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EMBOSS and EMBnet

LUO Jingchu
(College of Life Sciences and Center for Bioinformatics, Peking University, Beijing 100871, China)

Abstract : An article entitled “ Application examples of EMBOSS sequence analysis program” has been published in
the Chinese Journal of Bioinformatics( Volumel9 ,Issue 1,2021). It made a description of the European Molecular
Biology Open Software Suite (EMBOSS). Initiated in the late 1990s by the European Molecular Biology Network
(EMBnet) , EMBOSS is an international collaborative project mainly among European countries. It is one of the
critical open source bioinformatics software packages with popular tools used in the bioinformatics field. Based on
the author’ s own experience, this article tries to look back the ins and outs of the EMBOSS project, to trace the
route that the EMBnet was born and became an international organization, and to have an overview of the
contribution that EMBnet made to the development, service, education, and training of bioinformatics. Hopefully,
it may give readers, especially the younger generations, some hints about the birth and growth of bioinformatics in
early days.
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AU A e Rk S A T H O, A=A
BEAVER — A 2R, A T — ikl LA
1988 4F, 3¢ WO AR B 0 (National
Center for Biotechnology Information, NCBI) 1] & i,
YA WIE B2 (Bioinformatics ) IX— ARIE M A
AT AR B 27 SR 24 15 PubMed 63 45
WL | “Bioinformatics” 7 SCRk 22 T2 H , 4
ToA IR, 1994 4F BRI A= P15 B2
5% Bt ( European Institute of Bioinformatics, EBI) A%
S AR B — T T B E AR AR
1998 4, CABIOS 1E Xt #4 N (W 1/ B °%)
( Bioinformatics ) , 3 B A Y 151 A= 015 B 22 BUs A% &
Z—s
bR b AW E B AR AR Y 2 X A 2R
R ME ™ A% X 43, & 1E “ Bioinformatics 7 il
“Computational Biology ™ X P I~ AR 15t 28 & 1R H .
PubMed [& 2% 32 @1 ji] ( Medical Subject Headings,
MeSH ) £ % ( https : //www. nlm. nih. gov/mesh/ ) 5
8 Bioinformatics 5 Computational Biology 1 £ [F] —
MBS, BRITREEY RS
Society for Computational Biology, ISCB) ‘B J7 I’ i
(https ://www.isch.org/ ) W FR ISCB A« 1154 A ¥~
MAEYE B —HK L2 (Leading Professional
Society for Computational Biology and Bioinformatics) ,,
T AR ISCB W E T I TIA A, — it 2
Bioinformatics , %5 —1 | /& Public Library of Sciences
(PLOS) Computational Biology,

VER—T B2 R B R B T —A ™
WEE L RIFIEAR R S o A LU BTSN AT R 4
LR R WE TR G, AT DLORAR R IR . D
T2 25 A AR ) Ry B S R SE X4 LA
BEPN A e s 20 2R 12 A 2H S5 2 A BUHE R S
BRTORL R 32 B 5T JE Rl DT ALY E LM T
He, I EHLR L8 Sy T2 S0 50 PR, A 25 b 2R Y
(R P, T T — AR AE WA A | s G R v
(0 S 06 B AR R AT A7 A A B TR L TR B A
PR R, T 2Bt BRI2 A | i Bl B RFTER
IR PEAE U, [A) A EOR g B0
PR P4 B AL TR | SRR ) A LA G T R R A
FH MBSO, S T AR R R IR N
21 2 A R A % SR 5 R X R A 1 B
PEAT AR ) BRI , AR IR DA A P 20
S sk BRI AR SR R IR R A A
IR AW A A% MRFIRE R KR R
F KA R T E R, 5 B A TR AR
A SIRR

( International

2 AR

ANHE G, A A B A A AR ) AR R 2 U
th B TORT I AR A . B O AR AR R R
HIBIFSE T KA B it A Wy (i JE 2 A el ) o 2 s
35 T T I 4 VA J0 ) 2% b AR R 0 R 43
P68, R AN 11537 51 A s 1 DL K v 20
SRR TR T AT DR T

AE BRI R AL VR 22 07 T, R AN 1
FESN MR R T K AL, 1977 48 35 [ S =
W58 2% 5t 23 (Medical Research Council, MRC) 43 F
HW2 S 85 %8 (Laboratory of Molecular Biology, LMB)
Rodger Staden 7E NAR _I- & 3RUN“ R FHITAALAL BT
FIEHE” (Sequence data handling by computer ) B 3L,
T T A5 BRI R AR A e A
Tl E WAL IR AR 1 B S0 A R, AL 45 e 514
fift Dhideey edt  FRIVE I DIBEHE R 5 01 TR ¢
T PR LR, R R I ANLAE BB AT,
TENAFAUR28 kb PDP11/4S /NES AL E TR B K
156 000 bpf) DNA J751, LU 20 Z4F fb—HBUI T
YGRS S8 T o LR S — A
PN, Staden BT, FPHIARBCRAZHAN AR F 2
Btz — AR R A e Fe e ke 1 BT,
2004 4F Staden IRK, P AR A [F]2F James
Bonfield 4ksE4Ed1( hitp :// staden.sourceforge.net/ ) .

1997 4%, % 3 7 3¢ (6 48 20 AE OF 50 ik 4 2
(Imperial Cancer Research Fund, ICRF) M &AEHF
XY, AESWT MRC SE5 %=, FEYT T Staden 15
+:, 2002 4F, James Bonfield {80 # 78 b 50 K 2a4¢
IR BEIIBE B4 T Staden A2, {H
F—HE R, T E S MRC 3256 % 2 R PR 4 7 T
He W) 22 5T HL R , oy - R ( Frederick
Sanger) 35 BIVPE T - 3¢ BL 57 ( Francis Crick ) | £ i}
W« IRFERR (James Watson) | Zh 5 47« fil 2% ( Max
Peruts) 2% + H 1854 (John Kendrew) KB - fift
44 ( Sydney Brenner) F1 2585 - % /R #7451 ( John
Sulston ) 45+ 23 4 U VUK BARAGH 1 7E MRC T
VB, 298 - R oR Mrie Ak R 20 TSl 5 ] AT A )
FERATIN,2002 FF 3R NRAEBK EHEAES
Iy e [ R 20 Pl X 2 I g PR 2 (LI 1)

TR B AL (TR AR L, Microcomputer ) Y
B A A>T HE W b g A 3] T2 Y
ol e S G IN O A | T L B VAN R S a6
JFHRf | 5 6 & 8 i DNAStar . PCGene . MacVector
SERDI AR, 1986 4F SEENE A SRR K200 1)



5 4 1]

B #%] . EMBOSS #1 EMBnet 225

222 % David Mount 138 R Jb 50 K22 AE ) & (1993
SR N E AR B ) 25 T I — S H AR 4
ARAEN TREPE T PE, 4ok T b4 5 A9 FE P DNA
Management ( DM) ,¥E-% DNA FlZE (5 5 51 434 T
H, DM EETROAIHLg S, 24 I I 5t R A4 ) AL
A — B HEER A Intel 8086 AYMTUHL, Bt A 512 K
7,10 MEESLFIP AN EK ALK Sl 5 , S0y 12 3t s
WoR &, BIF DM I 23 7E X & AL B,
Mount ?ﬁgﬁ%ﬂéT*ﬁﬁﬁﬁ, BT Ci N,
360 kb, £ T %R T 55085 PE GenBank F14E 14 it
J% 518035 £ ( Protein Information Resource, PIR)

E1 2% - FERETMESEREERREILRR
Fig.1 Sir John Sulston at the party after the announcement
of the 2002 Nobel Prize

FEIF DM R HIAZ B A0S 5 i A 2 5 f
I SCAS =X s 23 A 45 SR A1, 3 AT 22 4 167 PR 1 1]
JE, INFIEBURL DNA BRAEE N UIRGEO 52 55, R B2
SR B R B A RS I SN & Y RSN T
ZHIPE, BEJE M LAE M A AR S T T
PREIBILIY 3 51 7 M < 4 TRE” ( Goldkey ) , HLAR
T A5 B AR & 2 . Mount K
% i # W) “ Bioinformatics;: Sequence and Genome
Analysis”2001 A 36 NS SRR D et ( Cold Spring
Harbor Laboratory Press) Hi it ,2002 4 Bk H ikt
WK IREOF L ENAIE A, B2 HR 24 3235
AT HIEA T 2003 4F i i S5 Z0E R R, 2004
AR ARES 2 RS AR 52006 4 [R]5F K A4 B AR AR
1B B S, R b R T AR A 2 B
(R SRR

JUHAERLOR, B BAUR Ptk K 2 RHIT 5T
MM R JIR TR, FETREILIEY)
=Z R AWTE I, R DNAStar . MacVector 25—t
FDERAEA A 27 AR B 2 5 B AT B 9%
FAE A, Qny g g | R A BT R BioEdit, 2
JFHN LA ARAT Clustal W | RGBT MEGA 55,

HULRI, 2T UNIX B TFIRERAE R L Linux H AL
2T T Linux £ G0 1B A8 0N A4 P45 2 4
ARG 323 P, ) T KR A A R B BLAST A
FASTA , 3 (5 21 /7 51 % it ¢/ PHRED/PHRAP | 3
RIZE A TN 2K A4 GenScan Fl GenelD 55 | Hidb i b 35
24 S B 4 A2 W 2 AR A ( European
Molecular Biology Open Software Suite, EMBOSS) ,

3 EMBOSS #f44d

EMBOSS B (4 i A A — A i Sy AR A
H, R, £ E Wisconsin K&t
BT 4 ( Genetics Computing Group ) - & T 44
PR GCG P AR R ST 2 H P /N
TIPLARGE Vax/ VMS JT &, fE— B I 55 4% 1235
ZAH P, JERBAE S Unix -5, GCG
RS T2 W 9 0 TR hREAH 4554, 6
FHERUNAS DRI LA o 25 DA S W 3K T2 1%
OB A AT TS N R, &id Z24ETF &
GITEN| R = T ol | /AWAN RES Y AVEW ) i RS SY AW B i
GCG BAALIN N BRE 2% [ 5 A AT 19 56 T Unix ik
FanZ P A et T GCG R4, 5
PR bRV 2 O R R0 1 S8 L A FE P R
BATHI, HARAAS XS SM A TF . B A= 9115 B 27 ™)
% 4 21 ( European Molecular Biology Network,
EMBnet ) SVF 22 22 AR LA FIAS ATE Al AT T
UK I T VR R LT 4400 EGCG 1Y
B, EGCG 5l 1 & SN BRI ( European ) GCG,
Je ke, PRI S B9 N B ASFE B T U B o, i
L2 PRt SERY (Extended ) GCG

JUHEAOR , 1 T A SR SRR A ks
GCG HAFRAF AT IR, EGCC TF R AR AL
1k, I, EGCG 1) F % T & # Peter Rice 1 Alan
Bleashy & P& by J okt L FF GCG 1M H AT HF & U3
—B5FEYF AL, B EMBOSS #F 41, X —
HRIEF] T EMBnet Ji 51 1R J1 KRR 2 5
ST R EGCG Bt BUAT B4t , EMBOSS 15 I 1R
PRI TS B HE SR 1999 4F 4 | Peter Rice £
JemRE A I PE T BE R T EMBOSS (1955 —
4*5]? seqret

ZIEAA T Needleman—Wunsch 3258 %15
2 R SRR needle , 25T Smith—Waterman 5345
Y JryFB LU AT REF water, DA R 2 B 81 AT ALK 77 47 EE %
F2JF dottup F1 dotmatcher 552 ¢ AR PL5E Ak, F T
GenBank/EMBL 45 % 2 F> 51 £ 7% . PIR 1 Swiss ~
Prot 5585 TR 91 58l 1 A0 4 X0 50 B A A A
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BEEPEE—RINFRTF R P B TR 8, T e
éﬁfr F T M VIO S EZ PSR 4 EMBnet

CpG & TN AR ¥ 9 A Re e, DL e oy e it i
FEERE T FU RN — 2 2 Tt <5 2 1 BT e 40 A A R
W EMBOSS -t frg FLRF (0 1 2% I M 3 1 0T 81
MR, A4, Peter Rice 4015 () EMBOSS A
2 PN SZ T RN A= WA B AR S B, S8 A 1 i
LI EZIF R RN, S T RGN B SCR
2009 4, Peter Rice 511 EMBOSS 141 pAFH 1] 9 & 4=
WHAR R A Y BL 22 & 2
Biological Science Research Council, BBSRC) %¢ Bl , 4%
Zeit T EMBOSS S PHL T K (ILIE 2)
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Fig.2 Major developers of EMBOSS (Peter Rice and Alan
Bleasby) and the EMBOSS logo in color painting

Bx T EMBOSS JF & AN B 1740 5 0 12 5 A,
EMBOSS it 34 T A0 H e A E BRI,
TN T B IR AT AR 1 B 11 S 25 4 Sl 91 1A At

SERIBER B HEMMER | R 48 K & 4011
£ Phylip S RNA 2% 45 #4 43 A1 A1 350 0 4 4 42
VIENNA %, 2016 4F & 1i ) EMBOSS 6.6.0 iR {14%
300 207, T2, R A YT B T N 2
HFEE DIReECN ST ERT I TR, R R dE
JEMBOSS  PISE . wEMBOSS . mEMBOSS %% 4~ Web
PO A R T (WA 3)

The European Molecular Biology Open Software Suite
Funded from May 2009 by BBSRC grant BBR/G02264X/1

Get ;
involved 27

Everything is documc ited, so if all else fails RTFM ...
Adm_Dev
Please get involved with EMBOSS ... more >

° " . Getting started » Docs » Help «
Tutorials mioss. waoss Support {5 NS

& 3 EMBOSS # {4 & F 7T ( http ://emboss.open—bio.org/ )
Fig.3 Main website of the EMBOSS software package

1M 5 UL, EMBOSS # A0 i A= , 75 25 T WM
O F A M 4120 EMBnet, EMBnet 557 T 1988
4 (https ://www. embnet. org/wp/about/history/ ) , 3
SRR A N TEE B Sy AR R S E
( European Molecular Biology Laboratory, EMBL) , %<
Daresbury [EZRSZ560 %, DA K ik [E | oy 22 Fil Fig S 55
JUANPEBR A 8 B NG SELTE 73 5 AR 7 b v
(2 ARBLRG 135 AE BEA . EMIBL A0 1 ] if i 6%
SE WU 2 Gy 1A W) 2 S e IR B A BT 4
MR SCRF, 1989 4F T, HmEAY 14 4~ RR R A5
E# AT EMBnet,

1991 4 EMBnet FRER ¥ A= W18 AR 78 1037 |
¥ K& 144 4 ( Biotechnology Research for Innovation,
Development and Growth in Europe, BRIDGE) HE4E 1]
RIGE B, #E A TP R R, LA I,
EMBnet 5% LA IR F 28 A, G460 [ 8 i 14
PORRIEI 52, i 2% S e e R 28 ) S5 AR R 52, L e
PAOSIAI L H A, FE20H A A A 4T 1Y R 3¢
KT bt K i o TR AR B R TR (L 44
AR BRI ) 5 E 9T ) B 52 30 % T 1996 41
A EMBnet, [FJ4F i A B384 KR B 5 3 K A5
BAR % A 0> ( Australian National Genomic Information
Service, ANGIS) R Wrs BN K%, ILE , /e
A5 NEER BN Gl AR B RN 2 E R WSy Sy
fINA EMBnet, 1998 4F EMBnet 57+ 4ER}, B &
REE) 3T DAL (WK 4)

@ woscow (Russia)
@ wexing (Chima)
@ ragis (Avstaalia)
@ sandi (s.Atrics)
@ cxesnet (cuda)

@ corp (mdia)
@ s ()

European
W Molecular
Biology
Network

€.

B4 B FEDEMBZHRTRIME(1997 F)
Fig.4 Distribution of EMBnet nodes (1997)

41 ERTH

EMBnet i 5% 57 #4541 ( Node ) , #3207
A 5 43 R 1 22 1 250 ( National Node ) A&k 7 &
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( Specialist Node ) 25, & EMBnet T2, 5> [
%Eﬁ‘éﬁ—/\%{wm, HT B BT 77 A AR
A 2 1 27 R BLAS B0 25 B A2, JF 1] EMBnet
FE B3, 7 EMBnet 4£ 2% b 4280 01 610 44 1%
SRS = A BOE R A
J G B F8 IR — 4 AR, FRY A7 5E N (Node
Manager)
W T AT BRI 2 PR UR BB | ) 2% R

AT B SCRPRE BE 1Y 22 001) , AN [m] B 2835 s iy 15 100

%K?FHI_JO HoP 2w A STERAB R A S [ A7 22 i
RRAN A TUA E 2 R %EIE’\J%T?
,mjil Daresbury [ 5% 52586 %5 1) SeqNet i H £ , 1
AK Alan Bleasby , {172 EGCG F1 EMBOSS Hi H E’az
B RH Z — far 2 0 E Y A N AR R 2
( University of Nijmegen) , 1135 AN Jack Leunissen,
H1 T EMBnet FEMHEAT 22, 47 =295 5 R $H I 55
MEHWRF(WELD),

K1 BRiNDTFEYFEMEHELEZKT S (1998 4£)

Table 1 National nodes of EMBnet(1998)

e EP3 TRATIA Gy EAAL

AR Argentina Oscar Grau Universidad Nacional de LaPlata Argentina
AU Australia Tim Littlejohn University of Sydney

AT Austria Martin Grabner Biocomputing Centre Vienna University

BE Belgium Robert Herzog Free University of Brussels

CA Canada Christoph Sensen National Research Council of Canada

CN China Jingchu Luo Peking University

CU Cuba Ricardo Bringas Centre for Genetic Engineering

DK Denmark Hans Ullitz-Moller Danish Human Genome Centre

FI Finland Kimmo Mattila Center for Scientific Computing

FR France Philippe Dessen Infobiogen

DE Germany Martin Ebeling German Cancer Research Centre

GR Greece Babis Savakis Insitute of Molecular Biology

HU Hungary Endre Barta Agricultural Biotechnology Centre

IN India MW Pandit Centre for DNA Fingerprinting

IE Ireland Andrew Lloyd Trinity College

IL Israel Leon Esterman Weizmann Institute of Science

T Italy Marcella Attimonelli CNR-BARI

NL Netherlands Jack Leunissen University of Nijmegen

NO Norway Karin Lagesen Oslo University

PL Poland Piotr Zielenkiewicz Institute of Biochemistry and Biophysics, PAS
PT Portugal Pedro Fernandes Instituto Gulbenkian de Ciencia Rua da Quinta Grande
RU Russia Sergei Spirin Moscow State University

ZA South Africa Wine Hide University of the Western Cape

ES Spain Jose Valverde Universidad Autonoma de Madrid

SW Sweden Nils—Einar Eriksson Uppsala Biomedical Center

CH Switzerland Victor Jongeneel ISREC Bioinformatics Group

TR Turkey Zehra Sayers National Bioinformatics Node

UK United Kingdom Alan Baeasby Daresbury Laboratory

Ak, EMBnet 3 A & S I — SO SRR 5 2
25 BT BT 28 I A R SR B BRI BE 2] BE, Nk
FE S1HF K22 A9 David Judge , 9 [ 2 T K229 Frank
Wright &

42 TR

EMBnet L , 54 R B — A B R 850, 7]
PIBESL. — A~ 2 A%l 75 /5 (Specialist Node ) , #%
1F 1998 4, EMBNet %l 15 s 368 9 AN (W% 2) .,
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A S —HE, Ll S s IR— 24 v A
b R R A BRI A= (R B A AT
EBI(https://www.ebi.ac.uk/ ) FI S48 55 Fr ( Sanger
Institute, https://www. sanger. ac.uk/) , EBI J& KX M
AR % EMBL & 76 95 [ 1 433, 4 161

*x2

v 70/ INERL S e S0 I DR 2 s A el DX PN, 5 SR A A
FUITHIE AR, B A 2K e PR 2 BT i H B PG
(Human Genome Mapping Project Resource Center) {12
BAEIZE XN

BRM 3 FEMF MG HRAR R T 15 2 (1998 £ )

Table 2 Specialist nodes of EMBnet ( 1998)

P ATK TRATTA 7 A
R EMBL-EBI Rodrigo Lopez European Bioinformatics Institute
B[ Sanger Center Peter Rice The Sanger Centre, Wellcome Trust
YeE HGMP-RC Martin Bishop Human Genome Mapping Project Resource Centre
EE| UCL Teresa Attwood University College London
HARA ICGEB Sandor Pongor International Center for Genetic Engineering and Biotechnology
fif 24 ETI Peter Schalk Biodiversity Center Universiteit van Amsterdam
=16 MIPS Werner Mewes Max Planck Institut fur Biochemie
B Hoffman-LaRoche Daniel Doran Pharma Preclinical Research Hoffman-LaRoche
Fi i Pharmacia Staffan Bergh Pharmacia—Upjohn AB

EBI 2T EMBL J5UH LA 5 AE W) 22 fAE W45
S T, S RN B R Y 2R A7 8 2= i
7% JF R MRS MUK, 1981 4F | 1 EMBL I8 (4% iR
F?EIJ%HEJE( EMBL Data Library,féﬁﬁ( EMBL) 1F = &
it BT 43 AT AT 2 EMBL 53—
ANE MG ], 44254 Chris Sander (T 57 21
AsEAN B NHERZBILHEIR, RE T
M} 45 #4808 P2 ( Protein Data Bank, PDB) &
S E (Y S5 48, R T — R 5 AR J 4 R A G AL
PP

FIGWRITE T 1992 4F, FZ Ll K E LY
Pe2f 28 35 ML M B RR {5 46 3% 4 & ( Wellcome Trust,
https : //wellcome.ac.uk/ ) $&A3t | 23 [ f K R FE PR 41
D rfucs AR T AN ZEFE R L34 30% DT AT 55
1999 XHETTT A7, SARHTFITE AT S 22 S Je (fk
DT, 33kt N2 35 D] 4 130 B e 5 G 3 2 T 7Y
PRk, RARHETE TR EBI [ 7E-F S i)
BEPA 20 Bl X P, S odie = A B S AR B AE TR
A, 35 2 3 [H 20 200 % R o) B &R 48 ENSEMBL
(http ://www. ensembl. org/ ) ¥ J& P A~ B AL A 1E 1)
45
4.3 BTHLH

EMBnet %5 4725 5t 2= ( Executive Board) ,Z5 5t
21U 44 53 2H R, R 2T AR Ah 3B AT — 24 i
GATEN S5, EMBnet H % =55 B 4025 25 32005 38 2ok R
PR ST RS NRE . B BRI TEE 2
BT A SRS AR PR 2 T el DY 44 B DY R

o %*ﬂ%é\ﬁl\,%&&%$%(f’ubhcity and Public
Relation) . #{ & 557l ( Education and Training ) FIH AR
PH(Technical Management) =2 014 BN IS
R PARL L, TCIR 20 L AR
TN BRI E S E =R RA SN,

EMBnet R8T — R AR 2% | 45 23 I [A) lL 52 ph 19
ST H3E , 2 A 5 e i S A E
W ORTEAS W AL IR [ S I T R 2 1. A
Je [ R 2y i, B IO B B AE SN 1
000 BRICZ: %, T 2] T 28 I AF 23 1) 5238 8 i 45 2%
Mo 8w B IMES IR W2 T A YR B 2R
Wit T BRI,
44 RHEFE

EMBnet [95% & , 21070 HU7E 4 B i3T5 2R ) o
GURN 1) T HATE— R, A A [ R R
Bl PE AR AT S A BRI IR 55, (HAS — 21
&, EGCG KR £E) EMBOSS 3 H | 5 /& EMBNet
IR B Z (8] 5 AE B 5, EMBnet (95— 5
PEDUH , Bt 2 3 T U R B EfE ER R RS
SRS!®! . SRS 1y ¥ X Jf X & Sequence Retrieval
System,ﬁi%ﬂﬂﬁ?ﬁ”%m%é}d, FEIF &4 N EMBL
f¥) Thure Etzold, SRS %t 2% $i fit i A7 ¢ R BLAL, fe#)
FHTF#:2 EMBL A GenBank Z54% 2 7 51 5045 2  PIR
H1 Swiss—Prot %5 8 [ 507 51 5100 e 45 LA SCAS B 2R
FERYFHV RIS L o 38 X 5 e 2% H v ) G i
TSR], LA Y i S T i Pk 7 B AG: 2R v A
KA, Pl E 4 SRR A Wit AR
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G DUF A% H o i K v R AR B, Dt s 3o
XFREAS B LA BHE R AT R %, SRS Ja kT 7
PubMed SCik 1% 2 5085 FE . Pfam, PRINTS #11 Prosite
S5 2R 1 JOT 45 0 RN T g 67 BE % PDB, DSSP,
HSSP Hl FSSP 4548 11 B 45 A Al or R 8048 e . AT 1Y)
SRS k%5 % L @B IEZEIL AT 2 LA
Ao EBI BOLJE , Etzold #7480 SRS FF & P A M 7 [
VAR ) 0 [ o e 0T, kAT R, JLHAE
fRA,VFZ EMBnet 15 50 % % T SRS R4l %
TR ZEMEAR ML Y IF KA FIXF SRS RGN T
K, B0k, SRS I & A A B SE T 844 F & A
SRS i TR, SR iR SRS 8.0 AN 9 4
e R BT A4S EBL A6 N A KHR 4 SRS IR 55 #5 A
FIARL ARG
4.5 HaHE

EMBnet [#) 55 4h—NEBAL S, ZA I PP
AR BT SEVINBE, R T 55055008 i F A i & 45 4E
Y5 B AU Llk A B Ah, o 43 F A 24 S
M EeZe FH P AT 55 U0 50 T 4 3 1 R SRR

Staden FI RN EK 1 GCG, LA K B H PEAG % R 45 SRS
8, 1997-1999 4, EH LIF A G0, KESm T
Alan Bleasby 7% [E Daresbury [El 4 52 5 %8 2% I3 1) )
EIRVESI PE  David Judge 78 81 HF K 2228 I8 10 7 5]
A HrEEIBE  James Bonfiled 7EIF MRC—Lab 28 I3/
Staden #3225 (8 FHEEUIPE, LA & Thure Etzold 1
EBI 28I SRS R G848 B UG UINHE, 2B & H 5 28
T2 WA E B NPERITI SE AR B AR
TRBMAETSES,
4.6 MZ&TIH

H 1994 4F5& , EMBnet A€ HH H B EMBnet 5 [8]
(EMBnet. news ) M 4% ] %), 3 F 2010 4F T &£ K
EMBnet 2% @& ( EMBnet. journal, https://journal.
embnet.org/ ) , FRAE 259 A R R 4% s KON I
AT K BB FIEINSESE R 9 20 W 2% A= 15 S
BRI AE PG R 25, 12 2% R S At 1
A= WA S PR AN A T PRGH S B (hitps 2/ www.
embnet.org/wp/ quick — guides/) , E 5K IR E LW 15
BRI E W T (AR 3) .
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Table 3 EMBnet Quick Guides

W fe - f

UNIX McLysaght A & Lloyd A (IR) 2003

MySQL Naseem A & Rahman N (PK) 2010

Perl Programing Falquet L & loannidis A (CH) 2005
Perl Regular Expression Falquet L & loannidis A ( CH) 2006
Phylip Valverde J (ES) 1998

BLAST Forminghieri E (BR) 2004
EMBOSS Mullan L (UK) 2004
wEMBOSS Bottu G & Herzog R (BE) 2004

Phrap Araujo M (BR) 2004

Phred Araujo M (BR) 2004
Swiss-Prot and TrEMBL Boeckmann B (CH) 2006
Swiss Model Bordoli L. (CH) 2004
MOLPAC Stewart J, D’Elia D & Attwood T (IT, UK) 2014
IMGT/3Dstructure-DB and IMGT/2Dstructure—DB Marie-Paule Lefranc (FR) 2004
IMGT-Collier-de-Perles Marie-Paule Lefranc ( FR) 2004
Amino Acid Conformation Valverde ] (ES) 2013

2012 4 EMBNet LA T FERFRAEYIE B2 20H ks
YIZHZ( Global Organization for Bioinformatics Learning,
Education and Training, GOBLET)"*' | #EAiZHL +
BN Z—  EMBnet 24 BRAEYIE B2 E I K
¥ 7 5 EAE H (https .//www. mygoblet. org/ ) . A< 42
W, B ER SR =L 19 £ A TT N Terresa Attwood 3ZHY

e [ SR ARSI TR B AR AR AT
Ko W GOBLET 45 T A=W 15 B 1R85 M
(https ://www.embnet.org/wp/ critical —guides/ ) , TE4H /1
FEEFFYEWEZE UniProt 1 neXtProt 4K [ JFi 25 #4)
Rl PDB, LI R A=W A7 B AU b o 6 B4 51 AR )
PRI R R GE BLAST (W3R 4)
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Table 4 EMBnet Critical Guides

MNE& =4 GO
UNIX Teresa Attwood 2018
BLAST Teresa Attwood 2018

PDB Teresa Attwood 2018
UniProt Teresa Attwood 2018

UniProt Flat File Teresa Attwood 2018
InterPro Teresa Attwood 2018

MoniqueZahn &
neXtProt 2019
Teresa Attwood

Marie—Blatter, Patricia
Genetic Disease 2019
Palagi & Teresa Attwood

Daniel Barker,
Power of
Heleen Plaisier,
Computers 2019
Stevie Anne Bain &
in Biology
Teresa Attwood

2000 4 2 H, 1 EMBnet EI/pa0#A P A5 B
277 42 ( Briefings in Bioinformatics, BiB) 1ExUH bR,
F i N TR B 27K Martin Bishop , fU 52 E1E
WIYIFZ EMBnet 17 50 7 52 A8 O 25 2% 2 1 B
(https ://academic. oup. com/bib ) , 2017 4=, 1 & &}
“F B A s PR IS e I A S 9 3 R
I e s | e A B 7/ R DS E LR IR € LA A
R A AR S R R 2 A W45 R 2 U
W ESZ R B,

5 EMBnet H[E T A

EMBnet B 51 5057 1 B 2EAT: 55 02 A [ 4 14
Py U AR B AR (9 A W A5 B WS IR 55 1996 4F 10
A AR R B o TR AT A R TR o A S
Z M EMBnet J&i , 128 i 5256 % FAEIE % 863 A=
YT AR 1 o TR SR A 4K 2 il 2 s UM 4 B
SRR O Fn b R A R 2R STk oo A A,
#y T A KR A WA B b (Center for
Bioinformatics, CBI) , FF & i i< 3158 HL 2% | Ry [ P9
FH P S AEECHE PR R R T A IR 55 . 1997 4F 9
J ,EMBnet 4 25 75 2 KA A (Bari ) #IF, 1E N
EMBnet "7 [ 95 5 17 58 N, B EH — IS X AR
2 FER T YEE Y S 7155 A Alan Bleasby | fif 2 5 i
#1357 N Jack Leunissen SRS EZF & # Thure Etzold
85 2 2 BN AW B2 S R IR I R

3 EMBnet %% Blj, 1998 4F 4 H #E b K290 1K
AYNE B I BE, R A 2 & M IE E 4 22 52
THzIl, Alan Bleasby | Jack Leunissen #1 ThureEtzold

S5 FLAL EMBnet 3 55 £ 57 AR SHe HR 200 R 85 $H AT 55
YIPEET, 1998 4 10 A, EMBnet 1 J8 4 28 &5 & 7E
B [ 2 sO T EBL A, N2 FHF A Peter Rice #%
W ERTES TR TSI LR A 5588
TTWZIEN S, 3R E PR A TR A P AR fre
(ICGEB) %t )i, 1999 4F 4 JfEJL K28 Jp55 2 WAEY)
SRV PEPE, 10 £7 EMBnet 35 5 5 58 A FI 36 BR 2L
TR REIBE: BOSRS SRR, AR 7S A 3 4
WY MM - DL A By 2SI T i
PR T PG AARS T USRS A s E K
G e e A B P R B R DL, RN R BRI
ZI—BRE T ENE AR EYE R BECEYD
FRFETM) .

2000 4F 9 A RER A AR ST RS,
PLEIZ 863 AW W L S5m0 B 5 1 TG 1Y
FEAEYE BARER SN T B8R0
EMBnet 42, 15 7] T B AW 5 B 5 A ( Swiss
Institute of Bioinformatics, SIB) | Swiss—Prot AR e
BN FI AR B I T2k b, HH e A 1 B
SEGUS N 5 RRER ML A, B 1T B EE I Swiss -
Prot F 1986 4F-#tA: o+ H M FL., SIB ##H & A
Mt & K R 48 (Expert of Protein Analysis System,
ExPASy ) W2 5 B A P B TR sl e T LA
A G BBAE A T HRhE 55T R 457 58
FR A , B LASN L [ R 5 [ N 3 32 B — 2 52
ML, ExPASy FEHLSE KA S5 1 A R, X
WUTIRI A B A 5 e 5 5 A W A B9 T v
JE , ExPASy WG i fE L RAEYE B b, 2k
] N P SRt TR i

T Z4E¥R AE K EMBnet [HZ T A, AL KAEY
5 B 02 HE % 2808 MBI HLIM ( CERNET)
R34 AEAE R BRIR A A AR5 IR LAl
o, VA R R RN AR T & A D T T —
TAEN

{EAS 5 240 02, R 27 B b 5t ik DR 4 Bk 53 e
FKBAE .G (BIGD, hitps://bigd.big.ac.cn/) F 2016
AERLST, 1T 2019 A ARk [ 5% 3k PR A B 22 Hdie b
Oy, T3 P2 P [R) A e« B R AR Y5 B by i
T, EMBnet [EZY S5, 157 HiZHER B 4
Yifs BeF A AR

6 %5 i
YR — 1158 B A Wy B 2 3 A 5

=, Bl 2 ARk BEE BT — 3 R AL 4
ARIHEA: | 7 18 i 21 22 RO P 2R ENSEMBL 45
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% H#49) : EMBOSS F11 EMBnet 231

TSR R ) 2 EIE 2 4y 23 ™), Bowtie Al BWA
R 2V TR T O LR N TRTTES W (S IR )
R B PRl PR 0 L BRSSO K
BT R B EMBOSS #1648 & FE 4 2= 5 s
3BT ICRE N I, (B o A 2 O 0 B A 3 0 B B
PRI B2 1 PR A AT AR OR B AN T R A b i K
T.H, HH,EMBOSS B kT H O 4450, %
i H 324715 A Peter Rice 24T AXIOMEDIX 2
Al AL % P38 F AT (https :// axiomedix. com/about/
team/) , {EN EMBOSS 419 2 I & # | Peter
Rice {/5 88 11 3 4 7 B 0F 60, AR O JT IR B,
EMBOSS (44T & i S A= W1 B s b iy [ 17 3
HEZIS

At 2id), %F EBL 1 NCBI 45 = bk 945
AR A (5 BRI BRI 2 | 3873 WU [ A 1
HENT 1) F1 B4k SE S F5 EMBnet B K45 5, 18 5 | By
+ e[ | A A E S s e IR H EMBnet, Sl
JUAE AR BRI TH: 544 [ ) S BRAB 5, EMBnet 2H 41
B TR A A 00 B B AT Ak DL 55
T R B 25 UBEAE TR NH W ieA: 15 2 H o A A
A N R R AR N 23 51 A B E A AE A B 4
WAEERN S N ERE N A DE SRR A
YR B IR R 55 FNBCE B IS A A TR

2o

SRR — B AR R R AR AR AR SO R
U, 2021 4F 10 A, A EBk2= Be 3k 5t 5 R 2 A 55 B
(EZRAYE B ) B EMBnet HE 97 44, fif] —
A R PHAT Y 5 T 52
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