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Abstract Escherichia coli, one of the favorite model organisms, was initially annotated in 1997 and re-annotated in 2007.
Although years of intensive research is being carried out on E. coli genome, still complete and accurate functional information of this
organism is not available. In E. coli, about 40% of the protein sequences have been annotated as hypothetical proteins, because of
lack of information. Hence, such sequences require advanced computational strategies and derive clues on their biological role.
Herein, we have carried out re-annotation of the complete proteome of E. coli K-12 using “Dynamic biological data fusion method”.
It is a computational strategy we typically applied for combining the heterogeneous biological data sources to maximize knowledge
sharing and generating the intersection of data sets. Functional re-annotation results reported in this paper help us to present high

quality data on complete proteome of E. coli K-12. We have updated all
W HY: 201448 A 7 H
2 HW: 2014459 A 26 H
KFHME: 2014410 A8 H assign new or more precise functions, wherever possible. About 29% of

the protein coding genes from previous annotation work and tried to

the protein sequences of E. coli which have been previously annotated
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as unclear/unknown (hypothetical; without functions) have now been assigned with clear/known functions. Further, the analysis also

resulted in the revision of the protein sequences that have been found to be false positive or poorly annotated. Information from this

work is made available as a database, “REC-DB", which will remain a useful repository with accurate and updated functional

information. Availability: REC-DB is publicly available at http://recdb.bioinfo.au-kbc.org.in/recdb/.

Keywords E.coli; Re-annotation; Hypothetical proteins; Confidence level; Phylogenetics; Motif

H M ERE IR AT B K-12 5 [RI24H R 3R A7E 1997
RFJG, AEHE R AR A T DA SRS R P ARAE A
Wi K (Blattner et al., 1997), XS5 7 F4{5 BA
FHOCAE W) 2250805 e 2 4R H0E K (Serres et al, 2001).
SR IR I AR A SN K i A T R R AL it B
LA T, AR Tz X AR ) 00 76 BE RN HER 1)
haels SRR . BRI JUAN TR AR
e, HhVr 2t el f s TR A . (Hi2H
TS R T N PR B BN I 2 1) R AR A
KA L D RE R 45 SR AN R e B 1. IbAh, XL
ERSEZCCZ I TSy & S 1Stk 5 Pa e
¥ T B0 FRAT I A R 1N B AF A e =
(Salzberg., 2007). XFHATEEMER, FEEEA]
(LRI 2 A 2 AR A RE B . ARSI Dl Re
BRI AL R AT BLAST 4347, {HiX
Bl 7 A5 I 25 AL R 2 BB 00N A 2 SE B 1,
R A3 PR ) Dh e 2 1 R R 8. DR, A b
LR EHERE, WX EEA R TER, &
T G5 P Bt ) AS B R I Y . FESERI 4
BlanfEE & A sE R EsE EH, LA DI REA
E M E A2 R R E N, E—H&p)
WAEYERIA, XFAHEMEL S 30~40%. {BE
MRS BGE B 85 T e A 20245 21 F50
BRI R B AT AR R BB AE S A 0 ) A B A B e R T
ERELEN. e EaRARMIGEN, kA
[FEE A LI R DIRE R, RSP ROE B E AR
MThEE, (H2EA FYEERE A (Wood et al., 2001
Riley et al., 2006) . XL RKANE A 0] a2 HEF %R
L. ARG SHS . mE S A SAEEER A
AR IR =) (BFE P R AEYE A &
Y& R)» BRI DR S AR BB R AR A ATE 72 T DU
Ak A B B 20 HE ) 5 F (Galperin and
Koonin, 2010; Roberts et al., 2001). £ il & (4 )57 i)
Diae i fe, MHARNAYE R TRAAT
T BRI R R AT RE

HAT, XX S EME RS AR A fE
PRI 88 (Serres et al., 2001), Xt BT 58 474

Copyright © 2014 BioPublisher

PR A A A LA S At A P 4 5 1) D) E (Karp et
al., 2007). [Fit, H §i e E Z 12 7 E SR AL B
AR I R B DI RAS 5, DAORIEREAS 2
fren kbl UG . ThREI BEFRE, & — Rt Al
ORI R 2005 B AT R A2, Hpef
3 R 2H BB T it BE 3 — 2D ) S HF (Rajadurai et
al., 2011) XA LI H P K 325 Th RE T i -
SEEOR,  XRERTh RE TN 7T LA S 34 FH B8 St 1Y)
EHEETOR, SR, XA AR T A &t
ffJ(Valencia., 2005). [A1, In Silico ThAEF 2 HTKs
A BT SEBL PGSR AT SE R ThRETUN,  ThRE EHERE
AT AT FE PR (B s O g Al gk A2, andRil, iz
B BURPEMIEATRE AR, AT REAS ) B R AR
s A B KF ERIDIEE U] (Zheng et al., 2002). 1t
fb, EINERARBKEEY T T HEA KIS
FEAE ARSI R EE AR, Frf iR
H R KA T & ) B R R R SEIL . e
WA BT B AR B R ThRE, Dt Guip Fl i 1%
I HR T IR R A R HTTIE . LR, B
Mycoplasma pneumoniae (Dandekar et al. 2000),
Mycobacterium tuberculosis H37Rv (Camus et al.,
2002), Campylobacter jejuni (Gundogdu et al., 2007),
Geobacter sulfurreducens (Ashok et al., 2014) and
Saccharomyces cerevisiae (Wood et al., 2001)%57E N
H LR AR SE A2, A AN [R] B0 T S SRS B B Th
HhEHTERE, IR B A E R EYI A
TRER.

[FFE, FEFAH M TAE S st 17K
MR FTE AT AR, RIS D Re(E B T
HI e SR, FEMATHI A G R, AT
WRIRAFAEL) 1A% HIRFIFF N, AbATR S T AbATTR 2>
Pras R, SRS . jAh, XL b AR
JEAE 1997 4FEH 2005 fEHEATH), IXHE, —FETHY
VERB T U HL T (Blattner et al. 1997; Riley et al.,
2006). [Hith, XWF A TAEBET R Z 0. shd
F AR Al R SR N K AT T K-12 e B
PP B HEAT BT R . AR R R AT SRR T
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XA () JUAS B HOHE P 3 AT A 20 7 Lot R0 43 B
DA € T FH I~ o8, kI 3R A% 0 R AT T i 7
ARG L. EXADEPEREN TEHS, —4
A YRR G SRS O Set, DL SRAT X
SRR HIThRETI o X AN HiCHE Ab 2 SR w32 B 2
T I EHE TP 2 B A B TR B S B AR, N
T 7E A K PR B 1 42 & 15 2 19 35 =2 (Elmore et al.,
2003).

AR, W TR 2 2R 4H 7 51 RIAH 5 1) 2
[ J5 $03% 7 (Pearson and Lipman, 1988), fitig iR {itA
M 5155 @K ERAS B . In Silico BHER:
VPTG 0 58T A B ) 4
53 BT DL SCE A T ) LU B A, AR 5 LR A
T —ANFE B ¥R (Rajadurai et al., 2011). B4R, N
TR R RO AL, — S R ZH R 2R 1 ot 4 4
PR N TT, ABSEIE R —HB 7 A T 2 A
FEA TR o FEIX LG22 Kt e v ds i DL ) ) R v
FAG BB Z T2 . AU AR FENR AT S . &
T, AEPYRPA LR 5T 5 B I R
UniProtKB/Swiss-Prot . GenBank NR .
UniProtKB/TrEMBL F1 KEGG T i i 45 52 77
FERSRIERE MBS, T — A B K1) i) A AE VR R
# 1E. coli K-12 FIZEH4HE L
Table 1 Genome features of E. coli K-12

it 2 (Schnoes et al., 2009).

N GAREER T E R TU A R IR R, A —4H
FLIE A Tl B P 05 o B A R R R R i
JiR, 33T I — AN B PR B R R T R A
DR, B DR 4 B B = P A D) T e R A
F DR AR 1 B K Bk ik (Bock and Gough, 2004;
Altschul et al., 1990). Ak, 7T sifRixsepkihg, fi
H “BhaAEMEARRG” SKIg KA E K-12
(10 25 DRI 2H EE R R, A T () B PR 1) A=
PR RN — MRS BYR . A, EEEXIER
RSP XA EE FEAT h AR R, ARt T LERT
o _EIRAS HAERILE B

18R

M EcoCyc i & N3 M KA B K-12 B AR 1)
JFEEFRHIRIERG R, L% %H 4290 MEAFRTF
H . FEIX L7 51, 2560 N7 514 BRI RS 2,
TR 1730 NP AR AT AR TR B Pl
T ABE M ThEER 1, Kl 1A). Ffi% In Silico 1)
HEPERE, BRI LR E B R T SR, —&
XIAFIE AT T Ihag, mi@x CaERn &t
TOfEERMBH, = REHRRAIRER

Sequence Category

Number of Sequences

Percentage (%)

Total No. of protein Sequences 4290 100
i. Sequences with unknown functions:
Predicted 1033 24.08
Conserved 401 9.35
Putative 212 4.94
Conserved + Hypothetical 18 0.42
Hypothetical 59 1.38
Conserved + Predicted 2 0.05
Conserved + Putative 1 0.02
Hypothetical + Predicted 2 0.05
Putative + Predicted 2 0.05
Total Sequences with unknown functions 1730 40
ii. Sequences with clear functions 2560 60

a SRONIREANNCEATION b AFTER RE-ANNOTATION

91(11%)

Sorcticrn

| 1 EcoCyc £ [H 4H

7 a, EcoCyc Hdrh AP ZUAIR AT ZIEHE 0 E 20 b, b, BHEBVER SR BEIASEE, CxF 7R 75 888 KA 4yt
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(REC-DB #i#)
Figure 1 EcoCyc Genome Data

Note: a. A pie chart describing the percentage of known and unknown sequences in the original data downloaded from EcoCyc. b.

Genome data after re-annotation. A pie chart representing the percentage of known and unknown sequences after re-annotation

(Rec-DB data)

L1 RAFEAKTHREERE

£ 1730 NARFHIE A B P IR, A 1239 4
¥ A EAE O 7 Bl B BRI Dhe . BB R
S5 R Hr, £ 156 AN H E 5 D RERCH WA ) 5E Lo
it ec2389 & H Fr 4 K ThRELE BB BRI A 1, A
MAER) THERF DB R ARG 2), M Pfam
HERA “metallo-beta lactomase B Z¢ 5k 7. COG
RN BRI K ARG 7. ProDom VRN “Hl R
(7K fifelilg 7, {E 242 BLAST #1 ScanProsite H1 3K
HERAEE. 762 Pfam F1 ProDom [PFRE Hp = AR 2K
A DRE, (Ha2d Pfam 45 7 —DMAFEIMDIRE. FHE
RN, ProDom 25 HIERE “HlEe” 1
—MIhEE, JEHRHERER 20, B4
RATEE. FFER, EHEBUFS 4267 78 Pfam Al
ScanProsite 73 HTHER A “IR” DIEE, (HHARS
2 BORERE A R A B S
Table 2 Sample problem sets after re-annotation

M T REERAC R 7 M D)Ee. TR,
BAREREARFN TGS, (22 H IR AT &4
BLER), AH2 HAR ) 3G BRI E o AEIX PP
T, JUTARMERT I ThRE M e o ThiE—P
PITHEEIERE, DA THAE S0 36 UE 117 50 T 1
1To PIANEEAT, IR P FliE AN [ TR b H
BARKITIRE, WHTF ThaE, Wk 2 for.

B R SR BB ec1270 IRAE O &1k T Ay
%R N I8E, 11 HAE REC-DB i 1) HiAth %
PR AT . ARYELART IR, A 1730 Mk
KT 51(40%I1 7 51), BT BEBER:, RMEAT
FIpR 5] 491 N 2b). X FEHE, RAE 11%H) 5 A
RN AR IS A ThRE. TRk, KT 5
REFERM SRR, ST RRFEI M2
FILE] T 29%.

Results Sequence 1D 23892 Sequence 1D 42674

PFAM Metallo-beta lactomase? Thiolase?

COG Zinc dependent Hydrolases? Acetyl CoAAcetyl transferases?
SCANPROSITE No Hits Thiolase enzymesb

BLAST No Hits Acetyl CoA Acetyl transferasesP
PRODOM Probable Hydrolase® Probable Acetyl Transferase®

T a Fr Rec-DB ##la i 1741 ID; b Fn AR THIERRI AR TIBE; ¢ FonThtiRe o “wRe”

Note: a Sequence ID in Rec-DB database; b Different functions from different tools; ¢ Functions predicted with a negative term

“Probable”

1.2 EED RS (BRE A DIG)

XA FERTERR P AT HiER, iR S
A EEERER IR KA. Flinh g
S1), & A F 4 ecl034 & ¥ # br iE N
MEND-MONOMER #M#4(2377281-2375611), {HE
HRE BN 2-38IM-6-F2 56-2,4-20 C© 0% -1-
RIREEA . K, XFE AR B AT
HHEY, HAT DR A0t 8 AT SRS R A A
FEMIDIREE AL . IXLEHHEE REC-DB 4 e v a2 ]
1% K (http://recdb.bioinfo.au-kbc.org.in/recdby). .

Copyright © 2014 BioPublisher

1.3 A TIRRHIEH

ST HE B T S B K AT B ) R
RS, W SECTH R CIERE IR & A A Th 8
BT TR . fERYIER T, S E AR e
BAH—EMIEE, H2%E FHFARESN T HE
ISR AE e . FRAT BRI R T, A B
XX o B AT AU IS VR D RE . 48 G0 (Rh 7S
% S1), |EAFUFY ec1915 &R — AN IhfE-
CRJREE”, HIX AR VEAR D REERE . (HIK
NIRRT 7T 45 R H BhERA T B RN “ AR SR B
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WERA 5 A5 457 0P IR P S B (1) B 1 O O 1) S R A
F W[ {E REC-DB (4t FE & E - X LEER H DI Re Y 58T
G, R RHEA BTN SR I 5T IX
FAMKISF RS XL B EHE R ThAE
5 EERh AR 2 W R 2 )\ REC-DB i
PATTREE A 2R BT M B D) RE 15 B I B R (b e 3R
S2, A), XUFLNFELT BRI MER. K
W B FE R RS s T DR, I e S R #0074
BRAFH), HEABATIRM TN ($h 72K S2, B),
2 EATER T B — D AT DhRe i R (kb e 3R
S2,C).

14 ARG R

BRI TR R 5 R BLLE S 3 K AT
W EEF ARG B LA, HRTR AL
AHERISE R, X LI e g Ban R .
1.4.1 R RAL

FEIE AT R — P TS BRI R, BT FFIH
FRABME, —NEAMIIReR R A — MR
A AT F1 L, (H R IX AN & A R GG 1 SRR A
HiR 1) (Salzberg, 2007). B 5 % 3 R HER TR
158 A BLAST [HAT, LR P S DhRe R
AT BN . X TR ZE R T AR,
T, TSR A IR A T BT AR
Ihiefeihsl iz, ik, TEXFEMESRERIE B ot
FERRITEOUT e A B R 1 5 2 5 e
SR G AR IR e R VRS S, 2R S8 7 BB
PERI TR T A Bl XS H R RS B AT AR A
DAAREE, BEJoyFontix e A [ i R B OB
PesE, L, XFEMAE, AR T K
o HH b PR L

1.5 REC-DB

K FREE RO N AILBEREAE L KR,
%9 “REC-DB-H##it B K A s s 1 7. —
SO G 1) D e DU N BX ANl e, DUE TR
EHYIRE. XN EEE, H P AT DA R TR
(R AT B 2 R 4 454, mT BA#S i) REC-DB &5k 5
(4 ec001) , ¢ # i@ iF & # GenBank ID
(GI.N0.90111633), =¥ #i#f] Gene ID (GENE-ID.
948195). fEA I FEH, H P Al RE AR R i
KI“Null”.“No GI”F1“No Gene id”, T 5 &“Null 7,
AR kA REC-DB {1 BRI R 02 “No
G, H I & k45 %A GenBank 1D; 115 /&“No Gene
id”, FS I Z k% 7E REC-DB ¥ 2 %A gene_id.

Copyright © 2014 BioPublisher

2 7R

BARFENA T H B ERATE i3 7 B
(I RE, (HR B = B DL R I 1) 25 R 2H T R B
BRI T et Akt ATt — S R R . AL,
£ In Silico ThAEE ARASAME LR S, 45
1997 ST U 1R B SR B A, A 14k P oK i o
KIGH B K-12 A FHIR IR, X —F o215
FRZ KA B K-12 4afis 5 F 5 A I ThRg .

HE M BLAST #2557 k40t — > — 5 41
(http://www.ebi.ac.uk/Tools/BLAST/), K2 H4fE Eb
AR KRR, s E-E. Btk M
BT BLAST 43 HUR1 7 51K X e S P2 A2 o A
BLAST SRAG 45 et & KL LL X 020, FlftE
(7 E 18 1} 10° F] 1X 10°%? (Gabriel et al., 2008). X
T B RE N T TR IR T 75 (1 EL R I, AT
BEFTFGER. Kk, R BLAST 25
oK 43 M1 K AT B 1 AN B 1 o A 2 A A8 B RR
J5i(Aravindhan et al., 2009; Hulo et al., 2004). R
U 5 R AN fRT A 38 205 3 AIM-BLAST {7584 168
% B8 g b oS K T AT A 170 e 2 35 DR R AT v 2 T A
Et X (Aravindhan et al. 2009). 5 i TR AT EBE K
JakF i K-12 F& 75 O 258 i R R A [F] 1)
T TR LE SN, WA 0 38 207
(BLASTP), #0148 2 J7i% (ScanProsite),
TRGEKE 7 EKHEEK(COG), HTHKHER
(ProDom), &1 A FHEHIHE R (Pfam) . &FFh 7%
A A [F] O SR B RIS B4 . k4t
P T 16 e 5 e A 1B T P SR e T I R, Rt
WAL T B 0155 5 (Rust et al., 2002).

PATI R R SRS A Bh UL 29% 1) & (A
P ThEg. BN S1), ec0903 FF FI4mid i & i
I L9 B R R I S O 1 42 ec0903
f’) Refseq ID yp_001165334.1 2 Hi 4R iE N € &
1 H B FH T N 5% 95 14992 14 TR0 (Xiang and He,
2009). HEyERAHA M TS CARTFERMEA . 75
—U RN, JRIG R R LRI RS RS R
TESSHTIX S5, FRAT TR B e A TR I R e — /M
BH 4 1) Zh B
BATFSMATERERS, KILT 29%MEFEZ
R SCH W, BIEECLIR T H— A rnshbe.
REC-DB ##i NAZ % T 20 A1 K ST B 525 DK 4H 4w (1)
FEYIRARAE . Rk, AT, FRATMEER
N 1% B T RE 22 A K AT o 9T
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IR
31 EBFA

KIFE K12 K58 & Q475 e
EcoCyc %4 /2 N %k 21 (Keseler et al., 2005), F:xf
AT o Jemiond KAt B Dy & R 4H ) 7 A
B3 4290 NMEAFS, (HRA 60%H KILEA
CURTTIRE. R 40%M)ThRESR AR AT . AR HFIHEF
PR EDIRE, Bl e & AR RUE S E D AT
BT, BFUNEATERMAEY g A 22 E A
REZMEM . Be&ameiEilL 5 e Fs
FAFAME B Bk = SEBIEHE SR B . RSP E
EHARI LR E KGR E A E E (Tao et al,
1999).

3.2 FAIRIThRe R

SERLIGFE R 4290 NMERAFHIA R, Hh
2560 MR A FAIIThAEC AN, 1730 ANFAIThEE 2
RANPIER 1) VHEHLLE 7347 77 51 R Z00 7403 v R AR
HERM G, 75T 8] DA K& 50 1 ]
M4E4 2 Fh 71 (Nascimento and Bazzan, 2005). £
X, SERR R B R A ) D e B R
R RSt R R, RS TV 2B R A
7 5153 1 7712 2)
3.2.1 AIM AT FHLL PR %2

HEAG EAROCI R IR R O R R/, AT
()7 18 & BAA AL D RE(Ofran et al., 2005).
FET XS, JURIE T[RRI BB 1) D Re i
B ALATI IR & — N SR 4 1) 0 47 B 2 3 D e 1
o ROk, TR AR EE R AR E B
ISR TR AR B2, X FRAR AV (4% = T A A
BT 45 e sl B AR R ) Tl RE

BLAST J& —FhEE A Rt b4 2= TH, 2 A
AT B B A FH el R 2B )15 R AR P 2 —, H

TR A AT 51 A TR AR B (Altschul et al., 1990) .

XA T EASRAFAE T B AN B ), R A
ATV R B R AT AR, X T/ E N ATk 5y
Hr BLAST 455, 1fi H BIAST Eux 04 if) E 18 1
B2 1X10° %] 1X 10 (Gabriel et al., 2008). A T
SR AE, FRATFR T —MERF AIM-BLAST,
HOg®E 7T EBl (FRKINAEDE B0 AT K
AJAX Fll SOAP 55, BEWS SCRF(E FHEIERE A Hr b s
M A HXT . oAb, AIM-BLAST ELA5 H95R I fE,
BPX Blast 45 SRiHAT H @, 2N “—AF5
—ANThEE” 5N T HSEHE T,

Copyright © 2014 BioPublisher
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Clear functions Unelear functions
T —ay
F \

/ S\
i ' ¥, ~a Yy

.
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AIM-BLAST
(An AJAX interface 1o
EBI-NCBI BLAST)

STAND ALONE
ool integrated with Pfam
ProDom, ScanProsite and
NCBI COG

[ Results saved in a local database ]
[ Statistical analysis & Confidence level determination ]

functions revised functions

. . SequEnces with Sequences wi th
Sequences with Sequences with assigned anknown
functions Tunetions

REC-D (Public Database)

Bl 2 Sl “ShSEMEEER S SRR = K

XA EHR R 2 — B — P T KA K-12
R HTA R (120

Figure 2 Schematic representation of the Re-annotation strategy
“Dynamic biological data fusion”

This flow chart describes the step by step procedures for
carrying out the re-annotation of E.coli K12 strain.

3.2.2 BRI REAR U 2 1 42 )

X} EEDRZH 5 41 D R FVE RS, X TR FE N DR
PESE5S % F 70 A A SEAE IR R Ul e AR B2 . R
AGf 3T BLAST 7T BRI A AT B T HEAT
AERA ) T RE SR TN A RE . FESELEAB LT, IXLt
TREATRETEA R — 83U AEEEN), B 2R
(Karp etal., 2007). [Elitk, 2T T AR SF0g 1 PP 41
o, Bl R. REKETER. BT
SERIR A RAEE T RIVE SR A R, REAT ROHIE
BRE K-12 EERAMER. SHREAR
FEHUmE, AdATTRT e A B AT ARBLR B WA Th e i)
FRIFFIXR. B, B X RER 0 1 8 B P AUAE
B A BT SR B AT SRR T RE W]
AT o — LR B TR XA FT
ScanProsite (http://expasy.org/tools/scanprosite/) # it
DN AE H R P B O X R R A R L SR T
ST A5 03X ST LA ProRules PRI AR #1: S i A

Jisuan Fenzi Shengwuxue | Vol.3 | No.10 | 1-9


http://expasy.org/tools/scanprosite/

Kumar: F| F )25 A= Pt fil & S 4 E.coli K-12 #EAT In Silico & 14 % ) g #BH R

BOHATAERE, w8 A7 5 R B REFI N 45
Py da kit SCE T A B AR 2 DL KOk Iy fig 2k AT Tt
(Hulo et al., 2004).
323 HT RGKE KNI

FlUREE AREIR E RS RER, fETE
17 51 1 [R5 1 1T 4 57, 1% (Tatusov et al., 2000).
COGs HUHME 22 2 i I 1t 5 - 2 DR 4L 11 3 A T ) 2
FEHAT IR T R E . AT IRIEERD)
RETERE I FT, COGs CLEi 732N 17 AN 213
REE, QFEEE TR, G R RS
TR P , S — 2R AT AT B AERE ) COGs #4f
AR, SN AR AR % O 20 SRR e 1
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