F T iEE =
(WD 1DV AT LEFERENT
—RRFETIEMMEE—
FR2155H13H

(7L [, EIE 1) —XE
) LS E AR /XTA@fEﬁﬁV\

1E3R - AT LA EESA T A IR ET —EIR—RA I A—
RREKEREEFEEAI AR FHEREFREDRIFEERER
BRI E B -DDBI R 2 —

= ARFA

IDR—IBNRLTHLIZEEME. BE=ENFIDEEYMTIOT. AEEHOBEA. REHE
PO ZRZEDORMEFICONTIE, EFEERVERERFAZTILENHYET.

-

=
el




HIBIETHEE (3

] 53) DE LD

e ERGAVE1—43 I X LE{FEHT-
77 LDEH| (ATCGR I T) DRTE . FEATIZKY

EDFIGERBRFNI—REINTLSH?

AWK BLHEEFIT?E

BlEEEFIE?

INLDELFITHEILDTOELATENDLSIZLTE

BEINTEL=/N"7?

NFTREBENTEEEDRBREDZ I EIL?
TANFEDZSHMEE? . ESP>TEILTE D ?
BESESFLRIEN T OTES



_ALTE

RN MNOTZEE RSN 7

7/ LIXEMDERE
« TIZ. ’7“/A75“’\75\/‘r1,(2f’\75\0t N ?

« ELRLLTES

e EZIT/—

IEERD, N
R ZEFF > TRLDD

BEFFEHICHRAT > THEEZRELTLSD
5. TEHEY AT LIZMD

E D EXE

y

e
=g

y

] =

JARDTIH. Zhh. AR, BlIEITELSDOMN?
RIZIRULVBKIZENS ?

LU EERGRABEZITO




7/ LIEEMDEEET
DNA GCTACTAGGCGCAGCGCATTGATCAGCCATGGAAA
EILF
LLEE
mRNA ATG | GCT | TGG | GAC | AGT | CTA
1 ER
7=/ B

[LFYBRH

Lix

F5E ) EmonmE

Jf}' WEEE




ABDBEONE
ETIE G N2z Y ZD

oﬁﬁﬂ:

G

AN
.7”

XCALGIEE DS, CALMENE
« AT D EXBIHFR THEBNELNNTULNSERF
e IRANT /L(—IITR) DEF]
o AT LDIRAE
F— L A —SUR, ORATLEYE
T—AR—X #HMEIE
FohOO— THRRANRAZYT

T )LME T LEEBELI=AEDILIY
c AT DINTA AL TR
o [EEHRAEMEIFEDNLE

F(BSANDEARF)



FMUATLZEHR T DL

e AT LEE?
-BATEICIEGRE AL
RS
Mot LS THNSHNEE
ST TH AL THIIZEEAES

e ZC Tl VAT LE  WAWALEN AN HAS
NESHOTTETCLWT. 2R ELTIE (B RO FEE
ONGIEBEBETEGTWE SR E#HTEZTET 5
DEEE

« £Ar[EDNAGE{RF) . RNA,. 2 /\VE b &

M. HEDEEMBLIEEV AT L




SESFELGEBEDOLANIL

BB DIIZFE, HZOT LT S

*1

B

RDEGRDIEN T DB

BB DEHONDHIGEFTPREAN T NS

*1

]

RDEBEHDEENT DB

BN D DIEMY  RYRT—DZF RS
I RYRNT—ODEZE. EEEHS
¢ AT LDIRAFNF Rl 5E
e AT LDIRAZE LA FIE AT §E
BV RTLEF>THAENTES




A—L A —ZHORXR RTLEYFE

cHMDRBEIE. WE. . H2OJkTSD /L. FT/ZOR
c [BLZDERGRDIEI DD JO7A—L,. 707439 R
c BBRDFEDLNBIEZFIN NS SR D)Th—L

cBHL2DOEEDBSNIND  HEET/ZURX
s BRERDDEMNY . FULT V%MD AFZTT—L

IRV T—ODEE. EEZFMD Ry T—0%Y=E
DATLDRSFEWNNFRIAIEE S RATLEYE
VAT LDRAZEVDGIERIEE S ATLEYE
ALV AT LEEOTHDENTESL GREYME




T =T DT S

Pty Pnly‘adenylatmn

Rigts "‘"fac:tnr o
R 2 B T T L Rt @ EnuTY, Pz
«—> ATTAD MESS g Mz g T mat s FRINA madlflcﬂlpn
Arcil AFFIZJ'S Mot I'&IG'J'U e sLhsd .Tn’ql‘ﬂ Mdahwf .;r:ﬂ -Pupm
= o T W0 ey pEmad g METE
Anis w-u-lgn.-. L Nopll:'-m SO TR0 g Sy sniﬂ ; # Frpd
o

St St Eryn K1 TUEe  praq® s Lea

Nuclealus Hop2 Mocz tomtber A5W114 Hehishe

AIpTE i MM
, PR Pigly
< > i3 i = R e e o i to . P
—> ’ i ket “EY g ks
y ; cH o e
Y ey ‘W'@m"_ Tewss o " %&: *imet
Tm1 Erel Genz o [

ez eM Pikes it
B
wRong R
[ ] afpnil SR R 1{.Il.|ﬁ
1E z O)$E E1lE% F‘mteasn-umz . wRomd
UraTe g Aapey FEO tGary, et al. 2002

D%
HREE 1 — )LD EE

‘g A b7 " tBarabasi, et al. 2001

HMEERDRYET—Y PRI =IO DIEE D EN



SVl PRIl fal = S Yag o =—§ i)

MEFE INTN\D

e AR —[ZHBE D
BUINGEDIYRT—Y
RBFDRYET—
CAVE1—EDRYRT—2
INGEL A ESVI DA
AE—ILT—ILR
R — L) —1%

35 MBN S4L:O0INNIT

~“ABRIBAIPACOS NG —
HIGMION jo a3UB

Tasi=ka3Xa-st3,0 1)

] L
LES (L0
Teaasiatned by Nasiw Aot

INHKH b 2002




2T —=DEPFEDH

EInF A HEERZ

° lefo) i JSN1 282

H=h L4 == SRP1 197
¢ 9&—— 0) N ﬁ%‘ﬁix
NUP116 147
sthe 10% : :
oof 5% PBN1 1
°and 3 % yeast interactions from DIP, 2003
*to 2%

HIREE
o = N W p~ O O

01 23 456 7 89
tHER IR iz



FhYf=l\T&

fEIESHEEED R R
¢ iﬁ‘fﬁ?ﬂ(genotype)& %ﬁﬂ(phenotype)w ESREA

o 1%F1 MBNIND IR D IEBEEAN
‘NDEEMNESLOEFRECATL)MN?

BT ETNEND

o=

XNL7-L

E (Mife. &= E.

\

k. 5

JIZEWT



oA RIZBITSA /LDOERE

7/ LT ER A DIRE

«BRE. MHEME-ERRZEROKYIAFA ., HIR
T/ LEHR. T/ LR R ELT:
SESFTEMFERIETR (B : DNAFYT) HNRIBE

T/ LIZEYERBEEZHRET—HIC.H—8
[ZHF 3% R BE

o) LMD A —LITESIZEITEE

RAN KRR T /L (— 2 R)EFE =T/ L(— 2 R)




7/ LFERT DIRAR

Last Update: Location
May 11, 2009 www.genomesonline.org
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Search GoLD: 4807
Published Complete Cenomes

genome projects
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Archaeal Ongoing Genomes Bacterial Ongoing Genomes Eukaryotic Ongoing Genomes

GOLD: Genome Online Database v2.0&Y)
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Figure 5. Modes of pathway acquisition. Each sequential line from

the bottom left comer to the top right represents how rapidly a

pathway was acquired. A segment corresponds to one branch during

the evolutionary period when the pathway was acquired. Its slope 2?}1 s
represents the proportion of acquired genes divided by the branch gepes
length derived from the linearized phylogenetic tree (see Methods). effects
Segments were sorted in descending order of their slopes to visualize refore,
how strongly the acquisition was biased. If the gradual acquisition dhold
scenario holds true, sequential lines will approach the 45° line, whereas . ..
the rapid acquisition scenario will produce lines that are strongly resencs
convex upward. To permit comparison, representative lines for the s the
present and the randomized data are shown as gray dashed lines. '™

N . : rapid
doi:10.1371/journal. pgen.1000402.9005 pport-
LU, @3 UUALLIUGU 11 UG VICUIUUS Seuuun (P ~uauag. 1 aped] gene
gain scenario is consistent with the highly heterogeneous modes of
gene-content evolution; that is, genomes change drastically by

sometimes expanding or shrinking quickly [13].
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* GHS012062 Symbol MAPK1
Full name mitogen-activated protein kinase 1
Synonym(s) ERK
ERKZ2
ERT1

EXTRACELLULAR SIGNAL-REGULATED KINASE 2
EXTRACELLULAR SIGNAL-REGULATED KINASE Il [manual]
MAPK2Z

p38

p40

pd1

p41mapk

pd2ZMAPK

pd2MAPK1 [PUBMED:2813464]

PRKM1

PRKM2

protein kinase, mitogen-activated 1 (MAP kinase 1; p40, p41)
PROTEIN KINASE, MITOGEN-ACTIVATED, 1

PROTEIN KINASE, MITOGEN-ACTIVATED, 2

PROTEIN KINASE, MITOGEN-ACTIVATED, | [manual]
PROTEIN KINASE, MITOGEN-ACTIVATED, Il [manual]
PROTEIN TYROSINE KINASE ERKZ
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FERANRAZY
Many biological functions, from energy metabolism to
antibiotic resistance, are carried out by biological path-

ways that require a number of cooperatively functioning
genes. Hence, underlying mechanisms in the evolution of

biological pathways are of p?rtin':lflar interest. Hcfwever, ﬁ?ﬁﬂ *E E1’E‘

compared to the evolution of individual genes, which has il

been well studied, the evolution of biological pathways is = B L& {—

far less understood. In this study, we used the abundant Jé_& N tlE‘fK% 0) F*E] 1/%
genome sequences available today and a novel algorithm sch J— /

we recently developed to trace the evolutionary history of 41: ? % IE, ﬁ'-TIJ 1&”

prokaryotic metabolic pathways and to analyze how these m—

pathways emerged. We found that the pathways have g E}J II:I:II %‘H H@ /l\] J%E

experienced significantly rapid acquisition, which would

play a key role in eliminating the difficulty in holding genes Y 1$ j{] ] {X |'7 I ,r

during the course of pathway evolution. In addition, the

emergence of novel pathways was suggested to have S )7 % Bk
occurred more contemporaneously than expected across 9/ / \7 ﬁ 0) *ﬂz RE
different phylogenetic clades. Based on these observa- g L3 A E
tions, we propose that novel pathway evolution can be 1: ﬂz HE b*ﬂ% Frod O) Bk 4%
facilitated by bidirectional horizontal gene transfers in

prokaryotic communities. This simple model may ap- % ﬂ% %141

proach the question of how biological pathways requiring
a number of cooperatively functioning genes can be
obtained and are the core event within the evolution of
biological pathways in prokaryotes.
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