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W 30 {230, W F T /e & X 30 128 &3 09 A 288 N4 3£ (Human Genome Project,
HGPY R -G MEERERATR., AWM FEWENROEHTREERERA
1t %)(Microbial Gencme Projects, MGP) B T % AL+ 4h BB ELZ P ARET . H
TRagEEA AR, RIMELXRZ o PR . MaA a8 # Efexdt
EEEEETA bp T NEXRNEFARARANTEER TE. MAYERNEHTHRISAEE
RAt MR RENRE HEBREN. dTHEDEEARTE L 5 TRIE. EHHR
BEEGT L. BIRSTEMES. REAXRBERATREBHZE,1977T FALKTERT
21 5. 3 kb #9 X174 MFHEREEREMRT, 1990 FRZRT 230 kb HAEPRKRHFHSER
HMF, 1995 FRRTE—T4HE 1.8 Mb BB S MATHEENANA T HEBEREY
FMRFTEHARERNEEMERER, FARBAHATRRETREFENHE. —2EXH
Y MG ENRAESE. AR EREARSEFAT MR NE, L2 AXEHHAT
REPRAFE ERAFHEAREFA TR FERMNZHERMOEDE B P HEAR LARK e #
THEVERAT NG CERR, SFREPHLOBESE. TR AEREDEEA
HRIRENF THERESHEARERA T,

HAl, AR EFHAEYHRCARERTANFREAEENTZ P . HTF a4
BHNFMEREOTR AT EAEAA DR SRt . R EEENRENER. -
HEREMHERMAYN . SEFEREHEBEL LHIR. 2 EABNARTERERR . BEE
EHEYERAT TR B EEO MR EERT 2 EN.

ELZHABAOEEH OO 9D, ARBEEFZANELZRNF SHEHK
AR HERGABDEELERITAGI A, HPANAR N KBITA EEITHE ., KK
HEWET EZ AR, FHEEEAET 19 MR ERS. DX B2 REHE,
WP RAEREEA DA 801, 8 123 MEEGTZ T TR, XERHHH
AEHREZAEURERBEET. A THIXLEEEENABLIEE, RITES TRXEM
AVREEAE), ETECHRPRAMBMG I EENEREIRAS RN ERE, RERNT
WT RS AEHPBEDAEIER, BEYENEEMRFESHIE.

AHPHRARBEZREE HAHR O ERL SEBRETRIABE EREAE
FETEROR. ARAEEERTAE, EEKE.
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A% X B4 3 B Chuman genome project, HGP) B — M B 24 30 {22, WP TER2) 30 29 X3 M
RUEAZNHEERTIIR. BT, BEE DA mFE#T O LS LR HI ¥ (microbis]l genome projects,
MGP).BTEHH AEZ5BHEEEELAGET. EXRSFTRESYPEFNATMEXEREMNITN.
KEE.BNMEYEEAHMCEFRE 160 ZTHH WP TAEREAXAHYS ZEWMEX. ATHEY
HENEREREPEFAITYUEEURASEEY B. TUAH . EXTEZE - HEWEEAT YUY
BEHARNFIAESHERARERATRY. BEYWARTENFERY WEEREL T,

WEBERAMT S AREEFAITMEHBEEN. aTHEDXFAMRTER DB THRIE. EHORR
g%, RE“RTE"OER. A EAXRERATREHZH, BE 17T FER TR -TE0E
EHUAMFRE2E 5.3 kb M oX174 MEEEFRE, 1990 FRM T 2K 230 kb HAE A BN S FFIN
I, EXHMERTHLYSEHAAMNMAE, 1095 F 5% T 5 41§ % % % [0 #F % (haemophilus
influenzae ROMEXEHANF. MEPEFNEEVRFEARBHELHEARALR, S AR ERAHHT VR
GETEEHEMEE. —HENEIEPIREYMMXBITFRRABEERDESRREAXEFNAHTUATE R
B, RZ AXEFHAHVNEXTESBRANEAXEFUAHMFRRAEELENENFEREERIERKX
HWEXTHRAYSRAH VN KERR. ME L1 FXEMERFE FDETREEEREE.

® 11 BGE L MR EA T WS RER

Revised QOet. 20 2000 Revised July 25 2001
Completed 37 a6
Annotation in progress 14 17
Sequencing in progress 76 93
In total 127 165

RI2ZEME-RKAFHERRHBEYEEAI N —KE.

12 AHECERANMENERAH Y

Name of bacteria No. of bp No. of Proteins
[AJAeropyrum pernix 1 660 £95 bp 2 694 proteins
[B]Aquifex aeolicus 1 551 335 bp 1 522 proteins
[A]Archaeoglobus fulgidus 2 178 400 bp 2 420 proteins
[B]Bacillus halodurans C-125 4 202 352 bp 4 066 proteins
{ BBacillus subtilis 4 214 814 bp 4 100 proteins

[B]Borrelia burgdorferi 910 724 bp 850 proteins
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Name of bactera No, of bp No, of Proteins
[B]Buchnera sp, APS 640 681 bp 564 proteing
[ B Campylobacter jejuni 1 641 481 bp 1 654 proteins
[ B]Caulobacter crescentus 4 016 947 bp 3 737 pruteins
[B]Chlamydia pneumoniae CWL029 1 230 230 hp 1 052 proteins
[B]Chlamydia pneumoniae AR39 1 229 8533 kp 807 proteins
[BIChlamydia pneumoniae J138 1 228 267 bp 1 070 proteins
[B]Chlatnydia rmuridarum 1 069 412 bp 818 proteing
[B]Chlamydia trachomatis D/ UW-3/CX 1042 519 bp 894 proteins
[B]Clostridium acetobutylicum 3 940 880 hp 3 672 proteins
[B]Deinococcus radiodurans 2 648 38 bp 2 580 proteins
{B]Escherichia coli K12 4 639 221 bp 4 289 proteins
[B]Escherichia coli 0157 H7 EDI.933 5 528 970 bp 5 349 proteins
[B)Escherichia coli Oi57:H7 5 498 450 bp 5 351 proteins
[B]Haemophilus influenzae 1 230 138 bp 1 709 proteins
[AJHalobacterium sp. NRC! 2014 239 bp 2 058 proteins
[B]Helicobacter pylor 26695 1 667 867 bp 1 566 proteins
[B]Helicobacter pylori J99 1 543 831 bp 1 491 proteins
FB]Lsctococcus lactis 2 365 589 bp 2 266 proteins
[ A]Methanobacterium thermoautotrophicum 1 751 377 bp 1 869 proteins
[A]Methanococcus jannaschii 1 864 970 bp 1 715 proteins
[B]Mesorhizobium loti 7 036 074 bp 6 752 proteins
[ BIMycobactetium tuberculosis 4 411 529 hp 3 918 proteins
[BIMyeobacierium tuberculosis CDC1551 4 403 836 bp 4187 proteins -
{ B]Mycobacterium leprae 3 268 203 bp 1 605 proteins
[B]Mycoplasma genitalium 580 073 bp 484 proteins
[B]Mycoplasma pneumoniae 816 394 bp 677 proteins
[ BlMycoplasma pulmonis 963 879 bp 782 proteins
[BjNeisseria meningitidis MC58 Z 272 325 bp 2 025 proteins
[B]Neisseria meningitidis 72491 2 184 406 bp 2 121 proteins
[ B]Pasteurella multocida 2 257 487 bp 2 014 proteins
[B]Pseudomcnas aerugingsa 6 264 403 bp 5 565 proteins
[AJPyrococeus abyssi 1 765 118 bp 1 765 proteins
[ATPyrococeus horikoshii 1 738 505 bp 1 979 proteins
I'B]Rickettsia prowazekii 1111 529 bp 834 proteins
[B]Sincrhizobium meliloti 3 654 135 hp 3 341 proteins
[B]Staphylococeus aureus N315 2 813 641 bp 2 595 proteins
[B]Staphyloceceus aureus N315 2 878 134 hp 2 607 proteins
[ B]Streptococcus pneumoniae 2 160 8371 bp 2 094 proteins
[B]Streptococcus pyogenes 1 852 451 bp 1 646 proteins
{ A]Sulfolobus solfataricus 2992 245 bp 2 977 proteins
[B1Synechocystis PCC6803 3573 470 bp 3 169 proteins
[A]Thermoplasma acidophilum 1 564 306 bp 1 509 proteins
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Name of bacteria No, of bp No. of Proteins
[ A]Thermoplasma volcanium GSS1 1 585 104 bp 1 499 proteins
[B]Thermotoga maririma 1 860 725 bp 1 846 proteins
[B]Treponema patlidurn 1138 011 bp 1 031 proteins
[ B]Ureaplasma urealyticom 751 719 bp 813 proteins
[B]Vibric cholerae 4 033 464 bhp 2 827 proteins
[B]Xylella fastidioss 2 672 306 hp 2 766 proteins

#:[A] = Archara,[B]= Bacteria

REEEH#ATZPHEEDERL NS

1. Thermoanaerobacier tengeongensis, 2, 7Mb, Beijing Center, HGP;

2. Staphyloeoccus epidermidis strain ATCC12228, 2. 40Mb, Chinese National Human Genome Center at
Shanghai;

3. Leptospira interrogans serovar icterchaemorrhagiae Lai, 4. 8Mb, Chinese National Human Genome

Center at Shanghai,

SO A I B OE LE R T Y B e

EHENFRE—TREANEETE RAEBE - SB KNG, AXRZEAWESY 30247 WRE &%
WERE-BAEERN. BREA-GHAMFUANEZENE . SR~ MMAE N GEE TR 500~6C0
bp), BB ES FI TN FSIY, W —F—FE HEEHE WA AKLRELHNBE 300 B4E.0
HABHAERAHR 0 ZE.AEAYKATH. B EREMFELHE B8 00 5.

MFAREEA.BELSHELE.HEEE, X HEY STS(sequence-tagged site) X #x1g (landmark)
MOEER REA T ERATR EEATREFABET . RARSABRAMN AT . BENFES
REGEXR BAEBHANFIEE. FAHEEEFEHIESEMr BB EmA A EHik, o Fix
SRR, EHRA Fleischman FALEMERBH DT HEF AP E 7 695 4 BEHL R F” & (shotgun
random sequencing il /¥, BRI FEE R TR SRS (E 1-D,

Sonication

Eom

1[1[1H]
I
||| 1L

DN

P

fragments
Gel extraction (1.6~2,0kh)
Genomic DNA sequence Enzyme repalr

Finishing 1 Blunt ends DNA fra.gments

) Subclone
Large contig {vector pUC18)

Assembled hy
Phred Phrap software O O O O
_ -
e 5 0000
(PE big—dye—terminator)

Shotgun Library

H1-1 GRBANERETES



N mEmEEms

RERW BHETHER,

1L AE4 DNA 8944 HEEBRBEDNA, XEMNBERREN DNA S FRZEEMAEENN. R
ERIEA N DNA S FHULITE R K 2kb i B3 PRSI R R R W 2kb Z R R B AT
BYNRBXE. Mt RERRGEEZE, BHE— TS B 15~20 kb DNA WX,

2AABBEPHEDNAX RS HXABRAMANEDNASIEANFRE ERAH RIH
AR DNA B CEMBHLARAARHTEE. HEMIXE DNA BN A —FTFERES
ELWUE HEETMRARREL A E, MREGE— R,

3HEARFNA BAREBEACEARBOTERFRRTESZMPRE. ERESE EEHFNR
HORABRIF. ST REAREERELT ~TNFHT.

4 4R RERREILIE BT RE AT MR I M G LT AT 4L, phred — phrap $K£FIR 18 58T 51U AT 1L
WERLEHNNULE ATHHELSHRTFIRS BERH (contig). HENFRNHE ERVNHESE
¥R AE I ERHNRERRERL. A WFBZAENEFAN s AR AR, Ko EEEF
SFZATILERARE. ERFEAMNARHEELA 1-2,

12 EBFHEARKEEH

S5. et TR O REBROFANART, ®H3Y, L% DNA 8K, PCR &, ¥
3R BB, B primer walking FEF6. M THRASROHNERBERFE R, HESEFHMEND F7,
BHHFIY . EENTF . HRXIRESR.

6 Wit WHEBANFA L& REERE K F I BE (rame-shifts) #4740 3,

7 E% WRATENEE ETEHRERARNESHEUSAELE XK. D ORFs. %% F % (coding
sequences, CDS) A FH . EEFH , EHEEL CHRXBERHEDZE,

E RE ARG IER

ERHEFHRP . NFAEERR T AHEREE, REEHMN RS B THANE . RER—T Ik
BOEET, REA SN WNENBET ERERATRB TR . RAUERES . B ERANEER
ZBE WA —HBERENTFHENERA. AR-FANSEREERHAN. MFETEANTBRENNE
W T WFE B3 F 8 (from letter to letter) HEF B BIAMELR —BEE TR . IARAFS.BE N
(words) B {7 #H ( phrase) . BF 75 A] F (sentence) 38 B K (paragraph) X 7, B EXEHEL K
EEREHARBX AR FHH”. AT CEENE 2X"HEL, B—AdBREMERANER
HE. TUERL X -TEARBNESED, A%, - THEDERA#TERN TR T RAZAENE
Y MEE EWEE FTFEDFE . LVEERESETENERANER. AN, N THEEALRHER
HMEBRHRRES 4 UELELFHETEN. AHERHRITH R . FAEETETHRNLTAEE . HE
HEXEHEE CHEFRT 514, MTESHRSSERTENTENALMY THEMEREE.

el EERENPEHFLREMERELFANXE N TEAANERFIRR " BOEE KA
MER LR FSAE.RA T BEETHE LB AR EE TR, B T REY
g —



% Miwi@Rus@rmi X

EREN LB EIR K, GEAA EENNBEIEEEERN . EFBRTHER FRE.
FEEHENSHASERE., ‘FTLERENFELARANSHAAETANES. BER.FTFTRARMK
LEEHALHERIESEE. B4 EHPE, - M REYRERFASERANMFZE B E M RHTHSE
N (0

{(—1BEERS W

BEERAVEEEANTIE . CRAREE AN ITE. BW.CEE AR RERTAIAATLT
e, ANXHOH. TUFH -TEEEHNGCICIR. GHCARE T URHHSE. EREWIRED
HERGHCEREIALEBEZ —. FEEEINE EREVEFRET REXNSHERTERZ I —
H, SERBESTH BT S HENGC HIFE"(GC skew = G~C/GHO. ¥ FEEHAHGHC R
BARE—%  BEFARE:. —RASEFABAHE GHCEARERA DNAARRER# LT EE RRRKE
. MEMEL R EEE (lateral transfer) 5§ 7K F 4 3 (horizontal transfer) SHA RS EMEYHBH I E
EERLN. TTHEERESDHEREENERMAEENER.BARXEELLFE LOHKRREEM
W, BE_AERRE EAKRNBERY - #RBHEERRANBFAR N TATAER KT A ERI T
(promoter) Z T 7E; L MM BE R AT (RNA BEERA EMNFEHEMRERS —4 . AHXSISE, Al LIE
EERHETRETEX BN A .

{Z ) B ¥ F (& H W% (codon usage bias) 5 &7

WHEEREAHEENER T AL2EEBAG 2 M EFERF . AMASHINIER. ¥ TFHEET
AR EnE— T BEER - RAEENAERFAHR.AREEALL EERFANHRES -, X2
FRABAEREE - BEBRMN N EETHANREER - HER. FETHEANRBSEEEMARRE. #
EEAFREERNEB TREEHTREIT N . GEER - DREAHPEANmEEmMRGOEE.

(SIAHRRENEE

FF R P 4E (open reading frame, ORPIM EZR EFAN BT - MEREETAL AT THE. R
B — THE VT LA & ¥ 30 8% 40 VT £ 15 By » 80 40 NCBI B 35 th i ORF finder g2 3 2 —(http: //www, nc-
bi, nim, nih. gov/gorf/gerf. htmD), ORF WL FRBRIERBFL AL FHEHTH. s ASTHER 2
BARALAMEEREEE.

—RBREFF GPRHRREFREETS, REETRLT 2 EFRAPAHHREFDBAIO%RE. LnEE
BiEeT HEREe,

TRBRERN ORF i, BRIAFER 100, et NG RFBRXT 100 METF#ay ORFs, @ H®
e EEKN ORFEARAF 100 MEFRAHEXFESARESEH RN -LARNER, I
#ER M EAE ORFs, U HERELEELTEH. ELFERMOREF  HLSHMH 6 # (six frame) L
RE1-3),

13 ORFs S HERMIBEENR

Frame from 10 lenth Frame from to lenth
—3 25 45728 627 3171 -1 38 57540 692 2118
+1 13 465---15 174 1710 +2 5270--- 6394 1125
—2 32 736---34 277 1 542 +3 1% 032---19 552 hEl

------

XEE ‘Freme +1"RIGFZORF i FES L EHMN REME ENAE | SREFHERHTTHR.
“Frame +2"®#% ORF fi TIEsE L . B REMTE"EME 2 SHEFBEKKRH#ITICH]. “Frame 437
REZORFAUFEEL . RHANEEMRRAS 3 SEETFREK G FIOH. “Frame — 17231 ORF
fUFhHeEL UG RELCE " RADELNE 1 SHEAFEERBITIOR. REEAEE. TR, L

— 5 —



N mrpimas

HHERT ULUANES ORFHE. ESACIETH - FH EUBRESLEM TSGR, HEEENR.F
FERtFFMREA R R RS, WHEBHESLES T ATGC.GTG, TTG H &K L HH F (TGA, TAA,
TAGARL UG RAF —ERF. ATARYHAN EBRTHERAE — EMUEYE, 72 ORFs 8 57 %
A S RS It FEC G e,
( 0 ) # 12 (frame-shift} & W 5 & IE
"BETREE OFR EME M ENN@ERIO T IR 2P EE NTSBAERE S THE S8
FRINEE. AHEABT R EEREL T DNAESRZH (BBET) A R EXHANERAE
HMEEP. RERANBRN HARGERGMEREL FEFLUFE. BEQNTERS hup, //
genio, informatik. uni-stuttgart. de/GENIO/frame ) E @ BEHERSRTE.
(F) %8B F 5 { coding sequences, CDSs) 4 #f
BRI EAE RN, BRSPTRBERE B SRR EFIGI RS, BT X8
BHEEBSXNEBZ FELE.O KBFF LT BHEEEH” (grammatical structure) 81E ., #]
W AENMT B RN RB RS ORF. 8K FiF— <~ — 19 K 3 (N i % W7 4 B 8% & 4 i & ( Ribosomal
Binding Site ,RBS), BB ¥ Brii 805 51 T (promoter), @ RBFEIURERABEN A BN EFRET
(nucleottide words, ) #ll 6 B H B Chexamer iE IC B9 2 7 2E 47 5. 5 7 P 4 4 Br B B T % & B2 ORFs
AEEREIERMERN. CDSs 9B 0E B RN S®4E, flm Genemark (J fik : hitp; //genemark, Bio logy .
gatech. edu/Gene mark /heruristic, cgl/ )RR P2 —,
(7A)IRNA EE#F
(RNA AHIRE =M B ST, B EA“WF " AR RY BN DHU 3R, 5 % B TF, 54
FETECH) . ZRDOHUH, REB R . TYCH) BE (T EEEEERE) CHEEEEM IME N —
C—C—A—OH"GH. REXLLART . RNAXNERELEN REASTHTET (RNA L HWR
. 7E¥:E Pasteur LHE M35 (htep, //bioweb. pasteur, fr/seganal/) . i # Fast :RNA analysis method A I}
SRR — TAE. #f DNAStar ## 9 GeneQuest & 7 #E47 tRNA ) G 223 @ il
[£)rRNA BEEMHEE
MEEWH RNA RB R FEBEY RNA WS BFE. A HSAE RNA BRSNS ETE, B s
REXRTENHARATHRANEF 552, Wik hup, //www. midilabs. com REEITAEX—BFH. &
P25 89 MicroSeq 168 rRNA Gene Kits #47 163 rRNA ZEKMFFIRH . - BEXEGLRANESRE .
ATLIFREC A 165 RNA FRIR EEFRAPSH KW RNA EH. A2dH F (RNA BEEMEEHE B0
¥ % RNA ZFEMTFERA MY E RNA EHI 2 5,
(NMBEFII.BAFISERTHORR
B B F5i (repeated sequence,RS) 8 A 9 Cinserled sequence, I3) 5 B T (transposon) JEUA 5 (patho-
genicity island) BB FARAFEYMEE AP E RES. MEEFH EAFIILEHETER LR
FENMEEERMNERERL, BEDRARRBEABEERNAFRLLZH LT BEEAES 5T
SERAFFIN KL KBEIFH R 87. 5%, REAFE R 80.4%) . WA B BEEFAFRERLEWR AL,
T T R BOR & W B A 5 R b % & s 1. BREFFIESHNEIRESHE IR XEFERNHLE
EMMTHE. BANCHEEHY FASEEIRNK A L EERREEFANSE) AP TEEAD
F S E R4 A T [] P00 5 e F R IRl ke, MG K BB EFEF M T % A candem repeat finder( http;//¢c3. bi-
omath, mssm. edu/trf, html ), B A FF 0T # A Chitp; //www. embl-heidelberg, de/~ seqanal/single. ht-
mDBE RFEE FATHE A http;//nucleus. eshl, org/protarab/ TrAnnotation, htm] B
(MIEHRSEE
VGBS A 1 4 KB 4 B A O 1 B B 3 oriC %~ BB 245 bp 9 FE, Lo
Wif 4 MEHR 9 R TTATCCACA” 4 4~ 9 BIAE B MER —F W#F), BAF A BAE T EHH, o
KEFFRE doad BEHMHE NS, 9 REEHHRN dnad B BEZLBT. TRESEHES. XEHS
FIRE " SHEEEMTHES TR,
— 6 -



E—% mALEZEMEFREL N

(+ ) B B E 4 %

MF —NMREF A ORF, —THEERANBEECRETEEENERAREH A EE . &R ¥ # homolo-
gRENRENCERE -CHANBMEES R E XL Gimilarity) AT REZ C AR AZE. B,
W FEEEFHNEG— ORFBHLEATRAREER. I—TEAFFAZEHE ¥ DA REER BLAST
it (http: //www, nebl, olm, nib gov/ )R . BLAST £ — 7“2 #8408 k34 #f T B " (Gasic Local A-
lignment Search Tool ,BLAST) , A[LIRHRHE RS A —F 2 BT b3 28 F 74 ( nucleotide-nucleotide
BLAST, hlastn)#§ % 58 80 R F B B 71 L 2 & A £ %) (Nucleotide query-Protein , hlastx) . B # 77 i 15
FASTA B ABRFH . ST R B EESWERE I-1,

40 5} 50-200

0 250 500 150 1000 1250 1500

B 1-1 Color Key for Alignment Scores{ B E MR 1)

Sequences producing significant alignments Score E Value
gb) AAD41502. 11 AF159357_1 (AF159337) NNA primase [ Enterobact. .. 156 Be—37
ref | NP_064752. 1| RPprimase/helicase [ Roseophage SI(17 ~>gil 9. . . 148 2e—34
refl| NP_052038. 1| helicase [ Bacteriophage pai— Ye()3—12] >gil6. .. 121 3e—28
refi NP_052087. 1| DNA primase/ helicase [ Bacteriophage phi— Ye. .. 121 e -26
refl| NP_039642. 1| 4B [Becteriophage T3] >>pi| 15698 emb|CAA3SL, .. 118 2e—25
ref [ NP_039641. 1] 4A [Bacteriophage T3] = gi| 130906] sp! P20315. .. 118 2e—25
ref]| NP_041977. 1| gene 4B/ helicase [14,15] | Bacteriophage 1'7. ., 112 le—23
ref. NP_041875. 1| gene 4A, primase/ helicase [14,15] [ Bacterd. . . 112 le—23
pdb|1CR1| A Chain A, Crystal Structure Of The Helicase Domai, . . i7 fe— 13
pdbi1E0J| A Chain A, Gpdd Helicase From Phage T7 Adpnp Compl. .. 76 le~12
gh! AAF83171, 1| AEOD3888_4 (AEQ03BES) replicative DNA helicas, . . 4 0. 038
pir| | T36274 probable epimerase —~ Streplomyces coelicolor g, | . 34 1.9
pir| | T38994 tetratricopeptide repeat protein — fission yeas, . . 34 8.4
gb| AAC03120. 1| (AF047464) Tprl [ Schizesaccharomyces pombe] a3 8.4

M 1-3  Color key for Alignment Scores

EX—HTH BPHREHRERVERNA UAIMNER. AEAFCTARTHRMAMNERE . B6
R M HE <40, K BRI 525 4050, 52 WD ¥ 53 1529 50~ 80, B BR 47 &4 ful 4 40 (B 25 80~
200, ATFEANRAKLLFT A ER TEMUER D BRTE AP R, 5 Gscore) B, BRLER K.
LASE LA 3 RSB B E fBiCexpect value, BRI EFSEH 1D N 6e— 37" XBWEUYBRRT 67 4
ERRXFERDHBEEN TERNAEHFEY SN R. ERAEEREST /D G R B EHUERE
ERERE. NRBELECERE RIRER RN LEANT ZREENMUETSR. HEEE
B RERAER— AN AN RA TN SERBEFME? BWNRE - 1THRNAERR. €55
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A mamr @y

EHEFHF LA ELAN. RER=aES2E,

L —I\ S EAXRT le " HWEERBHEERNTEERX.

2 MREATERERFEREEMNE A BLAST fr ik ¥ WA EE BN — B4 (identity) — BB X F
305, BB BRI BN -8 A RDF R — T8 60%,

3. ar{H<60, REEIFHA LM ENT X AE 100 HarF R — RO KGR RN, 2EE
60~99 2 Ja . Jy W] BE Ml #R ¢ 0 R T 55 F A E AT FUHE .

(+—)EEFEEA R 8E 2 (Cluster of Orthologous Groups of Proteins) 43 4

X R 1 o 2 B e T E WP B A4 R 3 SE E T RIBF R 2 4 X & (phylogenetic analysis) flf B EF i,
HMAEEFNERERFAHY. REREFWCURBIR B ELTRME. EHREAEIHREI PR
7 % ¥ 2 B 41 4 2 E R34 2 H (orthalogus gene) #1377 W % ¥4 & H (paralogous gene), X RWME—K
ERVIRTHAHERE CRAELESRERNINM 20, ZREFLEMNENHE— S Lok,

#E F/ Waler Firch(1970, Systematic Zaology 19: 95— 113D B H A X WL H M FE X Where the ho-
mology is the result of gene dupication so that both copies have descended side by side during the history of an
organism, (for example,alpha and beta hemoglobin), the genes should be calied paralogous (pars = in paral-
iel). Where the homology is the result of speciation so that the history of the gene reflects history of the spe-
cics (for example alpha hemoglobin in man and mouse) , the genes should be called orthclogous. $E3A 3,10
FRRABEHEFREALE EFHNFAEENRATE BRI « M B MT B, BH N FHRBEREE"; I8
REETARMAKRAREER EANAE LD ERMBRYRHOELS . SENERAE Y BEAREX
H".

T E & orthologous genes ] paralogous genes B8 BB THE X .

Two genes are to be orthologous if they diverged after a speciation event.

Two genes are to he paralogous if they diverged after a duplication event

ERER MARITFAFEZARR FHE LRI BACNAEARNEH R AR EER
B A& 5 A (duplication) . AT R“FITRBEER".

RETENTRE.

!—Rat—gene——l

Rat——[
Ral — gene — 2

Mouse — gene— 1
Muuse—-{

Maouse — gene— 2
RE MR- HEER, EHE R LR 4 TRBHEREE,W .
+ Mouse—genc—1 and Mouse —gene—2 are paralogous genes
+ Rat—gene—1 and Rat—gene— 2 are paralogous genes
* Rat—gene—1 is orhologous to Mouse— gene—1 and to Mouse—gene—2
* Rat—gene—2 is orthologous 1w Mouse—gene— 1 and to Mouse— gene—?2
* Mouse—gene—1 is orhologous 1o Rat—gene—1 and to Rat—gene—2

* Mouse— gene—2 is orhologous to Rat—gene—1 and to Rat—gene—2

A% KRS BB “orthology" " functional equivalence" M & X, X REBE # 5 ®A. I Keonin %
AXFEPIA R AR S BEH ¥ A R (Trends in Genetics 1996,12; 334 —336) ,” By definiion, orthelogs
are genes that are related by vertical descent from a common ancestor and encode proteins with the same func-
tion in different species. By contrast, parslogs are homologous genes that have evolved by duplication and code
for proteins with similar,hut not identical functions". XM H R orthologs REFHFBE FHELERET
. BEFRYRPRIBREHERADE " HED R ;M paralogs BEB L EXSFAREEERE, SBEY
KU, BARMEELHRANEE", WRLEEIFHER, HERLET M LA Rat—gene—1

N 8 N



F—% MEibEREsFER N

£ 5 Mouse—gene— 1 [/ BiE &5 Mouse— gene— 2 4[] ?

KL HRRESVMEREEACREEE‘EERAFH"XR T RAEREHERLTHA. B LR
ER‘EHFBREA"BR“ETAEHER". ENER“ XL B " MER, A RIEHRANEHE.

FEHHOR . X BB X duplication” - AR R X", EF X EFERVA“EL TR BIE™5%2
HME”EN FEA"EAME A L EEREEZRMN AR ERHEH K.

FCOGs WELR R T A AN £E R A B (all-against-all sequence comparison}” L HRY. ¥
FEFR-HEEEHED, 48— THRE T REAERENE DB ARTHR AT (best
hi)"BiEH. KB EEITC R ERANENHEDERAR#T . E— 1T RERI“GHBEE
# (reciprocal best hit)"EHH . BEHHREGPESRAE -1 COC %, HR,#— 1 COG fag#4g
— T ROBLAEPRREINHERENRED D A RAR—T COGEK, B—4 COGCEFTHBERK
RBHEI X & (verical evolutionary descent), HEEBHR XHEEHLLEF LI — (one
to-one) "B B R R, B4k i il B R B K & (lineage-specific gene duplications) *B X fi 32 &
WATR R N3 £ (one-to-many) " B “ £ ¥t F (many-te-many) "BELE.

£ COGs 42 i i Fi 19 & “COGNITOR” 3% 44 (B4 3k ; hetp, / /www. nebi. nlm. nih. gov/COG)Y. COGs 3
RERHAEN“COGNITOR" NG RERNFRFERAEBY AT R HA M TS,
EMEVREEERD . HE ORFs BEABAREH#T COGHE, FREAREBS RSN, 844
BATMUAARGDE. AEGHERAEEXTEAREA. AR AL XN E ABBRE I X
EPENTHY COCs REMBHATERMEE . 20 18 XK. EFE 17 XR - A“NAHF—RHEETH
REAYE: A (General function prediction only)”, WA S ThEE M A H R W EEEIE 18 %, kX FHEEE
H RERERBEM . TRIAYRE-ZH, A4 TSR EEERENABRAESER H®e. 3
17 EPMARRPHEHN/BEOARRLEHBNESEKERTANY. WTFB—XEERTF - AB. DEFER
“HEREBRESRAES A RN COCs REMRA KN T K%  BTREI", & 1-4 RN E COGs 43
FANHERRRGEREHANCHY COGs HEREMENHKE.

®1-4 COGs kERHER

Code COGs dotnains description
Information storage and processing
1] 213 6 739 Translation, ribosomal structure and biogenesis
2K 124 5 469  Transcription
3L 181 5501  DNA replication, recombination and repair
Cellular processes
AD 31 842  Cell division and chromosome partitioning
50 106 3 302  Posttranslational modification, protein turnover, chaperones
&M 148 4 077 Cell envelope biogenesis,outer membrane
™™ 121 2 825  Cell motility and secretion
8P 152 5 288  Inorganie ion transport and metaholism
8T 82 3 702  Signal transduction mechanisms
Metabolism
10C 220 3 765  Energy production and conversion
1G 157 % 628  Carbohydrate transport and metabolism
12E 227 8721  Amino acid transport and metaholism
13F 85 2 461  Nucleotide transport and metabolism
14H 152 4 185 Coenzyme metabolism
151 75 272! Lipid metabolism
160G 62 2 895 Secondary metzholites biosynthesis, transport and catabolism
Poorly characterized
17R 432 12 471  General function prediction only
185 705 § 246  Function unknown




N mEmEEmES

M B QEXEF B EWAWA COGs It 2 136 %, AEH 432 4 COGs RN G RIS,
FH 705 4 COGs THEEAR 2L, ‘RER“S'HRBRIBET N RES M COCs. HRE BB I Fohak i
AL H.COGs BHEH 3273 1. BBEMA COG AR B 2 F AR HA I, COGs i) A ¥ T 88
SHTI.

H 20004 1 A COG BBERAE ALK, B X W#AE T+ 242 RN 502 EH 0% E, 4 COG
BHEENTLWENEFA % 44 ET . AN L EEIRARS, BEIMAT — & HE Aeropy-
rum pernix 5 55 - 55 4T 1% 3 5 4, BP£R B2 ( caenorhabditis elegants) 1 ¥ (drosophila melancgaster), i&
Eﬁﬁﬂ"lﬂﬂ/\%’fﬁ?ﬁﬁlﬂﬂsJ‘XWﬁﬁﬁ*ﬁﬁﬁ?—%ﬁ*ﬂi%ﬁﬁﬁﬁﬂﬂﬁﬁu MTXEFRNMA,
79 2 R P oy, 47 S48 A9 T B T C confident functional predication)” BB & 504, B~ mH.H5 4
SRR EE" ORFs. fE HRi M E = TRAEMENENES K, X RAER R KL ORFs
RREEEMEHR,

EBWE%%&NFMEEE‘P-7§H@“-’T‘WWNETﬁﬁﬂHﬁJﬂﬁﬁﬁﬁﬁmET IHOKI12 M
) MG1655 ¥, 78 O157 . H7 f XM F T -~ %k, EDL933 J Sakai). HAEf COC ¥ ED K44 T 2H
HAFIRT 26 +#, FIARHBET LB, ELSE 5 R R S AR EAREALE SRR
HojfE COG hIHBMBHY,

15 HUECOCHIBESH THLY

Thermoplasma acidophilum 1 482 1230
Thermoplasma volcanium 1 485 1 243

S BN
R 1P

I

Aquifex aeolicus

Deinococcus radiodurans

Lactococcus lactis 2 267 1618
Streptococcus pyogenes 1697 1211

Synechacystis

Pseudomonas a

Haemophilus influenzae 1714 1542
—~ Pasteurella multocida 2015 1751




