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Multicellular organisms have experienced large-scale chromo-
somal rearrangements at the key regulatory loci associated with
phenotypic evolution. In the Hakubi project, I will develop an
experimental system that artificially reconstitutes the large-
scale chromosomal rearrangements. This experimental system
aims to elucidate how chromosomal rearrangements affect the
direction of phenotypic evolution at the molecular level. More
specifically, I will establish experimental methods to manipu-
late chromosomes rearrangements on a large scale in an emerg-
ing model organism (harlequin ladybug). With this constructive
approach, I aim to understand the evolutionary process of the
ladybug by artificially reconstructing the chromosomal rear-
rangements associated with phenotypic diversification.

I have been focusing on the principles of morphogenesis of
beautiful and functional body structures and the evolutionary
background of their acquisition at the molecular level. By ex-
ploiting the constitutive method of chromosome manipulation
that I will develop in this project, I would like to glimpse the
evolutionary process by which multicellular organisms have ac-
quired the characteristics of organs with functional beauty and

demonstrate the extent to which such manipulation is possible.

5/ LABETHSH B> TEEYDORP
EIREEEDE(LZRLP T LEIEFEY b

AT ELO BB TR A ZEENERZERTLH
& TR 2RO AR (KRB 2 S L.
LRk AETERBEANEN L C& 7, BEDT J RS
X OEMBEAEEOFRBICI D, FNB L OHEE O
FRHAEAL A G & 2 L7l R TR 4 A T
FEINTETWD, 512, BKEWI &2, £
TR SN OMET (HEEETF) BRHED
HEN 72 ERIZ BV THL L 72 RBIB O #EAL % 5] & i
AT EL OB S BEEHS S Twv b (Nadeau et
al, 2016, Nature; Gallant et al, 2014, Nat Commun %) .
COHEERZ, LA REWOT ) AITiE. KB

EHIEEI LR TVEKET Y PBFEET S L AR
RL. ThOOBEFORBEEMT L2 LT, H#1L
OHFEEZE P L7220 A% BN RBIRAEAL 2 P
L7220 § 52 ENMRICR DL LSS,

EMREBICHEVE U TELRRIBGRERE
R DEEIX@H ?

IhFclic, RBEUBMEZHEBTL2HH T, —HoD
AT, BETFHIEZ M E R L TREICALR
ZRZFHT 2 EHL, MEOBETHEOEVZR
Ay B EERDHED SN T X7 (Karageorgi et al, 2019,
Nature %), L2L. 203 L AL IHEEETOERD
—HWICEH LB Cch ). 1~ 10EEETORS



? DNA BCH % & T el s (i R i 2 7 & D KB 7 e
AR AR A A D B 2 AR RS 72 5§ R BA
HEALD G FEBIRZITBHI ATV RV, ZOME
W) Mt ETHN— RV &7 2 DR, BB IIIRATIE
AT S TOARVHBEFTVERICB VT, KEBA
Yt AR TR 2 A AT & 2 L, Btk Fri s o
FHRGEALAN OB 2 BT 2 RS LER D 5,
5T, BBRT R L ORUEIRRN R 7 — v ® DNA
WA SEHIN G 2 23882 BT 51213, ¥ o8
HoOBEERIEEATINTY S —#O DNA (a2—F
P B LERZFTREL, FobhowE
I— FHIR) (SHEET % 15T 0 ON/OFF % iy %
DNA %] (d=5Hl#EES]) oM< B L7 DNA J
P OALFE TR (ZE 7 NG % S8 I RAT
THEMOUETH 5,

REFBHERZEER)IETIETEHRIELET
=7V MNOOHRINT -
MIEoMBELBRT2EBRE LT, KRB
WMFEDEFNTHLFIT Y PTICEHL TS, A
FEix, . 200 L EOBORME R BED LS T
ITVFTIEBWT, BRES TR EL R L -8
BT & LT GATA BB N 1 #8151 pannier % [F] % L
720 51T, #EfaFHNOIET— F DNA BH (F—1
Y rEs) Mo RO RRLNFEDS T v b A
X0 D 4000 STHEESSFEEEILR Ly Z oS CHEELE
WP > THEMEFAAR Y RT Z & T, 200 L o7
RPN — R L2 RO ICLA: (K,
Ando et al. 2018, Nat Commun) , $t->T. FIF b
O pannier (X, FMHYN— BV EEIRT & UL, Gefalf
T & 0 ) RS HEAL 2 N2 PR L C PR 5
BLDIZHE L7 TH 5o

| pannier | 1420

N T——STY

[ et oms

1 pannier 1> ~O > OREHEZFSEFI DS, ZEHAE
LTHERE (B MESLTVLS.

A aey=2 b 2021

BARTEU TELEFBRENZRREN
THIBR U TEME(LZIERET S

HEZ7aY 227 bTld, A2 B2 MBEICHET L CT&
FIFYENYIEBTAEY AmEHMN (K2) KO
WG TR 2 el 2 B3 % & & . FFeilfs TR
et AR i % BAEICHET 2 Bl 2 23 %, €L T,
PO DNA ¥ — 2 T ¥ ZAHAM 2 BRE L T, KIS
DNA 5l % #:E L 2B o gtafhko = ¥ 7 7 ARk e
BIETHB, ZRME oM O KN EERERTT 5, D
R OBNTI X o T Bet R 25 HT 72 7 RBIAL % A
AT EOBEIZ 5T LNV THRIAS 5 2 & 2 HIET,
E51C, PLEORFZE TR S N2z Bl - 0 WL % Al A 2 By
WIS $ % 2 & T RfOMN W B 54T
ML 2 AL IICTRRER L. PATH#AL DS U 5 00 T2l
DFFIINC HHLY HLAT=

— g pannier T2 pannier
T, . GO ET17 G2 BEZM

2 FEFUMUIEHBETBRYT/ AfRERI. CRISPR/Cas9 ZFIA L
T pannier BILFDRIFERZFE L, IR (GO) RURIE (G2)
THAHR LTI T2 hINES N,

SE

[1] Ando, T. et al. Repeated inversions within a pannier intron
drive diversification of intraspecific colour patterns of lady-
bird beetles. Nature Communications 9, 3843, doi: 10.1038/
s41467-018-06116-1 (2018).

[2] Gallant, JR. et al. Ancient homology underlies adaptive
mimetic diversity across butterflies. Nature Communications,
5, 4817 (2014).

[3] Karageorgi, M. et al. Genome editing retraces the evolu-
tion of toxin resistance in the monarch butterfly. Nature, 574,
409-412 (2019).

[4] Nadeau, NJ. et al. The gene cortex controls mimicry and
crypsis in butterflies and moths. Nature, 534, 106-110 (2016).





