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Genetic loci that influence behavior are often difficult to identify and localize in part due to 
the quantitative nature of behavioral phenotypes. Previous studies had found an association 
between pupal lethality and altered larval behavior for mutants of several genes. To facilitate 
the identification and localization of new mutants that influence larval foraging (movement 
in the presence of food) and general locomotion (movement in the absence of food) behaviors 
we identified and then screened a collection of strains carrying pupal-lethal mutations for 
alterations in these larval behaviors. When the lethal mutation segregated with the behavioral 
alteration this permitted the mapping of the behavioral locus. Nine new loci on the second 
chromosome were found to affect larval behavior. Of these, seven loci affected foraging and 
two affected locomotion. Analyses of these new loci will lead to further understanding of the 
mechanistic bases of larval behavior. 

Keywords: locomotion; foraging behavior; genetic screen; chemical mutagenesis; P-element 
mutants; pupal-lethal 

INTRODUCTION 

The induction, localization and characterization of mutations which mod- 
ify the behavior of D. melanogaster (Benzer 1973; Hall 1985; Dubnau and 
Tully 1998) has provided insight into the biochemical basis for several 
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behaviors of the adult fly. Notable examples include the discovery that a 
CAMP messenger system plays a major role in associative learning mecha- 
nisms (Davis 1996; Carew 1996; Dubnau and Tully 1998). the elucidation 
of the role of G-protein mediated signal transduction cascades in adult 
photo transduction (Zucker 1992,1996) and the importance of the Per pro- 
tein in the maintenance of circadian rhythms (Hall 1998). 

Relative to D. melanogaster adult behavior, the genetic loci and bio- 
chemical pathways involved in larval behaviors have received little atten- 
tion (Ball et al., 1985; Kernan et d., 1994; Heiman et al., 1996; Inestrosa 
et al., 1996; Osborne et al., 1997). Larval locomotion is accomplished by 
posterior muscular contractions and anterior extensions of the body and 
head resulting in telescoping peristaltic movements (Green el al., 1983; 
Bemgan and Pepin 1995). On a nutritive substrate larvae combine such 
locomotion with the shoveling of food by successive extensions and 
retractions of their mouth hooks. Locomotion in conjunction with feeding 
has been defined as foraging behavior (Sokolowski, 1980; Green et al., 
1983). 

Since an underlying theme of the larval behavioral repertoire is locomo- 
tion in the search for food (Parsons 1980; Green et ul., 1983), we are inter- 
ested in identifying genes which influence larval locomotion while feeding 
(foraging) as well as genes that influence larval locomotion in a non-nutri- 
tive environment (locomotion). The first genetic variants of larval foraging 
behavior were isolated from studies of natural populations (Sokolowski 
1980). Theforaging (for) gene affects the locomotory component of larval 
foraging behavior. Larval foraging behavior is assayed by measuring the 
distance (path length) a larva travels while foraging on a yeast and water 
paste during a five minute test interval (Sokolowski 1980).for was identi- 
fied as a major gene responsible for the naturally occurring roverhitter 
D. melanogaster foraging polymorphism (de Belle et al., 1989). Allelic 
variation atfor results in two foraging phenotypes in both natural and lab- 
oratory populations (de Belle and Sokolowski 1987; de Belle et al., 1989). 
Larvae with a dominant rover allele (fop) exhibit long foraging path 
lengths while larvae homozygous for the recessive sitter allele (for') 
exhibit significantly shorter paths (Sokolowski 1980; de Belle et al., 
1989). Expression of this polymorphism is conditional on the presence of a 
nutritive substrate. Rover and sitter locomotion do not differ on non-nutri- 
tive substrates, nor do the variants differ in developmental time, feeding 
rate or body size when food is not limited (Sokolowski et al., 1984; Graf 
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and Sokolowski 1989; Sokolowski and Hansel1 1992). Osborne et al., 
(1 997) demonstrated that for corresponds to the gene dg2 (Kalderon and 
Rubin 1989). This gene encodes a cGMP-dependent protein kinase (PKG) 
thereby implicating PKG activity and the cGMP second messenger system 
in the regulation of food search behavior in D. melanogaster (Sokolowski 
1998; Sokolowski 1999; Sokolowski and Riedl 1999). Other genes known 
to influence foraging behavior are Chaser (Csr), a dominant suppressor of 
for‘ (Pereira et al., 1995) and no-bridge (nob) and ellipsoid body (ebo) 
both suppressors of f o p  (Varnam et al., 1996); their gene products have 
not yet been determined. Further genetic dissection of this phenotype will 
aid in uncovering other components of this PKG signaling pathway as well 
as any additional pathways involved in food search behavior. 

Conventional recombination mapping techniques are difficult to apply to 
genes which have quantitative behavioral phenotypes (de Belle et al., 
1989). These phenotypes are often modified by the pleiotropic effects of 
genetic markers, differing genetic backgrounds between strains, and envi- 
ronmental variation (de Belle and Sokolowski 1989). Thus, even in the 
instances where quantitative larval behavioral phenotypes show single 
gene inheritance patterns (for example for), it has been necessary to 
tag/mark the phenotype with a qualitative trait in order to map its position 
on a chromosome as required for further genetic and molecular analysis. 

In order to localize for, de Belle et al., (1989) developed an approach 
called “lethal tagging”. Recessive lethal mutations were generated which 
caused a change in behavior from rover to sitter and coincident pupal 
lethality. These lethals appear to be allelic to for and were used with dele- 
tion mapping to localize for to the chromosomal region 24A3-5. Further, 
in addition to their effects on behavior, several mutations which influence 
larval mechanoreception (Kernan et al., 1994) and an allele of the 
lethal(2)thin gene which influences larval locomotion (Ball et al., 1985), 
also cause death during pupal development. The pupal lethal phase of 
these mutations/tags is an important feature as, unlike embryonic or larval 
lethal mutations, they allow for the investigation of the effects of muta- 
tions upon the behavior of the larvae (i.e. homozygotes survive through all 
larval instars). 

We chose to screen a collection of lethal mutations on the second chro- 
mosome of D. melanogaster for those which conferred death during pupal 
development and concomitantly affected larval foraging or locomotor 
behavior. By first selecting for pupal-lethal mutations, once a behavioral 
variant was identified, we ensured that the behavioral alteration also car- 
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ried a discrete genetic “tag” (lethality) linked to any observed quantitative 
behavioral phenotype thereby facilitating the mapping of the locus. 

MATERIALS AND METHODS 

Strains and Chromosomes 

Eight hundred and ninety-six D. melanogasfer lines with recessive lethal 
mutations on the second chromosome were obtained from an ethylmeth- 
ane sulfonate (EMS) mutagenesis of ry+5 flies performed by Humphreys et 
al. (1996) and one hundred seventy-six lethals generated by P-element 
insertional mutagenesis were obtained from the Karpen and Spradling 
(1992) collection. The ry+5 strain was homozygous for the fop rover 
allele. A low dose (1 2 mM) of EMS was used to obtain lines carrying an 
average of one lethal mutation per chromosome (Humphreys et al., 1996). 
These recessive lethal chromosomes are maintained as balanced heterozy- 
gotes with In(2LR)SMlI a12 Cy cn2 sp2, hereafter referred to as S M I .  All 
chromosome-2 deficiencies were obtained from the Bloomington Stock 
Center. All mutations are described in Lindsley and Zimm (1 992) unless 
otherwise referenced here. Flies were housed in plastic bottles containing 
45 ml of standard fly medium and were kept at 25k1 O C  on a 12L: 12D light 
cycle with lights on at 0800 hours (standard conditions). 

Identification of Pupal Lethal Lines 

All of the balanced lethal lines were screened for those in which homozy- 
gosity for the lethal bearing chromosome conferred lethality during pupal 
development. To accomplish this 25,5-7 day old flies were placed in vials 
containing 10 ml of standard fly medium and kept at 25°C (for 24 hrs) 
after which the adult flies were removed. After seven days the earliest and 
latest stages of pupal development were recorded for each vial using a 
WILD Herrbrugg light microscope. The pupae that had not eclosed after 
14 days were marked on the vial and these pupae were observed once daily 
for five days. Stage of lethality (as described in Bainbridge and Bownes 
198 1) was recorded as the latest recognizable developmental stage reached 
by more than 50% of previously marked pupae before their death was evi- 
dent (ie. histolysis, dehydration, darkening of tissues). A minimum of 20% 
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LARVAL BEHAVIOR MUTANTS 197 

of the pupating progeny failed to eclose from all balanced lethal lines iden- 
tified as carrying a pupal lethal mutation. 

Assays of Larval Foraging Behavior 

The larval foraging behavior of our pupal lethal mutants was quantified 
using the foraging assay described in Pereira et al., (1995) and briefly out- 
lined here. The locomotory component of larval foraging behavior was 
measured by placing individual third instar larvae (96 & 2 hours in age) 
into the center of a circular well (8.5 cm in diameter) coated with a thin 
homogeneous layer of yeast paste (distilled water and Fleischmann’s bak- 
ers’ yeast in a 2 1  ratio by weight). Each well was then covered with a 
Petri-dish lid to reduce evaporation. The larvae were then allowed to for- 
age for 5 minutes, after which time the paths traveled were traced onto the 
Petri lids, the lengths of these paths were termed the “foraging path- 
lengths”. After testing, the paths were numbered and the larvae were 
placed individually in correspondingly numbered 3 ml glass vials contain- 
ing 1 ml of standard fly medium and kept for 7 days under standard condi- 
tions. The path lengths of only those larvae which exhibited death during 
pupal development were used to calculate the mean path length for the 
homozygous mutant larvae. These path lengths were compared statisti- 
cally to those of the concurrently tested control ryy+5 strain. 

Homozygous mutant larvae whose path lengths differed significantly 
from those of the control were classified as putative foraging mutants and 
were retested. As most behavioral traits are strongly influenced by envi- 
ronmental conditions it is common for the absolute differences between 
mean path lengths to vary across different test days (Graf and Sokolowski 
1989; Sokolowski 1992). Hence, only path lengths of larvae tested on the 
same day were statistically compared. 

Tests of General Larval Locomotion 

The foraging phenotype is dependent upon the presence of a nutritive sub- 
strate. That is, the mean path lengths of foraging mutants and wildtype 
larvae do not differ on a non-nutritive substrate (Sokolowski and Hansel1 
1992). To separate foraging mutants from general locomotory mutants, the 
path lengths of the putative foraging mutants were measured on a 
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non-nutritive agar substrate. Individual third instar larvae were placed in 
the center of Petri-dishes (8.5 cm diameter, 1.4 cm height) coated with 
10 mL of hardened 3.2% agar (Sokolowski and Hansel1 1992; Pereira et 
al., 1995). The dishes were covered with Petri-dish lids and the distance 
traveled by each larva in a 5 min test interval was measured. Each larva 
was reared after testing as described above. The path lengths of only those 
larvae which did not survive pupation were used to calculate the mean 
path length for the homozygous mutant larvae of each putative foraging 
mutant. The path lengths were statistically analyzed in comparison with 
the path lengths of the concurrently tested control strains as described 
above. 

Statistics 

Path lengths were analyzed using one-way analyses of variance (one-way 
ANOVA). To determine which strains exhibited significantly different 
path lengths, the Student-Newman-Keuls (SNK) test was performed as an 
a posteriori test (Zar 1984). 

Genetic Mapping 

The EMS- and P-element-induced pupal-lethal mutations were localized 
by deficiency mapping using 39 second chromosome deficiencies which 
span approximately 65% of the second chromosome euchromatin. Pair- 
wise tests of complementation were also done between mutants that local- 
ized within a given deficiency. A minimum of 50 adult progeny were 
scored for each complementation cross. 

RESULTS AND DISCUSSION 

Of the 896 lethal lines generated by EMS mutagenesis (Humphreys et al., 
1996), 88 were classified as pupal-lethal of these the homozygous 
mutant larvae of 18 exhibited mean foraging path lengths which were 
significantly shorter than the ryy+5 control strain. Of the 176 lethal lines 
generated by P-element insertional mutagenesis, 25 were classified as 
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pupal-lethal. Of these, the homozygous mutant larvae of one exhibited 
mean foraging path lengths significantly shorter than the fop control 
strain. 

The foraging phenotype is dependent upon the presence of a nutritive 
substrate. That is, the mean path lengths of mutants in foraging behavior 
will only differ significantly from wild type larvae in the presence of food. 
To distinguish true foraging behavior mutants from general locomotory 
mutants, we assessed the locomotion of these 19 putative foraging mutants 
in the absence of food. This identified 7 mutants whose mean path lengths 
on a non-nutritive agar substrate were significantly shorter than those of 
the corresponding control strain. These mutants were classified as general 
locomotory mutants. The distance traveled on agar by the remaining 12 
mutants did not differ significantly from that of the appropriate control 
strains. Therefore, these lines were classified as foraging mutants. The for- 
aging path lengths of the homozygous larvae were compared to those of 
their heterozygous sibs (mutatiodSM5 or CyO) and were found to be sig- 
nificantly shorter; pathlengths of heterozygous larvae did not differ signif- 
icantly from the wild-type QJ+’ controls, indicating that the mutant 
behavioral phenotypes are recessive (see below). 

To confirm that the lethal mutations of the behavioral mutants were 
responsible for the observed behavioral phenotypes we needed to show 
that the behavioral phenotypes of the mutants co-localized to the region of 
the lethal mutations. We were able to accomplish this for 9 of the afore- 
mentioned 19 putative behavioral mutants using the deficiencies (Table I). 
The P-element mutant, scribbler (sbb), mapped to chromosome arm 2L 
and showed altered locomotion. One of the EMS mutants, pokey @ky), 
showed reduction in locomotion and was mapped to chromosome arm 2R, 
as were two novel foraging-specific mutations: homebody (My) and lacka- 
daisical (lkd). The other five novel mutants: lingerer (Inr), lounger (lgr), 
loitervr (Irr), lazybones (lzb), and caboosefg (cbsfg), demonstrated forag- 
ing-specific defects and mapped to arm 2L. 

Table I shows the cytological locations and path length data of these 9 
behavioral mutants. Since the mutants were tested in groups on different 
days, the absolute differences between the mean path lengths reported in 
Table I may vary. However, the relative differences between each mutant 
and its appropriate control line(s) remain consistent. 
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To verify that the lethal mutations we mapped were also responsible for 
the observed behavioral phenotypes we performed complementation anal- 
yses for foraging behavior with the deficiencies to which the lethal pheno- 
types map. Deficiency heterozygotes of the 8 cytologically localized EMS 
mutants were tested. Figure 1 shows that the foraging behavior phenotypes 
(path length) of the hemizygotes of the pupal lethals tested did not differ 
significantly from those of larvae homozygous for the corresponding 
recessive lethal but were significantly shorter than the path lengths of their 
heterozygous sibs (lethaVBalancer), which, in turn, were not significantly 
different from those of the wild-type ( r ~ ’ ~ )  control. The behavior of lgr 
may present one exception where, although the hemizygotes’ mean path 
length was shorter than the heterozygotes’, they were not significantly so. 
No balanced heterozygotes displayed behavior differing significantly from 
wild-type. Therefore, the foraging behavior phenotype of the homozygous 
pupal lethal larvae of each line co-localized with the lethal mutation to the 
same chromosomal region with the possible exception of lgr. In lgJs case 
the lethality was co-localized but the behavior may not have been. lgr may 
carry two distinct mutations, one affecting lethality and another, behavior. 

sbb larvae moved during the 5 minute test time on agar but tended to 
remain within a small localized area of the test plate, making their paths 
difficult to decipher. To better quantify scribbler behavior we superimosed 
a 6mm grid over the locomotion trail and counted the number of squares 
entered by individual larvae during the behavior test on agar. Homozygous 
sbb larvae entered significantly fewer grid squares than did their hetero- 
zygous sibs (sbb/CyO) (Figure 2) or larvae of the wild-type control strain 
which did not differ from the heterozygotes (data not shown). 

We found that while homozygous mutant larvae of the line cbsfg exhib- 
ited altered foraging behavior, the other pupal lethal allele of this locus 
(cbsw‘) did not influence this larval behavior. The cbs alleles did not com- 
plement for lethality and were uncovered by the same deletion with 
respect to pupal lethality. The behavioral defect associated with the cbsfg 
allele was also uncovered by the deletion. 

The nine genes we identified appear to influence both larval behavior 
and pupal viability, suggesting each of the genes has pleiotropic effects. 
This pleiotropy may have resulted from, for example, the production of 
multiple transcripts from a single gene, a single transcript that has a dual 
role at different times in development or in independent cells, or from two 
separate genes with overlapping promoters. Once molecularly mapped, the 
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Stnln 
t 

FIGURE 1 Larval path lengths of foraging and locomotory mutants on yeast. The foraging 
path lengths of hemizygotes of lnc Igc pky, ltc My, kb, lkd, and cbsfg, do not differ signifi- 
cantly from those of larvae homozygous for the corresponding recessive lethal mutation and 
are significantly shorter than the path lengths of their heterozygous sibs (balanced over SMZ) 
(excepting lgr, where the difference was not significant) and the ry” control strain (one-way 
ANOVA, PS0.001). Means are presented f standard error with number of larvae in parenthe- 
ses. Different letters represent different Student Neuman Keuls (SNK, pa.05) mean group- 
ings. The breakpoints of the deficiencies used to localize each of the EMS mutants are listed 
in column 7 of Table I 
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sbWCy0 DVCyO s b W .  sbb 
Strain 

FIGURE 2 The scribbler (sbb) locomotor phenotype on agar is uncovered by the deficiency 
Df12R)Pc4 (Of). The number of grid squares entered by hemizygous (sbb/Df) larvae is sig- 
nificantly fewer than the number entered by sbb/CyO larvae but does not differ significantly 
from that of sbb homozygotes (one-way ANOVA, P~.oOOl) .  Means are presented f stand- 
ard errors with the number of larvae in parentheses. Different letters represent different SNK 
mean groupings (~4.05) 

lethal phenotypes of the aforementioned lesions should aid in the elucida- 
tion of the region(s) of these loci essential for viability and for wild type 
behavior. 

This study has demonstrated that the seemingly simple foraging and 
locomotor behaviors of D. melanogaster larvae are influenced by a 
number of genes. We have localized and isolated mutants in 9 of these 
genetic loci. The selection of pupal lethal mutations affecting larval behav- 
ior reduced the difficulties of the direct selection and localization of muta- 
tions influencing such quantitative behavioral phenotypes. The successful 
identification of a collection of loci which influence larval foraging or 
locomotor behavior suggests that the characterization of the corresponding 
gene products will facilitate the definition of pathways which are involved 
in various components of larval food search behavior (ie. locomotion, 
searching, foraging). 

J 
N

eu
ro

ge
ne

t D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



204 SUSAN A. SHAVER et al. 

Acknowledgements 
We are grateful to T. Hansell, D. Harrington, D. Hyndman, H.S. Pereira, 
F.H. Rodd, R. Swartz, R. Shaw, C. Varnam and K. Williams for many 
hours of technical assistance. The deficiency stocks used in this study were 
provided by the Bloomington Stock Center. S.A.S. was supported by a 
1967 Natural Sciences and Engineering Council of Canada (NSERC) 
graduate scholarship, C.A.L.R. was supported by an MRC scholarship. 
Research was performed by S.A.S. in partial fulfilment of the require- 
ments for the Ph.D. degree and was supported by NSERC Operating and 
Collaborative Grants to A.J.H. and M.B.S. 

References 
Bainbridge, S.P., and Bownes, M. (1981) Staging the metamorphosis of Dmsophila mela- 

Ball, E., Ball S. P., and Sparrow, J. C. (1985) A mutation affecting larval muscle development 

Benzer, S. (1973) Genetic dissection of behavior. Sci. Am., 229(6), 24-37. 
Bemgan, D., and Pepin, D.J. (1995) How maggots move: allometry and kinematics of crawl- 

Carew, T. J. (1996) Molecular enhancement of memory formation. Neumn, 16.5-8. 
Davis, R.L. (1996) Physiology and biochemistry of Dmsophila leaming mutants. Physiol. 

Rev.. 76,299-317. 
de Belle, J. S., and Sokolowski, M. B. (1987) Heredity of rovedsitter: alternative foraging 

strategies of Dmsophila melanogaster larvae. Heredity. 59,7343. 
de Belle, J. S., and Sokolowski, M. B. (1989) Roverhitter foraging behavior in Dmsophila 

melanogaster: genetic localization to chromosome 2L using compound autosomes. J. 
Insect. Behav., 2,291-299. 

de Belle, J. S., Hilliker A. J., and Sokolowski, M. B. (1989) Genetic localization offoraging 
(+or): a major gene for larval behavior in Dmsophila melanogasre,: Generics, 123, 157- 
163. 

Dubnau, J., and Tully T. (1998) Gene discovery in Dmsophila: new insights for learning and 
memory. Ann. Rev. Neumsci., 21,407-444. 

Graf, S., and Sokolowski. M.B. (1989) The effect of development, food patch quality and 
starvation on Drosophila melanogaster larval foraging behavior. J. Insecr Behav., 2, 

Green, C. H., Burnet B., and Connolly, K. J. (1983) Organization and patterns of inter- and 
intraspecific variation in the behavior of Dmsophila larvae. Anim Behav., 31,283-291. 

Hall, J. C. (1985) Genetic analysis of behavior in insects. In Comprehensive Insect Physiol- 
ogy Biochernisrry and Pharmacology, Vol. 9, Kerkut, G.A. and Gilbert, L.I., eds. (Perga- 
mon, New York), pp. 287-373. 

nogasre,: J. Embryol. Erp. Morphol., 66.57-80. 

in Dmsophila melanogaster. Dev. Genet. 6: 77-92. 

ing in larval Diptera. J .  Insect Physiol., 41, 329-337. 

301-31 3. 

Hall, J.C. (1998) Genetics of biological rhythms in Dmsophila. Adv. Genet., 38, 135-184. 
Heiman, R G., Stkinson, R. C., Andress, B. F., Bolduc, C.. Kovalick G. E.. and Beckinghm 

K. (1996) Spontaneous avoidance behavior in Dmsophila null for calmodulin expres- 
sion. Pmc. Natl. Acad Sci. USA, 93,2420-2425. 

Humphreys, J. M., Duyf, B., Joiner, M-L.A., Phillips J. P., and Hilliker, A. J. (1996) Genetic 
analysis of oxygen defense mechanisms in Dmsophila melanogaster and identification 
of a novel behavioral mutant with a Shaker phenotype. Genome, 39,749-757. 

J 
N

eu
ro

ge
ne

t D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



LARVAL BEHAVIOR MUTANTS 205 

Inestrosa. N. C., Sunkel, C. E., Aniagada, J., Garrido K., and Godoy-Herrera, R. (1996) 
Abnormal development of the locomotor activity in yellow larvae of Dmsophilu: a 
cuticular defect. Geneticu, 97,205-258. 

Kalderon, D., and Rubin, G.M. (1989) cGMP-dependent protein kinase genes in Dmsophilu. 
J. Biol. Chem., 264, 10738-10748. 

Kernan, M., Cowan D., and Zuker, C. (1994). Genetic dissection of mechanosensory trans- 
duction: mechanoreception-defective mutations of Drpsophilu. Neumn, 12, 1195-1206. 

Lindsley, D. L., and Zimm, G. G. (1992) The Genome ofDrosophila melanogaster (Academic 
Press, San Diego, CA). 

Osborne, K. A., Robichon, A., Burgess, E., Butland, S., Shaw, R. A.. Coulthard, A., Pereira. 
H. S., Greenspan, R. J., and Sokolowski. M. B. (1997) Natural behavior polymorphism 
due to a cGMP- dependent protein kinase of Drosophila. Science, 277, 834-836. 

Parsons, P. (1980) Larval responses to environmental ethanol in Dmsophilu melunogasrer: 
variation within and among population. Behav. Gener., 10, 183-190. 

Pereira, H. S., Macdonald, D. E., Hilliker A. J., and Sokolowski, M. B. ( 1  995) Chaser (Csr), 
a new gene affecting larval foraging behavior in Dmsophilu melunoguster: Genetics, 
141,263-270. 

Sokolowski, M.B. (1980) Foraging strategies of Dmsophilu melunogusrer: a chromosomal 
analysis. Behav. Genet., 10,291-302. 

Sokolowski, M. B. (1992) Genetic analysis of behavior in the fruit fly, Dmsophilu melu- 
nogaster. In Techniques for rhe Genetic Analysis of Bruin and Behavior: Focus on rhe 
Mouse, Goldwitz, D. Wimer, D., and Wahlsten, D., eds. (Elsevier Science Publishers, 
Amsterdam), pp. 470-512. 

Sokolowski, M.B. (1998) Genes for normal behavioral variation: recent clues from flies and 
worms. Neumn, 21,463466. 

Sokolowski, M.B. (1999) Genetic analysis of food search behavior in the fruit fly Dmsophilu 
melanogaster. In Neumbehuviorul Generics: Methods and Applications. B.C. Jones and 
P. Monnede, eds. (CRC Press, NY), pp. 357-364. 

Sokolowski, M. B., and Hansell, K. P. (1992) Theforuging locus: behavioral tests for normal 
muscle movement in rover and sitter Dmsophilu melunogusrer larvae. Genericu, 85, 

Sokolowski, M. B., Kent C., and Wong, 1. (1984) Dmsophilu larval foraging behavior: devel- 
opmental stages. Anim Behav., 32,645-651. 

Sokolowski, M.B., and Riedl, C.A.L. (1999) Behavior-genetic and molecular analysis of nat- 
urally occurring variation in Dmsophilu foraging behavior. In Molecular Generic Tech- 
niques for Bruin und Behavior, Gerlai, R., and Crusio, W., eds. (Elsevier Science 
Publishers, New York), pp. 496-5 11. 

205-209. 

Zar, I. H. (1984) Biosrutisricul Analysis, 2nd Edition (Prentice-Hall, Englewood Cliffs, NJ). 
Zucker, C. S. (1992) Phototransduction in Dmsophilu: a paradigm for the genetic dissection 

Zucker, C. S. (1996) The biology of vision in Dmsophilu. Pmc. Nurl. Acud Sci. USA, 93, 
of sensory transduction cascades. Curr: Opin. Neumbiol., 2,622427. 

57 1-576. 

The molecular characterization of the sbb gene has been reported in: 

Yang, P., Shaver, J.A., Hilliker, A.J., and Sokolowski, M.B. (2000) Abnor- 
mal turning behavior in Drosophila larvae: Identification and molecular 
analysis of scribbler (sbb). Genetics 155: 000-000. 

J 
N

eu
ro

ge
ne

t D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


