e
-
1k
=

re

-

il

Flo

ok
o

o] oW BAESH J 2oz ol 3
APAE AR B Kol 0
P 84 Aelste] waln BES 24
OELECEREEE PR
43S SRR SHIEE Qlzke] 4174,
N7 Blz et 7)ol Uy Bxtste] oleig

L <=3 (single cell resolution)of| 4] 435}

7171 o of e AR UYL & A ol oftee =
55171 flaiA, A8 2= 20t 7ol iAo it
JRRIIIF(C. elegans)e ©¥ FEE o838kl J5HTh
WP S Fol A HHHZ|otE B Al AFeR
(nematode, www.wormatlas.org =), g A7} 3-44
2 gL, v} ko] golgh et T3t AR5 A (i,
hermaphrodite)2} 547, male)?] F 7HA] AL.2 =
o] Aol WnA Thestal Z) Akt 2 skod
A& ALE A, 242 959719 1031719] AM 2= g = o
AFU B5o] B fAsH ¢l S ol-8e] 7ksstod
< ATAREl ddEEE ol gstal glon, 11 2IE A
109 F1t bl AAF 680] e +ABIS
L S S T e e R O = e i o Xh‘%ﬂ]——]
785 959708) AAZ F 302707t A AL elw | o] F0]

NS
)
ol

SE ol
S
2 e
ro,

_>1i

it

B
gOi

o I

21‘
rlr
N
i
=
o,
i.‘i"
)
]
n‘_?L’
i
£

=)
. =
O
© &
> 4
o
oM,
E

e A
i
N
I
10
=,
]
> r

ol

x.

[Ewg=)

Q= Al

ful

oh‘.
HU

3l
4

70009 7He] Al (synapse)E = AAE IR

F(connectome) o]H] 1980 S5k ] =
EgE mupAE] A A= Tk 23 1559
oF 24 9l 7] 5 02 FARI T, ‘IJrﬂH ‘:} ol
S AR TS Hole mupFE o]8sto], ofg] Al
59| AAHA 712ks st ATt 22 2

o
i)

EI

(o]

FLI[O oﬁ K 2]

ok nII, oy Nl ﬁ
§ Fafax

> oM

H AL mnpAES nY 5 o] 83| o
A=9] AFQ H| 2 mof| Ofgt mupEo] Ay 9l g =
of T3k | AT 7]1-S Atetarat P, ol=gt d
= Qe Ak HhE Q1 a Heag o) ol o] 27714
ZQA 714 Aoln 53] Axte] A2 A% (sexual
orientation)®]l ¥t A1 A 2] 2o A o] EA} 7)12F At A4
A AF A 7o dAES AT AR 7|kl Q5
Yt}

ATUE

mohiEo] S 2 §7]8ktRAEY Ze|dR A
of 9w, 45 HACIAL TEE Hul2 o AelistE
z24sto] ApfZ(daver) A GAE A4 SHL (primer
effect), AAIIAE Z20400 4 W5 SUSHE 4 52

Az A AUt (release effect) (Figure 1).



Pheromones

Receptor neurons

CNS integration

Release of hormones Synaptic output

Long-term development Short-term behavior

Dauer development

Fig.1 mopME0| 2= 1= HEny

Sexually dimorphic behaviors in Adult

1) W22 +8x1Q 38 H 2 MSHEIM 7 g7

HnpAZo Y SAE 2EstE HB2EE £F DA A
TGF—B(Transforming growth factor-p)2} ¢l 2] Hh)
£ JAAA, mupdE] B HAE A5 3 (ong-
lived dauer stage)® BlEUTH & o ial= B oLiof
o ol w9 HAYY #H=E ~8H (SRBC-64/66 G
protein—coupled receptor)e GAsHA v o 2 Zloli 9l
L, J7o] B4 8A AZAIE (ASK)OA] & st 7)Y
AHAZASDIA & TGF-Bo 2ladl S 2T =H
2 %S ks A2 WU S U Kim et al., Science,
2009) (Figure 2). 71 A}, #2220 AFAE &3 HitH]
ZAo)ek= 2L ROk ZNAsHA E$laL, anpiZo] H=2
o] o3t FEO] WY 2ol Wt Ao Fad BEeS
USBIAFUL, o] =22 o2 shaAof] HYA 4=l
2 2709 J54Yth (Orawa and Summer, Science, 2009,
Gordon, ACS Chemical Biology, 2009, VanHook, Sci.
Signal., 2009)
= @5"201]’\1% npA5-9] # 2Zo] o] WA Al A2
A19] TGF-p2t Qlad AlZ DS 2dsh=Aol H3t A5
A= At} gt 53] H 2 Aol Hofsl=
A28 el o) WAy} T50] TGF-oF Qlad Al ddt

(o))

2' EAMZY =SSR AH

ee G

(Y ) (€]

SRBC-64 )WC -66

893-2/3(‘:1»0%1&

_| daf-7 TGF-f & Insulin — dauer formation

ASK ASl

Fig.2 HZ=Z MSHME 7|Z0f| &5t 22 ASK: pheromone receptor
neurons, ASI: interneurons, C6, C9 : pheromones

O A5 AR At wil skl gyck, o] fIsl
oAl ofn] W3Egh Hl = -8A| EHo|9 “]5??_} 3
(phenotypel 7HA] L Q)= 25719 =Rio] mmtAd
FropREur), 2 A= ho g o] FHwo] amp
E9] A YA E Atsta A (kinase) E Al
AR 22 Al W B Al E 7 AS AEE 2dse
FAAES THOE 3o} 7|5 A oYU Th AR

= z,zu}&i%g] AlA A

n?‘:
i1

moore
oft

(¢]

i

ofy

i
|
e

2) 94X Mo|dsE Rsts 4 HE=2| 2Xt ¥
Nzisix |% 9 Alzidlz 7 o
AelEdaE A8ste A mupdFRS S0 ARt

TR AR 7)7) 7hs skl A2 A] Bl 74 WAl 4

O 79| HEEE A ARlekal A Sujste s

SFU T, 2 2P S Hof| w2l thet Holgiis]®

(attraction circuit)7} ZA|8kL, o] F|27} F=HoA= AA

U=(ON) ¥, ol X = A QA (OFF), AxHA| S = |

BRO AL §o13H . W H5Uth (Macosko et al.,

Nature, 2009). & A+2= # v]5 Braindeis

University Dr. Piali Sengupta %

Dr. Cori Bargmann A3 A7}k G218t Wl A1 782wl uh

in vivo Ca* imaging& ©-83F 9] 35 J+4E Fall, &

A F o Hols EojgzE # ol whdde

_4

1

Rockefeler University



¢

I x X |

avoidance  attraction

g

avoidance attraction

W R = Bolg 2 gy fAdAE AXGNL
(OFF), A ellA= AA%le1A (ON), 2 oz ¢F7o] 9
B2 lujste 7]2ko] ARgehE gl U dEAoR
T2 Holle #H2 o] thet Holg sl = et vhiksle
7h 2l A o] EASHAINE, - 8= ON/OFFE] 4
o wheta] =7} A A3 Eo] ARk A st
A HR}EUT (Figure 3). Bl%0] A7 EO]|E Y 484
(neuropeptide Y receptor: npr—1) o] TupsZe oF
Zo|ARE A} HlSRt AR B, SulEAE o] &
ARlo] mupF(E/dol 2rbS) o] AL+ B =0 AJH
7h A fARRS SAES e H, A7 et =7 o] 23t 3
E59] ON/OFF 294 93k 35 W lssUth Jang
and Kim et al., Neuron, 2012) .

AP HFoA AR Ao 7122 A

v
s} T}, B3] ONJOFF 2914 €ge st A
g

22 §3) 229 Wlo] o] Folx| 1 FHLLAS A7
2o} 9 SRl oz ok ZeUch B3] A%
oflA] A7t 5 A7 A Fofsl) A7) elo 0.2 Sopl A

ZRElo|= Y =879 g7t=, FLP-18 ¥ FLP-21

(Rogers et al., Nature Neuroscience, 2003)2] 7] A%

o] e} TrsA A4S A JUTh EIF genetically
encoded Ca” sensor?l G-CaMPZE ©]&3t in vivo Ca”
imaging ¥ 54 AZA 2 &S e or 24T
A= AL 2EA(ChR2)T 22 EA(NpHR) A HHES
o] gsto], |22 ol 3= (neuronal circuit)
A3 St (dissect out)sl] WA= gk, 2efar ofH
50| Bolg] 3] = e} whis| 2o WalsiA 2}7te] £
YA sh=AlE, 2t 32 B4 o s Wdshs o
of gk A e 234U (expression profiling)
FolA B R YUt S6] AHRE 484 SR
Az Fagh S Fhrpar ezl o
oA HSATE T ALY ofdt A=
017ke] A A A 3k(sexual orientation)ol] et A7 A 3] Zof
Ao &2t 712 At DAES Aled Aoz 7]dEyrt

o >

o

]

o om e
e it
i
HE
2
oN,

i)

i

o mx
2o

3) & <A Ed mubiEo) 47A7e) WA BEE
AL A 2AYE B dsha glon]
1 A Aias AYsH Zof shaAof WEsk syt
(Kim et al., Developmental Biology, 2005; Kim et
al., Development, 2010).

AL A EAE &Y DCIST) HetAd -y
(Department of Brain Science) ol &= o] 9loH,
DGIST7} 71 A dietate] 2P84, Sohiore] =4
A g 54 g ALE 9fs) AR vl el
(MIREBrain) =X 24 E 0] 2] vkl gl5Uct 20119
3ol 7H4AE DGIST st A3 (J ¢l as= 7k 24)
& vla EAZIA et 71Ugh FEAE
e, 2018E71A] 309178 &) AIA F 24 w47, 3009
o] gighA U 7Yooz AFNE FAEH AlA

= =]
Utk 2 A3 20118 9] 2= AL, A AA

T 1122012 . 3



o 2L~ [y -
7/( 3 1 41

s
Hum

Fig.4 YZEE ZZI0 Yx|, AXG, MHZ, HEAH, 019, FSE!, ZSA, F01M, L7, ST, SolM
T 1 B 3, AR 21 o2 SR E] o] Qo effects of dauer pheromone in C. elegans. Science.
oA E ot 5%0] RE ZEIWOE A7kt 9 13994995,
5. Kim, K., Colosimo, M., Yeung, H., and Sengupta, P.
HH. (figure 4) (2005) The UNC-3 OIf/EBF protein represses alternate
neuronal programs to specify chemosensory neuron
identity. Dev Biol. 286:136—148.
(HE=E)

1. Jang, H.*, Kim, K* Neal, S., Macosko E., Kim, D.,

Butcher, R., Zeiger, D., Bargmann, C. , and Sengupta,

" (2012) Neuromodulatory state and sex specify

alternative behaviors through antagonistic synaptic

pathways in C elegans. Neuron, 75:585-592 (*equal
contribution: *co—corresponding).

2. Li, C. and Kim, K. (2010) Neuropeptide Gene Families

in Caenorhabditis elegans. Neuropeptide Systems as

Targets for Parasites and Pest control. Book Series: m

Advances in Experimental Medicine and Biology, B

692:98-147. (Review) A o
3. Kim, K.*, Kim, R.*, and Sengupta, P. (2010) The NKX I

homeodomain protein MLS—2 specifies the identity of

. . 19901994  AMchst iststat StAp
the AWC sensory neuron type via regulation of the

1995-2002 Boston University, BtA}

ceh—36 Otx gene. Development, 137:963-974. (* equal 2002-2003 Boston University, HAl & o179
contribution). 2003-2010 Brandeis University, BfAl & A2

4, Kim, K., Sato, K., Shibuya, M., Zeiger, D., Butcher, 2010-2011  Brandeis University, T2 73
R., Ragains, J., Clardy, J., Touhara, K., and Sengupta, 201138 DGIST =2Stdts, X

P. (2009) Two chemoreceptors mediate developmental



