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Connectivity of the codon series
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"Einegute Theorieist das Praktischste
was esgibt."

ά! ƎƻƻŘ ǘƘŜƻǊȅ ƛǎ ǘƘŜ Ƴƻǎǘ 
ǇǊŀŎǘƛŎŀƭ ǘƘƛƴƎέ

Gustav Robert Kirchhoff

(1824 - 1887), German physicists  
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TGAgTCAAP-1

TGAGTCAHuman collagenase (-2013) 
*******

TGTGTAA
** ** *

Mouse IL-2 (-143)

TGTAATA
**    * Mouse IL-2 (-82)

Consensus:
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Mouse c-fos
promoter 
(Matrix search 
for TF binding 
sites)

          1                          <------------ V$IK1_01(0.86)    ----- ...V$CREBP1CJUN_01(0.85)  
          2                           <----------- V$IK2_01(0.90)    ----- ...V$CREB_01(0.96)  
          3    ----------- >V$AP2_Q6(0.87)    <------------- V$GKLF_01(0.8 7)  
          4 -- >V$ATF_01(0.89)              <------- V$MZF1_01(0.99)    ---- ...V$ELK1_01(0.87)  
          5              <----------- V$AP2_Q6(0.92)    <------------ V$SP1_Q6(0.88)  
          6>V$AP1FJ_Q2(0.89)               <------------- V$GKLF_01(0.85)  
          7 >V$AP1_Q2(0.87)                   <------------- V$GKLF_01(0.86)  
          8 - >V$CREB_Q2(0.86)                    <--------- V$CETS1P54_01(0.90)  
          9 - >V$CREB_Q4(0.90)                    <--------- V$NRF2_01(0.90)  
         10                                          <------------- V$GC_01(0.88)  
         11                                              ----------- >V$CAAT_01(0.87)  
         12                                              <------------ V$TCF11_01(0.87)  
         13                                                ----------- >V$AP2_Q6(0.87)  
         14                                                 <--------- V$USF_Q6(0.93)  
         16                                                     -------- ...V$ATF_01(0.94)  
         17                                                     ------- ...V$AP1FJ_Q2(0.95)  
         20                                                     ------- ...V$CREBP1_Q2(0.93)  
         21                                                     ------- ...V$CREB_Q2(0.95)  
         23                                                          --- ...V$IK2_01(0.85)  
MMCFOS_1   GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG   420 
 
          1 -- >V$CREBP1CJUN_01(0.85)    -------------- >V$BARBIE_01(0.86)   
          2 -- >V$CREB_01(0.96)          - ------------- >V$TATA_01(0.95)     
          3       ----------- >V$CAAT_01(0.91)    --------- >V$AP4_Q5(0.95)  
          4----------- >V$ELK1_01(0.87)     --------------------- >V$HEN1_01(0.87)  
          5                  --------- >V$AP4_Q5(0.88)                <-- - ...V$CMYB_01(0.93)  
          6        <--------- V$CDPCR3HD_01(0.93)                       -- ...V$VMYB_02(0.89)  
          7                  <-------------- V$TATA_01(0.88)              
          8                                --------------------- >V$HEN1_02(0.87)  
          9                               <--------------------- V$HEN1_02(0.86)  
         10                                <----------------- V$AP4_01(0.88)  
         11                                    ----------- >V$LMO2COM_01(0.93)  
         12                                    <----------- V$LMO2COM_01(0.93)  
         13                                    <----------- V$MYOD_01(0.88)  
         17 --- >V$AP1FJ_Q2(0.95)                  <--------- V$AP4_Q6(0.99)  
         20 ---- >V$CREBP1_Q2(0.93)                <--------- V$MYOD_Q6(0.96)                         
         21---- >V$CREB_Q2(0.95)                                              Transcription start  
         23 -------- >V$IK2_01(0.85)                                       
         24                               <===========  E2F (0.80)   
MMCFOS_1   TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC   480 
 
          1               <----------------- V$CMYB_01(0.91)      ------- ...V$ER_Q6(0.86)  
          2                <----------- V$LMO2COM_01(0.90)          <---- ...V$TCF11_01(0.87)  
          3                 --------- >V$MYOD_Q6(0.90)       -------- >V$STAT_01(0.93)  
          4                  --------- >V$VMYB_01(0.89)       <-------- V$STAT_01(0.89)  
          5 -------------- V$CMYB_01(0.93)    -------- >V$LMO2COM_02(0.93)   
          6 ------ >V$VMYB_02(0.89)       <----------- V$CAAT_01(0.85)       
          7                 -------- >V$VMYB_02(0.88)                     
          8                        -------------- >V$EVI1_04(0.86)         
          9                              ------------- >V$GATA1_02(0.93)   
         12                                <------------ V$ZID_01(0.85)    
         13                               <---------- V$CP2_01(0.97)      
         14                                 ---------- >V$GATA_C(0.92)    
         15                                     ----------------- >V$CMYB_01(0.86)  
         16                                          --------- >V$CREL_01(0.91)  
         24                                                <===========  E2F (0.82)   
MMCFOS_1   CAACCGCGACTGCAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGA   540 
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Colorectal cancer: tumor-specific enhancer around a SNP in 
regulatory region of MYC gene
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нύ ˤ͚ͭͦͪͦ ͊ͦͤ͘͟ ͔͙͙ͭͦͪ ͔͎ͪͯ͡Ύ͎ͭͦͪͤͦͦ ͦ͒͊͟Υ 
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Composite Module (CM)

Composite Modules (CM)

(Mark Ptashne, Alexander Gann  Genes and Signals, 2002)



George Gamow Paradigm shift

Forget about biochemistry!

Nucleotides are just 

Letters

of an unknown

language
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Site Word
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(composite modules)
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Weight:   TF matrix 

1.000000 0.840072 V$E2F_19 

0.954483 0.737637 V$TATA_01 

0.888064 0.939687 V$CREB_01 

0.816179 0.941583 V$SP1_Q6 

0.039746 0.839702 V$TAL1BETAE47_01 
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          1                          <------------ V$IK1_01(0.86)    ----- ...V$CREBP1CJUN_01(0.85)  
          2                           <----------- V$IK2_01(0.90)    ----- ...V$CREB_01(0.96)  
          3    ----------- >V$AP2_Q6(0.87)    <------------- V$GKLF_01(0.8 7)  
          4 -- >V$ATF_01(0.89)              <------- V$MZF1_01(0.99)    ---- ...V$ELK1_01(0.87)  
          5              <----------- V$AP2_Q6(0.92)    <------------ V$SP1_Q6(0.88)  
          6>V$AP1FJ_Q2(0.89)               <------------- V$GKLF_01(0.85)  
          7 >V$AP1_Q2(0.87)                   <------------- V$GKLF_01(0.86)  
          8 - >V$CREB_Q2(0.86)                    <--------- V$CETS1P54_01(0.90)  
          9 - >V$CREB_Q4(0.90)                    <--------- V$NRF2_01(0.90)  
         10                                          <------------- V$GC_01(0.88)  
         11                                              ----------- >V$CAAT_01(0.87)  
         12                                              <------------ V$TCF11_01(0.87)  
         13                                                ----------- >V$AP2_Q6(0.87)  
         14                                                 <--------- V$USF_Q6(0.93)  
         16                                                     -------- ...V$ATF_01(0.94)  
         17                                                     ------- ...V$AP1FJ_Q2(0.95)  
         20                                                     ------- ...V$CREBP1_Q2(0.93)  
         21                                                     ------- ...V$CREB_Q2(0.95)  
         23                                                          --- ...V$IK2_01(0.85)  
MMCFOS_1   GAGCGCCCGCAGAGGGCCTTGGGGCGCGCTTCCCCCCCCTTCCAGTTCCGCCCAGTGACG   420  
 
          1 -- >V$CREBP1CJUN_01(0.85)    -------------- >V$BARBIE_01(0.86)   
          2 -- >V$CREB_01(0.96)          - ------------- >V$TATA_01(0.95)     
          3       ----------- >V$CAAT_01(0.91)    --------- >V$AP4_Q5(0.95)  
          4----------- >V$ELK1_01(0.87)     --------------------- >V$HEN1_01(0.87)  
          5                  --------- >V$AP4_Q5(0.88)                <-- - ...V$CMYB_01(0.93)  
          6        <--------- V$CDPCR3HD_01(0.93)                       -- ...V$VMYB_02(0.89)  
          7                  <-------------- V$TATA_01(0.88)              
          8                                --------------------- >V$HEN1_02(0.87)  
          9                               <--------------------- V$HEN1_02(0.86)  
         10                                <----------------- V$AP4_01(0.88)  
         11                                    ----------- >V$LMO2COM_01(0.93)  
         12                                    <----------- V$LMO2COM_01(0.93)  
         13                                    <----------- V$MYOD_01(0.88)  
         17 --- >V$AP1FJ_Q2(0.95)                  <--------- V$AP4_Q6(0.99)  
         20 ---- >V$CREBP1_Q2(0.93)           <-- ------- V$MYOD_Q6(0.96)                         
         21---- >V$CREB_Q2(0.95)                                          Transcription start  
         23 -------- >V$IK2_01(0.85)                                       
         24                               <- ----------  E2F (0.80)   
MMCFOS_1   TAGGAAGTCCATCCATTCACAGCGCTTCTATAAAGGCGCCAGCTGAGGCGCCTACTACTC   480 
 
          1               <----------------- V$CMYB_01(0.91)      ------- ...V$ER_Q6(0.86)  
          2                <----------- V$LMO2COM_01(0.90)          <---- ...V$TCF11_01(0.87)  
          3                 --------- >V$MYOD_Q6(0.90)       -------- >V$STAT_01(0.93)  
          4                  --------- >V$VMYB_01(0.89)       <-------- V$STAT_01(0.89)  
          5 -------------- V$CMYB_01(0.93)    -------- >V$LMO2COM_02(0.93)   
          6------ >V$VMYB_02(0.89)       <----------- V$CAAT_01(0.85)       
          7                 -------- >V$VMYB_02(0.88)                     
          8                        -------------- >V$EVI1_04(0.86)         
          9                              ------------- >V$GATA1_02(0.93)   
         12                                <------------ V$ZID_01(0.85)    
         13                               <---------- V$CP2_01(0.97)      
         14                                 ---------- >V$GATA_C(0.92)    
         15                                     ----------------- >V$CMYB_01(0.86)  
         16                                          --------- >V$CREL_01(0.91)  
         24                                                <-----------  E2F (0.82)   
MMCFOS_1   CAACCGCGACTGCAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGA   540  
 
          1----------- >V$ER_Q6(0.86)                 
          2-------- V$TCF11_01(0.87)                  
          3                   --------- >V$AP4_Q5(0.91)  
          4                   - -------- >V$AP4_Q6(0.87)  
          5   ---------- >V$AP1FJ_Q2(0.93)             
          6   ---------- >V$AP1_Q2(0.90)               
          7   ---------- >V$AP1_Q4(0.87)               
          8          <----------- V$IK2_01(0.94)       
MMCFOS_1   GCAGTGACCGCGCTCCCACCCAGCTCTGCTCTGCAGCTCC   580 
 

Mouse c-fos promoter

E2F composite module

(global context) 



? Master regulator ?
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Master 
regulator

Master-regulator causes a lot of noise in the cell



Walking pathways


