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Prediction of ORFs in Metagenome by Using
Cis-acting Transcriptional and Translational Factors

Dea-Eun Cheong and Geun-Joong Kim*

Department of Biological Sciences, College of Natural Sciences, Chonnam National University, Gwangju 500—757, Korea

Abstract As sequencing technologies are steadily improving, massive sequence data have been accumulated in public

databases. Thereby, programs based on various algorithms are developed to mine useful information, such as
genes, operons and regulatory factors,from these sequences. However, despite its usefulness in a wide range of
applications, comprehensive analyses of metagenome using these programs have some drawbacks, thereby
yielding inaccurate or complex results. We here provide a possibility of signature sequences (cis-acting
transcriptional and translational factors of metagenome) as a hallmark of ORFs finding from metagenome.
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Forge, Arachne [7], Jazz [8] & Celera Aassembler [9]
9} o] 7|0 Fgu= ZE2INE 9o, NFA aotd
EULER [10,11] 52 gene assembly 7|HE©°] = WA &8
a1 Uk o]E 7o m FiH o vt 33 A9
FAR A AT} 85-90% o) FI}EE Helte
A7} BuEAe} [12]. 2V A2 T2 awe] A9
training= $13+ AA3 2|3k dlolEp} gl Wyl ohz),
TEZA 0 2 sequencing IS BRI} reference sequence
7F Ak 53] F3AF 24 (534411 COG AM) T} o],
homologyE 7]4kS.2 BLASTing (Basic Local Alignment
Search Tool)2 ©]-83sl= W2 7]& data baseol] =43}
2] &= Al tiaixes A2 ZAA7E E7Fssior [13]. webAd
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o]-8-31= ab initio prediction WHo| HER]F Ao -8
Ha et [14]. o]2g WHES] thFie] 7] A=
ORF (! URF)Y] 723 frame¥} sequence space®l] H}E
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(truth TE+= false ORFsoll AA U)o oSoe B
FARES Ao oeba, mepREe] Ad Hoig 7H],
oA e A28 7153 MY Fxtelu 113 7S
A Fate] dzol| Ao R Agslole ofF B
WAl Eo] Hollth o]t A Ao zn S22
I Ao e H=dhe Aol AlRHAR, drkEo Rz
283 4 e A9E S22 (Fdo] HAE) T & W
o] opFe BE3 Aol

2 =FoAe A AF3 ORFs A9 F-34 o5
I3} G2, 5734 7+ A E (intergenic sequence)ol] =)
3= cis-acting elements 24, BE 34} At (upstream)
o &A1l & gl F 23 promotert} ribosome
binding site (RBS)E ¢l Z3] ORFE T+4aH= H <
rs] 7l=stth B 544 HY 4ES Fo
A3t
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ribosome binding site (RBS), 5°- 22 3°-UTR (untranslated
region) T3} 22 o] QIAEo] EAIg

ol F TN Foll o|2= =] EAE WEkREH
2ol Be 1 M EY 41 B3l ORF2 11783k &
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Ajshs 7 A ol FRAR] AE BoldS Hol=
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Fig. 1. Transcriptional and translational factors generally found in intergenic sequences.
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Fig. 2. Analyses of consensus sequences in 3’ termini of 16s rDNA by using (a) ClustalW, (b) Weblogo, (c) Consensus and
(d) Wconsensus programs. If otherwise stated, default options were used.

ST el ls Wl RIEr) =2 (MIS3h xS MY
Eold wiiEel FEAQ MES 835 Aol HA &%k
ok whebA, Al 2 g RN B4l Solst
H, RBSS} 4R A0 ME E4S A bacterial 16s tRNA
o] MEEoFE BA5HATE 41, CMR (Comprehensive
Microbial Resource: http://cmr.jcvi.org/tigr-scripts/CMR/
CmrHomePage.cgi)olA AA] 7] A Eo] dHZ 608F
o] mAl= 16s iIDNA M 5, T3l ML #AME (295
o] wj-f- =AY & & 9] paralogue, Z- pseudo gene
o2 FAHE= ANES AAT 15370 FZF3Th ol
Clustal W& o-&3te] T2 ] g4l alignment 3 3,
3y-gee] BE J FH-S Weblogo (http://weblogo.
berkeley.edu/logo.cgi)2} Consensus 12|31 Wconsensus
(http://ural.wustl.edu/consensus/html/Html/main. html) S &-&-
3 weight matrixE Z/Js] Ry}

Fig 2(a)E 15370¢] 16s rDNA 3 &) that Clustal
W AytzH, A9l alignment A3} X|5hH 30 Tk
o] truncation ¥ rDNAE A|d B2 Fo] T} o=
AA| Aol e F97F EAFE ovlsh, RIS (2
-2 upstream)©l| 4] 2] insertion©] U deletion®l] &J3+ A
Q1A F-2 gz Aol BHg AR Eg4dsit
< o FHEE FHY AMYE SA4E BT Weblogo©l A
T WS HE MY HES IR0 4 T (Fig. 2(b)).
HhHo) Consensus & 1S 831993 W), query = &
3k AA) 16s tDNAS] 70 %©]’42] coverageE A H=
A HE (matrix)©] SRIFI O, 7|0l Lol AP
Sl RBS A& (=, T 22 Al 1A Aol
HEZQ] 5-AGGAGG-3)°ll “FEZ|Q] rDNA 2] g
(3°-UCCUCC-5" )= 433 & S eRlEd = I

t}. Weonsensus2] 2= 99} FASE HHS R
ATt olH gt SAL FEA o)A B2 3 Y] dimension
(Zo]¢} RBSO| JEZQ] MG AJZ x])e] Z}ol7t
T3k dlo g AZbEL o]k xole] Fr1ARQ1 Wl
417 DNA Y Z4E 2Q1 RBS o] BEZ] AJF9] +9
AEE Rl 23, ol Uk YA vlE o)de] & &
A7 A& 22 v BE- model 24 E. coli RBSE FUgH W
o= vl HI7|2 Sk

Regulon DB (http://regulondb.ccg.unam.mx/) Z5E
S5 JAY AdPHoZ HAFH 1704 7le] RBS A€
S FETH, Ak o g REAS BT A
HoZ queryZ 83 TE AFo] uigk Consensus
Matrix7} A== AS RI8Aa, deiz BE A EQ
AGGGGA %}t dA|s= A go] vz HgatA EA4= Y
o} (Fig. 3). o] Ade, 9 T 52 2459 Algkd
M-S o83l A2 matrixe] AZEQ] E8IIXE EO
u, WERRm T 2o oy Fo] FRAge] ExdetA EX)
s Aol Ao A} Bolds oplg o
ZA, HEAEWY EAE FAx 228 ot A3
(GC content} codon usage 22 contig + AZ2IZHZE
EFE § A7 matrixE AFsEAY, AAMLRE A=
H matrix W2 sequence space®} windows ZZEs= ®
Hol ARl gigtez FAEULE o]#sh HAS Fall
U FE o] coverageE Ad FHA Af (ZA F
e F& 98] mawix AL0] FFsaiek, 919 3ol
T 92 coverages A AEel 542, RBS A€
degeneracy R U= 16s rRNAE ¥ &3} ribosome small
subunit?}e] F2-FATH HFoRgo] Ho; Fash Q14
faao)7)e Yehbe @4 Aeolt [18].
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1. Top Matrix

INFORMATION CONTENT IS CALCULATED USING NATURAL LOGARITHMS (i.e. BASE e).
DIVIDE BY 1n(2) = 0.693 TO CONVERT TO BASE 2, WHICH WAS USED IN
PREVIOUS VERSIONS OF THIS PROGRAM.

THE LIST OF TOP MATRICES FROM EACH CYCLE--sorted by expected frequency (total of 178):

MATRIX 1 --> HELP
[ Graph of Matrix 1 ” Seq. Logo of Matrix 1 J[ Save Matrix 1 J
number of sequences = 178
unadjusted information = 4.61316
sample size adjusted information = 4.47764
1n(p-value) 5.854 p-value = 1.28395E-311
1n(expected fr cy) = -294.809 expected frequency = 9.2472E-129
A] 71 69 67 62 61 71 65 57 61 77 68 44 40 163 ] 0
c| 32 25 13 9 10 12 21 34 41 40 39 37 46 [} ] 0
8 88 75 62 43 32 31 43 26 28 11 0 178
9 20 30 44 44 30 28 71 64 4 178 0
matrix pattern: AAGGGGARARATTATG
Search PATSER with Matrix 1 ” Rerun CONSENSUS excluding Matrix 1
1 1125 1/9 2

2 2180 : 2/12
3 3173 : 3/10 A GAACGAAARATG
4 41108 : 4/7

5 518 : 5/10

Fig. 3. Weight matrix of E. coli RBS gathered from Regulon DB.
ZEHEe| HEY

RBS #4ellA] 16 tDNA X¥E SoldS Bl 249gh 3
T 22 o g WEAE AU T2 R BELS
3RISH7] 918t o]} /35 28-3= RNA polymerase sigma
factor®] 722 545 FAIth 2 oY ToEFH
e 22 ALY sigma factor (rpoD, ¢)7} Q1ABH= =
ZHRHE A% 2y, REYO] 2 FAMKES AHol
1wl o]t He 49=2] sigma factor’} TR o]
S ZHE {3 FRAA EAsks ZZRHE AXE 4
IS A= Jehdth

(a) Sigma 70 Family

Crystallized |
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Inhibition Melting
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Fig. 4. Typical diagrams of conserved domains in sigma factor 70
and 54. Each domain function was described in figure.

Sigma factor= 1 732 -2 BE Jd| w2} 24 sigma
factor 703} 54 type o2 EFHLE o]& F 70 type] 49,
Fig. 4(a)9} 22o] 3k domain 2 (region 1.1~region 2.4),
domain 3 (region 3.0~3.1)2} domain 4 (region 4.1~4.2)Z
TA1%] ] proteasedl] 2J8)] 7}=E-3]%] 7] 412 flexible linker
2 A7 o Ytk o5 domaing] 74 H EAJd wet
4709 group L2 AEFE T} Group 12 housekeeping®ll
F&h= RpoD (67), group 2+ group 13} FALSER|RH 1.19)
self-inhibition®l] &= 917} QIE RpoS (67), group 3
2 region 1°] §1E RpoH (7)), EoE ZZHEY] BE
A gate] s AR F2 3 region 29 4=1F 74 ECF
(extracytoplasmic function= A|'d RpoE) group®] {1t}
°]5 % RpoDe 7Y B2 F70] Z2HHE QI2letH, 75
o] wEbA= RpoS H= RpoH7} Ajtehs 5 T2 RE7}
A& QIsh=s Aoz dA Slrk. o]l \Hel RpoE, RpoF
o} ECF9] 7Z-5<= 54 ZE2RHT Q¥sle A0 E Haly
o] itk RpoDE #2)3+ T2 sigma factor?] 7152 A&
Q121994 (recognition domain)$! region 2} 3 (Fig. 4(b)), =
-107} -10 extended M EF-AE U2eH= domain®] HEXA
& zfolol ogk o= dHA Uk [19]. WA oE 1At
9] A4H-9] (promoter) HEAL H|nl t/do] Fl= A
group W€ subgroup®] =} HIE< oJsf| thas Zfo]7} Lbe}
g lom, 1037 -35 ME F-9jell AL Aolehs AR
< g AFT 4 Aok T3 sigma factore 5 TE2H
HE 2T o o B0 2= DNA olg7iete] 2%
o] k)l core RNA polymerase”} 2231k 44
o] [20], wAEH7} iR HEGo] Hold = QUok
= AHE dAEE

o]# gt AM-S ulere] Fi1 AA| sigma factorg°] <l
2shs BEAEY EAS ERlsl7] #18te], NCBIZH-H
g-bacteria®] primary sigma factor®] RpoDE X33 RposS,
RpoH % RpoE°l sFst= ofn]=it 8-S F3 5}
Hl w3k, 71 E A H regionl, 2, 39} 491 d|Fsh=
FGo] & HEFO] IS IRISHATE 53] 7t region &
AE HEHQ] EAo] £ -10 I 35 A|E FHE QXleh=
region 29} 4 735 BHEJo] vllg- =2 A 1T 4 I
T} (data not shown). ©|213+ Ayl= Hojx FgH oz #AH
o] & FHWe] HAALERAE AAEXN, 2] sigma factor

Fig. 5. Structural analyses of promoter regions recognized by sigma factor 70 of E. coli.
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] homology7} "i-%- ¢} promoterE {123h= opv| =4t
Aol wi-¢- BEHo|ghs AMES BolEr webs olF
¥} J S 283k promoter2] -107} -35 AE 9= & BE
5o 27U sequence space”t Z& 5 At AdE
T UTh o3k S FRlS % dHlEH e, T
Sk E. coli sigma factor®l] 23l 214)%= promoter A EE2
Regulon DBEFE 433} Wconsensus ZZ 102
weight matrix g3l Bkt o= 22, & REd ¥
efo] AAefels 2A] el ol A WeblogoE ©1&
A Bk W, -35 ME Fole v 78 E skvley
-10 ME Fos BE AL F3 el Il o 9
AT (Fig. 5). oleigh 1e G Atole] A=t vikg- Tt
gh-107} 35 NS B EAAA queryZ o837 W
o Ueht= @It 21]. 53], BE Z2a0lA -35 ]
& Fole BEGo] YA v A0S Algsiith wet
A -359} -10Ak0]8] AR7E AR AEE ¥laskAY, 2t
Mgl o= T Y os £4E 35 Bt ¥E
g SAe HoE Zeln. o3 Al F A€ Aol
A7}t vl gFsAG g & Aqhe] BEAC] Burd
e TR 2L S Ad wlERlE 4004 vl
Gl Fofok gt o]HE are] ARMES ORFO esh
53 Atde BRE = 7] WiEelth ofHd e4F vt
Fall, A2 matrix 2 HEFAE0 4 ORFE 443 Bkt

g

2

——

A/ 23 ME

—

fifo
1]

25t ORF EHM

(= =] ==

Jn

N5 2] nE ZH Q4 (promotere} ribosome
binding site®] EEA1E matrix, sequence not shown)E
243) vElAlE o] ORF (URF ¥3h B3 Aes) 2ok
t}. o]ul] -85 promoter 14384+ primary sigma factor
2l rpoD¥] -10 region} 7 H-2 W99 promoterE <14
sl -35 A F-97F s T EA AL -10 7919
Q1Fo)7t the ZH-H} 71 sigma factor 382] QA E-S
g831th ol He FdAe vAdE IR o)
U 7314 F=39o] &oldll WSl & population &
e = Qe A eSS o833tk NCBIZHH
FH3E A= Sargasso Sea (AACY020000130.1 GI:
133710964~AACY020044665.1 GI: 133666429) [22],
Global ocean sample (AACY020044665.1 GI: 133666429~
EQO087199.1 GI: 142007948) [23], uncultivated oxygen
minimum zone microbe (SUP05) of deep-sea clams and
mussels (GG729952.1 GI: 269469281~GG730034.1 GI:
269467768) [24] 5 AFHAANA ZA/JE shot-gun
sequencing A EEZ 5~10 kbp IA71E A 2970 o]t
o] Mgolrt.

R FAA Aol d=d FAH o2 2HJH weight
matrix (promoter X Foll #IHE A&l FAXES
ZAA3}= Patser (http:/embnet.ccg.unam.mx/rsa-tools/) =
2 Mde] EAAFS} A, NS It o

A A9 A E Frtsly] A dIF A0 AR
2= W O 2 double strand DNAS] & oEgAS- o] 83
PromPredict [25]9} web 7]RF2] promoter oS ZZ 1391
NNPP (Neural Network Promoter Prediction)S &
o} [26]. vFAEFC. 2 RBSQ] weight matrix S Z]-8-3F
A AE z95to], BLASTingS 283 ORF 7412
o} Hlawstsitt (Fig. 6).

(a
-10 region of promoter recognized by RpoS

T
-10 region of promoter recognized by RpoD

ORF finding

GOSN ol 0 S O

e [T R T
PR AARAUTASTON 5 SRR
e
.

Fig. 6. Comparison of ORF finding results by using transcriptional/
translational factors- and BLASTing-based approaches.
(a) ORFs were predicted by combination of conserved
transcriptional and translation factors, then confirmed by
OREF finder program. (b) Each ORF predicted was searched
using BlastX or BlastN programs. (c) ORFs were deduced
from metagenome sequences by direct query to Blast server.

PromPredict®} NNPP ZZ 1388 o] 83h= 7%, =¥
ZE2RE7} FHHOZ 1000 bp T 2~3707} HZE (cut-off
= 0.82 33}l top L bottom strand EFol| A A=
A 28 NEE FAEE F9 (100~300 bp HL)
oA 2~3717} 5= 545 KUt old Hls) 2H3E
weight matrix S 23t Paster& &-85h= 7%, st &
oA Gxsh= 54 Kol weight matrix2] =719} ©]
£ I28h= sigma factor®] FHel wel WA= 9 7|
ol e A3 SR Z= A FLS LA Y
Ehe 4% BRI ojejs Aae 2ol Had
sigma factor 70 ZZ T E] of|Z A3 A, real promoter T
ol promoter-like signal®] T FEE= dXfo] Yepdth=
B9} AX|5hk= Z¥o]t}. False-positive2] T TR 1918,
23 matrix W] AMBZo] (F=2 5-87) H=)7} Fol B
g0l S5 1/47° ¥ WolA 993 2T 5 e
7Fs730] 7] wiZelth. 53], ME AA7F A 4 (&
E9 RBS matrix2] 73-% A9} GE T74) W&ol F214]<]
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G + C contentl} repeated sequence (2] chromosome
packaging®l HE WHE M F F)ol o) IS LS
N0} Aol wg} 2 HAE Hol= Ao=E Azt wet
A A 709 matrixE FA]9l Z2SaL, genetic synteny S
Hlsh= A 537 d&do] AAE A9uks 292
=3k "Rl fElsitt.

o} 22 ARFS st AlEg HAHERIAL 714k
ORF (¥ URF) A4 A& Y¥bA<] BLASTing Z23<}
HSHAS o, ~80% 7HEF YXIeh= AS Bt YX|51A]
B A= Al A (F2YSl =] %
Ay &4 Aoy v E AW orthology (remote
homology 112})7} EA3t= Aol thgh g<lo] & slrt.
e, B& 4=9] annotated ORF7} putative ORFE 53 %]
o] 9J& ®ut oz} (20108 5 197F4] UniProtol] SA1E
protein & 3,118,5647]7} ‘hypothetical %=+ uncharacterized
protein’ ©Z annotation =AU}, 3|F ORF2] 24 H=
o] 9] (712& FHY & gAY 2 dds st
TZA 7 SlER] 79 Wiz Aol 2IE|EE Hrt
3h7] ofeE Aot [27]. WA 7 A8 BEl B A
TolA AR W] AlF|® el A2 fHAN W
7Fs43, = novel sequence spacett fold2] 2 714, 9]
e 71| o AqRE gRlIsljok & Floloh

oA FiEAoz B4 AE EESINEOlE B
&}ar, #3822 Blasting oA =Z&F putative ORF, &
3] orthology”7} E=A3HA] &= 7494l B AtollA] #|A]SH
o 2 ASShE duld kg sl B919] AAS B sk
o gk Bl o] & Aok wEhA B A7iHe
ORF9] A sho]] 852 odar, ohE Wi o= 1789
ORFY] gRI7A F H &-go] 7dE.

e <

O AE-S 2T oF 5 x 107 Axo] /RA7} EA)eh,
350~550 Pg (1Pg = 107g)9] ¥4, 85~130 Pg2l A,
9~14 Pg9] <l 5, A/ ojulgt AE FHT} At o
o] H25 sl Ut [28]. HEF o3 mlgET} e
& Pk o2 f7AG Fr1ERe] AV A&HeR
Bl Qlet. olejgk A5 VIRAR] Hiie A AhE
o] T3 A= 1 (WEHoE FRRhsE Holv]
wjol|, Aol ERhEH= true ORF] 743} gl 71
83 718 Sdo] "tk ey bt nAEE 9w
87 FAAE 71E 4R AN Absd e Y3
T q7lel] B ofelgol Utk o|FA AAE Bi
B3k A= AAE feiME B B YRS ZQ (training
ot} spaceS T3] 913 Kk B 7 MY R 3,
o2 74 o 7IHEC] S oR AdElefor & A
ojtk. olzigt WHe] tigke @M, mES] FHAIE A ge]
EAshs AR ] BEAC] ZAF AAHPS A

(3

of3tel] wie} FHLISH 28 HHE Ad Aotk &
M= 23 24, S 71 WY E83AY 7] W
S Hebshe Bog RS 7S AU Atk o]t
4L, 719 ORF F49] W 2o} 15 gx|=#] &
735N AFE 90% o) IAehE T AHEA ERI
At YA HA] @= B2 F97F BLASTing o2 A4
A o= A2 ORFE XFs)7] wjio|t}.

A ol [ e

B ATe wE AY9 g AFAT ARG (M 108660
20003-08N6602-00311)3} 2¢HA] BK21 A1) o=
T8 HAFT

A 0201019 99 10, AAES 20103 10Y 24
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