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Analysis of the mechanism under the occurrence of bicephaly during development
in medaka fish with a defective UPR pathway
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To cope with ER stress, cells activate the unfolded protein response(UPR).
In this study, we showed that defect occurred in one of the UPR pathway leads to increased the ER
stress and the activation of another UPR pathway. Consequently, it causes the occurrence of
bicephaly during early stage of embryonic development in medaka.
Meanwhile, we generated the medaka strain carrying a mutation in gene X, causing bicephaly at a high
frequency, by TILLING method, and showed that the occurrence of bicephaly is not caused by the
genetic defect in gene X, but caused by genetic defects in some unknown genes close to gene X.



# X C—19, F—19—1, Z—19, CK—19 (J#H)
1. BRGSO 5

IR 2 B L RS MEIR D TEE 2R T2 O DAY EEECTH 5, FHEBW BT
L 10 DL O/PEERA R LA —RNFEL, LN/ MARRNOREZEmL, v 7
ERECHIIE B ET 5 2 & TER L~V TOEFEEDHERF ST 5,

HEEH LI NGO 10 2O® »—23 OB REE 2B 50T 5720, 10 400 ERT L
0. INOETIVEYTEH D A X AW TR FR T 21T > T b, Z OFEBERRIZ
BT, 1 DO/MAKRA N LAY =570 v 7T 7 MRBICE W THEICEHEE (1%
JE)THAMN 2 2% 2 WEEOEENE LS Z L2 RH L7=(X 1),

[FIREIC, A BRFULEIC XV &R TAREZEAT S TILLING EIC XV &R FicEE o722
ETHELNT 1 BRHICOWVWTITE HITEAEE(L0%FRE) CHIAERNRAE TS Z Lnd, F4A1E
BIZBW T L0 O&KE 2 B2 &G FIZRERELTHAE L0 L Bbiiz,

B 1 MWEHD A & H FIEA R

2. WFZED B

KIFFEDBINL 2 2H D,
(1) /MR A N VRSB ORFEN WA 5 & Z T ONEH LN T 5,
(2) TILLING % TH b N7 BA ORI O NBIR T2 HET 5,

INHEWLMIT D &ET, /MR S B2 BRI R T RS 2] 5N
TE5EERT,

3. WFgED ik

(1) WEENZNFETIEH LI/NEIEA L ARE R =070 v 7 T 0 h Rk E D
JEHOE, SN THREHEORFAN RN DN ERIET 5, SHIZ, /v 7T v Rk%
MFEDLETN Z & T, MEEOERBMOE U LBEEN LD L 5B D0 EMEET 5,

(2) BFHNTNDERMRIL TILLING JEIZ L0 BEMOBRFIZER B A TWDH T2, MEHD
EHERNZOBLFERIZEDLODERIET 5, ZOEMBLFOERIZEISRWEEA, BEM
BT ~OEROBENTEDOEICL Y EY FRE, MR B R A BN L2k, BROBER
2179,

4. HWFZER

(1) HHFFEE TT CTITBNLE SO BIE T IRER KR L2 T &bt WEAOE BB AE T HEIE
AR 2, FOfER, 1 >O/MEA LA F—A) A ) v 7 T b LT-EIR T,
1%FRE D @ OELES COWRBABEAR S Sz (L—2 2,3),

Z LT, thotrH—B,CD 2O\ TEW CEIE FREFEKE L2 0T &bdzbon i
5 TIEMEADOERITE S o 72 (L—2 4-9),

I, BloETCIHBEL 7> TLE I BV —E IZBWTAT n B RERE %200
BOETE /OIS THREEOERIISE L N2> 7-(L— 2 10,11),

BN S MER A R LA —F RERAEMA L LTV 3 RSB W i En
BIHTHEMEAEN R O5NZ(L—212,13), &6, B —A v ¥ —F 0o _&EERIAZE
WLmLZ A, WEORENHEZE ITIZ SN,



INHORRITIELY—A O v T MCEDE L &7 < o AR R/ MaE A b
VANRA N LAY —F ZIEHELTEY, 20 FRORKR AT L DL &%
SRIZ L TWA,

100%
80% |

60% |

0% 1 m W
20% 1 [ g

0% QiR

9 10‘ 11 12‘ 13

1|23 4‘ 567 8
WT v —Ax v+ —Bryv+—Ctv#+—D+tv#+—E+v+—F
KO KO KO KO +/- | HEERREE

incross | incross | incross | incross | incross | {b%&#k

2 IMEEA N LA =0T v 7T T b EMRIC KD WEAO B

(2) HWFFEEE TR U7z @B CWEAZ A3 R3O, TILLING (2L ERZEAL
TG XDMEEDRN TH D0 EHRL720, ZOEBRERE, ~T o TRO#EZME LT
BFEOLEEIT-72(E 3), TOE., Z0O&GTE2HRETROBMERTHLNEAZ < AR X
WL ORHDH(L—2 1,2) — T, ~T R TERERL, B X OENEDbILTW
WRIZEB W TS WEEERORAENBR TE 2720, ZONEOERAIEIEF X DERIZ X
HH DO TILZRWEFERSIT 7=,

100% —— o o pm R R .

80% 1 L ]

60%

40%

20%

TR I N N N A N I R A N A RN A N B
1 2 3 4 5 6 7 8 9
QR BRH gomismrx /- A FIE T X/ -

3 BT X O RIIIBEAD TR TiT7e N,

WIZ, BT X BH+THY, WEAE EHRHTEEREZEH T EREK 3 —289 TR
+H-OEEZH & LT &b 2470 50 JUREE O 72 S CEHAR L ofhFAbE21T-o 7,
UL E, Zb0 ) b TEMBEETNEAAAHT L DIER L, BNITIEL o7,

Bia X BEAMIL TILLING {EI2 L0 BEF LT 10 BIFEEOBAR L T &bt %
BIBEETH D, TDD, ZORFIIKDBIETEROZL ATBET X OEFITET D,
Thbbh, BAMOERIIEGEF X EBRLEGEE L TWDH 720, SROHENT & DRIz XY Eis
F X ERLOBBEPTA R -T2 EBEZBND,

IS DICEEEZIEC L THITZ1T 5, S 612, TRz v TH AR,
SHECE WA BinFX A~ — A —L LTRMRY — 27 2o —12 857 MRHTIC &
WERZRET L TETH D,

5. F7RFREERmCHF
(ERERmSC) G 4 1)
D *Tokiro Ishikawa, Satoshi Ansai, Masato Kinoshita and Kazutoshi Mori
“A Collection of Transgenic Medaka Strains for Efficient Site-Directed Transgenesis
Mediated by phiC31 Integrase”
G3:Genes Genomes Genetics, 2018 August 1 vol. 8 no. 8 2585-2593 Lt d ¥



*corresponding author

@ Ishikawa T, Kashima M, Nagano AdJ, Ishikawa-Fujiwara T, Kamei Y, Todo T, Mori K
“Unfolded protein response transducer IRE1-mediated signaling independent of XBP1
mRNA splicing is not required for growth and development of medaka fish.”

eLife, 2017 Sep 27;6 #Hcd

F1000prime (Z&IENFE LT,

@. Tokiro Ishikawa, Takuya Toyama, Yuki Nakamura, Kentaro Tamada, Hitomi Shimizu,
Satoshi Ninagawa, Tetsuya Okada, Yasuhiro Kamei, Tomoko Ishikawa-Fujiwara, Takeshi
Todo, Eriko Aoyama, Masaharu Takigawa, Akihiro Harada and Kazutoshi Mori

“UPR Transducer BBF2H7 Allows Export of Type II Collagen in a Cargo- and
Developmental Stage-Specific Manner”
Journal of Cell Biology.,2017, 216-6 1761-1774 & #Hi & ¥
In focus THLY EiFHivE Lz,

@ Takehiro Sugimoto, Satoshi Ninagawa, Shimpei Yamano, Tokiro Ishikawa, Tetsuya
Okada, Shunichi Takeda, Kazutoshi Mori “SEL1L-dependent Substrates Require Derlin2/3
and Herpl/2 for Endoplasmic Reticulum-associated Degradation” Cell Structure and
Function, 2017, 42-2, 81-94. ##id Y

2017 R AAMIIAEY 2w CH (CSF Award) 2% H L E LT

(EayE) G 4 1)
(D Tokiro Ishikawa, Satoshi Ansai, Masato Kinoshita and Kazutoshi Mori
“A Collection of Transgenic Medaka Strains for Efficient Site-Directed Transgenesis
Mediated by phiC31 Integrase”
55 24 R/ NS EIFIE
2018 4 8 H 25 H A d R E(ERIR)

@ Tokiro Ishikawa, Makoto Kashima, Atsushi J. Nagano, Tomoko Ishikawa-Fujiwara,
Yasuhiro Kamei, Takeshi Todo, and Kazutoshi Mori

"Unfolded protein response transducer IRE1-mediated signaling independent of XBP1
mRNA splicing is not required for growth and development of medaka fish"

International Symposium on ER stress, glycosylation, homeostasis and diseases ([E &4

2018 4~ 3 H 8 H HLAHFZEHT(H £ IR)

@ Tokiro Ishikawa, Tetsuya Okada, Tomoko Ishikawa-Fujiwara, Satoshi Ansai, Yasuhiro
Kamei, Masato Kinoshita, Takeshi Todo, Kazutoshi Mori

"R B FFEARMFRIZ IS T D/ NAIR A N L R AR PRARERE O AT

2017 FFEEAEMBLE RS A FFER K2 (ConBio2017)

20174512 H 8 A #FAR— R~ 7 A 7 v RULHIR)

@ Tokiro Ishikawa, Takuya Toyama, Yuki Nakamura, Kentaro Tamada, Hitomi Shimizu,
Satoshi Ninagawa, Tetsuya Okada, Yasuhiro Kamei, Tomoko Ishikawa-Fujiwara, Takeshi
Todo, Eriko Aoyama, Masaharu Takigawa, Akihiro Harada and Kazutoshi Mori]

"UPR Transducer BBF2H7 Allows Export of Type II Collagen in a Cargo- and
Developmental Stage-Specific Manner"

55 23 [A] /NSRS

2017 4 8 A 30 H [IZUIRSZIXEAE (LFLUR)

(XE] Gt 0 )

(PESE PERE )
Okt Gt o 1)

Okt Gt o 1)



(Z D)
TR B A

https://orcid.org/0000-0003-1718-6764

6. BFIEHLA

(D WFFE
mL

(2) WFgEth 15
mL

KBV & 2 WF5EIE, AFEE O B3 & BHEICB W THERT 2 b D T, D7, HFFE D IR R DAFREFIC
SWTIE, FEOBEFFICESS bO TR, ZOMREBRRCET 2 RFSLHEMET, MIEEFEACRESES,



