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The nematode Caenorhabditis elegans (abbreviated as C.elegans below) has
several advantages as a model organism for studying the nervous system. First,
its nervous system is very simple. C.elegans has 959 cells, of which 302 are
neurons that constitute the nervous system. Second, the complete structure
of the nervous system, the identity of each neuron and the connections by
chemical synapses and gap junctions, has been determined by electron mi-
croscopic analysis of the serial sections of worm body. Third, genetic meth-
ods are available. Mutants can be isolated easily after mutagenesis of self-
fertilizing hermaphrodites. Furthermore, males are produced spontaneously
among the progeny of hermaphrodites at a low frequency by X chromosome
non-disjunction. Males can mate with hermaphrodites and therefore can be
used for mapping mutations. Fourth, it is possible to kill specific neurons by
laser ablation under a light microscope. This technique is useful in determin-
ing the role of each type of neuron.

The functions of the nervous system can be studied genetically by isolating
and characterizing mutants that are abnormal in various behaviors. Mutants of
C.elegans that are abnormal in locomotion, egg-laying, pharyngeal pumping,
chemotaxis, defecation efc. have been isolated and characterized in the past
over 20 years. However, in C.elegans, functions of the nervous system can
be studied also by a specific aspect of post-embryonic development, i. e.,
regulation of dauer larva formation.

The dauer larva is a special third-stage larva produced under harsh condi-
tions. The life cycle of C.elegans takes three and a half days at 20 C. After
hatching, C.elegans usually passes through 4 larval stages called L1, L2, L3
and L4, before becoming an adult worm. However, if there are little food and
much pheromone (due to overcrowding) around the worm, 1t becomes a dauer
larva instead of an L3 larva. Temperature is another factor that modifies the
decision between dauer and L3. At a high temperature more dauer larvae tend
to be formed than at a low temperature. The dauer larva has a characteristic
dark, thin body. It does not feed, because its mouth is closed. It can survive
up to three months, and when it encounters food, it molts and goes into the L4
larval stage.

The two main environmental cues for the dauer/L3 decision, namely food
and pheromone, seem to be sensed by the nervous system. C.elegans has a
pair of sensory organs called amphids in the head. It is known that if we kill



two types of sensory neurons (ADF and ASI) in the amphids of wild type
worms, they become dauer larvae at a certain probability even under non-
dauer-forming conditions. The probability increases to nearly 100%, if we
also kill another type of amphid sensory neurons (ASG).

Many mutants that are abnormal in the dauer larva formation have been iso-
lated and named daf mutants. They are classified into two groups. One is
called dauer-constitutive (daf-c) mutants, which form dauer larvae even under
non-dauver-forming conditions, i. e., much food and low pheromone concen-
tration. The other is called dauer-defective (daf-d) mutants, which do not
form dauer larvae even under dauer-forming conditions, i. e., little food and
high pheromone concentration. Some of the daf-d mutants have defects in
the structure of amphids. According to the electron microscopic structure and
the absence of uptake of some fluorescent dyes by amphids and phasmids,
those defects seem to prevent the outer cues from getting access to the amphid
chemosensory neurons. This is another piece of evidence showing that dauer
formation is controlled by the nervous system.

Although about 30 daf genes and about 20 other genes are known to affect
dauer formation, the number is still much less than the expected number of
genes that affect neurons. Part of the reasons may be related to the results
of the cell-killing experiments mentioned above. Since at least three types
of sensory neurons act in parallel in the regulation of dauer formation, the
number of neural mutations that cause defects in all of them may be limited.
This implies that there may be many neural mutations that show the synthetic
Daf phenotype, namely, exhibit abnormality in dauer formation only if two or
more of them are combined to form double- or multiple-mutants. Two exam-
ples of the synthetic daver-constitutive (Sdf-c) phenotype were known when
I started this study: unc-31;unc-3 and unc-31;aex-3. In these cases the Sdf-c
phenotype was found somewhat accidentally, while each of the mutations was
isolated by abnormalities in locomotion (in the cases of unc-3 and unc-31) or
in defecation (in the case of aex-3).

I thought it would be possible to identify many new neural genes by isolat-
ing new sdf-c mutants on the unc-31 background. I planned to use unc-31 as
the first mutation mainly for two reasons. First, both of the two known Sdf-c
pairs had unc-31 as one of the mutations. Hence, it was expected that I would
obtain unc-3 and aex-3 among the new mutations, if I used unc-31 as the first



mutation. This would serve as a positive control showing that the procedure of
the mutant isolation was correct. Second, it was known that the wnc-3/ mutant
forms dauer larvae under non-dauer-forming conditions, if only the ASI sen-
sory neurons are killed, while killing of both ASI and ADF was necessary to
make wild-type worms dauer-constitutive. This means that many, if not all, of
the sdf-c mutants isolated on the unc-31 background have defects in the ASI
neuron. Mutants that have defects in a specific type of neurons will be useful
in the future analysis of the nervous system by genetic means.

Thus, I isolated mutants that exhibit the Sdf-c phenotype on unc-31 back-
ground. For this purpose 1 used unc-31(el69);utEx{func-31(+)], an unc-31
strain in which a clone of the wild-type unc-31 gene exists as an extrachromo-
somal array. Since the extrachromosomal array is lost at a low frequency, this
strain segregates both Unc+ and Unc worms. The former have the parental
genotype, unc-31(el69);utEx[unc-31(+)], and the latter, unc-31(el69). I mu-
tagenized unc-31(el69); Ex{unc-31(+)] with ethyl methanesulfonate and screened
5539 of F1 Unc+ progeny for those which segregate Unc dauer larvae but not
Unc+ dauer larvae under non-dauer-forming conditions. Those which segre-
gate both Unc and Unc+ dauer larvae were discarded, because they were dajf-c
rather than sdf-c mutants. In this way I obtained 44 mutants that showed the
Sdf-c phenotype on the unc-31 background.

I mapped 42 of the 44 mutants by using STS (Sequence-Tagged Site) mark-
ers and known mutations, while two of them had too low penetrance to be
mapped. Eight of the mapped mutations were found to be alleles of four
known genes by complementation tests (one allele of tax-2, two alleles of
che-11, two alleles of osm-6 and three alleles of aex-3). The rest 34 muta-
tions, which were most probably alleles of new genes. were classified into 18
complementation groups.

In the meantime, it was found in our laboratory that known daf-d mutations
that are abnormal in dye-filling (Dyf phenotype) into amphids and phasmids
have the Sdf-c phenotype if they were combined with the unc-31(el169) muta-
tion. Therefore, I tested the 44 new mutations for the Dyf phenotype. Besides
the each two alleles of che-11 and osm-6, two mutations In two new genes
(sdf-3(utl60) and sdf-13(ur182)) had the Dyf phenotype. In these mutants,
environmental cues cannot reach the ASI neurons due to the structural abnor-
malities of amphids. In other mutants they probably can reach ASI but cannot



be sensed by ASI, or the transmission of the signal may be blocked in ASI or
downstream neurons.

Since the new mutations may cause abnormalities in neurons other than
ASI, I checked some behaviors to detect such abnormalities. Some of the
mutants were abnormal in osmotic avoidance (defect in ASH), while others
were abnormal in chemotaxis to benzaldehyde (defect in AWC) or to diacetyl
(defect in AWA) Especially interesting was sdf-1(utl61), which avoids ben-
zaldehyde at a concentration that attracts wild-type worms.

In conclusion, this study shows that by isolating synthetic dauer-constitutive
mutations, we can identify many new neural genes that probably control re-
ception, signal transmission, and signal processing of the environmental cues
(pheromone and food) for dauer formation. The mutants obtained in this study
will be useful for analyzing functions of ASI neurons in the future.
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BN S RSMA DREHRBEMBERTESL., TOESEERETS
EEBHITHRNET S BRI, WEFICFRBERI NN, TITH
<HEETFERERL . BEWNRBOSE - E5&E - SRAE OMEZ T
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C.elegans i3, EEH 1.2mm OABHRETH D, HAFRIZFHIHE
iy, BFESREL TTFRE2HECTHEREE. BTOHEEDIHNN
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s & JHERY s £ RE RIFEHAREA X N T B (White et al. 1986). Z D&
Sizigdld, MEROBEEZBEFNFRICLVHASHICTHDIZIESR
L EERAEMTHLEEZSND.

2 HEREZFE ¥R EHAEF

AR TIE, HHBEFOSFEREMAVWLZ, TOHER, STHHE
THAHZ EREBEICERASNTWASAH (Watson et al. 1988). 2T
WD TEOREERBE 0., TRIEZSREL Tl T & ERHERE DRI
EREATAIZIE, FIC2D00AENH S, 1Did. HEENEZ RTHE
OEETZEEY, FOREFICEREZBHAL LRBIZREOERIEZH
R BRSO F % (C.elegans DWBEZEOH KL, Plasterk (1995) &%
B)THD. b3 12, S5 AREREFREL TEU EREOFR
SHMEOEBRBOLOERRY 2 MBEFEOHIE (Celegans DT BLE



L@ AHiElE. Brenner (1974) #58M) TH 5.
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OERICED, ETETHBAICADTETWS, ZOHEDOEMZ., FE
DB|EFTI7IV—ICHERHIBE. PRI ZOBRETFTIFIU—
DEREEZBONDZETHD. EfL, BETFHREZT->THRAERY
DEONESRNBETN, DRDENZETHD. i, HERFIZR
THETHBREFEZRBIOT. £2<HL WEEEF OBETHEKOD
HBETHNE S OHE T EOIIER EARTETH . HHEEDNS
TWABEFOMELMLTERN, £, EFITI<bDh#BETFLE
Mid. HEERK - EBHOBEERYE - B RERTARE O ERA
MERFOEREZELAZEHORBETH S,

ThicHL . HHREEFOHETIE., ZRHBICKIDEREERTLHO
T, BEOREICEDS 2 KA VI TENOBETERERTSZ
EMTES, -, REOERKNZFHOBRGTEMET DI EMNAHET
B, FEHEBETEENES>HhBHWTES, —HIOHEF, YvE
> PBHOEETOEREOHBERBRRE TR E FRIBNANE T
LM<, BHOBRETOLERENVELRWES THEEIEDHERICER
mRFhERS 2N, BEic, BEREbEREASBEHEL T, LE
LidNSa0HEMERRRZERSMBINZE0H 5. . #lX
VR W ERA P ABELBERTA2EOHEHBTEZD, &
BERFHZECTIEbHIN., FRAECOANBLZILDH D,

TO2DERREBEIOHKEEL T, FT IV ALERORBET
OREBEMERR, FEOHMTHRRET HBETERDT RS, TOE
REZERL TRBUEZAREENVWI HiEDHS. Drosophila THE, T
INH—h w7 (O'Kane and Gehring 1987) )R L B DT D
HIENREZ B, Celegans DWE., ZHIIMETETO0E—F—F 5y
7 ik (Hope 1991) 13072 D RN BNO T, ERATIIR N,

AR T, FREEEICEDA2HL WlETORREZBELZOT, &
BBEFOHEERWE, £z, BEEFRADNE LN EHREZHS
eIz, RMUZBANDEIHROL WA EZBAE 8 12 HiBW8),



3 C.elegans DEEDEE - (555:E - FHRLE(IC
B9 HEEFDZER

C. elegans TlE. BEDSE - FHEE - WHRUEOEZREL T, K
AT 5T 5 B (che, tax)(Ward 1973; Dusenbery 1976; Lewis and
Hodgkin 1977). FEFEMAEIC T % E(LHE (odr)(Bargmann etal. 1993). &
¥53% £ 238 (osm)(Culotti and Russell 1978), @ EEELE (1mx) (Hedgecock and
Russell 1975: Mori and Ohshima 1995). dauer 15K (daf) (Riddle et al.
1981). FAKOHLE (mec)(Chalfie and Au 1989). SRESA DML (nor)(Hart
et al. 1995). IR E DB IERE (dyf)(Starich et al. 1995) FAIRKIC
RAHER (=720 . O NIXBERIZ LV REAESNEETOAR) A1 0HE
ENE XN T WS (B3 Bargmann (1993)). 2N 5 OEROH T dof £
R dyf ZRUANBFTHRRBCLDBRENLZDBOT, FOBPEIT N
BOFERBIND, TOEY, mec TREZBRE, MET S BETHAH
. MEINTWAEIREVHEN, £, Ih5OEREIEDOEEIC
I AEHRBENBVWOT, EHHELSHHE—ROEREINDIXD
. BRI INMERRO BRI BREIIRLEREERS
NTWa, s &, EEIRY (unc) (Brenner 1974) &L THBEESNZ
ZROH, REDSE - FHEE - HIRLIIT /0D DMk S ERZ
HH S HREOE AN RERDOVRFET SRR DS,

N5 OERELOBREGFO—Iro—=rEh, BRORE-B
B - BRI NERRETFENEI-R T2 EMA6NTNS.
17 . mec BIETFIZDONTIE. (1) 13> F v F) (mec-4, mec-6, mec-10).
(2) Fh & MIas, 5 KA BEHR T T—5 2 (mec-5) PHHROEKEH
i (mec-9 ; Kunitz domain & EGF repeat % 535 2). (3) Fv *IV Ziilid
P B % & 5 BUNE (mec-7, mec-12) A b Y F 2 HREEH (mec-2) 12 E
NS ROBH THREVMELFIZECTERTHLI EVDMA2TNDS
(Hamill and McBride Ir 1996). 7=, MiEMICMEERIET S 8ET S
LT, LiRROEETOHESESILETZ2EET S mec-3 BT (Way and
Chalfie 1988) &BIRM RNA R 7 54 > OHlEZTIE D mec-8 BiR
F (Lundquist et al. 1996) BHISEN TS, MOERBOBEEHEFIIDONT
2, PTFTEFINICHT HRESEK (odr-10) (Sengupta et al. 1996). €
DU EEM(LET (odr-7) (Sengupta et al. 1994), EHREICHPD SR
WY LFFE A F 2 F v 32 (tax-2, tax-4)(Coburn and Bargmann
1996: Komatsu et al. 1996). {L#SEDOEETF ORI B S+ > (osm-



3)(Tabish et al. 1995), AEMEADL T T AEEIZH TN I EBZ
K (glr-I=not-3) (Maricq et al. 1995; Hart et al. 1995) HFHiHSN TS
. BRI HERE S ABICEEE->TWS,

Pk, gDl ESEEFTOEEEE - HRUEOH THM
Z2DWTIE, X3P HHMRERRBEONKDAEEIATHS. £C
ANEREOBRICFMA NN D0, EEEREDZEESNTHIAW
BETFREEREETDIIEN,. TORFO 1 DOBERICE->THWD, %
FHOFBT WA TIE. daver HHBEAFER (T DEDRE B
FinE - HRUER) - T, FHL WERKEMEIC oS 2 H k%M
FLTW5, FERFOREO-RTHDELEBIT, ERICETDHE
EZRAVWTHL WHERERE 28 - MITLZDDOTHD, LLTFICEDH
EERNGHAT S,

4 daver#HHEERHEE7OEDRRE - 55
LE - BHRUER

C.elegans|Z. WHIIFHLRIZ 4 MOPEE TR, —#E(L1), —#(L2).
=i (L3), VUl (L) oHRER TR, LAL .. BERIZEEE
EXRVE, BAOWHWT 7 T OE OBRENEVWREICRS, BRI Ih
ZRU T, L2d EWREN /K BN REET. Z@HHhonrbdic
daver #1 1 & M 2 Bk nTERE O F R & Jx o THEZ #1ET % (Riddle
1988; Cassada and Russell 1975; Golden and Riddle 1982; Golden and Rid-
dle 1984), Z @7 . OF 2 (Golden and Riddle 1982) HE®TDAF—
@ C.elegans HHL TH Y., [FAED C.briggsae /X Celegans 1I2h< 7 x O
EEMTH. K VBENTZ Panagrellus redivivus, Turbatrix aceti, Rhabditis
oxycercald C.elegans 12 < 7 x OE > ZHERN, Celegans T T x
O OREIHOTNT., TOHEL S KBEIhZE#ONEIREE/Z3
HLOMHEOREMEEA SN, RIEITHBINTNARN, dauer 4]
HIZBEHZWHHICZEZNE, 70> OBREOMIZ, HORSIE
EoFELZT. MCT7 0 BETSH, PR EBENARVEE
daver ¥ % kL 1) (Golden and Riddle 1984). 7335 dauer 1Hi,
TJrOEOBMERKHENEEICRDE, REL TR DEETHK
2: Vs 0

daver SRR B2 LU 2R (H--OFERTRAEIIRLSHD)



i3, MEZTICRFEMRNTEZETHHESN, 27 Ddaf BIZTLEFH 18D
che, osm B X dyf AT (che-2, che-3, che-11, che-13, osm-1, osm-3, osm-
5, osm-6, dyf-1~dyf-9, dyf-11; EBETORAOERNE(LERT. &
BESBEE. DHVIAERBRYE TRAINZZD che, osm, dyf £
WIOIENDNTND)IZH A ENHA SN TS (Riddle 1988; Malone and
Thomas 1994; Albert et al. 1981; Perkins et al. 1986; Starich et al. 1995).
ThoOERIZHRREICZLD, daver HEpEME (Daf-c) R & daver R
(Daf-d) ZREWS —FHEO/ N —TICHBEEhThwa, BiFR, 70
TN ENEEICHARHET (daver S HIEEREHFT) TH daver
hE kL . EEFE, 7 xO0F> OBEENTE < HNDIRWERAT (daver
HHEREMET) TH daver PHHZEBRL BNENSIREBEHD., D
“HEEOZEROIE A A2 LD daver SHBFELHE D [HEES) HET 1
DOEIDITPREETN TS (Riddle et al. 1981; Thomas et al. 1993; Gottlieb
and Ruvkun 1994),



Daf-c Dauer-Constitutive

daf-10
, cillium structure genes
Daf-d Dauer-Defective
daf-11
daf-21
-—‘—. pheromone daf-3 Dauer larvae
daf-5
daf-22 ga;_;
a -
daf-6 daf-7 daf'12
daf-8 \
daf-14
Interaction

daf-16

4 1: daver 5y =71 B il ) o R
daf-c BRE daf-d EROITE 25 ¥ AL D RFE EN T2 daver $ BRI AHIEI D E1RE,
KEOB L F->TWARETIE, TORETFIRERNEZX S L Daf-c RERZERT.
RERERY) 2R OBIETIE. BERNEE S & Daf-d REAMZRT.



BHEOLEPE S IRELRC 2REBREITIE. BAFD amphid & inner
labial, ZL TR phasmid @ 3 fifidH 5. T ONIEHEAD amphid & 0¥
HH2EESER. 2 ESOREHES 6 BT EMREE ST (White
et al. 1986), daver HHEREHAE DI/ < &b EFROBHL, LIFOER
&0 Z? amphid Tfiabh TWa EEX SN B,

1.

Daf-d ZRD S5, daf-6, daf-10 BELR ERD&EF 18 MET D che,
osm, dyf DZERiZ ., amphid BHFELIRORE T SLRN 5 DES
EBET DM ICHEREN D S (Perkins et al. 1986; Starich et al.
1995), Daf-d #HEZRT O, TOEDIZT AT DEHFNT
ERWNS EEZLSLEBHN DL,

BRI Celegans T— % HIFFIZ amphid BIEFEED 55 ADF &

AS1 ) 2 Fi¥E ORI A AT 5 & | daver ShHIEBREHTH—HD
tht daver S1HIC/E D, X512 ASG 2T 5 & daver HIRITR S
#4489 % (Bargmann and Horvitz 1991b). L7275 T. Z15
OWFRLT 7 4 )V b T daver HBEHHAFESZHL T, 70
ELIRCOEERMETLEEAOND, /o, ASTZWMIET S L
daver Y S R RICEH TER<Z D,

Daf-cZRD S5 daf-11 & daf-2113. amphid 2357 SR B IV

FEHEFAE S E 2 0 B BEATH S (Vowels and Thomas 1994).

. daf-11 @ Daf-c ZHAUI, ASTHIELBIRT 5 L KT S (Schackwitz

etal. 1996). L7=Ai-T. ASIIZ. daver SiHER{EEREZE H9 &
EABNS.

. daf-7-GFP &M ETIE. ASIF#ETOAFEHT % (Schackwitz et al.

1996: Ren et al. 1996).

728, daf-1, daf-4, daf-7, daf-8, daf-14 £33 Daf-c ZRE . ENZHHE
¥ % daf-3, daf-5 &S Daf-d ERiz. TGF-3MEOEET THDHI LN
AL DD 3H D (Georgi et al. 1990; Estevez et al. 1993). Z DT daf-7

(=

5

TGF-3tkDER'E % EET % (Ren et al. 1996).

EXEND &K daver M ZER (sdf-c BER)

BEOZE - FEEAE - HRURICET 2EROF T, dauer HHPRL
HEOLERIT, FREEOREEZ R TWAIZHINb5 T, (TRITRAS
B TEBRRERARDENSETI—/ TH 5. daver HHITH < B8

7



WSTFNRSTNDE NI BETHBICHYTE, BERSIE 1% SDSIZ
it & W S HE A - THERT 5 Z &M T & % (Cassada and Russell 1975)
DT, EREOHBIIBEDTH S, LhL. TOWFERDE 1993 F 4
AOMATH, B -0ZRICX D daver S HIBHIEIC REZRTBET
2. Bz KEavHLENTNWSE BN/,

CIT. 1DOEMNH o, L. ADFE ASIE NS 2HEFOBE
WEOT A2 EEL TIIU BT daver RHEIZ 220725, ZOHOD 17
O ITHIC RIE £ 2R3, WO dof ZR (Dafc) IR FEN
TWEVWETFTHS. DL A, “EHERICL TIEU BT daver MRS
BARTER (Sdfc ZR) OAR7 2HFHE, Tohic&2OMEE R
TEERV RO AT TH L. IMEHET L, TOL D728 daver B8
R R OFN 2 DR DM -7z (Bargmann et al. 1990; Avery 1993). unc-3,
unc-31, aex-3 9 3OOW|EFOLERIT. TNFNHIMTIS daver B1R
R K= REII WA, unc-31;unc-3 & unc-31; aex-3 D_HZE
BAEZFNEh 0 daver B RBBIZRT,

unc-31 ZRAILEBREIC LV 3B EIN/=H O (Brenner 1974) T,
D2 M, SO E Z A THREOBEEEZ 1772 5 . BHAYH]
Bz RSL 720y, ESRY B TFEICSHEIRAZ %5, daver S BATIEHG
Rz N2 WS O EIRE BH % D (Hodgkin et al. 1988). BEFAERID
C.elegans TV ADF, ASI, ASG @ 3 fEO B HEEBREL TIRILOHTIE
& A& OHED daver IRIZE B DITHL |« unc-31 ERKIT ASI WL
7T TIFEAE OHEA daver P1HHIZ/E S (Avery et al. 1993), unc-31 &
RiklZ s+ 7 Znigic REN S 0 (Miller et al. 1996). unc-31 BIZTEN
WBMBICIE 5 <N AMEEFHETE LR B HE (p145/CAPS) &RED
2 —713 % (D. Livingstone (1991), PhD thesis, Darwin College, University
of Cambridge, Cambridge, UK; Miller et al. (1996) iZ5[/i).

unc-3 ZRAEDEENREIZ LV BEXEN /-5 D (Brenner 1974) T. 4D
At O 1 LRI AL E S AN $H 5 (Hodgkin et al. 1988). AR D
Ehiz 2vind B B S AR R OB R R O ELFIC %A1 U (Chalfie and
White 1988). TM7ERFRE OMBEENBML WOTIEL WHEEDX T
7 AMTERV, BHTIE. £ToOMBERHENRESTN TS (Sulston
etal. 1983). ZHEHRIE. BYOMAASZIC LD AB MidL P1MIARIC TH
5, KT ABHIIL, ABafiil: ABpMIfIC T S, MEEV IR
fric & D EFERIRFRICIZ, O ABpHMIlROFHTH S ABp Rk ORI
IZBNT une-3(+) THEOIUVETHH I ENHSNITR - TS, (Herman



1984; Herman 1987). ABp R/ S I3 B OMRENEL 50T, Likd
) - FREREEORER., TEOHAORE T2 < fEdiE &
ODRETELSEEZ LGNS,

aex-3 ZERMKIT, BETEORWIC LD FER I/ (Thomas 1990). FF
HERID Celegans {340 I 1 B, (1) AOBEZHD S, (2) KDER¥E
EHEICRT &R, KORIEZEZMED S, Q) REHRLT S, @) #FD
MEZBEICRET EVWSEBEEZ 2~3 BNITTITR . aex-3 EREIZ
OW. KOREZ D DEES EE2 T AEERTRbRWN, BAR
C.elegans T, {KDOFTEE D 2 BHEIT AVL #ifE, &5 RS 5 5E
AVL #i#% & DVB O 5 Z i3 % & 5bh 5 (Mclntire et al. 1993).
aex-3 BIGTH T 7 ZAEIC W < (Miller et al. 1996).

724 unc-31;unc-3 & unc-31;aex-3 &35 ZHZE BARD daver HERMEZRB
RERTOMh, BHOTF—Ih61E. BEMNmEdia2rEL THHA
T2Z Ll LML, unc-31, unc-3, aex-3 DELERBMTOERE
R, SEBEEIZ TN 2 HIET 280 7 AEE (unc-31, aex-3)
FB T T ABRK (unc-3) ICRERHBEDEZEALGND. BESE L,
FRO>F7 AEE - T ARROREN, 7xO0ECORE FEE
- AR ED AR ERICHEL ADEA D, ZORFEECR
WRORBEDH D, BHROZRTRFO—HLAT Oy I/ TET, —HEHE
RIZLTIRU S TEENT 0y 7 TE, daver RERBRENTHENLS EE
A BHERANDL,

AWFEEWITL T, EEOREKETH ST, BFOERTHK daver
B EBE 2R T HOEEL = (B, IE). TORE. S0 Lo#ET
DERN T DEHRERYZFHE, TOF T2 OBETFOZERIZ. daver
HEIEEREG TS 50%LL EO A daver HHHRIZAZ D &S, sENEB
RERTZEMbihol, BCHEEKD SDIX. amphid EICREDDH D
daver RIBHZER (daf-6, daf-10 3 LT 18 BI= T D che, osm, dyf DEEF) D
56, FAMLEHNILET, unc-31 ERE unc-3 BERODELSL EZEHER
27 & FIC D daver MIMERBRZRL T ETH D, T, ax2 &
£ (Coburn and Bargmann 1996) & tax-4 25 (Komatsu et al. 1996) i& ASI
FRRR I e kI8 A EL B, TN Y une-3l BRECHERIITS L.
EEBERED daver RAERBR R 2RI Ehtbhok. THIE, une-31 %
RAY ASI PR 2 BB L 72751} C daver # 4L 5 (Avery etal. 1993) 2 & &
—K935,



6 SRRIBEDOEL

SETORRTIL. BFEM Celegans & unc-31 Z RARD amphid R EHF
BB EROERENS | unc-3] R E O EH TEHL daver HLERERY
MEL 20T, 70 O%E - EEREICHEROREND LD L
EZTE., BN, ASTHRBEOBERIBER rax-2, tax-413 unc-31 5%
(AFD & ASG 2T 5 RIEMRBL TWE5L W) E-EERIITAHE
daver WEREMERBBIE T, LAL . unc-3]1 BREHAEE S E daver B
MERBEREZRIZROPICIE., TOMOERIZLZSDDHHL0BL
hizn, ZNT. UTFICEmRERMORERS —ficEmlL TBENn
(Guarente 1993; Thomas 1993).

—fEiz. 2DOHMETERBER (null R, amorph) M TERERY
MEL 2013, BiGTHAEIZ EE (redundancy) 3HHcH EEASNT
W3, 2oz, FAE,. (1) 2208 EFRRL (@A —N—3v
L. UTFHREL) BiEEZF OBEBABEZELIHE. Q) AUEREERFD
MR 22050, TOEMR/MBEICHNORETRLERES. 3)FH
CBEZTHEESCHAr—REBAFNTR->THWEHHEEN, EALGN
3. mull ZREUSOERETED D E. BIPLIEL., BEBIMHMD
2BELEZIOSND, PIAE, BENRSMICETL ZZRIZDOWTIE,
(1) 2OOEAUNEEEKZE->-THE. TOEEN., FADERIZTT
RZERERAUNENASEAD LICH DN, 5 1 OFENH D EEML
T FA284E,. 2) 200BETEWNRAL RESHAT—FENTHS
CHE, FOMNREEROBBRIZIDONVT (1) ERBEOZEVEZZBE.
ENEZEND,

ZDEIBHEESECRENBHXEY TREEIIRSNEDT, &
RERRMIREL HAHIEITEN, ERICHEIFIETNZHOEENEFEELS
2, /AT O b THERANEL TEERTEMET L, K
KREBETORELZRET S ENBELLZ D, JORT, HEER
WBAELR#MORERE LSS (Oliver 1996). SRRERBOFFEIE T DR ER
EHAMIIRETHIHOTHD, 5. TTFITRESTHIREMEL
BHEEZGNS.
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7  dauer TR HI R IR D I 7B 4 & & FK dauer 18

R EZERDBAR

Rz SR FERRIT, BEHTARREMEMOZRTEENT, =
BZRICL TR TENABDOE . THICHETHHEEL T, BEM
DERTHERBEORNKRENENSS, —HERICTLHLREEN
B> TE<B2EVWSIEENDH D, daver HHERFEATD, ZDOLD
R FIA DM - TS (Thomas et al. 1993). dauer HEALIEZESR D &I,
Y —F 1 BIEFRE (daf-11, daf-21) &5 )—"7 1 BT (daf-1, daf-4,
daf-7, daf-8, daf-14) DERN H 5. TORIN—THAO_ELREMEL
TH. daver IR 2ESITRHAMICHI RN, BRs7 IV —THD
“HEZERTIE. dwer YHOBENAZ< MRS, ZORRE Daf-dER
W EAMEOREE S ST, daver SR HIEERO —E., FIL—T1
ORERE 27 )V —T T OB 2 D2/, WINZL =TT IVAREEINT
V35 (4 1, Thomas et al. 1993), 7/ ) —7 LB TR ASI R CHIZ, 7/
—7 @ {ETBEZ ADF, ASI, ASG Tfit< & #5 S TV 5 (Schackwitz
etal. 1996). L7=8i- T, &5 TR tax-2;unc-31 % tax-4;unc-31 O
Bk dauer WERRMERBRL, V) —7 I OFFEOHNE SIZHANT/E-T
WBZETHBTES, 72750, unc-31 ER LB EHHE S L daver R
HERMAE RITEROBPICIE, Th& B 5HHT &K daver BEERTEIZZR
A2H0, shdblL N,

8 AWMRDOEM

PEDES>SHERELSEAT, FHKTIE. BMTIT daver S ATEFRH
RARIEOA, unc-3]1 BREAAEHE B E daver BRREERREZRT
TRE, HEE-NT5, ChickD, 7z0EC0%E - GEEE - 1§
HMALER . 512 ASI RNl X T L WBEETFHER, RRET
xHLEZOND, FEOHACHEL T, FTREAT SN TWEEH
DBEFHOEFEEZTL . HL WHESBLZH < ZZAREDO BT
H5.

11



EIE
RERF K

9 C.elegans DEAE

BHofEAHEE, NGM7L—F, MINY 7 7—FL TSNy 77—
OFAIL, Brenner (1974) 2L 7edi- 7=,

9.1 C.elegans DB HE

C.elegans\Z, L2 5 KBHEZ4EPLIENGM T L —k ETHEL .
AFREDZ, 20CERIX 24 CTHFEL 2. BEVHIBRRBIZEZSANEK
32, 20CTHRFELEZDBDIZ4H. 4 CTHFLZDBOIE 3 BEICKSE
ARDET 5 NOEEERILTOHL WS L —MNIBL L.

9.2 fHOKIEH

EHOAXBEIZIZ, U5 IVEREOKRIBE OPSOMEHERL /2. fHIZY
FNERMEOKEHW-DIR, BREEZHEL THAREICKIEENEA
TLEWBEZZL2B<EDTHS, ERMATLENEEDS L, &
BN KBREORICHE->TL E, BRZBEL I5<R->TLED.

9.3 RBDSRET

BHEENGM T L — bk L TIRTOEEZA~NDLSTETHESELE.
DOElc —l N EFTN VLTS L — MNIFRGFIIGESRVWDOTET
Tr. BEEMIONY 77 —FHE SNy 77— Tk, —EHELE
DU TLiEZE 750p EBBORL v b EEL 2. T2 7500 DIHHRERTF
WiEmA TRIBEAE, 250u 372 6 AOMHRAGERBIIMHEL -, W
AEEPTHRETEHOIIE, WEEEPTEMATIRNIIIC, @
MURTRIRE MO N 7 7 — XX SN w 7 7 —% 600ul T DM ERFEES
ICESIEmA. BiEekZBEBEYCH-ICLER. ERAFOIL
D T-80CETW- KN HPLIE, UBHIELER > &IZ 1 FRD



HUSHL SR EET 5 L AmHEL -, BETSZEE5HEL -
5, 24&%-80CIcEL ., Bho3XTREEHRPIIBL 2.

16 NS 77—
10.1 1M Y 8/\v 7 7 — (pH6.0)

54.15¢ @ KH,PO, & 17.8¢ @ K,HPO, % BH ., HyO % 2 EA% 500ml iZ
BABETWAL. ZhEA-—-+ 2L —TLUTERL L.

102 M9y 7—

7.569 @ NasHPO, * H,O & 1.5¢ @ KH,PO, & 2.5g @ NaCl i, H,O
2ENS00ml 2B ETMAL. ZhaA—b 2L —F L%, Bl
F—b 2L —7L THEWE IMMgCL % 500u A7,

103 SAYF77—

2.92¢ D NaCliz 25ml D IM U BNy 7 7 — (pH6.0) ATz, &5
IZ HoO Z 2608 500ml I22 B ETCMATA—b 2L —T L THlEio Tz,

104 FERTFR

0.58g @ NaCl Z/NED HO IZIEML THE, Sml D IM 1) 8/NY
77— (pH6.0) & 30ml DX )t O—)VZMA. HyO %24 500ml 127
2ETMATA—bIL—TL TS,

11 Zl—}p

11.1 NGM 7L —}F

NGM 7 L —hid, ROLSIZARBIL 7=. 99 D NaCl & 7.5¢ @ Bactopep-
tone(Difco) FL T 51g @ Agar(FI#IE) #EEL . 3l D H,O0 ZMAT
A—b L —F 7. BEHOBEN O CLUTIZE-ZEIAT, FICKE
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L THBUWE 3ml @ 1M CaCly. 3ml @ IMMgS0,. 75ml D 1M 1) BNy
77— (pH6.0) ZIFMizNZx =, THICTy /—IVICERL O A5
a—JV (5mg/ml) & DMSO ICTEMRL 72 2%F 1 AFF > ZEFNTH 1.5mi
Fomalk. B2 R<BEL T, 6em DTS AF v 77V —hIi
SELTE, —BEFIBTHMERICHEL -2, LB i TREEL 2K
BRES OPSO BRZ B L 7=, ZO7 L —MCBAL 2 ABEZE 30 CT 24 K¢
s EL =18, ERICHW:E,

HIabticES>y 7L —hid. KBEEBRHTHOTRIBERL 2K
Bz T L —hohicES L, EERBRICERL LRICEHTED
HIZHAL . KBEVAMA T, XKBEOBNESZDBESEHTE
bEOEN TS, FITICIIERLAEVWT L —ME, KIBEVH
ABERNVWEDICACTHREL T, TEAETEDICERT AL IIHE
BL =,

11.2 {LFEHNET L -k

HERIEESE S (L EMORIEICHE T L — bk ORI, Bargmann
etal. (1993) OMERIZL F=dio 7z,

K 8g 12 500m! DH,O0EMATHA—FZL—TF L7, RENTFNE-
F2EZ AT, Bl THWE IM U 8/Ny 7 7 — (pH6.0) & 2.5ml
& IM CaClo & IM MgCLZFNEFN 0.5ml T DAz, Bz R <HE
LT, 6em(EiEESR & 9em ({bFEEM) OF L — FITHEL .

11.3 RERICE- R Hhtk

BF4E#EE L T Bristol N2 #kZ& 572, STS(Sequence-Tagged Site) ¥ —
h—#fiofz<wEFIZIE. Bergerac RW7000 #RZE o7z,
ZEREOSEE, HEEERR, FL Ty EYIZE, ROZEREZE-
f=. ZR{KIL, Caenorhabditis Genetics Center, University of Minnesota,
US.A. LODFIT AN,
I:  dpy-24(s71)unc-75(e950), tax-2(p671), che-13(el805), dpy-5(e61)
II:  rol-6(el87)unc-4(el20)
III:  dpy-17(el64)unc-32(el89), dpy-17(el64)
IV: unc-31{el69)

14



V:  rol-3(e754)lon-3(e2175), unc-46(el77)dpy-11{e224), osm-6(p811), che-
11(e1810), dpy-11(e224)

X: aex-3(sa5), daf-6(el377), dyf-8(m539), osm-1(p811)

12 sdf-c ERED Bk

121 ZERESEECHAWESBE

unc-31(e169) ZREKIC . BER unc-31 Bl T2FHFOIAIR - 20—
Cl4G10 ZUMERETY A 701222 a> L. unc-31(el69); Ex{unc-
31(+)] Bz, ZORBHTIE. BAL /2 une-31 iz FO 70— 213%
B, AN OBV > THRAENIEET S, TOLYD., HHHERTERD
N, FRICE. BFERRBERE D wic-31(el69); Ex{unc-31(+)] DH & E
EhHRWKXIABEFF D unc-31(el69) DEDEFEET 2. CORBHEE DS o
T\ sdf-c EREDHEEZ AW,

122 ZEEDHA

FLWEROHBAIZIZ. Brenner (1974) 17L& % EMS 2> AEICL
ik 11 o0 B e

unc-31(el69); Exfunc-31(+)] 2 NGM 7 L — bk L TH&EL /=, ML R
FERRBIIARDETOEEREL BT L — &Y, MINY T 7—
Th-o THBZ D, EDH-BHIT. MOy 7 7—T3 A7 2ml
DMINY 77 —IT BB IR, ZZICEMS(AY > AT BEIFI)
% RACIREE SOmMM & 725K DICMA T, 20 C T 4 By L 7=, Sz
M9 /XNy 7 7 —TH\W. NGM 7L —hic#L ., ZOFMN5 Unc-31 RH
RlZRIWNESREIIRRE RN, NGM 7L —FT 1L D25
CTHEL =.

123 RoU—==4

—[EFDEFL MBOTFE B (F1) 5 Unc-31 FZHAE R I AR WL EE
T, SS5CHEZFHOLOZE 1 HBOT L —hhs §SETFORBUHIL 2. B
HU =E4E, 1 IEFORAONGM 7 L —hZ AN, 25 CTHEEL .
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BEAE O R EFENKRELS 3 8 HIZ dauer S1HAT BN TR,
daver $1HA /2 5, T daver H1HAS Unc-31 EEMYZRThA~Z. T
AT D daver $hH1A% Une-31 ZBBARL /7L — b5 Une-31 Z3HA
RS WPRBARKIE, —KFOSFTHAMNE., MAMEEZRDIE
THBIT, FEBIT daver iR Wz WE S BTS L —bAia<iEo2k6,
ERVTFEESEICZ-> LML=, &5H5539 D F1 2 AV ) —=
LT, Sdf-c BRBZEZRTHON 4GS,

FEEGRIIG S REERKD. #ESERFL .

13 dauer KD ENE (Sdf-c RIRBEIDZBHE)

ZEREZRAEFL TWAE T L —FDOHFENS, Unc-31 XERZRTEEE
B, THRIC Unc+RBIMZ RTEEOWINWI E2#BL . ZHh#zE25
TE0CTTHRELLEHMRFAFTL . TNTHO daver HROBN 5 E|
SEREL .

14 T HAEZEDRSE

FFABROR B E HEEAE DIO EFUBKIC DI 5 & | 28I 3 5 amphid
L RBBRIC S D phamid EIFITN 2R EREFOARIZEHL THE—HO
REBEEE (ADL, ASH, ASI, ASJ, ASK, AWB, PHA £ T PHB) [Z d0(fa3%
A FAIA T (Hedgecock et al. 1985; Perkins et al. 1986; Starich et al. 1995).
LU . osm-1%° che-11 DE DT, Zh b OBMEMBEOMEICRENAE
U, BRESBOERSARICBHL 2< L5 ELRTIE, dEMAE
NBAAE L 725 (Perkins et al. 1986). £ Z T. HABHENEHADMN
MARBZEICED, BEMHROBEICRENELTWANE, KEDIZ
BT ENTES,

NGM 7L —h L THSLABRREMIN T 7 —TH->THED. E<
BLL TREEZIEBX 4%, EHE 100u BL TR LifZRWE.
T AFIWHRIN LT I RIZEML 72 2mgiml D DIO % 0.5u A TR IBEE
oo INEBTCTIZ2HMBWTHABKEZRVAZTE, 1ml D MIN
77 —T3EK->T. #HABRBE T THEABEOMDAHLZHREL L.
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15 ZERE&EOTvEYS
SYBEL 7= ZRAKIX, Sequence-Tagged Sites(STS) ¥ —H— DR HRME
AT, MEEBE S MR L TORENBMBELZETEL 2. <

Sdf-c REAERZHOMGOLERYN H 5B, HEltEABRETRL, TH
ERUBETOERTHHPHANIC,

151 STSwvEXYY

C.elegans 1213, —MIZEFEHE L THA XN S Bristol N2 $ROAHIC
ST AR 5 RS N7 Bergerac FIET 5. N2BRDT / L ki
iE, Tel EFREN B RS2 AR K30 2 E—FET SDITHL T,
Bergerac #1213 49 500 3 ¥ —FF7ET 5. Bergrac #k0) 1 D RW7000 IZI3 47
1£3 28 Bristol BRI ZFEEL 7200 Tel DWW DM DNWT, AT
IEOHEBERFIBRESTNTND, Williams etal. (1992)12L D, ZD Tel
DT L 5L A JLOFHRAFIT Polymerase Chain Reaction(PCR) IZ £
DL . BETOIYE L E2TRDHENHELEIN TN S,

BLRHGTESKEZREDT vy E VX, T O Williams et al. (1992)
O F k% —ELEL T 57, Bergerac # RW7000 OREICIZ, HEHER
R EZRT HIEMEDI N, £ 2T RW7000 ORI N2 BROHEZ 22
ELL T. RW7000 & N2 DAF D{ESEOBEE (ERL 7. ZOANTFOHES
EOBIIZRT HEEN D HOT, 512 HiTHS N ZERKOMREFE
IZ3E/L =, COLERTRICENS daver H1E1 5. ELFOKDIZ STS
v—h—ERHELTYyE YL,

dauer $1H1—VL# 3,0 @ 10mM Tris-HCI(pH8.0) + 0.05% ¥ 7 F > +0.5%
Tween20 +100ug/ml Proteinase K 12 A#1—80 T T 15 4Ll LdRfa S €7z,
Kz 1 BEH 60 Tz RL T, &M/, Protesinase K 2 %1%
XESEDIT 15 M 95 Clom#L 7z, PCR Oz DiRlEZE AN DF
MEE<STS7=0i2. HS5HMU H PCR buffer, MgCl,, dNTP, primer, Tag
plymerase % {47 PCR mix Z#ML THW/z. PCR mix iZidH>T)L 1
KHEOVROBOERESL . 10 X PCR buffer 141, 25mM MgCl, 0.6,
10mM dGTP 0.2u, 10mM dATP 0.2/, 10mM dTTP 0.2ul, 10mM dCTP
0.2ul, 100pmol/ul primer 0.1pd(—FH¥EL 7= 1), 5U/ul Tag polymerase € L
THY TN —EKBEOOBRE T RAETH0EMA K, 80CET
RAE%E FIF T Z® PCR mix & Tul 1A T PCR #f772 272, PCRiE. 94
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CT30H—58C1H—T2C 1 (N CORGHEERT, 1912081218
TORTE) LIV N E WOEEWNIRETITR2 . TOY>
TWEFREMEGETD6%HE YT 2 UNT I RF I TELKEL T, STS
Y—H—ICH#ET S DNA WK OEEEHEL =,

ZDOSTST—Hh—id. EMETH S, COEHSTST—H—%2FDOHRE
EEF-RNRAKOAT OEAEEKOTRD 75%12. STS ¥—h%EFE
FEEATOIRED, XoTERE STS T—H—AUHEEL TWa2WEE
. 75%OHERTY—h—0RiEN 2, HCEEL Thasid~v—
AoRHZN BG83, v—H—LZROBEMNELZBIILEN ST
BETd35, ZRET—H—NEEEL TWWAEMNT, HEEL TWEWLERE
LERICHf SN 27— —0oHESN 336 TH S 15%L DAEBICE
TL TWSHEHFRREIZ L DBESMIL 2., ZORNOREFEICIE.
ViEGEREERMERL 2.

15.2 HAMER

BONEEREEHOLER,. FEEABONAEERE S UHNREAL #ETF
DERTHDHME 5% . K daver SHIRL R 28 S L THAMR
BRICX DNz, L., BoNEERFEDS S, BAAKOEMDAS
CRENSHLZERAEL, RBTBHOREZRTILEREIIODNTIE., Th
FNOXRBREZIEREL THEMRBRZ{T25/=.

BHOERDD L, unc-31(el69) ERE _EERIZL 2 & FIT daver
HIEF AR T 20% L, EOMEEDS daver SiHRICiz B L HRERIE. DT
D19 BIGTFOERTHS (. FWE) : che-2, che-3, che-10, che-11, che-13,
che-14, osm-1, osm-5, osm-6, daf-6, unc-3, unc-41, unc-64, unc-101, aex-3,
tax-2, tax-4, cat-1, fir-5. ZDI3 5, che-205 daf-6 ETOERIT. Bl
TEAEBREOREBBERAREZTIOT. TOLIBRERMEHICH-
IB§DH, ARRBEREZEEEIL THHEERBRZTRZ . une3h 5
unc-101 ETHERIT, M TEHAFRRRUEZRIN, Ho5hLERD
DB EDOXIBERI N -, aex-3 ZMETEREEZRTOT, £
DEDBERVBEFIZH > MDA, RIETHREZERLL THMHMN
HBETE o
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15.2.1 RtEshREREZiEEE L /2B TEEER

C.elegans Tid, REHEBTH SN S Fl OEHEFREOPIZ, CEBTHED
ETFofuc., BFEEICIDECETRES > TS EENH D, BF
SHETIIEREEL " ECRNO T, FIOBRETREICEDELED
DOTHDHH, daver SIHTII ML MHFREOXNVBFIIHETHS. €T
T, HEMRBRICESEREKDS S, HERAKOSIZEEOBIET—
F1—E U TdpyBR (BN A ELBRBER) EHSHUDANTHE. &
Bz XD U = F (Dpy+ERBBZRT) L ARZHMIT LD EU 2T (Dpy
EZBRAZED) ZRBL . Thbt., HHEMRERT. L 2D0ERN
AU BEFATOZERTHO L., ZOBTEbRICEIV/SNS FLIZ
non-Dpy @ dauer f1HA N BT TH D,

1522 HABRORBILZHEREL ZHEEER

HHAROBFREZRTEEIIDODVWTIR., ZORIAMEREREELL T
HeatRBRETa-o7., EbROL Sz, HEERRICESZEREDS S
EHEREDHIZH SN Ddpy BEREANTB WL, BITESIHOER
K13, HEREEICFEROBEEZITShETATOESE (ERE X RA
EKIZHEBEENIHAE) OBEED. Iz dyZREFDEHHFE
T abiEE. ZoTa&bHIz L D#ES5NI S Fl @ non-Dpy OEEE(F]
HEHEILEST, BRABEKOBBELZRANL., HREKLOZERZWNS
Bz, ATFOBESKO#EFESOT. 2DO0EENELCBETICIHS
H813. F1 @ non-Dpy ORIz 8 A FEBOIEF 2 {EK S BET
BENS 11 OBETWEI Eichb. RE3BETFICHHBEI. F1D
non-Dpy DAL . ETHENBRBRENVERZEKRIILZS.

15.2.3 BETHEREFEEL CHEBEER

HIERE X ORIy T INDBEHOERD aex-3 78 unc-31 ED"E
ZRIT LD Sdf-c #HRBART Z EARSN TS (Bargmann et al. 1990;
Avery 1993).

FEROBEORETENT, RO=BEEN 5725 TWS (Thomas 1990).

1. ROEA RN FED (pBoc).
2. BAED NS LM, KOFTHEIATHE L (aBoc)-
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3. BOFIRG RN T, ¥EZET S (Exp).

aex-3 ERETIZZ D178 pBoc DHIT/E V. aBoc & Exp M EL /2o
TL % (Thomas 1990).

FIT. BonZREDS S, EEEBEX OEMIC~Y vy TS S8R
DNWTIRETBICBRENR RSN WHRNE. ZOMETHE. HEHIZ
WEIHAHAERHETHEIZET, RSB RELFkRICEZED
2T, pBociZXd % Exp DEREZREL /2. FEBRE ORMIZHEFEIC
BERE (p <005 H SN, Mann-Whitney BREIZE DBEL .

ZORETHETHICRHEERL EEREKIIOWT, ZORETHO
REEZEELL THEERKRZTRo . HALEHRBRTIE, BRZRMIC
XBF1 ELRICED Fl Z2ERT 50 I HEREIZH SN U D dpy
REANTHE., KHFRIC Dpy+RBRBZ R T FLIZDWT, pBoc iz g
% Exp DEIGZBIEL 7=, HAL =HME ShiL, BEKE OMICHGEHE
RO A B2 (p <0.05) A1 575 Mann-Whitney BEIZ L OBEL . A K
RENZTD SN WECHEMBL =& L.

15.3 =EF3HM

STS T—h—IZ L D EHB L TORKENRMBEDOHRE ST HDITDN
Tid. BHOZERE O =KT M (Sulston and Hodgkin 1988) IZ L D, &
SIZELWIEEgEL =,

IwE 7L EIETDsdfc ERERAURGHKR EIZH D, BEWITE
LEMECH S 2DO0EHMOERO _HERE (RIZ ab £ T 5) 28
. ZHICBAEROBEZIT T, ANFOESEOHEERL . ZOKE
sdf-c EREIZHT, BohEFR 2132007 L — AN, Fo
7= F2 OFBEE BT FI IS sdf-c/ab;unc-31/+ & WO BETFRE/FOT L —
hZ2EAE., ROPHSHBIRERRIA LT B ERIRAGERL .
1oL WS L — R AN, FEH (F3)IZ Unc-31 £HBZRTE
ERNRRWH DI/ T, F3IZ Unc-31 #FHREZRIMEENNWSIHEN.
Unc @ dauver iAW B Wiz Z X, ThTho7 L —hOBER
ATTwEH LIk,



16 {EFZFICEFRTITHORE

amphid T4 D{LEHEDOZENRTON SO T, H2O{L¥EWHEIZ
T DiTEEEAT. TEROREDDITITETRN TH 5 unc-31 R
HREZZDOT, unc-31 ERED-"EERELI>TWHWBDENS unc-31
ZRERE, BR2OTHEAIHEHL WEROAERD, 7L—h L
ZIEFICENT AEREERRL 1=,

TTEhO B OF L. Mann-Whitney BEIZ & D BFEBRE ORMIZAER
7= (p <0.05)NEBDH SN DM E S THIETL 7=,

16.1 BERBEES®

BFAEBRD Celegansid, BEEOBWVWEL A2 BT SMENSHS. 2O
MEL . amphid O ASH EFEHHE % BT 5 & b 5 (Bargmann et al.
1990). F7=. amphid DEGERELREICLIDBEENENWIEEZEL S
EMTERWERDFET S (Culotti and Russell 1978). T Z TEEBE
SRHZ BHE A H D) % Culotti and Russell (1978) O HEIZ L DNz,

B R2HTHAINEZZEROBEFHOROMEEE 3 ILER, 20CD
NGM 7 L —h L TEFOTE HDIFEAE VMR E IRBICR S E
THRELE. ZO, fHOHFFEDERSTWaho7/ L —hRETE. &
HEMINY 7 y—FRB SNy 7 7—THh-oTHD, E<ELL THOD
KIEBEEZSDL EHERTE. ZOoRBOXLV R E Iml OMINY T 7—
Xl SNyT77y—T20H,. E5IZ1ImlOH,0T2HEE . ZORHK
W, WS 2% S LN GBREEREORNEIZ M- 2.

6em OALZEEMERIE T L — b OEICERE lem OF 2, ZOAI
o T 60ul @O SMNaCl 13 H,0(O > b O—)LERDOEE)ET L —
b LizEWE, ZOBBENLTTL—hIlNENEZEZAT, Hoh
ko= BBEM 100 CEZE Ry f CHE->THEREL, BRHETL—FIC
FR-E, RO H0Z2FATATTHRWED, #3204 <ITEWVEN
&3l 207 L —hZERIZI0HBENZEIZ, MOARNIZL
SHEME, Iz ABBORZEREL /=,
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16.2 EREMEMEICxTHELMN

WREOHEIC AT S EEORIEIZX. Bargmann et al. (1993) DAk
LTk,

EREEEBORELFLC X SICHEEBRE 20CTHSL . MOy T 7—
FRESNY Ty —EHO Tk BBEEABLZ. ZOKEED, KW
otk s A EEEORIEICES T,

9em DALEEMRTET L — 0BRSS Smm DEZAIIR— T 217
foo COBRLEEGHEENTMHOENSH Smm DOEZAITHERRIIY—F
O, TOZHEOKAIZIE IMNaN; & T ) —IVTHRL ZH#HEREM%E
DFEFIWEE 1 TO. A IMNaN3 &> O0—=)VOILTSY /=)
DHZE Wl TOEHLE. BRECAHESIWEIZIE. 1000 fFizHRL 2>
FEFIE 200 FICHFRLUAERCXTANTEREME S, T, R2X
FHVTFERIZIEWT B EMEORENRRSNIEKRIIDWLTIE, 10 H2H
RLUEEAVTINTINa—ILE 2000 5 & 20000 fEIZHRL 72X X7 )
FERIZDWT BRERICEAN,

o7 L —h O, #EoBRBZEXRy F TR TEE, &4
KYZEFLTAT TR, COT L —hZERRITEE, 60 5H&IC
FESIERO¥SET S O—=LAIDOESTnEHBRHEOBER N, T
ORFIZ ., HBDITHEREBNZEZ A0 5 E lem BLEBIWTWERNLRSR
DEIZ, B o EL T, EbS0KICb AN WI EIRLE. &
DORIENS . KDOKIZ LD Chemotaxis Index 2R 7.

FS AR NERBEOM - a2 o=l W RBEOK
TL—b EOBROBEE

ChemotazisIndexr =

22



SEITE
KRERIER

17 Sdf-cZRED Bt

unc-31(el69); Ex{unc-31(+)] % A< EE S0mM @D EMS(A Y > AR 2
BT FIL) TUEL T, £ F1 % 5539 PLill_7= & T 5 F2 1T dauer #hH1
WWT, 2@ daver RETHIT EAE TN NEND Unc-31 R ZE
RITHON. 4HESNnk.

unc-31(e169); Ex[unc-31(+)] T3, REEMIEASNTZTER unc-31
B{ETF (Ex{unc-31(+)DIZ LD, Une-31 HRENIMEZTNTINS, LrL,
ZOBADNAZHLHRERTERDNADT, FHRIZI Unc-31 RBWER
G HD (unc-31(el69)) EREZIRNHD (unc-31(el69); Exfunc-31(+)]) Hik>
%. Une-3] EHEBZ REL W daver BN B D OENWDHDIE, unc-31
ZERBHSTHESTH daver w2 4L 28R daf-c ER)EFEA BN
HDTRTE. £KE9 O daver HiHAY, Unc-31 BRFRBZRL TV T
B, FEFITDEO daver B Une-31 BBEBIZREIBZNWHDONH S,
UL, Unc-31 BRBZLV AF 2 —F5HRBIET A ZIZE 2 TWSATHE
HAiH S, TI T, Unc-31 BB A RT daver $hRDOEIZ T Une-31
KEYERE2 0 daver HHEN T <MD BDIE, sdf-ce BERELEL 7=,

ESIsdf-cERTHAI L EWRBTHEDIT, STSY—A—-ITLDi#
G EOMIEDHAS I 2T BRICD W T, une-31 ZRERRWIH
LWERDOAKIZL T, Daf-c RERERIL NI L EHEL .

18 ERGFDODTVES
18.1 STSY—h—%fE-fvvEs

BoNTz sdf-c ERMAIZ. Williams et al. (1992) @ Bristol #k & Bergerac
BROBITTY / LAEKHEETAR I AR 2 Tl BEEDI I EITES
2RIt % > /= STS(Sequence-Tagged Site) ¥ v E/ERIZX DT v E
TaiTizolc. B1DXIIZ, DEsh/-Mabho 283, HERTIC 4
PR, EESHBEITIC S Mk, HEHBEINIC 3 8k, EESEBEIVIC SHR, EHIBEVIT 1
PREL THEBERE X I 148k v T STz, 5D O 28K (sdfiurl84), sdf(188))

23



X, Bo 2 daver SIS, ZDSTS ¥—H—2 {2 FIETE
IuTTBILENTERM-T,

24



% 1 AWEIC L VBSNT unc-31 EOMEE T Sdf-c &

BRERTEREO YUY

MR BT STS ¥—H—OREh = 8E (v—h—oRdShd > TV Y27V
hp4 maP | mgP21 sP4 bP1 stP33
I sdf-I(wtl6l)  57%(16)f  64%(18)  82%(23) T.1%(2)f  82%(23)  86%(24) 28
sdf-2(utl58)  52%(14)f  67%(18)  74%(20)  0%(0)f  T4%(20)  67%(18) 27
sdf-2(utl67)  44%(11)t  76%(19)  84%(21) 4.0%(1)f  80%(20)  64%(16) 25
tax-2(utl73) 33%(9)f  74%(20)  82%(22) 0%(0)f  82%(22) 63%(17) 27
I sdf-3(utl60) 69%(18) 54%(14)7  69%(18) 0%(0)f 81%(21)  85%(22) 26
sdf(utl62) 79%(19) 50%(12)F  88%(21) 4.2%(1)f 75%(18) 67%(16) 24
sdf(utl66) 82%(23) 39%(11F  64%(18) 0%(0)f  89%(25)  64%(18) 28
sdf{utl79) 84%(21) 44%(11)7  68%(17) 4.0%(1)f  64%(16)  64%(16) 25
sdffutl8l) 76%(19) 40%(10)1  76%(19) 0%(0)f  72%(18)  60%(15) 25
1l sdffutl80) 75%(18)  79%(19)  17%(4Hi 0%y  71%(17)  83%(20) 24
sdf{utl8s) 93%(25) 63%(17)  22%(6)f 0%(0)f  78%(21)  63%(17) 27
sdf{ut192) 68%(17)  T6%(19)  16%(4)i  0%O0)t  72%(18)  68%(17) 25
IV sdf-d(ul72)  69%(36) 67%(35) 83%(43) 19%(1)f  69%(36)  75%(39) 52
sdf-5(utl75) 85%(22)  77%(20)  89%(23) 3.8%(1)f  65%(17)  69%(18) 26
sdf-6(utl78) 85%(23)  59%(16)  59%(16)  0%(0)f  59%(16)  59%(16) 27
sdf-7(utl86) 85%(23)  82%(22)  59%(16) 3.7%(1)I  67%(18)  67%(18) 27
CRR—-Vi gL s I Tl

25



= LD H<

Mgl BETAT STS ¥—h—ogHiEh 8 (x—h—oRbBahizv 7 Ho7 &

hpd maP1 mgP21 sP4 bP1 stP33
IV sdf-8(w193)  92%(23)  68%(17)  72%(18)  8%(2)f T2%(18)  76%(19) 25
Vo sdf9wls7) T8%(21)  67%(18)  82%(22) 3.7%(1)t 52%(14)f  63%(17) 27
sdf-9(utl63)  T6%(19)  64%(16)  84%(21) 0%} S52%(13)f  68%(17) 25
sdf-9(utl69)  69%(18)  T7%(20)  89%(23) 3.8%(1)f  54%(9)f  89%(23) 26
sdf-9(utl74)  89%(25)  82%(23)  T9%(22) 3.6%(1)i 57%(16)F  68%(19) 28
sdf-9(utl87)  T9%(23)  62%(18)  69%(20) 3.4%(1)t 41%(12)f  79%(23) 29
che-11(utl54)  80%(20)  76%(19)  84%(21) 0%O0)f  36%(9)F  64%(16) 25
che-11(utl76)  T1%(20)  T3%(19)  62%(16) 3.8%(1)F  12%(3)f  77%(20) 26
osm-6(utl83)  92%(23)  56%(14)  76%(19) 4.0%(1)f  T%@)i  68%(17) 25
osm-6(utl91)  62%(16)  81%(21)  77%(20) 0%0) 7.7%(2)f  58%(15) 26
sdf-10(utl89)  93%(26)  64%(18)  T9%(22) 7T.1%()f  29%(8)f  71%(20) 28
sdffut194) T8%(21)  T8%(21)  85%(23) 0%(0)f 41%(11)f  67%(18) 27
X sdfwtl56)  84%(31) 62%(23) 87%(32) 0%(0)f 76%(28) 49%(18)f 37
sdf{utl65) 74%(20)  82%(22)  67%(18) 3.7%(1)t 100%(27)  33%(9)} 27
aex-3(utl59)  T1%(20)  81%(21)  T7%20) 38%(I  85%(22)  27%(T)i 26
aex-3(wtl7l)  T2%(18)  68%(17)  64%(16)  0%)f  80%(20) 44%(11)f 25
aex-3(wtl77)  61%(20)  T6%(25)  85%(28) 3.0%(1f  85%(28)  42%(14)f 33
sdf{utlS1) 79%(26)  61%(20)  82%(27) 6.1%()f  T9%(26) 39%(13) 33

RA=TIHES
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AR—T L DHE<

HET #ETHAT STS ¥—h—DBRHEh-8E& (v—h—oRZnk9 >V S 70
hp4 maP1 mgP21 sP4 bP1 stP33
X sdfiutl53) 88%(21)  67%(16)  88%(21)  0%(0)t  75%(18)  33%(8)} 24
sdf{utl55) 82%(23)  75%(21)  89%(25) 0%(0)t  79%(22) 46%(13)i 28
sdf{utl68) 72%(18)  T2%(18)  T2%(18)  0%(0)f  92%(23) 40%(10)} 25
sdf{utl90) 83%(29) 69%(24)  80%(28) 2.9% (1)t  71%(25) 46%(16)} 35
sdf{utl52) 74%(20)  63%(17)  74%(20)  0%(0)f  78%(21)  7.4%(2)} 27
sdf{utl70) 72%(33)  65%(30)  80%(37) 0%(0)f 74%(34)  15%(7)i 46
sdf-11(utl6d)  63%(17)  82%(22)  78%(21) 74%(2)t  85%(23)  33%(9)i 27
sdf-12(utl82)  T2%(18)  72%(18)  76%(19)  0%(0)f  84%(21) 56%(14)} 25

tEONTEERE unc-3] EO_EBEREEME-STI v E VLU DT, £ THEERIV
NR—N—TdH2% sP4 L OHEEERT,
P REICED, BEBREODHDHZEETRT.
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18.2 dauer #hBEROES

BENT sdf-c BRIEDTNS | unc-31 ER%E L AF 2—F WA (Ex{unc-
31(+)) AP S Unc-31 A% R B EEY, daver ROBRNLEIE
#20CE 25 CTHNG (£2), BEAEDWIR Y V-2 T 21732
7225 COAEM. 20CTHIFEL =L D B daver IRO TN G & -
7= LML . sdffutl68), aex-3(utl71) €L T osm-6(utl91) DX DT 25 T
X0 H 20 CHAEN daver SHHHOBN LB GOEWHEH -7z,

E7e. sdfiutl62), sdfiutl66), sdf-4(utl72), sdf-5(utl75), sdf-6(utl78), sdf-
(utl57), sdf-9(utl63), sdf-H(utl74), sdf-Hutl87), sdfiutl51), sdfiut190) < L
T sdf-12(ur]82) D X 12 20 ‘C T daver RO L EGH 10%LL T &
EEAEENZVOIZHL T, 25TIZT 5 & daver IHHOBN HEIGHTE
BIZE LI SRERSHOMNE L BONT. R sdf-9 DERIT. S
BENTZND sdf-Hutl69) Z < 4 AT, MNRERZHERTH 7.
Z D sdf-9(utl69) H daver SHIHOBEN S EEAT, 20CTIL323%TH2H
OM25CIZT B E 83.5%IC LR T AL DICRERZEOEANNED 5.



% 2: KPFFIZ L DEBSNTE une-31 EOFESH T Sdf-c #

B % 7T A RAE
i BfETH dauer R OE| 5 W
20C 250

I sdf-1(utl6l) 20.1%(592) 80.09%(205)
sdf-2(utl58)  74.9%(446) 84.1%(320)
sdf-2(utl67)  22.3%(184) 48.1%(285)
tax-2(utl73) 1009%(150)  100%(277)

11 sdf-3(utl60) 18.0%(566) 83.9%(238) Dyf
sdffurl62) 8.8%(240) 0.6%(169)
sdffutl66) 4.3%(280) 100%(171)
sdffutl79) 64.4%(219) 81.1%(143)
sdfiutl81) 25.8%(330) 37.1%(167)

I sdfiutl80) 90.5%(147) 100%(152)
sdf(utl85) 13.0%(353) 30.5%(266)
sdf(url92) 47.5%(240) n.d.c

IV sdf-4(wl72)  10.3%(329) n.d.
sdf-5(utl75) 0.7%(1264) 77.6%(147)
sdf-6(utl78) 0.4%(512) 35.5%(498)
sdf-7(ut186) 18.1%(281) 81.7%(224)
sdf-8(utl93) 18.4%(576) 40.0%(195)

V sdf-9(utl57) 8.5%(317) 85.6%(292)
sdf-9(utl63) 0.6%(536) 86.8%(273)
sdf-9(utl69)  32.3%(378) 83.5%(692)
sdf-S{utl74) 7.1%(672) 72.9%(339)
sdf-9(utl187) 8.7%(161) 88.8%(330)
che-11(ut154) 20.3%(261) 33.8%(414) Dyf
che-11(ut176) 29.0%(545) 79.7%(133) Dyf
osm-6(utl83) 21.6%(264) 32.3%(180) Dyf
osm-6(utl91) 35.9%(237) 18.2%(165) Dyf
sdf-10(ut189)  20.5%(215) 20.4%(245)
sdffurl94) 0%(540)  7.1%(268)

X sdffutl56) 48.9%(525) 58.7%(552) Aex

RA—-DIZEEL




AR— RS

HEH  BETA dauer $hHOF| fim 5"
20C 25C
X sdf(ut165) 13.7%(473) 23.7%(118) Aex
aex-3(utl59)  53.7%(149) 96.0%(251) Aex
aex-3(utl71)  75.6%(447) 47.3%(429) Aex
aex-3(utl77)  55.8%(215) 65.7%(445) Aex
sdffutlS1) 5.9%(615) 63.2%(291)
sdf(utl53) 42.8%(418) 67.1%(468)
sdffutl55) 40.0%(567) 76.2%(454)
sdf(utl68) 82.3%(772) 35.8%(402)
sdf{ut190) 1.4%(417) 61.1%(198)
sdf(utl52) 44.8%(181) 85.5%(228)
sdf{utl70) 51.8%(369) B80.4%(326)
sdf-11(utl64) 38.6%(285) 96.5%(230)
sdf-12(utl82)  6.4%(282) 46.0%(163) Dyf
unkown  sdf{utl84) 0%(622) 10.5%(325)
sdffut188) 8.2%(256) 39.3%(196)
control  unc-31(el69) 0%(694) 0%(158)

4 daver 1 HOE L, BIET HHHC i< & ZHRBIET 2 iRETHE
L. TOFE BIZHN S daver HHOF|SZREL =, 03, BIEL 724
HOEET,

b Aex (2. IRIEITEOD aBoc & Exp DK R AERAZRT. Dyfid, #EA
FEDIOMPAHAERNWERERT.

¢ dauer YHROF)ESZBET DH0Z, P b HRAET LRETHE
L7BEOTFE BIZEL 5 daver W BOFNEZHEL 2. LML ZDOER
TR, @ TOMED daver SRz > TL EFNFDTFE H O dauer S
DOEEERETAZENTE M7=,
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183 EABROEIYIAH (Dyf RIFE)

BFAEMZE MHAAEDIO ZTVBHICOT 2K 2 DX SICHIBRESE
‘B amphid @ 6 # (ADL, ASH, ASI, ASJ, ASK #L T AWB) & Bl
24 phasmid @ 2 #1 (PHA & PHB) O & st M OKREREOHMER &Ml
KHRE 5. BE5NT sdf-c EREZEHEERE DIO ZFDHERITOTT
amphid & phasmid ~NOHEABEOWMDABEZWN/EZ A, E2DED
CHNBEORVABRIZREEEL B EDHAISNTWEMADERD
che-11(ut154), che-11(utl76), osm-6(utl83) L T osm-6(ut191) DRIZ EH
EFOE D AR RFEZE EC DR sdf-3(url60) & sdf-12(utl82) DS
FhTWwk, ThoO&E6 BkDZERTlL. amphid @ ADL, ASH, ASI,
ASJ, ASK, AWB ##i#£Z L T phasmid @ PHA, PHB #if#Dd X TIZTDNWT,
E<HKBROBMDABNR SN ahoTz,

sdf-3(utl60) D 7 IN S MBI O LIRS, FLBROIRD
ABOREZFITHAOERIR L., XTI ofshERT. Fi#
DERTHAEEA NS,

sdf-12(ut182) D 7 INT=EBHEBE X OAITIE. EXAFROMDAH
DR¥EEZFTEHOOEREL T, daver 1B ORF 2 IFEICHEES N
7z daf-6. mREESBRORBICLXO#ENZ osm-1. £L THNAER
OHDAHZOREERBEEL THBEENT dyf8HENT NS, NS
DEREOHBHRBRETR SR LEIALTOERZHHATLITENT
e, TOTEMS, TOsdf-12ul82)13. FROERTHHEEAD
N5

ZOERBD ST, HAAEROMDAZORFZITTAL, SLERER
DA HEOMECHBERECHETAFELDESND. FRIOAY ) —
ST K0 MEEINTE sdf-c EREDS B, HNBEOWMDASNIER
DHOR, ETHEKRERIL < ABOMERRED, REoMEOH
ROMUOTWSBBIZIRERR a2,

184 dauver R EIIEIZELL ~HEMAREENMOZER
ED=AFRMICLDBYVE S
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<

-4 ASH
- ASJ

PHA » ' -a PHB

2: #YEA5E DIO @ Amphid & Phasmid ~@H D A&
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Unc-31 Sdf-c

HEEF BRoMEGTR. SEEL -FRBIR RERO  XHBO
BN BN
sdf-I(utl6l)  sdf-1(utl61)/dpy-24(s71)unc-75(¢950);unc-31(el169)/+  Dpy non-Unc 6 0
sdf-2(utl58)  sdf-2(utl 58)/dpy-24(s71)unc-75(¢950);unc-31(e169)/+  Dpy non-Unc 7 0
sdflutl62) sdfiutl62)/rol-6(el87)unc-4(el20);unc-31(el69)/+ Rol non-Une 15 6
Unc non-Dpy 11 6
sdf(ut166) sdfiutl66)/rol-6(el87)unc-4(el20)/+ ;unc-31(169)/+ Rol non-Dpy 8 3
Unc non-Rol 9 >
sdf{url79) sdfiutl 79)/rol-6(el187)unc-4(e120);unc-31(el69)/+ Rol non-Unc 17 9
Unc non-Dpy 17 10
sdffutl81) sdftut181)/rol-6(el87)unc-4(el20)/+;unc-31(169)/+ Rol non-Dpy 11 7
Unc non-Rol 11 9
sdflurl80) sdf(utl 80)/dpy-17(el64)unc-32(e189);unc-31(el69)/+ Dpy non-Une 11  §
Unc non-Dpy 25 24
sdfiutl92) sdf(utl92)/dpy-17(el64)unc-32(el89);unc-31(el69)/+ Dpy non-Unc 19 0
Unc non-Dpy 30 15

sdf-10(ut189) unc-31(el69)/+ ;.';{{['- _@i ut_{ 8_9__)_{:1;.@ g?j‘rl Jon-3( ffZ_f 75) ~ Lon non-Rol i1 |

# 3 — 1AM

TR EFHE ETOM MO S 2 EE O TREe KT o E T, ToFELOEETYTL
&5 ET 3 sdf-c BIET & unc-31(e169) Z TNEREIZFFOMUIKICHNG T £ DRDIT Kpizidv 7L LD
ET 2D sdf-c BIEFEBFEROATOHENGRD 12 DMATEL 5, T TATORAGEE LI DORITL T,
ke OATFOTH b0, Thbb - HEREOREOMAOBN WS OIIETE.

DI Z KL, Une-31 BB A RESWEE D>z, FO0 114 OHE#H Tunc-31 Z2F ER LA FSH.
FOTE B SIT daver Y1RITEC 2N, FZTFE BIC Une-31 &8N ERTEEOVWRNWSDIRETT,
Unc-31 ZBEIZETRAONWARNT daver iEOHN 525 OO &M~



18.4.1 ESHR¥I

HMBELICH D unc-31 ED-EERIC KD Sdf-c BHEZ T I EOH
SNTNBERIZIE. che-l3 L tax-2D2DINMH B,

STS ¥—h—% o=y ¥ Az &k sl 1o v v 7 ahni wiss,
utl6l, utl67 =L T utl73 D unc-31(el69) & O _BERKIZ | BFERORZ
HITTATOESEOHZEERL 2. T % che-13(el805);dpy-17(el64);
unc-31(e169) \= Iz & 2%, F4 DX ST non-Dpy @ dauer HHRITIZT L
NEBRESN Mo, TOZEMS, SESGHMENIZERITE. che-13
OERIEFNTVANEVA S, ZOZ &R, SESMENERE
(w158, utl6l, utl67, utl 73) 73 %73 Dyf RBRIZ R EZNDITXL . che-13
7 Dyf #EEIZRTI I EE—HKT 5.

HEoMETE

gfggﬁm utl 58/+; utl61/+; utl67/+; utl 73/+;

i unc-31(el69)/+ unc-31(el69)/+ unc-31(el69)/+ unc-31(el69)/+
che-13(el805); 3/979 2/636 10/1101 0/674
dpy-17(e164);
unc-31(el64)
tax-2(p671); 0/597 /618 2/484 119/456
dpy-17(el64);
unc-31(el64) I

7 4: MR 1 OB OZE R & Otk
¥Fi3. non-Dpy non-dauer iZ %9 % non-Dpy dauer DE G %KY .

BHRIT tax-2(p671);dpy-17(el64);unc-31(el169) IZ S EIEF S N R EFF
EHREDATFOORERTRZETZ S, 4 DX ST wtl73 LASL Tl non-
Dpy @ dauver $hHiZ R E A o A8, w73 % #HiF 7=FFZIE non-Dpy
D daverlz< TAEL 2, 2O ENS w1731, tax-2 DERENZ B,

KICEMBE TRy S SN BETRETHEBERRET R LS
A, RSOEIIT url58 & utl67 8, FALBIGTFOERTHAHILAHS
MZiro . Lo THSERE 1ICIX, sdf-1(utl6]) & sdf-2(utl58,utl67) D
DL WlBETR Ty T Ik,
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sdf(ut188)
stP124  dpy-24  hP4,TCbn2

sdf{ut184)
I L Osdf-2(ut158,ut167)
tax-2{ut173) sdi-1{ut167) 4—0O
stP50
sIP100  stP196 SIP101 rol-6 une-4
N —-—
sdf{ut162) sdffut179)
sdffut166} sdffut181)
dpy-17 une-32 siP17

]| ’ '
| —

sdffut192) sdffut180)  Sdf{ut185)

sdffut172) sdffut17g) sdf{ut186)
sdffut17s)  sdffut193)
bP1 len-3 e SIP105 stP128

! T '
sdffut194) \ \ sdf-10(ut188) sdf-Q(uﬂ’_-{

57,ut163,
fosm-6(ut183,ut191) | ut169,ut1 74,ut187)
lche-11(ut154,ut176) |

stP41 SIP40  stP129  siP72 ste2
] L | 1 I

[al;{uf 180} sdffutisz) sdf-11{ut164)

aex-3(ut159, ¢ I sdf(ut170)

ut!71,ut177)
sdffut1s1) (ut155) sdfiutiG8)

sdffut153) sdffut15s) sdffut165)

® 3: unc-31 LA EDHHE B & Sdf-c HHEREZ RTEROEETHIE
dH oL, FOT—HOIREWEREITSH B TEEHZ

pru
mATHENTWSDIE. Df EREZRT,

O, BETHOEFOAEZRL .. £0OIEM
I‘iﬁb T{flfd: ka.‘\'a
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DO ETE
B D Rap T
A wtl58/+; utl6l/+; utl67/+;
unc-31(el69)/+ unc-31(el69)/+ unc-31(el69)/+
utl67;dpy-17(e164);unc-31(el69) 148/563 12/800 24/132

x5 EEEICTy 7 INEERATONMEERR
HFid. non-Dpy dauer @ non-Dpy non-dauer |2 X9 ¥ & R 7,
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Z D sdf-Uutl6l) & sdf-2(el58) DBETFHE ETOE 5ITFL WLEZE
D BI=DIT . dpy-24(s71)unc-75(€950) E D=FHF3MZE TR, T5
ERIDESIT sdf-I(utl61) & sdf-2(utl58) DEH 56 dpy-24 DI iz
Ay ENni,

18.4.2 EHEFII

unc-31 ED—EERITK D Sdf-c RBEAUE/RTHEEF N LOERITIT,
Dyf ZBKIZ RS che-10dH5H. TOERIE, STSV—H—D stPI01 &
StPSODRMIcT w7 ahTWws, SRIOAYZ J—=Tic kD aishic
Dyf EROHSTS v—H— 27w B Fic XD Al U<y 7
EINAEERITIE, sdf-3wl60) idH B, UL TOERI. stP196 DR
IcRw T EaNF, ZOEML. che-10 DTy T ENTWD stP101 & stP50
EDESIEMTHD., ZOZODOERBYNOBETOERTHDHEE
Abhb,

BB NIy ENEERDOUDOZER (sdfiut]62), sdfiutl66), sdfiutl79),
sdffutl8l)) 1x. Dyf EBHBZRIBLWIEME, INSEDDHEETD
che-10 L3R DBEFOERTHHEEZA LN D,

Z DWNDDZERE rol-6(el87)unc-4(el20) ED=RATH LD~y TL
=T A, F]3IDE DT sdftut]62), sdfiutl66), sdffutl79) LT sdffutl81)
DETH. EF rol-6 & unc-4 DFRIZI v T ENi,

18.4.3 EEHBY III

MSEBE IO EICHFET D unc-31 EO-ELRIZ LY Sdf-c REARERT
ZERIZIT, Dyf RRBERT daf-10M3H %, SEDAZ ) —ZTICK
0 SrBEX - E#EHRE I EDO=BROE R (sdffurl80), sdfiutl85), sdf(ut192))
2. Dyf RRAEZRTHOEAN. Ko TINE=DDERE. daf-10
ERHODERTHDHEEAOND.

ZDHL WEDDOERDA sdfiutl80) & sdffut]92) D_HIZDWT, &5
IRl Wil {(a AR ETONBERFEL /2. sdffut]80) & sdfiut192) % dpy-
17(el64)unc-32(el89) EAME VI ET A, “HREDBRI DX DT dpy-17
TS HBlIcTy T ENik.

B E 7 2 A OBIET tax-413, unc-32 DEITHZDT. wrl80, utl92
BRI B,
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UL wi8S & tax-4 EROBHRMEREE L TWRWOT, wl8SH tax-4
DERTHANHSH TR,

18.44 ESHEIV

HEHBE IV D STS ¥ — N —IT sdf-4(utl 72), sdf-5(utl75), sdf-6(utl78), sdf-
7(utl86) FL T sdf-8(utl93) DREDODOERH, L T2, IN5AHD
OERMT daver 1RO BRAFEREEL HMERBRETR2REDS,
Z6DLESICFNTNOLEROBMTHWI S THR@TAZENTEL. T
DZEMLEZOARADDERIT, ETRBLIBETOERTDHS.
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3 ACIRE N HORETE
b1 Qo i V) sdf-4(utl72)unc-31(el69)/++ sdf-5(utl75)unc-31(e169)/++  sdf-6(utl 78)unc-31(el69)/++
sdf-d(utl 72 Junc-31(el 69)/++ 18/68 0/233 0/30
sclf-6(ut] 78)unc-31(e169)/++ 2/300 2/314 15/60
sdf-7(utl 86 Junc-31(e] 69)/++ 2/696 1/418 4/584
sdf-8(utl93)unc-31(e169)/++ 0/91 17292 n.d. _
i M Rl i D DR
Hi=TR sdf-7(utl86)une-31(el69)/++  sdf-8(utl93)unc-31(e169)/++
sdf-d(utl 72 unc-31(el169)/++ 0/340 1/145
sdf-6(utl 78 Junc-31(el169)/++ 1/208 1/198
sdf-7(utl 86 Junc-31(el69)/++ 24/423 0/262
sdf-8(utl93Junc-31(el69)/++ n.d. 40/252

X 6: HBRE IV ICHE T 2B E T M T OB
non-Dpy dauer @ non-Dpy non-dauer |Z %3 % ¥ % 79,
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1845 EEHEV

SEIDAZ V=TI EDDRESNIZEREDA 11 #6285, STSI—
H—Ffotz w72 K0 EMERE VIZHEHL TWAH I EAHS M
7ofc. TONO Dyf #BEZE R T 4K (che-11(ut154), che-11(ut176), osm-
6(ut183), osm-6(ut191) X, T TR LS ICHHDOBETOERTD
o 1 i

72 Sk (w157, wl63, utl69, utl74, utl87) V3. stP105 & stP128 DREIZ
STS v—H—&ffi-Tvv 7 ahi., 26 OERFEDOMET daver H1HTE
REREEL FHEERBEZTR R EIS, RTOLICETOER
OB THMBTEZENTERDh ok, ZOZENESDOERKEIR, £
TR BIET sdf-9 DERTH B ENHS MR,



= HEOBE TR
gﬁg;ﬁﬁ:m unc-31(el69)/+; unc-31(el69)/+; unc-31(el69)/+; unc-31(el69)/+; unc-31(el69)/+;
sdf-9(utl57)/+  sdf-9(utl63)/+ sdf-url69)/+ sdf-Hurl74)/+  sdf-9(utl87)/+

dpy-5(e6l);unc-31(el69)sdf-9(ut174) 43/302 06/345 49/229 36/152 58/261

7T HEEH VICT v T N EREOHEHERASR
non-Dpy dauer @ non-Dpy non-dauer i~ X4 %5 ¥ % R7,
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F7= sdf-10(utl189)12 . stP23 & stP18 DMz < v 2z, £ Z THHD
WET (rol-3(e754)lon-3(e2175)) ED=RATFRZHC LD ESITHEL <y
TLiEZh, ZO2DOOMT, lon3 03 < Eflicyy 7 Ehik.

O O sdffut194) 1X. daver $HHZ R T HF N L, SHITHN
W T ETHERTERM T,

18.4.6 EHEF X

HSHEE X ICHEENT A Z EOHLMICR-EERIT. MDD 5
DERIT, STST—H—2di-ES5IHELWIYE T ORERNS 3D
DIN—TIZREIDBI DI ENTEE,

FTE—L, aex-3BEFE2ESOME, stP40 LD EMIZH D 10 BRDE
BT, BISSHTHL <HmdT 5.

BT, stPA0 E stPI29 DN HAERTH S, ZORITIL. sdfiutl52)
& sdf(url70) DRSS EN 5.

B2, stP2 L stP2 ORNCHDERTH S, ZORNZIEZ, sdf-11(utl64)
& sdf-12(utl82) 3&H 5. T DN sdf-11(utl64) 13, HABEDERD AR
BRENRONDH oM, sdf-12(w182) 1E, TTIZIRR/A=LDIT Dyf #
HERZRLE, 2O &S, TODOERIE. JOBEBETOERT
HHEEZOND, wls213. Ty T I 2@HENICHLBEHD sdf-c &
BT Dyf ZHEE HD daf-6, osm-1 & unc-31 & DL EHT Sdf-c ZREE
ZRIDFERSN TRV Dyf ZBEZIRT dyf-8 D Dyf RERITEL
THE#HTLOT, INhs Ol TAIRIEZAWEEDN S,

MR XTI, COMKEEZBDEE-PITER ST unc-3 BALEL T
Wb, unc-31E. 31 5= TaMINRKICHEzE-TERICES. L
L unc-3 LEILC EZHRHBZ R ERET -T2,

18.5 BBETHZETREL L /oHAHMESR

HEH X THT A EOHLNICRSEERER, 4¥HD, O
HFEEBRD S RIMEL 57 aex-3 DI v T ENTWBHER (stP40 DLER)
IZiX. 108~ v Eni.

ZD 10D, RETHORETH D Aex KHBEZRTHERNLEIAS
H4DLdT, SHRIZEENRSNZ, Zh 513, Mann-Whitney BRIEIC
EVRELEAZS. BEKEOMICEERE (p <005 BRSNE, +
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T Aex ZHEZHEEL L - HENEBRE ZO SO TR El
%, "8ODXINT=EE (wrl59, w171, utl77) 75 aex-3 B@EFOERTHS
ZENPHEMITZ- T,

s it R [] {o7AA< 0D 1 =7 BY
EORERTH dpy-5(e61);unc-31(el69);sdf{ut171)

unc-31(el69)/+; 94.9%(10.6)
sdf{utl 56)/0

unc-31(el69)/+; 38.6%(18.8)"
sdf(utl 59)/0

unc-31(el69)/+; 05.8%(8.0)
sdf(utl65)/0

unc-31(el69)/+; 25.5%(14.2)"
sdf(utl71)/0

unc-31(el69)/+; 26.8%(18.0)"
sdftutl 77)/0

wnc-31(el69)/+; 37.4%(11.2)"
aex-3(sa5)/0

7 8: Aex RBIR AR & L /- tHAMEAR

M 7 13 R R O R IETTENE 5 2 HEZL T, pBoc iTH
5 Exp QESEBEL /2.

O MIT R RAEZ KT,

BFAEHE N2 @ pBoc IZ89 % Exp OFEIGEIE, 96.7%+82TH D,
X, Exp OFIENEFERIC LR THEFHICHERE

(p <0.05)MH 5 L%ERT,

Aex EERIZRL 7278 aex-3 LIZHOBET T H o /2 8% (sdfiutl56),
sdfiutl65)) 2, FhFNFEU BEFOERTH S50, BAOBETOLR
THHME, HSMTRN,

19 SEEES#
Sdf-c ZRRZ RITERICT., BAPREHEOMERFERITERANS
<EFNTVD, ZTOEHLBTRETIE., EERSBSEORERTOL
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L4
L

t

1
Y
o

120

—1 |
3 E 2 2

(%) oogd/dx3 uonessjaq

20

-20

4: IRFETEHORE (Aex THE)
3, BFAER N2 L ORI HEHFMICHEERE (p <0.05)

R,
errorbar |3, BRiEREEZET.

k-

aex-3(sa5) . Aex ZBRBOa hO—JLEL TE-X.

N5



DICEHABARYRHIATLE<KES Dyf REBCEGREED E 52T
LNABL<ABLSO0smERYEUNRENSLIITAS.

F7=. amphid O ASH f#E % i3 5 HAROED Osm REY LR
9" (Bargmann et al. 1990; Kaplan 1996) O T, 35N /=ZFROHPIZ ASHD
BERYZ2REZIZ2ENINT, OsmEBEREN BN LS LMFINS,

FITEEDAY )= iz DN/ EREFIZ Osm ZHEY
FRIERENOVRVWAENE, B50X 323> b o—I)Lkd H,0 DN
1) 7—& 5M NaCl )N 7 —OMTHEFHEMICABEREORSN W
(p >0.05 &R, ThabbmMmRBELETHML 21 Osm HREZTRT HON
ZEEENTWE., T, unc-3l EREBVLTHSICbEbsda> b
O—=)L O H;0 TNV T =22 5han, TAbba)IicENWE
ENSFEEAE NI WERENRERITEN T,

20 EREMYEICHT HIFEM

BANT., KBEEOPEZ T TR IEREOHEIZDOVWT HELKEER
9. HEHHRMEPEATEMNL THWH2RE T THNOERMEHHEICHL Tt
{E#E:% R 97 & 125 Bargmann et al. (1993) OEBROFHERMN S, HREED
|3, ROXTNTEE, 2% 2 AVTENTNI-N, PTEF
W, ESTFLT245-F ) AFINF 7V =INOA20O7 V=TI 08
ENTB., ISITHERED AWCH, RO XTFINTER, 274/~
FLTAVTENTNA—NEECTED, AWANRTEFINEES Y
>EEU T, 245- b AFNF 7/ —)Vid AWA & AWC Ol 5T
TWAZ EHBELMIT - TS (Bargmann et al. 1993).

FTITAWA & AWC DL HHEREMHEONRERELL TR XTILTE
R ESTEFINERE, ThENICHT HEMEEZR<Z (E6, 7). 27
TFINICHTBEMEOREDRSNSERET a7, . XX
TIT e BRIt TR, sdf-1(url61), sdf-9(utl87), sdfiutl82) i E{LE DR
WERL, BYOZEREIFAEKE OMICHSFFNICHERZE (p <0.05)
Wiahoiz. HOZBRER, XOZXTZIVTERIZF>TWOUSDIZHL T
sdf-l(utl61) 13, M AX LT INTERDERE N D L SN
Bl 7.

Bargmann et al. (1993) DEBTHR 2 X7 )T £ K QBB & W
2. BoEEEZFRTIENRGSNTWS, LL, HEHBEELDHLS
BBHEEQEMEERTOT. ROXTNTEROBEEZEHICHL



Nonavoider (%)

100

o0 - Y H.0
80 |- *

20 L 1

50 +

40 #

20

T

&
0=

+e— SM NaCl IG

T T

*

0 ......................................
-10 1 L L 1
. &, - § 8 W S o K 9 E Qg
O e o e
XS AR A ENSARE AL A RS
-
5: BiEE R

*2. H0 & SM NaCl DRlIZA B ESRonz (p >005). 945
L Osm ZEHEEZTTHOEKT.
#2, HoO TN 7 —2 o B A N2 S HAXTHE (0 <005 12
WhELbOEXRT.

errorbar V¥, BEME(REEET.
osm-1(p811)1%, Osm ZHREOI> bo—)b&LTHEo .
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L

120 —

10

0.8 -

Xapuj sixejoways

-0.4

0.6

-0.8

B 6: 7 EFINiTHT HERE

HEMYHEOHLMICHEST
= RET,

-1 ToOBESEREDEOH SME AT S

Chemotaxis Index @ 1%, €T OEEN,

EERL .,
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Chemoaxis Index

1.5 : — ] |
*
1r S o % .
{ IBEE: !} { {®s {} $ }*
0.5 |-

X S ——————
T % o, o
oA ;?@%’z?@?@?@fﬁ%?‘%

T B B S 5T B R T Ry,
=
-0.5
*
-1

B 7: R ATINT e RIZHT SERE

Chemotaxis Index @ 1 12, €T OEMAS, #HEEHTEOS HAIIZHE
F52&EE2TRL. — 1 HETORENEEEDEOS ML TS
ZEHERY.
i, BEHRN2ICHLU THEERE p <005 0H5Z LERT.
osm-1(p811)i. Odr ZRRERT ZLHNASNTVHOT, 3>
}‘ U'—_JI"&L'FC@-JT:G
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TEEEEZR. LHU RS DL DI sdf-l(utl6l)ix. X XT7INVTE
RoOBEZELLL THADEEZRITEAND S,

/e AWC THEU 2 OEREMETH LIV T T a—)VicHd
% sdf-1(utl6l) DECHEEZRRDE, XA T7NTFEF ZERIZEDEL
HERL 7=,
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Chemotaxis Index

1 5 | T T | T )
+ N2
0.8 |- ° syd-1(ut161) * -
+
o
0.6 | ¥ _
0.4 . -
o
0.2 | + -
OfF---=-======-==- P i e Tty
0.2 o —
* o
0.4 =
0.6 | i
L]
& o
[+]
-0.8 . . . =
-1 . 1 L 1 1 1 1
1/200 1/2000 1/20000 1/10
I J Isoamyl alcohol
Benzaldehyde

BI8: R XFNTEREAVT INTIINO—NIZHT 2EE

“x. EFEMEN2 & ORICHERRE (p <0.05) DHBT &
ERT. RUOZATINTER OB, ST NERDSRN
IEOIZHMETFNIERET 2 ENRTERN.
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EIVES
SEC]

21 unc-31ZEREBAEDE DL SAf-c RIBE TR
TERICIIZSHOBEGEFHESTS

unc-31(el69); Exfunc-31(+)] Z EMS IC XD RBRAFTREZREZSHE,
DFEHBDFIESSOEA - FLEED 5, Sdf-c RERIERT
ERAEN M HEBoN. TS 0ZERE. 4 DOBAOBETEDRL
EH 18 DRHOBETFIIIy T ahi, FROXRHNOBETFHERERREN
el &, ZoAEOESMEERL TV,

EMSIC X 5HBOEAZTREL, FHNRBETOBE5S X 1074T
H5EHFE SN TWS (Brenner 1974). GERID A2 1) —=—27 TlL. 5539
PEOF1 ZAT V=22 LEOT, 110185 J AERREZEICRS.
EMSIZLHERERENLEZ DL, 1 DOBETFITHL TEREN T
Ba44BESNZITTHS. LrL BN 4 0OERIT, 22 08T
4 DOBEHIOBEET & 18 DFL Wil A Icv w7 ahk. EELET
DEROHEERBEKR > TR NDT, BETFORIMA S afertdt
BB, FOoTIDOBETYH-VOERKIIN 2L:L5. RBELERKE
DOEFENT sdf-913. SERESN TSN, 1 KUNMERKOBSNTY
BNBEFE 1055,

COAR—HDOFEREL T, (1) SETEEL 7228251, Brenner (1974) 7%
SREL e B RS BEETN 0 THET 5 & HBEHERRENZ & &
20, QZFEREDBEOBET HOZEREARL TWEHEI &8, X
Hhd, BEMICE, ZROBBEOMENRS S, F2OERBERAE R TE
Rk RBINT 5L X0, SABRET Exfunc-31(+)] 5>/ bDI3H¥ %
THY, TOHD 4730 1 BREEEEREL TERRZRT. DD, &
EE 100% TH. Unc ZRIEOD daver H1HIZ F2 0898 53 @ LIZL A HER
Lz, LENST, SEIOAZ V- T3. BEEOEVHOL
NENWERTERTETWARWLIEENS S, EB FohZEROB
FEI 25T TR0%LU LOBRBEZF D,

IlBRUDNEREODH SN TWRNBRETFNI10H LT ENS. unc-31 &
HAEOHE S L Sdf-c XBRRZRILERZHFOBGTFIONE. KRERODHD
MELEPRVBLLHEETES., FEOAZ ) TiIzLDoleh

51



EERCE. BEHoBEFOERNSHKUBEH EENTWE. L
L. BEHIOBIET T unc-31 EHlAEDHE R L Sdf-c RRABERIERE
HOBMET ORI, D> TWBEFTHESITE L (B, BifE). TOC
EMS D, 2TOBRETFHEEINTHRWI E8DR 5.
Func-3DESIT. FE. YHRESNHETFHEINTHWZOIZHESN
Bh-RERNH S, ThohEgsohih--7=ohiE. FHTH S,

22 BoNLEERICIE. ASIBRRORENZ N
FrEENS

unc-31 5T ASI R 2 FEEL 727217 T daver Y12 AU % (Avery et al.
1993) T &M S, ARETEHSNAEERITIE, ASIHEZREIZTS (L
ML . ASI & ADF Qi & E2IC I3 BAERBICIIL 20 BERPLHS
FhTWAEFHINS, COZEZMBICEHTSICNR. F&. I
5NEREZEC-BETFOEKEIEEEZ I SICHRATILENDS.

BHOBEF THABEORVAHCRE LA SERIT. SEE#E
aNTWD, ZDHND che-2, che-3, che-10, che-11, che-12, che-13, che-14,
daf-6, daf-10, daf-19, mec-1, mec-8, osm-1, osm-3, osm-5 &L T osm-6 DF
BEFOERT, BTHEMEC XS S BEMROMEICREE
HU B2 EMHEMITIES TS (Perkins et al. 1986). /-, EF SRS
Iz L AMITHATHhN TR Dyf ZERZRTHDIZDONT S, FEED
ZENMFHRINS, IS OERDOARE Daf-d ZERBZRL (Perkins
et al. 1986). TDHDOKEEDM unc-31 ZREFABEDHE S L Sdfc KH
BA R (. B, EBIC, SEOAZ V-7 ThH, HABFEDIO
O ARC B E AL 2ZEREN, BAIOBEETOERFEHEDT. 6
¥ (sdf-3(ut160), che-11(utl76), che-11(utl54), osm-6(utl83), osm-6(uti91),
sdf-12(ut182)) b7z,

B3 HRIT. MEAEOBBREEZRIRN, SEARTRAIN
7= QOB OK - il - WX, ETE¥TH . LEN-T, &
N5OLEEDE L., amphid Ok Z72HHERFIC X D ASIHEEOHREED
REITHDIERENS L DIL, ASIHKE (B 50T ASI ZIEHELT 2 FiE
% ASI O FHO##RE) OWEICHADEHHOERETHEEN S,

unc-31 & DEERIT LV Sdf-c ZRBERTEREL T, ASIBE
DOLERLAOTHEN S BETER Y, daver F1HEROREIT—F A0



PN/ TWNBEIBEEINTHY (Thomas et al. 1993), ZHNATEBRI
FEMIREL ~UL T, ASJ & (ADF+ASD &N S MfTRERRICZ > TS I &A%
R, BS I AN 7= (Schackwitz et al. 1996). Zh S OBFFEIL, —f%E
D daf-c EREZWHEOEE_ELRICT S E, £U 5 daver R OFIE
MERTHENSERICHETNTWS, unc-311E. EEICHEBL TW
54T Daf-c BEREIZ REBWA, ERDLRL AL EIHFEKRIDDE
< daver 1B ZE KT BB H D, TI Tdaf-c EREZ_EXRIITS
EHL B daver OB EH LRL 72 & DT, unc-31 DFFOTL<HOTHD
Daf-c DA, FkOEAZFOERE_EFRCL I LITXD ER
LT, Sdf-c BHRI LB 20[iEH b H D LEEZA LGNS,

23 sdf-1(utl61)3, AWCEREMETRU 28RN
MEICXHL TEDOEHEZRT

AL THESN sdf-1(wl6]) BT, IR LEHEERFDIEN
binoi.
BHOBRELEWEIC N T 28REL. EOEHEE2 R THEHOES.
TAEPRR B RHE D AWA & AWC TRIL TW5A Z LAHIS 1TV S (Bargmann
etal. 1993). SEIDA Y ) —= Nz HFENTWE sdf-1(utl61) EREFIZ.
FAEKTREOEEEEZRIRC ATIVTEREAVYTINT AN
DE B SIZHL THRADELEERL . TOZD0HWI AWCHET
U BT, sdf-l(ul6])id. AWCH ST 2EA~OEREICREZAL
CLTwaEEZLND, EFEL AWATEL 227 F)LICHL TR, &
HEETOAETIIHAKRE FREICICEOEEEZRTIENS . AWA
NEET2ME~OEMEICIIFNIERENRZNEELISN D,

ZOEOEREEEL BEROBPEL TIE. WO OTFEMENS
Z5N%., FOH 13, e OEWEICHT 2REMES @D 0.
FNFNEOELEEADELKZT>TNELENIEZATH S, N
ZZINTFEREAVTZINTZINO-NOEE, HBEMOBETIE, B¥D
METIIEOEENEDOELMEL D BRNDOT, BEIRNZREC
H5, LHL, BRIZEVEOELHECH < RREAREOEEN DN S
&, BOEENBENZENSBTH S, LHL. AWA, AWC BIUE
OmAEEBEL =8HINnThbd, XOXTFNTEERAYTINT IV
I-NOEESIZHLTY, EOEMMENBESZ NS ->THADE
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L2 RT T LI, £I T, SERSNT sdf-Hutl6]) R, AWC
MPREC B EA 225 ERITOTREVWEEZ SN S,

BT, AR ZXTFINTERRA YT INT NI OZEEC N
BV, TNEFNEOEMLEADOEEET>TNELENSIEZITH S,
Ll ., N oEBEM S, DR EHEQFEMMEICEL T, XOXTIVF
EREAYTINTN AT R D ZE54015H 55 L 1) (Bargmann
etal 1993), L72%->T. | DOZERTIEOELEICET IMADZEHS
EREIEHSICE. B0V T 1y b SEOFEEERETFEEEL &
Tz san,

B3 OARER. SREEOTHROESREREN . BEBEOTRIZ
BLNEHRORENEZSNS., BHEROD Celegans TIE, BEBHEIE
DEEZRTEEDEOMIZGOEEEZITHEISHSH. ZO=D
DARZ, HEFRETHRESH., EShERiIcEb Y EERiRaoEkiE
%759 (Kaplan 1996). & Z A sdf-I(url6l) DERIZ LD Z ORABICR
WEELU T, HFEKTRIEOELEZRIEENHEL TL TWEDE
EEZRIFEEEA AT EE, BREBEADECELEETRTANIC
L TADELREENSHANREL 55,

sdf-I(utl61) ZREORBEEZISICHEL <@L EICLD, TheD
i, HEANPETNLUAOROENNIEEL WhERD LI ENTELLEE
ATNnS, TOBIZ, EERRAPELTUTOIENEZIGNS, B
1T sdf-Hurl61) ZREDE OFELMIC S AWC #REBHENE ShEn
DN B D, ZHUTHIRRERIC & D KRR DB TTH S, &
2. ROZATZNTERE2RREILT2EHEMOBRELAOEEE
AT ENSHS (Bargmann et al. 1993) &5, (AV 7 IINTFILA—=IT
2. FEZOLSRBAKUIR OM- TV, ) sdf-l(utl6]) BRIZ, Z
ORFEPEY D HAREMEN H D, ZOADFEHNE DBEEMRIT &
FLTNSA S, HMilEEEBRTHEHONSIZTTHS.

24 FRATHEESNEREEL., HEREEDR
HICERELBEDNS

C.elegans {3 amphid THAXMEFRBE L TOFEERE - HRUEZT-
TWAIZ ENHSIN TS (Perkins et al. 1986; Bargmann et al. 1990;
Bargmann and Horvitz 1991b; Bargmann and Horvitz 1991a; Bargmann et al.
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1993). ASIf###ld. TDOHD daver S HELFIH & AKBEHHIZKHT S
EDFEHEITHNT NS Z LA S MT/E-> T3 (Bargmann et al. 1990;
Bargmann and Horvitz 1991b; Bargmann and Horvitz 1991a). i#% Ok
T. KAEWHICHTSEOEMEEEELL TERKZEBRTLSE. &
EBRBERAEOERNEENICHBINIOT, BREHECETOTROM
FOWEICEZLERSTORRIE., EEICEHL VRRTH . A
FZLD, ASIREOREIZHTS, AREBEAF L RIBNERNZE
BEOShEZEBDNS, Tho0ZFRIT, §BO7 o OTPKENED
BORUEZE - FEEE - HRULUEBOAFICBWTIHEEIIEHATHSE
Hinsd,

i, FHETHSNEZERIT, ASIZOEFMNITHMILIZHOFED R
BIZTHHONEENTWAS NS D. AWETIE. SRBLDE
RECHEMDE KT S EOFECEZRART, TOXOIAERERL
Foo TOFER., sdf-1utl6]) ERED, AWC #EEIBE 5T 2HEMMEIZ
HITBEQEMMICRENSD, FAREIRINICAOEEEZRT L
Nbhnoiz, ZORRIX. $3k, ECHED AN =X LORFICERERAL
BZEHDLAREMNHLEMBTES. £, FRETEOSNIZERKE
IZHL T, T HICADELE - REEN - I~ ORI LE . o
Twlk 2T EICXD, JOREKD ZERBRONSMBANZ L,

33



2V
A Y

Z O FE R EAL R SAERRIC 72 D B BB E ORI, #KEGE
Wl Es kU EZBDODEL 2. TTIZOhSBILERL LIFET.

ZOWEDBTDH S unc-31(el69); Ex[unc-31(+)] ZHR<TFED, FhE
BRICBL TR S %2 FE o hENBREPHETBEREAREEOR
FfEEichilEzBL KT 7.

ERVE - Grme 2 Y SR 20 S ADE: e a08 Nt S W oy e Ok o
EDHLZTIE. TOMRICET2BEREREBHEIHDEL. T
ZICHELS BILEHL BT T, FICBESHEMREZEO XTI, KES
HEEcR b EL &,

56



S 3R

Albert, P. 8., S. J. Brown, and D. L. Riddle (1981). Sensory Control
of Dauer Larva Formation in Caenorhabditis elegans. J. Comp. Neu-
rol. 198, 435-451.

Avery, L. (1993). The Genetics of Feeding in Caenorhabditis elegans. Ge-
netics 133, 897-917.

Avery, L., C. 1. Bargmann, and H. R. Horvitz (1993). The Caenorhabdi-
tis elegans unc-31 Gene Affects Multiple Nervous System-Controlled
Functions. Genetics 134, 455-464,

Bargmann, C. I (1993). Genetic and Cellular Analysis of Behavior in
C.elegans. Annu. Rev. Neurosci. 16, 47-T71.

Bargmann, C. I, E. Hartwieg, and H. R. Horvitz (1993). Odrant-Selective
Genes and Neurons Mediate Olfaction in C.elegans, Cell 74, 515-527.

Bargmann, C. I. and H. R. Horvitz (1991a). Chemosensory Neurons with
Overlapping Functions Direct Chemotaxis to Multiple Chemicals in
C.elegans. Neuron 7, 729-742,

Bargmann, C. 1. and H. R. Horvitz (1991b). Control of Larval Development

by Chemosensory Neurons in Caenorhabditis elegans. Science 251,
1243—1246.

Bargmann, C. I, J. H. Thomas, and H. R. Horvitz (1990). Chemosensory
Cell Function in the Behavior and Development of Caenorhabditis ele-
gans. Cold Spring Harbor Symp. Quant. Biol. 55, 529-538.

Brenner, S. (1974). The Genetics of Caenorhabditis elegans. Genetics 77,
71-94.

Cassada, R. C. and R. L. Russell (1975). The Dauerlarva, a Post-Embryonic
Developmental Variant of the Nematode Caenorhabditis elegans. Dev.
Biol. 46, 326-342.

Chalfie, M. and M. Au (1989). Genetic Control of Differentiation of the
Caenorhabditis elegans Touch Receptor Neurons. Nature 243, 1027-
1033.

Chalfie, M. and J. White (1988). The Nematode Caenorhabditis elegans,
Chapter 11 The Nervous System, pp. 337-391. Cold Spring Harbor,

57



N.Y.: Cold Spring Harbor Laboratry Press.

Coburn, C. M. and C. I. Bargmann (1996). A Putative Cyclic Nucleotide-
Gated Channel Is Required for Sensory Development and Function in
C.elegans. Neuron 17, 695-706.

Culotti, J. G. and R. L. Russell (1978). Osmotic Avoidance Defective Mu-
tants of the Nematode Caenorhabditis elegans. Genetics 90, 243-256.

Dusenbery, D. B. (1976). Chemotactic Behavior of Mutants of the Nema-
tode C. elegans That Are Defective in their Attraction to NaCl. J. Exp.
Zool. 198, 343-352.

Estevez, M., L. Attisano, J. L. Wrana, P. S. Albert, J. Massague, and D. L.
Riddle (1993). The daf-4 Gene Encodes a Bone Morphogenetic Protein

Receptor Controlling C.elegans Dauer Larva Development. Nature 365,
644—-649.

Georgi, L. L.. P. S. Albert, and D. L. Riddle (1990). daf-1, a C.elegans
Gene Controlling Dauer Larva Development, Encodes a Novel Recep-
tor Protein Kinase. Cell 61, 635-645.

Golden, J. W. and D. L. Riddle (1982). A Pheromone In fluences Larval
Development in the Nematode Caenorhabditis elegans. Science 218,
578-580.

Golden, J. W. and D. L. Riddle (1984). The Caenorhabditis elegans Dauer
Larva: Developmental Effects of Pheromone, Food, and Temperature.
Dev. Biol. 102, 368-378.

Gottlieb, S. and G. Ruvkun (1994). daf-2, daf-16 and daf-23: Genetically
Interacting Genes Controlling Dauer Formation in Caenorhabditis ele-
gans. Genetics 137, 107-120.

Guarente, L. (1993). Stnthetic Enhancement in Gene Interaction: a Genetic
Tool Come of Age. Trends Genet. 9, 362-366.

Hamill, O. P. and D. W. McBride Jr (1996). A Supramolecular Complex
Underlying Touch Sensitivity. Trends Neurosci. 19, 258-261.

Hart, A. C., S. Sims, and J. M. Kaplan (1995). Synaptic Code for Sen-
sory Modalities Revealed by C.elegans GLR-1 Glutamate Receptor.
Nature 378, 82-85.

58



Hedgecock, E. M., J. G. Culotti, J. N. Thomson, and L. A. Perkins (1985).
Axonal Guidance Mutants of Canorhabditis elegans Identified by Fill-
ing Sensory Neurons with Fluoresein Dyes. Dev. Biol. 111, 158-170.

Hedgecock, E. M. and R. L. Russell (1975). Normal and Mutant Thermo-

taxis in the Nematode Caenorhabditis elegans. Proc. Nat. Acad. Sci.
USA 72, 4061-4064.

Herman, R. K. (1984). Analysis of Genetic Mosaics of the Nematode
Caenorhabditis elegans. Genetics 108, 165-180.

Herman, R. K. (1987). Mosaic Analysis of Two Genes That Affect Nervous
Structure in Caenorhabditis elegans. Genetics 116, 377-388.

Hodgkin, J., M. Edgley, D. L. Riddle, and D. G. Albertson (1988). The
Nematode Caenorhabditis elegans, Chapter Appendix4 Genetics, pp.
491-584. Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratry
Press.

Hope, I. A. (1991). 'Promoter Trapping' in Caenorhabditis elegans. Devel-
opment 113, 399-408,

Kaplan, J. M. (1996). Sensory signaling in Caenorhabditis elegans. Curr.
Opin. Neurobiol. 6, 494-499.

Komatsu, H., I. Mori, J.-S. Rhee, N. Akaike, and Y. Ohshima (1996). Mu-
tations in a Cyclic Nucleotide-Gated Channel Lead to Abnormal Ther-
mosensation and Chemosensation in C.elegans. Neuron 17, 707-T18.

Lewis, J. A. and J. A. Hodgkin (1977). Specific Neuroanatomical Changes
in Chemosensory Mutants of the Nematode Caenorhabditis elegans. J.
Compl. Neurol. 172, 489-510.

Lundquist, E. A., R. K. Herman, T. M. Rogalski, G. P. Mullen, D. G. Mo-
erman, and J. E. Shaw (1996). The mec-8 Gene of C.elegans encodes a
Protein with Two RNA Recognition Motifs and Regulates Alternative
Splicing of unc-52 Transcripts. Development 122, 1601-1610.

Malone, E. A. and J. H. Thomas (1994). A Screen for Nonconditional
Dauer-Constitutive Mutations in Caenorhabditis elegans. Genetics 136,
879-886.

59



Maricq, A. V., E. Peckol, M. Driscoll, and C. I. Bargmann (1995).
Mechanosensiry signalling in C.elegans Mediated by the GLR-1 Glu-
tamate Receptor. Nature 378, 78-81.

Mclntire, S. L., E. Jorgensen, J. Kaplan, and H. R. Horvitz (1993). The
GABAergic Nervous System of Caenorhabditis elegans. Nature 364,
337-341.

Miller, K. G., A. Alfonso, M. Nguyen, J. A. Crowell, C. D. Johnson, and
J. B. Rand (1996). A Genetic Selection for Caenorhabditis elegans
Synaptic Transmission Mutants. Proc. Nat. Acad. Sci. USA 93, 12593
12598.

Mori, I. and Y. Ohshima (1995). Neural Reguration of Thermotaxis in
Caenorhabditis elegans. Nature 376, 344-348,

O'Kane, C. and W. J. Gehring (1987). Detection in situ of Genomic Regula-
tory Elements in Drosophila. Proc. Nat. Acad. Sci. USA 84, 9123-9127.

Oliver, S. G. (1996). From DNA Sequence to Biological Function. Na-
ture 379, 597-600.

Perkins, L. A., E. M. Hedgecock, J. N. Thomson, and J. G. Culotti (1986).
Mutant Sensory Cilia in the Nematode Caenorhabditis elegans. Dev.
Biol. 117, 456-487.

Plasterk, R. H. A. (1995). Reverse Genetics: From Gene Sequence to Mu-
tant Worm. Methods Cell Biol. 48, 59-80.

Ren, P., C.-S. Lim, R. Johnsen, P. S. Albert, D. Pilgrim, and D. L. Riddle

(1996). Control of C.elegans Larval Development by Neuronal Expres-
sion of a TGF-b Homolog. Science 274, 1389-1391.

Riddle, D. L. (1988). The Nematode Caenorhabditis elegans, Chapter 12

The Dauer Larva, pp. 393—412. Cold Spring Harbor, N.Y.: Cold Spring
Harbor Laboratry Press.

Riddle, D. L., M. M. Swanson, and P. S. Albert (1981). Interacting Genes
in Nematode Dauer Formation. Narure 290, 668-671.

Schackwitz, W. S., T. Inoue, and J. H. Thomas (1996). Chemosensory
Neurons Function in Parallel to Mediate a Pheromone Response in
C.elegans. Neuron 17, 719-728.

60



Sengupta, P., J. H. Chou, and C. 1. Bargmann (1996). odr-10 Encodes a
Seven Transmembrane Domain Olfactory Receptor Required for Re-
sponses to the Odorant Diacetyl. Cell 84, 899-909.

Sengupta, P., H. A. Colbert, and C. I. Bargmann (1994). The C.elegans
Gene odr-7 Encodes an Olfactory-Specific Member of the Nuclear Re-
ceptor Superfamily. Cell 79, 971-980.

Starich, T. A., R. K. Hermann, C. K. Kari, W.-H. Yeh, W. S. Schackwitz,
M. W. Schuyler, J. H. Thomas, and D. L. Riddle (1995). Mutations
Affecting the Chemosensory Neurons of Caenorhabditis elegans. Ge-
netics 139, 171-188.

Sulston, J., Z. Du, K. Thomas, R. Wilson, L. Hiller, R. Staden, N. Halloran,
P. Green, J. Thierry-Mieg, L. Qiu, S. Dear, A. Coulson, M. Craxton,
R. Durbin, M. Berks, M. Metzstein, T. Hawkins, R. Ainscough, and
R. Waterston (1992). The C.elegans Genome Sequencing Project: a
Beginning,. Nature 356, 37-41.

Sulston, J. and J. Hodgkin (1988). The Nematode Caenorhabditis elagans,

Chapter Methods, pp. 587-606. Cold Spring Harbor, N.Y.: Cold Spring
Harbor Laboratry Press.

Sulston, J.. E. Schierenberg, J. G. White, and J. N. Thomson (1983). The
Embryonic Cell Lineage of the Nematode Caenorhabditis elegans. Dev.
Biol. 100, 64-119.

Tabish, M., Z. K. Siddiqui, K. Nishikawa, and S. S. Siddiqui (1995). Ex-
clusive Expression of C.elegans osm-3 Kinesin Gene in Chemosensory
Neurons Open to the External Environment. J. Mol. Biol. 247, 377-389.

Thomas, J. H. (1990). Genetic Analysis of Defecation in Caenorhabditis
elegans. Genetics 124, 855-872.

Thomas, J. H. (1993). Thinking About Genetic Redunduncy. Trends
Genet. 9, 395-399.

Thomas, J. H., D. A. Birnby, and J. J. Vowels (1993). Evidence for Paral-
lel Processing of Sensory Information Controlling Dauer Formation in
Caenorhabditis elegans. Genetics 134, 1105-1117.

Vowels, J. J. and J. H. Thomas (1994). Multiple Chemosensory Defects in
daf-11 and daf-21 Mutants of Caenorhabditis elegans. Genetics 138,

61



303-316.

Ward, S. (1973). Chemotaxis by the Nematode Caenorhabditis elegans:
Identification of Attractants and Analysis of the Response by Use of
Mutants. Proc. Nat. Acad. Sci. USA 70(3), 817-821.

Watson, J. D., N. H. Hopkins, J. W. Roberts, J. A. Steitz, and A. M. Weiner
(1988). Molecular Biology of the Gene (4th ed. ed.)., Chapter 22, pp.
809-810. Menlo Park: The Benjamin/ Cummings Publishing Company,
Inc.

Way, J. C. and M. Chalfie (1988). mec-3, a Homeobox-Containing Gene

That Specifies Differentiation of the Touch Receptor Neurons in
C.elegans. Cell 54, 5-16.

White, J. G., E. Southgate, J. N. Thomson, and S. Brenner (1986). The
Structure of the Nervous system of Caenorhabditis elegans. Philos.
Trans. R. Soc. Lond. B Biol. Sci. 314, 1-340.

Williams, B. D., B. Schrank, C. Huynh, R. Schownkeen, and R. H. Wa-
terston (1992). A Genetic Mapping System in Caenorhabditis elegans
Based on Polymorphic Sequence-Tagged Sites. Genetics 131, 609-624.

Wood, W. B. (1988). The Nematode Caenorhabditis elegans, Chapter 1 In-
troduction to C.elegans Biology, pp. 1-16. Number 17 in Cold Spring
Harbor monograph. Cold Spring Harbor, N.Y.: Cold Spring Harbor
Laboratry Press.



