue 110 N6-acetyllysine € 1 publication 1
Modified residue 112 N6-acetyllysine @ 1 pyblication 1
Modified residue 115 N6-acetyllysine 1 publication 1
Modified residue 117 Phosphothreonine; by AURKB € 1 publication 1
Modified residue 121 N6-acetyllysine @ 1 pyblication 1
Modified residue 129 N6-acetyllysine 1 publication 1

Post-translational modification*

Ubiquitinated by the Cul9-RING ubiquitin-protein ligase complex, leading to its degradation. Ubiquitination is required for centrosomal targeting.
# 2 Publications

In vitro phosphorylation at Thr-117 by AURKB prevents interaction with INCENP and localization to mitotic chromosomes (PubMed:14610074).
Phosphorylation at Thr-48 by CK2 is critical for its mitotic and anti-apoptotic activities (PubMed:21252625). Phosphorylation at Thr-34 by CDK15 is
critical for its anti-apoptotic activity (PubMed:24866247). Phosphorylation at Ser-20 by AURKC is critical for regulation of proper chromosome
alignment and segregation, and possibly cytokinesis. 4 5 Publications

Acetylation at Lys-129 by CBP results in its homodimerization, while deacetylation promotes the formation of monomers which heterodimerize with
XPO1/CRM1 which facilitates its nuclear export. The acetylated form represses STAT3 transactivation. The dynamic equilibrium between its
acetylation and deacetylation at Lys-129 determines its interaction with XPO1/CRM1, its subsequent subcellular localization, and its ability to inhibit
STAT3 transactivation. € 1 Publication




KEGG: Pathway

O http://www.genome.jp/kegg/kegg2.html

St

Kypto Encyclopedin of
Ge=#3 and Genomes

Koo

KEGG - Table of Contents

Menu PATHWAY BRITE MODULE _IKO GENES LIGAND NETWORK

v for||BIRc5

DISEASE DRUG

DBGET

Search KEGG | Go
—
Data-oriented entry points
Category Entry Point Content DBGET Search
S KEGG PATHWAY KEGG pathway maps PATHWAY
in\f‘ormation KEGG BRITE BRITE hierarchies and tables BRITE
KEGG MODULE KEGG modules MODULE
KO (KEGG Orthology) Functional orthologs ORTHOLOGY
_G?nomi(t:_ KEGG GENOME KEGG organisms (complete genomes) GENOME
imarmaLen KEGG GENES Genes and proteins GENES
KEGG SSDB GENES sequence similarity

DIOITNUITTIAUCLS, £U4VU, MMUD |




Human BIRCS5

"[cc

Homo sapiens (human): 332
Help

Entry

332 CDS T01001

Gene name

BIRC5, API4, EPR-1

Definition
KO

(RefSeq) baculoviral IAP repeat containing 5
Ke8731 baculoviral IAP repeat-containing protein 5

Organism

hsa Homo sapiens (human)

Pathway

hsae1524 Platinum drug resistance
hsae421@ Apoptosis

hsae4215 Apoptosis - multiple species
|Nsa@4390 ﬂippg_s%gpal;pg_gagnwa¥1
hsa@5161 Hepatitis B

Msad5208 Pathways in cancer . =

hsa®5218 Colorectal cancer

Network

Element

nte6131 Apoptosis (viruses and bacteria)
nte6162 Hepatitis B virus (HBV)

nte6215 WNT signaling

nte6260 Colorectal cancer

nte6261 Gastric cancer

nte6263 Hepatocellular carcinoma

nte6271 Endometrial cancer

Neees57 Mutation-inactivated APC to Wnt signaling pathway
Neees58 Mutation-activated CTNNB1 to Wnt signaling pathway

Nee533 HBV HBx to Crosstalk between extrinsic and intrinsic apoptotic pathways
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Homework 1#

[ A mitosis-associated gene X was
experimentally identified in Mus musculus.

By DNA sequencing, a partial sequence was
obtained as below:

GATGAGCTGCTTATCCTACAACGAGAAGTCGGACATCTGGTCCTTG
GGCTGCCTGCTGTATGAGCTGTGTGCACTAATGCCTCCCTTTACAG
CTTTCAACCAAAAAGAGCTAGCTGGGAAAATCAGGGAAGGGAGGT
TCAGGCGCATCCCCTACCGCTACTCTGATGGCTTGAATGACCTCAT
CACTCGGATGCTGAATTTAAAGGACTACCATCGACCTTCAGTGGAA
GAAATTCTGGAGAGCCCTTTGATAGCAGACTTGGTTGCAGAAGAGC
AAAGGAGAAATCTGGAGAGGAGAGGACGGCGCTCAGGCGAGCCT
TCGAAGCTGCCGGACTCCAGCCCTGTGCTGAGCGAGCTCAAGTTG
AAGGAAAGGCAACTGCAGGATCGAGAGCAAGCACTCAGAGCTCGG

GAGGACATCCT
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e esions: I

O 1. What’s the name of gene X in Mus musculus? Its
accession number in GenBank database and
coordinates of mouse genome.

[ 2. The homolog of gene X in human, and its accession
number.

O 3.In human, the protein product of this gene. Its
functions, sub-cellular localizations. Whether it’s a
enzyme? If so, does it have a conserved functional
domain?

O 4. Whether this gene is conserved in yeast? If so,
identify its potential homolog.

[ 5. The 3D structural information of gene X in human,
but not mouse. It's accession number in PDB.
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