Percellome Explorer ver. 0.5.0 : PDBEx RSort_Expand H_G2_AP_Std-Av@
Target Prj: vs TTG194-L // TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1))

Denominator: Target * Candidate

Condition

TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 5057 1.977
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 1432 0.782
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 1291 0.754
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 1619 0.754
TTG157-L Valproic acid sodium salt 1591 0.664
TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 493 0.504
TTGO41-L Valproic acid sodium salt 1424 0.493
TTG200~-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 481 0.469
TTG044-L Clofibrate 741 0.442
TTG201-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 469 0.431
TTG098-L DEHP 1232 0.429
TTG199-L Black No.401 342 0427
TTG118-L Clofibrate x Clofibrate 744 0.417
TTG141-L Tributyltin chloride x Clofibrate 876 0.394
TTG129~-L CCl4 x Clofibrate 578 0.389
TTG206-L BTAZ3864(CoCAM 2) 1811 0.384
TTGO19-L 2-Vinvylpyridine 395 0.378
TTG149-L Valproic acid sodium salt x Aspirin 513 0.367
TTG168-L Mastic 491 0.367
TTGO16-L Pentachlorophenol 552 0.365
TTG137-L alpha—Lipoic Acid 348 0.36
TTG162-L Sesame seed oil unsaponified matter 569 0.358
TTG188-L Violet No.401 258 0.358
TTG062-L(C) Dexamethasone 553 0.355
TTG104-L MEHP 972 0.353
TTG189-L TTG4: A) CCl4, B) Ccld (TTG4(1+1)) 469 0.353
TTG032-L 3-Amino—1H-1,2,4~triazole 1180 0.352
TTGO51-L 9—cis retinoic acid 283 0.352
TTGO60-L Forskolin 240 0.351
TTG047-L Bisphenol A (PLD) 279 0.35
TTG120-L Clofibrate x PCN 501 0.348
TTG184~L Bisphenol A/ERaKO(Chambon) (corn oil) 313 0.348
TTGO59-L Caffeine 404 0.346
TTG147-L Estragole 327 0.346
TTGO66-L Methoprene 328 0.343
TTG183-L Bisphenol A (corn oil) 358 0.343
TTG154~L Sodium Dehydroacetate 684 0.342
TTG029-L 2-Aminomethylpyridine 136 0.34
TTG140-L Food Red No.40 318 0.338
TTG182-L Imidacloprid 573 0.337
TTG165-L Chlorpyrifos 341 0.336
TTG088-L Tebufenozide 168 0.334
TTG042-L Ethynyl estradiol (PLD) 276 0.332
TTGO97-L Permethrin 178 0.332
TTGO073-L Toluene 499 0.331
TTG205-L BTAZ3846(CoCAM 1) 2021 0.326
TTG155-L Aluminum ammonium sulfate 362 0.323
TTGO70-L Formaldehyde 124 0.321
TTG161-L Food Yellow No.4 443 0.321
TTG136-L Phytol 765 0.32
TTG177-L Red No.102 282 0.319
TTG139-L Indigo Carmine 388 0.314
TTG016-L(C) Pentachlorophenol 700 0.313
TTGO57-L Indigo 168 0.311
TTG144-L Tributyltin chloride x Phenobarbital 456 0.311
TTGO91-L Azacytidine 265 0.31
TTG115-L Kanamycin monosulfate 209 0.31
TTG094-L Aspirin 453 0.307
TTG043-L Testosterone propionate 253 0.305
TTGO77-L Monocrotaline 189 0.304
TTG093-L AraC 332 0.304
TTG090-L Pregnenolone Carbonitrile 453 0.303
TTG126-L Thalidomide 276 0.302
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand_H_G2_AP_Std-Av@
Target Prj: vs TTG195-L // TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1))
Denommator Taret * Candidate

i : oo Condition e s s e S Cor
TTG195 L TTG4 A) Valprom actd sodlum salt B) Valproic acid sodlum salt (TTG4(4+T)) 4246 2.355

TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 1299 0.903
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 1279 0.832
TTG157-L Valproic acid sodium salt 1590 0.79
TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 1619 0.754
TTG118-L Clofibrate x Clofibrate 873 0.583
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 500 0.581
TTG044-L Clofibrate 795 0.564
TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 463 0.563
TTG041-L Valproic acid sodium salt 1320 0.545
TTG129-L CCl4 x Clofibrate 647 0.519
TTG098-L DEHP 1247 0.517
TTG141-L Tributyltin chloride x Clofibrate 907 0.486
TTG199-L Black No.401 325 0.484
TTG201-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 427 0.467
TTG206-L BTAZ3864(CoCAM 2) 1764 0.446
TTGO19-L 2-Vinylpyridine 390 0.445
TTG120-L Clofibrate x PCN 532 0.44
TTG154-L Sodium Dehydroacetate 735 0.438
TTG165-L Chlorpyrifos 368 0.432
TTG094-L Aspirin 532 0.429
TTG066—-L Methoprene 342 0.425
TTG062-L(C) Dexamethasone 554 0.424
TTG016-L(C) Pentachlorophenol 793 0.423
TTG189-L TTG4: A) CCl4, B) Ccl4 (TTG4(1+1)) 472 0.423
TTG059-L Caffeine 413 0.422
TTG182-L Imidacloprid 602 0.422
TTG149-L Valproic acid sodium salt x Aspirin 492 0.419
TTG032-L 3~Amino—1H-1,2,4-triazole 1165 0.414
TTGO16-L Pentachlorophenol 521 0.411
TTG136-L Phytol 826 0.411
TTG104-L MEHP 943 0.408
TTG047-L Bisphenol A (PLD) 270 0.404
TTGO70-L Formaldehyde 129 0.398
TTG168~-L Mastic 445 0.397
TTGO60-L Forskolin 226 0.394
TTG205-L BTAZ3846(CoCAM 1) 2034 0.391
TTG188-L Violet No.401 236 0.39
TTG144-L Tributyltin chloride x Phenobarbital 477 0.387
TTGO097-L Permethrin 174 0.386
TTG087-L Pyriproxyfen 361 0.385
TTG162-L Sesame seed oil unsaponified matter 510 0.382
TTGO77-L Monocrotaline 197 0.377
TTG088-L Tebufenozide 159 0.377
TTG155-L Aluminum ammonium sulfate 355 0.377
TTG147-L Estragole 298 0.376
TTGO073-L Toluene 474 0.374
TTG074—-L Bromobenzene 727 0.372
TTG184-L Bisphenol A/ERaKO(Chambon) (corn oil) 280 0.37
TTG183-L Bisphenol A (corn oil) 323 0.368
TTGO61-L Paraquat dichloride 403 0.366
TTG177-L Red No.102 272 0.366
TTGO78-L Ethanol 228 0.362
TTG029-L 2—-Aminomethylpyridine 121 0.361
TTG089—L Rifampicin 254 0.361
TTGO91—-L Azacytidine 259 0.36
TTG126—-L Thalidomide 276 0.36
TTG137-L alpha—Lipoic Acid 292 0.36
TTGO093—-L AraC 330 0.359
TTGO58-L Diethylnitrosamine (C3H) 208 0.358
TTGO79—-L Methanol 299 0.358
TTGO37—-L Phenobarbital 843 0.356
TTGO031-L 2-Chloro—4,6—dimethylaniline 435 0.355
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand H_G2_AP_Std-Av@
Target Prj: vs TTG199-L // Black No.401

Denominator: Target * Candidate ‘
Name Condition Num Cor

TTG199-L Black No.401 1582 6.321
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 174 0.542
TTG188-L Violet No.401 118 0.523
TTGO19-L 2-Vinylpyridine 165 0.505
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 325 0.484
TTGO060-L Forskolin 98 0.459
TTGO66-L Methoprene 137 0.457
TTG120-L Clofibrate x PCN 204 0.453
TTG044-L Clofibrate 237 0.452
TTG033-L 1,2-Dichloro—3—nitrobenzene 111 0.449
TTG121-L Clofibrate x ATRA 157 0.446
TTG162-L Sesame seed oil unsaponified matter 219 0.44
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 236 0.44
TTG144-L Tributyltin chloride x Phenobarbital 200 0.436
TTG189-L TTG4: A) CCl4, B) Ccl4 (TTG4(1+1)) 181 0.435
TTG098-L DEHP 388 0.432
TTG183-L Bisphenol A (corn oil) 141 0.432
TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 342 0.427
TTG123-L Caffeine 118 0.424
TTGO16-L Pentachlorophenol 200 0.423
TTGO51-L 9-cis retinoic acid 106 0.421
TTG140-L Food Red No.40 124 0.421
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 238 0.415
TTG184-L Bisphenol A/ERaKO(Chambon) (corn oil) 117 0.415
TTG177-L Red No.102 113 0.408
TTG134-L Nerolidol 79 0.405
TTGO73-L Toluene 190 0.403
TTG149-L Valproic acid sodium salt x Aspirin 176 0.402
TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 123 0.402
TTG043-L Testosterone propionate 104 0.401
TTGO77-L Monocrotaline 78 0.401
TTG09%4-L Aspirin 185 04
TTG137-L alpha-Lipoic Acid 119 0.394
TTG090-L Pregnenolone Carbonitrile 184 0.393
TTG042-L Ethynyl estradiol (PLD) 102 0.392
TTG141-L Tributyltin chloride x Clofibrate 271 0.39
TTG168-L Mastic 163 0.39
TTG187-L Violet No.201 129 0.39
TTGO088-L Tebufenozide 61 0.388
TTG165-L Chlorpyrifos 123 0.387
TTG206-L BTAZ3864(CoCAM 2) 567 0.385
TTG032-L 3-Amino—1H-1,2,4—triazole 399 0.381
TTG157-L Valproic acid sodium salt 286 0.381
TTG139-L Indigo Carmine 147 0.38
TTG136-L Phytol 281 0.376
TTG097-L Permethrin 63 0.375
TTG129-L CCl4 x Clofibrate 174 0.375
TTGO31-L 2—Chloro—4,6—dimethylaniline 170 0.373
TTG126-L Thalidomide 106 0.371
TTG028-L 1,2,4-Triazole 99 0.37
TTG059-L Caffeine 135 0.37
TTG118-L Clofibrate x Clofibrate 206 0.369
TTG117-L Digitoxin 117 0.367
TTG182-L Imidacloprid 195 0.367
TTG154-L Sodium Dehydroacetate 229 0.366
TTGO058-L Diethyinitrosamine (C3H) 79 0.365
TTGO055-L N-ethy1-N-nitrosourea 78 0.363
TTG104-L MEHP 311 0.361
TTG176-L Green No.204 (Pyranine Congc) 83 0.361
TTGO016-L(C) Pentachlorophenol 252 0.36
TTG079-L Methanol 112 0.36
TTG147-L Estragole 106 0.359
TTGO074-L Bromobenzene 261 0.358
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand_ H_G2_AP_Std-Av@
Target Prj: vs TTG200-L // TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1))
Denommator Target * Candldate _

e S ~Condition = Lo e e
TTG200 L TTG4 A) Clofbrate B) Clofibrate (TTG4(1 +1)) 2028 4.931

TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 399 1.016
TTG201-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 393 0.9
TTG128-L CCl4 x Clofibrate 507 0.852
TTG044-L Clofibrate 572 0.85
TTG118-L Clofibrate x Clofibrate 570 0.797
TTG141-L Tributyltin chloride x Clofibrate 649 0.729
TTG098-L DEHP 767 0.666
TTG104-L MEHP 677 0.613
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 500 0.581
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 392 0.571
TTG147-L Estragole 208 0.549
TTG199-L Black No.401 174 0.542
TTGO16-L Pentachlorophenol 325 0.536
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 381 0.519
TTG095-L Ibuprofen (dl-p—isobutylhydratropic acid) 217 0.512
TTG206-L BTAZ3864(CoCAM 2) 950 0.503
TTGO70-L Formaldehyde 76 0.491
TTGO73-L Toluene 295 0.488
TTGO19-L 2-Vinylpyridine 200 0.478
TTGO51-L 9—cis retinoic acid 153 0.474
TTG168-L Mastic 254 0.474
TTGO087-L Pyriproxyfen 212 0.473
TTG134-L Nerolidol 118 0.472
TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 481 0.469
TTG133-L Maltol 131 0.464
TTG120-L Clofibrate x PCN 264 0.457
TTG189-L TTG4: A) CCl4, B) Ccl4 (TTG4(1+1)) 243 0.456
TTG115-L Kanamycin monosulfate 123 0.455
TTG062-L(C) Dexamethasone 279 0.447
TTGO059-L Caffeine 208 0.445
TTG066-L Methoprene 167 0.435
TTG154-L Sodium Dehydroacetate 342 0.427
TTG162-L Sesame seed oil unsaponified matter 271 0.425
TTG029-L 2—-Aminomethylpyridine 68 0.424
TTG088-L Tebufenozide 85 0.422
TTG205-L BTAZ3846(CoCAM 1) 1044 0.42
TTG139-L Indigo Carmine 207 0.418
TTG165-L Chlorpyrifos 170 0.418
TTG135-L Methyl dihydro jasmonate 107 0.414
TTG136-L Phytol 396 0.413
TTG182-L Imidacloprid 281 0.413
TTG060-L Forskolin 112 0.409
TTG188~-L Violet No.401 118 0.408
TTG094-L Aspirin 241 0.407
TTG121-L Clofibrate x ATRA 184 0.407
TTGi157-L Valproic acid sodium salt 390 0.406
TTG137-L alpha-Lipoic Acid 156 0.403
TTGO41-L Valproic acid sodium salt 459 0.397
TTG191-L TTG4: A) CCl4, B) Ccl4 (TTGA(4+1)) 116 0.394
TTG149-L Valproic acid sodium salt x Aspirin 220 0.392
TTG043-L Testosterone propionate 130 0.391
TTG124-L Vat Red [ 146 0.389
TTG026-L TCDF(2,3,7,8-Tetrachlorodibenzofuran) 218 0.385
TTGO16-L(C) Pentachlorophenol 344 0.384
TTG144-L Tributyltin chloride x Phenobarbital 226 0.384
TTG109-L Acephate 263 0.383
TTGO031-L 2-Chloro—4,6—dimethylaniline ) 221 0.378
TTG047-L Bisphenol A (PLD) 120 0.376
TTG126-L Thalidomide 137 0.374
TTG184-L Bisphenol A/ERaKO(Chambon) (corn oil) 134 0.371
TTG177-L Red No.102 131 0.369
TTGO57-L Indigo 79 0.365
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand H_G2_AP_Std-Av@
Target Prj: vs TTG201-L // TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1))
Denominator: Target * Candidate

Name Condition : Num Cor
TTG201-L TTGA4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 2152 4.647
TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 409 0.982
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 393 0.9
TTG129-L CCl4 x Clofibrate 443 0.701
TTG044-L Clofibrate 500 0.7
TTG118-L Clofibrate x Clofibrate 492 0.648
TTG141-L Tributyltin chloride x Clofibrate 530 0.561
TTG095-L Ibuprofen (di-p-isobutylhydratropic acid) 240 0.534
TTG098-L DEHP 627 0.513
TTG104-L MEHP 575 0.491
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 427 0.467
TTG147-L Estragole 187 0.465
TTGO51-L 9-cis retinoic acid 154 0.45
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 341 0.437
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 317 0.435
TTG194-L TTGA4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 469 0.431
TTG121-L Clofibrate x ATRA 196 0.409
TTG135-L Methy! dihydro jasmonate 110 0.401
TTG206-L BTAZ3864(CoCAM 2) 796 0.397

TTG062-L(C) Dexamethasone 259 0.391
TTGO77-L Monocrotaline 103 0.389
TTGO59-L Caffeine 188 0.379
TTG028-L 1,2,4-Triazole 133 0.365
TTG168-L Mastic 205 0.361
TTG029-L 2-Aminomethylpyridine 61 0.359
TTG157-L Valproic acid sodium salt 363 0.356
TTG188-L Violet No.401 109 0.355
TTGO60-L Forskolin 102 0.351
TTGO97-L Permethrin 80 0.35
TTG134-L Nerolidol 93 0.35
TTG199-L Black No.401 119 0.35
TTGO70-L Formaldehyde 57 0.347
TTGO55-L N-ethy1-N-nitrosourea 101 0.345
TTG137-L alpha-Lipoic Acid 142 0.345
TTG149-L Valproic acid sodium salt x Aspirin 205 0.345
TTG178-L Aluminum sulfate 164 0.342
TTG109-L Acephate 248 0.341
TTG190-L TTG4: A) CCl4, B) Ccl4 (TTG4(2+1)) 90 0.341
TTG162-L Sesame seed oil unsaponified matter 229 0.339
TTGO41-L Valproic acid sodium salt 407 0.331
TTG140-L Food Red No.40 132 0.33
TTG120-L Clofibrate x PCN 201 0.328
TTGO73-L Toluene 210 0.327
TTG177-L Red No.102 122 0.324
TTG176-L Green No.204 (Pyranine Conc) 101 0.323
TTG124-L Vat Red [ 128 0.322
TTG166-L Carbaryl 201 0.322
TTG161-L Food Yellow No.4 188 0.321
TTG133-L Maltol 96 0.32
TTG144-L Tributyltin chloride x Phenobarbital 198 0.317
TTGO80-L DMSO 90 0.316
TTG158-L Deet x Permethrin 138 0.316
TTG148-L Verbenone 90 0.315
TTGO16-L Pentachlorophenol 202 0.314
TTG094-L Aspirin 196 0.312
TTG205-L BTAZ3846(CoCAM 1) 818 0.31
TTG130-L CCl4 x CCl4 80 0.308
TTG191-L TTG4: A) CCl4, B) Ccld (TTG4(4+1)) 96 0.307
TTG042-L Ethynyl estradiol (PLD) 108 0.305
TTG123-L Caffeine 115 0.303
TTG154-L Sodium Dehydroacetate 258 0.303
TTG131B-L CCl4 x Phenobarbital 187 0.302
TTG139-L Indigo Carmine 159 0.302
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand_H_G2_AP_Std-Av@
Target Prj: vs TTG202-L // TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1))

Deomator Taret * Candldate 7

» e " Condition’. o
TTG4 A) C!of brate B) Clofibrate (TTG4(4+1))

TTG202-L 1936 5.165
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 399 1.016
TTG201-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 409 0.982
TTG129-L CCl4 x Clofibrate 471 0.829
TTG044~L Clofibrate 497 0.774
TTG118-L Clofibrate x Clofibrate 526 0.77

TTG141-L Tributyltin chloride x Clofibrate 559 0.657
TTG095-L Ibuprofen (di-p—isobutylhydratropic acid) 259 0.641
TTG147-L Estragole 205 0.567
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 463 0.563
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 368 0.561
TTG098-L DEHP 611 0.556
TTG104-L MEHP 559 0.53

TTG029-L 2-Aminomethylpyridine 78 0.51

TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 493 0.504

TTG062-L(C) Dexamethasone 298 0.5

TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 350 0.499
TTGO51-L 9-cis retinoic acid 152 0.493
TTG206-L BTAZ3864(CoCAM 2) 838 0.465
TTGi188-L Violet No.401 128 0.464
TTG178-L Aluminum sulfate 198 0.458
TTG059-L Caffeine 204 0.457
TTG157-L Valproic acid sodium salt 408 0.445
TTG028-L 1,2, 4-Triazole 145 0.443
TTG135-L Methyl dihydro jasmonate 109 0.442
TTG133-L Maltol 119 0.441
TTG088-L Tebufenozide 83 0.431
TTGi121-L Clofibrate x ATRA 185 0.429
TTG187-L Violet No.201 174 0.429
TTG077-L Monacrotaline 102 0.428
TTG080-L DMSO 109 0.425
TTG134-L Nerolidol 100 0.419
TTG039-L Citric acid—calcium salt 98 0.412
TTGO079—-L Methanol 156 0.409
TTG097-L Permethrin 84 0.409
TTG120-L Clofibrate x PCN 225 0.408
TTG168-L Mastic 207 0.405
TTG154-L Sodium Dehydroacetate 309 0.404
TTG199-L Black No.401 123 0.402
TTG060-L Forskolin 104 0.398
TTG149-L Valproic acid sodium salt x Aspirin 211 0.394
TTG165-L Chlorpyrifos 153 0.394
TTG049-L Tributyltin chloride 93 0.391
TTG167-L Aloe arborescens extract 112 0.389
TTGO055-L N-ethy1-N-nitrosourea 100 0.38
TTG085-L Trybutyltin 144 0.378
TTG094-L Aspirin 214 0.378
TTG041-L Valproic acid sodium salt 416 0.377
TTG183~L Bisphenol A (corn oil) 149 0.373
TTG109-L Acephate 242 0.369
TTGO19-L 2-Vinylpyridine 147 0.368
TTG155—-L Aluminum ammonium sulfate 158 0.368
TTGO73—-L Toluene 212 0.367
TTG166-L Carbaryl 204 0.363
TTG148-L Verbenone 93 0.362
TTG162-L Sesame seed oil unsaponified matter 220 0.362
TTG031-L 2-Chloro—4,6—dimethylaniline 200 0.358
TTG047-L Bisphenol A (PLD) 109 0.357
TTG137-L alpha—Lipoic Acid 132 0.357
TTG170-L 3—methylcholanthrene/AhRKO 112 0.357
TTG205-L BTAZ3846(CoCAM 1) 848 0.357
TTG027-L 1,2,3-Triazole 115 0.356
TTG034—L 4-Ethylnitrobenzene 100 0.355
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand H_G2_AP_Std-Av@
Target Prj: vs TTG204-L // Red No.225

Denominator: Target * Candidate
Name Condition Num Cor

TTG204-L Red No.225 4199 2.382
TTG020-L TCDD(2,3,7.8-Tetrachlorodibenzo—p—Dioxin) 754 0.601
TTG144~-L Tributyltin chloride x Phenobarbital 677 0.556
TTG120-L Clofibrate x PCN 627 0.524
TTG162-L Sesame seed oil unsaponified matter 661 0.501
TTG098~L DEHP 1174 0.492
TTGO16~L Pentachlorophenol 581 0.463
TTGO56-L 3—methylcholanthrene 585 0.463
TTG090~-L Pregnenolone Carbonitrile 575 0.463
TTG206~-L BTAZ3864(CoCAM 2) 1644 0.42
TTG104-L MEHP 928 0.406
TTG168~L Mastic 447 0.403
TTGO16-L(C) Pentachlorophenol 747 0.402
TTGO037-L Phenobarbital 929 0.396
TTG131B~L CCl4 x Phenobarbital 475 0.393
TTG026-L TCDF(2,3,7,8-Tetrachlorodibenzofuran) 460 0.392
TTG183~-L Bisphenol A (corn oil) 339 0.391
TTG187-L Violet No.201 341 0.388
TTGO19-L 2-Vinylpyridine 332 0.383
TTGO57-L Indigo 170 0.379
TTGO70-L Formaldehyde 120 0.374
TTG124-L Vat Red | 287 0.37
TTG043-L Testosterone propionate 254 0.369
TTGO15-L 4—amino—2 6~dichlorophenol 151 0.367
TTG205-L BTAZ3846(CoCAM 1) 1888 0.367
TTG141-L Tributyltin chloride x Clofibrate 675 0.366
TTGO33-L 1,2-Dichloro—~3—nitrobenzene 239 0.365
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 308 0.362
TTG032~L 3-Amino—1H~-1,2 4~triazole 1000 0.359
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 538 0.354
TTGO31-L 2—Chloro—4,6—dimethylaniline 428 0.353
TTG129-L CCl4 x Clofibrate 435 0.353
TTG137-L alpha~Lipoic Acid 283 0.353
TTG118~L Clofibrate x Clofibrate 520 0.351
TTG028-L 1,2,4-Triazole 245 0.345
TTGO66-L Methoprene 273 0.343
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 486 0.342
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 602 0.338
TTG044~-L Clofibrate 469 0.337
TTGO47-L Bisphenol A (PLD) 223 0.337
TTG199-L Black No.401 223 0.336
TTG132-L Curcumin 536 0.333
TTG046-L Levothyroxine 409 0.33
TTG184-L Bisphenol A/ERaKO(Chambon) (corn oil) 243 0.325
TTG041-L Valproic acid sodium salt 774 0.323
TTG091-L Azacytidine 226 0.318
TTG126-L Thalidomide 240 0.316
TTG149-L Valproic acid sodium salt x Aspirin 366 0.315
TTG136-L Phytol 621 0.313
TTG182-L Imidacloprid 441 0.313
TTG109~L Acephate 441 0.31
TTG155-L Aluminum ammonium sulfate 288 0.31
TTG188-L Violet No.401 185 0.309
TTG190-L TTG4: A) CCl4, B) Ccl4 (TTG4(2+1)) 159 0.308
TTG189-L TTG4: A) CCl4, B) Ccl4 (TTG4(1+1)) 340 0.308
TTG027-L 1,2,3~Triazole 214 0.305
TTG134-L Nerolidol 158 0.305
TTG135-L Methyl dihydro jasmonate 163 0.305
TTGO086-L Coenzyme Q10 479 0.304
TTG093-L AraC 276 0.304
TTG073-L Toluene 378 0.302
TTG147-L Estragole 237 0.302
TTG029-L 2-Aminomethylpyridine 100 0.301
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand H_G2_AP_Std-Av@
Target Prj: vs TTG205-L // BTAZ3846(CoCAM 1)
Denominator: Taet * Cadiae

- U Name =~ S Condition s

TTG205-L BTAZ3846(CoCAM 1) 12257 0.816
TTG206-L BTAZ3864(CoCAM 2) 6508 0.57
TTG098-L DEHP 3864 0.555
TTG118-L Clofibrate x Clofibrate 2116 0.489
TTG044-L Clofibrate 1960 0.482
TTG141-L Tributyltin chloride x Clofibrate 2590 0.481
TTG129-L CCl4 x Clofibrate 1691 047
TTG104-L MEHP 3086 0.462
TTGO16-L Pentachlorophenol 1628 0.445
TTG120-L Clofibrate x PCN 1519 0.435
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 1864 0.42
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 1044 0.42
TTG144-L Tributyltin chloride x Phenobarbital 1470 0.414
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 1641 0.395
TTG032-L 3-Amino—1H-1,2 4~triazole 3187 0.392
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 2034 0.391
TTG037-L Phenobarbital 2645 0.387
TTGO073-L Toluene 1374 0.376
TTGO19-L 2-Vinylpyridine 947 0.374
TTG041-L Valproic acid sodium salt 2591 0.37
TTG204-L Red No.225 1888 0.367
TTG136-L Phytol 2123 0.366
TTG168-L Mastic 1182 0.365
TTGO74-L Bromobenzene 2057 0.364

TTGO16-L(C) Pentachlorophenol 1968 0.363
TTG189-L TTG4: A) CCl4, B) Ccl4 (TTGA(1+1)) 1161 0.36
TTG157-L Valproic acid sodium salt 2072 0.357
TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 848 0.357
TTG162-L Sesame seed oil unsaponified matter 1373 0.356
TTG147-L Estragole 813 0.355
TTG066-L Methoprene 821 0.354
TTGO090-L Pregnenolone Carbonitrile 1277 0.352
TTG149-L Valproic acid sodium salt x Aspirin 1187 0.35
TTG182-L Imidacloprid 1427 0.347
TTG183-L Bisphenol A (corn oil) 858 0.339
TTGO87-L Pyriproxyfen 905 0.334
TTG056-L 3—-methylcholanthrene 1229 0.333
TTG043-L Testosterone propionate 666 0.332
TTG094-L Aspirin 1188 0.332
TTG093-L AraC 873 0.329
TTG047-L Bisphenol A (PLD) 631 0.327
TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 2021 0.326
TTGO53-L Ethynyl estradiol (PLD) 1665 0.323
TTG199-L Black No.401 627 0.323
TTGO70-L Formaldehyde 302 0.322
TTG154-L Sodium Dehydroacetate 1558 0.322
TTG124-L Vat Red | 725 0.32
TTG046-L Levothyroxine 1143 0.316
TTG089-L Rifampicin 641 0.315
TTG122-L CoenzymeQ10(14day) - 1179 0.314
TTG020-L TCDD(2,3,7,8-Tetrachlorodibenzo—p—Dioxin) 1147 0.313
TTGO61-L Paraquat dichloride 993 0.313
TTG132-L Curcumin 1471 0.313
TTG155-L Aluminum ammonium sulfate 851 0.313
TTG086—-L Coenzyme Q10 1429 0.311
TTG156-L Food Red No.104 1276 0.311
TTG173-L TCDD/AhRKO 2432 0.311
TTG165-L Chlorpyrifos 763 0.31
TTG201-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 818 0.31
TTGO31-L 2-Chloro—4,6—dimethylaniline 1093 0.309
TTGO060-L Forskolin 508 0.307
TTGO57-L Indigo 400 0.306
TTG137-L alpha—Lipoic Acid 712 0.304
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Percellome Explorer ver. 0.5.0 : PDBEx_RSort_Expand H_G2_AP_Std-Av@
Target Prj: vs TTG206-L // BTAZ3864(CoCAM 2)

Denominator: Target * Candidate
Name Condition ; Num - Cor

TTG206-L BTAZ3864(CoCAM 2) 9318 1.073
TTG098-L DEHP 3595 0.68
TTG118-L Clofibrate x Clofibrate 1899 0.578
TTG205-L BTAZ3846(CoCAM 1) 6508 0.57
TTG044-L Clofibrate 1708 0.553
TTG104-L MEHP 2714 0.535
TTG141-L Tributyltin chloride x Clofibrate 2182 0.533
TTG129-L CCl4 x Clofibrate 1441 0.527
TTG120-L Clofibrate x PCN 1363 0.514
TTGO16—-L Pentachlorophenol 1418 0.509
TTG200-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(1+1)) 950 0.503
TTG144-L Tributyltin chloride x Phenobarbital 1343 0.497
TTG151-L Valproic acid sodium salt x Valproic acid sodium salt 1650 0.489
TTG202-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(4+1)) 838 0.465
TTG168-L Mastic 1105 0.449
TTG195-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(4+1)) 1764 0.446
TTG193-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(1+1)) 1405 0.445
TTG162-L Sesame seed oil unsaponified matter 1265 0.432
TTG204-L Red No.225 1644 0.42
TTGO032-L 3~Amino~1H-12 4-triazole 2568 0.416
TTG147-L Estragole 716 0.411
TTGO41-L Valproic acid sodium salt 2166 0.407
TTG201-L TTG4: A) Clofibrate, B) Clofibrate (TTG4(2+1)) 796 0.397
TTGO73-L Toluene 1099 0.396
TTG016-L(C) Pentachlorophenol 1627 0.395
TTG090-L Pregnenolone Carbonitrile 1088 0.394
TTG157-L Valproic acid sodium salt 1742 0.394
TTGO19-L 2-Vinylpyridine 754 0.392
TTG149-L Valproic acid sodium salt x Aspirin 995 0.386
TTG183-L Bisphenol A (corn oil) 740 0.385
TTG199-L Black No.401 567 0.385°
TTG194-L TTG4: A) Valproic acid sodium salt, B) Valproic acid sodium salt (TTG4(2+1)) 1811 0.384
TTGO066-L Methoprene 674 0.382
TTG043-L Testosterone propionate 582 0.381
TTGO37-L Phenobarbital 1975 0.38
TTG139-L Indigo Carmine 852 0.374
TTG020-L TCDD(2,3,7,8-Tetrachlorodibenzo—p—Dioxin) 1036 0.372
TTGO047-L Bisphenol A (PLD) 539 0.367
TTG136-L Phytol 1603 0.364
TTG189-L TTG4: A) CCl4, B) Ccl4 (TTG4(1+1)) 883 0.361
TTGO70-L Formaldehyde 256 0.36
TTGO31-L 2—Chloro—4,6—dimethylaniline 962 0.358
TTG182-L Imidacloprid 1122 0.358
TTG046-L Levothyroxine 982 0.357
TTG132-L Curcumin 1239 0.347
TTGO060-L Forskolin 436 0.346
TTG154-L Sodium Dehydroacetate 1274 0.346
TTG187-L Violet No.201 674 0.346
TTG124-L Vat Red | 594 0.345
TTG155-L Aluminum ammonium sulfate 695 0.337
TTGO74-L Bromobenzene 1441 0.336
TTG062-L(C) Dexamethasone 962 0.335
TTG093-L AraC 672 0.333
TTG137-L alpha—Lipoic Acid 586 0.329
TTG086-L Coenzyme Q10 1145 0.328
TTGO57-L Indigo 324 0.326
TTG094-L Aspirin 887 0.326
TTGO15-L 4—-amino—2,6—dichlorophenol 297 0.325
TTG188-L Violet No.401 429 0.323
TTG029-L 2-Aminomethylpyridine 237 0.322
TTGO87-L Pyriproxyfen 664 0.322
TTGO56-L 3—-methylcholanthrene 897 0.32
TTGO91-L Azacytidine 505 0.32
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RESEARCH ARTICLE

Active repression by RARYy signaling is required for vertebrate axial

elongation

Amanda Janesick?, Tuyen T. L. Nguyen', Ken-ichi Aisaki?, Katsuhide Igarashi?, Satoshi Kitajima?,
Roshantha A. S. Chandraratna®, Jun Kanno? and Bruce Blumberg®**

ABSTRACT

Retinoic acid receptor gamma 2 (RARy2) is the major RAR isoform
expressed throughout the caudal axial progenitor domain in
vertebrates. During a microarray screen to identify RAR targets,
we identified a subset of genes that pattern caudal structures or
promote axial elongation and are upregulated by increased RAR-
mediated repression. Previous studies have suggested that RAR is
present in the caudal domain, but is quiescent until its activation in
late stage embryos terminates axial elongation. By contrast, we
show here that RARYy2 is engaged in all stages of axial elongation,
not solely as a terminator of axial growth. In the absence of RA,
RARY2 represses transcriptional activity in vivo and maintains
the pool of caudal progenitor cells and presomitic mesoderm. In the
presence of RA, RARy2 serves as an activator, facilitating somite
differentiation. Treatment with an RARy-selective inverse agonist
(NRX205099) or overexpression of dominant-negative RARy
increases the expression of posterior Hox genes and that of
marker genes for presomitic mesoderm and the chordoneural
hinge. Conversely, when RAR-mediated repression is reduced by
overexpressing a dominant-negative co-repressor (c-SMRT), a
constitutively active RAR (VP16-RARy2), or by treatment with an
RARy-selective agonist (NRX204647), expression of caudal genes
is diminished and extension of the body axis is prematurely
terminated. Hence, gene repression mediated by the unliganded
RARy2—-co-repressor complex constitutes a novel mechanism to
regulate and facilitate the correct expression levels and spatial
restriction of key genes that maintain the caudal progenitor pool
during axial elongation in Xenopus embryos.

KEY WORDS: Active repression, Axial elongation, Chordoneural
hinge, Posterior Hox, Presomitic mesoderm, Retinoic acid receptor

INTRODUCTION

Repression mediated through unliganded retinoic acid receptors
(RARs) is an important yet understudied function exhibited by
nuclear receptors (reviewed by Weston et al., 2003). Although RA
plays a major role in patterning the hindbrain, retina, placodes and
somites, its absence is crucial for the development of structures
found at the head and tail of the embryo. RARs exhibit basal
repression in the absence of ligand, binding constitutively to their
targets, recruiting co-repressors, and actively repressing the basal
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transcriptional machinery (Chen and Evans, 1995). When ligand is
present, co-repressors are replaced by co-activators and target genes
are transcribed (Chakravarti et al., 1996).

We previously demonstrated that repression mediated through
unliganded RARs was important for anterior neural patterning,
establishing a novel role for RAR as a repressor in vivo (Koide
et al., 2001). Overexpression of a dominant-negative RARo
expanded anterior and midbrain markers caudally and shifted
somitomeres rostrally (Blumberg etal., 1997; Moreno and Kintner,
2004). Exogenous RA, constitutively active RARo. or derepression
of RARo produced the opposite effect: severe anterior truncations,
diminished anterior markers, and anteriorly shifted midbrain and
hindbrain markers. Stabilization of co-repressors resulted in
enhanced anterior neural structures and posteriorly shifted mid/
hindbrain markers (Koide et al., 2001).

Axial elongation requires continual replenishing of bipotential
caudal progenitor cells (maintained by Wnt and FGF signaling, but
inhibited by RA) that give rise to notochord, neural tube and somites
(Cambray and Wilson, 2002; Davis and Kirschner, 2000). The most
stem-like cells are located in the chordoneural hinge (CNH),
where the posterior neural plate overlies the caudal notochord (Beck
and Slack, 1998). Cells from the CNH contribute to presomitic
mesoderm (PSM), which supplies committed somitic precursor
cells to the rostral determination wavefront (reviewed by Dequeant
and Pourquie, 2008). PSM is initially homogenous and unorganized
[expressing Mesogeninl (Msgnl) and Thx6], then becomes
patterned into somitomeres marked by Thylacine2? (Thyl2) and
Ripply2 (reviewed by Dahmann et al., 2011). Epithelialization of
presomitic domains results in mature somites (Nakaya et al., 2004).

RA is well known to function in the trunk, where it promotes
differentiation of PSM into somitomeres (Moreno and Kintner,
2004). By contrast, RA is actively metabolized and cleared by
CYP26A1 in the caudal region (Fujii et al., 1997). Treatment with
RA leads to loss of posterior structures (Sive et al., 1990);
Cyp26al™~ mice exhibit posterior truncations and homeotic
vertebral transformations (Abu-Abed et al., 2001; Sakai et al.,
2001). Exposing embryos to RA inhibits proliferation of axial
progenitor cells in CNH and PSM, leading to axial truncation from
premature exhaustion of the progenitor pool (Gomez and Pourquie,
2009). Therefore, RA is normally excluded from unsegmented
mesenchyme in PSM and the CNH. RARY is expressed at high
levels throughout the entire caudal region, including CNH and PSM
(Mollard et al., 2000; Pfeffer and De Robertis, 1994), yet, based on
Cyp26al expression, RA is absent (de Roos et al., 1999). The
physiological significance of RARYy expression in the embryonic
posterior is uncertain. RARy might function to terminate the body
axis at late stages by inducing apoptosis (Olivera-Martinez et al.,
2012), but that model would not explain the strong expression of
RARY observed at neurula, continuing through tailbud stages,
despite the apparent absence of RA.
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Rary2 skirts the posterior edge of the determination wavefront
and is co-expressed with PSM, CNH and posterior Hox markers.
We hypothesized that Rary2 serves a dual function: as an activator
in somite differentiation but a repressor in the maintenance of PSM
and the caudal progenitor pool. Loss of RARY2 severely shortens
the embryo body axis and inhibits somitogenesis. Loss of RARY2
expands the anterior border of PSM expression near the wavefront
(where activation is lost), but diminishes the expression domain of
caudal PSM and posterior Hox genes (where repression is lost).
Increasing RAR-mediated repression expands the expression of
posterior Hox, PSM and CNH markers, creating smaller somitomere
domains via an indirect, ‘repressing a repressor’ mechanism. Relief
of repression results in a truncated body axis with decreased
PSM and CNH markers. Axial extension and segmentation in
vertebrates relies on the maintenance of unsegmented PSM
mesenchyme and replenishing of caudal progenitor cells. Our data
show that RARY2 plays a crucial role in this process, repressing
target genes to maintain PSM and caudal progenitors in the absence
of RA, while activating others to promote somitogenesis in the
presence of RA.

RESULTS

Posterior Hox, PSM and CNH genes are upregulated by RAR
inverse agonist

We showed previously that active repression of RAR target genes by
unliganded RAR is required for head formation (Koide et al., 2001).
Treatment with the pan-RAR inverse agonist AGN193109 increased
the expression of genes involved in patterning anterior neural
structures, whereas treatment with pan-RAR agonist TTNPB
decreased the expression of anterior marker and cement gland-
specific genes (Koide etal.,2001), revealing a set of genes specifically
upregulated/downregulated by TTNPB (Arima et al., 2005).
Validation studies identified a subset upregulated by AGN193109.
We hypothesized that active repression by unliganded RARs is
biologically important and designed an experiment to identify genes
upregulated or downregulated by modulating repression. Percellome
analysis (Kanno etal., 2000) quantified the copy number per embryo
of all genes represented on Affymetrix Xenopus microarray v1.0.
Among these we identified a collection of genes linked to the
maintenance of caudal axial progenitors that were downregulated by
TTNPB and upregulated by AGN193109 (Table 1). RAR-mediated
repression upregulates the steady-state expression of posterior Hox
paralogs 9-13 and genes found in both unsegmented PSM and CNH.

Thus, we hypothesized that RAR is a repressor required for axial
elongation.

Xenopus RARs repress basal transcription in the absence of
ligand

The ability of unliganded RARs to behave as repressors is well
documented, although not all human receptor subtypes can recruit
co-repressors (e.g. SMRT) in the absence of ligand (Wong and
Privalsky, 1998). We tested the ability of Xenopus RAR (xRAR)
subtypes to repress basal activity of a luciferase-dependent reporter
using the GAL4-RAR system (supplementary material Fig. S1D-F)
(Blumberg et al., 1996). Xenopus RARo, RARP and RARy
suppressed basal activity in vitro and in vivo (supplementary
material Fig. S1A,C), whereas human RARP and RARy did not
(supplementary material Fig. SIB). Thus, xXRARs can function as
repressors in the absence of ligand.

Rary2is expressed in the PSM and CNH but is mostly absent
from the trunk

Whole-mount in situ hybridization (WISH) revealed that Rary?2 is
the predominant isoform expressed in the Xenopus embryonic
posterior (supplementary material Fig. S2A). In late neurula and
early tailbud stage embryos, Rary?2 is strongly expressed in the
anterior and posterior, but almost undetectable in the trunk.
Rary?2 expression later becomes pronounced in the tail and head,
particularly in hyoid, branchial and mandibular neural crest.
Raryl is expressed similarly. QPCR analysis revealed that Rary?2
is 1000- to 4000-fold more abundant than Rary/ at stages 10-22,
and 100- to 400-fold more abundant at all other stages analyzed
(supplementary material Fig. S2B). Subsequent experiments
utilized Rary2-selective reagents. We conclude that Rary? is
the predominant isoform expressed in the posterior region of
embryos.

Rary2 is expressed where RA is probably absent (owing to
CYP26A1 expression). Key posterior genes were upregulated by
AGN193109. We hypothesized that RARY2 posterior to the wavefront
is a repressor, maintaining unsegmented PSM and the progenitor cell
pool required for axial elongation. We used double WISH to compare
the expression of Rary2 with that of Hoxcl0, an important member
of the Abd-B Hox gene family promoting caudal development over
thorax (Lamka et al., 1992). Rary2 expression completely overlaps
caudal Hoxc10 expression (Fig. 1E,H) but not the anteriormost neural
or lateral plate expression of Hoxc10 (Fig. 1E,H). These data position

Table 1. Percellome analysis reveals that posterior Hox, PSM and CNH markers are upregulated by RAR inverse agonist

Unigene 109 (fold) £ TTN (fold) P Symbol Gene name Cat
X1.72193 3.57 2.11x1072 0.19 5.77x107" Hoxc13 Homeobox C13 PP
X1.266 3.47 4.26x107° 0.12 2.26x107* Hoxat1 Homeobox A11 PP
X1.21864 345 2.03x107° 0.22 2.68x107" Hoxc10 Homeobox C10 PP
X1.72292 3.02 7.32x107° 0.16 1.62x107* Hoxd9 Homeobox D9 PP
X1.9560 2.73 9.74x107* 0.40 5.98x107° Hoxa9 Homeobox A9 PP
X1.12067 2.80 8.05x107° 0.18 2.51x107° Esr2 Enhancer of Split related 2 PSM
X1.29033 2.79 9.31x107* 0.26 1.62x107° Esr9 Enhancer of Split related 9 PSM
X1.78953 2.90 4.29x107* 0.37 2.68x107° Thx6 T-box gene Tbx6 PSM
X1.483 253 4.18x107° Q.17 3.36x107° Msgn1 Mesogenin 1 PSM
X1.14524 232 2.76x1072 0.42 1.46x1072 Esrs Enhancer of Split related 5 PSM
X1.933 2.49 4.46x107° 0.40 2.73x1072 xBra3 T2, Brachyury homolog CNH
X1.1066 2.44 4.31x1072 0.34 2.09x107° xNot Notochord homeobox CNH
X1.457 3.10 1.37x107° 0.02 2.81x107" Derriere Growth differentiation factor 3 NC
X1.16206 2.43 7.64x107° 0.27 2.35x107° Pnp Purine nucleoside phosphorylase NC

Blastula stage embryos were soaked in 1 uM RAR agonist TTNPB (TTN), 1 uM RAR inverse agonist AGN193109 (109) or vehicle control (0.1% ethanol) until
harvesting at stage 18. Cat, expression category: PP, posterior patterning; PSM, presomitic mesoderm; CNH, chordoneural hinge; NC, expression not characterized.
Fold induction or reduction is relative to control vehicle. P-values were generated using CyberT.
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Fig. 1. Double WISH reveals the spatial relationship between Rary2 and
posterior Hox, PSM and CNH genes. (A-M) Rary2 is stained with BM Purple
and the other genes are stained with Fast Red. Rary2 is caudal to Myod and
Thx6 (A-D), but synexpressed with Msgn1 (F,G) in neurula stage Xenopus
embryos. (E,H) Rary2is synexpressed with the caudal domain (CD) of Hoxc10
but not with neural tube (NT) or lateral plate mesoderm (LPM) of Hoxc10 in
tailbud stage embryos. Rary2 overlaps with S—IlIl domains of Ripply2 (1,J) and
Thyl2 (L,M) expression, but not with more anterior somitomeres (S-II, S—I, S0).
(K) Rary2 overlaps with xNot expression in neurula stage embryos. Dorsal and
lateral views shown with anterior to the left, exceptin K (caudal view with dorsal
at top).

Rary2 as a potential regulator of posterior Hox genes and the caudal
body plan.

We next defined the anterior limit of Rary2 expression relative to
the determination wavefront. Myod is a general muscle marker
abutting and partially overlapping Rary2 expression (Fig. 1A,B).
Thyl2and Ripply2 mark somitomeres, which are prepatterned PSM
domains containing non-epithelialized, immature somites (Tam
et al., 2000). Thyl2 and Ripply2 are only expressed in newly
forming somitomeres and are assigned negative Roman numerals
(S—I, S—II, etc.) versus mature somites (SI, SII, etc.) (Pourquie and
Tam, 2001). Msgnl (Buchberger et al., 2000) is expressed caudal
to Thyl2 and Ripply2, marking non-patterned PSM-containing
cells committed to the somitic fate (Nowotschin etal., 2012). Thx6
is also expressed in PSM, but unlike Msgnl its expression
domain overlaps with somitomeres (Hitachi et al., 2008). Rary?2
and Msgnl are synexpressed at neurula (Fig. 1F,G) and tailbud
(supplementary material Fig. S3) stages; 7hx6 expression overlaps
Rary2 but extends rostrally beyond the Rary2 domain (Fig. 1C,D;
supplementary material Fig. S3). Anterior expression of Rary?2
mRNA ends at an RA-responsive region (supplementary material
Fig. S4), coinciding with the most posterior somitomere domain
(S—IIT) of Thyl2 or Ripply2 (Fig. 11-M), thus skirting the posterior
edge of the wavefront.

xNot, a notochord marker that regulates trunk and tail
development, is concentrated in the extreme posterior notochord
and floor plate by late neurula (von Dassow etal., 1993) and is often
employed as a CNH marker in Xenopus (Beck and Slack, 1998) to
reveal the location of bipotential stem cells (Cambray and Wilson,
2007; Takemoto et al., 2011). xNot is co-expressed with Rary?2
(Fig. 1K), agreeing with data suggesting that Rary2 is present in
CNH (Pfeffer and De Robertis, 1994). The double WISH data are
consistent with Rary?2 functioning as an activator near where RA is
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present at the wavefront, yet as a repressor where it coincides with
Msgnl, xNot and Cyp26al.

RARy-selective chemicals modulate activation or repression
by RARy

To separate the effects of RARYy in the posterior from RARo in the
trunk, we characterized RARfy-selective agonist NRX204647
(4647) (Shimono et al., 2011; Thacher et al., 2000) and RARY-
selective inverse agonist NRX205099 (5099) (Tsang etal., 2003) in
Xenopus embryos. Like AGN193109, 5099 is an inverse agonist,
reducing RARY signaling activity below basal levels by stabilizing
the co-repressor complex bound to RARY. Embryos treated with
I uM agonist 4647 become primarily trunk (no head or tail
structure), while 0.1 uM perturbs axial elongation (supplementary
material Fig. S5), producing anterior truncations characteristic of
RAR activators (Sive et al., 1990). Inverse agonist 5099 at 1 uM
delayed development, producing enlarged heads and shortened
trunks; half the dose elicited similar but weaker phenotypes, with
effects absent at 0.1 pM (supplementary material Fig. S5). Treating
neurula embryos significantly reduced severity but did not eliminate
the phenotype (supplementary material Fig. S5).

To test the effects of these chemicals in vivo without interference
from endogenous RARs, we mutated the DNA-binding specificity
of a full-length RAR, RARFECKG=GSCRY  The myutant receptor
recognizes a mutant TK-luc reporter, (RXRE!2-GRE"?)x4 TK-luc,
to which endogenous RARs do not bind (Klein et al., 1996). In
transient transfection assays, 4047 selectively activated RARYy at
doses below 0.1 uM (supplementary material Fig. S6A). Similarly,
5099 selectively antagonized 10 nM 9-cis RA activation of RARy
below 0.1 pM (supplementary material Fig. S6B). We conclude that
4647 and 5099 behave as subtype-selective ligands to activate or
repress RARY.

RARy-selective chemicals affect posterior Hox genes, PSM
and somitomeres

We hypothesized that 4647 treatment of embryos would decrease
posterior Hox gene expression and markers of PSM, whereas 5099
would produce the opposite effect. Microarray analysis (Table 1)
revealed that Hoxcl3 and Hoxcl0 expression was upregulated by
inverse agonist AGN193109 and downregulated by agonist TTNPB.
We infer that increased expression of Hoxc/3 and Hoxcl0 results
from RAR repressing the expression of a repressor of their expression.
The expression pattern of Hoxcl3 (supplementary material Fig. S7)
was not previously characterized.

We began soaking embryos in RARYy-selective doses of 4647,
5099 or vehicle control after gastrulation (stage 12.5) to focus on
axial elongation. Treatment with 10 nM 4647 resulted in diminished
caudal structures at stage 40 (supplementary material Fig. S5),
reducing expression domains of Hoxcl0, Hoxdl( and Hoxcl3
(Fig. 2A-C). Conversely, treatment with 0.5 uM 5099 expanded
their neural and lateral domains (Fig. 2A-C). To determine short-
term effects of chemical treatments, we soaked embryos for 1 h at
various stages and evaluated Hoxcl0 expression (supplementary
material Fig. S8) and that of 7hx6 (not shown) at stage 22.
Repression by 5099 is required at early neurula, whereas activation
by 4647 is required at mid- and late neurula stages for expected
expansion and reduction, respectively, of Hoxcl0 expression
(supplementary material Fig. S8). Higher, non-receptor-selective
doses exacerbated effects on posterior Hox genes (supplementary
material Fig. S9), suggesting that RARY2 is the primary mediator.
Hoxc10 nearly abuts Krox20, demonstrating trunk shortening in
5099-treated embryos (supplementary material Fig. S9G.H). High
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Fig. 2. Posterior Hox and PSM markers are reduced by RARy-selective
agonist and expanded by RARy-selective inverse agonist. (A-F) WISH
from embryos treated post-gastrulation (stage 12.5) with 10 nM 4647, 0.5 pM
5099 or vehicle (0.1% ethanol). Dashed red line represents half the embryo
axis. 4647 diminishes and 5099 expands the expression of (A) Hoxd10 (4647,
16/16; 5099, 17/17 embryos), (B) Hoxc10 (4647, 14/14; 5099, 21/21), (C)
Hoxc13 (4647, 12/12; 5099, 16/16), (D) Thx6 (4647, 11/12; 5099, 17/17),
(E) Msgn1 (4647, 15/15; 5099, 14/14), and (F) Rary2 (4647, 15/15; 5099, 9/9)
relative to control vehicle. Embryos shown in lateral or dorsal view at tailbud
stage, anterior to left.

doses of 4647 create embryos lacking anterior and posterior
structures, as indicated by the absence of mid/hindbrain markers
En2 and Krox20 and of posterior gene Hoxc/0 (supplementary
material Fig. SOC-F).

Msgnl and Thx6 were upregulated by inverse agonist and
downregulated by agonist in the microarray analysis (Table 1).
Msgnl and Thx6 domains were reduced at tailbud stages by post-
gastrulation treatment of embryos with 4647, whereas expression was
expanded in embryos treated with inverse agonist 5099 (Fig. 2D,E).
However, in neurula stage embryos, 4647 reduced Msgn ! expression
while Thx6 expression was expanded (Fig. 3E,F,0,P). Expression of
Thx6 and Msgnl was expanded by 5099 (Fig. 3LJ,Q,R), an effect
that was more pronounced at higher doses (supplementary material
Fig. S10LJ,Q,R). Somitomere markers 7hy/2 and Ripply2 showed
thicker domains; S—III expanded to the posteriormost edge of the
embryo where somites are not found in controls (Fig. 3G,H). At non-
receptor-selective doses, 4047 exacerbated the phenotypes of Msgn/,
Thxt and Ripply2 (supplementary material Fig. SI10E,F,H,O,P)
and promoted ectopic expression of 7hy/2 in the midline, with
somitomeres occupying nearly the entire anteroposterior axis
(supplementary material Fig. S10G). By contrast, 5099 treatment
produced fewer, thinner somitomeres (Fig. 3K,L), an effect more
pronounced at higher doses (supplementary material Fig. STOK,L).

Since Rary2 is co-expressed with Msgnl, we expected that 4647
would reduce and 5099 would expand Rary2 expression. Rary?2
expression was expanded by inverse agonist and reduced by agonist
(Fig. 2F) as verified by QPCR (supplementary material Fig. S11),
which is surprising given that other receptor subtypes (RARo2 and
RARP2) are induced by agonist (Leroy et al., 1991; Sucov et al.,
1990). The data indicate that 5099 enhances repression by RARY,
increasing caudal gene expression, whereas 4647 relieves repression
by RARY, diminishing caudal gene expression.
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Fig. 3. PSM markers are modulated by RARy-selective agonist and
inverse agonist. (A-R) WISH from embryos treated post-gastrulation (stage
12.5) with 10 nM 4647, 0.5 uM 5099 or vehicle (0.1% ethanol). (A-D) Control
expression of Msgn1, Thx6, Thyl2 and Ripply2. (E) Msgn1 expression
diminished by 4647 treatment (17/17 embryos). (F) Thx6 expression expanded
by 4647 treatment (22/22). (G,H) Somitomere domains of Thyl2 (19/19) and
Ripply2 (17/17) are thicker and posteriorly expanded. (1,J) Msgn1 (17/17) and
Thx6 (13/13) expression expanded by 5099 treatment. (K,L) Somitomere
domains of Thy/2 (15/17) and Ripply2 (26/26) are fewer and thinner. Embryos
are shown in dorsal view at neurula stage, anterior to left. (M-R) Caudal views
of Msgn1 and Thx6.

Relief of repression reduces domains of posterior Hox and
PSM markers

Treatment with 4647 activates RARy and removes repressors from
RARY targets, creating posterior truncations. We hypothesized that
loss of RARY2 would phenocopy 4647 treatment once RARy2-
mediated repression was lost. We designed AUG MOs to capture both
pseudoalleles of Rary2. Knockdown of RARY2.1/2.2 resulted in loss
of Hoxc10, Hoxd10, Hoxall and Hoxc13 expression, together with
severe curvature and reduction of the injected side (Fig. 4A-D).
Microinjection of splice-blocking MO capturing both pseudoalleles
of Rary2 reduced the expression of Rary2 as measured by QPCR,
phenocopying the AUG MOs (supplementary material Fig. S12). We
demonstrated that axial truncation on the injected side was not due to
developmental delay (supplementary material Fig. S13). To establish
that RARy2 is solely responsible for the axial truncations and
reduction in posterior Hox and PSM domains, we showed that Rary?2
MO can only be rescued with Rary2, but not Rara.2 or Rarfi2, mRNA
(Fig. 5). RARY2 knockdown reduced and shifted the expression of
Msgnl and Thx6 anteriorly along the midline (Fig. 4E.F,I-I')
and caused an anterior shift in the paraxial domains of Thy/2 and
Ripply2, while obliterating lateral expression (Fig. 4G,H). The
complexity of the Rary2 MO phenotype is likely to be due to the fact
that RARY2 knockdown both disrupts its repressive function in the
absence of ligand and its activation in the presence of ligand,
particularly near the determination wavefront.

When the dominant-negative co-repressor c-SMRT is overexpressed,
it binds RAR and blocks recruitment of co-repressors (Chen et al.,
1996). We identified several c-SMRT isoforms from Xenopus, selecting
that most similar to human c-SMRT that we used previously.
Microinjection of Xenopus laevis (X1) c-smrt mRNA relieved
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repression by GAL4-xRARy in whole embryos (supplementary
material Fig. S14). This effect was potentiated by addition of 1 uM
TTNPB (supplementary material Fig. S14). Overexpression of XI
c-smrt mMRNA caused significant reductions in the neural and lateral
domains of Hoxcl0 and Hoxd10 (Fig. 6B,D). X1 c-smrt also reduced
Hoxcl3, Thx6, Msgnl and xNot (Fig. 6F,H,H' 1. L). Similar to Rary2
MO, moderate truncation of injected axes was observed in 70% of
embryos, but the midline, rostral shifting of 7hx6 and Msgnl! (as in
Rary2 MO embryos) was minimal. We conclude that XI ¢c-SMRT
relieves repression of Rary2, causing loss of progenitor and PSM cells
and posterior Hox gene expression.

Another method for relieving repression is overexpression of
constitutively active VP16-RARYy2 (RARy2 fused to the VP16
activation domain). Microinjection of VP16-Rary2 mRNA led to a
truncated axis on the injected side in 100% of embryos and loss of
Hoxcl10, Hoxdl0, Msgnl and Thx6 expression (Fig. 7). These
embryos were less curved than Rary2 MO-injected or c-smri-
injected embryos, but rostral expansion of neural/midline and lateral
domains was consistently observed, similar to Rary2 MO embryos.

Increased repression expands posterior Hox and PSM
markers

Treatment with 4647 or microinjection of ¢-smrt or VP16-Rary?2
mRNA relieved repression by RARY, increasing RAR signaling,
decreasing posterior Hox and PSM markers. Decreasing RAR
signaling should produce the opposite effect. We microinjected
mRNA overexpressing the RA catabolic enzyme CYP26A1 and
observed rostral shifts in the lateral and neural expression domains
of Hoxcl0 and Hoxdl0 (supplementary material Fig. S15).
Microinjection of dominant-negative (DN)-RARy2  should
phenocopy 5099 treatment would be
retained on RARY2 targets, leading to repression. Overexpression
of DN-RARY2 increased the expression of Msgn/ and Thx6 in both
lateral and paraxial domains, and shifted xNor expression rostrally

because Co-repressors

Rary2 MO

Hoxc13

Fig. 4. RARY2 knockdown alters expression of posterior Hox and PSM
markers. (A-J') Embryos were injected unilaterally at the 2- or 4-cell stage with
7.5 ng Rary2.1 MO+7.5 ng Rary2.2 MO. Injected side is indicated by magenta
B-gal lineage tracer. Rary2.1/2.2 MO decreases expression of (A) Hoxc10 (18/
18 embryos), (B) Hoxd10 (12/12), (C) Hoxa11 (9/9) and (D) Hoxc13 (16/16) in
tailbud stage embryos. Rary2.1/2.2 MO decreases lateral, but expands
midline, expression (green lines) of (E) Msgn1 (10/13) and (F) Tbhx6 (8/11),
knocking down and shifting expression rostrally of (G) Thy/2 (13/15) and (H)
Ripply2 (13/14) in tailbud stage embryos. Rary2.1/2.2 MO decreases lateral,
but expands midline, expression (green lines) of (I) Msgn 1 (35/36) and (J) Thx6
(20/20) in neurula stage embryos. Embryos shown in dorsal view with anterior
on left. (I',J') Caudal views of | and J.
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Fig. 5. Rary2 mRNA rescues posterior Hox and PSM expression in Rary2
MO embryos. (A-H) Embryos injected unilaterally at 2- or 4-cell stage. Injected
side is indicated by magenta p-gal lineage tracer. (A,E) 5 ng Rary2.1 MO+5 ng
Rary2.2 MO+control (mCherry) mRNA diminishes Hoxc70 and Msgn 1
expression, curving the embryo axis in 100% of embryos (Hoxc10, 23/23;
Msgn1, 13/13). (B,C,F,G) Co-injection of Rary2 MO and 1 ng Rara2 mRNA or
1 ng Rarp2 does not rescue the phenotype; however, (D,H) 1 ng Rary2 mRNA
partially rescues axial curvature and Hoxc70 (18/23) and Msgn1 (23/35)
expression. Tailbud embryos shown in dorsal view with anterior to left.

(Fig. 8B,D.F). DN-RARY2 phenocopied the effects of Cyp26al
mRNA (Moreno and Kintner, 2004) on somitomere markers 7hy/2
and Ripply2; rostral shifting and knockdown of somitomere
expression was the phenotype that we observed (Fig. 8H,J,K).
Microinjection of Rary2 MO alone resulted in knockdown of
Hoxc10 and axial truncation (Fig. 9A,B,E). We hypothesized that
this phenotype was due to loss of repression, reasoning that the
phenotype should be rescued with DN-RARY2. Axial defects and
lateral knockdown of Hoxc 10 expression were partially recovered
with DN-Rary2 mRNA (Fig. 9C.D.E). The neural domain of
Hoxc10 expression was rescued in nearly all embryos and a rostral
shift often observed. We conclude that increasing repression
with DN-RARY2 or overexpressing CYP26A1 (removing ligand)
promotes caudal gene expression, similar to chemical treatment with
5099. Moreover, loss of caudal structures and gene expression due
to Rary2 MO are rescued by restoring repression with DN-RARY2.

DISCUSSION

RARYy repression in caudal development

Most studies consider only one aspect of RAR signaling, namely its
role as a ligand-activated transcription factor promoting the expression
of target genes. In developmental biology, RA signaling has been
studied extensively for its ability to promote differentiation and
establish boundaries in somitogenesis, neurogenesis and rhombomere
segmentation (reviewed by Rhinn and Dolle, 2012). Liganded RAR
has been predicted to function passively in the caudal region until
required to facilitate body axis cessation (Olivera-Martinez et al.,
2012), when somitogenesis is nearing completion because the
determination wavefront, moving the RA source caudally, has
exhausted the progenitor cell pool (Gomez and Pourquie, 2009).
Here, liganded RARy would function as an activator promoting
apoptosis (Shum et al., 1999) at terminal tailbud stage. However, this
does not address why RARY2 would be highly expressed where RA is
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