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TNTRODLCTION

Benetic technigues provide one of the most powerful
experimental tools in biology. The relationships and
interactions of biological processes can be described in terns
of discrete genebtically controlled steps. Such a discription
begins with the isoletion of a set of aatants. Gnalvaeie of
mutants perturbed at each of these steps exposes integrated
assemnblages controlling the biclegical process. The mubants
may be spontanesous mutations recovered {from the wild-type
population or may be induced by various physical or chemical
agents. Such mutants have been successfully uged in
determining the underlying mechanism of aesny biological
PO BB

The stepwise elucidation of various pathways has been
accomplished by isolating mutants exprassing similar phenotypes
and combining biochemical and genetical analvyais (Boldberger,
1979y, Hartwell (1974 collected veast sutants defective in
the cell division oyele and determined the temporal oerder of
the genes for the normal division cyvele.  The genes involved in
the pathwave leading to lysogenic and lytic growth of the
hacteriophage lambda has been predominantly determined using
genetic analysis (Fhashne et al., 19800, Some of the steps
né the photosynthetic pathway were determined wsing genetic
analvsis as well as auch of our present knowledge of the

proton-translocating ATPase sysbem. By collecting mutants



B

defective in energy generation and analyzing them blochemically
arnd genetically, the underlying pathways were revealed.

Amorng the many wnanswered guestions in biology, those
invalving development and behavior are ths most numerous.
Various organisms have been exploited in an attempt to
determineg how development progressss and behavior 1s
manifested, Some simple developmental switches have besen
successfully investigated but little is known of the control of
devel opment at the multicaellular level.

One of the developmental switches studisd is phase
variation in Salmenella. This bacterium is capable of
pxpressing twn antigenicly distinct flagellar proteins. #
mingle bacterium will supress only ong of the two types.
Howesver, bacteris expressing the other of the flagellar
proteinsg will arise in the population at a freguency pf Lo-=,
to 1079, (Gimon et al., 19803 Silverman and Simon, 19807,
frother syvebem well studied is mating type in yeast which led
te the formulation of the "cassette model” for the control of
gene expression (Hicks et al., 1977). The study of B~
Lymphacyte maturation and the immunoglobulin switch during
maturation e being extensively studied at the molecular level

(Tomegawa, 19831, & somewhat different problem is being

atddrassed by B 34
mubtants. The developpmental fate of the segments appears to be

corntrolled by a couple of gene complexes (Lawrence and Morata,
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1983, Much of the work being dong is at the solscular level
wsing the powerful tools of molacular genetics and molecular
biology. Howsver, classicel genetics playsd a major part in
identifyving the underlying geretic control and in an initial

description of tha phenomenon.

The nematode, Panegrellus redivives is a suitable
multicellular organism for investigating development and
behavior, It has a short life cyele, can be easily cultivated
and is small enough to be handled in large numbers. It has
ralatively few cells and developmental pattern is invariant
allowing for cell lingage analysis. The complete poast
gmbryonic cell lingage is koown (Bternbeeg and Horvitz,

1981, 1982) as well as much of the early smbryonic linesge
(Denich, unpublished data)., It has a DNA O-value twenty times

I g (8in and Pasternak, 19703, Previous

whudies on £, redivives include the use of chemicael and

physical "insults" to perturb normal development in an attespt
bt elucidate the undsrlyving biological control. Stage specitic
post-pabryonic events wers focussed ong growbth and ecdysiag
(Bamoilofd and Pasternak, 19468 Samoiloft and Pesternak, 1969
Bamniloff, 19703 Pasternak and Samoiloff, 19705 Samoiloff
19734, 1973k), gonad development (Boroditeky end Bamollotf,
197%) , mating behsvior (Cheng and Samoilofd, 1971, 1975
Bamoilofd et al., 197%; Bamoilodf et al., 19743 Balakanich and

Samailoft, 1974, chemobaxis and osmotic tolerance (Pollock and



Samoilodt, 1974), the nuiritionsl reguiremsnts of developmant
§ﬁmﬁu1rahm%ﬁ and Bamoilofd, 1979}, The worem has a limited
behavioral repertoire, although the small physical size of £,
redivives makes physiological analysis of behavioral processas
difficult.

One of the objectives of this present work was o

determine how ansnable £, redivivus is to genetic analysis.

Panagrellus redivivus has a haploid set of 3 chromosomes

(Hechler, 1970). Sex determination is by an X0 mecharism with
the males being the heteroganetic sex. é@&ﬁggﬁ%@gﬁviﬁ
dicecious with males being necessary for fertilization. It is
cvaviviparous and females will produce 200-280 juveniles aver a
ten day period, while males can sire up to 5000 progeny
(Bamoileff,1980b) . Burke (1978) isolated a set of autosomal
and serelinked visible mutations in P, redirivus, bub most of
thess could not be maintained. Eleven aubosomal mutants were
imnlated but only six would successfully mate. Thres of these
were discarded because of variable expressivity. The remaining
thres have since been lost. It became apparent, thersfore,
that some refinements in manipulating the nematodes would be
reguired for further isolating and maintaining mutant lines.
The present gensbtic analysis of the fres-living nematode

rellus redivives stems from an intersst in using this

proganisn to study behavior and development. In the mid-sintiss




living, harmaphroditic soil nematode, as a model for the s udy
of the genetic control of behaviowr and development in

multicellular organisms. The firgt major publicetion (Brenner,
1974) in this effort presented the genetics of the nematode and

reported a set of 350 morphological and behaviouwral mutants.

¥ followed, including the

Many stwlies on §. . eleg
determination of the cmmpi@t@ cell-lingage of the organism
(Sulston et al., 198%). Until recently, most of the study on
development of &, eleganz has centered on embryonic pvents. On
the other hand, Panagrellusz studies (primarily by Samoiloff

and co-workers) have focussed on post-embryonic events. IfF P,

dwns im to be used to study the developmental pattern m%l

post-embryonic events, it is essential to begin a more thorough
genetic analysis of the organism.

Farlier studies on the develaopment of £, redivivus

applied target theory to determine the number of genes requived
far postembryonic maturation (Denich 1980, SBamoiloff 1980a).
The involved using irradiation to perturb the completion of
suceessive molts through one gereration. The results suggested
that bursts of gene activity were required at specific bimes in
the stepwise postembryonic developmaent of the nematode. These
bursts of gene activity coincide with the moliting steps thab
oo in the developmsnt from firet Juvenile stage to adult.
Cell lineage studies of postembryonic development in £,

redivivus (Sternberg and Hoevite, 1983) suggests that some cell



divigions appear to be tightly coupled to ecdysis, while other
call divisions appear to be independent program of ecdyesis.
Sueh stepwiss developmait can be %MWth@PAiﬁV@ﬁtig&ﬁ%ﬂ by
isolation of conditional mutations that block develupment at
gpecitic stages. The selection of such mutations cen be more
wanily performed by using visible mutations as genetic markersg
mutagenizing marked chromosones, and performing crosses that
perait the recognition of Fo individuals homozygous for the
marked chromosone which can be tested for the conditional
wh@ﬁmtyﬁ&w

The maior obisctives of the work reported bhere werag

1) mastablishing a protocol for iselating visible sutants

in £, redivivas with particular emnphasis on

auvtnmomnal recessives.

2y to ismolate & library of such mubants.

3y to establish o nethod of storing smuetant lines for
Future yee and analysia.

The firet phase of such an undertaking was to develop the
methods of manipulating Papagrellus under controlled 1 ah
conditions. The technigues for growing the worms, handling
them, isolating mutants and storing sutants for further
analysis are prerequisites to any long term project on
development and behavior using a genstical approach. The

Care also

technigues for growing and manipulating

described in this report. Initial studies on the genstic



analysie of some of the mutant lines are described in the
appendices. Complementation of a subset of mutants and the
strategy for linkage analyeis with the ultimate objective of
marking sach chromosome with several visible mutant phenotypes

are described in detail.



MATERIALS AND METHODS

BEOWTH MEDIA FOR Panagrellus

Pangarellus redivivus is grown under very siople licited

putritional conditions. Water-agar plates supplemented with a
stercid provides the substrate wvpon which stocks ara
maintainad. M liguid growth medium of avtoolaved yeasst is used
as food for these particle feeding nematodes. Contaminetion of
shacks i minimal uwnder these conditions and seldom presents a
problem. A more nubritionally rich cultuwre mediium bad been

Cbut proved unsatisfactory

hecause of periodic problems with sxitreme contamination.

The following foraulationsz of media were used:

Water-ager plat
17 grams agar (Flsher Biological Grade)
1 ml cholesterol solubion
glass distilled water té make 1.0 liter solubtion
Water-ager medium iz mixed in glass Erlenmyer flasks with
sorew-caps.  Agar 1w suspended into solubion by shaking and

auvtoclaved for 20 minubtes at 15 poadis



MT buffers

&g MaeHPQOs
T g EHePOa

% g NaCl
0.25 g Mg80a

Glase distilled water to make 1.0 liter solubtion.

Buffer is autoclaved at 18 pei for 20 sinutes.

M-y Limuid Browkh Medium (M?-Y LGMI

50 mg dried baker s yeast
1 liter M? buffer
1 ml. cholesterol sclution
Autaclave for 20 minutes abt 15 psi. The growbh medium

containg a final concentration of .08 mg/ml of yeast.

Cholesterol solution:

5 omy cholesterol /sl ethanol

MAINTAINING STOCES

The wild-type strain of Panagrelius redivivus used in

this study, designated C15, was generated by two rounds of 18
generation sib-sib satings, from a stock originally sent by Dr.
A, Coomans from Bhent, Belgium.

Stack cultures were mailntained on 100 X 18 am water-agar
plates. Sub-culiuring was required every two weeks.

fpproximately 5 mb. of feresh MP-Y LBM was poured onto the el
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plate, and the plate is gently swirled to suspend worens in the
liquid, The suspendsd worms are then disteibuted to feash

plates. Btock cultures are malntained abt room tenperatura.

FREEZING STOCKS

The basic strategy for freezing stocks was derived from

the techniques developed for . elegans. fAlterations in the €.

grown wnder conditions different from those for . elegans.

Media for freszings

1Y B omedium

.0 0 Mall

5.7 g M0

GBlyeeral FO0 ml
Dietilled H=0 &44 ml

Adivet to pH 4.0, avtoclave
add 0.% al of 1 M Mg80a (sterile)

2y 8 medium -+ alveeraol

20 ml iM Malll
1o @l i B

adivet to pH .0
&0 ml glycerol

110 ml distilled water -« auvtoclave.
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Worm stocks for freezing are grown an 100 by 135 mm
plates. Conditions ware controlled in such a way as Lo ensure
the presence of large numbers of sarly juvenile-stage worms 1o
a partially starved state. The final ﬁummculturimgvp#imw ey
fresring the stocks was done using M9 buffer instead of food.
The only food available to the stock was whatever was carvied
pver from the previous stock plate. Secondly, worms collected
in autoanalyvzer cups for fesezing were washed thres times in MP
buffer and held twenty-four hours in the buffer prioe to
freszing. Semi-starved sarly stage Jjuveniles survive the
freszing and subsequent thawing better than satisted Juveniles
and considerably better than either starved or fed later stage
Juveniles or adults.

Stacks that were to be frozen wersg inditially well fed in
arder bto increase the number of worms available for {freszing.
Onee the stock plate had a sufficient number of woras 14 was
auboul tured one last time using M9 bhoffer instesd of MP-Y LEM.
Thres to four davs later the worms wers collected in
autpanalyzer cups. By flooding the stock plete with M9 buffer
and tilting the plates lightly, 3o that all the worms fell to
the bottom, thay could be easily collected with a smicropipet.
Geveral hundered woros (S500-10000 wers placed in sach of five
sutoanalyzer cups. The cups were flosded with MP buffsr and
the worns were allowed to settle to the bottom. ALL but 0.5

ml, 0f the M9 buffer was removed ferom the astoanalyzer cup using
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s e

a pastewr pipet. The cups were then filled with M? bhuffer a
ﬁ&mmﬁﬁ.anﬁ a third time to wash ag much of the food away as
possible. After the third washing the worms were held in G5
ml. of M? buffar for twenty-four bouwrs. 0.5 el of esither B
madium or 8 medium + glycerol was then added., The {final volume
was 1.0 mh and the final glycerol concentration was about 18%
by volumz. The cups weee then immediately capped and the
autoanalyzer cup holding=-tray was placed in a styrofoam
freazing bow. Each tray holds 100 cups so that twenty stocks
ware froven at a btime. The freesing box was pubt into an
ultralow btemperature freezer (Reveoo) set ot -BO degress
Caleius. The styrofoam box causes the temperature to deop
slowly, a condition required for successful recovery of worms
upon thawing. A minimum of 48 houwrs was allowsd to pass bafore
any further manipulation of the frozen worms. Onee feozen,
autoanalyvzer trays can be stored in the Revoo on the sheldf.
The freezing box can now bhe used for another group of stooks.
The autoanalyzer cup can be thawed at room tesmperature in
about 10 minubes. Contents were poured onto a water-agar
plate., It was found that the majority of the worms remain in
the last few drops of freeszing solution in the avtoanalyzer
cup. To recover these woras the cup was washed with MR-y LEM,
Burvivability was nobted and {food was added to the plate.

Fallowing the suggestion of the Casnorhabditis feneticys Stock

Conter, Colunbia, Missouwi, once the penultisste avtoanalyzer



cup is thawed, the stock is refrozen.  This leaves ong oup as a
mastsr cup for those “just-in-case” situations when something

unforsegable happans.

MAMIFPULATING STOCKS

Isolating virgineg - Panagrellus redivivus females mate

upon completion of the last molt (Duggel 1978c). In order t@
mpeure virgine for crosses, olde- juveniles are collected and
allowed to mature in isolation. It is not possible to
distinguish females from males at the late juvenile astage wsdng
a dissecting microscops. To insure that enough virgin fecales
ware available for subseguent ﬁwmﬁﬁéﬁ the cnumber of Juveniles
izolated was always greater than twice the number of virgin
females reguired. Juveniles were jsolated in 2.0 ml
antoanalyveer cups containing 0.9 el MP-Y LEM. The cups arse
capped and juveniles are allowed to complete their final eolts
over a two dey period.  The sex of the mature adults is
deternined by screening the individual worms using & dissecting
microscope.  Males have a distinct crescent-sheped spicule near
the posterior end of the worm. Also noticeable in adult eales
iz bhe vas deferens, observed as a clear area in the posterior
thivd of the worm., Males curl their tail in a distinctive
fashion when swimming in liguid. Females are aslightly larger

ard have a mors tapered tail than males.  The ovary with.
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maturing eggs can be seen as a dense granular region in oldee
adult femalos.

Worms can be individually isolated and transferred by
gither of two methods. A sharpened wooden epplicator stick,
sterilized in aloobol or boiling water, can be used to plck up
individual worms from a dey plate. A culture plate is reforeed
to as being dry bto distioguish it from a culture plate that has
bpon flooded with M9 buffer or MP-Y LEM. & culture plabe that
has been flooded is eaferred to as a wet plate., Transferring
individual worms via a sharpenegd applicator stick is best
acoomnpl ished i% the btransfer iz being made to a drop of Liguild
(M2 buffer or ME-Y LEM) on a fresh agar plete or liguid in an
autoanal yeer ocup. The wores from a dry plate adhere to the
mhick bBub will swim off of it whern submerged in liguwlid. ALl
sizes of worns can be transferred this way. However, eacly
Juvenile stage worms are the aost difficult to manipulate
hacause of thelr small gize.

& second method of trangferring iodividual worms involves
ueing o micropipet, made from & disposable FPasteur pipet. A
micropipet with & small bore size can be created for collecting
Juveniles. 6 larger one can be produced for collecting the
larger later stage juveniles and adults. The sase of iselating
and transferring individoual wores is often dependent on the use

pf an approapriately sized micropipet. Phloropipets are used for



collecting worms from wet plates, or auvtoanalyzer cups. The
woras usually swim when iomersed is M? buffer or MP-Y LGM.
Stock plates from which virgins are to be idsolated are
sub-cultured on a weekly basis. A 57 day old stock plate will
have healthy well-feed worens from which to seslect virgins.
Mary of the mutants espressiog an uncoordinated phenotype (Uono)
are hest identified on wet plates. Wild type (C15) worms swim
in liguid with a distinct sinuscidal movement. The Une
phanotypes vary from subble sovemsnt differences to no movement

at all. All other phenotypes are identifisble on dey plates.

MUTABEMESIS

Mutants wers isolated from wild-type CL15 worms that were
subjected to various mubtagenic agentsy; ebthyl methanesul fonate
(EME) , proflavin, proton irradistion, and ulbtraviolet
light (UV).  The EMB sutagenesis protocol was similar to that
wsad by Branner (1974) - a concentration of Q.00 M EME for foue
hours followed by three 20 minute washings in M9 buffer. For
the proflavin mutagenesis, Parnagrellus was grown in a 0.0001%
gsolubion for four davs. The nematodes were then washed in M9
puffer and plated. Proton irradistion of Panagrellus at the
Dyclotron Laboratory, Department of Physics, University of
Manitoba, was performed by Darlene Agar. & dose of 126 greys
CEOD Mevd wes used. 80 ultraviolet irradiation of approximabely

4 grey was used in an experiment conducted by Darlens Agar on
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the sensitivity of C15 to UV light and some of these wores were
seresnsd for nubtants.

In epach case a population of several hundeed CLT worms
was subiscted to the mubagen and, after mubagenesis, early
juvenile stage worms wers removed,leaving a population of late
stage juveniles and adult mutagenized worms. Moetsgenized worns
were left on a 100 by 15 am agar plate overnight. Those sarly
stage Jjuveniles appearing the following morning were ranaved,
therehy eliminating worms harboring somatic mubations. The F.
were isolated in pairs in minibeakers (auvtoanalyzer cups) with
0.5 mi M-V LBM. Each F. pair represents an isolate of
chronosonss. Fouwr davs after iscolation the juveniles reach
sedual maturity. The minibeakers were then checked to
deteraine if esach conteined a mating pair. If a minibeaker
countained two worms of the same sex, one was moved and the
appropriate sex for mating was added. ALl sinibeakers with one
male-ong female were plated on &0 mm by 15 mm water-agar
plates. Worms mating on water-agar plates did so more
successtfully and produced a larger brood than those mating in
minibeakera.

Brother-gigter matings in the Fo allowed for segregation
pf identical homologous chromosomes.  Screening the Fe permits
identification of dominant and ¥-linked mutations only while
sereening the Fa allowsd autosomal recessives to be found (see

Diocussiond. 611 of the paired matings were scresened at the Fus
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generation to increase the chances of isolating autosomal

racaassive mutations.

SBOREEMING FOR VISIBLE MUTAMTS

The mutant bunt was carried out vigually using o Wild
dissecting microscope with substage illumination. The plates
baing scresned were flooded with M9-Y LGM, to insure that both
mmv&mmﬁt and morphological mutants could be detected. The
initial screen identifies putative mutant lines. IF
considerably less than 17146 of the Fx population of worms on
the plate did not express a scorable phenotype, no mutation was
present and the colony was discarded (see Results). At the
time of screening for pubtative sutants, the individoal isolates
ar colonies started %Wmm a pair of Fio's had a mived population
of Fe's and Fe's on the plate. Because of the large number of
pairs screensd (over 2000, it was not possible to tend to sach
culture to the point of narrowing the age distribution of the
Fo generation so it would not overlap the Fs generation.
However, recessive autosomal sutations were still found despite
the background ﬁlutfﬁwimg of the F. generation, which would all
be sxpressing a wild-type phenotype. 6 suboulture of sutant
werms was pstablished from all plates careying putative
mubtants,. To make a mubant ling homozygous usually reguicved one

more subeulturing of larvaes expressing the phenotype.
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The naming system used for mutantes of free-living
nematodes has besn discussed by Burke (1978 amd is the one
agresd upon by G. elegany workers (Horovitz et al., 177%9). A1

mubtant lines of £, redivives have been isolated from strain

C1%, which has been designated wild-type. Gene names refer to
a hroad phenotypic descriptive characteristic. The name
consists of three italicized or underlined lower case letters.
Different genes expressing the same phenotype are distinguished
by different italicized Grabic numbers, separated from the
genaeral name by a hyphen. Mutation names consist of one lower
case italicized or underlined letter followed by an itelicized
g wnderlined Arabic number. Every indepsndently isolated
mutation is given a unigue designation.

Each strain or mptant line ig given an individusl name.
The laboratory uses a single uppercase non-italicized letier
followed by an Arabic number (sg., C15, M2Y. The Letter used
ig the same lether as bhe mutation name (eg., RLIZ, D7), When
describing phenotyple characteristics a non-italicized
abbreviation corresponding to the gene name and having the
firet letter capitalized is used, sg. Dpy animals have
gdifficulty mating in minibeakers.

Fene names used in thise study weres:

bli, blisteredy

dpy ., chuampy g
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MUTANT SCREEN

The protocol followed for isolating mutants was based on
phtaining homozygotes for sach autagenized chromosoms in order
to identify autosamal recessive visible mutations. X-linked
and dominant visible mutations were also found using this
protocol.  An individual Fi worm of treated parents is,
phviously, the prodoect of two independently mutagenized
ganetes. By sstablishing a colony from two Fo oand allowing
brother-sister matings in the Fe, 17146 of the Fa population
will be homozyvgous for any particular ctromosome. I a
dominant autosomal visible mutation cocours, not only will the
F.o parent express the mutation, but so will /2 of the Fae
progeny. 4 an ¥-linked recessive mutation is carried by an Fi
female, the phenotype will be erpressed in /72 the male
offepring of the F. generation. If an X-linked recessive
mutation is carried by the F. male, the mutant phenobtype will
disappear for one generation only to resppear o 172 of the
males of the Fa population and a few females of the Fo if a
fathar-daughter mating oocurs.

Beraesning of both the Fe and Fo generations of 2814
ditferent F. colonies sstablished after mubagenesis with EME,
proflavin, and proton irradiation led to the isolation of 118
different nubtant lings. These sutant lines are designated the

reset and in subseguent discussions will carey bthe prefis e



The four WY light generated mutants (part of the d-set)
ware isolated during sn experiment on the ssneibivity £,

: to UV light conducted by Darlens Agar. Data on the

number of colonies scresned were not recorded since a
conprehensive outant hunt was not part of hee expeciosnt,

£ subsequent screening of 2850 colondes {from an EME
mutagenssis resulted in the isolation of 10 more auvtant lines,

designated the m-set of multants.



PHENOTYFES

e
Loyt

OF MUTANTS

Table 1 presents list of the seven mubtant lines

maintained in the laboratory before 19280, & listing of the

mutant lines with phenobtype designation isolated for this study

ig presented in Table 2. The mutant types ared

1%

Unes  Une is the phenotypic designation for animals
erpressing uncoordinated movesent. The Unc
phanotype can range from extrems redoction in all
movement to slight variation in the wild-type
swimming pattern. Brief description of each mutant
line is meant only as a guide when viewing the
phenotype. Uncs were scresned on flooded plates
{eikler with M9 budfer or ME-Y LEM) and phenotypes
are most distinet when viewsd on such plates.

Dpye Dpy is the designation for mutant lines where
arnimals are shorter and fatter than wild-type.

Some Dpy animals are nobt significantly shorter butb
are distinctly fatter than wild-btype suggasting
that Fat be a more sppropriaste designation.
Introducing this new phenobtype name was avolded.
Smas Sma animals are small woems that are shorter

khan wild-type but do not appear fatter than wild-

Lype.
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@i These worms are skinnder than wild-typs bul
genarally are neither longee or shorter.  The
phenotyps is not sasy to ddentify and is most
distinct in Juveniles and males.

Lon: Lon animals are of two btypess ~ those that are
longer and skinnier than wild-type and those that
arg longer and of the seme bthickness as wild-typa.
Blic one mubtant line (r94! segreogates worms
puprassing a blister either L/72 from the head-end
g L/% from the tall snd.  There are pleiotropic

effects with considerable juvenile lethality

Qe rirng .
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Table L. List of mubtant lines befoarsg 1980

The mutant limnes listed in this table have been collected
bedfore 1980. TYPE refers to the mutant phenotype and arg the
sane as those described by Bresner (1974) and Horovite gl al.,
1975, Linkage refers to the linkage group but only with
refaronce to the ¥ chronosoms () or to the asutosomes (A).

TYFE  LIMCKARBE COMMENT

e s iR a3 RS TASY PR SEMA L VLCU GGERD MOYT PETR Y840 TGSH ASls HEULY £SO TN SEIY LTAE NS 15208 pived ST KNS SLSE Nkt 44307 v oy e ot 2100 10235 n s
ESA% T Frive Gy Ay o feS (O UL WLl (00 (0T CETR Safer LKA ABle SOOI B paRe SRR BRE YN 108 sl ST RO WSS RTEY OROY TR TS R RN 4N U R s TR U e N R SR S S VSRS T VA LR il e e (S X8 4l B SaSh o wie S G RO SR

oA dpy f

s | dy 2

=5 Fup X a suppressor of crossing over for
a large part of the X-chromosomns.

il Fon b4 cold-ashock induced mutation,
allele of BE and D7.

Jledd  dbl ¥

bl R X touch insensitive at the anterior
epnd, distinctly slow movement.

b7 une X coils in liguid, reduced movement
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Table @2 &6 ligt of visible sutants

The autant lines listed in this table heve besn collscted since
1980,  TYPE refers to the mutant phenotype and ig the samg as
deacribed by Brennegr (1974 and Horowvite ef al., 1979. LB
refars to the linkage group but only with reference to the X
chranosomns (XY o to the avtosomes (A, IF this has oot been
determnined for the mutant ling, an "nd" is found in bhe LB
colime . The abbreviations for the mubegens used arer EMES,
gthv]l methangsulfonatey PPN, proflaving PTN, proton
irradiation; and UV, ultraviolelt light.

TYF LG MUTA EM PGMMFNT

1 e ¥ EME limited, jerky movement
whign swinmiog.

2 une el EME not as savere as rl, jeerky
awimaer, possibly a  Smna
nubant tightly linked.

i she vidd EmMS smome larval lethalitv.

o B ghe el EME

5 I ried EMS not as distioct as Jl.

b dpy Al EMB

7 dpy £ EME reduced fecundity.

& [T X EMS raduced sovemnent.

P o gy # EME raduced fecundity.

10 1Y Q’ EME sxaggerated colling bub

considerable aoveaent.

11 une Al EME



Tahle 2 {(continued)

o 5 dpy A EMe rafarred to as ricse-
criapy, severe humpy,
females reduced fecundily,
fow males (<2, 5%)

17 gha X EME

rig Aoy £ EMG

ri% e X EME graatly reduced movement.

o 20 sk ¥ el EME most noticesble in larea
and adult males.

21 gk ¥ il EMS mast noticeabls in larvae
and adullt males.

22 dpy f FTi

25 Ay fy EME roduced fecundity.

rad R X EMES )grﬁatly raduced aovenent .

2k gy X EMS

EE ue A EMS F@@uagd movement, Jerky
swimming.

5 una 4 EME colling when swinning.

35 T} £ TN greatly reduced movement.

r3h ey * FTN

T (13T el PTN shaky swimning movemsnt,

pverexagoerated head
swing fourll. :
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Toble 2 (continued)

A une el FTH shaky swimming movemsnt,
overeraggerated head
awing (curll.

A LT ried PTH shaky swioming movement,
overexaggerated head
mswing (ourl).

A0 L 1td FTH shaky swinming movement,
avverskaggerated head
swing (curll.

el NY sha 2] EME reduced fertility,
variable length, not
homozygoused,

A2 who 3 EMS readuced fecundity,
variable length, not
homeoz ygoused,

ra4E 7 ¥ & EMa reduced movement.

¢ A5 Fh £ EME

s 1 R X EME reducad novement

exaggerated swimming
motion {cdd-like).

48 N bif EMS revducead movement, not as
active ag D18,

e A L & EME reduced movement ,
: pragoerated swiandog
mobion (cbd-like).
dals Fh X EME

ril ghae & EMS



Takle 2 (contimaed)

Ha dpy & EMS

a4 she £ EME

5k une & PFM raducad movement, colling
when swimming,
alight twitching.

rE7 who A FFN

5% s & FEM

iy une ¥ FEM racduced movemaent, sopoth
sinusnidal movement is
diaruptead.

rél Ion nd P not as long as il or d7.

& | LR & PFM

réE LT X FEN

&4 L f FFM

&S U & FEM

ey 13T & FFM

&7 uno £ PFN

& & e £ FFM

&9 1.0 # FFN

71 Unc X EME

e une £ EME slightly reduced activilty

Mead curls amd pasusas.



Table

P TE

B

=81

i

84

a5 4

&

87

88

B

0

el

R

=5

i 4

o
o

{eorrh i nued)

un
ERa
gho

un

dpy
sma

URd

ERa
gy
dpy

221 2™

44 5

T 2 D P

el

i

el

PFN

FTH

BT

TN

PTH

FTHN

FTM

PTH

PTH

TN

T

FTN

BTN

TR

FTN

PR

b

some juvenile lethality.

shaky swimming movement
(une-232 1ike?7).

moast noticesable in
Juveniles
and adult males.

raduced movement, very
distinct phenobype.

roduced movemeant, slight
ool ling.

reduced aovement, slight
shake in swimming,
uncaordinated swinmlng.



Table 2
]

el

il RN

102

105

104

105

L

el Ry

v 1OR

222809

Ll

dna

[£37 L

22 R

LR

1 21 2

ATl

[ 22185

she

sk s

(econhinued?

&

ricl

el

ticd

el

picd

FTH

TN

FTN

FTH

FTN

BTN

=T

PTN

FTH

FTN

FTN

FTN

FTH

FTH

blister forms 1/% from
head end o tail end.
Mary larvas very sick
and some lethality.

slight twitch in swiomiag
mavemant, partial

roaduced movement,
pragoerated head swing.

most apparent in Jjuveniles
and adult males.

partial reduced movement,
curles when swimming.

raducsd aovement, slight
twitohing.

raduced movement, slight
twitohing.

reduced movemsnt, slight
coilling.

most npobticeable in
lLarvas and adult males.



Table 2 (continued?

1o R rved TN lacks the smooth
motion of wild-type,
Jerky mobion.

111 sy vl FTHN most noticeable in
Larvae arnd adult males.

112 dpy X FTH much larval lethality.
il A sho ricd T subtlie difference in

length, nearly wild-typea,
some larval lethality.

rlid sk rid FTid moat apparent in juveniles
angd adult males.

r11 sha ¥ PTN

1lé une & PTN raducsd movement , shabkes
when submerged in food
or buffer (ri205-liked.

ril7 gho X FTM

w118 L 2 F TN graatly reduced activity

120 une & FTN

r131 LR et PTM™

S uwe ried FTM

123 LR Xd FTH

r 124 who ried PTM also slightly

uncoordinated,
possibly a double
mubant .

r L25 LR a TN shakes while swimming



Tabls 2 (conbtinued)

ri26 EYETD red FTi

w127 une rnd T

128 dpy ) EMS

129 dpy f EME

130 13w ricd EME

1%l LR ried EME

il ) urne rved EMS

135 11 Y rved EME

r 1354 urne ried EMS

Ll she rred EMS

136 sha ried EME

1357 L md EMEB twitohy movement in
Tiguid.

1568 Lres rid EMS

139 zhe el EME

e lad une ried Frrom Eﬁwiﬁ Link,
Beulder, Colo., reduced
movenant, bending rather
than smooth mobtion.

141 wnes ryed EME

142 un Fied EME
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Table 2 {(continued)

145 L rd EME

mi sho X EMS mary dead F. Jjuveniles
in cross to CL3 males.

me L ried EMG

mE doy X EME dead F: jduveniles in
cross to G195 males.

il LR rved EMS

il e nd EME

w? Lune ried EME

mi sma rid EME

mil she ried EMS

ml2 une el EME

miZE UR nd EMS

gl gy & EMS Allele of 30,

di dpy & BT

2 FWa X FTM

3 dagy f L

a4 dpy A LY

o 1) dpy ried LY graatly reduced
Faoundity.,

tdé dpy yyed L tail appears bruncated
in both males and
famales.

7 fon b4 Tl an allele of Jdl.



MUTANT CHARACTERIZATION

The amount of time reguired to characterize completely
1% muteant lines only becane evident as the work was being
attempted. Appendices 1, 2, 3, and 4 discuss genetic
characterization that has been done on a subset of the sutant
lines. Matant lines wers backorossed to wild-type males. The
progeny were scored for the sxpression of the suwtant phenotype.
I+ mutant expression in the F. was restricted to males, the
mubant phentotype was considered to be X-linked. If the
phenctype disappesred for one generation and reappeared in bhoth
male snd female Fe progeny, the sutant phenotype was considered
to be avtosomal recessive. When both male and female Fo
progeny express the phenotype (o partially swpress the
phenotype! , Fo progeny were paived and colonies no longer
generating wild-type progeny were considered the honozygous
mutant ling. These mutants ware designated as dominant or
semni~dominant depending upon the degree of penetrance.  ALL
mutant lines were kept, sven those showing incompl et
penstrance and variable expressivily.

Results on complementation analysis, linkage group
analyais and recochination mepping within a linkage group are
presented in appendices 2, 3, and 4 respectivaly.

Frelininary work on the socphonstrics of 2 smell subset
of the morphological mubtants de presented in Table 5

Mrasurensnts were taken of woras from seven day old culiures.
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MHeat-killed wormns were stained with lactophenol cobton blus and
28Y magnifisd prints of the worms were made on a Danon
Microfiche printer 370. HMeasursnents werse mnade on a Hewlsth
Packard 91114 Graphices Tablet coupled to a Hewlett Packerd
FEIEs Desk Top Cosputer. The softwars was weitten by Dr. M.
Samailofd. The date demonstrate the distinct difference in
length and width of mutants compared teo wild-type. Tahle 4
presents relative values comparing the langth and width of the
mutants to wild-type (C15). There sppeersz to be some degree of
sax-apecific expression on the mubtant phenobtype, gince male and
female mutants only oeocasionally vary the same degres, relative
te btheir wild-type cournterparts.

There are three definite classes of worms smaller than
wild-typa. Dpy (dumpy? worns wers bobh shorter and fatbter:
SBma (smalll wores were both shorter and thinnery 8ho (short)
werms were the same widith as wild-typebut were shortse.

Branngr (1974) does not distinguish the Bho phenotype in his

snalysis of the avtants bubt includes these with the Dy "3,



Table 3 Bize determination of a subset of the
: morphological mutants,

The sizes are given in slcrometers.

MALES FEMALES
STOCK TYFE LEMBTHIEDY WIDTHEDY . LENGTH(ED)  WIDTHIGR
215 WILD FIE 7Y 4% 10 1oLy 132 &4 12
Jl Ion 1oz 99 =57 a 1264  Lb&b St 11
30 doy H54 A4S 59 12 T4 a4 77 17
il doy L4871 48 2 &89 80 7E LR
ril2 sho 579 44 44 11 HES &F &2 L3
4 sho &5 48 44 7 741 54 Y-
B8 Fma 337 40 R 7 &1 &1 =510 11
8% dpy &AZ A 57 13 T3 &O Th o 14
Al dpy L1148 &4 7 g01 &5 FE 8
red dpy &100 b 49 14 719 1 I Ol4
80 awa &30 57 41 8 TR2 LG 57 16
87 Fma 570 64 45 & &51 &1 59013
9% sho &TH TR 4% 11 845 &7 TR 5
il sho HO0H S0 Ak 7 TOI &8 &7 L1
o2 gma S5E7 39 A1 7 Y4 o 54 1E
21 sl i N 4% 7 714 &1 Y g

o3l gy N 1Y 590 11 gig 141 74 Ll



Tabhle 4.

Ratio of mutant length and width relative to wild

Lype.

0

87

A

di

s

e |

Low
dpy
dpy
sl

sho

MALE MALE
LEMGTH  WIDTH
1,38 0.86
G, 87 1,37
0. 86 1,12
0.77 1,02
0.80 1,02
0. 71 0,91
0. 85 1,33
.81 1.26
0.81 1.14
C.B4  0.95
0. T8 1,05
0. F0 1.05
0. B0 1.07
0.71 0. 95
0.78 1.05
0,84 1,29

FEMALE
LENGTH

1.25
0.74
O &8
Qu&l
0. 73
ol
0.73
.79
.71
.71

0. b4

.70
Q. &&
.71

0. 81

FEMALE

0.2

1.3

1.05

1. 88

1,02

1.1



The complementation analysis only included a small subset
ot the mutant lines. The theory bekind complensntation
analysis and some representative data are included in Appendiy
e ne of the more interesting mhﬁﬁwvatimﬁﬁ i complemssntation
testing was that ré0, an X~linked Unc mutant epistatic to
unc—4 b7y, is itself recessive to wild-type. Howsver, crosses
e une~! produced an réad Une phenotype. Table 9 shows the
results of crosses betwesn r&0 and B7 sutant worms.

Complensntation analvysis of some of the avtosomal uno
mutations produces conflicting results. For example, ré&d, ré4d,
and rF&% are avtosomal recessive motations producing Uneo
phenotypes. Both ré&d and ré% worms were nore-complementing with
&2 animals, suggesting that the thres sutants are independent
mutations at @ single locus. Yet ré&Y females crossed to réd
males produced 4 non-Une out of 156 progeny.  Although not
prough work has been dore o this set of mutants to say with
any degres  of certainbty what is heppening, 1t is Qgﬁﬁihl%
Ehat sane form of suppression is ocourring in these avtosoaal
rocasaive aebtations. The %wmgu%ﬂQQ pre wild-type in this cross ia
too high for the results to be skplained in teras of back-
mutation. If the gene defined by réd and ré&9 is a complex
Lacus and these results ars the conseguence of intracistronic
racanbination, the gene complex would have to be large. At

rhis point none  of these possibilities is excluded.



Tabhle 5.

FARENT
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Complementation results for B7 and R6O.
an X-linked recessive Unc showing
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r&EO-1ike Une
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I his 1974 paper Brenner describes the sight year

project of develaping the genetics of Caengrhabditis elegans.

Co. alegans is a self~fertilizing hermaphrodite, permitting sasy
isoalation of recessive avtosomal mutations as well as
isplatiion of mutants severly afflicted in theic ability to
meve,  The adult hermaphrodite first makes about 50 sperm which
are stored in the spermetheca. The hermaphrodite then sterts
making eggs which are fertilized by the sperm.  One half of the
zpern cells and one halt of the mature eggs of a worm
heterozygous for a particular sutation will carry the mutant
gene. Therefore, one guarter of the self-progeny will be
homozygous for the mutation. By isolating F. progeny of &
mutagenized herasphrodite and scoring the Fe (self-progeny? of
pach hermaphrodite for a mutetion, many visible mubants can be
found. Only a few Fi progeny of sach mutagenized parent nesd
o be scresned in this manner to ensuwre independent origin of
pach mubation. Because €. elegans ie self-fertilizing, severse
mutations in movement such as unc—-54 can be lsolated. Urc-54
iw e mutation in the gene coding for the major heavy myosin
making up the musculature of the body wall. The wors can still
feed and reproduce despite its inability to move arownd on the
plate.

In € 5, males arise spontanecusly by non-

disiunction of the Y-chromosome at a freguency of aboubt 1 in
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2003, Mon-disiunction of the Y¥-chromosome cen be induced at a
greatar frequency (10-20%) by treatment with a heat pulse.
Cross-fertilization ocours and the sperm from a male 1s used
preferentially to the self-produced harmaphrodite sperm.
Mowaver, an oub-crossed hermaphrodite will still selé-fertilize
prce the sperm from the cross is used up. This makes genetics

somewhat mnore cumbersoms than with a dinscious

o3

species such as P, rediviviey.

Brenner isolated 200 ethyl methane sulfonate (EMS)
indured visible mutant lines in . elegans which defined 77
genes by complemsntation analysis.

P, redivivus iz a dioscious species requiring males fovr

fertilization. Outosomal recessive mutations are most easily
found By screening the Fa progeny of brother-sister matings as
describad in Materials and Methods and Results. This protocol
i no different than screening for avtosomal recessives in any

dipsrious species. Although more work is required to igolate

mutants of P, redivives than for G. elsgans, mubtants of £

The severs uncoordinated

phenotypes found in 5 cannot be easily saintained in

&

P, redivives, because in the dioeciouws species males and

fomales have to bs able to move well enough to find sach other,
and ke coordinated enough to mate. HMost of the phenolbypes

elegans were also found in £, rodivivas

troller mubants were found but stocks of these wers not
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matablished). A limited number of visible phenotypes is
sxpected as nematodes possess few cosmetic features that can be
altered without drasticelly decressing wviability or
raprocfuctiarn.

One novel phenobtype found in £, redivivas 1s a severs

gdumpy (13, This autosomal recessive mutation is aore g e sns

than any of the dumpys found in Gaenorhabdiltisz. Tl

homszygote is only 1/7 as long as wild-type and 1 172 btimes as
wids., The phenotyps iz referred to as "rice-crispy” hecause of
the resemblance of the homozyootes to the breabkfast cereal
talthough they do not go snap-crackle-n’ pop, as do theie
conmercial namesakes), Females homozygous for 13 will mature
sexually, and when mated to wild-type males will produce a
Limited number of offspring (anywhere from 10 Lo 40).  The
Meterozyvgobes are fatter and shorter than wild-type and when
wrosaesd to each other, pwm@um@‘wildwtyw@*‘dmmmy hgtﬁrmﬁygmﬁwﬁg
and rice-crispy in the expected 1e201 ratio. Only 2 of 80 13
adults showsd mature male feabturss. However, as 1/74 of the
progeny of rl3/+ females crossed to i3+ male express the
teiea-crispy” phenotype it is ressonable to conclude that
Hpdppecrispy" males are present bub rarely meture.  The 13
mutant is maintained as a heterozygote, and 1t is necessary to
remove wild-type animals from the stock plate at regular

inbervals.



Among the muetant lines generated, some carvied new X-
linked recensive mubtations.,  Burke (1978) isolated X-linked

mubants of &, redivivus. He did st find any I-linked dumpy or

small mutants and could only maintain six X-linked mutant
lines. BSince then five of thess have been lost. Before this
study was initiated only three Y-linked visible mutant strains
of P, redivivus were cultured. One of thess smutants was an usw
from Burke s study (h7).  The second X-linked visible mutant
(41 was a Fon that was found by Yvonne Jordan and appears to
have spontaneously arisen or possibly was cold-shock induced.

8 mecond ure (céd) was isolated by Dr. M. Samoiloff. This
mutant ie touch insensitive ~ when geostly touched on the head
wild-type worms will reverse thelr smovement temporarily, then
mhart forward again.  The cé&d muebtant worm when touched geatly
ey bhe head stops moving, abttenpts a reverse movement bub seens
incapable of hacking up. The swimming behevior of cb4 in
liguid is slower than wild~type and the anterior end of the
worm exhibits an exaggerated swinging movement.

f zeries of crosses to determine the type of linkage
(sax-linked or avtosomal) and btyvpe of expression (dominant or
rocpssive) were perforosd with each sutant stock. Viegin
muubant females sre crossed with C1% males to deteralne Lf the
mubtation ie ¥-linked. Twenbky ning of the mutant strains that
have been backerossed are X-linked, bubt only a small nosbee of

thess ¥-lianked mutants bave been cosplensnted.  However,



praliminary results indicate theres are twey diatinet dpy loci on
Fhe ¥ chromssons. Pour complementing X-linked une mutations

Iegang has 100

have alsa been found in the sarly analysis. €
different une mutants of which 19 are X-linked, 2¢& different
dpy mutants of which 7 are H-linked, and I swa mubants of which

one ie Y-linked. There ifs one X-linked Ien in £. glggansg.

which can be used as a landmark for the chromosomal comparison

with the £, redivivas YXechromosome. The racontination data

froam Burks % Samoiloft (1981 can be used to detereine if any
rf the aubants isolated in the present study sre alleles of
mutants mwavimu%ly jeolated that have been subssguently lost,

In careving out smutant bunts for visible phenotypes i
as movemsnt and morphological variants, it became &mﬁar%mﬁ that
direct screening the F. for putative sutations is too time
intensive. Mten 2 worm may appear to be a mubant but produces
.ﬁmwmal F.. and F= progeny. Such a failure in "fixetion" of the
mutation cuald be dus to seversl ceuses. The "asubant®
pharatype could be due to mabation in the aumatic tiszue of the
gpabryo. The makation im, therefore, expressed in that
generation but, because it iz nob present in the geem cellea, s
ant transmitited to successive generations.  Alternately, the Fi
wors may be unhealthy, as sometines ocows if stocks are urder
partial starvation conditions.

When screening is done in the Fe and Fo and a mutation is

present in the coleny started from a glven Feo paivry the



mutation is sasily identified because of the greater number of
worms eupreasing the phenotype. The protocol followed here was
sucecasstul in that it led to the isolation of many visible
mutant lines. Previouws difficulties in isolating & sat of
visible markers may have been due to the protocol followed,
foeusing on selection of Fo and F= putative mutants. Befors

this study was undertaken only five sutosomal vizible mubationg

lad been izolated in P. redivives., From the complementation
tusts that have been done it appears that at least 8§ different
avtosomal dpy and 10 different ure mabtations have bean
isplated, It should be noted that only & snall subset of the
marny mutations isolated have been complemerted. Only 20
sutosomnal Jdpy and 19 avtosomal unes have been tested
prtensively in a complesentation matrin.

In total, 61 mubtant lines were established from 1543 Fu
mated pairs from the EMS mutagenesis, 14 sutant lines were
patablished from 967 F. pairs following proflavin mutagenesis,
and 56 mutant linss were obtained from the screening of G54 F,
pairs from the profton austagenesis. The di§¥§ﬁ@ﬂﬁ@%\iﬁ tha
froguancy of visible mutstions isolated from gach sutagenesis
might reflect the effectivensss of that pearticular mutagen, bt
it oim more likely that increased facility in recognition of
mutant phenotypes as the study progressed resulted in a highee
freguency of detection of mutants later in the study. As the

e

peraon screening the Fa plates became more familiar with the



wild-type phenotype and more adept ab manipulating the
organiam, fewsr plates carrying mutations wers over looked,
misaed, or discarded.

The need for a method of storing mutant Lings for fubure
analysis becams apparent while maintaining the 1346 mutant
lines. Many mubant stocks developed, over several generations,
a significant proportion of animals skpressing the wild type
phenotype. This reversion could be due to either Back-mutation
pre suppression.  For these reverting stocks, the sutation aften
had to be re-iseolated. I4 a second mutation or reversion
peours such that a worm becomes more mobile and, therefore,
fesd or mate more efficiently, that phenobype will soon
predominste the culture. Storing the woras in a way that
minimizes the asccumulastion of revertants is necessary for
futuwre work on the mutant lines. Freezing the stocks by s
modification of the technigue wesed for C. elegans at the
Genetics Stock Center allows the mubant lines to be maintained

e Furbther Use.

lines reveals the range of variations in size. 8Since all of

the post-smbryonic cell lineage of P, redivivuz is known, it is

possible that some of the mutetions can be coreelated to
gpecific lesions in cell lineage. One less round  of cliwiadon
of hypodernal cells could produce a short andmal.  One or eore

rounds of division for the body wall muscle cells would produce
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a dumpy animal. A lesion at the level of the cell size could
produce & small phenctype. Electron sicroscopy could be usad
to determine if differences in cell size or cellular
arrangement have contributed to the altered phenobype.
redivivus has shown that certain events of post-embryonic
development can be uncoupled (Samoilaoff, 1980s). While g owhh
o alder larvas can be blocked with inhibitors of RNA and
protein synthesis, sewual maturation still occours.  Work with
rell~linpage mutants in ¢, elegans (Albertson et al., 1978)
alen suggests the independent nature of certain post-esbryonic
pventes. 6 mutation interfering with post-esbryonic cellular
and nuclear divisions does not affect several obther
dovelopmental events normally concomitant with these divisions,
Using the mutants isolated in this study, a systematic
hurt for conditional mutants affecting post-embryonic
development could be performed. Isolating o suite of mutants
hloeked in post-smbryonic developeent and determining the
meguential reguirements by complementabtion and segregation
analysis, could revesl the steps leading to normal maturation.
By using the power of aolecular genetics to isolate the genes
atfacted, such a study could be brought to the molecular lovel .
Many resparchars have set thess goals and are pursuing them

paing various biological systems.
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P, redivivus satisfies the priteria of a good

prparimental animal for studying the control of developmant -
ite simplicity, ease of handling, amenability to genetic
manipulation and a strong background of basic rasaarch
performed on it has been used as an argument for bhe
euploitation of this organism for extensive whudy (Bamollofd,
19800 . The additinn of this largs st of smutant lines
strengthens the ukility of this organism, while the davel opaant

of freering methods for P, redivives ensures that the stocks

will be continued.
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APPENDIX L. BACKOROSS TO 015

e s aubant line was isolated 1t was bachkorossed ho
1%, the F, progeny crossed, and thisr progeny reselected in

prder o reisolate the mubation in a2 wild-btype background. It

iw possible for the autant phenotype to be bthe resd
altersd pupression of ben separate gene loci.  If, however, the
teger mutations are tightly linked, the backeross to D18 might
not supose the bi-sutational naturs of the phenotype.  The

hacrkeross also provides inforsstion about the linkage group the

mutant locus lg sssocliabted with. I the autation is an ¥~

linked recessive, then o oross bebtween mubtant vivrgin famales

ard & 18 mals will produce saubant male prog

mutation iz sutosomal recessive, then the sane g

no mutant Fa oprogeny.  However, 174 of the male and femsle Fo

progeny will skpress the pheaotype.  If 4t ds & dominant X-

Tinked mutation, thern all of the Fo owill axprs the phenotyog

&
|

fohc

and 157 of the Fo seles will also expeess the subtation. I

iw oo dominand asutososel subation, all of fhe Foowill eupress

the phenotype  while /4 of the Fae progeny (both male and

female) will have o wild-Lype phenotype. Mot svery subtant line

Fs Data in Table 2

won backorosss
ragarding 2-linkage or aubtosomal linkages are derived

Backoross to wlild-type.



SPPEMDIY 2. COMPLEMENTATION

Complemsntation testing is a method of determining how

mary separate loci ars rapre

whed by oa group of sutants
mypressing & sieilar phenotype. Complessotation io oa iplold

oo

prganisn ocewrs when e wild-typs gene at
homologous chronosone compansates for the

4

gf a omuwbated gene.  Oros

sirg mubtant lines

phenotypes and scoring the freguency of wild type in
generation allows one to determing IF the twe musbant lines

i

smmt bwn different smubant geoaes o LF both autent lines
are genetically perturbed et the saoe gene locus.
Complenentation is nob possible with dominant gene

mutations. Howswver, scoring bthe frequency of wild tyvpe in th

fi

Foo will imdicats if the twe sutants represent the same of

i fferent laci.

Takle 4 angd Table 7 describe testing of rec

mutations bo ceprmd s B many different ool are

Table 8 s & mebrdin for &

sutosomal ive dpy mutants.  Table 7 is a matriz for

+oof

coaplensatation tesbting of & se
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Table 4. Btrategy for complementation of autosomal

rocoassl vEs.

pareants progeny phenotyos interpretation

frmal e mala
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montation mebtrirg for 2 set of asbhosomal
ive Dpy mutants.
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Linkage analvesie roguires T hante of disglsdlar

s

puamt b

phenotype. In linkage analysis a double aute

f othe bwo sebants

phtained,  or the coupling freguency bebwees

b debterminsd. S deuble swbant with two sutabtions of

rabila from the

milar phenotype s nob normally distir

single mutant, However, 1§ the bwo mutants vary in

s way that the individual homozyvgous for the two

cdrguished (such as an une crossed Lo a

v, o Font, then the freguenoy with which both mutations

prorassed in & individgual (Une-Dpy, Une-Bho, o Unee

iwe mubtente are unlinked, then

A AL 'i' gﬁ‘f@?}fﬁx}ﬂ P i

1716 of the Fo will supress the double phenotyps.  For

gobile will ooowr st oa gusnoy of ¢F4 0 where v de

the reconbinetion frecgusney. The unit of olossness

the centimorgen which ig the distance producing 1%

wiy mutants

T twn subneomal e

seevhdmorgans apart, the doub

andd are 50 oor

P about 1706 of the Fao prog 4 the mutations are Linked

arpd are leess than BO

it apert, then the freque

double will be less than L7146,

The autosonsl rec v Doy ouwtation O30 was canonically

e mubant Linsg

e,

nkage group T LB 1. &

[ty

Fa wares




- omabings.  The Fo ware soreensd arnd the fivst Une not

o
£

o O30 was vBS&. This autant daaigrat

groug $T LB T, &t thiz polnt other

nal Dpwve were crossed bo o886 to Find which ones

ey LG T anmd which ones were nob. # mhtepwls

srming which Uno

of bhe spbtants to de

whiech Dpy mutants led to an dnitial ob

proups. The strategy for linkage snalvels

sansl of unre to a panel of dpy setants and scoring bthe

H

appearance of doubles for sach crass.  IF the linkagse

meare than 850 map

AT A T T R v 1 1s

[l haelils b g

arisims will |

units apart,

matrd g

-ty menhioning that only one of bhe six 0.

ups are largsr the 50 smap weits, allhough

are approxisately 43 map wnits in langhh.

out with th

Bome linkane anslvels has baen

divives mutants.  However, the data-base is abt bthe esarly

phed kere with that in mind., Table 10

shages and L8 pre

containg wel fow bhe linkage enalveilis. Brshner

a mindmum of 1000 progeny (F2 progeny) for

of mutations in the linksge analysis

(Brenrer 19748) . Ie only btwe of the oros

ahudy of linkage snalveis had 1000 FI progany been sore

mowe data mus




Rt

i grimerts wrt b mads with a2 high carbainty.

T data maberiz in Table 10 includes only
mubante.

Tantative assignments bto linkage groups can be made.  ¢?0

b3

and @10 are bwe ure mutbtants linked bte C20 (Dpyr on LB 1. Ths

Doy mubant lines di, vBO, and 7 are linked to vr8& on LE 11,

94 in not Yinked bo eibther 020 or di, It oiw
b LB OITI.  Mutation oF Doyt fe lioked to oP4 (ned and ¢97

{Uhmey de Linked o d3. Therefore these thros

ol boosther on LE II171. Since B2 and %% are linked vel do

mot appear bto be linked to asny of the above subtanbtg, bthey arp

ponasidersd o reside on LB IV, These putabtive designabtliong may

have to be altersd as more linkage-analysis o

s F o med
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MAPPING STRATERY

I hwo genes are linked then the freguency with which the

double arises in a dibvbrid cross can be used to deteraing how
Far apart the bwo genes are fros sach obher in map undte,  The
froguency of coupling will be ¢7/4 where ¢ Lz the recosbination

froeguancy between the two gs

Trans-heterorygotes are generated by orossing viegin

frmales of ong mubant bo males of the other. The Fo will be
hetorozvoous at both loci. IF & recosbination svent ooowurs
batwesn the twa looi the products of that svent will be one

wild tvope chromposons and one chrososons carrying bobth nutant

eombiiration bebween bhe bwe loci will ocour at oa

ferompuenoy e The probaebility of such an sve

pocwrring in both female and male gamstes contribubting to a

the probability of both

0

single zvgote iz o®, bub in such o

gdoubhly marked chrospsongs foreing @ mutant homozyaots Fo

fa L/4, while cis-heterorvgobtes, at a frequenoy of 172, snd
¥ ¥ 3

wild-type homosygobte, at a fraguency of 174, will sxpre

wild twps phenotvpe.  Therefore, Lthe total pro

oecureing iz P40 Beoause of bthe rare

pepurrenoe of the coupling prodect

miszing the double mubtant among the many other Fe progeny,

nkage sembrizd in this fashion is iapreciss.

Ay alternate ssthod of aapping Involves scoring the

ey of repulsion. From the dihybeld oeo




>
pae
o

twe mutants, the Fes supressing the double phenobtyps are

collected and 2 stock cultors of these doubles sebakllichse

Virgin double mutant females are orossed bo O males bo

genarabte cis-heterogygotes. The cfr-heterosvgobes are

gt the doubles.  The sspected Fe progeny are

”

baok

T
typee and doubles in a 11l retio. Every time & single

recombination ocours between the two loci, bwe recosbinant

san be identified in Lhe Fop one sxpressing one of the

twa phenotypes and the other pthar of the beo

The freguency of progeny expressing the

ombinant chromosons g r, the recosbinstion freguency

bBetween the two loci. For two closely linked genes, this

mathod of mepping is more spasitive as s gresber numboer of

bhad recdusss bhe

reconbinant products arise.  This ae

the race double subants arising feon

recomtrination between two tightly-linked genes. However, this

spproaach ia time~intensive, as it squires fealation of the
doubile mubant.

to collect animals

e

o of the two phenotypes whiles cone

culling-out

ing the wild-tyope and the obhee shmnorb e, Thys
W b

seoambrl nant chromosoms ace

in a stock which

moat of the background gens

vardashility vremoved, The rare doubles are

Ped From bhem.
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