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The nematode C, elegans, an elegant model
organism for molecular genetics
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Caenorhabditis elegans (C. elegans)= o]t A

F4&olM A 2 = = oF Imm A=
Zz|e] AFLz2A, AT (AEAAME )
S Ho|E A= FEojv) olEL HYd A
ol A} oF 3dutel] Mg wAET 5 e AEF
A (hermaphrodite) 2. £2)3kc}. o A3Fo) o
g Bz} §A3A dF3= 19749 S. Brenner?)
il M Ag golE g glRo], wlmA FHT
off 1 7} s Ay & AHFEo
o WA Fuel 57 AEe] AFUAA o
FES o &8 AYEE g 2}, ofFE
ol W slEe] glA] ¢kom, ulelr C. ele
gans®] AT Tt A &
Alzgl g 7kl dFate] Hx AxgRA e
ol Fol A UHA UA @rh B My
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2. C. elegans: An elegant model organism
for molecular genetics

1) C. elegans2| biology

C. eleganse A-g-FAH 9} FH2R Aol
EA s, 22 AEFAth S X 9
A A 2k A A (autosome) 2] Hlell a2}l 23]
A=d, X/A7F 1.00]™ 2-&5A, 0.501 4
ol "ot AFEAd e 2 Yoz
A 7ol vk C. elegans7t A-EEA L A
MR F2 AR AgAelA] muje
Aol glolx A wlkd g sdew, A}
mE EAEEE fAdH A5 913 ZwE
AA A 4 oo =3 702NN FH X
& ¢ slemE ks AT £8E HasE
= Ut

C. elegans™= pseudocoelomateol] 43}=d], 1
EA] 2= F /12 concentricdt Y X}
pseudocoelome]gh F7kol] o] 8] vhro] A Q=
poz ey gk (¥ 2). A= XL o
28 o] F v, vl Ed= cuticle, hypo-
dermis, &4, AAA Fo| Zxgd AAg
Aol A A7 pseudocoelomel $1A)EHA =
=

C. elegans®] FA=hellA AJA 7} =3=4 °F 64
Azkel Aew, 7 F A WA AEET egg
shell oA dojib, o] 7)zhgE<l 271 A
= A& sted A-gE Aol 7-¢ 558 MER Hu,
oluf otojA Zjoiit vpmz] 7|25k o WS
23YstA gk o] Frjel WA A (larval
stagez}t H-F)-& 40°] FHE (mol) & Wl #H
S 384 "ok molte molt Apel2] 7|zHE



vz 11, L2, L3, 283l L4 A= 32
(2% 3). Vulva® ZTg3ted Ao "R 7]
T2 L4 Ao FubRo $hAde] =u, wmpx|ut
2 e Fo vEA HAE P C. eleg
ans®] AHAEE e FPR ez F7tEe] 9l
(1,2).

2) Genetics2} Genome project

C. elegans= 5%2] autosomez} & *#2] A<
AN E 71X 22 6702 linkage groupl 2 = o]
ot =5k A GAA ZAA A +E ey
marker mutation, deficiency$} duplication,
translocation 5] £zjstc}t. o}ebr] mutagene-
sisE F3 ol EdHE vlEA B
AlZkell mapping® 4= Q. Epistasis A,
null phenotype?] 4 F2o2 Soi F¥ 3
AL veblle o8 7fe FAAESY e &
A, A AdeeAMe HETH 75 T Fot
W 4 ok C. elegans®] genome-& 2F 80~100
Mbels, &) of AHuke] genomeo] H7]ujd ol
olul ¥d Hom, $£d el ABH Helr
1 E9rel] &3 E o] genetic mapd} genome
project®] A3} AFE<l physical mapg HlZES
24 Azg Edwole cloning, 71%& %A
23l geneo] Wl FAH Fo] Lol
o] Fo14 4 qrt.

3) Reverse genetics

71%& ozl E3l: gened] Edwole A
£ 93] 71 FHE EQdelrt 2 A A
map 9X|e| Z2)8} complementation A3
2=z s E 4 dAAR, opF 2 BE A
A7y BE 7158 EH¥Ho)E saturation®d AX
2 AJMI& genetic mapo] ZEA3}RA] goewz

2w og EA {dxle] wWolE Folof &
A4$7F ek oW AR 4 gl o] tran-
sposon insertion®. 2 ¢l3 EA wWolE 2= 7
o]t} (3,4). MT3126¢)8l= C. elegans strain
transposon®] 7} @& B ohje} o)]Fe o] %
= 44 Hx AAE 7HA straine]e}h. ¢] strain
A 1 2AEES deE FH|3te POOLE
9E F Aure F4 E3slz AHEe PCRE
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template2 F4)3F ¥ transposondl] £-o]&t pri-
mer9} sle FAA) Eoldt primer FHH-E
AL-8-8ke] PCR3}H, transposone] €3l &3
Aol insertion® 7J-%oll 9t PCR product?} "HE
o] A A == Aeolel. o|FA transposon inser-
tiond ztom poold] AZE A A= Fo
7o)l = trnasposon insertiong 7}X T 7|
AL Fohd = A "ot ojdt whyd g AME
sjof sk ool C. elegansel A o}H = ho-
mologous recombinationel] £]8} gene targeting

o) FeskA] sheh WAle] 3ok

4) Transgenic studies

C. elegansol| A transgenic study® microinjec-
tione E3 PUdl: constructE =Y o2
7hgsixek (5, 219 D).

gonad " marker +1est DNA

y

F1 trans@enlc nematode

18 1. Microinjection into the gonad of the nema-
tode.

Microinjection .2 DNA &2 RNAE =%
4 glem dubqez z3FAH o AL syn
cytial gonadel] injectionl}. Microinjection.S
2 P8 F e AP 22E rescue AY, ex-

pression study, antisense approach & 5 %

glet. EA $A2+) cloningg $18 rescue A
HE & dolx, FH7l 5= genomic DNA
cloneg mutant fHde] Aol =3 F
transgenic animalol|A] 1 g o] £8 3=
o] Aba} =] =7} (& rescue FHYPErHE HA3)
= Ao}, Expression studyE 23fA]= clone
Hol s FHAY =H FEel reporterE
fusionA]#A ©}&F wild type WAldl =43 F
reporter®] LAIL FAPZFo 24 1 FAAFL]



ol

t=EE2%3 Fodld

gAHe dFsbd ®lrl reporterZE FE
lacZ\} gfp (green fluorescent protein)& o]-8-3F
oH(6). FA}e] 7ol Aot Al AAA F
o]z fAAte] WH A dFHLE JFAY
T ek olAE /AN, EAE U <A
AME FFS WA Eite g FAE 7R
I gJok. =3k microinjection® DNAZ} extra-
chromosomal array AbelZ Ex)&}7] o Fof
mosaic AN E LA EE= H-9-r)t wol WA <A}
o] Mo Fo|F a3t ek, 7P A gt
expression study S ¢ s|A & 912 reporter gene
9] microinjection® A A2 o)L histoi-
mmunochemistry & 4383k 7] whghzsie},
C. elegans7} 7VAE A774e 7bg & e
geneticsE 4 4 AUdE Aol dE |
o, AFoM IF5FES] T8 FHAL FAKR
FARE cloningdtA] =W, 7HA AAAd HE

7 AR BQHelE RATORM o]
Al =& el cloning ¥ DNA2] S
A8 Aol $A Al=s E 5 e A
2 antisense RNAE & 4 9o}, =, FolA
Z2}2] promoterel] antisense®] DNAE A3t
Fed microinjectiondt ¥ . F3 Ao w3
#3371}, heat shock promoterE o] &3}
EA A]7]e] antisense RNAZ2| ¥Wd-& fF%
sted 7 o3FS A 4 ot Maternal #-3A}
2t A= woll= antisense RNAE = A
injectiondled 2 °338FL FS 4 9lv} Zygotic
A Ae] 7 9o antisense RNA2] injection.®-

2 7 %e e FEL B

a4 do |o njy X l‘l[‘

£ m\m

5) Cell ablation experiment

I5FEY] WA AAAM EI] E 4 e
7hol cell-cell interactionell 2J3F % (induc-
tion) dArolth C. elegans= H] A cell-cell
interaction®] 737} sl EAEkL Qe
interaction®] A$x= 2 FAH £ArF IS
TEH FABIER, C. elegansol| A o2 g A
7} wo] Ay gt o|ejdt AFE F A=
9] £FoA] & o o] 8T £ gl AlF uhy o)
cell ablation A& elc}. laser #HAME o] &3}
dujH oM 5A MEE 7474 FY 5 L=

2 cell-cell interaction®} doiv}ar ¢loid, s
A E2] AN BT 28 FA=2 JepiAd 2
Zolet, JEA] o= A-EEFA L vulvag] ”a‘
AHRA AN g 4 o o] FAH M= Anc
hor celle]@}= somatic cell®) A 2] inductive
signale] wvulval precursor cell¥ induction?|7]
o], o7& laser FHOE o] ACE ¥4 X
71e A AEA H vulvae] dAe] dejriA]
devhs AY A os g3 Aelwh Cell
ablationg ¢]4% 4 Sl = shie 8,
expression patterne] AN FAAL] A$ 1
Edule] AL fFF3 dHoM 2L 9l
o &, 54 3 SAg $A ‘J?ﬂ"ﬂ/ﬂ
EA MZer HWHe] IAdd, 1 NEESE
laserZ A AT =Zxw FHHol 2]n]2 pheno-
copy® 4= = Aol

3. I AT HE

C. elegansE B2 ATE Fysi = =
We] A2 5~670e] Bast AA e ¢o
EE Told HoZ 4. F d+2E2
A Bobr thaksted T8 Al el
FAA}2] dF, heatshock responseol] Fod 3}
A ALe] AT, topoisomerase®] <, acetyl-
choline receptor®] @ Fo] s APF T
AT e 4T 97 ma A B,
EEZZ 98l BE C. elegans AT7Eo] wd 2
A Role ATFHE 4T Aok B )
Ae gld AAG EARARY ANES o
L3ted A7t AAAQ oAE B ATAeA
Y= Y= FAHES S Bojux} g

1) Ciathrin associated protein complex2| M Z&Hx
7se 24
Genetic screeng %3] C. elegans®] vulval
induction pathwayel| A negative regulator® #}
|3l RS $AHE 224 AS 1 F
&} 7} clathrin associated protein complex£]
medium chainYe] 33 3(7), £ dFA
A]3& clathrin associated protein complex”}

signaling pathway2] Aleix =3 3AAA



coated vesicles

_~-¥ —gclathrin (C)

== associated protein
complex (.

membrane protein

(MP)

trans-Golgi or plasma
membrane

AP-1= frunsGolgi form AP-2 =plasma membrane form

@ 2. (A) Structure of clatrhin coated vesicle.
(B) Clathrin associated protein complex.

g% 4 Qlohe BHE P oo Hekat F
9] clathrin associated protein complex medi-
um chain®] &Y 715 T2 A
t}. clathrin coated vesicle®] FF¥E 1§ 20|
=4 3315wt

A= ¥ £59 medium chain FHAE &
Bilgd=d o) &2 A4zt unc-101, apm-1,
apm-2, apm-32 WA Ho] v} unc-1019]
2ol A o F3F negative regulator2A, ERF
9] medium chain AP473 ¢F 74% TIA& B
oul, apm-2% EAFFY medium chain AP50
2 o 70%9] TUAE Rolx fFAAbelth AP
473 AP50-2 z}z} trans-Golgi#}l plasma mem-
braneAtel E-o]8lA Ea3}E medium chain
2 odaiA vk apm-12 C. elegansol| A £l
374 27233 medium chain®® unc-101e]4}
EHF AP4Tol| F3] o 70% AxS] FIALE
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Holx= ME$ medium chain® g, WE ofAlol
U QB3I 7)) ofF] FAMEA - FAA
o)}, apm-3L AHFA neuron-specifics}
A Wr#=EE non-clathrin associated vesicle$]
medium chain®} FAFE shA A 1 7] 5l
dE AFE AYHR| g e, B o
FANME o) Al FHAEY HH <
Are Ao AlZ 9 histoimmunochemistry,
lacZ = gfp fusion construct®] microinjection
5o AT wpger AR e duHd
A3t o3k, unc-101-2 sperm3} coelomo-
cytedl A 2 wdEe] TAEEH, o] MEEY
intracellular vesicleEo] 3] ¥ HMEEE
A} clathrin associated protein®] &g A
A3 47 9Jsdet. vulval induction pathway
e 715& 337 98 vulva FEe]
HE #AE As}, opAL 1 identityd & £
A AESAM BHE L 4 5 A 2 9
29 HESME Lol & F 7] dEel,
o Agg Ay 248 ey FHIT e
™, subcellular localization<- confocal micros-
copyZ F3) Mozt det. apm-2° A¥+
unc-101¢] L= A LE ofofo = Bo]Ho
2 21 AANE9} spermatheca?] FHoAMxE 3
HE Aol #A=HL olF AR VT
937 ¢ mutation 77+ e

9], o]E& $]slM = antisense approach®} trans-

¢

Or

poson insertion mutation?] A& £3 Wy
2 AT sl

2) Neuromuscular junctione| o432

Reverse genetic approach® ¥ 74|
235l 9= £ neuromuscular junction
A 7|5sks A §RAEY 75 Al
BaE Aok (23 3).

2] presynaptic terminalellA vesicle fusion
o] W&k i) shiql SNAP-259 715
el A8 st s SNAP-25¢
synaptosomal protein of 25KD2] Z¢l LZ A,
o] whwiAe] AFE AlFslA ® olfE, A,
#7221 dFE 913 genetic systeme]
88 o] ¢1#] ¢3! (Drosophiladl A cloning= %l



Acetylcholine r ptor .

a3 3. Neuromuscular junction.
]2} repetitive sequence52] ZEaZ mutation
< WEIY AY ErksE), EA, vesicle
fusion-& neuronol A4t Yojr}= #o] ol e}
dRl M EAJME dojr}= FAIEE neuron-
specific SNAP-25 ©]2]9] nonneuronal SNAP-
25 homolog7} &4 1=} gkom, Ax, SNAP
-257} neurotransmitter release % o}zl 417
ME] A A A axon outgrowthol = I
A4 $ v TAHAY dF ZAH7) o] o)
Z organism F=FAM HEE 5 glew 7y
#oe 5L & 5 A6, 9, 10, 11, 12).
2 dFANME 8 FM cloning® SNAP—
25 FARL] olm Al M Ao AslH o
Z£3 H2E A¥dte] degenerate primerZ “P
= ¥ RT-PCRE %3] 3 Z£F9 SNAP-25
U, o]} A genetic
map3 physical map& W23 Z3} candidate
mutationg & 4 91T, cloning ¥ genomic
DNAE microinjectiond}e] 7 F3 3 2L Aba)
3 3 9leS el e = SNAP-257} L mu-
tation®] wild type +% A2 encodedL <topd
4 9%tk SNAP-259] antibody & A Z3}od
o] homolog7} C. elegansol| A} % neuron plasma
membrane-specificgS #qldlgd o}, =3} geno-
me project?] #Ae] s }RE SNAP-259F A}
g =t homologE F7 of 3ty 1 & &
+ non-neuronal cellol|A] Eo|3}A WL
d 4 e HAe o] =9E F3zALY
mutation—‘?— A% o FIYPAL Foprle
T2 sk sl olgd A7t 2 EA
Z‘lsﬂ%ldr‘ﬂ, SNAP-257} b 3hte] hujA o]
ohel, gene familyZ EAQT-E Y %= gl
Lz} 7 gk},

homologE cloning® 4
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Neuromuscular junction®] WA bAoA mus-
cleFollA dojup= 83 A Fof shie
acetylcholine receptor®] %% #Aro|c}. o] 3}

AoM 7%= Aol s EA raspyng

E 4 AdH(13). raspy®] 7% °lv] transgenic
mouseZ} THE A 2 7i%o] wel WA &
A= C. eleganset= 3153 TEA] oFd=
o]-f% rapsyne| muscleoll*] presynaptic termi-
nalZ 22 ¥ u= retrograde signalingol £ Ied
& & dvke A wEeld. o]eldt retrograde
signalingell {3l M2 FHAE
manipulation®] £-o]&F systemel|A] $283}= 7
o] AAE 7HA Aolvh B dFAdME 1
Azt e ¢4 A9 rapsyn homologE ¥
Astar, 2 v oFAF antisense approach$}
mutation analysisE& 53] rapsyng] A 552 7]
%2 393t F, receptor clusteringol] o] d}i=
Hz2g FARE FAHsE WEoz o7 F
A& wFA gl =8, rapsyne] AlAR
presynatic terminalel] °33E 7| X|=x], 2¥o}

o ojm) oJ® FHAE interactiondle] =g

genetic

FeAE Wile X $83 Jgol E Ao
ot
4 3 &

C. eleganset= AY FEL ZY oA E ou}
=2 =S4 BAEE 72 od:,ng 2 9= &
3 AlAaglojo}, Genome project?] 2HAJ-S o]
|

_4

= 7‘&9]3'1?1 AT wiAte] =el=tn
C. elegans®] geneticsE o} a8} 9
]'Z] AR 7S AAE g8
g G 2B FAA} 759 AFE
of AF& o]f3ted MEA HA 5 glodsy
AR, Hoh g2 d3AEe] M2 PHE
A FAska, @Al vj@a] g sHx|
A AE Bobs] sbe SEH B glelaield
AEE ol &8 A7 vd= g3 o wose)
718 ot



g4 n g

e

. Wood, W.B. 1988. The nematode Caenor-
habditis elegans. Cold Spring Harbor, New
York,

. Epstein, H.F., Shakes, D.C. 1995, Methods
in cell biology vol.48 : Caenorhabditis ele-
gans: modern biological analysis of an orga-
nism. Academic Press.

. Plasterk, R.H.A.
of Caenorhabditis elegans.
629-633,

. Plasterk, R.H.A., Groenen, J.T.M. 1992.
Targeted alterations of Caewnorhabditis ele-

1992. Reverse genetics
Bioessays 14:

gans genome by transgene instructed DNA
double strand break repair following Tcl
excision, EMBO J. 11:287-290,

. Mello, C.C., Kramer, J.M., Stinchcomb,
D., Ambros, V. 1991. Efficient gene tran-
sfer in C. elegans: extrachromosomal maite-
nance and integration of transforming sequ-
ences. EMBO J. 10:3959-3970.

. Chalfie, M., Tu, Y., Euskirchen, G., Ward,
W.W., Prasher, D.C. 1994, Green fluores-
cent protein as a marker for gene expres-
sion, Science 263:802-805.

. Lee PW.
1994, unc-101, a gene required for many

. J., Jongeward, G., Sternberg,
aspects of C. elegans development and
behavior, encodes a clathrin-associated
protein. Genes Dev. 8:60-73.

. Loewy, A, Liu, W-S,_ Baitinger, C., Will-

10,

11,

12,

13,

Vol.14, No.1

ard, M.B. 1991. The major 35S-methion-
ine—labeled rapidly transported protein (su-
perprotein) is identical to SNAP-25, a pro-
tein of synaptic termninals. J. Neurosci. 11:
3412 -3421.

Bark, I.C., Wilson, M.C. 1994. Regulated
vesicular fusion in neurons: snapping toge-
ther the details. Proc. Natl. Acad. Sci.
USA 91:4621-4624,

Bark, I.C. 1993. Structure of the chicken
gene for SNAP-25 reveals duplicated exons
encoding distinct isoforms of the protein.
J. Mol. Biol. 233:67-76.

Osen-Sand, A., Catsicas, M., Staple,
J.K., Johns, K.A., Ayala, G., Knowles, J.,
Grenningloh, G., Catsicas, S. 1993, Inhibi-
tion of axonal growth by SNAP-25 anti-
sense oligonucleotides in vitro and in vivo.
Nature 364:445-448,

Risinger, C., Blomgvist, A.G., Lundell, I,
A., Nassel,

L., Larhammer, D.

Lambertsson, D., Pieribone,
V.A. Brondin, 1993.
Evolutionary conservation of synaptosome-
associated protein of 25 kDa (SNAP-25)
shown by Drosophila and Torpedo. J. Biol.
Chem. 268:24408-24414,

Apel, E.D., Roberds, S.L., Campbell,
K.P.. Merlie, J.P. 1995. Rapsyn may func-
tion as a link between the acetylcholine
receptor and the agrin-binding dystrophin-
associatd glycoprotein complex. Neuron 15:
115-126.

21



