
S pindle P ole B ody
B ud N eck

N ucleolus

N ucleus

H sl1

H sl7

H sl1

H sl7

H sl7 H sl1

M ih1

P

P
S w e1

P

P

P
S w e1 P

P
S w e1

C dc5

Ub H sl1

 T176 

 S16 

 S42 

 S227  S239 

C dh1

C D C 5

Ub C dc5

 S37  S121  S132 

 S158 
 S170 

 T289 

 T304 

 S277  S292 

P ds1

M sn5

P se1

P C dc14

P C dc14

P C dc14

C rm 1 leptom ycin B

P  S166 

P

 T212 

P

 S252 
N et1

 T 

 S309  S562  S574 

 S578  S590  S946 

C dc15

P  T 

P

 S309 

P

 S562 

P

 S574 

P

 S578 

P

 S590 

P

 S946 

C dc15

C dc14

 S166 

 T212  S252 
N et1

C dc14

 S166 

 T212  S252 
N et1

S m c1

S m c3

S m c3

S m c1

 S263  S175 
S cc1

S m c3

S m c1

 S263  S175 
S cc1

 S263  S175 
S cc1

S m c3

S m c1

P

 S263 

P

 S175 
S cc1

S m c3

S m c1

P

 S263 

P

 S175 
S cc1

P M ih1

E sp1

S lk19 S lk19c

 S59 
C dc23

 S44 

 S59  S95 

 S103 

 T115  T406 

C dc16

 S267 

 T304  S328 

 S328 

 T351  T397 

C dc27

A pc1

C dc26

D oc1

A pc2

A pc4

A pc5A pc9
A pc11

A pc13

P A P C A P C

S w e1

Y hp1

Y ox1

M C B

M bp1

 S160 
S w i6

S tb1

M C B

M bp1

 S160 
S w i6

S tb1

P S tb1

C dc4 G rr1

P

 T319 
N dd1

P

 S683 

P

 T697 
Fkh2 M cm 1

M cm 1-Fkh

P

 T319 
N dd1

P

 S683 

P

 T697 
Fkh2 M cm 1

M cm 1-Fkh

B U B 1

Y H P 1

C LA 4 N D D 1

S P O 12

S po12

 S683  T697 
Fkh2 M cm 1

M cm 1-Fkh

 S683  T697 
Fkh2 M cm 1

M cm 1-Fkh

C D C 20

Y O X 1

E C B

M cm 1

E C B

M cm 1

P D S 1

C lb6

C lb5

cell m ass

C LN 3

S C B

S w i4

 S160 
S w i6

S C B

S w i4

 S160 
S w i6

M C B

M bp1

 S160 
S w i6

M C B

M bp1

 S160 
S w i6

B udding

S P B  duplication

C ln3

C dc20

A P C

C dc20

A P C

C dc20

* E sp1

B ub2

B fa1

B ub2

B fa1

B ub2

B fa1

B ub2

B fa1

Lte1

C dc5

 S160 
S w i6 S W I6

S W I4

 T319 
N dd1

S IC 1

S W I5

C LB 1

C LB 2

S W E 1C LB 6C LN 1

 S87 

 T63 

 T306 

Far1 A ctin polarization

R eplication

C ln3

P

 T169  Y19 

C dc28

C ln3

P

 T169  Y19 

C dc28

C LN 2

C ln1

 S396 

 S427  T405  T430 

C ln2

C LB 5

C lb6

P

 T169  Y19 

C dc28

C lb6

P

 T169  Y19 

C dc28

C lb5

P

 T169  Y19 

C dc28

C lb5

P

 T169  Y19 

C dc28

Ub C lb5

P

 T169  Y19 

C dc28

Ub C lb5

P

 T169  Y19 

C dc28

M cm 1-Fkh

P

 S683 

P

 T697 
Fkh2 M cm 1

M cm 1-Fkh

P

 S683 

P

 T697 
Fkh2 M cm 1

P

 T319 
N dd1

C lb2

P

 T169  Y19 

C dc28

C lb2

P

 T169  Y19 

C dc28

C LN 3

S W I4

C LN 1 C LN 2 S W E 1P D S 1C LB 6C LB 5 N D D 1

C D C 20

B U B 1

C LA 4

 T47 

 S59  S62  S155 

 S157 

 S161  S262 

W hi5

C LA 4

C LB 2

S W I5

 S552 

 S646  S664 
S w i5

? S w i4

 S160 
S w i6

S C B

? S w i4

 S160 
S w i6

S C B

P

 S160 
S w i6

S IC 1

Ub C lb2

P

 T169  Y19 

C dc28

Ub C lb2

P

 T169  Y19 

C dc28

C lb4

C LB 1

C LB 3

C LB 4

C LB 3

C LB 4

C lbs

P

 T169  Y19 

C dc28

 T5 

 T33  T45 

 S76  S80  T173 

 K32 

 K36 

 K49 
 K84 

S ic1

C lbs

P

 T169  Y19 

C dc28

 T5 

 T33  T45 

 S76  S80  T173 

 K32 

 K36 

 K49 
 K84 

S ic1

 T5 

 T33  T45 

 S76  S80  T173 

 K32 

 K36 

 K49 

 K84 

S ic1

C dc24

 S87 

P
 T63 

P

 T306 

Far1

S cc1n

Ub C dc20

C D C 5

 S37  S121  S132 

 S158 
 S170 

 T289 
P

 T304 

P

 S277 

P

 S292 

P ds1

C dc14

P  S166 

P

 T212 

P

 S252 
N et1

C dc14

P  S166 

P

 T212 

P

 S252 
N et1

M C B

M bp1

M C B

M bp1

S tb1

P  T47 

P

 S59 

P

 S62 

P

 S155 

P S157 

P

 S161 

P

 S262 

W hi5

E C B

Y ox1/Y hp1 M cm 1

E C B

Y ox1/Y hp1 M cm 1

Ub

P

 S427 

P S396 

P

 T405 

P

 T430 

C ln1/2

P

 T169  Y19 

C dc28

Ub

P

 S427 

P S396 

P

 T405 

P

 T430 

C ln1/2

P

 T169  Y19 

C dc28

 S427 

 S396 

 T405  T430 

C ln1/2

P

 T169  Y19 

C dc28

 S427 

 S396 

 T405  T430 

C ln1/2

P

 T169  Y19 

C dc28

C dc53

C dc34 S kp1

S C F

G rr1

S C F

G rr1

S C FS C F

C dc4

S C F

C dc4

Y H P 1

Y O X 1

P  T5 

P

 T33 

P

 T45 

P

 S76 

P

 S80 

P

 T173 

Ub

 K32 
Ub

 K36 

Ub
 K49 

Ub

 K84 

S ic1
P  T5 

P

 T33 

P

 T45 

P

 S76 

P

 S80 

P

 T173 

 K32 

 K36 

 K49 

 K84 

S ic1

S P O 12

Tem 1

G D P

Tem 1

G D P

Tem 1

G TP

Tem 1

G TP

C LB s

P

 T169  Y19 

C dc28

C LB s

P

 T169  Y19 

C dc28

 T7 

 T23  T39  S43 
C dc6

C lb2

P

 T169  Y19 

C dc28

P  T7 
 T23  T39  S43 

C dc6C lb2

P

 T169  Y19 

C dc28

P  T7 
 T23  T39  S43 

C dc6

C D C 6

E sp1

 S37  S121  S132 

 S158 
 S170 

 T289 
P

 T304 

P

 S277 

P

 S292 

P ds1

E sp1

 S37  S121  S132 

 S158 
 S170 

 T289 
P

 T304 

P

 S277 

P

 S292 

P ds1

E sp1

 S37  S121  S132 

 S158 
 S170 

 T289 
P

 T304 

P

 S277 

P

 S292 

Ub

P ds1

E sp1

 S37  S121  S132 

 S158 
 S170 

 T289 
P

 T304 

P

 S277 

P

 S292 

Ub

P ds1

 T169  Y19 

C dc28

M C B

S w i4

 S160 
S w i6

 T47 

 S59  S62  S155 

 S157 

 S161  S262 

W hi5

M C B

S w i4

 S160 
S w i6

 T47 

 S59  S62  S155 

 S157 

 S161  S262 

W hi5

M C B

M bp1

 S160 
S w i6

 T47 

 S59  S62  S155 

 S157 

 S161  S262 

W hi5

M C B

M bp1

 S160 
S w i6

 T47 

 S59  S62  S155 

 S157 

 S161  S262 

W hi5

P  T47 

P

 S59 

P

 S62 

P

 S155 

P S157 

P

 S161 

P

 S262 

W hi5

P

 S160 
S w i6

S w i4

S C B

S w i4

S C B

S w i4

S C B

M C B

M bp1

P

 S427 

P S396 

P

 T405 

P

 T430 

C ln1/2

P

 T169  Y19 

C dc28

P

 S427 

P S396 

P

 T405 

P

 T430 

C ln1/2

P

 T169  Y19 

C dc28

C ks1

C lbs

P

 T169  Y19 

C dc28

C lbs

P

 T169  Y19 

C dc28

 S683  T697 
Fkh2M cm 1

M cm 1-Fkh

P  T7 

 T23  T39  S43 
C dc6

C D C 6

C lb3

P

 T169  Y19 

C dc28

C lb3

P

 T169  Y19 

C dc28

C lb4

P

 T169  Y19 

C dc28

C lb4

P

 T169  Y19 

C dc28

C lb1

P

 T169  Y19 

C dc28

C lb1

P

 T169  Y19 

C dc28

P

 T169 

P

 Y19 

C dc28

C lb2/3/4

P

 T169 

P

 Y19 

C dc28

C lb2/3/4

 T169  Y19 

C dc28

C ks1

 T169  Y19 

C dc28

C ks1

 T169  Y19 

C dc28

C ks1

 T169  Y19 

C dc28

C ks1

C lb3

C lb1

C lb2

P  S552 

P

 S646 

P

 S664 
S w i5

 S37  S121  S132 

 S158 
 S170 

 T289 
P

 T304 

P

 S277 

P

 S292 

P ds1

P

 S37 

P

 S121 

P

 S132 P
 S158 

P
 S170 

P

 T289 

 T304 

 S277  S292 

P ds1

C hk1

C lbs

P

 T169  Y19 

C dc28

C lbs

P

 T169  Y19 

C dc28

G D PG TP

P i

Tem 1

G D P

B ub2

B fa1

P

 T176 

P
 S16 

P
 S42 

P

 S227 

P

 S239 

C dh1

 T176 

 S16 

 S42 

 S227  S239 

C dh1

A P C

P

 T176 

P
 S16 

P
 S42 

P

 S227 

P

 S239 

C dh1

A P C

P

 T176 

P
 S16 

P
 S42 

P

 S227 

P

 S239 

C dh1

P  S552 

P

 S646 

P

 S664 
S w i5

U nattached kinetochore

 S552 

 S646  S664 
S w i5

 S166 

 T212  S252 
N et1

 S160 
S w i6

 T47 

 S59  S62  S155 

 S157 

 S161  S262 

W hi5

C hrom atid

C hrom atid

C hrom atid

C hrom atid

C hrom atid

C hrom atid

P C ln3

P

 T169  Y19 

C dc28

P C ln3

P

 T169  Y19 

C dc28

P UbC ln3

P

 T169  Y19 

C dc28

P UbC ln3

P

 T169  Y19 

C dc28

S C F

M et30

S C F

M et30

M et30

H sl1 H sl7

P

P

P
S w e1

H sl1 H sl7

P

P

P
S w e1

P

P

P
S w e1

H sl1 H sl7

C dc5

P

P

P
S w e1

H sl1 H sl7

C dc5

P

P

P P

P

P
S w e1

H sl1 H sl7

C dc5

P

P

P P

P

P
S w e1

H sl1 H sl7

C dc5

P

P

P P

P

P

Ub

S w e1

H sl1 H sl7

C dc5

P

P

P P

P

P

Ub

S w e1

H sl1 H sl7

C dc5

 S374  T544 
D bf2

M ob1

 T 

 S309  S562  S574 

 S578  S590  S946 

C dc15

C ytokynesis

 S374  T544 
D bf2

M ob1

 S374  T544 
D bf2

M ob1

P C dc14

S pindle C heckpoint

M ob1

P

 S374 

P

 T544 
D bf2

M ob1

P

 S374 

P

 T544 
D bf2

M ob1

P

 S374 

P

 T544 
D bf2

M ob1

P

 S374 

P

 T544 
D bf2

 S268  S222  S380 

 S466  S504 

M ad3

B ub1

P

 S268 

P

 S222 

P

 S380 

P

 S466 

P

 S504 

M ad3

B ub3

P B ub3

M ad1

M ad2

M ad2

C dc20

M ad2

C dc20

M ad2

C dc20 P B ub3

P

 S268 

P

 S222 

P

 S380 

P

 S466 

P

 S504 

M ad3M ad2

C dc20 P B ub3

P

 S268 

P

 S222 

P

 S380 

P

 S466 

P

 S504 

M ad3

P herom one

C dc24

Ub

P

 S87 

 T63 

 T306 

Far1

P

 S87 

 T63 

 T306 

Far1

 S427 

 S396 

 T405  T430 

C ln1/2

P

 T169  Y19 

C dc28

P

 S87 

P
 T63 

P

 T306 

Far1

 S427 

 S396 

 T405  T430 

C ln1/2

P

 T169  Y19 

C dc28

P

 S87 

P
 T63 

P

 T306 

Far1

C dc24

 S87 

 T63 

 T306 

Far1

C dc24

 S87 

 T63 

 T306 

Far1

C ln3

P

 T169  Y19 

C dc28
 S87 

 T63 

 T306 

Far1

C ln3

P

 T169  Y19 

C dc28
 S87 

 T63 

 T306 

Far1

C ln3

P

 T169  Y19 

C dc28

P

 S87 

P
 T63 

P

 T306 

Far1

C ln3

P

 T169  Y19 

C dc28

P

 S87 

P
 T63 

P

 T306 

Far1

 S427 

 S396 

 T405  T430 

C ln1/2

P

 T169  Y19 

C dc28
 S87 

 T63 

 T306 

Far1

 S427 

 S396 

 T405  T430 

C ln1/2

P

 T169  Y19 

C dc28
 S87 

 T63 

 T306 

Far1

P

 T180 

P

 Y182 

Fus3
P

 S218 

P

 S222 
S te7

P

 T180 

P

 Y182 

Fus3
P

 S218 

P

 S222 
S te7

FA R 1

FA R 1

C dc14

P

 T169  Y19 

C dc28

C ak1

 T169  Y19 

C dc28

C dc5

P

 T176 

P
 S16 

P
 S42 

P

 S227 

P

 S239 

C dh1

MAT? cell

nucleus

preautophagosomal
structure

Cvt vesicle

vacuole

Golgi / ER

mitochondrion

mitochondrion

budding yeast

Mfa

Ste3

P
 T180 

P
 Y182 

Fus3

Mfa

Ste3*

Mfa

Ste3*

Mfa

P

Ste3*

Mfa

P

Ste3*

Mfa

P Ub

Ste3*

Mfa

P Ub

Ste3*
endocytosis

Bar1

Mf(alpha)

Ste2

Yck1

Yck2

Yck3

Bar1

Mf(alpha)

Ste2*

Mf(alpha)

Ste2*

Mf(alpha)

P

Ste2*

Mf(alpha)

P

Ste2*

Mf(alpha)

UbP

Ste2*

Mf(alpha)

UbP

Ste2*

endocytosis

Gpa1

Ste18

Ste4

GDP

GDP

GDP

GTP

Ste18

Ste4

Ste18

Ste4

GDP

Gpa1

GDP

Gpa1

Ste4

Ste18

Gpa1

GDP

Ste4

Ste18

Gpa1

GDP

Gpa1

GTP

Gpa1

GTP

myristic acid

Akr1

pheromone
disensitization

Plp1

Akr1

Ste4

Ste18

Akr1

Ste4

Ste18

Plp1

Ste4

Ste18

Plp1

Ste4

Ste18

Pi

 S539 Sst2

P
 S539 Sst2

*
 S539 Sst2

Mpt5

Mpt5

 S539 Sst2

Mpt5

 S539 Sst2

Vsp36

Pep12

Tlg2

 S539 Sst2

Tlg2

 S539 Sst2

Tlg2

 S539 Sst2

Pep12

 S539 Sst2

Pep12

 S539 Sst2

Vsp36

 S539 Sst2

Vsp36

stress response signaling

Bem3

Bem2

Rga1

Bud5

Bud2

GTP

Cdc42

GDP

Cdc42

GDP

Cdc42

GTP

Cdc42

GTPPi

GTP

Rsr1

Rsr1

GTP

Rsr1

GTP

Ste5

Bem1

Cdc24

Cdc42Rsr1

GDPGTP

Bud2

Bem1

Cdc24

Cdc42Rsr1

GDPGTP

Bud2

Cdc24

Cdc24

Bem1

Bud2 Bem1

Rsr1 Cdc42

GDP GTP

Bud2 Bem1

Rsr1 Cdc42

GDP GTP

GTP GDP

 T777 
Ste20

 T180  Y182 
Fus3

 S218 
 S222 Ste7

Ste50

Bem1

Bem1 Ste5

 T180  Y182 
Fus3

 T777 
Ste20

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T180  Y182 
Fus3

 T777 
Ste20

 S218 
 S222 Ste7

Ste11 Ste50

Ste11

Gic1

Cdc42

GTP

Gic1

Cdc42

GTP

Gic2

Cdc42

GTP

Gic2

Cdc42

GTP

Gic1

Gic2

cell polarity

Ub

P
Gic2

P
Gic2

Cdc53

Skp1

Grr1

Cdc34

Cdc34

Grr1

Cdc53

Skp1

Cdc34

Grr1

Cdc53

Skp1

Cdc24

 T63 
 S87  T306 Far1

Cdc24

 T63 
 S87  T306 Far1

Cdc24
Bem1

 T63 
 S87  T306 Far1

Ste4

Ste18

Cdc24
Bem1

 T63 
 S87  T306 Far1

Ste4

Ste18

Bem1

Cdc24

 T63 
 S87  T306 Far1

Cdc24

 T63 
 S87  T306 Far1

Cdc24

 T63 

P
 S87  T306 Far1

Msn5

Bem1 Ste5*

 T180  Y182 
Fus3

 T777 
Ste20

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5*

 T180  Y182 
Fus3

 T777 
Ste20

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T180  Y182 
Fus3

 T777 
Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T180  Y182 
Fus3

 T777 
Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5*

 T180  Y182 
Fus3

P
 T777 

Ste20

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5*

 T180  Y182 
Fus3

P
 T777 

Ste20

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T180  Y182 
Fus3

P
 T777 

Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T180  Y182 
Fus3

P
 T777 

Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

pheromone

Bem1 Ste5*

 T180  Y182 
Fus3

P
 T777 

Ste20

P

Ste11

 S218 
 S222 Ste7

Ste50

Bem1 Ste5*

 T180  Y182 
Fus3

P
 T777 

Ste20

P

Ste11

 S218 
 S222 Ste7

Ste50

Bem1 Ste5

 T180  Y182 
Fus3

P
 T777 

Ste20*

P

Ste11

 S218 
 S222 Ste7

Ste50

Bem1 Ste5

 T180  Y182 
Fus3

P
 T777 

Ste20*

P

Ste11

 S218 
 S222 Ste7

Ste50

Cln2Cdc28

Cln2

Cdc28

Cln2

Cdc28

Bem1 Ste5

P
 T777 

Ste20*
P

Ste11 Ste50

Bem1 Ste5

P
 T777 

Ste20*
P

Ste11 Ste50

 T180  Y182 
Fus3

P
 S218 

P
 S222 Ste7

 T180  Y182 
Fus3

P
 S218 

P
 S222 Ste7

Bem1 Ste5*

P
 T777 

Ste20
P

Ste11 Ste50

Bem1 Ste5*

P
 T777 

Ste20
P

Ste11 Ste50

P
 T180 

P
 Y182 

Fus3

P
 S218 

P
 S222 Ste7

P
 T180 

P
 Y182 

Fus3

P
 S218 

P
 S222 Ste7

P
 T180 

P
 Y182 

Fus3

P
 S218 

P
 S222 Ste7

P
 T180 

P
 Y182 

Fus3

P
 S218 

P
 S222 Ste7

Gpr1

glucose

Gpr1*

glucose

Gpr1*

glucose

Gpa2

Gpb1 Gpb2Gpg1

GDP

GTP

Gpa2

GDP

Gpa2

GDP

Gpg1

Gpb1

Gpg1

Gpb1

Gpg1

Gpb2

Gpg1

Gpb2

Gpg1

Gpb2

Gpa2

GDP

Gpg1

Gpb2

Gpa2

GDP

Gpg1

Gpb1

Gpa2

GDP

Gpg1

Gpb1

Gpa2

GDP

Gpa2

GTP

Gpa2

GTP

GDP

Mep2

NH4
+

NH4
+

Rgs2

Mep2*

NH4
+

Mep2*

NH4
+

Cyr1 Cyr1*

Ras1

Ras2

Ira1

Ira2

Cdc25

GDP

GDP

Ras1

GDP

Ras1

GDP

Ras2

GDP

Ras2

GDP

GTP

Ras2

GTP

Ras2

GTPRas1

GTP

Ras1

GTP

ATP cAMP

Pde2

Tpk1

Tpk2

Tpk3

Bcy1

 T183  Y185 
Kss1

Bem1 Ste5

 T183  Y185 
Kss1

 T777 
Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T183  Y185 
Kss1

 T777 
Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T183  Y185 
Kss1

P
 T777 

Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T183  Y185 
Kss1

P
 T777 

Ste20*

 S218 
 S222 Ste7

Ste11 Ste50

Bem1 Ste5

 T183  Y185 
Kss1

P
 T777 

Ste20*

 S218 
 S222 Ste7

P

Ste11 Ste50

Bem1 Ste5

 T183  Y185 
Kss1

P
 T777 

Ste20*

 S218 
 S222 Ste7

P

Ste11 Ste50

 T183  Y185 
Kss1

P
 S218 

P
 S222 Ste7

 T183  Y185 
Kss1

P
 S218 

P
 S222 Ste7

P
 T183 

P
 Y185 

Kss1

P
 S218 

P
 S222 Ste7

P
 T183 

P
 Y185 

Kss1

P
 S218 

P
 S222 Ste7

P
 T183 

P
 Y185 

Kss1

P
 S218 

P
 S222 Ste7

P
 T183 

P
 Y185 

Kss1

P
 S218 

P
 S222 Ste7

Tpk3

Bcy1

Tpk3

Bcy1

Tpk2

Bcy1

Tpk2

Bcy1

Tpk1

Bcy1

Tpk1

Bcy1

Tpk1*

Tpk2*

Tpk3*

Bcy1

cAMP

Bcy1

cAMP

filamentous
growth

Sch9

Sch9*

Cla4Cla4

Cdc42

GTP

Cla4

Cdc42

GTPCdc3

Cdc10

Cdc12

Cdc11

Shs1

P Cdc3

GTP

Cdc12

GTP

Cdc12

GTP

P Cdc10

GTP

P Cdc10

GTP

color
formation

Bni1

Pfy1

Bud6

actinPfy1 Bud6 actin

Bni1

Cdc42

GTP

Pfy1 Bud6 actin

Bni1

Cdc42

GTP

morphogenesis

Ptp3

Msg5

 T63 
 S87  T306 Far1

P
 T63 

 S87 
P

 T306 Far1

Cln1

Cdc28

Cln1

Cdc28

Cln1Cdc28

Cln2cell cycle

Cln2

Cdc28

Cln2

Cdc28

Cln1

Cdc28

P
 T63 

 S87 
P

 T306 Far1

Cln1

Cdc28

P
 T63 

 S87 
P

 T306 Far1

Cln2

Cdc28

P
 T63 

 S87 
P

 T306 Far1

Cln2

Cdc28

P
 T63 

 S87 
P

 T306 Far1

G1 arrest

Ste12 Ste12 P
P Ste12

Tec1

Dig1
Dig2

Mcm1

P Dig1
P Dig2

Tec1

Ste12

Tec1

Ste12

 T183  Y185 
Kss1

Tec1

Ste12

 T183  Y185 
Kss1

Tec1

Ste12

 T183  Y185 
Kss1

Tec1

P Ste12

Tec1

P Ste12

Mcm1

Ste12

Mcm1

Ste12

Mcm1

P Ste12

Mcm1

P Ste12

PGU1
FLO11

TEC1

SST2

MSG5

GPA1
FUS1

FUS2

FIG1

FIG2

AGA1

STE12

MFA2

FAR1

FUS3

STE2

PGU1
FLO11

TEC1

SST2

MSG5

GPA1
FUS1

FUS2

FIG1
FIG2

AGA1

STE12

MFA2

FAR1

FUS3

STE2

Sho1

 S514 
 T518 Pbs2

 T174  Y176 
Hog1

Nbp2

Ptc1

ammonium
metabolism

Nbp2 Ptc1

 S514 

 T518 

Pbs2
 T174  Y176 

Hog1

Nbp2 Ptc1

 S514 

 T518 

Pbs2
 T174  Y176 

Hog1

Nbp2 Ptc1

 S514 

 T518 

Pbs2
 T174  Y176 

Hog1

Sho1*

Nbp2 Ptc1

 S514 

 T518 

Pbs2
 T174  Y176 

Hog1

Sho1*

high osimolarity

 H576 

 D1144 
Sln1

P
 H64 

Ypd1

 D554 
Ssk1

Ubc7

P
 D427 Skn7

 T1460 
Ssk2

 H576 

 D1144 

 H576 

 D1144 
Sln1

 H576 

P
 D1144 

 H576 

P
 D1144 

Sln1

P
 H576 

 D1144 

P
 H576 

 D1144 
Sln1

 H64 
Ypd1

Pi

 D427 Skn7

P
 D554 

Ssk1

P
 D554 

Ssk1

 H64 
Ypd1

P
 D554 

Ssk1

 H64 
Ypd1

 D554 
Ub

Ssk1

low extracellular
osimolarity

high intracellular
osimolarity

Nbp2 Ptc1

P
 S514 

P
 T518 

Pbs2

Sho1*

 T174  Y176 
Hog1

Nbp2 Ptc1

P
 S514 

P
 T518 

Pbs2

Sho1*

 T174  Y176 
Hog1

Nbp2 Ptc1

P
 S514 

P
 T518 

Pbs2

Sho1*

P
 T174 

P
 Y176 

Hog1

Nbp2 Ptc1

P
 S514 

P
 T518 

Pbs2

Sho1*

P
 T174 

P
 Y176 

Hog1

 T1460 
Ssk2*

 D554 
Ssk1

 T1460 
Ssk2*

 D554 
Ssk1

P
 T1460 

Ssk2*

 D554 
Ssk1

P
 T1460 

Ssk2*

 D554 
Ssk1

Ssk22

Ssk22*

 D554 
Ssk1

Ssk22*

 D554 
Ssk1

P

Ssk22*

 D554 
Ssk1

P

Ssk22*

 D554 
Ssk1

 T777 
Ste20

 T777 
Ste20*

P
 T777 

Ste20*

Ste11 Ste50

Ste50

Ste11

Ste50

Ste11

Ste50

P

Ste11

Ste50

P

Ste11

P
 T174 

P
 Y176 

Hog1Nbp2 Ptc1

P
 S514 

P
 T518 

Pbs2

Sho1*

Nbp2 Ptc1

P
 S514 

P
 T518 

Pbs2

Sho1*

P
 T174 

P
 Y176 

Hog1

Srm1

Rna1

Nmd5

GTP

GDP

Gsp1

GDP

Gsp1

GDP

Gsp1

GTP

Gsp1

GTP
Nmd5

P
 T174  Y176 

Hog1

P
 T174  Y176 

Hog1

Xpo1

PTP2Ptp2

Ptp2*

PTP3

PTP3

Ptp3

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

 S30  S70  S153 

 S360  S410 
Hot1

 S Msn2

 S Msn4

P  S Msn4

P  S Msn2

P  S Msn2

P  S Msn4

high osimolarity

Msn1

Msn1

P
 T174 

P
 Y176 

Hog1

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

Msn1

P
 T174 

P
 Y176 

Hog1

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

P  S Msn2

P
 T174 

P
 Y176 

Hog1

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

P  S Msn2

P
 T174 

P
 Y176 

Hog1

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

P  S Msn4

P
 T174 

P
 Y176 

Hog1

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

P  S Msn4

P
 T174 

P
 Y176 

Hog1

P
 S30 

P
 S70 

P
 S153 

P
 S360 

P
 S410 

Hot1

GLO1

CTT1

GLO1

CTT1

GPD1

GPP2

GPD1

GPP2

 S519 
 T379 Rck2

P
 S519 

P
 T379 Rck2

protein systhesis

Ssn6

Tup1
Tup1

Ssn6

Tup1

Ssn6

 S108  T113  S126 

 S380  S393  S399 
Sko1

Ssn6

Tup1

 S108  T113  S126 

 S380  S393  S399 
Sko1

Ssn6

Tup1

 S108  T113  S126 

 S380  S393  S399 
Sko1Ssn6

Tup1

 S108  T113  S126 

P
 S380 

P
 S393 

P
 S399 

Sko1

Ssn6

Tup1

 S108  T113  S126 

P
 S380 

P
 S393 

P
 S399 

Sko1

Tpk1*

Tpk2*

Tpk3*

P
 S108 

P
 T113 

P
 S126 

 S380  S393  S399 
Sko1

P
 S108 

P
 T113 

P
 S126 

 S380  S393  S399 
Sko1

osmotic stress-inducible genes

GRE2
ENA1

HAL1

GRE2
ENA1

HAL1

Mig1

Mig2 Gcn4

Skn7*

oxidative stress

Skn7*

P
 D427 Skn7

Mbp1

Mcm1

Hsf1

Yap1

target genes

Mcm1*

cell wall genes

Mbp1

P
 D427 Skn7

Mbp1

P
 D427 Skn7

Hsf1

P
 D427 Skn7

Hsf1

P
 D427 Skn7

G1/S cell cycle progression

Slg1

Wsc2

Wsc3

Wsc4

Slg1*

Wsc2*

Wsc3*

Wsc4*

cell wall stress

Mid2

Zeo1
Zeo1

Mid2

Zeo1

Mid2

Zeo1

Mid2*

Zeo1

Mid2*

Rom2Rom2*

GTP

GDP

Rho1

GDP

Rho1

GDP

Rho1

GTP

Rho1

GTP

Mtl1

Zds1

Lre1

Bem4

Rom1

Pi

Sac7

Bem2

Gag7

RDI1

RDI1

Rho1

GDP

RDI1

Rho1

GDP

GDP

GTP
Rho2

GDP

Rho2

GDP

Rho2

GTP

Rho2

GTP

Pi

Pkc1

Pkc1

Rho1

GTP

Pkc1

Rho1

GTP

Pkc1*

Rho1

GTP

Pkc1*

Rho1

GTP

Ca2+

DAG

phosphatidyl-
serine

Pfy1

Bni1

Rho1

GTP

Bni1

Rho1

GTP

Bni1

Pfy1

Bni1

Rho1

GTP

Pfy1

Bni1

Rho1

GTP

actin
reorganization

Sec3
Sec3

Rho1

GTP

Sec3

Rho1

GTP

Msb1

 S 

 T 
Bck1

 S 

 T 

 S 

 T 
Bck1

Mkk1

Mkk2

Mkk2

Mkk1

 S 

 T 

 S 

 T 
Bck1

Mkk2

Mkk1

 S 

 T 

 S 

 T 
Bck1

Mkk2

Mkk1

P
 S 

P
 T 

P
 S 

P
 T 

Bck1

Mkk2

Mkk1

P
 S 

P
 T 

P
 S 

P
 T 

Bck1

P Mkk2

P Mkk1

P
 S 

P
 T 

P
 S 

P
 T 

Bck1

P Mkk2

P Mkk1

P
 S 

P
 T 

P
 S 

P
 T 

Bck1

 T 

 Y 
Slt2

P
 T 

 Y 
Slt2

P
 T 

P
 Y 

Slt2

P
 T 

P
 Y 

Slt2

P

Rim15

Rim15

*

P
Rim15

Fks1

Gsc2

Gsc2

Rho1

GTP

Gsc2

Rho1

GTP

Fks1

Rho1

GTP

Fks1

Rho1

GTP

Tor2Tor1Tor1* Tor2*

exess nitrogen

limiting nitrogen

Fpr1

rapamycin

Tor2

Fpr1

rapamycin

Tor2

Fpr1

rapamycin

Tor1

Fpr1

rapamycin

Tor1

Fpr1

rapamycin

Tap42

Sap155

Tip41

Sap185

Sap190

Cdc55

Tpd3

Gln3

Ure2

P Tap42

P Tip41

P Tap42

Tip41

P Tap42

Tip41

Php22

Sit4Php21

P Tap42

Sit4

P Tap42

Sit4

P Tap42

Php21

P Tap42

Php21
P Tap42

Php22

P Tap42

Php22

Sap155

Sit4

Sap155

Sit4

Sap185

Sit4

Sap185

Sit4

Sap190

Sit4

Sap190

Sit4

Tpd3

Cdc55

Tpd3

Cdc55

Tpd3

Cdc55

Php22

Tpd3

Cdc55

Php22

Tpd3

Cdc55

Php21

Tpd3

Cdc55

Php21

Ure2

Gln3

Ure2

Gln3

Ure2

Gln3

Tor1*

Ure2

Gln3

Tor1*

? Ure2

P Gln3

Tor1*

? Ure2

P Gln3

Tor1*

[URE3]

glutamate

Gat1

Mks1 Rtg2

Rtg1

Rtg3

Gat1

Ure2

Gat1

Ure2

Gat1

Ure2

Mks1

Ure2

Mks1

rapamycin

nitrogen
starvation

Rtg2

Mks1

Rtg2

Mks1

Rtg2

P Mks1

Rtg2

P Mks1

Rtg2*

Mks1

Rtg2*

Mks1

Rtg1

Rtg3

Rtg1

Rtg3

P

P
Rtg3

Rtg1

P

P
Rtg3

Rtg1

Rtg1

P
Rtg3

Rtg1

P
Rtg3

Rtg1

P
Rtg3

Rtg1

P
Rtg3

Srp1

Srp1

Gln3

Srp1

Gln3

retrograde genes
CIT2, DLD3, IDH1, IDH2

Srp1

Gln3

Srp1

Gln3

Srp1

Gln3

Cse1

Crm1

Crm1

Gln3

Crm1

Gln3

P

Ste11 Ste50

Ste5

Bem1

P
 T777 

Ste20*

P

Ste11 Ste50

Ste5

Bem1

P
 T777 

Ste20*

Cdc33Tif4631

Tif1

Tif2

Eap1

Cdc33*

Tif4632

protein
systhesis

Tif2

Tif4632

Cdc33*

Tif2

Tif4632

Cdc33*

Tif1

Tif4631

Cdc33*

Tif1

Tif4631

Cdc33*

Atg13 Vac8

PVac8

P P P

Atg13

PVac8

P P P

Atg13

PVac8

P P P

Atg13

PVac8

P

Atg13

PVac8

P

Atg13

Atg1

P P

Atg1 Atg20

Snx4

Atg17
Atg11

Atg11 Atg17

P P

Atg1

Atg20

Snx4

Atg11 Atg17

P P

Atg1

Atg20

Snx4

Atg11 Atg17

P

Atg1

Atg20

Snx4

Atg11 Atg17

P

Atg1

Atg20

Snx4

starvation

Atg17 Atg11 PVac8

P

Atg1

P

Atg13

Atg20

Snx4

Atg17 Atg11 PVac8

P

Atg1

P

Atg13

Atg20

Snx4

Vps15

Vps34

P Vps15

PP Vps34

P Vps15

PP Vps34

P Vps15

Atg14

Vps30

Vps30

Atg14

PP Vps34

P Vps15

Vps30

Atg14

PP Vps34

P Vps15

PtdInsPtdIns(3)P

autophagy

Atg12

Atg7

Atg10

Atg16

Atg7

Atg12*

Atg7

Atg12*

Atg10

Atg12*

Atg10

Atg12*

Atg5

Atg12*

Atg5

Atg12*

Atg5

Atg16

Atg5

Atg12*

Atg16

Atg5

Atg12*

Atg16

Atg16

Atg16

Atg16

Atg5

Atg5

Atg5

Atg5

Atg12*

Atg12*

Atg12*

Atg12*

Atg16

Atg16

Atg16

Atg16

Atg5

Atg5

Atg5

Atg5

Atg12*

Atg12*

Atg12*

Atg12*

autophagosome
formation

Atg17 Atg11 PVac8

P

Atg1

P

Atg13

Atg20

Snx4

PtdIns(3)P

Atg17 Atg11 PVac8

P

Atg1

P

Atg13

Atg20

Snx4

PtdIns(3)P

Atg11 Atg17

P P

Atg1

Atg20

Snx4

PtdIns(3)P

Atg11 Atg17

P P

Atg1

Atg20

Snx4

PtdIns(3)P

precursor
LAP4

Lap4

precursor
LAP4

Atg19

Ams1

Lap4

Atg19 Ams1

Lap4

Atg19 Ams1

Atg19

Lap4

Ams1Atg11
Atg19

Lap4

Ams1Atg11

Atg8 Atg8*

Atg11

Atg8

Atg19

Lap4

Ams1

Atg8

Atg19

Lap4

Ams1

Atg8

Atg19

Lap4

Ams1

Atg8

Atg19

Lap4

Ams1

Atg4

Atg7

Atg8*

Atg7

Atg8*

Atg7

Atg3

Atg3

Atg8*

Atg3

Atg8*

phosphatidyl-
ethanolamine

phosphatidyl-
ethanolamine

Atg8*

phosphatidyl-
ethanolamine

Atg8*

Cch1

Pma1

Mid1

Plc1

Cch1*

Pma1*

Mid1*

Ca2+Ca2+

pheromone

hyperosmotic
stress

Plc1*

glucose

Cdc31
Cmd1

Cnb1

Cmp2

Cna1

Fpr1

Cdc31

Ca2+Ca2+
Ca2+ Ca2+

Cdc31

Ca2+Ca2+
Ca2+ Ca2+

microtubule
organization

Cmd1

Ca2+Ca2+Ca2+ Ca2+

Cmd1

Ca2+Ca2+Ca2+ Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Cna1

Cnb1

Ca2+Ca2+
Ca2+ Ca2+

Cna1

Cnb1

Ca2+Ca2+
Ca2+ Ca2+

Cmp2

Cnb1

Ca2+Ca2+
Ca2+ Ca2+

Cmp2

Cnb1

Ca2+Ca2+
Ca2+ Ca2+

Ca2+Ca2+
Cmd1

Cmp2

Cnb1

Ca2+Ca2+Ca2+Ca2+

Ca2+ Ca2+Ca2+Ca2+
Cmd1

Cmp2

Cnb1

Ca2+Ca2+Ca2+Ca2+

Ca2+ Ca2+

Cmd1

Cna1

Ca2+Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Ca2+ Ca2+

Cmd1

Cna1

Ca2+Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Ca2+ Ca2+

Ca2+Ca2+

Cnb1

Cmp2

Fpr1

Ca2+
Ca2+Ca2+Ca2+

Cnb1

Cmp2

Fpr1

Ca2+
Ca2+

Fpr1

Cna1

Cnb1

Ca2+Ca2+
Ca2+ Ca2+

Fpr1

Cna1

Cnb1

Ca2+Ca2+
Ca2+ Ca2+

Crz1

P Crz1

Hrr25

Crz1P Crz1

Rcn1

Cmp2

Cmd1
Rcn1

Ca2+Ca2+Ca2+ Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Cmp2

Cmd1
Rcn1

Ca2+Ca2+Ca2+ Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Cna1

Cmd1
Rcn1

Ca2+Ca2+Ca2+ Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

Cna1

Cmd1
Rcn1

Ca2+Ca2+Ca2+ Ca2+

Cnb1

Ca2+Ca2+Ca2+ Ca2+

RCN1 RCN1

CMK2

PMC1

CMK2

PMC1

Vcx1

Pmc1

Yvc1

Yvc1*

P Vcx1

Ca2+

Ca2+

Ca2+

Pmr1
Mid1

Mid1*

Cmk1

Cmk2

Cmk1

Cmd1

Ca2+Ca2+
Ca2+ Ca2+

Cmk1

Cmd1

Ca2+Ca2+
Ca2+ Ca2+

Cmk2

Cmd1

Ca2+Ca2+
Ca2+ Ca2+

Cmk2

Cmd1

Ca2+Ca2+
Ca2+ Ca2+

Fps1

Fps1*

Gup2

Gup1

GlycerolGlycerol

hypoosmotic
shock

Gly-3-PDHAP

Gut1

Gpp1 Gpp2Gpd1 Gpd2

Gut2

FAD+FADH2

NADH NAD+

DHA

Ypr1

Gcy1

Dak1

Dak2

NADP

NADPH
ATP

ADP

Fru-6-PFru-1,6-bP

Fbp1

Fructose Fructose

Pfk2Pfk1

Hxk1

Hxk2

Hxt11

Hxt10

Hxt8

Hxt17

Hxt13

Hxt14

Hxt15

GA-3-P

Fba1

Tpi1

Glc-6-P

Ribulose-5-P

Tkl2

Tal1

Tkl1

Rkl1

Rpe1

Pgi1
Gnd1

Gnd2 Zwf1

6-phosphogluconate 6-phosphogluconolactone Glucose Glucose

Hxt6

Hxt7

Hxt9

Hxt12

Hxt16

Hxt2

Hxt3

Hxt1

Hxt4

Hxt5

Stl1Glk1

Glycerate-1,3-bP

Tdh1 Tdh2

Tdh3

NADPNADPH

pyruvate

Glc-1-PUDP-Glc

TrehaloseTrehalose-6-P

Pgm1

Pgm2

Glycogen

Ugp1

Ath1

Nth1

Nth2

Gph1

Glg2

Glg1

Gsy1

Gsy2

Glc3

Tsl1

Tps1

Tps3

Tps3

Tsl1

Tps1

Tps3

Tsl1

Tps1

Tps2

Snf3

Rgt2

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Snf3

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Snf3

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Snf3

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Snf3

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Rgt2

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Rgt2

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Rgt2

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Rgt2

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Snf3*

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Snf3*

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Snf3*

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Snf3*

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Rgt2*

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Rgt2*

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Rgt2*

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Rgt2*

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

Yck1

Yck2

Yck1*

Yck2*

Rgt2*

P
 S118 

P
 S121 

P
 S125 

P
 S126 

P
 S129 

P
 S130 

P
 S133 

P
 S136 

Mth1

Rgt2*

P
 S118 

P
 S121 

P
 S125 

P
 S126 

P
 S129 

P
 S130 

P
 S133 

P
 S136 

Mth1

Rgt2*

P
 S129 

P
 S132 

P
 S135 

P
 S136 

P  S137 

P
 S140 

P
 S141 

P
 S144 

P
 S147 

Std1

Rgt2*

P
 S129 

P
 S132 

P
 S135 

P
 S136 

P  S137 

P
 S140 

P
 S141 

P
 S144 

P
 S147 

Std1

Snf3*

P
 S118 

P
 S121 

P
 S125 

P
 S126 

P
 S129 

P
 S130 

P
 S133 

P
 S136 

Mth1

Snf3*

P
 S118 

P
 S121 

P
 S125 

P
 S126 

P
 S129 

P
 S130 

P
 S133 

P
 S136 

Mth1

Snf3*

P
 S129 

P
 S132 

P
 S135 

P
 S136 

P  S137 

P
 S140 

P
 S141 

P
 S144 

P
 S147 

Std1

Snf3*

P
 S129 

P
 S132 

P
 S135 

P
 S136 

P  S137 

P
 S140 

P
 S141 

P
 S144 

P
 S147 

Std1

Snf3*

P
 S129 

P
 S132 

P
 S135 

P
 S136 

P  S137 

P
 S140 

P
 S141 

P
 S144 

P
 S147 

UbStd1

Rgt2*

P
 S118 

P
 S121 

P
 S125 

P
 S126 

P
 S129 

P
 S130 

P
 S133 

P
 S136 

UbMth1

Grr1

Skp1

Cdc53

Cdc34

Cdc34

Cdc53

Skp1

Grr1

Cdc34

Cdc53

Skp1

Grr1

low
glucose

high
glucose

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Glycerate-3-P

Glycerate-2-P

PEP

Pgk1

Gpm2

Eno1

Cdc19

Acetaldehyde

Thi3

Ethanol

Adh5

pyruvate

Acetyl-CoA

Pda1

Pdb1

Lat1

Oxaloacetate

Citrate

Isocitrate

2-OxoglutarateSuccinyl-CoA

Succinate

Fumarate

Malate

Pyc2

CoA

Cit2

Aco1

Idh1

Pyc1

Cit1
Cit3

Idh2

Kgd1

Kgd2

Lsc1

Lsc2

Mdh2

Fum1

Sdh1

Sdh2

Sdh3

Sdh4

Rgt1

Rgt1

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

Rgt1

 S118  S121  S125  S126 

 S129  S130  S133  S136 
Mth1

 S129  S132  S135  S136 

 S137 

 S140  S141  S144  S147 
Std1

SNF3

STD1

MTH1

HXT4
HXT3

HXT2
HXT1

MTH1
STD1

SNF3

HXT4
HXT3

HXT2
HXT1

MIG2 Mig2

P Mig1

Snf1

P Mig1

Msn5

other HXT genes

DAL80

Dal80

Dal80

GAT1

DEH1

Deh1

Deh1

Dal80

Deh1

Dal80

Deh1

NCR-sensitive genes

Rlm1 P Rlm1

Mlp1

GSC2

GSC2

Hsf1
P

P
P Hsf1

Swi4

Swi6

Swi4

Swi6

Swi4

Swi6

P Swi6

Swi4

P Swi6

Swi4

PCL1

PCL2

PCL1

PCL2

CLN1

CLN2

CLN1

CLN2

Mig1

Glc7

Reg1

Glc7

Reg1

Cse1

Glc7

Reg1

Mfa2

RHO1

PEP12

RHO1

PEP12

Rho1

GDP

UDP-Glc 1,3-? -Glucan

1,3-? -Glucan

Ethanol

BAG7

SMP1

TIS11

SOK2

CUP2

YPK1

ARK1

NDT80

CSE2

HAL5

SIP1

BAG7

SMP1

TIS11

SOK2

CUP2

YPK1

ARK1

NDT80

CSE2

HAL5

SIP1

CHS1

CRH1

SCW10

KRE6

ECM40

SPS100

CHS1

CRH1

SCW10

KRE6

ECM40

SPS100

target genes

target genes

FRE

target genes

FRE

target genes

PRE

target genes

PRE

target genes

HSE

target genes

HSE

Glucose sensing

transcription

Ca
signaling

2+

MAPK
cascade

Cell wall
integrity
pathway

HOG pathway
Filamentous / 

invasive growth
pathway

Pheromone
response
pathway

small
GTPase

PKA

G protein

Tor signaling

Autophagy /
Cvt pathway

Metabolism

Signal Transduction and Carbohydrate Metabolic Pathways   (K.Oda)

Cell Division Cycle    (H.Moriya)

LEGENDS

catalysis inhibition

transport

heterodimer
association

state transition unknown transition

unknown 
catalysis

unknown 
inhibition

known transition omitted transcriptional activation

translational activation

transcriptional inhibition

translational inhibition
add reactant

add product

dissociation truncation
degradation

activated ion channel activated truncated proteinactivated protein activated receptor

� � � �� � � � � � � �� � � � � � � �� � � � � � � � � ���� � � � � ��� � � � � ��
� � � � �� � � � � �� � � � � � � � � � � � � � � �� � � �

A Comprehensive Molecular Interaction Map of Budding Yeast (ver.0.5)
SC050807V05

Kanae Oda* (1.2),  Hisao Moriya* (1,3), Yukiko Matsuoka (3), Hiroaki Kitano (1,2,4)    
(1) The Systems Biology Institute,  (2) Department of Fundamental Science and Technology, Keio University, (3) ERATO-SORST Kitano Symbiotic Systems Project, Japan Science and Technology Agency, (4) Sony Computer Science Laboratories, Inc.

* indicates equal contribution.

maps

The draft version of the Budding Yeast Molecular Interaction Map includes signal transduction and carbohydrate metabolic pathways, as well as cell 
cycle net work.  'Signal Transduction and Carbohydrate Metabolic Pathways' includes five major signal transduction and other related pathways: 
the pheromone response pathway, the filamentous/ invasive growth pathway, the high osmolarity glycerol (HOG) pathway, the cell wall integrity 
pathway, the Tor signaling, the autophagy/ Cvt pathway, the carbohydrate metabolism, and the glucose sensing pathway.  Modules, such as MAPK 
cascade, are highlighted within color boxes. 'Cell Division Cycle' includes core regulatory processes which regulate cyclin-dependent kinase 

activities. G1 cyclins and B-type cyclins are surrounded with green and red lines respectively. Our long term goal is to successively enhance the 
map to cover each and every interaction in budding yeast within the next decade.
The success of the Yeast Interaction Map project will results in a precise and exhaustive interaction map of yeast which will be an invaluable 
resource to the community.  But, this requires extensive feedback and kind collaboration from the yeast community.  
Please provide us your comments on the map and possible contribution to: yeast_map@sbi.jp

These maps are created using CellDesigner 
ver.2.2, a structured diagram editor for 
drawing gene-regulatory and biochemical 
networks.  Networks are drawn based on the 
process diagram with graphical notation 
system proposed by Kitano (Kitano et al. 
Nat. Biotech. Aug. 2005), and are stored 
us ing  the  Systems Biology Markup 
L a n g u a g e  ( S B M L ) ,  a  s t a n d a r d  f o r  
representing models of biochemical and 
gene-regulatory networks.  Each gene or 
protein node can directly link to the database 
s u c h  a s  S a c c h a r o m y c e s  G e n o m e  
Database (SGD).  CellDesigner is also a 
S y s t e m s  B i o l o g y  W o r k b e n c h  
(SBW)-enabled application and can integrate 
with all SBW-enables modules, including 
simulation and other analysis packages.

This is a part of activities in 
Yeast Systems Biology Network (YSBN). 

http://sbml.org http://sbgn.org

downloads
  The maps 
SBML or PDF files can bedownloaded from
http://www.systems-biology.org/
001/
  CellDesigner 
is available from
http://celldesigner.org/

produced by CellDesigner ver2.2
+ Adobe Illustrator

maps stats

Signal 
Transduction
- 864 Species 
- 360 proteins 
- 528 reactions

Cell Devision
Cycle
- 264 Species 
-   90 proteins 
- 199 reactions


