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Evolution of developmental sequence in teleost fish lineage
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Summary (Abstract) of doctoral thesis contents

Morphology is consequence of sequential occurrence of developmental events, termed
developmental sequence, and evolutionary changes in the sequence can generate morphological
diversity. Because in general, evolutionary changes are recognized as a gradual and contingent
process, it is assumed that developmental sequence also gradually evolved; closely related
species would share both morphology and the sequence. However, there is mostly no information
about empirical evaluation of evolutionary changes that actually occurred in developmental
sequence. In particular, very few systematic comparisons have been made on the sequences of a
wide range of developmental events that cover the whole body plan in any class of animals.
Therefore, we have few clues to know how frequent developmental sequence experienced
changes during the evolutionary history. Hence, estimating evolutionary changes of
developmental sequence would help to untangle progressions for morphological evolution.

In this study, | examined evolutionary dynamics of developmental sequence at a
macro-evolutionary scale using teleost fish. From the previous literatures describing
development of 31 fish species, | extracted 20 landmark events occurred sequentially in the
course of fish body planning. First, | generated parsimony phylogenetic tree from the collected
developmental sequence dataset. The topology of this tree was quite different from molecular
phylogenetic tree. This result implied that the developmental sequence of fishes had greatly
rearranged during evolution, even between closely related species. Next, | parsimoniously
reconstructed ancestral developmental sequences of fish molecular phylogenetic tree. The
systematic comparisons of reconstructed ancestral sequences revealed that the frequent
rearrangements of developmental sequences and the frequency of sequence changes differed
widely depending on individual developmental events. Then, to detect the potential evolutionary
shifts of the events in a parsimonious manner, namely “heterochronic shifts” in the
developmental sequences, | conducted two different parsimonious methods, Parsimov and PGi.
Both methods detected a significant number of heterochronic shifts, and these shifts were
broadly distributed on almost all branches across the fish phylogeny. Collaborating with Dr.
Tomotaka Matsumoto, we analyzed the distribution pattern of detected heterochronic shifts by a
simulation-based approach. The simulation-based analysis revealed that the distribution of
heterochronic shifts is not the result of the random accumulation over the phylogenetic time but
exhibits a curious constant trend so that individual phylogenetic branches harbor similar numbers
of heterochronic shifts regardless of their lengths. Furthermore, we examined the topological
distribution of the heterochronic shifts on internal and terminal branches, respectively. In both of
the branch types, the numbers of actual heterochronic shifts were basically in the range of the
expected numbers in the simulation; there were little preferences for external localization. These
simulation-based analyses suggested that heterochronic shift is branching related processes.
Finally, 1 explored the relationship between developmental sequence, which was relative

temporal order of events, and the duration of embryonic period. | reconstructed the evolutionary
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history of relative shifts of hatch timing and short duration of embryonic period, and revealed
that these two changes were expected to be a co-evolutionary phenomenon; evolution of earlier
shifts in the relative hatch timing accompanied shortening the duration of embryonic period.
Summary of this study, | revealed that the developmental sequences are in fact frequently
changeable during the course of fish evolution, and that these changes are associated with the
four following characteristics. (1) The frequency of sequence changes differs widely depending
on the individual developmental events. (2) The heterochronic shifts frequently occurred over the
fish phylogeny. (3) By simulation-based analyses, distribution of heterochronic shifts is not the
result of the random accumulation over the phylogenetic time and similar numbers of
heterochronic shifts occurred in individual branches regardless of their lengths. (4) The earlier
shifts of the relative hatch timing might be co-evolved with the shortening duration of embryonic
period. This study provides an overview of evolution of the developmental sequence in fish

lineages by systematic analyses and discusses the underpinnings of morphological evolution.
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A OFAL, BRERAICHBO R A X hORBAERE L TCEREEBEIND, HHEY
FENDZ7 > R~v—27 L LTORAEANY ME, FEEREZRZSFECIEETHIRIND D
T, ARV IFDOEE, TRLBREREY — 7 2 ZTIE MDD EYFEHEERND S &
THEIND, FFELIEIAIL, BIWOREDOSZELEREY -7 2 2A0ELEDHE
RICHEZ S, FEAEE CUMERP AR LELEFREOREY — 7 = 2D %M
fRHT 24T 70 o 1o, RBEIIZHEREEL RTERIFIC, HBORT 0 77V Z 25,
ETORMIZEBT LMECHE 2 ELHTRESARVCMNIERT DL LT, AT 47
TUICBEBELEREY -7 2 ADORFES, #bZz2E L TEFESEL LS W/ LicL
WAL XN FOMHA R EEW LN TEDLOTIERVWD, EBF X THIREZITR T,

RS AiE, IR AR 2 M Ro ik L 7= SCk 2% & 2 30FEHH o0 B F 3 & R AT o Xf
GBL L, BEARVPLELTIE, Z<OXMTEBALTCT V F~—27 & LTHHS
N2bDT, o, ROEXLKBES EKBEDORELE D AN—T DLV BENB20D A
Ry FEBEIRLEZ, XMER»S ZNLDOA R MOV TORBEEHARY . BAE
V= AEBRBE L, £ BAY I U ZAOBMBREEERAND DT, &
AN FONEN. 2 BAFO3FM T L7z, £ORE, JELOZEDL Y LT ST A X
N EIWRRDZ ERbhoTe, BIZIX, BEFTHOWRERIIZIHE S A X FTiX
EAZ DX S DE N DN ERRI NN, ZORINIE BAEMERGFET V) 2BV
T, FHEHMIZEB W THEBMOZEEN R DT 2 & SR —F L Tk Y #Hig
W, Wz, FETIEM OO 2ENLZNIHEAEL N ML, B LDOFEKETH Hmedial
finfoldD HIRL, WlbkD X A I v 7 Thotlz, & 6IHFRHEM ETHRERICHLE
MOREY—7 2 AEHEL, BONTZHEMBEEY -7 2 2RO THEIRELS
N DNANLIEIT 2 AT 72 > TG A I B IRERK OB RDIE S T,

WIC, BEREOEEMORES — /7 2 22 KR LT, FZH TR~ Th A
IREA X NDNELL D ANILER 2 (heterochronic shift:HS) ZParsimoviEil XLV fEMT
L7z, TOFETEHAEICESS TZOR/POUSEHRET 5, L LZiLITs N
Lo, REOREY — 7 2 ADHELETAT 272D IITH Y B OUSHLE T, 1
FERETORMABEIZENTHEBOUSH ~ vy T ENT, M SN THSE B Z VWD T,
RS AL, HSITE(RO MR THEICEZ 284 ThHY | EERHORE SIZIH U THEMH
ENTHWS O LW ERGE AT, £RFE T I 2 b —va U E1T> TR
Lic, ZORER, THRICK LT, HSO#IT, ZHElOE S LITEREKRIZ, I LI
FREEET LI LW OIHPMARBO N, 50 LT A, 20— AR ROMR
ICIEE S TRV, FRESAIZ2 DOFEEEZZLEL TWDH, —Dik, HSH R oI
V7 T 5 EETH D, THITHE/FRNLEESLEEZ XD ETHINZETH
Do b —F, EELERDIAEEV -V AORBENRAERTH D Z LITIX
T, HEREBEICL2EZET, AT LOHSOBEHIRL T LE>ZAREHETH DL, L
DL Z2ZORERHDELTH, ZoRIT., AHOELIZBWTREEY—7 =
VAOBEADBHBEIIEZ o TEL 2O TRTHEOTHY BRITRKE WV,
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