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Statistics and Resources

Haploid genome size 100,000,000 bases (100 Mb)

Partial
CD NAS provids
sequences. The cDN:
genomic sequence, pi

Chromosomes 5 autosomes (I-V), 1 sex chromosome (X) plicated splice patterr
Repeat content 17%, mostly in small families analyzed. A group is

< the same 3' untranslat

Sequence Statistics Physical Map

Total finished 21.3 Mb from 660 clones ~ Mapped cosmids 17,500 d Urique cDNA
I1-66Mb 1ll-71Mb IV-0.1Mb X-75Mb Mapped YACs 3000 Ditteraritial Sionds

Gene density i RovarRge g0 Alternative splicing
Autosome gene clusters 1 per 4.8 kb Total genes covered >99% Similarity to known sequ
Sex chromosome 1 per 6 kb Remaining gaps 7 Identical to known C. eleg

Predicted total genes 13,100 | Mapped onto YAC arrays
1 Nonuniform embryonic

URLSs for Internet resources for Caenorhabditis: expression >16/

Genome Sequencing Center, St. Louis:  http://genome.wustl.edu/gsc/gschmpg.html by in situ hy

Sanger Centre, Cambridge: http://www.sanger.ac.uk *Members of a pair are d¢
ACEDB database: ftp://ncbi.nlm.nih.gov/repository/acedb from the same gene but h

o g : 1 / different polyA addition si
Caenorhabditis Genetlc.s Center: gopher://elegans.cbs.umn.edu:70 **Similarity was defined k
Leon Avery’s World Wide Web page: http://eatworms.swmed.edu BLASTX >100

Other resources are accessible through Leon Avery's World Wide Web page.
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Partial sequencing of DNA copies of mRNA transcripts

provides a rapid means of identifying expressed gene
‘he cDNA sequences are also valuable in interpreting
uence, particularly in cases with unusual or com-
e patterns. Currently, 11,852 clones have been
group is defined as those cDNAgs that share
ntranslated region.

Predicted G

have significant similz
organisms. These simil
sequences shared by all
only in Metazoa. To illu
C. elegans as a model sy
determine that 32 of the 4

Simber of fNodpe identified by positional clc¢

3518 D,
: matches to worm genes (P
nds 71 pairs* ; ;
. right provides some exampl
cing 89 : ) y
the recently discovered early

own seguences 1672 . . ! -
C. elegans genes 136 genes, the C. elegans gene re|
wn C.
database match.

'AC arrays 1416
bryonic

>16/336 analyzed
y in situ hybridization

Many C. elegans genes also belc
sequence. The table at the bottom
total number of members in several
extrapolated for the whole
genome from an analysis of 10
Mb of sequence on chromosomes
[1, ITI and X. Comparisons within a
family or between related sequences in
C. elegans and other organisms can
indicate residues that are important to
protein function. For example, the

B onre chauwe the threa_ AdAimencianal

pair are derived
gene but have
addition sites.
s defined by
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More than 40% of

Human Disease Gene (Gene symbol C. elegans Gene
ed Genes C. elegans genes ( = g
nt similarity to genes from other Putative early-onset Alzheimer's (S182) spe-4
ese similarities range from Achondroplastic dwarfism (FGFR3) ZK938.5
ed by all organisms to those found Amyotrophic lateral sclerosis (SOD1) F55H2.1
1. To illustrate the potential utility of Cystic fibrosis (CFTR) DH11.3
nodel system, BLASTX was used to ¥ Breast and ovarian cancer susceptibility (BRCA1) T02C1.1
 of the 44 human disease genes Duchenne muscular dystrophy (DMD) yik2683.5
tional cloning had significant v ;‘;":ino:n“t':5;‘:::afir;ar:gsz:izc;?f C{;:)DCF?L) (E:ggsg.;
senes (P<0.05). The table at the top Polyeyetio Kidrey dissase. 1 (PKDT) FKBAE
> examples. In some C"dSCS. suc..'h as ¥ Tuberous sclerosis (TSC2) T14B4.7
red early-onset Alzheimer's disease Wilson disease (ATP7B) vk29a9.5
gene represents the only significant Klein-Waardenburg syndrome (PAX3) F26C11.2
Wilm'’s tumor (WT71) F54H5.4
also belong to families of related Neurofibromatosis type 1 (NF1) C07B5.1
> bottom right shows the predicted Similarity: ~strong V¥moderate ¥weak

n several prominent gene families,

) Gene family Estimated total

S

a Protein kinase 350

. in RNA recognition motifs [RRM] 140
Homeodomain 110

& EF-Tu/Ras GTPase superfamily 110
[Novel, C. elegans-specific?] 90

Annexin 80

/4

.



< 1.0 VID Trom ©bU clones
IV-0.1Mb X-7.5Mb

1otal Tinishea
Il - 6.6 Mb

Gene density
Autosome gene clusters 1 per 4.8 kb
Sex chromosome 1 per 6 kb

13,100

I-7.1 Mb

Rema

Predicted total genes

URLSs for Internet resources for Caenorhabditis:
Genome Sequencing Center, St. Louis:
Sanger Centre, Cambridge:

ACEDB database:

Caenorhabditis Genetics Center:

Leon Avery’'s World Wide Web page:

Other resources are accessible through Leon Avery’s World Wide Web page.

EWRSARF PN NS

Mapped YACs
Total coverage
Total genes covered >99%

http://genome.wustl.edu/gsc/gschmpg.html
http://www.sanger.ac.uk
ftp://ncbi.nlm.nih.gov/repository/acedb
gopher://elegans.cbs.umn.edu:70
http://eatworms.swmed.edu
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3000
>95%

Unique cDNA
Differential 3-ends
Alternative splicing
Similarity to known sequt
Identical to known C. eleg
Mapped onto YAC arrays
Nonuniform embryonic
expression >16/.
by in situ hy

ining gaps il

V.

*Members of a pair are dt
from the same gene but h
different polyA addition si
**Similarity was defined t
BLASTX >100

| As of 1June, 1995
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& nly two to three contigs are currently
>« Physical and Sequence Maps | o e oo e ith

IT and X entirely spanned by just a single contig (leftmost column under each chromosome).
The position of cDNA clones (middle) illustrates the nonuniform distribution of genes,with the

majority of genes clustered in ~half of each autosome.

for the clusters on chromosomes I1I and II and just starting on chromosome V.
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Sequencing (right) is virtually complete
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Wealth of Information

rpl-37
ben-1
mgP32 ops-4
9 mgP33 mab-21

unc-93

stP19
toh-1
1dov-27

emb-5
Imr-1

|pal-1

Vast amounts of data are available on C. elegans
and the sequence has a high information
content. For example, the more than 20 Mb of completed sequence, printed at the size
of the sequences shown below, would fill 150 wall charts. To give some sense of the
scale, the chromosome overview of physical and sequence maps is expanded through
increasingly refined views until it reaches the sequence itself.
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mic-3
daf-4
par-3
arf-1
sma-4
ceh-10

ubg-1
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4 71 pairs* matches to worm genes (P
o i right provides some exampl
cing 89

the recently discovered early

15725%
ENILEROHAIcES genes, the C. elegans gene re|

wn C. elegans genes 136 database match.

AC ar s 1416 Many C. elegans genes also belc

bryonic sequence. The table at the bottom
>16/336 analyzed total number of members in several

el hybridization extrapolated for the whole

genome from an analysis of 10
Mb of sequence on chromosomes

[I, III and X. Comparisons within a
family or between related sequences in
C. elegans and other organisms can
indicate residues that are important to
protein function. For example, the
figure shows the three-dimensional
structure of human H-RAS and the
residues (pink) with >70% identity in
an alignment of the C. elegans EF-
Tu/Ras GTPase family. The conserved
residues are clustered around the GTP-
binding active site (yellow).

pair are derived
gene but have
addition sites.

s defined by
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Forward and Reverse Genetics
recognizable phenotype is generally fairly simple. After
are introduced as transgenes into the worm's germ

line (A) and assayed for their ability to rescue the A
mutation. For reverse genetics, given the sequence !
of a gene, one can isolate a mutant animal in which

that gene is inactivated in two steps: identification

in an ordered, frozen, mutant library (B) of a worm

that carries a transposon insertion near the gene,
followed by isolation of a deletion derivative. With

a mutant in hand, a hunt for enhancers and

suppressors of the original phenotype can point

the way to other factors that interact with the gene.

. Cell-
Expression Patterns ...
tagging a promoter by fusion with genes
encoding LacZ or GFP, or immunocytochen
1istrv (AYRNA 1n <itut hvbridization of mivo-
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Dominant myotonia congenita (CLC1) E04F6.11
senes (P<0.05). The table at the top Polycystic kidney disease 1 (PKD1) FKSa5 9
> examples. In some cases, sulch as ¥ Tuberous sclerosis (TSC2) T14B4.7
red early-onset Alzheimer's disease Wilson disease (ATP78) vk29a9.5
gene represents the only significant Klein-Waardenburg syndrome (PAX3) F26C11.2
Wilm'’s tumor (WTT1) F54H5.4
also belong to families of related Neurofibromatosis type 1 (NF1) C07B5.1
> bottom right shows the predicted Similarity: ~strong V¥moderate ¥weak

n several prominent gene families,

) Gene family Estimated total
S
a Protein kinase 350
. in RNA recognition motifs [RRM] 140
Homeodomain 110
0 EF-Tu/Ras GTPase superfamily 110
[Novel, C. elegans-specific?] 90
Annexin 80
Serine protease inhibitor 80
Protein phosphatase 80
n Ubiquitin 80
DEAD-box RNA helicase 70
ed Reverse transcriptase 70
P- Cytochrome P450 60
[Novel, C. elegans-specific?] 60
G protein-coupled receptor 60
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t- The analysis of a gene's function requires knowledge of mutant phenotypes. Both forward
BUCS 4nd reverse genetics are possible. Positional cloning of a gene that has mutated to cause a
e. After genetic mapping of the gene, available cosmid or YAC clones from that region of the genome
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Mutant Phenotype

Mutants of C. elegans exhibit a variety
of morphological and behavioral
phenotypes. This unc-6 mutant shows

Cell- or organ-specific patterns of expression
?  have been revealed by in situ hybridization,
enes

“ytochem- ‘ J\\/*
> |

of mvn-2




M finished sequence o = - T - .
M active sequencing —
M library construction D — [:l As of 1 August, 1995
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. Vast amounts of data are available on C. elegans
Wealth Df Il'lfﬂI'lTlatllJl'l and the sequence has a high information
content. For example, the more than 20 Mb of completed sequence, printed at the size
of the sequences shown below, would fill 150 wall charts. To give some sense of the
scale, the chromosome overview of physical and sequence maps is expanded through
increasingly refined views until it reaches the sequence itself.
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The region in the upper portion of the diagram spans roughly 3 Mb of chromosome III, showing some of th
and polymorphisms used to correlate positions on the physical and genetic maps. The bar at the center is ex
below to show the clone coverage of an ~500-kb region, including the cosmid FIOF2. Asterisks indicate site
additional mapped clones are available.
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A fragment has been expanded to show the five genes within the large introns of gene

F10F2.2. These genes are present on the strand opposite to that of FI0F2.2. The portion
containing the gene F10F2.4 has been expanded to the resolution of the DNA sequence.
)
o ZK637.7
Bp Bp aggettaaatteag ) Unknown
ttgttctccattacctattaactctcaactttecattttccttgtccgttaacacaagty D function
0 attetcacttttccaatctaatcacgecctettcttttttttggetecaacgacteegee
F10F2.3 a tcotttttrgtgetteaccaacaactattgttgcagcagteagtcagtgagacaaccatg
Lipase cacatcctcatcatattgetctttacgagcatcatctcategattcaageagatcttege o
acr.cattatgattatgattttatal‘.ctcacacagugtatgcaactqcccutctctttta k_
F10F2.2 attcgaacagtatcgatgettccaacaattegacaactteatcttaatteattgaatcte p
FGAM 6500 ccacaaccacctcatttettatttecatccaaatcttegagtacttegga cgatgt
synthase 5000 gatas gaagtacattttt g as
F10F2.4 a .|-> | zkesrs




that carries a transposon insertion near the gene,
followed by isolation of a deletion derivative. With
a mutant in hand, a hunt for enhancers and
suppressors of the original phenotype can point
the way to other factors that interact with the gene.
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tagging a promoter by fusion with genes
encoding LacZ or GFP, or immunocytochen
istry. (A) RNA in situ hybridization of myo-
(pharyngeal muscle-specific heavy chain
myosin) in a larva. (B) The expression patte;
of alternate forms of mec-9 as shown by lac.
staining. Left: the product of the
long transcript, which is expressed
in the touch cells. Right: the short
transcript is expressed in the ventral
cord motor neurons and groups of
cells in the head. (C) GFP fluores-
cence from a fusion with gir-/
(glutamate receptor subunit). (D)
Treatment with an antibody to MEC-
7; staining shows outlines of touch
receptor neurons.

_YACS'd : : ' . -
= cosmids 4 < ! AN f
ST, ol T
me of the genes \L f’; ¢
nter is expanded s - .
licate sites where L /? ; Fate Ell'ld Functlﬂn
& ) All differentiated cells in developing
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R—— =) and control of cell fate and function is
~ \/W g \/ ol central problem of biology. In C. elegc
\/\,\/—\ —~ R availability of cell lineage maps and ge
=) L - /\ e~ combined with increased sequence
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n 1 organization of ,j \,_,LV\( (VA, VB, VC, AS, and YD) that are pai
— genes in C. elegans 1 f central nervous system in C. elegans. k
5 this region of N i the 10 precursor cells (ventral cord
d chromosome 111, ' I neuroblasts) divides in the same, sterec
{4000 which is 3 Mb from way. The fates of the resulting neurons
j F10F2.2. illustrates - (bottom diagram) differ according to th
8 14 an operon. Genes : patterns of genes they express: this patt




Cell- or organ-specific patterns of expression
J  have been revealed by in situ hybridization,
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Mutant Phenotype

Mutants of C. elegans exhibit a variety
of morphological and behavioral
phenotypes. This unc-6 mutant shows
a severe coiling phenotype as a result
of neuronal miswiring.
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F10F2.3
Lipase

F10F2.2
FGAM
synthase

F10F2.4
Unknown
function

F10F2.7 1

F10F2.6

F10F2.8

F10F2.5

F10F2.9
Unknown
function
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A fragment has been expanded to show the five genes within the large introns of gene
F10F2.2. These genes are present on the strand opposite to that of FI0OF2.2. The portion
containing the gene F10F2.4 has been expanded to the resolution of the DNA sequence.

aggcttaaattcag
ttgttctccattacctattaactctcaactttccattttccttgtecgttaacacaagty
attctcacttttccaatctaatcacgecctettettttttttggctccaacgacteegee
tccttttttgtgettcaccaacaactattgttgcagcagtcagtcagtgagacaaccaty
cacatcctcatcatattgctctttacgagcatcatctecatcgattcaagcagatcteegt
actcattatgattatgattttatatctcatacagttgtatgcaaccgccegtetetttta
attcgaacagtatcgatgcttccaacaattegacaacttcatettaattcattgaatetc

ctcagtaacaaccgattatcaaatctggaccaactcacatggattcettgeaccgggaget
gttcttgaacaattagatttgtetggcaatccaattgcaattgcaacatcaatgactgtt

trtecacctgttcgacaget
gcgalta;gt_craagg_hi?
aaaatttacagaatgtgctaacty
aatttgtaaaagttticaagtacatcaccactcaas
ttatatgtatcttaaatttecagaaactccccggaaaatgcgatagagatgtgtgecgte
acattccaattcacaatttgaatgtttcaattatcactacaattgatttttcatcgaate
gagatttggaaatcgattceggegeattggatgtgttttcgaatgcaacatacgtggatt
tgagtaatacaagattgecagttggatttgaggaatggttggagagaaagagtegagtta
aaagttLaaatatcag:cacggLcagiﬁmﬁé@_!ﬂlﬂbﬁtﬂmcﬁﬁiﬁ
gaatcaatcaatggaagcagaaaaacaaagatatacaggcaaaaagtaggegtgtaggca
a cctaccaaggteacaal ataac: to 2
Etccagetteccetteatgaagacacttggacegeatgtggteaatttetecattetete
gatatatccggaatcggtgcaaaacgactgagattctcaagattttgeccaat gtaa
ttecttteccaattectteaataccatectaatttecadiitcagtatttgeccgtoataa
cttgatatcctecgtgtacattgacgetgtttecatggaatetttgeatttggagagaaa
catgtttagtgaattcectattecaccaccaggtgttgagttgaccgagettcatacatt
gggattgagccataatttgatgacatcgttgectecgeatgetettcaatcttacectaa
tttgcaacatttcgatgttLcaaqcaatcagtggagcqaggtttﬂttﬁ!ﬂvllEEEtttt
gaaaaattaaatagtgtcagcaaataaaaaagtgtctacaaataaaaaattgacgctatt
gtgtgcaattetatatgrgtt '
aaattcttcatatttcagatagatcctcaageetteccatcaattggactaggactgata
tcacttgatttaagctccaatcaactatcttctettectcatecaattcttccatecctyg
ctactgctggatctttecttcaacacaattteteatttggatecacatttetttacggga
cttccaatgettcaacaacticgaategetteaaateccactetattetecagatgecea
aatcgggattctccgtgttggagtgatcatttggatgagettacttcacttgttgatttg
gatatttcgaattcaggattagaattctetetteattggagacatttgagaactctaaag
tecactgattcttcgaggaaatgaaattegaattattgattcaaaatcacttee
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a, Canada. Predicted Genés, Sean Eddy,
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As another &
example of the 4
compact <
organization of {
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genes in C. elegans
this region of
chromosome III,
which is 3 Mb from
F10F2.2, illustrates
an operon. Genes
ZK637.10,
7ZK637.9, and
ZK0637.8 are
transcribed
together to produce
a single
polycistronic RNA
molecule. After
transcription, the
polycistronic
message is
processed to form

C ’\
Central image: S
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edicine, St. Louis, MO, USA. Forward and Reverse Ge
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