
:\WWSLTLU[HY`�0UMVYTH[PVU

�

�+�ZPT\SH[PVU�VM�9LHJ[PVU�+PɈ\ZPVU�4VKLS�(!

0U[YVK\J[PVU!
0U�[OPZ�TVKLS��7H_��KYP]LZ�L_WYLZZPVU�VM�IV[O�-Z[�HUK�;NMI���-Z[�TVUVTLYZ�HUK�;NMI��KPTLYZ�TH`�HZZVJPH[L�[V�MVYT�H
OL[LYV�[L[YHTLYPJ�-Z[!;NMI��JVTWSL_��;OL�-Z[!;NMI��JVTWSL_�TH`�KPZZVJPH[L�PU�[\YU��[OLYLI`�YLSLHZPUN�-Z[�TVUVTLYZ
HUK�;NMI��KPTLYZ��;NMI��ZPNUHSZ�]PH�HZZVJPH[PVU�^P[O�;̀ WL�0�HUK�;̀ WL�00�YLJLW[VYZ��`PLSKPUN�HU�HJ[P]H[LK�OL[LYV�
OL_HTLYPJ�;NMI�!;NMIY�ZPNUHSSPUN�JVTWSL_��JVTYWPZPUN�VUL�;NMI��SPNHUK�KPTLY�HUK�MV\Y�;NMI�YLJLW[VYZ���[^V�;̀ WL�0�HUK
[^V�;̀ WL�00"�UV[�ZOV^U�OLYL��

Pa[6

TJfb2

FVW

LaWeUaO 
AcWLYaWLRQ

FVW:TJfb2

SORZ 
dLffXVLRQ

FaVW 
dLffXVLRQ

-PN\YL�:���:\TTHY`�VM�4VKLS�(�PU�^OPJO�7H_��KYP]LZ�L_WYLZZPVU�VM�IV[O�-Z[�HUK�;NMI���^OLYLHZ�-Z[�PUOPIP[Z�;NMI� 
M\UJ[PVU�]PH�ZLX\LZ[YH[PVU��:SV^�KPɈ\ZPVU�VM�-Z[�^HZ�WVZ[\SH[LK�[V�YLZ\S[�PU�SVJHS�PUOPIP[PVU�VM�;NMI��H[�[OL�ZV\YJL�VM�7H_��;NMI��-Z[ 
L_WYLZZPVU��*VU]LYZLS �̀�MHZ[�KPɈ\ZPVU�VM�;NMI��^HZ�WVZ[\SH[LK�[V�KYP]L�SH[LYHS�HJ[P]H[PVU�VM�P[Z�KV^UZ[YLHT�ZPNUHSSPUN�WH[O^H`�H^H`�MYVT 
[OL�7H_��-Z[�;NMI��L_WYLZZPUN�YLNPVU�

(Z�KPJ\ZZLK�PU�[OL�THPU�HY[PJSL��-Z[�TVUVTLYZ�HYL�HZZ\TLK�[V�L_OPIP[�ZSV^LY�LɈLJ[P]L�KPɈ\ZPVU�[OHU�-Z[!;NMI�
JVTWSL_LZ��^OLYLHZ�LɈLJ[P]L�KPɈ\ZPVU�VM�;NMI��KPTLYZ�YLSH[P]L�[V�-Z[!;NMI��JVTWSL_LZ�PZ�SLZZ�JYP[PJHS��0M�[OPZ�KPɈLYLU[PHS
KPɈ\ZPVU�JVUKP[PVU�PZ�TL[��4VKLS�(�PZ�HISL�[V�LSHIVYH[L�HU�L_PZ[PUN�7H_��WYL�WH[[LYU��L�N��L_WYLZZPVU�PUK\JLK�^P[OPU�[OL
KPZ[HS�VW[PJ�]LZPJSL�I`�\WZ[YLHT�)47�ZPNUHSSPUN��]PH��SH[LYHS�HJ[P]H[PVU��VM�;NMI�YLJLW[VY�JVTWSL_LZ�H^H`�MYVT�[OL�ZV\YJL
VM�7H_��L_WYLZZPVU��L�N��^P[OPU�[OL�HKQHJLU[�WYV_PTHS�VW[PJ�]LZPJSL���0U�V[OLY�^VYKZ��[OL�WH[[LYU�VM�;NMI�WH[O^H`
HJ[P]H[PVU�ILJVTLZ�[OL�PU]LYZL�VM�\WZ[YLHT�7H_��L_WYLZZPVU�

Development: doi:10.1242/dev.185827: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



,X\H[PVUZ!
;OL�MVSSV^PUN�Z`Z[LT�VM�LX\H[PVUZ�MVYTHSS`�YLWYLZLU[Z�[OL�HIV]L�PU[LYHJ[PVUZ��,HJO�LX\H[PVU�KLZJYPILZ�[OL�YH[L�VM
JOHUNL�VM�JVUJLU[YH[PVU�MVY�[OL�]HYPV\Z�TVSLJ\SHY�ZWLJPLZ�KV^UZ[YLHT�VM�7H_���;OL�PUP[PHS�JVUJLU[YH[PVUZ�VM�7H_��� �
HUK�;NMI�YLJLW[VYZ�� ��HYL�OLSK�JVUZ[HU[�[OYV\NOV\[�[OL�ZPT\SH[PVU��P�L��[OLPY�YH[LZ�VM�JOHUNL�� �HUK� �HYL�ZL[�[V
aLYV�[OYV\NOV\[�

-Z[!

>OLYL�
7H_��� ��WVZP[P]LS`�YLN\SH[LZ�-Z[�L_WYLZZPVU�]PH�4PJOHLSPZ�4LU[VU�RPUL[PJZ� �

7HPYZ�VM�-Z[�TVUVTLYZ�HYL�JVUZ\TLK�PU�[OL�MVYTH[PVU�VM�-Z[!;NMI��JVTWSL_LZ�� ��]PH� ��HUK

YLSLHZLK�HNHPU�]PH� ��;OPZ�PTWSLTLU[Z�[OL�[^V�^H`�YLHJ[PVU!� ��^OLYLI`�VUL�;NMI�

KPTLY�YL]LYZPIS`�HZZVJPH[LZ�^P[O�[^V�-Z[�TVUVTLYZ�
-Z[�PZ�[\YULK�V]LY�]PH� �

-Z[�KPɈ\ZLZ�]PH� �

;NMI�!

>OLYL�
7H_��� ��WVZP[P]LS`�YLN\SH[LZ�;NMI��L_WYLZZPVU�]PH�4PJOHLSPZ�4LU[VU�RPUL[PJZ� ��

�

;NMI��PZ�WYVK\JLK�ZLJYL[LK�HZ�H�KPZ\SWOPKL�SPURLK�KPTLY��OLUJL� �

;NMI��PZ�ZLX\LZ[LYLK�PU�[OL�MVYTH[PVU�VM�-Z[!;NMI��JVTWSL_LZ�� ��]PH� ��HUK�YLSLHZLK�HNHPU�]PH�

��;OPZ�PTWSLTLU[Z�[OL�[^V�^H`�YLHJ[PVU!� ��^OLYLI`�VUL�;NMI��KPTLY�YL]LYZPIS`

HZZVJPH[LZ�^P[O�[^V�-Z[�TVUVTLYZ�
;NMI��PZ�PYYL]LYZPIS`�JVUZ\TLK�PU�[OL�MVYTH[PVU�VM�HJ[P]H[LK�YLJLW[VY�JVTWSL_LZ�� ��]PH� ��;OPZ

PTWSLTLU[Z�[OL�VUL�^H`�YLHJ[PVU!� ��^OLYLI`�VUL�;NMI��KPTLY�HZZVJPH[LZ�^P[O�MV\Y�;NMIY
TVUVTLYZ��[^V�[`WL�0�YLJLW[VYZ���[^V�[`WL�00�YLJLW[VYZ���;OPZ�YLHJ[PVU�PZ�PYYL]LYPISL�ZPUJL�JLSSZ�PU[LYUHSPZL�HUK�\S[PTH[LS`
[\YU�V]LY�HJ[P]H[LK�YLJLW[VY�JVTWSL_LZ�

;NMI��PZ�[\YULK�V]LY�]PH� �

;NMI��KPɈ\ZLZ�]PH� �

-Z[!;NMI��JVTWSL_!

>OLYL�
(�WHPY�VM�-Z[�TVUVTLYZ�HUK�H�ZPUNSL�;NMI��KPTLY�HZZVJPH[L�]PH� �MVYTPUN�H�-Z[!;NMI��JVTWSL_�� ��

^OPJO�KPZZVJPH[LZ�]PH� ��;OLZL�[LYTZ�PTWSLTLU[�[OL�[^V�^H`�YLHJ[PVU!� �

-Z[!;NMI��KPɈ\ZLZ�]PH� �
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;NMI�!;NMIY�ZPNUHSSPUN�JVTWSL_!

>OLYL�
(J[P]L�;NMI�!;NMIY�ZPNUHSSPUN�JVTWSL_LZ�� ��HYL�MVYTLK�]PH� ��;OPZ�PTWSLTLU[Z�[OL�VUL�^H`�YLHJ[PVU!�

��^OLYLI`�VUL�;NMI��KPTLY�HZZVJPH[LZ�^P[O�MV\Y�;NMIY�TVUVTLYZ��[^V�[`WL�0�YLJLW[VYZ���[^V�[`WL
00�YLJLW[VYZ���;OPZ�YLHJ[PVU�PZ�PYYL]LYPISL�ZPUJL�JLSSZ�PU[LYUHSPZL�HUK�\S[PTH[LS`�[\YU�V]LY�HJ[P]H[LK�YLJLW[VY�JVTWSL_LZ�

(J[P]L�;NMI�!;NMIY�ZPNUHSSPUN�JVTWSL_LZ�HYL�[\YULK�V]LY�]PH� �

�

9�PTWSLTLU[H[PVU!
;OL�M\UJ[PVU��TVKLS(��PTWSLTLU[Z�[OL�HIV]L�Z`Z[LT�VM�LX\H[PVUZ�HUK�JHSJ\SH[LZ�[OL�YH[LZ�VM�JOHUNL�PU�JVUJLU[YH[PVU
MVY�LHJO�TVSLJ\SHY�ZWLJPLZ��;OL�JVKL�IYLHRZ�KV^U�PU[V�[OL�MVSSV^PUN�Z[LWZ!

-L[JO�[OL�J\YYLU[�Z`Z[LT�Z[H[L��P�L��TVSLJ\SHY�JVUJLU[YH[PVUZ�MVY�LHJO��JLSS��PU�[OL�[PZZ\L��

,]HS\H[L�[OL�YLHJ[PVU�[LYTZ�MVY�LHJO�TVSLJ\SHY�ZWLJPLZ�

,]HS\H[L�KPɈ\ZPVU�[LYTZ�MVY�KPɈ\ZPISL�ZWLJPLZ��+PɈ\ZPVU�[LYTZ�HYL�^YP[[LU�MVY�aLYV�Å\_�IV\UKHY`�JVUKP[PVUZ��;LYTZ�MVY
WLYPVKPJ�IV\UKHYPLZ�HYL�WYV]PKLK�I\[�JVTTLU[LK�V\[�K\L�[V�JVUZPKLYHIS`�SVUNLY�L_LJ\[PVU�[PTLZ�

*VTIPUL�YLHJ[PVU�HUK�KPɈ\ZPVU�[LYTZ�[V�KL[LYTPUL�YH[LZ�VM�JOHUNL�MVY�LHJO�ZWLJPLZ�

<WKH[L�H�WYVNYLZZ�IHY�

9L[\YU�[OL�SPZ[�VM�YH[LZ�
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IQ¦[1]: OLbUaU\(deSROYe) 
OLbUaU\(ReacTUaQ) 
OLbUaU\(YLULdLV) 
OLbUaU\(aVWUR) 
OLbUaU\(ggSORW2) 
OLbUaU\(UeadbLWPaS) 
 
## ================ 
## MRdel eTXaWiRQV 
## ================ 
PRdeOA <- fXQcWLRQ(WLPe, VWaWe, SaUPV) ^ 
  ZLWK (aV.OLVW(SaUPV), ^ 
     
    # GeQeUaliVe WhiV: VWaWe[ ( (i-1)*N.A + 1) : (i * N.A) ] 
    PAX6  <- VWaWe[1:N.A] 
    TGFB2 <- VWaWe[(N.A+1):(2*N.A)] 
    FST   <- VWaWe[(2*N.A+1):(3*N.A)] 
    FT    <- VWaWe[(3*N.A+1):(4*N.A)] 
    TGFBR <- VWaWe[(4*N.A+1):(5*N.A)] 
    RT    <- VWaWe[(5*N.A+1):(6*N.A)] 
     
    ## ReacWiRQ WeUPV: 
    UeacPAX6  <- UeS(0, N.A) # CRQceQWUaWiRQ dReV QRW YaU\ WhURXghRXW ViPXlaWi
RQ 
    UeacTGFB2 <- ( 
                  + (aTGFB2 * PAX6 / (PAX6 + 1) ) * (aTGFB2 * PAX6 / (PAX6 + 1
) )  
                  - (2 * aFT * FST * FST * TGFB2 )  
                  + (2 * bFT * FT)  
                  - (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) 
                  - (bTGFB2 * TGFB2)  
                 ) 
    UeacFST   <- ( 
                  + (aFST * PAX6) / ( (PAX6 + 1) )  
                  - (2 * aFT * FST * FST * TGFB2)  
                  + (2 * bFT * FT)  
                  - (bFST * FST) 
                 ) 
    UeacFT    <- ( 
                  + (aFT * FST * FST * TGFB2)  
                  - (bFT * FT) 
                 ) 
    UeacTGFBR <- UeS(0, N.A) # CRQceQWUaWiRQ dReV QRW YaU\ WhURXghRXW ViPXlaWi
RQ 
    UeacRT    <- ( 
                  + (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2)  
                  - (bRT * RT) 
                 ) 
       
    ## DiffXViRQ WeUPV - SeUiRdic bRXQdaU\ 
    ## NOTE: WheVe Wake lRQgeU WR cRPSXWe 
    #diffTGFB2 <- WUaQ.1D(C = TGFB2,  
    #                     C.XS = TGFB2[N.A],  
    #                     C.dRZQ = TGFB2[1],  
    #                     D = dTGFB2,  
    #                     d[ = [gUidA)$dC 
    #diffFST   <- WUaQ.1D(C = FST,    
    #                     C.XS = FST[N.A],    
    #                     C.dRZQ = FST[1],    
    #                     D = dFST,    
    #                     d[ = [gUidA)$dC 
    #diffFT    <- WUaQ.1D(C = FT,     
    #                     C.XS = FT[N.A],     
    #                     C.dRZQ = FT[1],     
    #                     D = dFT,     
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    #                     d[ = [gUidA)$dC 
     
    ## DiffXViRQ WeUPV - ]eUR-flX[ bRXQdaU\ 
    dLffTGFB2 <- WUaQ.1D(C = TGFB2,  
                         C.XS = TGFB2[1],  
                         C.dRZQ = TGFB2[N.A],  
                         D = dTGFB2,  
                         d[ = [gULdA)$dC
    dLffFST   <- WUaQ.1D(C = FST,    
                         C.XS = FST[1],    
                         C.dRZQ = FST[N.A],    
                         D = dFST,      
                         d[ = [gULdA)$dC
    dLffFT    <- WUaQ.1D(C = FT,     
                         C.XS = FT[1],     
                         C.dRZQ = FT[N.A],     
                         D = dFT,       
                         d[ = [gULdA)$dC
     
    ## DiffXViRQ WeUPV - fi[ed bRXQdaU\ 
    #diffTGFB2 <- WUaQ.1D(C = TGFB2,  
    #                     C.XS = 0,  
    #                     C.dRZQ = 0,  
    #                     D = dTGFB2,  
    #                     d[ = [gUidA)$dC 
    #diffFST   <- WUaQ.1D(C = FST,    
    #                     C.XS = 0,    
    #                     C.dRZQ = 0,    
    #                     D = dFST,    
    #                     d[ = [gUidA)$dC 
    #diffFT    <- WUaQ.1D(C = FT,     
    #                     C.XS = 0,     
    #                     C.dRZQ = 0,     
    #                     D = dFT,     
    #                     d[ = [gUidA)$dC 
     
    ## RaWeV Rf chaQge = UeacWiRQ  + diffXViRQ: 
    deOWaPAX6          = UeacPAX6 
    deOWaTGFB2         = UeacTGFB2 + dLffTGFB2 
    deOWaFST           = UeacFST   + dLffFST 
    deOWaFT            = UeacFT    + dLffFT 
    deOWaTGFBR         = UeacTGFBR 
    deOWaRT            = UeacRT 
     
    VeWT[WPURgUeVVBaU(Sb, WLPe) 
     
    UeWXUQ (OLVW(c(deOWaPAX6, deOWaTGFB2, deOWaFST, deOWaFT, deOWaTGFBR, deOWa
RT))) 
  `) 
` 

LRadLQg UeTXLUed SacNage: URRWSROYe 
 
LRadLQg UeTXLUed SacNage: VKaSe 
 
LRadLQg UeTXLUed SacNage: YLULdLVLLWe 
 
LRadLQg UeTXLUed SacNage: MASS 
 
LRadLQg UeTXLUed SacNage: SORWUL[ 
 
WaUQLQg PeVVage: 
®SacNage °SORWUL[± ZaV bXLOW XQdeU R YeUVLRQ 3.5.2¯ 
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7HYHTL[LYZ!

IQ¦[2]: ## ================== 
## MRdel SaUaPeWeUV: 
## ================== 
 
## SSace: 
L.A      <- 50                                 # LeQgWh Rf Whe 1D WiVVXe 
N.A      <- 100                                # NXPbeU Rf 1D 'cellV' 
d[A     <- L.A/N.A                             # LeQgWh Rf RQe 1D 'cell' 
[gULdA <- VeWXS.gULd.1D(N = N.A, [.dRZQ = L.A) # OXWSXW ZaQWed aW WheVe cell S
RViWiRQV 
 
## TiPe: 
TLPeA    <- 1500                   # DXUaWiRQ Rf Whe ViPXlaWiRQ 
SWeSVA   <- 40                     # NXPbeU Rf WiPe-VWeSV 
dWA      <-  TLPeA/SWeSVA          # Si]e Rf each WiPe-VWeS 
WLPeVA  <- VeT(0, TLPeA, b\ = dWA) # OXWSXW ZaQWed aW WheVe WiPe iQWeUYalV 
 
## MRlecXaU SSecieV 
V.QaPeV = c("PAX6",  
            "TGFB2 DLPeU",  
            "FST MRQRPeU",  
            "FST:TGFB2\QHeWeURWeWUaPeU",  
            "TGFBR MRQRPeU",  
            "TGFB2:TGFBR\QCRPSOe[" 
           ) 
SPECIES = OeQgWK(V.QaPeV) 
 
# SeWXS We[W SURgUeVV baU - called b\ PRdel fXQcWiRQ 
SbA <- W[WPURgUeVVBaU(PLQ = 0, Pa[ = TLPeA, VW\Oe = 3) 
 
## RaWe cRQVWaQWV: 
SaUPVA <- c(Sb     <- SbA,    # PURgUeVV baU 
            [gULd  <- [gULdA, 
             
            aPAX6  = 0.3,     # PURdXcWiRQ UaWe cRQVWaQW fRU PAX6 
            bPAX6  = 0.1,     # Deca\ UaWe cRQVWaQW fRU PAX6 
             
            aTGFB2 = 0.25,    # PURdXcWiRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
            bTGFB2 = 0.1,     # Deac\ UaWe cRQVWaQW fRU TGFB2 diPeU 
            dTGFB2 = 1,       # DiffXViRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
             
            aFST   = 1.5,     # PURdXcWiRQ UaWe cRQVWaQW fRU FST 
            bFST   = 0.1,     # Deca\ UaWe cRQVWaQW fRU FST 
            dFST   = 1,       # DiffXViRQ UaWe cRQVWaQW fRU FST 
             
            aFT    = 5,       # AVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSle
[ 
            bFT    = 1,       # DiVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSl
e[ 
            dFT    = 50,      # DiffXViRQ UaWe cRQVWaQW fRU FST:TGBF2 cRPSle[ 
             
            aRT    = 20,      # AVVRciaWiRQ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPS
le[ 
            bRT    = 0.1      # Deca\ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPSle[ 
           ) 

  _                                                                      _   
0%
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0UP[PHS�*VUKP[PVUZ!
;OL�PUP[PHS�JVUKP[PVUZ�KLZJYPIL�H�ZP[\H[PVU�PU�^OPJO�7H_��L_WYLZZPVU�PZ�YLZ[YPJ[LK�[V�VUL�YLNPVU�^P[OPU�[OL�ZPT\SH[LK
[PZZ\L��JVYYLZWVUKPUN�[V�[OL�KPZ[HS�VW[PJ�]LZPJSL��;OPZ�PZ�HUHSHNV\Z�[V�[OL�ZP[\H[PVU�PU�[OL�LTIY`V��^OLYL�)47Z�MYVT�[OL
WYLZ\TW[P]L�SLUZ�LJ[VKLYT�WYVTV[L�7H_��L_WYLZZPVU�PU�[OL�KPZ[HS�VW[PJ�]LZPJSL��ZLL�THPU�[L_[���0UP[PHS�KPZ[YPI\[PVUZ�VM�HSS
V[OLY�TVSLJ\SHY�ZWLJPLZ�HYL�\UPMVYT�

IQ¦[3]: ## ================== 
## IQiWial cRQdiWiRQV: 
## ================== 
VWaWeA <- c(UeS(0, N.A*(1.5/5)), UeS(3, N.A*(2/5)), UeS(0, N.A*(1.5/5)),  # PA
X6 SUe-SaWWeUQ 
            UeS(0, N.A),                                                  # TG
FB2 
            UeS(0, N.A),                                                  # FS
T 
            UeS(0, N.A),                                                  # FT 
            UeS(1, N.A),                                                  # TG
FBR 
            UeS(0, N.A) )                                                 # RT 

9\U�:PT\SH[PVU!

IQ¦[4]: ## ================== 
# RXQ Whe ViPXlaWiRQ: 
## ================== 
RXWA <- Rde.1D(\        = VWaWeA,  
               WLPeV    = WLPeVA,  
               fXQc     = PRdeOA,  
               SaUPV    = SaUPVA,  
               Pa[VWeSV = 1000000,  
               QVSec    = SPECIES,  
               QaPeV    = V.QaPeV 
              ) 
 
# ClRVe Whe SURgUeVV baU 
cORVe(Sb) 

  _======================================================================_ 10
0% 
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IQ¦[5]: ## =========================== 
## PlRW Whe RXWSXW Yia ggSlRW2 
## =========================== 
OLbUaU\(ggSORW2) 
SULQW("FRUPaWWLQg VLPXOaWLRQ daWa...") 
# CUeaWe daWa.fUaPe fRU diVSla\ daWa 
[ <- VeT(fURP=d[A,WR=N.A*d[A, b\=d[A) # LeQgWh Rf WiVVXe 
W <- WLPeVA                           # TiPe VWeSV 
V <- V.QaPeV                          # SSecieV QaPeV 
daWaA <- e[SaQd.gULd(X=[, SSecLeV=V, TLPe=W, CRQceQWUaWLRQ= 0.0) 
 
# Read ViPXlaWiRQ RXWSXW iQWR daWa.fUaPe Uead\ fRU diVSla\ 
# FRU each VSecieV... 
fRU (V LQ VeT(fURP=1,WR=SPECIES,b\=1)) ^ 
    # AQd ZRUkiQg backZaUdV fRU each WiPeSRiQW... 
    fRU (W LQ WLPeVA) ^ 
        # FiQd cRlXPQ UaQge iQ RXWSXW fRU cXUUeQW VSecieV (WiPeSRiQWV aUe iQ V
eSeUaWe URZV) 
        V.VWaUW <- 2 + N.A * ( V - 1 ) 
        V.eQd   <- V.VWaUW + N.A - 1 
        # E[WUacW daWa fRU cXUUeQW WiPeSRiQW (URZ) aQd VSecieV (cRlXPQV) 
        RXW.ACT <- RXWA[1+W/dWA, V.VWaUW:V.eQd] 
        # NRUPaliVe fRU WhiV VSecieV aW WhiV WiPeSRiQW RQl\ 
        #RXW.ACT <- RXW.ACT / Pa[(RXW.ACT) 
        # FiQd URZV iQ daWa.fUaPe fRU cXUUeQW VSecieV aQd WiPeSRiQW 
        V.LQde[ <- daWaA$SSecLeV == V.QaPeV[V] # RRZV fRU VSecieV 
        W.LQde[ <- daWaA$TLPe    == W       # RRZV fRU WiPeRSRiQW 
        # IQVeUW daWa fRU cXUUeQW VSecieV aQd WiPeSRiQW 
        daWaA[V.LQde[ & W.LQde[, 4] <- RXW.ACT 
    `
    # NRUPaliVe acURVV all WiPeSRiQWV fRU each VSecieV 
    Pa[LPXP <- Pa[(daWaA[V.LQde[, 4]) 
    daWaA[V.LQde[, 4] <- daWaA[V.LQde[, 4] / Pa[LPXP 
` 
SULQW("...dRQe!") 
 
# GeQeUaWe PXlWi-faceWed SlRW fRU eQdSRiQW... 
SULQW("ReQdeULQg eQdSRLQW SORW...") 
MXVW.PAX6 <- daWaA$SSecLeV == "PAX6" 
MXVW.RT   <- daWaA$SSecLeV == V.QaPeV[6] 
ggSORW(daWaA, aeV([=TLPe, \=X, ]=CRQceQWUaWLRQ)) +  
geRP_WLOe(aeV(fLOO = CRQceQWUaWLRQ ) ) +  
faceW_ZUaS(a SSecLeV, QcRO=3) + 
WKePe_bZ() + 
OabV(fLOO = "NRUPaOLVed\QCRQceQWUaWLRQ") + 
\Oab("AQWeULRU-PRVWeULRU A[LV (AU)") + 
[Oab("TLPe (AU)") + 
WKePe(We[W = eOePeQW_We[W(VL]e=12) 
     ) + 
VcaOe_fLOO_YLULdLV(RSWLRQ="B") 
SULQW("...dRQe!") 
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-PN\YL�:�����+�U\TLYPJHS�ZPT\SH[PVU�VM�4VKLS�(�ZOV^PUN�[OL�UVYTHSPZLK�JVUJLU[YH[PVU�KPZ[YPI\[PVUZ�VM�LHJO�TVSLJ\SHY 
ZWLJPLZ�L]VS]PUN�V]LY�[PTL��)YPNO[LY�JVSV\YZ�$�OPNOLY�JVUJLU[YH[PVUZ�

[1] "FRUPaWWLQg VLPXOaWLRQ daWa..." 
[1] "...dRQe!" 
[1] "ReQdeULQg eQdSRLQW SORW..." 
[1] "...dRQe!" 
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�+�ZPT\SH[PVU�VM�9LHJ[PVU�+PɈ\ZPVU�4VKLS�)!

0U[YVK\J[PVU!
4VKLS�)�PZ�H�KPYLJ[�L_[LUZPVU�VM�4VKLS�(��^OLYLI`�;NMI�ZPNUHSSPUN�PUOPIP[Z�7H_��Z�[YHUZJYPW[PVUHS�HJ[P]H[VY�M\UJ[PVU��

Pa[6

TJfb2

FVW

FVW:TJfb2

SORZ 
dLffXVLRQ

FaVW 
dLffXVLRQ

SORZ RU 
faVW dLffXVLRQ

-PN\YL�:���:\TTHY`�VM�4VKLS�)�PU�^OPJO�-Z[!;NMI��JVTWSL_�X\PJRS`�KPɈ\ZLZ�HUK�KPZZVJPH[LZ�^OPSL�;NMI��HKKP[PVUHSS` 
PUOPIP[Z�7H_��[YHUZJYPW[PVUHS�HJ[P]H[VY�M\UJ[PVU�

�
5V[L!�0U�[OL�MVSSV^PUN�PTWSLTLU[H[PVU�VM�4VKLS�)�7H_��WVZP[P]LS`�H\[VYLN\SH[LZ�P[Z�V^U�L_WYLZZPVU��/V^L]LY��[OPZ�PZ�UV[
Z[YPJ[S`�ULJLZZHY`�MVY�ZLSM�VYNHUPZH[PVU�[V�VJJ\Y��;OPZ�PZ�ILJH\ZL�HU�PUKPYLJ[�WVZP[P]L�H\[VYLN\SH[VY`�SVVW�HSYLHK`�L_PZ[Z"
7H_��HJ[Z�]PH�-Z[�[V�Z\WWYLZZ�;NMI��Z�PUOPIP[PVU�VM�7H_��^P[OPU�[OL�KPZ[HS��Pa_6/Fs[/Tgfb2�L_WYLZZPUN��WVSL��;OPZ�PUKPYLJ[
WVZP[P]L�H\[VYLN\SH[VY`�SVVW��	SVJHS�H\[VJH[HS`ZPZ	��JVTIPULK�^P[O�SH[LYHS�HJ[P]H[PVU�VM�;NMI�YLJLW[VYZ��	SVUN�YHUNL
PUOPIP[PVU	�VM�7H_��M\UJ[PVU��PZ�Z\ɉJPLU[�MVY�ZLSM�VYNHUPZH[PVU��[OV\NO�ZVTL�WHYHTL[LY�JOVPJLZ�TH`�YLX\PYL�HKQ\Z[TLU[
MYVT�[OVZL�WYLZLU[LK�OLYL�
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,X\H[PVUZ!

7H_�!

>OLYL�
7H_��� ��WVZP[P]LS`�H\[VYLN\SH[LZ�]PH�4PJOHLSPZ�4LU[VU�RPUL[PJZ� �

(J[P]H[LK�;NMIY�JVTWSL_LZ�� ��Z\WWYLZZ�7H_��M\UJ[PVU�]PH� �

7H_��PZ�[\YULK�V]LY�]PH� �

;NMI�!

>OLYL�
7H_��� ��WVZP[P]LS`�YLN\SH[LZ�;NMI��L_WYLZZPVU�]PH�4PJOHLSPZ�4LU[VU�RPUL[PJZ� �

(J[P]H[LK�;NMIY�JVTWSL_LZ�� ��Z\WWYLZZ�7H_��M\UJ[PVU�]PH� �

;NMI��PZ�WYVK\JLK�HZ�H�KPTLY��OLUJL� �

;NMI��PZ�ZLX\LZ[LYLK�PU�[OL�MVYTH[PVU�VM�-Z[!;NMI��JVTWSL_LZ�� ��]PH� ��HUK�YLSLHZLK�HNHPU�]PH�

��;OPZ�PTWSLTLU[Z�[OL�[^V�^H`�YLHJ[PVU!� ��^OLYLI`�VUL�;NMI��KPTLY�YL]LYZPIS`

HZZVJPH[LZ�^P[O�[^V�-Z[�TVUVTLYZ�
;NMI��PZ�PYYL]LYZPIS`�JVUZ\TLK�PU�[OL�MVYTH[PVU�VM�HJ[P]H[LK�YLJLW[VY�JVTWSL_LZ�� ��]PH� ��;OPZ

PTWSLTLU[Z�[OL�VUL�^H`�YLHJ[PVU!� ��^OLYLI`�VUL�;NMI��KPTLY�HZZVJPH[LZ�^P[O�MV\Y�;NMIY
TVUVTLYZ��[^V�[`WL�0�YLJLW[VYZ���[^V�[`WL�00�YLJLW[VYZ���;OPZ�YLHJ[PVU�PZ�PYYL]LYPISL�ZPUJL�JLSSZ�PU[LYUHSPZL�HUK�\S[PTH[LS`
[\YU�V]LY�HJ[P]H[LK�YLJLW[VY�JVTWSL_LZ�

;NMI��PZ�[\YULK�V]LY�]PH� �

;NMI��KPɈ\ZLZ�]PH� �

-Z[!

>OLYL�
7H_��� ��WVZP[P]LS`�YLN\SH[LZ�-Z[�L_WYLZZPVU�]PH�4PJOHLSPZ�4LU[VU�RPUL[PJZ� �

(J[P]H[LK�;NMIY�JVTWSL_LZ�� ��Z\WWYLZZ�7H_��M\UJ[PVU�]PH� �

7HPYZ�VM�-Z[�TVUVTLYZ�HYL�JVUZ\TLK�PU�[OL�MVYTH[PVU�VM�-Z[!;NMI��JVTWSL_LZ�� ��]PH� ��HUK

YLSLHZLK�HNHPU�]PH� ��;OPZ�PTWSLTLU[Z�[OL�[^V�^H`�YLHJ[PVU!� ��^OLYLI`�VUL�;NMI�

KPTLY�YL]LYZPIS`�HZZVJPH[LZ�^P[O�[^V�-Z[�TVUVTLYZ�
-Z[�PZ�[\YULK�V]LY�]PH� �

-Z[�KPɈ\ZLZ�]PH� �

-Z[!;NMI��JVTWSL_!
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>OLYL�
(�WHPY�VM�-Z[�TVUVTLYZ�HUK�H�ZPUNSL�;NMI��KPTLY�HZZVJPH[L�]PH� �MVYTPUN�H�-Z[!;NMI��JVTWSL_��^OPJO

KPZZVJPH[LZ�]PH� ��;OLZL�[LYTZ�PTWSLTLU[�[OL�[^V�^H`�YLHJ[PVU!� �

-Z[!;NMI��KPɈ\ZLZ�]PH� �

(J[P]H[LK�;NMIY�JVTWSL_!

�

9�PTWSLTLU[H[PVU!
;OL�M\UJ[PVU��TVKLS)��PTWSLTLU[Z�[OL�HIV]L�Z`Z[LT�VM�LX\H[PVUZ�HUK�JHSJ\SH[LZ�[OL�YH[LZ�VM�JOHUNL�PU�JVUJLU[YH[PVU
MVY�LHJO�TVSLJ\SHY�ZWLJPLZ��;OL�JVKL�IYLHRZ�KV^U�PU[V�[OL�MVSSV^PUN�Z[LWZ!

-L[JO�[OL�J\YYLU[�Z`Z[LT�Z[H[L��P�L��TVSLJ\SHY�JVUJLU[YH[PVUZ�MVY�LHJO��JLSS��PU�[OL�[PZZ\L��

,]HS\H[L�[OL�YLHJ[PVU�[LYTZ�MVY�LHJO�TVSLJ\SHY�ZWLJPLZ�

,]HS\H[L�KPɈ\ZPVU�[LYTZ�MVY�KPɈ\ZPISL�ZWLJPLZ��+PɈ\ZPVU�[LYTZ�HYL�^YP[[LU�MVY�aLYV�Å\_�IV\UKHY`�JVUKP[PVUZ��;LYTZ�MVY
WLYPVKPJ�IV\UKHYPLZ�HYL�WYV]PKLK�I\[�JVTTLU[LK�V\[�K\L�[V�JVUZPKLYHIS`�SVUNLY�L_LJ\[PVU�[PTLZ�

*VTIPUL�YLHJ[PVU�HUK�KPɈ\ZPVU�[LYTZ�[V�KL[LYTPUL�YH[LZ�VM�JOHUNL�MVY�LHJO�ZWLJPLZ�

<WKH[L�H�WYVNYLZZ�IHY�

9L[\YU�[OL�SPZ[�VM�YH[LZ�
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IQ¦[6]: OLbUaU\(deSROYe) 
OLbUaU\(ReacTUaQ) 
OLbUaU\(YLULdLV) 
OLbUaU\(aVWUR) 
OLbUaU\(ggSORW2) 
OLbUaU\(UeadbLWPaS) 

## ================ 
## MRdel eTXaWiRQV 
## ================ 
PRdeOB <- fXQcWLRQ(WLPe, VWaWe, SaUPV) ^ 
  ZLWK (aV.OLVW(SaUPV), ^ 

    # GeQeUaliVe WhiV: VWaWe[ ( (i-1)*N.B + 1) : (i * N.B) ] 
    PAX6  <- VWaWe[1:N.B] 
    TGFB2 <- VWaWe[(N.B+1):(2*N.B)] 
    FST   <- VWaWe[(2*N.B+1):(3*N.B)] 
    FT    <- VWaWe[(3*N.B+1):(4*N.B)] 
    TGFBR <- VWaWe[(4*N.B+1):(5*N.B)] 
    RT    <- VWaWe[(5*N.B+1):(6*N.B)] 

    ## ReacWiRQ WeUPV: 
    UeacPAX6  <- ( 

+ (aPAX6 * PAX6) / (RT * PAX6 + 1) 
- (bPAX6 * PAX6) 

) 
    UeacTGFB2 <- ( 

+ (aTGFB2 * PAX6 / ( RT * PAX6 + 1 ) ) ^ 2  
- (aFT * FST * FST * TGFB2 )  
+ (bFT * FT)  
- (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) 
- (bTGFB2 * TGFB2)  

) 
    UeacFST   <- ( 

+ (aFST * PAX6) / (RT * PAX6 + 1) 
- (2 * aFT * FST * FST * TGFB2)  
+ (2 * bFT * FT)  
- (bFST * FST) 

) 
    UeacFT    <- ( 

+ (aFT * FST * FST * TGFB2) 
- (bFT * FT) 

) 
    UeacTGFBR <- UeS(0, N.B) # CRQceQWUaWiRQ dReV QRW YaU\ WhURXghRXW ViPXlaWi
RQ 
    UeacRT    <- ( 

+ (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) 
- (bRT * RT) 

) 

    ## DiffXViRQ WeUPV - SeUiRdic bRXQdaU\ 
    ## NOTE: WheVe Wake lRQgeU WR cRPSXWe 
    #diffTGFB2 <- WUaQ.1D(C = TGFB2,  
    # C.XS = TGFB2[N.B], 
    # C.dRZQ = TGFB2[1], 
    # D = dTGFB2,  
    # d[ = [gUidA)$dC 
    #diffFST   <- WUaQ.1D(C = FST,   
    # C.XS = FST[N.B],   
    # C.dRZQ = FST[1],   
    # D = dFST,    
    # d[ = [gUidA)$dC 
    #diffFT    <- WUaQ.1D(C = FT,    
    #                     C.XS = FT[N.B],    
    # C.dRZQ = FT[1],    
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    # D = dFT,    
    # d[ = [gUidA)$dC 

    ## DiffXViRQ WeUPV - ]eUR-flX[ bRXQdaU\ 
    dLffTGFB2 <- WUaQ.1D(C = TGFB2,  

C.XS = TGFB2[1],  
C.dRZQ = TGFB2[N.B], 
D = dTGFB2,  
d[ = [gULdB)$dC

    dLffFST   <- WUaQ.1D(C = FST,   
C.XS = FST[1],    
C.dRZQ = FST[N.B],   
D = dFST,      
d[ = [gULdB)$dC

    dLffFT    <- WUaQ.1D(C = FT,    
C.XS = FT[1],    
C.dRZQ = FT[N.B],    
D = dFT,       
d[ = [gULdB)$dC

    ## DiffXViRQ WeUPV - fi[ed bRXQdaU\ 
    #diffTGFB2 <- WUaQ.1D(C = TGFB2,  
    # C.XS = 0, 
    # C.dRZQ = 0,  
    # D = dTGFB2,  
    # d[ = [gUidA)$dC 
    #diffFST   <- WUaQ.1D(C = FST,   
    # C.XS = 0,   
    # C.dRZQ = 0,    
    # D = dFST,    
    # d[ = [gUidA)$dC 
    #diffFT    <- WUaQ.1D(C = FT,    
    # C.XS = 0,    
    # C.dRZQ = 0,    
    # D = dFT,    
    # d[ = [gUidA)$dC 

    ## RaWeV Rf chaQge = UeacWiRQ  + diffXViRQ: 
    deOWaPAX6 = UeacPAX6 
    deOWaTGFB2 = UeacTGFB2 + dLffTGFB2 
    deOWaFST = UeacFST   + dLffFST 
    deOWaFT = UeacFT    + dLffFT 
    deOWaTGFBR = UeacTGFBR 
    deOWaRT = UeacRT 

    VeWT[WPURgUeVVBaU(Sb, WLPe) 

    UeWXUQ (OLVW(c(deOWaPAX6, deOWaTGFB2, deOWaFST, deOWaFT, deOWaTGFBR, deOWa
RT))) 
  `) 
` 

7HYHTL[LYZ!
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IQ¦[7]: ## ================== 
## MRdel SaUaPeWeUV: 
## ================== 

## SSace: 
L.B      <- 50 # LeQgWh Rf Whe 1D WiVVXe 
N.B      <- 100 # NXPbeU Rf 1D 'cellV' 
d[B     <- L.B/N.B # LeQgWh Rf RQe 1D 'cell' 
[gULdB <- VeWXS.gULd.1D(N = N.B, [.dRZQ = L.B)  # OXWSXW ZaQWed aW WheVe cell
 SRViWiRQV 

## TiPe: 
TLPeB    <- 5000 # DXUaWiRQ Rf Whe ViPXlaWiRQ 
SWeSVB   <- 40 # NXPbeU Rf WiPe-VWeSV 
dWB      <- TLPeB/SWeSVB # Si]e Rf each WiPe-VWeS 
WLPeVB   <- VeT(0, TLPeB, b\ = dWB) # OXWSXW ZaQWed aW WheVe WiPe iQWeUYalV 

## MRlecXaU SSecieV 
V.QaPeV = c("PAX6", 

"TGFB2 DLPeU",  
"FST MRQRPeU",  
"FST:TGFB2\QHeWeURWeWUaPeU", 
"TGFBR MRQRPeU",  
"TGFB2:TGFBR\QCRPSOe[" 

) 
SPECIES = OeQgWK(V.QaPeV) 

# SeWXS We[W SURgUeVV baU - called b\ PRdel fXQcWiRQ 
SbB <- W[WPURgUeVVBaU(PLQ = 0, Pa[ = TLPeB, VW\Oe = 3) 

## RaWe cRQVWaQWV: 
SaUPVB <- c(Sb     <- SbB,    # PURgUeVV baU 

[gULd  <- [gULdB, 

aPAX6  = 0.3,     # PURdXcWiRQ UaWe cRQVWaQW fRU PAX6 
bPAX6  = 0.1,     # Deca\ UaWe cRQVWaQW fRU PAX6 

aTGFB2 = 0.25,    # PURdXcWiRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
bTGFB2 = 0.1,     # Deac\ UaWe cRQVWaQW fRU TGFB2 diPeU 
dTGFB2 = 1,       # DiffXViRQ UaWe cRQVWaQW fRU TGFB2 diPeU 

aFST   = 1.5,     # PURdXcWiRQ UaWe cRQVWaQW fRU FST 
bFST   = 0.1,     # Deca\ UaWe cRQVWaQW fRU FST 
dFST   = 1,       # DiffXViRQ UaWe cRQVWaQW fRU FST 

aFT    = 5,       # AVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSle
[ 

bFT    = 1,       # DiVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSl
e[ 

dFT    = 50,      # DiffXViRQ UaWe cRQVWaQW fRU FST:TGBF2 cRPSle[ 

aRT    = 20,      # AVVRciaWiRQ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPS
le[ 

bRT    = 0.1      # Deca\ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPSle[ 
) 

  _ _   
0%
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0UP[PHS�*VUKP[PVUZ!
;OL�PUP[PHS�JVUKP[PVUZ�KLZJYPIL�H�ZP[\H[PVU�PU�^OPJO�7H_��L_WYLZZPVU�PZ�YLZ[YPJ[LK�[V�VUL�YLNPVU�^P[OPU�[OL�ZPT\SH[LK
[PZZ\L��JVYYLZWVUKPUN�[V�[OL�KPZ[HS�VW[PJ�]LZPJSL��;OPZ�PZ�HUHSHNV\Z�[V�[OL�ZP[\H[PVU�PU�[OL�LTIY`V��^OLYL�)47Z�MYVT�[OL
WYLZ\TW[P]L�SLUZ�LJ[VKLYT�WYVTV[L�7H_��L_WYLZZPVU�PU�[OL�KPZ[HS�VW[PJ�]LZPJSL��ZLL�THPU�[L_[���0UP[PHS�KPZ[YPI\[PVUZ�VM�HSS
V[OLY�TVSLJ\SHY�ZWLJPLZ�HYL�\UPMVYT�

IQ¦[8]: ## ================== 
## IQiWial cRQdiWiRQV: 
## ================== 
VWaWeB <- c(MLWWeU( UeS(1, N.B), 0.01, 0.01), #PAX6 - QR SUe-SaWWeUQ 

UeS(0, N.B), # TGFB2 
UeS(0, N.B), # FST 
UeS(0, N.B), # FT 
UeS(1, N.B), # TGFBR 
UeS(0, N.B) # RT

) 

9\U�:PT\SH[PVU!

IQ¦[9]: ## ================== 
# RXQ Whe ViPXlaWiRQ: 
## ================== 
RXWB <- Rde.1D(\ = VWaWeB, 

WLPeV    = WLPeVB, 
fXQc     = PRdeOB, 
SaUPV    = SaUPVB, 
Pa[VWeSV = 10000000, 
QVSec    = SPECIES,  
QaPeV    = V.QaPeV 

) 

# ClRVe Whe SURgUeVV baU 
cORVe(Sb) 

  _======================================================================_ 10
0% 
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IQ¦[10]: ## =========================== 
## PlRW Whe RXWSXW Yia ggSlRW2 
## =========================== 
OLbUaU\(ggSORW2) 
SULQW("FRUPaWWLQg VLPXOaWLRQ daWa...") 
# CUeaWe daWa.fUaPe fRU diVSla\ daWa 
[ <- VeT(fURP=d[B,WR=N.B*d[B, b\=d[B) # WidWh Rf WiVVXe 
W <- WLPeVB                           # TiPe VWeSV 
V <- V.QaPeV                          # SSecieV QaPeV 
daWaB <- e[SaQd.gULd(X=[, SSecLeV=V, TLPe=W, CRQceQWUaWLRQ= 0.0) 

# Read ViPXlaWiRQ RXWSXW iQWR daWa.fUaPe Uead\ fRU diVSla\ 
# FRU each VSecieV... 
fRU (V LQ VeT(fURP=1,WR=SPECIES,b\=1)) ^ 
    # AQd ZRUkiQg backZaUdV fRU each WiPeSRiQW... 
    fRU (W LQ WLPeVB) ^ 

# FiQd cRlXPQ UaQge iQ RXWSXW fRU cXUUeQW VSecieV (WiPeSRiQWV aUe iQ V
eSeUaWe URZV) 

V.VWaUW <- 2 + N.B * ( V - 1 ) 
V.eQd   <- V.VWaUW + N.B - 1 
# E[WUacW daWa fRU cXUUeQW WiPeSRiQW (URZ) aQd VSecieV (cRlXPQV) 
RXW.ACT <- RXWB[1+W/dWB, V.VWaUW:V.eQd] 
# NRUPaliVe fRU WhiV VSecieV aW WhiV WiPeSRiQW RQl\ 
#RXW.ACT <- RXW.ACT / Pa[(RXW.ACT) 
# FiQd URZV iQ daWa.fUaPe fRU cXUUeQW VSecieV aQd WiPeSRiQW 
V.LQde[ <- daWaB$SSecLeV == V.QaPeV[V] # RRZV fRU VSecieV 
W.LQde[ <- daWaB$TLPe    == W       # RRZV fRU WiPeRSRiQW 
# IQVeUW daWa fRU cXUUeQW VSecieV aQd WiPeSRiQW 
daWaB[V.LQde[ & W.LQde[, 4] <- RXW.ACT 

    `
    # NRUPaliVe acURVV all WiPeSRiQWV fRU each VSecieV 
    Pa[LPXP <- Pa[(daWaB[V.LQde[, 4]) 
    daWaB[V.LQde[, 4] <- daWaB[V.LQde[, 4] / Pa[LPXP 
` 
SULQW("...dRQe!") 

# GeQeUaWe PXlWi-faceWed SlRW fRU eQdSRiQW... 
SULQW("ReQdeULQg eQdSRLQW SORW...") 
MXVW.PAX6 <- daWaB$SSecLeV == "PAX6" 
MXVW.RT   <- daWaB$SSecLeV == V.QaPeV[6] 
ggSORW(daWaB, aeV([=TLPe, \=X, ]=CRQceQWUaWLRQ)) + 
geRP_WLOe(aeV(fLOO = CRQceQWUaWLRQ ) ) +  
faceW_ZUaS(a SSecLeV, QcRO=3) + 
WKePe_bZ() + 
OabV(fLOO = "NRUPaOLVed\QCRQceQWUaWLRQ") + 
\Oab("AQWeULRU-PRVWeULRU A[LV (AU)") + 
[Oab("TLPe (AU)") + 
WKePe(We[W = eOePeQW_We[W(VL]e=12) ) + 
VcaOe_fLOO_YLULdLV(RSWLRQ="B") 
SULQW("...dRQe!") 
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-PN\YL�:�����+�U\TLYPJHS�ZPT\SH[PVU�VM�4VKLS�)�ZOV^PUN�[OL�UVYTHSPZLK�JVUJLU[YH[PVU�KPZ[YPI\[PVUZ�VM�LHJO�TVSLJ\SHY 
ZWLJPLZ�L]VS]PUN�V]LY�[PTL��)YPNO[LY�JVSV\YZ�$�OPNOLY�JVUJLU[YH[PVUZ�

4VKLS�*!��+�ZPT\SH[PVU�VM�9LHJ[PVU�+PɈ\ZPVU�4VKLS�)!
;OPZ�ZPT\SH[PVU�PZ�PU[LUKLK�[V�TPTPJ�HU�VW[PJ�]LZPJSL�L_WSHU[�J\S[\YLK�in ]i[ro��;OL�TVKLS�PTWSLTLU[H[PVU�PZ�YL�^Y[P[[LU�HZ
M\UJ[PVU�	TVKLS*	��;OL�YLHJ[PVU�[LYTZ�HYL�PKLU[PJHS�[V�4VKLS�)��I\[�KPɈ\ZPVU�[LYTZ�HYL�YL�^YP[[LU�[V�MHJPSP[H[L�KPɈ\ZPVU�PU
[^V�KPTLUZPVUZ�^P[OPU�H�KVTHPU�VM�HYIP[YHY`�ZOHWL��;OPZ�HYIP[YHY`�KVTHPU�ZOHWL�PZ�SVHKLK�MYVT�H�WUN�PTHNL�ÄSL�^P[OPU
[OL�7HYHTL[LYZ�ZL[PVU��+PɈ\ZPVU�VJJ\YZ�VUS`�^P[OPU�[OPZ�KVTHPU��[OL�KPɈ\ZPVU�T\S[PWSPLYZ�+0--�?�HUK�+0--�@�LX\HS���PUZPKL
[OPZ�KVTHPU�HUK���V\[ZPKL���OLUJL�[OL�IV\UKHY`�JVUKP[PVUZ�HYL�aLYV�Å\_�

[1] "FRUPaWWLQg VLPXOaWLRQ daWa..." 
[1] "...dRQe!" 
[1] "ReQdeULQg eQdSRLQW SORW..." 
[1] "...dRQe!" 
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IQ¦[11]: OLbUaU\(deSROYe) 
OLbUaU\(ReacTUaQ) 
OLbUaU\(ggaQLPaWe) 
OLbUaU\(ggSORW2) 
OLbUaU\(gLfVNL)
OLbUaU\(SQg) 
OLbUaU\(YLULdLV) 
OLbUaU\(aY) 
OLbUaU\(UaVWeU)
OLbUaU\(UeadbLWPaS) 
 
## ================ 
## MRdel eTXaWiRQV 
## ================ 
PRdeOC <- fXQcWLRQ(WLPe, VWaWe, SaUPV) ^ 
  ZLWK (aV.OLVW(SaUPV), ^ 
    # GeQeUaliVe WhiV: VWaWe[ ( (i-1)*N + 1) : (i * N) ] 
    PAX6  <- DOMAIN * VWaWe[1:N] 
    TGFB2 <- DOMAIN * VWaWe[(N+1):(2*N)] 
    FST   <- DOMAIN * VWaWe[(2*N+1):(3*N)] 
    FT    <- DOMAIN * VWaWe[(3*N+1):(4*N)] 
    TGFBR <- DOMAIN * VWaWe[(4*N+1):(5*N)] 
    RT    <- DOMAIN * VWaWe[(5*N+1):(6*N)] 
     
    ## ReacWiRQ WeUPV: 
    UeacPAX6  <- ( 
                  + (aPAX6 * PAX6) / (RT * PAX6 + 1) 
                  - (bPAX6 * PAX6) 
                 ) 
    UeacTGFB2 <- ( 
                  + (aTGFB2 * PAX6 / ( RT * PAX6 + 1 ) ) ^ 2  
                  - (aFT * FST * FST * TGFB2 )  
                  + (bFT * FT)  
                  - (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) 
                  - (bTGFB2 * TGFB2)  
                 ) 
    UeacFST   <- ( 
                  + (aFST * PAX6) / (RT * PAX6 + 1) 
                  - (2 * aFT * FST * FST * TGFB2)  
                  + (2 * bFT * FT)  
                  - (bFST * FST) 
                 ) 
    UeacFT    <- ( 
                  + (aFT * FST * FST * TGFB2)  
                  - (bFT * FT) 
                 ) 
    UeacTGFBR <- UeS(0, N.B) # CRQceQWUaWiRQ dReV QRW YaU\ WhURXghRXW ViPXlaWi
RQ 
    UeacRT    <- ( 
                  + (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2)  
                  - (bRT * RT) 
                 ) 
     
    ## FiQd bRXQdaUieV: 
    TGFB2.PaWUL[ <- PaWUL[(daWa = TGFB2, QURZ = X.N, QcRO = Y.N) 
    TGFB2.\.XS   <- TGFB2.PaWUL[[   , 1  ] 
    TGFB2.\.dRZQ <- TGFB2.PaWUL[[   , Y.N] 
    TGFB2.[.XS   <- TGFB2.PaWUL[[1  ,    ] 
    TGFB2.[.dRZQ <- TGFB2.PaWUL[[X.N,    ] 
    FST.PaWUL[ <- PaWUL[(daWa = FST, QURZ = X.N, QcRO = Y.N) 
    FST.\.XS   <- FST.PaWUL[[   , 1  ] 
    FST.\.dRZQ <- FST.PaWUL[[   , Y.N] 
    FST.[.XS   <- FST.PaWUL[[1  ,    ] 
    FST.[.dRZQ <- FST.PaWUL[[X.N,    ] 
    FT.PaWUL[ <- PaWUL[(daWa = FT, QURZ = X.N, QcRO = Y.N) 
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    FT.\.XS   <- FT.PaWUL[[   , 1  ] 
    FT.\.dRZQ <- FT.PaWUL[[   , Y.N] 
    FT.[.XS   <- FT.PaWUL[[1  ,    ] 
    FT.[.dRZQ <- FT.PaWUL[[X.N,    ] 
     
    ### NO DIFFUSION AT DOMAIN BOUNDARIES = ZERO-FLUX BOUNDARY 
    dLffTGFB2 <- WUaQ.2D(C = TGFB2.PaWUL[, D.[ = dTGFB2*DIFF.X, D.\ = dTGFB2*D
IFF.Y, gULd = gULd_2d, 
                            C.[.XS = TGFB2.[.XS, C.[.dRZQ = TGFB2.[.dRZQ,  
                            C.\.XS = TGFB2.\.XS, C.\.dRZQ = TGFB2.\.dRZQ)$dC 
    dLffFST   <- WUaQ.2D(C = FST.PaWUL[,   D.[ = dFST*DIFF.X,   D.\ = dFST*DIF
F.Y,   gULd = gULd_2d, 
                            C.[.XS = FST.[.XS,   C.[.dRZQ = FST.[.dRZQ,  
                            C.\.XS = FST.\.XS,   C.\.dRZQ = FST.\.dRZQ  )$dC 
    dLffFT    <- WUaQ.2D(C = FT.PaWUL[,    D.[ = dFT*DIFF.X,    D.\ = dFT*DIF
F.Y,    gULd = gULd_2d, 
                            C.[.XS = FT.[.XS,    C.[.dRZQ = FT.[.dRZQ,  
                            C.\.XS = FT.\.XS,    C.\.dRZQ = FT.\.dRZQ   )$dC 
 
    ### REMOVING DIFF.Y AND DIFF.X = DIFFUSION AT BOUNDARIES = FIXED BOUNDARY 
    ### RESULTS IN CONCENTRIC STRIPES AS DOMAIN SIZE INCREASES 
    ### THIS IS INCONSISTENT WITH OBSERVATIONS FROM EXPLANT EXPERIMENTS 
    #diffTGFB2 <- WUaQ.2D(C = TGFB2.PaWUi[, D.[ = dTGFB2, D.\ = dTGFB2, gUid = 
gUid_2d, 
    #                        C.[.XS = TGFB2.[.XS, C.[.dRZQ = TGFB2.[.dRZQ,  
    #                        C.\.XS = TGFB2.\.XS, C.\.dRZQ = TGFB2.\.dRZQ)$dC 
    #diffFST   <- WUaQ.2D(C = FST.PaWUi[,   D.[ = dFST,   D.\ = dFST,   gUid = 
gUid_2d, 
    #                        C.[.XS = FST.[.XS,   C.[.dRZQ = FST.[.dRZQ,  
    #                        C.\.XS = FST.\.XS,   C.\.dRZQ = FST.\.dRZQ  )$dC 
    #diffFT    <- WUaQ.2D(C = FT.PaWUi[,    D.[ = dFT,    D.\ = dFT,    gUid = 
gUid_2d, 
    #                        C.[.XS = FT.[.XS,    C.[.dRZQ = FT.[.dRZQ,  
    #                        C.\.XS = FT.\.XS,    C.\.dRZQ = FT.\.dRZQ   )$dC 
       
    ## RaWeV Rf chaQge = DOMAIN * (ReacWiRQ  + DiffXViRQ): 
    deOWaPAX6          = DOMAIN * (UeacPAX6) 
    deOWaTGFB2         = DOMAIN * (UeacTGFB2 + dLffTGFB2) 
    deOWaFST           = DOMAIN * (UeacFST   + dLffFST) 
    deOWaFT            = DOMAIN * (UeacFT    + dLffFT) 
    deOWaTGFBR         = DOMAIN * (UeacTGFBR) 
    deOWaRT            = DOMAIN * (UeacRT) 
     
    VeWT[WPURgUeVVBaU(Sb, WLPe) 
     
    UeWXUQ (OLVW(c(deOWaPAX6, deOWaTGFB2, deOWaFST, deOWaFT, deOWaTGFBR, deOWa
RT))) 
  `) 
` 
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7HYHTL[LYZ!

WaUQLQg PeVVage: 
®SacNage °ggaQLPaWe± ZaV bXLOW XQdeU R YeUVLRQ 3.5.2¯ 
WaUQLQg PeVVage: 
®SacNage °UaVWeU± ZaV bXLOW XQdeU R YeUVLRQ 3.5.2¯ 
LRadLQg UeTXLUed SacNage: VS 
 
 
AWWacKLQg SacNage: °UaVWeU± 
 
 
TKe fROORZLQg RbMecW LV PaVNed fURP °SacNage:ggaQLPaWe±: 
 
    aQLPaWe 
 
 
TKe fROORZLQg RbMecWV aUe PaVNed fURP °SacNage:MASS±: 
 
    aUea, VeOecW 
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IQ¦[12]: ## ================== 
## MRdel SaUaPeWeUV: 
## ================== 
 
## SSace: 
 
# Read biWPaS Rf 2D VSace 
LPgC <- Uead.bLWPaS("./OV_E[SOaQW4.SQg")
#iPgC <- Uead.biWPaS("./OV_E[SlaQW2.SQg") 
# E[WUacW diPeQViRQ fURP biWPaS 
X.N <- dLP(LPgC)[1] #NXPbeU Rf elePeQWV (cellV) acURVV Whe ZidWh 
Y.N <- dLP(LPgC)[2] #NXPbeU Rf elePeQWV (cellV) acURVV Whe heighW 
N   <- X.N*Y.N      # NXPbeU Rf elePeQWV (cellS) iQ WRWal 
# CRQYeUW (#he[) biWPaS WR YecWRU Rf iQWegeUV 
Y <- aV.LQWegeU(LPgC) 
# CRQYeUW WhiV YecWRU WR PaWUi[, jXVW WR check iWV diPeQViRQV 
P <- PaWUL[(Y, X.N, Y.N) 
# CRQYeUW PaWUi[ back WR YecWRU aQd XVe WhiV aV Whe PRdel dRPaiQ 
DOMAIN <- aV.YecWRU(P) 
# UVe PaWUi[ WR calcXlaWe Zhich Si[el/cell bRUdeUV SeUPiW diffXViRQ iQ X aQd Y 
diUecWiRQV 
DIFF.X <- UbLQd(UeS(0.0, Y.N), fORRU( (P[-1,  ] + P[-QURZ(P),        ]) / 2), 
UeS(0.0, Y.N) ) 
DIFF.Y <- cbLQd(UeS(0.0, X.N), fORRU( (P[  ,-1] + P[        ,-QcRO(P)]) / 2), 
UeS(0.0, X.N) ) 
 
X.L <- 13                                            # WidWh  Rf Whe 2D WiVVXe 
Y.L <- 9                                             # HeighW Rf Whe 2D WiVVXe 
d[  <- X.L/X.N                                       # LeQgWh Rf RQe 1D elePeQ
W iQ X 
d\  <- Y.L/Y.N                                       # LeQgWh Rf RQe 1D elePeQ
W iQ Y 
[gULd   <- VeWXS.gULd.1D(N = X.N, [.XS = 0, L = X.L) # OXWSXW ZaQWed aW WheVe
 X SRViWiRQV 
\gULd   <- VeWXS.gULd.1D(N = Y.N, [.XS = 0, L = Y.L) # OXWSXW ZaQWed aW WheVe
 Y SRViWiRQV 
gULd_2d <- VeWXS.gULd.2D([gULd, \gULd)               # OXWSXW ZaQWed aW WheVe
 gUid SRViWiRQV 
 
## TiPe: 
TLPeC    <- 5000                              # DXUaWiRQ Rf Whe ViPXlaWiRQ 
SWeSVC   <- 20                                # NXPbeU Rf WiPe-VWeSV 
dWC      <- TLPeC/SWeSVC                      # Si]e Rf each WiPe-VWeS 
WLPeVC   <- VeT(0, TLPeC, b\ = dWC)           # OXWSXW ZaQWed aW WheVe WiPe iQ
WeUYalV 
 
## MRlecXaU SSecieV 
V.QaPeV = c("PAX6",  
            "TGFB2 DLPeU",  
            "FST MRQRPeU",  
            "FST:TGFB2\QHeWeURWeWUaPeU",  
            "TGFBR MRQRPeU",  
            "TGFB2:TGFBR\QCRPSOe[") 
SPECIES = OeQgWK(V.QaPeV)    # CRXQW Whe QXPbeU Rf VSecieV 
 
# SeWXS We[W SURgUeVV baU - called b\ PRdel fXQcWiRQ 
SbC <- W[WPURgUeVVBaU(PLQ = 0, Pa[ = TLPeC, VW\Oe = 3) 
 
## RaWe cRQVWaQWV: 
SaUPVC <- c(Sb     <- SbC,    # PURgUeVV baU 
             
            aPAX6  = 0.3,     # PURdXcWiRQ UaWe cRQVWaQW fRU PAX6 
            bPAX6  = 0.1,     # Deca\ UaWe cRQVWaQW fRU PAX6 
             
            aTGFB2 = 0.25,    # PURdXcWiRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
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            bTGFB2 = 0.1,     # Deac\ UaWe cRQVWaQW fRU TGFB2 diPeU 
            dTGFB2 = 1,       # DiffXViRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
             
            aFST   = 1.5,     # PURdXcWiRQ UaWe cRQVWaQW fRU FST 
            bFST   = 0.1,     # Deca\ UaWe cRQVWaQW fRU FST 
            dFST   = 1,       # DiffXViRQ UaWe cRQVWaQW fRU FST 
             
            aFT    = 5,       # AVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSle
[ 
            bFT    = 1,       # DiVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSl
e[ 
            dFT    = 50,      # DiffXViRQ UaWe cRQVWaQW fRU FST:TGBF2 cRPSle[ 
             
            aRT    = 20,      # AVVRciaWiRQ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPS
le[ 
            bRT    = 0.1      # Deca\ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPSle[ 
           ) 

0UP[PHS�*VUKP[PVUZ!
;OL�PUP[PHS�JVUKP[PVUZ�KLZJYPIL�H�ZP[\H[PVU�PU�^OPJO�7H_��L_WYLZZPVU�PZ�NYHKLK�MYVT�KPZ[HS�OPNO�[V�WYV_PTHS�SV �̂

IQ¦[13]: ## =================== 
## IQiWial cRQdiWiRQV: 
## =================== 
Pa[6.GUad <- UeS(VeT(fURP = 3,     WR = 5, OeQgWK.RXW = Y.N), X.N) 
Pa[6.GUad <- aV.YecWRU( W( PaWUL[(Pa[6.GUad, QcRO = X.N, QURZ = Y.N) ) ) 
 
VWaWeC <- c(DOMAIN * Pa[6.GUad,  # PAX6  - gUaded 
            DOMAIN * UeS(0, N),  # TGFB2 
            DOMAIN * UeS(0, N),  # FST 
            DOMAIN * UeS(0, N),  # FT 
            DOMAIN * UeS(1, N),  # TGFBR 
            DOMAIN * UeS(0, N)   # RT 
           ) 

9\U�:PT\SH[PVU!

  _                                                                      _   
0%
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IQ¦[14]: ## ================== 
# RXQ Whe ViPXlaWiRQ: 
## ================== 
caW("IQLWLaOL]LQg VLPXOaWLRQ...") 
RXWSXWC <- Rde.2D(\      = VWaWeC,  
                  WLPeV  = WLPeVC, 
                  fXQc   = PRdeOC, 
                  SaUPV  = SaUPVC, 
                  QVSec  = SPECIES,  
                  QaPeV  = V.QaPeV,  
                  dLPeQV = c(X.N, Y.N),  
                  PeWKRd = "OVRde",  
                  OUZ    = 7e+08 
                 ) 
caW(" dRQe!") 
fOXVK.cRQVROe() 

IQ¦[15]: ## ================= 
## FRUPaW Whe RXWSXW 
## ================= 
# CUeaWe daWa.fUaPe fRU diVSla\ daWa 
[ <- VeT(fURP=d[, WR=X.L,  b\=d[) # WidWh Rf WiVVXe 
\ <- VeT(fURP=d\, WR=Y.L,  b\=d\) # HeighW Rf WiVVXe 
W <- WLPeVC                       # TiPe VWeSV 
V <- V.QaPeV                      # SSecieV QaPeV 
daWaC <- e[SaQd.gULd(X=[, Y=\, SSecLeV=V, TLPe=W, CRQceQWUaWLRQ= 0.0) 
caW("FRUPaWWLQg RXWSXW...") 
# Read ViPXlaWiRQ RXWSXW iQWR daWa.fUaPe Uead\ fRU diVSla\ 
# FRU each VSecieV... 
fRU (V LQ VeT(fURP=1,WR=SPECIES,b\=1)) ^ 
    # AQd fRU each VXbVeTXeQW WiPeSRiQW... 
    fRU (W LQ WLPeVC) ^ 
        # FiQd cRlXPQ UaQge iQ RXWSXW fRU cXUUeQW VSecieV (WiPeSRiQWV aUe iQ V
eSeUaWe URZV) 
        V.VWaUW <- 2 + N * ( V - 1 ) 
        V.eQd   <- V.VWaUW + N - 1 
        # E[WUacW daWa fRU cXUUeQW WiPeSRiQW (URZ) aQd VSecieV (cRlXPQV) 
        RXW.ACT <- RXWSXWC[1+ (W/dWC), V.VWaUW:V.eQd] 
        # NRUPaliVe fRU WhiV VSecieV aW WhiV WiPeSRiQW RQl\ 
        #RXW.ACT <- RXW.ACT / Pa[(RXW.ACT) 
        # FiQd URZV iQ daWa.fUaPe fRU cXUUeQW VSecieV aQd WiPeSRiQW 
        V.LQde[ <- daWaC$SSecLeV == V.QaPeV[V] # RRZV fRU VSecieV 
        W.LQde[ <- daWaC$TLPe    == W       # RRZV fRU WiPeRSRiQW 
        # IQVeUW daWa fRU cXUUeQW VSecieV aQd WiPeSRiQW 
        daWaC[V.LQde[ & W.LQde[, 5] <- RXW.ACT 
    `
    # NRUPaliVe acURVV all WiPeSRiQWV fRU each VSecieV 
    Pa[LPXP <- Pa[(daWaC[V.LQde[, 5]) 
    daWaC[V.LQde[, 5] <- daWaC[V.LQde[, 5] / Pa[LPXP 
` 
caW("dRQe!") 
fOXVK.cRQVROe() 

  _======================================================================_ 10
0% dRQe!

FRUPaWWLQg RXWSXW...dRQe!
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IQ¦[16]: ## =========================== 
## PlRW Whe RXWSXW Yia ggSlRW2 
## =========================== 
# GeQeUaWe PXlWi-faceWed eQdSRiQW SlRW... 
caW("ReQdeULQg SORW...") 
MXVW.PAX6 <- daWaC$SSecLeV == "PAX6" 
S <- ggSORW(daWaC, aeV(X, Y, ]=CRQceQWUaWLRQ, fUaPe=TLPe)) + 
geRP_WLOe(aeV(fLOO = CRQceQWUaWLRQ ) ) +  
faceW_ZUaS(a SSecLeV, QcRO=3) + 
WKePe_bZ() + 
WKePe(We[W = eOePeQW_We[W(VL]e=12) ) + 
cRRUd_fL[ed() +
VcaOe_fLOO_YLULdLV(RSWLRQ="B") +  
\Oab("PUR[LPaO-DLVWaO A[LV (AU)") +
[Oab("AQWeULRU-PRVWeULRU A[LV (AU)") + 
OabV(WLWOe = "NRUPaOLVed cRQceQWUaWLRQV aW eQdSRLQW") + 
OabV(fLOO = "NRUPaOLVed\QCRQceQWUaWLRQ") 

SORW(S) 

caW("dRQe!") 
fOXVK.cRQVROe() 

-PN\YL�:�����+�U\TLYPJHS�ZPT\SH[PVU�VM�4VKLS�*�ZOV^PUN�[OL�UVYTHSPZLK�JVUJLU[YH[PVU�KPZ[YPI\[PVUZ�VM�LHJO�TVSLJ\SHY 
ZWLJPLZ�H[�LUKWVPU[��[�$��������)YPNO[LY�JVSV\YZ�$�OPNOLY�JVUJLU[YH[PVUZ�

ReQdeULQg SORW...dRQe!
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IQ¦[17]: ## =================================== 
## PlRW RXWSXW fRU Pa[6 aV aiPaWed Gif 
## =================================== 
# GeQeUaWe PXlWi-faceWed SlRW, aQiPaWed RYeU WiPeSRiQWV... 
caW("BXLOdLQg SORW...") 
MXVW.PAX6 <- daWaC$SSecLeV == "PAX6" 
S <- ggSORW(daWaC, aeV(X, Y, ]=CRQceQWUaWLRQ, fUaPe= TLPe)) + 
geRP_WLOe(aeV(fLOO = CRQceQWUaWLRQ ) ) +  
faceW_ZUaS(a SSecLeV, QcRO=3) + 
WKePe_bZ() + 
WKePe(We[W = eOePeQW_We[W(VL]e=12) ) + 
cRRUd_fL[ed() +
VcaOe_fLOO_YLULdLV(RSWLRQ="B") +  
WUaQVLWLRQ_WLPe(TLPe) + # AQiPaWe RYeU WiPeSRiQWV 
\Oab("PUR[LPaO-DLVWaO A[LV (AU)") +
[Oab("AQWeULRU-PRVWeULRU A[LV (AU)") + 
OabV(WLWOe = "NRUPaOLVed cRQceQWUaWLRQV aW WLPe = ^fUaPe_WLPe`") + 
OabV(fLOO = "NRUPaOLVed\QCRQceQWUaWLRQ") 
 
caW("dRQe!") 
fOXVK.cRQVROe() 
 
caW("\QReQdeULQg SORW...") 
 
## ReQdeU aQiPaWiRQ aV aQ ffPSeg YideR file aQd diVSa\ 
#aQC1 <- aQiPaWe(S,  
#                fSV=10,  
#                QfUaPeV=2*SWeSVC,  
#                ZidWh=720,  
#                heighW=480,  
#                VWaUW_SaXVe=SWeSVC/2,  
#                eQd_SaXVe=SWeSVC/2,  
#                UeZiQd=FALSE,  
#                UeQdeUeU=aY_UeQdeUeU() ) 
#cRQWeQWV <- baVe64eQc::baVe64eQcRde(aQC1) 
#Wag <- '<YideR VUc="daWa:YideR/PS4;baVe64,%V" cRQWURlV aXWRSla\></YideR>' 
#IRdiVSla\::diVSla\_hWPl(VSUiQWf(Wag, cRQWeQWV)) 
 
## SaYe ffPSeg YideR WR file 
#aQiP_VaYe(aQiPaWiRQ = aQC1, fileQaPe = "MRdel_C.PS4") 
 
## ReQdeU aQiPaWiRQ aV a GIF file aQd diVSla\ 
VXSSUeVVMeVVageV(^ 
    aQC2 <- ggaQLPaWe::aQLPaWe(S,  
                               fSV=10,  
                               QfUaPeV=2*SWeSVC,  
                               ZLdWK=720,  
                               KeLgKW=480,  
                               VWaUW_SaXVe=SWeSVC/2,  
                               eQd_SaXVe=SWeSVC/2 
                              ) 
`) 
cRQWeQWV <- baVe64eQc::baVe64eQcRde(aQC2) 
Wag <- '<ceQWeU><LPg VUc="daWa:LPage/gLf;baVe64,%V"></ceQWeU>' 
IRdLVSOa\::dLVSOa\_KWPO(VSULQWf(Wag, cRQWeQWV)) 
 
caW("dRQe!") 
fOXVK.cRQVROe() 
 
## SaYe GIF aQiPaWiRQ WR file 
#aQiP_VaYe(aQiPaWiRQ = aQC2, fileQaPe = "MRdel_C.gif") 
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-PN\YL�:�����+�U\TLYPJHS�ZPT\SH[PVU�VM�4VKLS�*�ZOV^PUN�[OL�UVYTHSPZLK�JVUJLU[YH[PVU�KPZ[YPI\[PVUZ�VM�LHJO�TVSLJ\SHY 
ZWLJPLZ�L]VS]PUN�V]LY�[PTL��0U�WYPU[�7+-�MVYT��[OPZ�WSV[�ZOV^Z�VUS`�[OL�PUP[PHS�JVUKP[PVUZ�MVY�[OL�ZPT\SH[PVU��P�L��H[�[�$�����^OPSL�[OL�LUKWVPU[ 
�H[�[�$�������PZ�ZOV^U�PU�:\WW��-PN��:���0U�[OL�VUSPUL�1\W`[LY�5V[LIVVR�]LYZPVU��ZLL�TL[OVKZ�ZLJ[PVU�VM�WHWLY�MVY�<93��[OPZ�WSV[�PZ 
HUPTH[LK��;OL�HUPTH[LK�WSV[�PZ�PUJS\KLK�HZ�:\WW��4V]PL����)YPNO[LY�JVSV\YZ�$�OPNOLY�JVUJLU[YH[PVUZ�

4VKLS�+!�0U[YPUZPJ�://�NYHKPLU[�YLZ[YPJ[Z�7H_��YL�WVSHYPZH[PVU�[V�[OL
MVYTLY�KVYZHS�ZPKL

;OPZ�TVKLS�HKKZ�:OO�HZ�H��[O�TVSLJ\SHY�ZWLJPLZ�

;OL�NV]LYUPUN�LX\H[PVU�MVY�7H_��PZ�TVKPÄLK�Z\JO�[OH[�7H_��L_WYLZZPVU�PZ�PUOPIP[LK�I`�:OO�PU�HKKP[PVU�[V�HJ[P]H[LK�;NMIY
JVTWSL_LZ�

7H_�!

>OLYL�
7H_��� ��WVZP[P]LS`�H\[VYLN\SH[LZ�]PH�4PJOHLSPZ�4LU[VU�RPUL[PJZ� �

(J[P]H[LK�;NMIY�JVTWSL_LZ�� ��HUK�:OO�� ��Z\WWYLZZ�7H_��M\UJ[PVU�]PH� �

7H_��PZ�[\YULK�V]LY�]PH� �

;OL�PUP[PHS�JVUKP[PVUZ�HYL�L_[LUKLK�[V�PUJS\KL�H�:OO�JVUJLU[YH[PVU�NYHKPLU[�

BXLOdLQg SORW...dRQe! 
ReQdeULQg SORW...

dRQe!
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IQ¦[18]: OLbUaU\(deSROYe) 
OLbUaU\(ReacTUaQ) 
OLbUaU\(ggaQLPaWe) 
OLbUaU\(ggSORW2) 
OLbUaU\(gLfVNL)
OLbUaU\(SQg) 
OLbUaU\(YLULdLV) 
OLbUaU\(aY) 
OLbUaU\(UaVWeU)
OLbUaU\(UeadbLWPaS) 
 
## ================ 
## MRdel eTXaWiRQV 
## ================ 
PRdeOD <- fXQcWLRQ(WLPe, VWaWe, SaUPV) ^ 
  ZLWK (aV.OLVW(SaUPV), ^ 
    # GeQeUaliVe WhiV: VWaWe[ ( (i-1)*N + 1) : (i * N) ] 
    PAX6  <- DOMAIN * VWaWe[(0*N+1):(1*N)] 
    TGFB2 <- DOMAIN * VWaWe[(1*N+1):(2*N)] 
    FST   <- DOMAIN * VWaWe[(2*N+1):(3*N)] 
    FT    <- DOMAIN * VWaWe[(3*N+1):(4*N)] 
    TGFBR <- DOMAIN * VWaWe[(4*N+1):(5*N)] 
    RT    <- DOMAIN * VWaWe[(5*N+1):(6*N)] 
    SHH   <- DOMAIN * VWaWe[(6*N+1):(7*N)] 
     
    ## ReacWiRQ WeUPV: 
    UeacPAX6  <- ( 
                  + (aPAX6 * PAX6) / ( (RT + SHH) * PAX6 + 1) 
                  - (bPAX6 * PAX6) 
                 ) 
    UeacTGFB2 <- ( 
                  + (aTGFB2 * PAX6 / ( RT * PAX6 + 1 ) ) ^ 2  
                  - (aFT * FST * FST * TGFB2 )  
                  + (bFT * FT)  
                  - (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) 
                  - (bTGFB2 * TGFB2)  
                 ) 
    UeacFST   <- ( 
                  + (aFST * PAX6) / (RT * PAX6 + 1) 
                  - (2 * aFT * FST * FST * TGFB2)  
                  + (2 * bFT * FT)  
                  - (bFST * FST) 
                 ) 
    UeacFT    <- ( 
                  + (aFT * FST * FST * TGFB2)  
                  - (bFT * FT) 
                 ) 
    UeacTGFBR <- UeS(0, N.B) # CRQceQWUaWiRQ dReV QRW YaU\ WhURXghRXW ViPXlaWi
RQ 
     
    ### FRU ViPXlaWiQg Tgfb LOF, Whe SURdXcWiRQ WeUP Pa\ be PXlWiSlied b\ ]eUR 
### 
    UeacRT    <- ( 
                  + (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) 
                  #+ (aRT * TGFBR * TGFBR * TGFBR * TGFBR * TGFB2) * 0 
                  - (bRT * RT) 
                 ) 
    UeacSHH   <- UeS(0, N) # CRQceQWUaWiRQ dReV QRW YaU\ WhURXghRXW ViPXlaWiRQ 
     
    ## FiQd bRXQdaUieV: 
    TGFB2.PaWUL[ <- PaWUL[(daWa = TGFB2, QURZ = X.N, QcRO = Y.N) 
    TGFB2.\.XS   <- TGFB2.PaWUL[[   , 1  ] 
    TGFB2.\.dRZQ <- TGFB2.PaWUL[[   , Y.N] 
    TGFB2.[.XS   <- TGFB2.PaWUL[[1  ,    ] 
    TGFB2.[.dRZQ <- TGFB2.PaWUL[[X.N,    ] 
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    FST.PaWUL[ <- PaWUL[(daWa = FST, QURZ = X.N, QcRO = Y.N) 
    FST.\.XS   <- FST.PaWUL[[   , 1  ] 
    FST.\.dRZQ <- FST.PaWUL[[   , Y.N] 
    FST.[.XS   <- FST.PaWUL[[1  ,    ] 
    FST.[.dRZQ <- FST.PaWUL[[X.N,    ] 
    FT.PaWUL[ <- PaWUL[(daWa = FT, QURZ = X.N, QcRO = Y.N) 
    FT.\.XS   <- FT.PaWUL[[   , 1  ] 
    FT.\.dRZQ <- FT.PaWUL[[   , Y.N] 
    FT.[.XS   <- FT.PaWUL[[1  ,    ] 
    FT.[.dRZQ <- FT.PaWUL[[X.N,    ] 
 
    ### NO DIFFUSION AT DOMAIN BOUNDARIES = ZERO-FLUX BOUNDARY 
    dLffTGFB2 <- WUaQ.2D(C = TGFB2.PaWUL[, D.[ = dTGFB2*DIFF.X, D.\ = dTGFB2*D
IFF.Y, gULd = gULd_2d, 
                            C.[.XS = TGFB2.[.XS, C.[.dRZQ = TGFB2.[.dRZQ,  
                            C.\.XS = TGFB2.\.XS, C.\.dRZQ = TGFB2.\.dRZQ)$dC 
    dLffFST   <- WUaQ.2D(C = FST.PaWUL[,   D.[ = dFST*DIFF.X,   D.\ = dFST*DIF
F.Y,   gULd = gULd_2d, 
                            C.[.XS = FST.[.XS,   C.[.dRZQ = FST.[.dRZQ,  
                            C.\.XS = FST.\.XS,   C.\.dRZQ = FST.\.dRZQ  )$dC 
    dLffFT    <- WUaQ.2D(C = FT.PaWUL[,    D.[ = dFT*DIFF.X,    D.\ = dFT*DIF
F.Y,    gULd = gULd_2d, 
                            C.[.XS = FT.[.XS,    C.[.dRZQ = FT.[.dRZQ,  
                            C.\.XS = FT.\.XS,    C.\.dRZQ = FT.\.dRZQ   )$dC 
 
    ### REMOVING DIFF.Y AND DIFF.X = DIFFUSION AT BOUNDARIES = FIXED BOUNDARY 
    ### RESULTS IN CONCENTRIC STRIPES AS DOMAIN SIZE INCREASES 
    ### THIS IS INCONSISTENT WITH OBSERVATIONS FROM EXPLANT EXPERIMENTS 
    #diffTGFB2 <- WUaQ.2D(C = TGFB2.PaWUi[, D.[ = dTGFB2, D.\ = dTGFB2, gUid = 
gUid_2d, 
    #                        C.[.XS = TGFB2.[.XS, C.[.dRZQ = TGFB2.[.dRZQ,  
    #                        C.\.XS = TGFB2.\.XS, C.\.dRZQ = TGFB2.\.dRZQ)$dC 
    #diffFST   <- WUaQ.2D(C = FST.PaWUi[,   D.[ = dFST,   D.\ = dFST,   gUid = 
gUid_2d, 
    #                        C.[.XS = FST.[.XS,   C.[.dRZQ = FST.[.dRZQ,  
    #                        C.\.XS = FST.\.XS,   C.\.dRZQ = FST.\.dRZQ  )$dC 
    #diffFT    <- WUaQ.2D(C = FT.PaWUi[,    D.[ = dFT,    D.\ = dFT,    gUid = 
gUid_2d, 
    #                        C.[.XS = FT.[.XS,    C.[.dRZQ = FT.[.dRZQ,  
    #                        C.\.XS = FT.\.XS,    C.\.dRZQ = FT.\.dRZQ   )$dC 
       
    ## RaWeV Rf chaQge = DOMAIN * (ReacWiRQ  + DiffXViRQ): 
    deOWaPAX6          = DOMAIN * (UeacPAX6) 
    deOWaTGFB2         = DOMAIN * (UeacTGFB2 + dLffTGFB2)  
    deOWaFST           = DOMAIN * (UeacFST   + dLffFST) 
    deOWaFT            = DOMAIN * (UeacFT    + dLffFT) 
    deOWaTGFBR         = DOMAIN * (UeacTGFBR) 
    deOWaRT            = DOMAIN * (UeacRT) 
    deOWaSHH           = DOMAIN * (UeacSHH) 
     
    VeWT[WPURgUeVVBaU(Sb, WLPe) 
     
    UeWXUQ (OLVW(c(deOWaPAX6, deOWaTGFB2, deOWaFST, deOWaFT, deOWaTGFBR, deOWa
RT, deOWaSHH)))
  `) 
` 

Development: doi:10.1242/dev.185827: Supplementary information

D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



IQ¦[19]: ## ================== 
## MRdel SaUaPeWeUV: 
## ================== 
 
### SSace: 
 
# Read biWPaS Rf 2D VSace 
#iPgD <- Uead.biWPaS("./OV_E[SlaQW4.SQg") 
LPgD <- Uead.bLWPaS("./OV_E[SOaQW2.SQg")
# E[WUacW diPeQViRQ fURP biWPaS 
X.N <- dLP(LPgD)[1] #NXPbeU Rf elePeQWV (cellV) acURVV Whe ZidWh 
Y.N <- dLP(LPgD)[2] #NXPbeU Rf elePeQWV (cellV) acURVV Whe heighW 
N   <- X.N*Y.N      # NXPbeU Rf elePeQWV (cellS) iQ WRWal 
# CRQYeUW (#he[) biWPaS WR YecWRU Rf iQWegeUV 
Y <- aV.LQWegeU(LPgD) 
## CRQYeUW WhiV YecWRU WR PaWUi[, jXVW WR check iWV diPeQViRQV 
P <- PaWUL[(Y, X.N, Y.N) 
# CRQYeUW PaWUi[ back WR YecWRU aQd XVe WhiV aV Whe PRdel dRPaiQ 
DOMAIN <- aV.YecWRU(P) 
# UVe PaWUi[ WR calcXlaWe Zhich Si[el/cell bRUdeUV SeUPiW diffXViRQ iQ X aQd Y 
diUecWiRQV 
DIFF.X <- UbLQd(UeS(0.0, Y.N), fORRU( (P[-1,  ] + P[-QURZ(P),        ]) / 2), 
UeS(0.0, Y.N) ) 
DIFF.Y <- cbLQd(UeS(0.0, X.N), fORRU( (P[  ,-1] + P[        ,-QcRO(P)]) / 2), 
UeS(0.0, X.N) ) 
 
X.L <- 13                                            # WidWh  Rf Whe 2D WiVVXe 
Y.L <- 9                                             # HeighW Rf Whe 2D WiVVXe 
d[  <- X.L/X.N                                       # LeQgWh Rf RQe 1D elePeQ
W (cell) iQ X 
d\  <- Y.L/Y.N                                       # LeQgWh Rf RQe 1D elePeQ
W (cell) iQ Y 
[gULd   <- VeWXS.gULd.1D(N = X.N, [.XS = 0, L = X.L) # OXWSXW ZaQWed aW WheVe
 X SRViWiRQV 
\gULd   <- VeWXS.gULd.1D(N = Y.N, [.XS = 0, L = Y.L) # OXWSXW ZaQWed aW WheVe
 Y SRViWiRQV 
gULd_2d <- VeWXS.gULd.2D([gULd, \gULd) 
 
## TiPe: 
TLPeD    <- 5000                              # DXUaWiRQ Rf Whe ViPXlaWiRQ 
SWeSVD   <- 20                                # NXPbeU Rf WiPe-VWeSV 
dWD      <-  TLPeC/SWeSVC                     # Si]e Rf each WiPe-VWeS 
WLPeVD   <- VeT(0, TLPeC, b\ = dWD)           # OXWSXW ZaQWed aW WheVe WiPe iQ
WeUYalV 
 
# MRlecXaU SSecieV 
V.QaPeV_D = c("PAX6",  
              "TGFB2 DLPeU",  
              "FST MRQRPeU",  
              "FST:TGFB2\QHeWeURWeWUaPeU",  
              "TGFBR MRQRPeU",  
              "TGFB2:TGFBR\QCRPSOe[", 
              "SHH") 
SPECIES_D = OeQgWK(V.QaPeV_D) 
 
# SeWXS We[W SURgUeVV baU - called b\ PRdel fXQcWiRQ 
SbD <- W[WPURgUeVVBaU(PLQ = 0, Pa[ = TLPeC, VW\Oe = 3) 
 
# RaWe cRQVWaQWV: 
SaUPVD <- c(Sb     <- SbD,    # PURgUeVV baU 
             
            aPAX6  = 0.3,     # PURdXcWiRQ UaWe cRQVWaQW fRU PAX6 
            bPAX6  = 0.1,     # Deca\ UaWe cRQVWaQW fRU PAX6 
             
            aTGFB2 = 0.25,    # PURdXcWiRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
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            bTGFB2 = 0.1,     # Deac\ UaWe cRQVWaQW fRU TGFB2 diPeU 
            dTGFB2 = 1,       # DiffXViRQ UaWe cRQVWaQW fRU TGFB2 diPeU 
             
            aFST   = 1.5,     # PURdXcWiRQ UaWe cRQVWaQW fRU FST 
            bFST   = 0.1,     # Deca\ UaWe cRQVWaQW fRU FST 
            dFST   = 1,       # DiffXViRQ UaWe cRQVWaQW fRU FST 
             
            aFT    = 5,       # AVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSle
[ 
            bFT    = 1,       # DiVVRciaWiRQ UaWe cRQVWaQW fRU FST:TGFB2 cRPSl
e[ 
            dFT    = 50,      # DiffXViRQ UaWe cRQVWaQW fRU FST:TGBF2 cRPSle[ 
             
            aRT    = 20,      # AVVRciaWiRQ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPS
le[ 
            bRT    = 0.1      # Deca\ UaWe cRQVWaQW fRU TGFBR:TGFB2 cRPSle[ 
           ) 

  _                                                                      _   
0%
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IQ¦[26]: ## ================== 
## IQiWial cRQdiWiRQV: 
## ================== 

# CalcXlaWe Whe SHH gUadieQW: 
### FRU ViPXlaWiQg Shh lRVV-Rf-fXQcWiRQ (LOF), SHH.X Pa\ be PXlWiSlied b\ ]eUR 
### 
SHH.X <- 100 * dQRUP(VeT(1, X.N, b\ = 1), PeaQ = X.N, Vd = ( (2*X.N) / (X.L/2) 
) ) 
#SHH.X <- 100 * dQRUP(VeT(1, X.N, b\ = 1), PeaQ = 1,   Vd = ( (2*X.N) / (X.L/
2) ) ) # FliS Whe gUadieQW
#SHH.X <- SHH.X * 0 
SORW(SHH.X, 
     [Oab="DRUVaO-VeQWUaO GUadLeQW", 
     \Oab="SKK CRQceQWUaWLRQ", 
     PaLQ="SKK PRVLWLRQaO IQfRUPaWLRQ GUadLeQW") 

## ================== 
## IQiWial cRQdiWiRQV: 
## ================== 
Pa[6.GUad <- UeS(VeT(fURP = 3,     WR = 5, OeQgWK.RXW = Y.N), X.N) 
Pa[6.GUad <- aV.YecWRU( W( PaWUL[(Pa[6.GUad, QcRO = X.N, QURZ = Y.N) ) ) 

VWaWeD <- c(DOMAIN * Pa[6.GUad, # PAX6  - gUaded 
DOMAIN * UeS(0, N), # TGFB2 
DOMAIN * UeS(0, N), # FST 
DOMAIN * UeS(0, N), # FT 
DOMAIN * UeS(1, N), # TGFBR 
DOMAIN * UeS(0, N), # RT 
DOMAIN * UeS(SHH.X, Y.N)     # SHH 

) 

-PN\YL�:�����+�WSV[�VM�[OL�://�WVZP[PVUHS�PUMVYTH[PVU�NYHKPLU[�\ZLK�PU�4VKLS�+�
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IQ¦[27]: ## ================== 
# RXQ Whe ViPXlaWiRQ: 
## ================== 
caW("IQLWLaOL]LQg VLPXOaWLRQ...") 
RXWSXWD <- Rde.2D(\      = VWaWeD,  
                  WLPeV  = WLPeVD, 
                  fXQc   = PRdeOD, 
                  SaUPV  = SaUPVD, 
                  QVSec  = SPECIES_D,  
                  QaPeV  = V.QaPeV_D,  
                  dLPeQV = c(X.N, Y.N),  
                  PeWKRd = "OVRde",  
                  OUZ    = 7e+08) 
caW(" dRQe!") 
fOXVK.cRQVROe() 

IQ¦[28]: ## ================= 
## FRUPaW Whe RXWSXW 
## ================= 
# CUeaWe daWa.fUaPe fRU diVSla\ daWa 
[ <- VeT(fURP=d[, WR=X.L,  b\=d[) # WidWh Rf WiVVXe 
\ <- VeT(fURP=d\, WR=Y.L,  b\=d\) # HeighW Rf WiVVXe 
W <- WLPeVD                       # NXPbeU Rf WiPe VWeSV 
V <- V.QaPeV_D                    # NXPbeU Rf VSecieV 
daWaD <- e[SaQd.gULd(X=[, Y=\, SSecLeV=V, TLPe=W, CRQceQWUaWLRQ= 0.0) 
caW("FRUPaWWLQg RXWSXW...") 
# Read ViPXlaWiRQ RXWSXW iQWR daWa.fUaPe Uead\ fRU diVSla\ 
# FRU each VSecieV... 
fRU (V LQ VeT(fURP=1,WR=SPECIES_D,b\=1)) ^ 
    # AQd fRU each VXbVeTXeQW WiPeSRiQW... 
    fRU (W LQ WLPeVD) ^ 
        # FiQd cRlXPQ UaQge iQ RXWSXW fRU cXUUeQW VSecieV (WiPeSRiQWV aUe iQ V
eSeUaWe URZV) 
        V.VWaUW <- 2 + N * ( V - 1 ) 
        V.eQd   <- V.VWaUW + N - 1 
        # E[WUacW daWa fRU cXUUeQW WiPeSRiQW (URZ) aQd VSecieV (cRlXPQV) 
        RXW.ACT <- RXWSXWD[1+ (W/dWD), V.VWaUW:V.eQd] 
        # NRUPaliVe fRU WhiV VSecieV aW WhiV WiPeSRiQW RQl\ 
        #RXW.ACT <- RXW.ACT / Pa[(RXW.ACT) 
        # FiQd URZV iQ daWa.fUaPe fRU cXUUeQW VSecieV aQd WiPeSRiQW 
        V.LQde[ <- daWaD$SSecLeV == V.QaPeV_D[V]  # RRZV fRU VSecieV 
        W.LQde[ <- daWaD$TLPe    == W#*dW         # RRZV fRU WiPeRSRiQW 
        # IQVeUW daWa fRU cXUUeQW VSecieV aQd WiPeSRiQW 
        daWaD[V.LQde[ & W.LQde[, 5] <- RXW.ACT 
    `
    # NRUPaliVe acURVV all WiPeSRiQWV fRU each VSecieV 
    Pa[LPXP <- Pa[(daWaD[V.LQde[, 5]) 
    daWaD[V.LQde[, 5] <- daWaD[V.LQde[, 5] / Pa[LPXP 
` 
caW("dRQe!") 
fOXVK.cRQVROe() 

  _===================================================================   _  9
5% dRQe!

FRUPaWWLQg RXWSXW...dRQe!
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IQ¦[29]: ## ================= 
## PlRW Whe RXWSXW 
## ================= 
# GeQeUaWe PXlWi-faceWed eQdSRiQW SlRW... 
caW("ReQdeULQg SORW...") 
ggSORW(daWaD, aeV(X, Y, ]=CRQceQWUaWLRQ, fUaPe=TLPe)) + 
geRP_WLOe(aeV(fLOO = CRQceQWUaWLRQ ) ) +  
faceW_ZUaS(a SSecLeV, QcRO=3) + 
WKePe_bZ() + 
WKePe(We[W = eOePeQW_We[W(VL]e=8) ) + 
cRRUd_fL[ed() +
VcaOe_fLOO_YLULdLV(RSWLRQ="B") +  
\Oab("PUR[LPaO-DLVWaO A[LV (AU)") +
[Oab("DRUVaO-VeQWUaO A[LV (AU)") + 
OabV(WLWOe = "NRUPaOLVed cRQceQWUaWLRQV aW eQdSRLQW") + 
OabV(fLOO = "NRUPaOLVed\QCRQceQWUaWLRQ") 

caW("dRQe!") 
fOXVK.cRQVROe() 

-PN\YL�:�����+�U\TLYPJHS�ZPT\SH[PVU�VM�4VKLS�+�ZOV^PUN�[OL�UVYTHSPZLK�JVUJLU[YH[PVU�KPZ[YPI\[PVUZ�VM�LHJO�TVSLJ\SHY 
ZWLJPLZ�H[�LUKWVPU[��[�$��������)YPNO[LY�JVSV\YZ�$�OPNOLY�JVUJLU[YH[PVUZ�

ReQdeULQg SORW...dRQe!
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IQ¦[30]: ## ================= 
## PlRW Whe RXWSXW 
## ================= 
# GeQeUaWe PXlWi-faceWed SlRW, aQiPaWed RYeU WiPeSRiQWV... 
caW("BXLOdLQg SORW...") 
S <- ggSORW(daWaD, aeV(X, Y, ]=CRQceQWUaWLRQ, fUaPe= TLPe)) + 
geRP_WLOe(aeV(fLOO = CRQceQWUaWLRQ ) ) +  
faceW_ZUaS(a SSecLeV, QcRO=3) + 
WKePe_bZ() + 
WKePe(We[W = eOePeQW_We[W(VL]e=12) ) + 
cRRUd_fL[ed() +
VcaOe_fLOO_YLULdLV(RSWLRQ="B") +  
WUaQVLWLRQ_WLPe(TLPe) + # AQiPaWe RYeU WiPeSRiQWV 
\Oab("PUR[LPaO-DLVWaO A[LV (AU)") +
[Oab("DRUVaO-VeQWUaO A[LV (AU)") + 
OabV(WLWOe = "NRUPaOLVed cRQceQWUaWLRQV aW WLPe = ^fUaPe_WLPe`") + 
OabV(fLOO = "NRUPaOLVed\QCRQceQWUaWLRQ") 
 
caW("dRQe!") 
fOXVK.cRQVROe() 
 
caW("\QReQdeULQg SORW...") 
 
## ReQdeU aQiPaWiRQ aV aQ ffPSeg YideR file aQd diVSa\ 
#aQD1 <- aQiPaWe(S,  
#                fSV=10,  
#                QfUaPeV=2*SWeSVD,  
#                ZidWh=720,  
#                heighW=480,  
#                VWaUW_SaXVe=SWeSVD/2,  
#                eQd_SaXVe=SWeSVD/2,  
#                UeZiQd=FALSE,  
#                UeQdeUeU=aY_UeQdeUeU() ) 
#cRQWeQWV <- baVe64eQc::baVe64eQcRde(aQD1) 
#Wag <- '<YideR VUc="daWa:YideR/PS4;baVe64,%V" cRQWURlV aXWRSla\></YideR>' 
#IRdiVSla\::diVSla\_hWPl(VSUiQWf(Wag, cRQWeQWV)) 
 
## SaYe ffPSeg YideR WR file 
#aQiP_VaYe(aQiPaWiRQ = aQD1, fileQaPe = "MRdel_D.PS4") 
 
## ReQdeU aQiPaWiRQ aV a GIF file aQd diVSla\ 
VXSSUeVVMeVVageV(^ 
    aQD2 <- ggaQLPaWe::aQLPaWe(S,  
                               fSV=10,  
                               QfUaPeV=2*SWeSVD,  
                               ZLdWK=720,  
                               KeLgKW=480,  
                               VWaUW_SaXVe=SWeSVD/2,  
                               eQd_SaXVe=SWeSVD/2) 
`) 
cRQWeQWV <- baVe64eQc::baVe64eQcRde(aQD2) 
Wag <- '<ceQWeU><LPg VUc="daWa:LPage/gLf;baVe64,%V"></ceQWeU>' 
IRdLVSOa\::dLVSOa\_KWPO(VSULQWf(Wag, cRQWeQWV)) 
 
caW("dRQe!") 
fOXVK.cRQVROe() 
 
## SaYe GIF aQiPaWiRQ WR file 
#aQiP_VaYe(aQiPaWiRQ = aQD2, fileQaPe = "MRdel_D.gif") 
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-PN\YL�: ����+�U\TLYPJHS�ZPT\SH[PVU�VM�4VKLS�+�ZOV^PUN�[OL�UVYTHSPZLK�JVUJLU[YH[PVU�KPZ[YPI\[PVUZ�VM�LHJO�TVSLJ\SHY 
ZWLJPLZ�L]VS]PUN�V]LY�[PTL��0U�WYPU[�7+-�MVYT��[OPZ�WSV[�ZOV^Z�VUS`�[OL�PUP[PHS�JVUKP[PVUZ�MVY�[OL�ZPT\SH[PVU��P�L��H[�[�$�����^OPSL�[OL�LUKWVPU[ 
�H[�[�$�������PZ�ZOV^U�PU�:\WW��-PN��:���0U�[OL�VUSPUL�1\W`[LY�5V[LIVVR�]LYZPVU��ZLL�TL[OVKZ�ZLJ[PVU�VM�WHWLY�MVY�<93��[OPZ�WSV[�PZ 
HUPTH[LK��)YPNO[LY�JVSV\YZ�$�OPNOLY�JVUJLU[YH[PVUZ�

IQ¦[¦]:

BXLOdLQg SORW...dRQe! 
ReQdeULQg SORW...

dRQe!
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Movie 1. 1-D numerical simulations of Model A. Simulations demonstrate that local 

inhibition and lateral-activation of Tgfb2 signalling (i.e. Tgfb2:Tgfbr complex formation) may 

occur if Fst:Tgfb2 hetero-tetramer diffusion exceeds that of Fst monomers. Pax6 ‘expression’ 

was restricted to just the left side of a circular tissue throughout. Simulations were performed 

using different relative diffusion rates for Fst monomers (x-axis) and Tgfb2 dimers (y-axis), 

while Fst:Tgfb2 hetero-tetramer diffusion rate was held constant. Simulations are shown three 

times; first with both Pax6 (red) and activated Tgfb receptor (i.e. Tgfb2:Tgfbr complex; cyan) 

concentrations together; second with just activated receptor concentrations; third with just 

Pax6 concentrations. 
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Movie 2. 1-D numerical simulations of Model B. Simulations demonstrate that the Pax6/

Fst/Tgfb2 network of Model B could spontaneously polarise the optic vesicle into Pax6+ and 

Pax6- ‘poles’ if Fst:Tgfb2 hetero-tetramer diffusion exceeds that of Fst monomers. Pax6 was 

initially distributed throughout a circular tissue, but with small local fluctuations. Simulations 

were performed using different relative diffusion rates for Fst monomers (x-axis) and Tgfb2 

dimers (y-axis), while Fst:Tgfb2 hetero-tetramer diffusion rate was held constant. Simulations 

are shown three times; first with both Pax6 (red) and activated Tgfb receptor (i.e. Tgfb2:Tgfbr 

complex; cyan) concentrations together; second with just activated receptor concentrations; 

third with just Pax6 concentrations. 
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Movie 3. 2-D numerical simulation of Model C. This movie shows a 2-D numerical 

simulation of Model C within an explant-shaped domain. The initial distal-high to proximal-low 

Pax6 pattern is dynamically re-polarised, generating a graded expression along the explant’s 

longest axis. This long axis could represent the optic vesicle’s former Anterior-Posterior axis 

(as labelled) or Dorsal-Ventral axis. The movie shows the evolving concentration patterns of 

all six molecular species represented in the model. 
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Table S1. Primer sequences for qRT-PCR. 

Target Gene Upstream (5’ – 3’) Downstream (5’ – 3’) 

b-actin CCAGCTGGGAGGAGCCGGT CTGGGGAACACAGCCCGCTT 

Pax6 AGTGGAGAAGGGAGGAGAAG TGATGTGAAAGAGGAAACGGG 

Vsx2 CACTACCCTGATGTGTATGCTAG CCCATACTCAGCCATCACG 

Wnt2b TGAGTGCCAGTACCAATTCC GAGATGGCGTAGACGAAGG 

Mitf AAGAACTGGGCACCTTGATAC TGTCTGTTCTCAAGTTCCTTCG 

Tgfb2 TTGATGTCACTGAGGCTGTAC CAAATCTTGCTTCAGGCTCC 

Fst TGAAAGCAAGTCAGATGAGGC CCTCTGGGTCTTCGTTAATGG 

Table S2. Primer sequences for PCR cloning of in situ hybridization probes. 

Target Gene Upstream (5’ – 3’) Downstream (5’ – 3’) 

Vsx2 CTTCCCTCAACCAGAGCAAG CATGGCATCTGCAAGCTAAA 

Mitf GGGATCCAAACTGGAAGACATC CCTTTCAAGTGTTTACAAAGAACG 

Fst CAGGCTGGGAACTGCTGG ACAGGCTGCCTCTTTCAT 

Pax6 C-term AGGAGGGGAGAACACCAACT GGGAAATGAGACCTGTGGAA 

Table S3. Primer sequences for PCR cloning of expression constructs. 

Gene Upstream (5’ – 3’) Downstream (5’ – 3’) 

dnPax6 GCCATCGATATGCAGAACAG TTACTTTTCGCTAGCCAGGTTG 

Fst-HA ATGTTAAATCAGAGGATCCACCCG CCACTCTAGAATGGAAGATATAGGAAAGC 
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