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Most ultraviolet irradiation induced mutations in the nematode
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Summary

In this study we have determined the utility of 254-nm ultraviolet light (UV) as a mutagenic tool in C.
elegans. We have demonstrated that irradiation of adult hermaphrodites provides a simple method for the
induction of heritable chromosomal rearrangements. A screening protocol was employed that identifies
either recessive lethal mutations in the 40 map unit region balanced by the translocation eTI(IILV), or
unc-36(I1T) duplications. Mutations were recovered in 3% of the chromosomes screened after a dose of 120
J/m’. This rate resembles that for 1500 R y-ray-induced mutations selected in a similar manner. The
mutations were classified either as lethals [mapping to Linkage Group (LG)III or LGYV] or as putative
unc-36 duplications. In contrast to the majority of UV-induced mutations analysed in microorganisms, we
found that a large fraction of the C. efegans UV-induced mutations are not simple intragenic lesions, but
are deficiencies for more than one adjacent gene or more complex events. Preliminary evidence for this
conclusion came from the high frequency of mutations that had a dominant effect causing reduced
numbers of adult progeny. Subsequently 6 out of 9 analysed LGV mutations were found to be deficiencies.
Other specific rearrangements also identified were: one translocation, sT5(ILIII), and two unc-36
duplications, sDp8 and sDp9. It was concluded that UV irradiation can easily be used as an additional
tool for the analysis of C. elegans chromosomes, and that C. elegans should prove to be a useful organism
n which to study the mechanisms whereby UV acts as a mutagen in cells of complex eukaryotes.

Analysis of the Caenorhabditis elegans genome
was begun by Brenner (1974) and is " currently
being pursued with great intensity in many labora-
tories (Wood, 1988). Over 800 genes as well as
numerous deficiencies and duplications have been
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mapped genetically (Edgley and Riddle, 1990),
and the correlation of the genetic and physical
maps is well under way (Coulson et al., 1986,
1988). In addition, the functions of many genes
are being elucidated using intragenic mutations,
while sites regulating chromosome behaviour are
being localized by means of chromosomal re-
arrangements (see Herman, 1988 and McKim et
al., 1988 for reviews; Rosenbluth et al., 1990).
Finally, Hartman and co-workers are investigating



the mechanisms responsible for the stability of the
genome by identifying DNA-repair mechanisms in
C. elegans (see Hartman ct al,, 1989 and earlier
refs. cited therein). Essential for all these analyses
is the availability of mutagens that have diverse
targets and diverse modes of action. Currently, the
mutagens commonly used as tools for C. elegans
analyses arc ethyl methanesulfonate (EMS), y-
radiation and formaldehyde. The first is used
primarily for the induction of point mutations,
while the latter two are used to induce deficiencies
(Johnsen and Baillie, 1988) and, in the case of
y-rays, also more complex chromosomal re-
arrangements (Rosenbluth et al., 1985). In ad-
dition, for the purposes of gene cloning, mutations
are induced by transposon tagging (Moerman and
Waterston, 1989). The study presented here dem-
onstrates the utility of ultraviolet light (UV) as an
additional mutagenic tool for C. elegans and shows
that the spectrum of induced mutations differs
from those commonly reported in other systems.

The mutagenic property of UV irradiation has
been extensively demonstrated in microorganisms
as well as in some mammalian cell cultures (see,
for example, Doudney, 1976). However, UV is
seldom unsed to produce heritable mutations in
metazoans, in spite of the fact that as early as the
1930s it was shown to cause mutations in
Drosophila melanogaster (Altenburg, 1934) and in
maize (Stadler and Sprague, 1936). The reluctance
to use UV as a mutagen in complex organisms is
presumably associated with the problem of con-
veniently administering the light to germ line cells
without excessive attenuation due to overlying tis-
sues. In Drosophila, recovery of mutant progeny
requires irradiating either pole cells of embryos
(Altenburg, 1934) or compressed abdomens of
males (Mackenzie and Muller, 1940), We antic-
ipated that gonadal shielding would not be a
major problem in C. elegans, even in adults, since
the organism is relatively small, having only about
1000 somatic cells (Sulston and Horvitz, 1977),
and the oogonial nuclei lie at the periphery of the
gonad. Indeed, a few UV-induced C. elegans mu-
tations had already been recovered by others
(Greenwald and Horvitz, 1980; D.C. Rein and
H.F. Epstein, unpublished results cited in Zengel
and Epstein, 1980).

The UV-induced mutations studied in micro-

organisms and cell cultures have generally been
intragenic mutations rather than chromosomal re-
arrangements such as multi-gene deletions, dupli-
cations or translocations. To some extent this may
be an artefact of the selection systems employed
for the recovery of these mutations. To determine
the efficacy of UV as a mutagen for C. elegans,
we have used the eT/-screening system previously
employed to measure the mutagenicity of EMS,
y-irradiation (Rosenbluth et al., 1983, 1985), for-
maldehyde (Johnsen and Baillie, 1988) and high
and low LET (linear energy transfer) radiation
{(Nelson et al.,, 1989). The system predominantly
recovers recessive lethal mutations in a large chro-
mosomal target, comprising at least 10% of the C.
elegans genome: the 40 map units (m.u.) recombi-
nationally balanced by the eT(JII;¥) transloca-
tion (Rosenbluth and Baillie, 1981). The lethal
mutations are recovered as heterozygotes and can
be analysed genetically to determine whether: (1)
they are putative intragenic events or multi-gene
deficiencies; and (2) they are associated with cer-
tain other chromosomal rearrangements. In ad-
dition to selecting for lethal mutations, the system
also selects for duplications carrying the wild-type
allefe of the unc-36 pene. The spectrum of muia-
tional events selected depends on the mutagen
used.

Preliminary tests (H.I. Stewart and D.L. Bajllie,
unpublished results cited in Coohill et al., 1988)
established a dose at which UV-induced mutations
were recovered with a high enough frequency to
permit their analyses. Since then, Coohill et al.
(1988) have produced UV dose-response curves
for the frequency of eTl-balanced mutations in a
wild-type strain and in strains carrying radiation-
sensitive mutations. In those studies no attempt
was made to analyse the nature of the mutations.
We now present our initial findings and extend
them to include an analysis of the recovered muta-
tions, Our results lead us to conclude that a large
fraction of UV-induced heritable mutations in C.
elegans are associated with chromosomal re-
arrangements.

Materials and methods

General
The nematodes were handled and cultured on
Nematode Growth Medium streaked with Esche-



richia coli OP50 as described by Brenner (1974).
The nomenclature follows the uniform system
adopted for Caenorhabditis elegans (Horvitz et al.,
1979). Genotypes of genes and alleles are denoted
in lower case [e.g., unc-46{el77)]; phenotypes are
denoted with an upper case first letter (Unc-46).
The lethal phenotype, as used in this study, refers
to a worm that does not develop into a mature
individual (i.e., a gravid hermaphrodite or a mor-
phologically normal male).

Source of mutations

All mutations were derived from the wild-type
N2 (var. Bristol) strain, The N2 strain and strains
containing the following mutations were obtained
either from S. Brenner’s stock collection at the
Medical Research Council in Cambridge, Eng-
land, or from the Caenorhabditis Genetics Center
at the University of Missouri, Columbia. Linkage
Group(LG): unc-13(e450); LGIL:  unc-4(el20);
LGIIL: dpy-I(el), dpy-17(el64), dpy-18(e364), sma-
2(e502), sma-3(e491), unc-64{e24s); LGIV: unc-
3i(el69), LGV: dpy-11(e224), unc-23(e25), unc-
46(el77), unc-60(m35); LGX: unc-6(e78) and the
reciprocal translocation eTI(III;V) which carries
the recessive unc-36(I11) mutation 873. The mu-

tation /lin-40(e2173), isolated by S.W. Emmons,
was supplied by J. Hodgkin (MRC, Cambridge)
and the deficiencies mDff and mDf3, (Brown,
1984) were obtained from D.L. Riddle (Columbia,
MO.). The deficiencies nDf32 (Park and Horvitz,
1986), nDfI8 and nDf31 originated in RH.
Horvitz’s laboratory (MIT). All other mutations
are denoted by an s prefix and originated in our
laboratory. Among these are a set of LGV de-
ficiencies and a set of lethal mutations most of
which have been described in earlier publications
(Johnsen and Baillie, 1988; Rosenbluth et al., 1988,
1990; Clark et al., 1990; Johnsen, 1990).

Characteristics of the translocation eTI(III; V} (ab-
breviated eT1)

The characteristics of €T have been described
previously (Rosenbluth and Baillie, 1981) and are
briefly summarized here. The translocation is made
up of two half-translocations, eTI(11I), segregat-
ing from the normal LGIII, and eTI(V), segregat-
ing from the normal LGV. eTI(III} consists of the
left halves of LGIII and LGV, while ¢TI{V) con-
sists of the right halves of the two chromosomes
(Fig. 1). The breakpoint on LGIII had been
mapped close to unc-36. Since homozygous el

dpy-17 unc-36 dpy-28 unc-64
dpy-1 sma-3 |sma-2 , dpy-18 bli-5
LGIII: I I '
unc-60 unc-46 dpy-11 unc-42 unc-51
LGV: l
dpy-17
dpy-1 sma-3 dpy-11 unc-46 unc-60
eTi(I1I):
bli-5 dpy-18 sma-2 unc-42 unc-51
eTl{V): ' I I

Fig. 1. Maps of LGIII, LGV and the translocation ¢TI(JI;V'). Only genes relevant to this study are shown.

Based on Edgley and

Riddle (1990) and Rosenbluth et al. (1981).



has an Unc-36 phenotype, it 1s thought that the
breakpoint is, in fact, in urnc-36. The breakpoint
on LGV is between dpy-11 and unc-42, so that
dpy-11 lies on eTI(11]}). Recombination appears to
be normal in homozygous eTls. However, as a
heterozygote with normal chromosomes, eT! sup-
presses crossing over in the translocated regions:
LGIII{right) and LGV(left). Because of the cros-
sover suppression and because only euploid prog-
eny survive, an e77 heterozygote shows pseudolin-
kage between markers on LGIII and LGV if they
are in the respective crossover balanced regions.
Furthermore, the total number of adult progeny
from a heterozygous hermaphrodite is only 6/16
of that from a normal hermaphrodite; that is to
say, 10/16 die as aneuploids.

The test strain BC2200, dpy-18 / eTHIII); unc-46 /
eTH(V)

The test strain was the same as that used earlier
by Johnsen and Baillie (1988), The markers, dpy-18
and unc-46, are in the balanced regions of LGIII
and LGYV respectively. Thus wild-type hermaphro-
dites, dpy-I8/eTiunc-46 /eTl, segregate dpy-
18;unc-46 homozygotes (Dpy Unc-46), parental
wild-types and eT! homozygotes (Unc-36) mn a
ratio of 1:4:1. In the presence of a recessive
lethal mutation on the normal chromosomes, any-
where in the balanced regions, the wild-types will
fail to segregate fertile Dpy Unc-46s.

Ultraviolet mutagenesis

Using a 30-W G.E. UV germicidal lamp equi-
librated for 15 min, worms were irradiated on agar
in uncovered petri plates at a distance of 43 cm.
The radiation was measured with a calibrated
ultraviolet light meter (Model J225, Ultraviolet
Products), and shown to be 2 W /sec/m’. Thus,
for example, irradiation for 60 sec gave a dosage
of 120 J/m?, :

The dosage we adopted to measure UV muta-
genesis was based on a preliminary experiment in
which the effect of UV on hermaphrodite fecun-
dity was tested. Wild-type hermaphrodites were
subjected to a series of different UV doses and the
number of progeny in sequential broods were
counted. At a dose of 50 J/m?, UV had no effect
on fecundity, while with 250 J/m? the number of

progeny produced in the first 4 h after irradiation
was reduced to about 25% of the normal number.
Based on these results we chose 120 J/m? as our
standard dosage.

Young gravid B, adult dpy-18/eTl-unc-46/
eT! (BC2200) hermaphrodites were treated with
120 J/m’. Consistent with the protocol used for
other mutagens in this laboratory (Rosenbluth et
al., 1988; Johnsen and Baillie, 1988), the in utero
embryos present at the time of mutagenesis were
allowed to be expelled for 2 h (at 20°C) prior to
collecting the F, progeny. After the 2 h, sequential
F, broods were collected by transferring individual
P,s to fresh culture plates at given time intervals.
A control set of untreated heterozygous herma-
phrodites was also picked and transferred.

Screening for mutations

From the UV treated Fgs, all wild-type F;s were
placed individually on culture plates. The E, prog-
enics were screened to determine the number of
Fis that (1) were sterile; or (2) failed to produce
fertile Dpy Unc-46s. Strains were established from
those Fs that produced no fertile Dpy Unc-46s by
picking a single wild-type E,. Strains that con-
tinued to produce no fertile Dpy Unc-46s were
maintained for further analysis by picking wild
types in each generation.

Qutcrossing and mapping to chromosome

Mapping the UV-induced mutations to one of
the chromosomes (LGIII or LGV) required the
removal of the eT! balancer. Wild-types from
each strain were mated to N2 males. Individual
wild-type F, hermaphrodites were allowed to self-
fertilize at the standardized mapping temperature
of 20°C (Rose and Baillie, 1979). Those F;s that
produced no Unc-36s carried the UV mutation
over a normal ‘+’ chromosome and their adult
progeny were scored. In the absence of lethal
mutations, a dpy-18/+ ;unc-46/ + hermaphrodite
would produce a phenotypic ratio of 9 wild-types:
3 Dpy-18s:3 Unc-46s:1 Dpy-18 Unc-46. Mutants
that produced a significantly lower number of
Dpy-18s than one-third of the wild-types, carried
a lethal mutation on LGIlI(right), cis-linked to
dpy-18, while those giving an Unc-46: wild-type
ratio of less than one-third carried a lethal on



LGV(left). The recombination distance between
the lethal and its cis-linked marker was calculated,
in map units, as 100p, where p=1 —[1 — 3M /(W
+ M))'?, W =number of wild-types and M =
number of Dpy-18s or Unc-46s. In some cases, the
mutant strain appeared to carry a lethal mutation
on both LGIII and LGV. If the recombination
data suggested that one of the two lethals might
be just outside the eT/-balanced region, an eTI-
balanced heterozygote was constructed in which
the chromosome carrying the other lethal was
replaced by a marked chromosome (dpy-18 or
unc-46) that had not been exposed to UV. The
appearance of some fertile Dpy-18 Unc-46 prog-
eny then confirmed that the remaining lethal mu-
tation was outside the eT/-balanced region.

Complementation mapping LGV lethals

Initially positioning of lethal mutations on LGV
was carried out by complementation” testing the
lethals against a set of deficiencies whose break-
points divide LGV(left) into a number of zones
(Johnsen and Baillie, 1988; Johnsen, 1990). Once
mapped to a zone(s), a mutation was tested for
complementation with mutant alleles of genes
located within. that zone and, if necessary, with
genes in neighbouring zones. Testing a lethal mu-
tation against another lethal (or deficiency) was
done as described by Rosenbluth et al. (1988).
That is, advantage was taken of the fact that all
lethals were balanced over eT7 and pseudolinked
to dpy-18. Thus two lethal mutations comple-
mented each other if the cross-progeny of parents,
" each carrying one of the mutations, included ma-
ture Dpy-18 Unc-46 [or Dpy-18s in cases where
the mutation tested was not linked to unc-46{el77)]
males and hermaphrodites.

Determining developmental lethal phases

The terminal phenotypes of the lethals were
determined by crossing wild-type hermaphrodites,
from a given lethal strain, to dpy-18 /Tl unc-46 /
eT! males, picking F; Dpyl8 Unc-46 hermaphro-
dites and allowing them to lay eggs for 6 h. The
Dpy-18 Unc-46 progeny that were not homo-
zygous for the lethal mutation grew faster and
could be removed, leaving behind the homozygous
lethal Dpy Uncs. Visual inspection classified their

developmental blocking stages as either em-
bryonic, early larval, late larval or sterile adult.

Testing for 51950 induced pseudolinkage

51950 was tested to see if it caused pseudolin-
kage between sma-2(e502)I11 and markers on LGI,
LGII, LGIV and LGX, according to the proce-
dure described by Rosenbluth et al. (1985).

Testing for coverage of LGIII genes by sDp8 and
sDp9

Males of the genotype sDp8eTi(I11;V) or
sDp9 eTI(IIl) /eTI(III); eTI(V)/eTI(V) were
crossed to marked eTI(III;V} hermaphrodites.
The markers dpy-1, dpy-17 and sma-3 are on
el'l(1II}, while bli-5(s277) is on eT1(V). The F,
progeny from wiid-type F, hermaphrodites were
scored for the presence or absence of Unc-36 and
marker phenotypes (see Results).

Results

Selection of UV-induced mutations

As described in Materials and Methods, dpy-I8
/€Tl unc-46 / eT1 Py hermaphrodites were treated
with 120 J/m? Strains were established from
wild-type F;s no longer segregating fertile Dpy-18
Unc-46 E,s (Fig. 2).

In the first instance, the mutations responsible
for the absence of Dpy-18 Unc-46s were referred
to as ‘lethals’. The majority of the strains were
expected to carry at least ome recessive lethal
mutation within the e77 balanced region, cis-lin-
ked to either dpy-18(JII') or to unc-46(V). The
lethal mutation would affect at least one essential
gene (let) and might be associated with a chro-
mosomal rearrangement. Based on previous expe-
rience with y ray-induced mutations (Rosenbluth
et al, 1985), a small proportion of the strains,
though initially classified as ‘lethal strains’, were
expected to be homozygous eT/s that carried the
wild-type allele of unc-36 as a duplication.

Most of the irradiated P,s were observed to be
sickly. In the first experiment the progeny of 14
treated Fys were examined. The average number of
adult F, progeny per hermaphrodite was 80% of
the number from untreated Pys; the greatest re-
duction (to 59% of control) occurring 13-24 h
post-treatment. 862 individual wild-type F.s were



P_: Treat with 120 J/m® UV:

-}

Fy:

Pick individual wild-types:

dpy-18 ; unc-46
eTi{III;V)

Alternative expected F, genotypes

l

If no UY mutation

dpy-18 ; unc-46

If lethal on LGITI{right)
[or LEV(Teft)]

dpy-18 let-x ; unc-46

l

If homozygous efl,
with Opfunc-36(+)]

EE {;) eTI(III;V)}

eTI(III;V)

F,: Phenotypes

Dpy Uncédé
Wild-type
Unc36

T

Discard

eTI{III;V} eTI{III;V)
L
Wild-type Wild-type
Unc-36 . Unc-36
Retain as "lethal® strainsJ

Fig. 2. Protocol for the recovery of eT]-balanced mutations.

picked and 49 of these (6%) proved to be sterile.
Thus, while the B, fecundity and F, fertility were
significantly affected after the treatment with 120
J/m?, they provided an adequate supply of fertile
F}s (813) and permitted screening the F, progeny.

27 strains (3.1%) segregated no Dpy-18 Unc-46s
and were retained as lethal strains. This is signifi-
cantly higher than the spontaneous rate of 0.06%
obtained previously (Rosenbluth et al, 1983). A
second mutagenesis screen increased the number
of lethals retained to 73.

Range of mutational events as assessed by brood
Sizes

As pointed out above, the screening protocol
used is such that not only purely intragenic lethal
mutations, but also chromosomal rearrangements
may be recovered. The range of mutational events
selected will depend on the mutagen used. Thus,
for example, mutations selected afier EMS treat-
ment have been found to be predominantly intra-

genic mutations {Rosenbluth et al., 1988), while
those selected after 1500 R y-irradiation ranged
from only a small percent of intragenic effects to
predominantly multi-gene deficiencies and more
complex chromosomal rearrangements (Rosen-
bluth et al, 1985). Johnsen and Baillie (1988), -
analysing formaldehyde induced lethals, suggested
that the adult progeny brood size of a hetero-
zygous putative lethal may be a crude indicator
for the type of mutational event induced. That is,
EMS-induced intragenic mutations generally do
not have a dominant effect on brood size. In -
contrast, heterozygous lethals associated with large
deficiencies, or more complex mutational events,
often have significantly reduced brood sizes. Based
on this, we initially assessed the range of muta-
tions represented by the UV-induced lethals by
analysing their progeny brood sizes.

We first determined the average total brood
size (fecundity) for each of the 73 lethal mutations
balanced over the ¢T7 translocation. It must be
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remembered that heterozygous e7!. hermaphro-
dites produce a large number of inviable aneuploid
progeny. In the absence of any additional muta-
tions, dpyl8 / eTluncd6 / ¢l hermaphrodites
have an average adult fecundity of 125. Wild-types
from strains carrying a simple mutation in an
essential gene were expected 1o produce about 104
progeny (5/6 of 125). The bulk of the ¢! bal-
anced strains had much lower brood sizes. 71%
produced less than 50 progenv per hermaphrodite.
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Fig. 3. Comparison of ‘outcrossed’ brood sizes for heterozygous mutations induced with either UV, vy irradiation, EMS or
formaldehyde,

suggesting that these carried chromosomal re-
arrangements,

We then measured the average brood sizes of
44 outcrossed lethals, no longer balanced over T/
(Materials and Methods). The average brood size
of a dpy-18/+ ;unc-46/+ hermaphrodite is 332.
The presence of a recessive lethal on only one
marked chromosome was expected to reduce this
to about 250 progeny, while lethals on both chro-
mosomes i.e T.GHT and T.GGWV wonld redocs it ta

-



187 (12,16 and 9/16 of 332 respectively). The
distribution pattern of brood sizes for the out-
crossed UV-induced lethals was compared with
distribution patterns presented by Johnsen and
Baillie (1988) for outcrossed lethals induced by
0.012 M EMS, 1500 R y-radiation or 0.07-0.18%
formaldehyde {Fig. 3). As can be seen, the UV
pattern resembled more closely the one for gamma
radiation than those for formaldehyde or EMS.
The percentage of lethals producing < 150 prog-
eny was 50% for UV and 44% for y-ray-induced
lethals; but it was only 25% for formaldehyde and
18% for EMS-induced ones.

Analyses of mutations
To determine whether chromosome rearrange-
ments could be detected among the mutant strains,

44 strains were chosen at random for further study.
The analyses essentially followed the protocol used
for y-radiation-induced mutations (Rosenbluth et
al., 1985).

{1) Mapping to LGITi{right} or LGV{left). Asa
first step we attempted to map the putative lethal
mutations to either normal LGIII(right) or normal
LGV(left) (Materials and methods; Fig. 4). The F,
ratios, Dpy-18/Wild and Unc-46/Wild estab-
lished whether a lethal mutation was cis-linked to
one of the markers and at what map distance. If
one of these markers did not appear at all among
the F,s, the parent strain was crossed to either
dpy-18/+ or unc-46/+ males to see if the strain
still carried the marker. If marker progeny ap-
peared from this cross, the strain did carry the

P,: Wild-type hermaphrodite from mutant strain crossed to N2 male.

F,: Pick Wild-type hermaphrodites.

F,: From Fs not segregating Unc-36s, score F, phenotypes and assign strain to a class (A - E).

Types of UV mutations expected
Letbal on normal chromosome(s) unc-36(+} duplication
Cn LGIM(right) On LGY(lelt) On each chromosome Unlinked fo ¢T7 Linked 10 T7

F, dpy-18 let ; unc-46 dpy-18 ; unc-46 let dpy-18 let ; unc-46 let Dp;eTl; eT! Dp €Tl el
genotype + o+ + + + o+ + 4 o+ Y Y M

D18:Wild Low or zero Normal Low or zero Zero * Zero *
F, ratios

U46:Wild Normal Low or zero Low or zero Zero * Zeeo *

All Fys give
Unc-36s

Class A B [of D E
Distsibution of strains 12 16 4 1 3

Fig. 4. Protocol for mapping mutations to LGIIT or LGY. When tested by crossing to dpy-/8/+ and unc-46/+ males. See text for

altarmative nanniinne AF Mlace B



marker, but with a very tightly linked lethal muta-
tion. We anticipated the five classes of strains
shown in Fig. 4. Most strains were expected to fall
mnto classes A to C (strains carrying lethal muta-
tions that mapped to the normal chromosomes).
Classes I> and E represented strains that did not
express the dpy-18 and unc-46 markers, neither in
the mapping experiments nor in complementation
tests. The simplest assumption was that these
strains were homozygous eT/s carrying an wunc-
36(+) duplication, When crossed to N2 males
they would give the F, genotypes shown in Fig. 4.
In the case of class D the duplication would
segregate independently of 7T, while in the case
of class E it would be linked to one of the 77
chromosomes. Class E results could have been
derived also from rare strains that were hetero-
zygous eTls, with a lethal mutation and the wild-
type alleles of dpy-18 and unc-46 on the normal
chromosomes. These alleles could have arisen from
UV-induced crossover events or as tightly linked
duplications. 36 of the 44 strains could be as-
signed to one of the anticipated classes (Fig, 4). 7
of the remaining 8 strains produced very small
outcrossed brood sizes, while the eighth produced
confusing phenotypes. Work on these 8 was dis-
continued.

32 strains carried lethals that mapped to the
normal chromosomes, Of these, 12 strains carried
lethals on LGIII, 16 carried lethals on LGV and 4
carried a lethal on each of the two chromosomes.
This distribution of lethals (44% on LGIII and
56% on LGV) is significantly different (based on
the Chi-square test) from the distribution found
for EMS induced lethals, which are predominantly
point mutations, and resembles that found - for
y-irradiation lethals. For 898 strains carrying EMS
induced lethal mutations on either LGHI(right) or
LGV(left), Johnsen and Baillie (1988) reported
that 65% mapped to LGIII and 34% to LGV, The
distribution of 67 y-irradiation induced lethals
was 40% on LGIII and 60% on LGV [based on the
combined results of Rosenbluth et al, (1985) and
L.M. Addison, personal communication.} Johnsen
and Baillie (1988) suggested that the difference in
lethal distribution may be due to the preponder-
ance of multi-gene deficiencies among the y radia-
tion-induced mutations. An LGIII deficiency de-
leting unc-36 would not be picked up bv the 77

=

screening protocol; it would be -either in a wild-
type or Unc-36 F,. In addition, they point out that
a deletion of a haplo-lethal region would result in
a lethal F,. Mains et al. (1990) have identified
mel-23(1II), close to dpy-28, as a putative
haploinsufficient gene. Thus deficiencies in either
the unc-36 or mel-23 regions of LGII would not
have been recovered.

The results for the remaining four strains placed
them in classes D and E, and suggested that these
strains carried unc-36(+) duplications.

{2) Deficiencies on LGV{left). In the absence
of cytological methods, detection of deficiencies in
a given chromosomal region requires the availabil-
ity of mutations in a large number of mapped
genes. Since mutations in approximately 70% of
the essential genes in LGV(left) have been mapped
(Johnsen, 1990), we concentrated our search for
deficiencies in this region. Recombination dis-
tances between the 16 LGV mutations and unc-46
were calculated from the above mapping experi-
ments. Using complementation mapping, it was
possible to further position nine of the mutations
on the maps previously established for LGV(left)
(Johnsen and Baillie, 1988; Clark et al, 1990;
Johnsen, 1990). Complementation tests with the
remaining 7 mutations proved to be too difficult
to carry out. 3 of these 7 produced average out-
cross brood sizes of less than 150 mature individu-
als, indicating that they probably carried complex
mutations. Males, heterozygous for three others,
did not mate well. The properties of the nine
positioned LGV mutations are summarized in Ta-
ble 1.

6 lethals failed to complement two or more
adjacent genes and were designated as deficiencies
sDf70-sDf75 (Fig. 5). Unfortunately the only ex-
isting alleie of the left-most marker on LGV,
let-450(s2160), has been lost, so that sDfs 72, 73
and 74 could not be tested against it. One de-
ficiency breakpoint was located in a region in
which no other breakpoint had previously been
located. The deficiency sDf73 has a breakpoint
that separates ler-448 from the let-336, let-447,
let-458 gene cluster. But, as yet, we do not know
whether it is the left- or right-hand breakpoint and
on which side of the cluster lez-448 1s located.

It is of interest to note that ac haternsventee 4
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TABLE1
THE 9 LETHAL MUTATIONS POSITIONED ON LGV(LEFT)

Mutation Gene or Recombination with Average Lethal
name deficiency une-46 in m.u. * outcrossed arrest stage
brood size
$1963 sDf70 1.5 (0.6- 3.4) 206 Early larva
51951 sDf?1 1.8 (0.6- 4.3) 132 Embryo
31966 sDf72 0.5(04- 1.3) 110 Embryo
51976 sDf73 0.0(0.0- 1.3) 94 Early larva
51939 sDf74 03(0.1- 1.6) 201 Embryo
51921 sDf75 8.5(5.7-11.6) 178 Embryo
sI916 lin-40 6.6 (3.5-11.6) 165 Early larva
51965 ler-349 0.7(0.1- 2.4) 171 ) Early larva
51956 ler-462 0.5(0.1- 1.9 213 Variable; embryo to early larva

* 95% confidence limits {in brackets) are based on the limits of the Unc-46 recombinants. These limits are taken from Table 1 of
Crow and Gardner (1959).
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Fig. 5. Partial genetic map of LGV(left), simplified from that of Johnsen {1990). (A) Tip to lin-40 - Jet-338 region. (B) fin-40 —let-338
region to unc-42. UV deficiencies and genes with UV alleles are marked with an asterisk ( *). The only other genes, deficiencies and
duplications shown are those required to visualize the positions of UV induced mutations. (a) let-448 is not deleted by s073 and is
either as shown or to the left of the deficiency. (b) The positions of sDf44, let-329 and let-418 are either as shown or 1o the left of
le1-462. (c) ler-349 and lei-422 are covered by sDp30 and are deleted by sDf26, but are not deleted by the other 4 deficiencies in this
region. These genes are either to the right or left of sDfs36 and 44. The distances between genes to the left of unc-34 are not known.
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of the 5 deficiencies mapping to the left of unc-
46(sDfs 70, 72, 73 and 74) all severely inhibit
recombination between themselves and wunc-46.
That is to say, all four lie to the left of /in-40,
which is about 6.5 map units (m.u.} from unc-46
(Rosenbluth et al., 1988), yet recombination data
placed them significantly closer to unc-46 than 6.5
m.u. {Table 1, column 3). Second site lethal muta-
tions between the deficiencies and unc-46 were
ruled out by appropriate complementation tests
with deficiencies spanning the regions. Similar ef-
fects on recombination have been observed with
other LGV(left) deficiencies (Rosenbluth et al.,
1990). The fifth deficiency, sDf75, lies to the left
of let-426 which is about 16 m.u. from wunc-46.
Recombination mapping placed sD/75 only 8.5
m.u. from unc-46. Thus sDf75 also inhibits recom-
bination, but to a much lesser degree than the
other 4 defictencies. '

The stages at which development of the homo-
zygous deficiencies were arrested are shown in
column 5 (Table 1). The embryonic blocking stages
of sDfs 71, 72, 74 and 75 indicate that these
deficiencies either delete a gene whose expression
15 required for embryonic development or that the
early arrests are due to cumulative effects caused
by deleting several genes in their respective re-
gions. In the region of sDf75, emb-29 is known to
be an ‘embryonic lethal’ (Cassada et al., 1981).
The larval blocking stages of sDfs 70 and 73
indicate that in these regions there are no em-
bryonically expressed genes required for the com-
pletion of embryonic development. Three de-
ficiencies had a dominant effect on the rate of
development. That is, as heterozygotes, sDfs 71,
72 and 74 retarded the rate of development.

Three LGV lethals each affected only one
known gene. One, 31956, identified a gene not
previously detected: ler-462. The other two were
mutations in previously identified genes: let-
349(s1965) and lin-40(s1916).

(3) A rranslocation among LGIIT mutations.
Four of the 16 lethals in Classés A and C, as
heterozygotes over wild-type chromosomes, pro-
duced less than 150 progeny (‘outcrossed brood
size’). One of these, mapping to LGIII, had the
characteristics of a putative translocation. The
strain BC2748, carrying the lethal mutation 57950,

produced no Dpy-18 F;s in the mapping experi-
ments, but still carried the dpy-18 marker. To test
whether the apparent tight linkage between 51950
and dpy-/8 was due to an associated LGIII cross-
over suppressor, ¥y dpy-18 let-(s1950) / sma-2 unc-
64 hermaphrodites were constructed and their
progeny scored for Sma-2 and Unc-64 recombi-
nants. Among 470 Fys there were 386 Wild-type, 0
Sma, 2 Unc-64 and 82 Sma Unc-64s, giving a
recombination frequency of only 0.003 instead of
the normal 0.20. The average brood size from each
Py was only 97 (instead of about 250 from a simple
heterozygous lethal). Thus 51950 acted as a domi-
nant crossover suppressor and caused a reduction
in brood size. Dominant crossover suppressors in
D. melanogaster and C. elegans are frequently
associated with translocations [for D.m. see Ro-
berts, 1970; for C.e. see McKim ¢t al.,, 1988 and
review by Herman (1988)). If, as a heterozygote,
such a translocation produces inviable aneuploid
zygotes, then it will cause pseudolinkage between
markers on the two normal chromosomes (as, for
example, does e7T7). Tests were carried out
(Materials and Methods) which showed 51950 to
be associated with such a translocation, causing
pseudolinkage between wnc-4(II) and sma-2(I1I).
That is, unc-4/T;sma-2/T hermaphrodites pro-
duced 274 Wild-type, 0 Unc-4, 1 Sma-2 and 45
Sma-Uncs. The translocation was named sT5
(IL111}.

(4) Putative unc-36( + ) duplications. {Classes D
and E). Four strains expressed neither Dpy-18
nor Unc-46 phenotypes in the mapping experi-
ments nor when complementation tested for these
markers. All initially segregated wild-types and
Unc-36s. The simplest assumption was that these
strains were homozygous for ¢77 and hetero-
zygous for the unc-36(+) allele. If so, the putative
wild-type unc-36 allele would necessarily have
arisen from the normal LGIII chromosome and be
carried in the form of a duplication, since the
LGIII breakpoint of eT! is believed to be in
unc-36. The mapping results described above sug-
gested that the strain BC2755 carried a duplica-
tion segregating independently of the e77 chro-
mosomes (Class ID) while strains BC2719, BC2860
and BC2874 carried duplications linked to eT!
(Class E). Another possible interpretation for the
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TABLE 3

TESTING LGHI GENETIC MARKERS FOR COVERAGE BY wnc-36(+) DUPLICATIONS

Dupli- Marker Py hermaphrodite F, phenotypes Covered

cation tested W U M MU

sDp8 dpy-1 sDp8:dpy-1 eT1/+ eT1,eT! /eTI 529 177 197 65 No
dpy-17 sDp8;dpy-17 eT1 /+ eTieTl /eTl 495 173 131 67 No
sma-3 sDp8;sma-3 eTl /+ eTLeTl feTl 429 93 0 18 Yes
sma-2 * sDp8; eT! feTl,; sma-2 eT1/+ Tl 484 134 145 63 No

sDp9 dpy-1 sDp9 + eT!/dpy-1 €Ti; eTl feTl 622 208 365 ** No
dpy-17 - sDp9 + eTl fdpy-17 eT1eTl feTl 700 21 0 279 Yes
sma-2 ¥ sDp? eTl1 /eTI; + Tl /sma-2 eTl 443 170 0 51 Yes
bii-5 sDp9 Tl /eTl; + eTl /bli-5 eT] All four phenotypes present No

W, wild-type; U, Unec-36; M, marker phenotype.
* Data from Table 2.

** Non-Unc36 Dpys were present. Number given is for the combined Dpys plus Dpy Unc-36s.

Class E strains was that they -were not homo-
zygous eTls but heterozygotes with normal LGIII
and LGV chromosomes that now carried dpy-
18(+) and wunc-46(+) as well as a lethal muta-
tion, The wild-type alleles of dpy-18 and unc-46
would have been derived from the eT! chro-
mosomes (either as duplications or as UV-induced
crossover products). Over a period of time, the
class E strains continued to scgregate wild-types
and Unc-36s, but BC2755 eventually produced
only wild-types. This suggested that the putative
duplication of BC2755 had become homozygous.

In order to distinguish between the two pro-
posed genotypes for class E strains, and to con-
firm the genotype for BC2755, wild-type
hermaphrodites from each of the 4 strains were
crossed to dpy-11(s287)eTI(IID)/ + ;eTi(V)/ +
and eTI(I11}/ + ;sma2(s262)eTI(V)/ + males. The
F, phenotypic ratios and average brood sizes
(‘Brd’), from wild-type F| hermaphrodites carry-
ing the dpy-i! or sma-2 marker were scored for
BC2755 and two of the class E strains (BC2719
and BC2874) (Table 2). The fourth strain, BC2860,
produced confusing phenotypes and work with
this strain was discontinued.

The first six rows of Table 2 present predictions
based on the different genotypes considered in
column one. Below that are the actual results. The
data for BC2719 most closely matched prediction
‘1* and suggested that it is an 7/ heterozygote,
carrying a lethal and the wild-type alleles of dpy-18

and unc-46 on the normal chromosomes. The in-
ability to obtain wild-type Fys carrying the sma-2
eT! chromosome suggested that a sma-2 mutation
had been induced on LGIII. It is possible, there-
fore, that the lethal in BC2719 is a deficiency on
the normal LGIII, deleting sma-2 and at least one
essential gene.

The data obtained with BC2755 and BC2874
were consistent with the assumption that these
strains are homozygous eTls carrying unc-36(+)
duplications. The results for BC2755 matched most
closely prediction ‘d’, confirming that its duplica-
tion segregates independently of ¢I7 and is homo-
zygous viable. The duplication does not cover
sma-2. The results for BC2874 matched prediction
‘b’. They confirmed that the duplication is on one
of the eT! chromosomes [i.e., eTI{III), close to
the dpy-I1 gene], and indicated that it covers
sma-2 as well as unc-36. The duplications have
been named sDp8(LIT) (in BC2755 and sDp9(1IT)
(in BC2874).

The limits of sDp& and sDp?9 were determined
by testing a number of LGIII genes for coverage
by the duplications. Table 3 presents the progeny
phenotypes from sDp8+ /+;eT!/m eTl and
sDp9 eTl /m eTl hermaphrodites (where m is a
mutant allele of the tested gene). Presence of a
non-Unc-36 marker phenotype (M) indicated that
the duplication did not carry the wild-type allele
of the tested gene. Conversely, absence of non-
Unc-36 Ms indicated the duplication did carry the



TABLE 4

SUMMARY OF EVENTS REPRESENTED IN 44 STRAINS

Class of strain based on Number of chromosome rearrangements Number of Number of
mapping experiments Identificd Putatives, intragenic unknowns
- — — ie. with events with
Translocations Deficiencies Duplications brood 2 brood @
<150 >150
(A) Carry ler on LGIIH 1 2 9
[sTS(IE )]
(B) Carry fer on LGV 6 3 3 4
{sDfs 70-75] [lets 349
and 462
and /lin-40)
{C) Carry fets on LGIII
and LGV 1 3
(D))
i No Dpy-18 or Unc-46 {sDp8)
j markers expressed 1 2
(E) {sDp9]
(X) Unassignable 7 1
Totals 1 6 15 3 17

® “Brood’ refers o outcrossed brood sizes.

wild-type allele. Since dpy-{ and dpy-17 are both
on eTI{IIl), and therefore in rrans with sDp9,
these markers could be tested with sDp9 only if
recombination occurred between them and the
duplication. The presence of non-M Unc-36 re-
combinants indicated that recombination did oc-
cur with both markers. The absence of Dpy-17
(the reciprocal recombinant) could therefore be
taken to mean that sDp9 covers dpy-17. Coverage
of dpy-18 couid not be tested because the duplica-
tions presumably arose from dpy-18(e364) marked
LGIHIs. The last column in Table 2 indicates
which genes are covered. Neither duplication is a
terminal duplication.

No attempt was made to determine whether
sDp8 is attached to another chromosome. How-
ever, in the course of constructing sDp&-bearing
males, it was found that sDp8 can be passed from
male to male. It is therefore not attached to LGX.
The insertion point of sDp9 on eT/(III) was
calculated using the frequencies of Unc-36 derived
from the dpy-11 (Table 2) and dpy-17 (Table 3)
experiments. Using the formula p=1-—[1—
3(U36))'/? (where U36 = frequency of Unc-36 and
m.u. =100p), we calculate that sDp9 is ap-
proximately 3 m.. from dpy-I7 and 0.3 m.u. from

dpy-11, thus placing it near dpy-11 to the right of
dpy-17.

Summary of results

Table 4 summarizes the results from the 44
multations randomly chosen for analysis. ¢ muta-
tions were shown to be definite chromosomal re-
arrangements. 15 of the unknown mutations gave
outcrossed brood sizes of less than 150 adults.
Johnsen and Baillie (1988) have argued that such
brood sizes are generally indicative of the presence
of large deficiencies or more complex chro-
mosomal rearrangements. We have therefore listed
them as putative chromosomal rearrangements. [t
is likely that among the 17 unknown mutations
giving brood sizes larger than 150 there are also a
number of deficiencies, since out of 10 LGV mu-
tations giving large brood sizes there were three
deficiencies (sDfs 70, 74 and 75; Table 1). Thus
we estimate at least 29 of the 44 mutations to be
chromosomal rearrangements. :

Discussion

We have shown that germicidal (254 nm) UV
irradiation of adult hermaphrodites provides a



simple method for the induction of heritable chro-
mosomal rearrangements in C. elegans. With a
dose of 120 J /m?, mutations were recovered in 3%
of the eT/-balanced chromosomes screened. Anal-
ysis of these lead to the conclusion that a large
fraction are not simple intragenic lesions, but are
deficiencies for several adjacent genes or more
complex chromosomal rearrangements. Evidence
for this conclusion came first from the fact that
50% of the hermaphrodites heterozygous for our
mutations produced outcrossed brood sizes of less
than 150 progeny. Many large deficiencies and
other chromosomal rearrangements have domi-
nant effects on the production of adult brood
sizes. The large fraction of small brood sizes among
the UV mutants is in sharp contrast to the 18%
found among lethals recovered after treatment
with EMS (Johnsen and Baillie, 1988), a mutagen
that causes predominantly intragenic events. To
confirm that chromosomal rearrangements had in-
deed been induced, we sought to identify: (1)
deficiencies among the mutations mapping to
LGV(left);, and (2) interchromosomal events. The
latter were sought by analysing strains that carried
putative translocations or unc-36 duplications. Six
deficiencies, one translocation and two duplica-
tions were identified. We estimate that out of 44
mutations there could be as many as 29 chro-
mosomal rearrangements.

The 6 deficiencies on LGV(left) will be useful
tools for the continuing study of genome organiza-
tion in that region. Deficiency and duplication
breakpoints have divided the region into separate
zones (Johnsen and Baillie, 1988; Johnsen, 1990).
One of the UV-induced breakpoints provides fur-
ther division of these zones. Three breakpoints,
the left-hand ones of sDfs 73, 72 and 74, are still
undefined. Thus we do not know whether these
deficiencies are ‘terminal’ or ‘internal’. However,
the fact that they each severely inhibit recombina-
tion in regions to their right may be a clue. In a
previous study (Rosenbluth et al.,, 1990) a model
for recombination pairing was proposed. The
model was based on the difference with which
different deficiencies affect recombination. It was
proposed that deficiencies severely inhibiting re~
combination do not delete a pairing initiation
site(s) to the left of sDf32 that is deleted by
deficiencies causing no (or only minor) inhibition.

Based on this model we predict sDfs 73, 72 and
sDf74 will turn out to be ‘internal’ deficiencies.

With respect to the above cited model, sDfs 73
and 75 provide additional data. Besides a site at
which pairing for recombination initiates, the
model also postulated the existence of *alignment
sites’. According to the model, the pairing process
would spread from the initiation site by ‘button-
ing-up’ the homologs at alignment sites which
occur repeatedly along the chromosome and have
a common nucleotide sequence. In a heterozygote
for a deficiency that deletes one or more align-
ment sites, the sequential buttoning-up process
would cause a misalignment to the right of the
deficiency, so that heterologous regions would be-
come aligned and recombination inhibited. A
minimum of three alignment sites had been pos-
tulated for LGV(left). One of these was in the
sDf32 region. If there is only one site to the left of
fer-326, then the fact that sDf73 caused severe
inhibition of recombination would localize the site
to the region deleted by both sDf32 and sDf73.
Conversely, the fact that sDf75 did not -cause
severe inhibition, would suggest that no alignment
sites lie within its region.

The translocation, sT3(JI;1IT), adds not only
to the number of recombination balancers availa-
ble for C. elegans, but also to the collection of
chromosomal rearrangements used to identify ho-
molog recognition sites (see McKim et al, 1983
for discussion). On LGIII, 575 suppresses recom-
bination in the same region as do eTI(IIIV),
sTI(II;X) (Rosenbluth et al, 1985) and
hT2(I 11Ty (K. Peters and A.M. Rose, personal
communication); that is, in the right half. The
region of suppression on LGII was not estab-
lished; all that is known is that the region between
unc-4 and the LGII breakpoint is suppressed. It is
likely that s75 inhibits recombination in the same
half of LGII as another translocation, mnC2(I1; X)
(Herman, 1978); that is, in the right half.

Finding that UV irradiation can lead to chro-
mosomal rearrangements in germ cells has been
documented in few previous studies. Slizynski
(1942) cytologically analysed 21 UV-induced re-
cessive lethal mutations in Drosophila and found
5 to be associated with deficiencies. Since then UV
has rarely, if ever, been used to induce inherited
rearrangements in Drosophila (Lindsley and Grell,



1967). Sadaie and Sadaie (1989) cytologically de-
tected chromosome aberrations among C. elegans
metaphase nuclei. The nuclei were in embryos
derived from gametes treated with UV prior to
fertilization. Whether these would lead to stable
inherited chromosomal rearrangements was not
determined. However, P.S. Hartman (personal
communication) has recently isolated hetero-
zygous UV-induced wnc-22 and fem-3 mutations
in C. elegans. § out of 15 of these are not viable as
homozygotes and are likely to be deficiencies ex-
tending into at least one essential gene. If con-
firmed, these findings indicate that our results are
not restricted to mutations isolated by the 77
screening system.

Comparing our UV data with those of two
other mutagens known to induce chromosomal
rearrangements in C. elegans, y-rays and form-
aldehyde (at doses normally used in our labora-
tory), we find that the frequency of lethal induc-
tion by 120 J/m’ UV is very similar to that by
1500 R y-irradiation (Rosenbluth et al., 1985) and
approximately twice that by 0.1-0.18% formalde-
hvde (Johnsen and Baillie, 1988). Regarding the
type of mutations produced, Johnsen and Baillie
(1988) presented data indicating that the muta-
genic effects of 0.07-0.18% formaldehyde were
less drastic than those of 1500 R y-rays. The crude
assessment of our UV-induced mutations, based
on brood sizes and distribution between LGIII
and LGV, suggests that the spectrum of UV events
matched that of y-ray events more closely than
that of formaldehyde. The results for analysed
LGV(left) mutations are consistent with this. The
ratio of multi-gene deficiencies to apparent intra-
genic events is 6:3 for UV-, 7:4 for y- and only
5:11 for formaldehyde-induced mutations.
Whether the less drastic effect of the formalde-
hyde treatment is simply a function of dosage will
require further analyses.

The apparent similarities between the genetic
effects produced by vy-irradiation and UV are
probably superficial, and only true at the levels
analysed here. Biological damage by y rays is due
to high energy ionizing radiation while that by UV
is due to direct DNA absorption. Based on molec-
ular studies in other organisms, the potential pre-
mutational targets for DNA lesions are probably
much fewer for UV than for y irradiation. In

terms of specific nucleotides, the major targets for
damage by UV are adjacent pyrimidines (Fried-
berg, 1985). Recent DNA sequence analyses of a
large number of UV-induced mutations in several
genes found that the majority of mutations were,
in fact, the results of lesions at such sites (Schaaper
et al,, 1987; Drobetsky et al., 1987; Vrieling et al.,
1989; Romac et al, 1989). Damage by vy-irradia-
tion probably has no nucleotide specificity. The
types of the lesions induced by the two mutagens
are likely to have different spectra and the mecha-
nisms whereby the lesions result in stable muta-
tions may be different. It would, therefore, be of
interest to compare the genetic effects of UV and
y-irradiation further.

For example, y irradiation of germline "cells
causes an increase in recombination (‘map expan-
sion’); but the increase is not uniform along the C,
elegans chromosome (Kim and Rose, 1987). The
increase is greatest in regions in which genes are
clustered on the normal recombination map. One
proposal to explain this phenomenon was that: (1)
the normal rate of recombination per unit length
DNA is not constant. That is, in regions of cluster
normal recombination is suppressed; and (2) en-
hancement of recombination by y-irradiation is
due to the induction of DNA nicks which act as
additicnal substrates for the recombination ma-
chinery in the suppressed regions. Since UV pro-
duces chromosome breaks in germ cells, a parallel
experiment with UV could be run to see if it
produces the same results. If the results are differ-
ent, they might provide further insights into chro-
mosome structure, recombination, and/or the
mechanisms of radiation damage and DNA repair
in C. elegans.

Finally, in regard to DNA repair, analysis of
lethals induced by radiation in the presence of rad
(radiation-sensitive) mutations may prove val-
uable. Hartman has identified C. elegans rad genes,
4 of which appear to be involved in DNA repair
(Hartman, 1985). The functions of these genés are
being analysed by studying the worm’s response to
irradiation damage in the presence of rad muta-
tions. Thus, survival studies have shown that rad-/
and rad-2 mutations cause hypersensitivity to both
UV and vy irradiation, while rad-3 and rad-7
mutations cause hypersensitivity to only UV
(Hartman, 1985). Furthermore, analyses of DNA



from whole organisms have shown that mutations
in rad-3, but not in the other three genes, diminish
C. elegans’ capacity to excise UV-induced
pyrimidine dimers (Hartman et al., 1989). Testing
the role of these genes for germ-line mutability,
Coohill et al. (1988) have measured the effects of
rad mutations on the frequency of eTI-balanced
lethals induced with UV, They found rad-3
mutants to be hypermutable, but rad-7 and rad-7
mutants were hypomutable. It would be interest-
ing now to analyse UV lethals induced in the
presence of rad-3, and determine whether rad-3
causes a detectable change in the spectrum of
mutational events.

In conclusion, this study has shown that UV
irradiation produces stable heritable mutations in
C. elegans that are predominantly chromosomal
rearrangements and thus differ from the spectrum
of UV induced mutations commonly reported in
other systems. The ease with which UV radiation
is applied to germ-line cells makes UV an ad-
ditional tool for the analysis of C. elegans chro-
mosomes. Furthermore, the ability to store
mutants indefinitely in liquid nitrogen (Brenner,
1974), as well as the linking of genetic and physi-
cal maps (Coulson et al,, 1986) should make C
elegans a useful organism in which to study the
molecular bases whereby UV acts as a mutagen in
cells of complex eukaryotes,
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