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DSX1 expression
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@EEEO PLoS Genetics, 2011,
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mRNA Amounts Embryos Juveniles  Viabllity Elongation of
injected (pg) injected 1st antennae
DSX1-a 1000 128 81 63% 21% (17/81)*
DSX1-B 1000 124 98 79% 8% (8/98)

DSX2 500 94 54 58% 0% (0/54)

EGFP 1000 61 50 82% 0% (0/50)

*P < 0.05 vs EGFP (Fisher's exact probability test)

PLoS Genetics 2011,

SEIXHEIZ, DSX1EWSELFEHEICHELIMEST L THIZHESL, T
SREIZTHDITERBICHLLDO TN, HoXWEIZRYET,
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Need to understand control mechanism of Dsx gene
expression by jevenile hormone or its analogs.
— transformer regulate Dsx gene expression in D. magna?
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Other Crustaceans
(Marine)

Branchiopods Insects
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(Ceratitis capiteta)
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@ .@ @ @ @ Transcriptional
factor
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Crustaceans Insects
(Branchiopods) I

Daphnia Honeybee Med. fly Fruit fly
CESD>

GSD

S & & @ ° & 8§ @

Initial | environmental switch XOIXX Xaxb XX XY XA=1 X/A=05

Cue | OFF ON l l l

CSDon CSD off M factor
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effector =
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PLoS Genet 2011 (7) el001345

OPEN @ ACCESS Freely available online PLoS

Environmental Sex Determination in the Branchiopod
Crustacean Daphnia magna: Deep Conservation of a
Doublesex Gene in the Sex-Determining Pathway

Yasuhiko Kato', Kaoru Kobayashi®?, Hajime Watanabe', Taisen Iguchi®3*

1 Department of Biotechnology, Graduate School of Engineering, Osaka University, Osaka, Japan, 2 Okazaki Institute for Integrative Biosdence, National Institute for Basic
Biology, Mational Institutes of Natural Sciences, Aichi, Japan, 3 Department of Basic Biology, The Graduate School for Advanced Studies, Aichi, Japan
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é 0 n=3 0 n=3 0 n=1 0 n=1 0 n=1 0 n=1
%z D. magna (NIES strain) D. galeata C. dubia
-
% Dsx Dsxl Dsx2 Dsxl1 Dsx2
D o1u 40 30 10 * 18 Il Female
2 s * . 9 16 !
= 1 25 s Il Artificial male
E 0 0 N 14
é . 20 ; 1 Il Natural male
B A ° 10
20 15 5 s
¢ 15 4
N 10 3 [
10 4
2 & 5 2
2 - X )
0 0 0 0 0
n=1 n=3 n=3 n=3 n=3
M. macropcopa D. magna (Belgiium strain) D. pulex

Relative expression levels of Dsx7 and Dsx2 genes in adult males compared with females in
D. magna, D. pulex, D. galeata, Ceriodaphnia dubia and Moina macrocopa.
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#HEMRILE (Juvenile Hormones)
EZBOBEHYOVLNALRERR, B, TEOREREHIEDD

FELRILEDD1D
O

BAEED JH X N N\"~o~ Methyl farnesoate (MF)

(0]
Juvenile hormone il
BRSO JH WO/ o
O
JH analog (insecticide) N Fenoxycarb
(0]

HERILVEVIZEYATSTF AW TWOWAERRRZ R D. magna (male)

Vi

(Suzuki & Nijhout, 2606) (Cornette et al., 2008) (Hiruta et al.,)
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>JHs 32 < ORERRICEAST DN, HIC. ARMED
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N AEENDZEIFRETNTVLEWN
(Vandekerkhove et al. 2007)

BRi

)  JHs [FRVOT, ZEEPLERADRZETRN
(Roe et al. 1999, 2001; Neese et al. 2000;
[ Gilbert et al. 2000; Wilson 2004)
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Met 34T SRC [ bHLH-PAS RS
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Farnesoic acid b~k ~_k 1,
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IJH epoxide hydrolase
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MF: methyl farnesoate
JHIII: Juvenile hormone Il

USP: Ultraspiracle J

Met: Methoprene-tolerant

SRC: Steroid receptor coactivator T
GCE: Germ cell expressed

MERILE VX, Methoprene-tolerantiZ#E& L T. #&&9 % &. steroid
receptor coactivatorE WS DE YV IL—FL T, ATAEFAI—IZH->TE
GEFIZK 2 DVWTEGBFRRZSIESE I END Lo ERTIZOMY ELT=,




Rl B (S220) Met BLUSRC (3 bHLH-PAS BAES
TS5 “~BA HEIF7=U—

Farnesoic acid MDH
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MF: methyl farnesoate /
JHIII: Juvenile hormone il
USP: Ultraspiracle
Met: Methoprene-tolerant
SRC: Steroid receptor coactivator

GCE: Germ cell expressed

ZRIF, SOVaDAFESIHME, TOVAF YERILEVLITIELEL
T AFLI7—RII—bEVIDEFEVFEY, COEETT ., ChdO
[& Y Methoprene-tolerantIZ < > DLV T, steroid receptor coactivatorz !)
IL—FLT. SNDEEFOTOE—FDECAHICIFALERED L. HERIL
EUABMMNTEEGEFIENTL B,
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Dappu: 2223 Daphnia pulex, Daprréa A#32a Daphnia magna

bHLH PAS-A bHLH PAS-A

DappuMet 687 aa DappuSRC I]]——l 1949 aa
DapmaMet 805 aa DapmaSRC |]] 100/90/ 2671 aa
apvet [ I 48124 ] 768 2 ApsRC [ [T 765340 151
ravet [ I X 54721/ |sssza  AesRC(FISO) [ I 461950 |iussaa
DmMGCE [] 550 2 pmSRC (Taiman) [ 11 461151 035 2
rovet [T o resro [ .

=T DMet (A) &SRC (B) (FEEFIRIC bHLH RX- > & PAS (PAS-A $4&T
PAS-B) RXAA1>%& £D, #BERX=>> 08 EOHEREDON—E>F—2,
ED2OABLVCAAZS > IADOSRCOCKEMEKIC, SRC T 7 T U—(CIFE8072
LXXLL & glutamine-rich (Q-rich) fllg&EHD.

Ap: 7T S5 A3 (Acyrthocyphon pisum), Aa: 3w &1 7] (Aedes aegypti),
Dappu: =321 (Daphnia pulex), Dapma: A A =32, (Daphnia magna),
Dm: 322 37)\I (Drosophila melanogaster), Tc: A9 XAMERF

(Tribolium castaneum)

HITIEBICEKRA., X (Esteroid receptor coactivator& ., Daphnia
magnad)‘b’)li? S/ BMB87TIEATHLWEI AL, EEFEIELTSI
ZETI, ST50S5DETEFET, ChEF-TLR—4F—7 vt %4k5
SELTWVWET,
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Y o DappuMet e
Daphnia pulex: Dappu  oweusrcf JIT™ [1-600 ] 1949 aa 3.77
i (W ] e
Daphnia magna :Dapma
papmasrcf IR fooror | 2871 aa CMV ImmedSate Early Enhancer/Promoter
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17 Promoter
iuclear Localization Sequence
1313
"

Elllln
fector
(6360 bp)
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’ SvioLae
mhm Cwalﬁm Potyadenylabon
Signal Signal

SVAD Early
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5xGAL4 _ Luciferase

Upstream
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Sector
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Chinese Hamster Ovary (CHO) cells
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A

Fold activation

Daphnia pulex
DappuSRC(1-600) x DappuMet(1-492)

o
1

FS
r

A\
*
o]

Fenoxycarb

Methyl farmesoale

JHi

Epofenonane

Methoprene r

Pyriproxyfen

0
10-11

T T
1010 109

T T T T 1
104 107 109 10 10
Hormone concentration (M)

B

Fold activation

16+

Daphnia magna
DapmaSRC(1-666) x DapmaMet(1-497)

Oe«

Fenoxycarb
Methyl farnesoate
JHII
Epofenonane
Methoprene

Pyriproxyfen

101

T T T T T T 1
10710 109 108 107 108 104 104

Hormone concentration (M)

FEAEDHBERILEVEUME XHEKRFNICMetESRCD

ATOXAT—%HK
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DappuMet
DapmaMet
TcMet
ApMet
AaMet
DmGCE

DappuMet
DapmaMet
TcMet
ApMet
AaMet
DmGCE

Table 1. Effect of mutations within the PAS-B domain of
Tribolium Met on JH lll binding

WT Met(240-516) WT Met(1-516)
Mutation binding, % n binding, % n
WT 100 + 11.8 9 100 + 34 3
Y252F 110.9 + 15.2 6
Y252w 215+3. 7
T254Y 04 +07 3
1262F 149 £23 7
V280F 1.0+09 3 09+03 3
V297F 0.7 +08 9 1413 4
L318F 29.7 + 8.6 7
T330Y 20+15 3
V346F 853+72 5 90.0 £ 5.8 3
QGa7m 21+26 4
V348F 91.2+53 6
Mock 06+ 1.1 6

Charles et al., 2011
DappuMet 7292V DapmaMet T296V

239 IMQ

243 IM
LFE!
MLE|
LIE
LI

Two of 8 amino acid resudues constructing JH - bmdmg pocket were
substituted by other residues in Daphnia Met.

(FRBAZ&&RE)
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Daphnia pulex Thr (ACT) -> Val (GTT)

cccl
BEGGGT

pulexMet-5323T GEGHE

pulexMet-DoubleMut GIGI ATAT

Daphnia magna  Thr (ACT) -> Val (GTT)

magnaMet-DoubleMut GIIGIIIIGG IGI

wncetcss. (AGATTT(

magnaMet-wT GEGEEETHE! I
magnaMet-T296V GRGEETTAT] TABARA|
magnaMet.

magnaMet-|

EEGHTEAS BEGEYGANGY FGGATYEGAAG HGHGGGHENG 60
BEGETEAR ANGETGATGYT TGGATHGANG HGAGGGHEANG 60

i SRS IS IMERR Moflect fssil:
e AT KT QAT MCTATT

pulexMet-wT GEGHEETETE GGETEE cccl GEFTGAT

pulexMet-T292v GEGENETETE GGET lll GTTTGAT|
lcll

GETTGAT|

s (TACCTATC CTCAAAA( CACTACGET CCTTTATC TC(T

T l GETH GEGGGGEETE 120

T I c T8 GEGGGGTETE 120

T I GEAN GEGGGGEETE 120

T Tl GEEN GEGGGGETTE 120
wH

magnaMet-WT GEEGHYNEGG BGEA T EARNGETEAN HCEETH

magnaMet-T296V GEBGATTEGG AGTH T WAAAGETEAR AGEETH

magnaMet-s327T GHNGATTEGG AGTH T IIIIGH L LL] =clll=
Al

T (AACCTCM. ACCCTONTET TACTCCG

= I=cll GGGE BGTFTGATER lI c
GTANGGGT EGTTIGATTT l

-5327T7 GEGEETTATE clllllllll BAGTAEGGGT EGITTGATTT THE l c
~DoubleMut clclllllll GEETAARAAR llclllcccl BGETTGATTT TEETTEG

TCACTTATC CCCTAAAMC CAGTACGCGT CETTTGATTT TCCTTCCA

Ser (TCA) -> Thr (ACA)

GANG
GAAG

GEGGGHEATG 60
GNGGGHATG 60

(AGCCAATG

CGCCTTTC

A
llllll clc TGEBGGARTG 60
l

GEGGHETE 120
GEGGTTTE 120
GEGGTTTE 120
GHGGTETE 120

(AGGTTTC

BHREITUaMELIE. Methoprene-tolerantE WS EHED 7 X/ BED
1EINES, SPOvaAA4T, BRAAMTLEVLSO8DMYFEL-DT, £

NEANBZATYSE, SVVODEBEFN
RILEVIIZEH 2 EBLKT7IOETRLET,

BRASATOESITH>THE
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b DappuSRC(1-600) DapmaSRC(1-666)
X X
w  DappuMet(1-492)-T292V w.  DapmaMet(1-497)-T296V ~ ECuvalues —
3 X
1 et 12 wit T292V 53237 T292V, S323T
o - :ﬂ:lﬁmmw L ;-‘:"“WH"'EM o Methyl faresoate  4.906E-07  4.349E-08  3.631E-07  3.308E-08
= ! - " ’ JHI 8519E-06 B0SBE-07 BOUBE-06  7.681E-07
H * Mehoprene & [ g o o vemorene —-'—T Methoprene NIA 1.021E-05 NiA 4937E.06
£ : 1' :
i i ECq values
- E D. magna
wt T296V 8327T T296V, 8327T
10 10 10 10 100 10 10 w0t w0 0% 10 i0¢ Methyl farnesoate 4. 764E-07 2.670E-08 2.064E-07 2.372E-08
Hormone conceniration (M) Hormone conceniration (M) JHIN 5707E-06  3.869E-07 5.207E-06 4.900E-07
Methoprene N/A 5.889E-06 NIA 4.296E-06
.. DappuMet(1-492)-8323T . DapmaMet(1-457)-5327T
129 12-
S i el oA The single amino acid mutation
- * Methoprene k-1 *  Methoprene -
H £ (T -> V) caused great increase
2] g in sensitivity to juvenoids.
2
%% (5 ->T) mutation did not affect
Hormone concentration (M) Hormone cancentration (M) Iigand sensitivity.
.. DappuMet(1-492)-T292V, §323T .. DapmaMet(1-497)-T296V, S327T
: o " The amino acid substitution
col - E:E”"’"“"“ st J:mz“"“““" - (T -> V) might have occurred in
4 g R the ancestor of insects and
] 20 contributed to the ligand
s transition and evolution of the
v JHpathway.
Hormone cancentration (M) Hormone concentration (M)
— A - = — -~ =
SOVODERIDHIZ. 1D LTERDT7 I/ BREANRAATYRSL L.
—+ - ~ -« -~ =, e -+
ERILEVITEGST, AFLI7ILRE—FEWVWSBREOHERIL
57 oia LS ALy [ — ~ = — N
URBRMNEBITHECGELIEVNS T EMDMY F LT,
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BHLH

11 | e—

Dappu-SRC
- apma-et [T BN cevv0  Jessaa .mm[.ll e |28712a

‘ Miyakawa et al., Nature Communications, 2013.

Both Met and SRC are grouped in the family of bHLH-PAS

. . 9 nuclear transcription factors.
Farnesoic acid .~k ~_k Loy RrodRa?

l JHAMT

MF )\/\)\/\)\)\.

MF: methyl farnesoate

JHIII: juvenile hormone I

Met: methoprene-tolerant

SRC: steroid receptor coactivator

IJH epoxide hydrolase . \. """ -.,..

EVWSCET, SVVODGRIE. HBERILEEE>TLLEREHH
YEEA, BEDELHLINIBEOHBEIAL LAGNEWS 2 EEFEESD

MoTEFEL,

AFLITFILRE—FIE, EoFHLFELFE LA, Methoprene-tolerant&
WS EBEIZK oDULV\T, steroid receptor coactivatorzd ') 7 )L— kLT,
S2WLWSEY MIGLST, BELKHERILEVTHCERBRFDEIMNIZLC-
DKFTHATTD, BELELNOYPERILEVIEERINEVNIDMNELZS S
VATIHENTLWERBA, INSZENMNIELR—F—TF v/ NTED L

WS Z &Iz YET,
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RNAI : Dapma-Met & Dapma-SRC
Dapma-Met RNAT Dapma-SRC RNAI malE RNAI

‘ ' )
\ y
4

i

® o

Met & SRC (ISP D REICHA

ZhZFh & o f-Methoprene-tolerantD @ = % 1L H -, & 5 L [ steroid
receptor coactivator@@ =z . EENIEHY OIFIZRNAF S THRITE L L
EOICLTREE, BATLEVWET, A6, VETZI—D—FTHSIT
nEL, AINKEICERICEELGBZTEZLTVAIDEAS, 1=, EALE
ENEEOLNTE, SDEZAHMY FHA,
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COMMUNICATIONS 4, 1856, 2013.

Crustacean Dap alters juvenile hormone response in insects
Doublesex Gene and crustaceans

1 Department of Biotechnology, Graduate Schod_Norihisa Tatarazako?, Toru Miura®, John K. Colbourne® & Taisen Iguchi'?

Environmental £ A mutation in the receptor Methoprene-tolerant |

Yasuhiko Kato', Kaoru Kobay Hitoshi Miyakawa', Kenji Toyota'?, lkumi Hirakawa'?, Yukiko Ogino'2, Shinichi Miyagawa?, Shigeto Oda’,
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