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To reveal a part of developmental mechanisms for the notochord, this study
focused on gene repertories, expression patterns in early embryos, gene regulatory mechanisms, and
molecular functions of the master regulatory gene for notochord development, Brachyury. Comparative
genomics analyses between vertebrate lineages showed that, among three paralogs, Bra, Ntl, and
Tbx19, derived from two rounds whole genome duplication in vertebrates, Ntl was repeatedly lost in
various vertebrate genomes. Expression patterns in early embryos suggested that Ntl is dispensable
for the notochord in tetrapods but not in teleosts. Enhancer analyses identified notochord enhancers

responsible for the subfunctionalization of Brachyury paralogs and suggested that some Brachyury
paralogs that is not expressed in the notochord maintains the competency for the notochord
expression. This study highlights evolutionary principles of duplicated genes.
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FRITMAERICHE T 2 Lok OIEF M E L TER SV, RAEBOELORESL
DOHFCTHEREMIZT NG ORREE L Z 25T\ 5 (Satoh et al., 2012, Evol Dev 14:
56-75), BROENMICE W TR OLEERLRELGTFLEEZZOLND DN T-box #EH 1
Brachyury (Bra) T& %, Bra 1L, (1) FHEW, BRIWOBFROBAEICKLATHD, (2)
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ITIE & A ER S TR0,
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(subfunctionalization) T2, WiEH XA EE RN & i 7 ) AENT 21TV,
UTFOFEFEEZRH L, (1) FREPYILHEHILTIE 1 272572 Bra 28, FHEE TIX 2 RO
J MMELERRTBAE3 DD/XT 1 Y Bra, Notail (Ntl), Tbx19 & L CIEET %, (2) Bra it
TRTOFEHEEY CTHE L TRIFITHKB L, Ntl & Tbx19 ([T ~_ELEE LBV, Kbl
HHMEEZER LB RTEE20ND5, (3) FEETIEN DEICERTRELTWDR,
PIFEEE CIE Nt] 235 0 IR LIRNZIZH#ER LT 5, (4) BEMASETIX Bra 3y ) A ETH T
LIEHLTEBY VAT )VIB T Bral NEIZEIFE T Bra2 P EICHERTHEIL TS, (5)
Tbx19 I FRATORBENET, =U MR TOLEFERKL VRHE TO—BIRRBLNRE S
NTW5D, 260 BITHEHEIM DR RFTICBN T, FRTEILMML Bra )T 1 7 )MEEEDY
ILLTELZEERELTWVD,

Bra ODEHIEMLFIZOWVWTIE, 2R ETE M~ 2D ES #fd (Bra) . Y A H = /VIE (Bral) .
BTI7 702l (Ntl) ZHWTY ) A UA RBRESTNITONTE7-, LrL, ZHE0fE
HrChRH &7z Bra O HEBIERBE 71X, BRTIIRIA L 2WRFTRERE TR ETH- -
(Lolas et al., 2014, PNAS 111:4478-4483), Z #UiZ. ES MIMRIIHE R CTld/s < W rh IRIES
AR S THr SN2 L. Y AH TV Bral OB Shi-Z . BT 77 4 v a
Nt IZRBIR CORM@T S Z ok, HiRESfb~——& LTD Bra OFEENEL L
THiH SN/ TH D, LT, FHEEMWOFFRIZIIT 5 Bra OFEREZ alfERIZ BLfR
HI-OI21E, FRMATRET 2 BralZktd2547 7 20U A RENNMLIETH D,
HEILIZNE TOMIET, Y A T I)VIRIZEIT 5 Bral & Bra2 OFERELLER 21T > T & 72 (X
1), BERERHE FEBR D5 FL . Bra2 OREREMLE TO LB R OIREI AR F 3 B2 X, Bral & Bra2
W aRETHEHEREDOLEDONRIERENARNT & A2 R Lz, BEREFRLERZ FV 7= RNA-seq
AT 75 B 13 B R DG A 72 /3 IR I W B 3 5 38R 778 Bra2 MEREFHL RIS S B AL B4
HIZEHEEIDE, 51T, Bral & Bra2 OEE%FHEIHER 2372/ 8%. Bral @ 37 UTR
B2 Bra2 @ 3’ UTR Be AT EE T IEFIT IV Y mRNA R ELIREZH > Z L 2SN L,
NS DFERIL, Y A H VAT Bral & Bra2 2MERESE L TE Y | Bra2 BNEZRMIDO I
HEARREZEZ L TWEZLEZRLTWD, 2D A H )L Bra2 OFFE T ORI HERE
FOENEGFEZ, BT 7740w aNtl R 8Ll 5 2 &, FHEEM OFFR O I AR
BT Bra DB FEEOERZMATZX 20 TRV EE L, AMIEOEBIZEST-,
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BRI D~ A H —BIaF Tod 5 Brachyury O, FHEEMIIMIZ 31T 2 S BLHIEBERE 5 L OVr+
WEREZ LI EMT L. BTROBAERA D = X L O—Z R AT, RIFSE T, BaFEEICX
% Brachyury ORE/MED, BROBEICEW TR TEHCESEZY TS, £, BEWMAE
FCEEFEME L2 D0 Brachyury /X7 1 73, WV A T )V CTHR & BIHFECTHMAIC R
LTWSHZ EIZHER L, M DR D Brachyury OFF % C ORI & R0 E L1 &
H4 5, &5, FIEBEOFR CTEICHIT D Brachyury OFHEBI /1T 1 7 Notail 2O\ T
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TnbrErsn—=701, hITUAV 2= I VIR—X—fitiEiTo7-, TOMR, 77V H
VAT ENVERTEHERT AN — 5 R TRAFESIN — D R ooz, BEBRENT Lz, ZOid
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