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302 neurons
118 classes (types)

Gene

Defect Gene class Neurons affected Reference
name
ceh-36 Homeobox AWC sensory neurons Lanjuin et al., 2003;
Koga and Ohshima, 2004
ceh-37 Homeobox AWB sensory neurons Lanjuin et al., 2003
che-1 Zn finger ASE sensory neurons Chang et al., 2003; Uchida et al., 2003
egl-44, | Zn-finger and -
egl-46 TEF type HOB sensory neurons Yuetal, 2003
lin-11 | LIM homeobox AWA sensory neurons Sarafi-Reinach et al., 2001; Hutter, 2003
AVG mterneuron
lim-4 | LIM homeobox AWB sensory neurons Sagasti et al., 1999
fA" knorvn mec-3 | LIM homeobox Touch neurons Way and Chalfie, 1988;
eatures lost Zhang et al., 2002
Nuclear
odr-7 hormone AWA sensory neurons Sengupta et al., 1994
receptor
tx-1* Homeobox AFD sensory neurons Satterlee et al., 2001
#x-3 | LIM homeobox AlY interneurons Hobert et al., 1997
unc-30 Homeobox D-type motorneurons Jinetal, 1994
Finney et al., 1988;
unc-86 | POU homeobox Many Finney and Ruvkun, 1990;
Sze etal,, 2002
unc-130 Forkhead ASG sensory neurons Sarafi-Reinach and Sengupta, 2000
ceh-2 Homeobox M3 motorneuron Aspock et al., 2003
ceh-10 Homeobox CAN neuron” Forrester et al., 1998
ceh 14 Homeobox AFD sensory neurons Cassata et al., 2000
ceh-17 Homeobox ALA, SIA neurons Pujol et al., 2000
Subfeatures | ceh-23 Homeobox AlY interneurons Altun-Gultekin et al., 2001
lost egl-5 HOX cluster HSN motorneurons Desai et al., 1988
egl 43, -
Ifzm 5 Zn finger HSN motorneurons Baum et al., 1999
Nuclear
Jax-1 hormone AVK interneurons Much et al., 2000

receptor




302 neurons
118 classes (types)

Gene

Defect T Gene class Neurons affected Reference
7 AlZ interneurons, VC
fin-11 | LIM homeobox e Hobert et al., 1998
%ﬂ_:gs HOX cluster Q neuroblasts Kenyon, 1986; Clark et al., 1993
lim+ | LIM homeobox RID motorneuron Tsalik et al., 2003
lim-6 | LIM homeobox DVE motorneuron, Hobert et al., 1999,
RIS interneuron Tsalik et al., 2003
Subfeatures [ yv. 3 [ LIM homeobox AJA interneurons Altun-Gultekin et al., 2001
o ASI, ventral cord
unc-3 Zn finger mc.nomeurom Prasad etal., 1998
unc-42 | Homeobox | Commandintemeurons, | po . oo 1999 Brockie et al., 2001
5 RMD motorneurons, 2 - e
ASH sensory neurons
zag-1 Zn finger Many neurons Clark and Chiu, 2003;
Wacker et al., 2003
RMED/V vs. RMEL/R ;
ahr-1 Zn finger i Huang et al., 2004
ceh-36,
cog-1, Homeobox
lim-6 Cha 2.
. r X ng et al., 2003;
die-1 Zn finger ASEL vs. ASER Johnston and Hobert, 2003;
> Chang et al., 2004
Isy-6, .
mir273 | IRNA
URA vs.CEM sensory
cfi-l ARID Shaham and Bargmann, 2002
:ﬁg‘s’: HOX gene )
Alternative or | 4%~ Male sensory rays Lints et al., 2004
*default” mab-18 Pax gene
er:ml egl 44 TEF-family Wuetal,, 2001
executed
T Represses touch fate
"si’m 4| znfinger Wu et al., 2001; Toker et al., 2003
mec-3, I
T Homeobox FLP vs. touch neurons Mitani etal., 1993
unc-86
pag-3 Zn finger BDU vs. ALM Jiaetal, 1996
unc4 | Homeobox | VA ¥S IB metomeurons Winnier et al., 1999,
e e Esmaeili et al., 2002
Nuclear
unc-55 hormone DD vs. VD motorneurons Zhou and Walthall, 1998
receptor
vab.7 Homeobox DA vs. DB motormeurons Esmaeili et al., 2002




C. elegans gustatory neuron

B genes that should not be
contained within this dataset

B gonos that should be

contained within this dataset

AFD library
containg 6/6 (100%) known AFD-specifically expressed genes
containg 32/37 (86%) known pan-neuronal/clliated-neuron genes

FILTER

D Number of nd tags In SAGE lib

Complete 1 tag ("singleton”) 25601 genos

ASE library | >1 to <10 tags 4494 genes
10 tags to <100 tags 1101 genes |
100 tags or more (743 max.) 31 genes
Total (excluding singletons) 5716 genes

ASE>AFD | 1 ASE-only tag (*singleton”) 974 genos

library >1 10 <10 ASE-only tags 500 genes

10 ASE-onl¥ tags or more %32 max,) 1 Fonou
old enrichment V8, gones

326 gonos
16 gen

>3 fold to 10 fold enrichment ASE vs. AFD
>10 fold enrichment ASE v, AFD (max. 36;

=1 to =3 fold enrichment ASE vs, AFD (p=0.05)
Total (excluding singletons)

E Classification of genes in ASE>AFD library
(singletons excluded)
Gene class Type
Transcription factors C2H2 Zn finger 18
G4 Zn fingor (nhr-type)| 28
Homeobox 4
Others 14
Total 68
Putative 7TMR-type 11 (41)'
Dogenerin-type 3
TRP-channel-type 1
otal 16
GPCR or kinase 7
receptors | lonatropic receptor 7
Total 1

flp-type 5
nip-type 5

ins-type
otal 1(12)*

lon channels Ca’" channels
(excluding ligand-gated lon channels, | K* channels
DEGs and TRPs; see above) Total

F Natural anti transcripts (NATs) in the ASE ip
Number of NATs (excluding singletons) | Total: 126
Lnriched NATS In ASE vi, AFD | oxclusive to ASL; 13 (non-singlotons) |
3x enriched: 18

Relation of ASE-enriched NATs with
correaponding sense transeripts in ASE

17131
14/31

% <200 bp tall-to-tall orlentation
to neighboring transcript or located on
opposite strand in intron of other transeript




C. elegans gustatory neuron
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C. elegans gustatory neu
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c Position relative D
Gene Consenved motif o ATG Strand | Score
B [~ cog! atgaagccgtagatag -3402 - 069
fo- Angaagecttaaaagt 775 + 072 1
hm-601 tggaaaccttatgage -1%0 - 064 P
T Gene fim-602 gtgaagcaccttatan 110 + as? 1
roguiatory = cen.3s angaagccttagasce | 430 + | an ]
che-1 gtgaagccacaatett -25% + 062 € 12
: sy6 104 070 7
ceh-23 862 063 g
gor-101 tagaagecgeaaasag | 280 - | as7 -
goy-1e2 acgaagecactettta -142 * 060 w
§ gor-d tagaagoogtgttttc ~133 * 063 9 L}
goy4 aagaagcocaatcatct 35 * 063 k-]
E xS aagaagococe g 160 . 063 o
& ¢ o6 tagaagectacasaca -1463 + 063
§ 1 -1 w7 gtgaaaccttattest 109 065
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§ £ gy 19 gagaagccgtacaact 675 + on
oy-20 asgasacctttoaata 0 - 0.66 S 2
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™ mp-3 tagaagcocotoacas | -1292 a61 °
nip-7 gtg: ccotgttaag 1769 a6
. Nouro- _| fipé aagaagecttattaga 1504 + Q.65 0 >0.5 >1 15 >2 >25 >3
E popides fip-13 toactacasga &% . 066 005 1 w15 1©2 25 w3 35
fip-20 accttateert 765 . 064 e T Rl
= TTMRs _" RI3H72 3696 . 064 distance from ATG (in kilobases)
L FSSEND.7 847 * 063
_S-gnino =L hen-r g9 -857 + 066
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C. elegans DA neurons




Characterization of the DA motif in C. elegans

a cat-4 cat-2 | yr b
GTPCH"TH

DA neuron class 1 DA neuron class 2 DA neuron class 1 DA neuron class 2

d  acrrecagea. I = DA motif mmm = GFP
OB ot
-

. CEPV CEPD ADE PDE SHT Lines

500 by prom1 — + + + + 3/3
,e i —~ cat-2 promi mutif]  Hee— - +/- +/- /- - 283
-] il prom2 —v—‘ + + + + - 212
AR prom3 +i- 4= /- 4= - 213
CEPV CEPDADE PDE SHT Lines prom3 mut#2343 *— - - - - - 373
prom1 + + + + 3/3
prom2 —— - - - - - 3/3 f 500 bp cat-1 1 23 ~
pons ———— _mm— -+ - 3 G H R
PIMULY | e — - - - - = 38 ' 3
prom4 e i -— - - - - - 283 - ' | CEPVCEPD ADE PDE 5HT Lines
proms — - — - v 2/2 prom1 = + + + + + 383
promé —— - - - - - 33 prom2 B | — v+ +o+ 22
prom7 — - o+ o+ 4+ - 33 prom2 mut#2 — : bt~ -+ 4+ 3
Prom7 mut#l  seds_ _— - - - - - 383 prom2 mut#3 || ee— -+ + + 313
prom8 - - - - - - 33 prom2 mutf2+#3 mm—— | e— - - 4= - s 22
prom9 - — 373 prom3 — + 0+ o+ o+ % 22
- promé - L t— - - - - %+ 3B
9 s00 500 bp prom5 — 3/3
> 32 1.-» cat-4 promé P e— -3 + + 313
B ~
n —1fr :h—m— prom7? L — T I B e e 5
' J ' 3 - — e = — f
L i 3 CEPV CEPD ADE PDE SHT Lines ko e e el A R
DO e——— | + + nd + 2R : B ! e, 4 B »
sl T S D@ e B Gu PromO mutsl T pe— + 33
prom3 — ] - - - + + 313 h 500 b
prom4 F— .+ +  + + 33 —p‘—\ 12  bas-1
prom5 - — 2r2 e L i BTN
proms N + - - + + 33 : e
prome muté e—la— - -+ o+ o+ 202 ] CEPV CEPD ADE PDE SHT Lines
PromS MUtET #2.43 iemiiommmmn - - - -+ 2R prom1 ———r— 1 v 3/3
prom7 A= oo o A - o A
oroms S— + - -+ B i G S < O 22 N FI & O Hobert
L e — + +
prom8 mut#1 — - - - = 2nr ) i = L ames oper
) omm —— ¥ ;g
DA motif i M e S e F E & 22 Nature 000, 1-5 (2009)
- - - - L + + + &
promb mut#2 Hemm— o+ e s 202 doi:10.1038/nature07929
T A $ T g C A A AE A éé promd mut#18#2 Meom— R T 2/3 /
promé = e—— - - 4~ 4~ - 3B
_____ T_ ..'“C $ prom7 ——\ + 3/3



ast-1 is required to induce and maintain DA neuron differentiation.

rh300 hd1 ot417

500 bp . G>R AV Ml
- i ast-1 >| \// >|
b L HHE
gk463 TS domain hd92
ast-1(+) I ast-1(gk463) |

c dat-1::gfp | cat-2::gfp | cat-1:rfp cat-4::rfp bas-1:rfp | tph-1::gfp
WT gk463 | WT gk463| WT gk463| WT gk463| WT gk463| WT gk463
%’; CEPV| + + + - + - + - + - - -
O|CEPD| + - + - + - + - + - - -
S ADE | + - + - + - + - + - - -
% NSM| - - - - + + + + + + + +
| ADF | - - - - + + - - + + + o+
&|Othery - - - - + o+ - - + + - -
d | ast-1::yfp “dar—I::mCherry“ Merged I e

Ex[dat-1P°™M::ast-1] CEF;D "

cat-2::gfp

f 3 x 30 min heat shock at L1 stage

Before heat shock 4 h after heat shock 3 days after heat shock

ast-1(rh300);
cat-2::g9fo

.
Time
N Flames & O Hobert Nature 000, 1-5 (2009) doi:10.1038/nature07929

nacure



Ectopic ast-1 expression can induce DA cell fate.

- heat shock + heat shock

N Flames & O Hobert Nature 000, 1-5 (2009) doi:10.1038/nature07929

nacure



Mouse Etv1 is necessary for the
olfactory bulb DA neuron specification

] PO  Olfactory bulb

. EtvT
Etv1--

[ Mouse Etvi+/+ ] [ Mouse Etv1--

TH

| I

f
. i 3 120 "%S
o c @ o)
< S 80
~ 3 c
ZT a
= . g 40
g Mouse ctgcgacagtggatgcaattagat Mouse gtgga--gaggatgcge
Rat cLaLgac«gtu tgcaattagat Rat gtgga- -gaggatgcege
N Bl GFP Dog Ctgcggc-ggggatgcaattagat Human aggggtgggagatata- * P<0.05
T B L T T T u NN AN A ** P-0.005
T 120} GFP+Etv1 :
I
e
X 80t
=
&
o 40
0]

1234567 8910111213
Luminescence

Olfactory bulb primary culture

N Flames & O Hobert Nature 000, 1-5 (2009) doi:10.1038/nature07929
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Table 1. Examples of neuronal terminal selector genes in C. elegans

Sufficiency
Terminal selector gene Neuron class Selector motif of motif
CHE-1 zinc finger transaription  ASE sensory neurons ASE motif Yes
factor
24
-]
° - - -~ I‘.‘ "M\
5.'2)(5(7."0“'113'41&'530
TTX-3/CEH-10 LIM/Prd AlY intemeurons AlY motif Yes
homeodomain dimer
§ -r-
SLaAl ] eTe [ TAL
5-1!)'557"!."1!11“15“:-
AST-1 ETS-type transaription All dopaminergic neurons DA motif Yes
factor
-
=1 h A
‘]' 2. '*C e
g'?!‘ii?l!ﬁ“ﬂ'lﬂﬁ‘ﬂ’."””r
MEC-3/UNC-85 LIMPOU Mechanosensory neurons Yes
homeodomain dimer z, T T AT
3
:l oal.a AALCAT .
'3]‘!!7'.'"”““"!""‘”?‘3’
UNC-30 Prd-type GABAergic ventral cord ND

homeodomain

motornewrons

bits

12 TNTC...

s-' 334687 9 |'"|3')\‘5‘"""3’r

See text for references. ND, not determinad.

Serial analysis of gene expression (SAGE)
ASE- two bilaterally symmetric sensory neurons

AlY — two bilaterally symmetric interneurons for processing sensory information
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Synapse biology

* Eighteenth century -Luigi Galvani’s description of
“animal electricity”

e He induced the contraction of limb muscles when
he inserted a metal hook into the medulla of the
frog and attached the other end to an iron railing

* Charles Sherrington coined the term “synapse”
to refer to the special connections from one
nerve cell to another that facilitated the
transmission of nervous impulses



Synapse Biology

e Santiago Ramo’'n vy Cajal (1852-1934) was able
to visualize the morphology of individual cells
in the context of the nervous system using
Golgi’s silver nitrate stain




Synapse Biology

 Two general categories of synapses: electrical
synapses and chemical synapses

* Electrical synapses are gap junctions that
allow bidirectional propagation of signals

* Chemical synapses allow communication
between discontinuous neurons via the highly

regulated secretion of chemical intermediate
signals



Synapse biology

e Although sponges (Phylum Porifera) are the only
metazoans (so far) without a nervous system, it
was found that sponges express a nearly
complete set of postsynaptic protein homologues
that are hypothesized to assemble into synaptic-
like scaffolds. Although sponges do not have
neurons, these postsynaptic-like structures are
hypothesized to act as chemosensory structures

capable of responding to environmental cues
(Sakaryaet al., 2007, A post-synaptic scaffold at the origin of the animal kingdom. PLoS ONE 2,

e506.)
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