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ABSTRACT |

The research in this thesis is epmprisee;offthree'parts. The
first was the'testing of the Rub1h‘ane gprad11ng Peelemeht'mediated
DrosophilaAtransformatipn technique-using the}r vectors pRyi,ahd
,pw25.1. ThQ second portion was an attempt, using P-e1ement mediated
:transformation, to introduce cloned suppressér”transfer RNA‘(tRNA) '
~genes from Sacchar'om:ycee cerevisieze and Sehtzeaaechardmyces pombe
into Drosophila carrying putative rosy nonsense mutants. The third
.was the 1ntrqduction of DNA sequenceé contafning a nonsense suppressor
transfer RNA gene (tRNASéZ gene) from s. pombe and a wild |
type rosy gene into Drosophila via P-e1ement mediated transformation.

A reconstruction of the Rubin and Sprad11ng transformation .
experiments with rosy proved successful, generating four 1ndependent
transformed (rosy*) lines. These were examined to determine the level
of xanthine.dehyqrogenase (XDH) activity and the chromosoma} location
of the insertions. : : ‘. H 0

The.unse1edted introductton of suppressor tRNA genes from yeasts’
into Drosophila failed tovproduce any phenotypically trahsformed

(rosyt) flies.

.The co-transformation experiments using a/tRNAbsuppressor gene‘i;"(
and a wild type mosy (XDH) structuyral gene'were succeszu1. In totei,
18 independent transformed lines were isolated and Southern andlysis
of two T1ne§\53hf+rmed the introduction of suppressor tRNA gene

"sequences. Further experiments are planned to detect transcription

and activity of the suppressor tRNA. | .
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I. INTRODUCTION

0f the different c1asses of conditiona1 mutations that are known,
that of transfer RNA (tRNA) mediated suppression of nonsense mutations_
was predicted and: discovered (reviewed in Hartman and Roth, 1973)
relatively early in the development of nplegglar genetics. The
'process involves the alteration of a tRNA gene usua]ly 1n the region
that becomes the anticodor, such that termination signals or nonsense
.codons can be recognized by the muetant tRNA molecules and an amino'
acid added to the e1ongat1ng‘po1ypept1de. Usually nonsense
.. suppressors are tentatively identified when a second site motation
| rescues a strain where a nonsense mutation has interrupted a vital
gene. In bacteria and yeast,'sequence analysis has shown fhe change
“in the tRNA to be an alteration S0 that termination signa]s can now be
read (Goodman et a]., 1977) (Korner et al., 1978) ‘(Steege and Sol1,
'1979). In the e]aboration of 'the current understandtna\of-trans]ation
and tRNA transcription, modificatfon and function,.suppressor tRNA'S
have been valuable tools (She?men, 1982).

(It has 1ong:been one of the goals of our laboratory to recognize
nonsense suppression in DrOSOphiZavaZanogaetér. While“it has been
documented in. bacteria (Engelhart et al, 1965) yeast (Hawthorne and
Leupold, 1974; Gestland et al., 1976; Cappecci et al., 1975)
Neurospora (Seafe et al., 1976) nem;todes (Waterston and Brenner,
1978) and bovine 11ver.ce11s (Diamond et;val., 1981), no nonsense
suppressor has been discovered in Drosophila, which is one of the most
intensely studied multicellular eukaryotes.

For‘a number of years the suppressor of sable locus su(s) seemed

“the most likely candidate for a nonsense suppressor 1n>DroeophiZa.



The idea that the su(s) locus in Drosopﬁila might be involved in tRNA
mediated (presumably nonsense) suppression came originally from the
observation that specific alleles ofvcertain pigment mutants were
sdppressed when the su(s) lécus was hémozygous. Apparent confirmation
of this hypthesis came from the study of chromatographic forms of
tRNA in su(s) homozygotes. In particular, it was found that su(s)/
su(s) flies were missing one of the three chromatographic forms of
tyrosine tRNA. Analysis showed that the second peak could not be
_resolved in reverse phase chromatography (RPC) columns. The first
ﬁeak was‘ﬂncreésed in size to the extent that wild type and.su(s)/
su(s) flies had the same amount of tyrosine tRNA. Three other tRNA
species (from su(s) homozygotes) ekamined by Twardzik et al. (1971)
'showed no change in their RPC column prof11;s.

The pigment mutants that su(s) homozygotes were found to suppress
include Specific a11e1e§ of sabie, speck, purple and vermilion.
Twardzik et al. (1971) concentrated on vermilion where the defeétive
enzyme was known fo be tryptophan pyrrolase. The vermilion mutation
(v) produces a bright scarlet eye color due to lack of brown
ommochrome. Rizki (1963) showed the defect was due to the absence of
fryptophqn pyrro]aée activity in v/v flies. It was also reported by

 Green (1949) that non-protein tryptophan accumu]ated»in_vermi]ion
flies. Supbressioﬁ of vermilion by su(s) was first noted by Schultz
and Bridges. (1932).

fwardiik'et al. (1971) noted that non-protein tryptobhan levels
were reduced in'v/v; su(s)/su(s) flies. In\;ddition, most of thev
vermilion alleles discovered after the original were found not to be

suppressible by su(s). This suggested tﬁat the su(s) locus might



indeed be some sort othRNA suppressor as you would expect few
vermilion mutants to contéin codons changed.in such a manner as to be
resognized by the altered tyrosine tRNA. That is, by ana]ogy to
classﬁca1_nonsense suppressors in bacteria, putative suppressors

in Drosophila might also be expected to be a11s1e sbecific, but.gene
non-specific (Garen, i968).

However, it.was correctly noted that the su(s) mutation cgu1d not
be a standard suppressbr 1ike those chafacterized in E. coli. The
sufsg) mut;tion'affects one-half of the fyrosine tRNA; if one-half of
these tRNA's now regularly recognized nonsense (or missense) codons
this undoubtedly would be lethal.” Also the mutation is recessive and,
therefore, probably not in a gene for tyros1ne'tRNA. It was thought
1ikely to Be a gené coding for a particular tRNA modifidation enzyﬁe:\

Based on this assumption the authors proposed that as a result of
“tRNA undermod1f1cation tyrosine tRNAp (that peak missing 1n su(s)/
su(e) flies) chromatographs to the tyrosine tRNAj 10cation Further
they postu]ated that this undermodification (possibly methylation)
results in ambiguous codon response and inserts tyrosine in response
to nonsense (or missense) codons.

So it seemed, in 1971, that a mutatioﬁ which led to‘changes in
the chromatographic pattern of tyrosine tRNA (a tRNA spec1es 11ke1y to
give rise to suppressor tRNA) suppressed several pigment mutations
It became widely accepted that a suppressor tRNA would generally be
derived d} mutation in a tRNA gene most probably coding for a minor
species, of any particular tRNA. Consistent with this idea, if a

unique tRNA gene was mutated to a suppressor form this could be a

haplolethal as is seen for SupRL1, an amber suppressor, in yeast



. (01son et al., 1981).

The controversy about su(s) was resolved by White et al. (1973),
based partially on thé findings of Jacobson (1971). White eF al.
(1973) showed that the sufs) locus indeed is involved in nucleotide
~modification; in EEFZ;;ular, the postranscriptional modfification of
‘Guanosihe to Queuosine. They proposed that the chromatographic
changes noted can be accounted for by this modi fication. This nucleo-
tide modification 1eads to the loss of tyrosine tRNA2 fom su(s)/
su(e) ‘flies and that 1tsvabsence is related to suppression of;
vermilion. Jacobson (1971) reported that tyros1ne.tRNA2 inhibited
tryptophan pyrrolase. In the wild type su(s)* the presence of.
tyrosine tRNAs would‘51ock the expression of tnyptOpHan pyrrolase in
this vermilion mutant. "The abséncejof tyrosine tRNAs
in su(s) homozygote§ allows the prqhuction of tryptophan pyrrolase
restoring wild type eye color. Thus, the "suﬁpression“ of vermilion
in su(s))su(s) flies is apparent]y\due to lack of a11o§tér1c
inhibition of tryptophan pyrro1ase‘and not the misiﬁterpretation of
the genetic code by a suppressor tRNA as was originally supposed..

The search for nonsense suppressors in Drosophila cdntinued in

our laboratory with the ethyl methane sulfonate (EMS) induced

production of putative nonsense mutants (Girton et al., 1979) in the

xanthine dehydrogenase (XDH) strqctural gene, which is often referred
to as the rosy locus. Of the many rosy mutants generated, those which
showed no XDH activity, interallelic comp1ementatidn, or immuno-
Togically cross reacting méterial (CRM) to XDH antibodies were
designated putative nonsense mutants. These were subsequently used in

a screen to detect second site mutations restoring XDH activity.



Rosy would seem an ideal system for the detection of nonsense
suppressors for two reasons. It is an;nonautonomous gene which means
that it need not be expressed in all tissues to .produce phenotypic
changes. Also, only 1% of wild tybe activity will restore wild type
veye color (Girton et al, 1979). A1though, this screen produced
revertants it failed to pnoduee any candidates for suppressors as did
a similar screen in this laboratory (L. Harris pers. com.) using the
first bona fide nonsense mutant characterized in Drosophila (Kubli et
al., 1982). This 1atter study showed by sequence analysis that an
alcohol dehydrogenase (ADH) null mutant a11e1e,nu11 B(nB) carried on
‘the Curly of Oster balancer chromosome (hereafter called CyonB),
contained an,altered codon so that the tnybtophan codon in position

234 was changed to a UGA nonsense codon. “Further it has been shown

that the ADH protein was foreshortened and that in vitro only an opal

(not amber or ochre) nonsense suppressor tRNA from yeast would allow
completion of the protein (Kubli et al., 1982).

# The failure of our screen to detect nonsense suppressors in vivo
lthat could restore nartia1 ADH activity to a strain carrying the
CyOnB a11e1e suggested either that such a nonsense suppressor might ™
be Tethal or that our screen was not sensitive -enough to detect a
functional nonsense suppressor when one was present Because a series
of putat1ve rosy nonsense a]leles were available and later a bona
fide ADH nonsense- mutant too, the demonstrable creation or introduc-
tion of a nonsense suppressor became the focus of the suppressor hunt
in the laboratory. With the deve]opment of the P-e]ement mediated
transformation system in Drosophzla (Rubin and Spradling, 1982;

Spradling and Rubin 1982) a means for the ‘introduction of suppressor



tRNA genes directly into Drosophila became available.

Genetic transformation, defined here as the uptake And expression
of exogenous DNA by an organism or cél], has proven to be a very use-
ful genetic tool in those organisms in which such a technique is
possible. It was demonstrated first in bacteria (Avery et al., 1944),
then 16 mouse cells by McBride and Oéér (1973) where purified 4 -
metaphase chromosoﬁes from Chinese hamster cells conferred Chinese
hamster hypoxanthine phosphoribosyl transferase (HPRT) activity to
some mouse clones. Treatment with exogenous DNA has also produced
heritable changes in Drosophila (Fox and Yoon, 1966 and 1970),
Ephestia (Nawa and Yamada, 1968), PetumiaA_(HeSS, 1972) Neurospora
(Mishra and Tatum, 1973) and yeast (Winnen et al., 1358). When a
technique is demonstéétéd for the reliable ;nd efficient introduction

~of.defined DNA sequeqcesiinto>a spec&es a myriad of possibi]ities
‘becomes apparent and. that species becomes a more usefﬁ] tool for
science (Hinnen et al., 1978) (Rubih'and Spradling, 1982) (Spradling -
and Rubin, 1982). : |
} Attempts to transform Drosophild first‘by soaking. embryos and'/
then by injecting various mutant embryos with wild type DNA by Fox and .
Yoon (1966, 1970) and Germeraad (1975, 1976) respectively proved to be

successful to the extent that at a very low frequency stable altera-

loci were demonstrated. The fundamental problem

rémained the efficient introduction of defined'sequences. The

solution came from an abstruse branch of Drosophila research, that of
hybrid dysgénesis.
Hybrid dysgenesis is a condition found in certain interstrain

hybfids off Drosophila melanogaster. The features of hybrid dysgenesis —



include: (i) germ 1ine abnormalities; (ii) high mutation rate;

(111) high rate of male recombination; and (iv) chromosomal

instability (Engels and Preston 1980) (Rubin et al., 1983). In P-M
hybrid dysgenesi§ these appéar in progeny from a P male with.an M
f:ma]e cross, but do not appear in any other matings involving P and ¥
strains. Strains desfgnated as P were found to contain mappable |
® genetic elements (P factors) on.all major chromosomes (Engels and
Preston, 1980). M strains lack these genetic e1ements. It was fouﬁd
that these elements determine the cytotype (Bingham et a].,'lQéZ) 6F a
strain whefe cytotype is defined as a property of the cytoplasm.or
nucleoplasm and is passeq throdgh the female line. A P cytotype is
broadly defined, as immunity from the action of P elements and the M
cytotype as the susceptability to their action.

It 1s now understpod that P-M hybrid dysgenesis arises from the.
action of P-e]eméﬁfs; which are a fam%]y of repeated mobile factors
ranging 1 {ze franJ.S to 2.9 ki]bbases (Spradling and Rubin, 1982).
Like‘bactz::;1 and other eukaryotic transposable e1emen£s, P-e]éments
can changﬁ‘chromosoma1 location and increase in copy number within a
strain. They also share the features of other tranSpOSabTe elements
in that P-elements have perfect 31 base pair repeats at thgir termini
and generate 8 base pair duplications at fhg insertion target site
(O'Harg and Rubin, 1983). It has also been shown by sequence analysis
of reverted P-element induced mutations that P-elements can be ‘
précise1y excised, thereby restoring the'1nferrupted gene function
(0'Hare and Rubin, 1983). -

The P-element family members differ from one another in the

extent of internal deletions where the pafent element is considered to



be the.2.9 kilobase 'P-factsr'. The P-factor is thought to encode
both a.transposase and a repressor function (Spradling and ﬁub1n,
1982). Sequence data show that the P-factor has four,bpen reading
.frame§ (Spradling and Rubfn, 1982). - A simple model to explain hybrid
dysgenesis is that in stabilized P strains the repressor function
predominates and blocks the action or expression of the transposase SO
that the P-elements are quiescent. It is when DNA, containing P-
factors, is introduced into an M cytofype (sperm from a P male
ferti]izés‘an M egg) that. the transposase function predominates until -
a critical‘ﬁumber of P-elements is reached and increased repressor
activity restores P-element stability (Rubin and Spradling, 1982). .It
is the activity of’thé unstable P-elements that gives rise to the
characteristic features of hybrid dysgenésis. |

It was the transposing ability of the P-factor in an M cytotype
that led to the idea that P-elements might provide a system for the
transformation of Drosophila. If exogenous DNA (P-elements cloned
into p1asmids).cou1d move into germ tissue then perhaps these plasmids
could also be uged to carry additional defined DNA, that was cloned
within the limits of the P-element, 1nt0.DrosophiZa.

Spradling and Rubin (1982) first assayed the activity of the P- .
factor by microinjection of a plasmid bearing a 2.9 kilobase P-element
into a strain which contained a defective P-element within the sihged
Tocus. This was the singed weak (en¥) strain and it contained no other
P.-sequences. A high percentage of the injected embryos produced
progeny with the (qn+) normal brisfies or (en€) singed extremé phenofl
types; These strains were also shown to héve new P-element sequences

cofresponding to the injected P-element. The explanation proposed was



that the addition of P-factdr DNA into a functionally M strain mimics

‘ hybrid dysgenésis te the extent that the usually stable defective
P-elements within the sn¥ locus were mobilized by the transposase.
function of the introduced P-factor producing the alterations in sing-
ed expreﬁsion in the progeny of f1;e§ where P-factor DNA was effect-
ively introduced. Furfhek, 1t was found that P-factor DNA entered the
genome by transposition rather than recombination as the bacterial g
seqﬁences of the plasmid were not found associated Qith new genomic
P-factors (Spradling and Rubin, 1982).

The next stage in the development of an efficient Drosophila
Itransformation system was the use of the cloned P-factor (px25.1), thg
so called helper P-element. This was used to mobilize coinjected
defective P-e]ementé which contained within the bounps_df the termini
a segment of DNA encoding the structuraligene fér xanthine
dehydfogenase (rosy locus) inside the P-element.

| So, thjs P-médiated transformation system depends primarily on
the introduction of the carrier P vector (an 1nterna]iy deleted P-
element with intact termini so that it does not code for but may be
acted on by transposase from a helper, intact, P-factor), and the
helper P to get into germ tissue primordia. The carrier P vector
contains the gene or sequence of interest in tﬁe transformation
protocol. In Drosophila melanogaster there are approximately 90
minutes following fertilization until the formation of the pole cells-
which are the genﬁ tissue pr1mordia (Bownes,_1975). Prior to pole
gé]] formation injection of a DNA solution into the posterior of an

embryo presents the best opportunity for that DNA to be included

during‘po1e cell formation and be incorporated into germ cell
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chromosomes. Utilizing the protbco] described above, ﬁubin and
Spradling (1982) did injections into M cytotype rosy (XDH-) embryos
with the result being the successful transformation of upwards of 30%
of the»fert11e survivors, as measured by the appearance of

some ry* progeny from injected flies (Rubin and'Sprad1ing, 1982).

- Thirty-six independent transformed lines'wgre created and found to
contain one or more ry* insertions by in'sitL analysis. Insertions
were found on all major chromosome arms as well as in heterochromatfn
on the 4th chromosome. Histochemicai staining and XDH assays of .
various adult tissues showed, without exception, the normal temporal
expression and tissue specificity of XDH expression. Insertions on
the X chromosome showed partial dosage compensation and overall t;e
level of XDH production varied from 30 to 130% compared to wild type:i
No evidence was found for silent rosy* insertions (Spradlingrand
Rubin, 1983). _

Transfdrmation experiments by Scho1n1ck et al. (1983) produced
analogous results with the structural gene for dopa decarboxylase
(DDC). Transformed 1ines showed wild type tissue specificity and
temporal production of the eniyme. In addition, mRNA - from a reintro-
duced gene co-migrated with wild type DDC mRNA.

Other successful transformations using this system include the
structural gene for alcohol dehydrogenase (Go1dberg/et al., 1983), fhe
chorion gene (Rubin ahd Spradling, 1982) and DNA from the white locus
(Hazelrigg et al., 1984). .

Tﬁe P-element directed transformétion of Drosophila 1s obviously
efficient and hqs the advantage that th; transformed lines are

genera11y stable and differ from the strain they were made from only



in the position of the inserted gene.

An offshoot of jnqreased interest from studigs on hybrid.
dysgenesis and the é1on%ng of P-e]eﬂents has been the use of dysgene-
sis induced mutagenesis (Rubin et al., 1983).1n the cloning of
stru;tura] genes interrupted by 1nsért19n of P-e]ements.\ B1nghém et
al. f1981) used a cloned P-element probe .to recover clones from a
11brany made from a strain bearing a dysgenésis induced mutation in
the white locus. These sequences were subsequently used to identify
whfte gene clones from a wild type Drosophila 1*b#ary. Thus, genes
can be tentatively 1deht1f1eq and cloned via P-element m&tagenesis and
then be pbsitive]y identified and delineated by P-element mediated

transformation. .

The.goal of the present research was the introduction of yeast
tRNA suppressor genes into Drosophila. Ihitia] experiments involved
the cloning of the Sup9e (opal) (Hottinger et al., 1982) gene.from s.
pombe and the Sub4-o (ochre) (Goddman et al., 1977) gene from s.
cerevigiae into a defective P-element vectoryand their introduction
into rosy putative nonsense mutahts. When a Drosophila strain carry-
ing a verified nonsense ADH allele became available it was decided to

alter the project to take advantage of this defined mutant. My

contribution td this continuing work was the demonstrable

introduction, via P-element directed transformatfon, of an appropriate -

suppressor tRNA gene from yeast into Drosophila so that eventually
questions about the transcription and function of this gene cou1d be

addressed.

This research evolved through three sections or stages. First,

the demonétration_that the Rubin and Spradlihg procedure for P-element

E
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mediated trdnsforﬁatioﬁ works in our hands by a repetition of their
rogy transformation experiment. ‘Next, an attempt to demonstrate the
'in vivo suppressor function of yeast suppressors Sup9e‘and Sup4-o0 by
their introduction 1nto'D%oeophiZa embfyos containing putative rosy
nonsense mutants. The final step wa§ the verified introduction of a
serine inserting UGA\tRNA suppressor gene from S. pombe (Hottinger et
a1.,»1982) along with a wild type ros; gene so that furthe} work. could
be done on heterologous tRNA suppressof gene expression in vivo, in

Drosophila.

12



., MATERIALS AND METHODS
A. Drosophila Culturing
A1l fly stocks were maintainéd on a synthetic medium (Nash and

Bell, 1968) at 22°C or as indicated below.

B. Drosophila melanogaster Stock List

Strain . Description ) Sourcé

y an¥;bw;st('M') yellow, signed weak, brown W. Engels
' scarlet, M cytotype, (here-
. after snW¥)

" boen; mal e black, cinnabar, rosy, ebon{ J. B. Bell

- (referred to in text as ryal)

b en;ry® ~ (referred to in text as ry8) J. B. Bell
b en;ry26 e | - . J. B. Bell
b en;ry603 o - _ S ) J. B. Bell
773 ‘ o - . M. Green:
Adh fnd p7r en/CyonB pr en W. Sofer

Alcohol Dehydrogenasefast null

5, purple, cinnabar Curly
derivative of Oster In(2LR)O, R
dplV¥Ivy pr cn2) carries Adh null
B (nB) designated as CyOnB in

text.
w2p (P) :' P cytotype | - W. ‘Engels
C(1)DX;ry Compound 1 Double X;ry. \ J. B. Bell
M5 /Spiry . In (2LR)SM5, 212 Cy 1tV cn2 Sp2;ry _J. B. Bel]
_ Sternopleurol _ .
MKRS | M(3) s(34) kar ry2 Sb/kar2 bf(3)ry75 J. B. Bell

Genotype designations and oridina] references are given as in Lindsley
and Grell 1967. :

- 13
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C. Cytotype Determination

To determine the cytotype of a Drosophila strain we used the
following procedure (Engels "and Preston, 1980). Ffve parents from the .
strains to be tested and a known tester were placed together 1n v1a1s '
nd kept at 29°C for 7 days and then discarded. Progeny that emerged

during the 4 fo1low1ng days were transferred to vials at 25°C to allow

.
i
' 4y

matings to occur. After 4 days the females were removed, p1aced ,

individually in separate vials az_asdbsequent1y scored for gonaﬁa1

sterility based on egg productté#% S ;iét h -
Strains b en; ryile ‘(ryal) %nd b en;ry8(ryd)Pwere crossed |

reciproca1ly to an, a P cytotype strain and y en¥;bw;st (snw) an M

e

cytotype strain under the condiilons described above. Both of

the ry stra1ns tested were desggn ted M as sterility was not seen when'
‘males were crossed to §2p fema]é&p*whereas steri\ity did resu1t from
the reciprocal cross. Crossesatfﬂgyal and1~g3 to the en® strain did
not produce sterile females, as' would be expected when M strains are

crossed to each other.

D. Linkage Analysis

To determine genetically into which chromosome the P-e1ements
carrying roey* had integrated, the crosses outlined in Figures‘l, 2,
and 3 were performed. A1l strains were rosy” at the resident XDH
1qtus,aso that assignment of the introduced 7vey+ gene could be made
on the basis of segregation of the ryt phenotype from the dominant
markers Cy and Sb for Chromosome_2 or 3 respective1y, or from markers

on an attached X-chromosome. -



. et
!

i

Figure 1: X Chromosome Linkage Analysis of Bosy'Transformants. Males
fromﬂeach of the transformed lines were crossed to virgin
females of the XX; en;ry stock. If the transposon is on

the X chrombsome, then only male progeny‘w111 be »yt.

Y
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Figure 2:

Second Chromosome Linkage Analysis of Rosy Transformants.
Virgin females from each of the transformed 1ines were
crossed to SM5 Cy/Sp; ry males. SM5 is a second chromo-

some balancer strain, with the dominant markers Sp and

+Cy, and homozygous for »ry so that the ry* can be detected.

From the ‘above cross ¢y ry* virgin females were selected
and crossed to b en;ryal ¢ males. If the my+ transposon
resides on the second chromosome then the ry* progeny

should not‘appeaf with the Cy phenotype.
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Figure 3:

i

Third Chromosomé Linkage Analysis of Rosy Transformants.
Virgin females from each of the transformed lines were
crossed to males of the MKRS strain. MKRS is a third
chromosome balancer and carries the dominant Sb marker on

\

the third chromosome, and is homozygous for ry. F; Sb ry*

males were crossed to b en; ryal e virgin females. If
the ry* transposon resides on the third chromosome then

L

ry+‘progeny should not carry the Sb markeﬂ.
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Briefly, 1€che insertion is on the X chromosome, then all XY
progeny will be rosy* (as outlined in cross 1). If the insertion fis
‘on the" second chromosome, rosy* Curly flies would not be expected in.
the progeny of cross 2. If on the third chromosome, flies with a
roay+-StubbTe phenotype would not be expected. Assignment to chromo-
some 4 would be implicated by elimination of clear linkage data to the

other three chromosomes.

E. Growth Media

The media used for growing all bacterial strains was Luria broth
(LB). Liquid med:é consists of 10 g/1 Bacto-tryptone, 10 g/1 NaCl,
and 5 g/1 Bacto-yeast extract. P]ate§ were made of LB plus 15 g/1
Bacto-agar. For selection of ampicillin resi;tance, 50 mg/1 '

ampic%]]in was added after autoclaving.

F. Transforiation of Drosophila
* I Preparation of DNA for Injection

The DNA for injection was precipitated in 2.5 volumes of
ethanol for 1 hour at -70°C and, ;fter centrifugation at 10,000
RPM for 10 minutes the DNA was resuspended in'approximately 10
of}sterile injection buffer (5mM KC1 and 0.1mM Na phosphate,
'pH 6.8). The concentration of the DNA was determined
spectrophotometrically (Az60) and adjusted to the desired
concentration, usually 300 ug/ml for biasmids beéring a defective
P-element and ;1oned genes of interest and 100 ug/h] for plasmid

pn25.1, the helper P.
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I1 Preparation of Needles for Microinjection |
Needles were prepared by pulling Ximax 25 ul glass capillary
tubes which were heated over a bunsen buq{i’. The elongated.

capillary tubes were then fitted onto a microforge (Aloe

Scientific) and further drawn out to approxximate]y 5 microns. To v

fi11 the need]e, approximate1y 1 to 2 u1 of the DNA injection
mixture was delivered into the need1e through a drawn capillary
and the needle fitted onto the 011 fi1led injection system
'(Leitz). The need1e was brought into focus and the DNA solution
forced down through the needle by increasing the pressure of the
0il filled 1njgction system with the syringe. TQe tip of the
_needle was often too fine and needed to be broken back by forcing

it into a piece of double stick tape (under oil).

IIT1 Collection and Preparation of Embryos for Injection

r Embryos were collected from healthy Z?ung flies that had been
fed on yeast for at least 3 days prior to collection. Stocks for
collection were changed frequently and kept uncrowded to minimize
eqg retention ‘Flies were allowed to lay eggs for up to 1 hour on
1.5% agar plates that were lightly yeagied. Embryos were collect-
ed by rinsing them off the plates onto a fine nylon(Nitex) mesh
- filter. Excess water was removed and the embryos transferred to
doublestick ;apé on a microscope slide. The embryos were
dechorionated by rolling them on the tape and moved so that the
posterior end protruded over the edge of the tape. The'ehbryos
were then dried over a desiccating silica gel for 6-15 min., and

then covered with halocarbon o0i1 (Halocarbon).

22



IV Injection of Embryos
The slides were placed on the microscope stége and the needle

brought into a]igﬁment. The'need1é mounted on a Leitz |
microm;nipu1atbr is introduced into the embryb's posterior, often
piercing ha]fwéy through, and then quickly moved to the very
posterior. By 1ncréasing the pressure of the ofl filling
injection system the DNA solution ( 8-10 picolitres) can be seen
flowing in. The injection was stopbed when the
desiccation-induced dimples in the embryo filled out due to the
injecied liquid. _

Completed slides were placed in a s1ide(§tordge box at 18°C.
with damp paper towels to ensure high humiafty.
After 36 hours, the slides were examined every 6 - 12 hours and
newly emerged first instar larvae were transferred to standard_
media vials at 25°C.

Emerging flies, from injected embryos, (hereinafter called

" Gg's) were checked for evidence of injected gene expression and
were individually crossed to uninjecfed flies of the same ‘
genotype. Croéses were kept at 25°C and the parents transferred
to’new vials every four days to méximize fecundity. Offspring
(G1's) were examined for evidence of transfofmation and records
were kept of éhe number of transformed and untransformed flies
each croﬁs produced. : o

Transformed flies (Gy's) were crossed with transformed

A siblings and pairs of their transformed progeny (15-20 pairs) were
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examined for two generations so that stocks could be made, from
progeny of pair matings, that showed stability of the transformed
character. Further testing was done on lines established from -
pair matings that were the most stable for the transformed

character.

G. Transformation of E. coli HB101 with Plasmid DNA

Introduction of plasmid DNA into E. coli strain HB101l was
accomplished following the calcium chloride procedure of Maniatis et
al. (1982). A 1/30 dilution of an overnight 5 ml cu1tu;e of HB10l was
made into LB, grown at 37°C with sﬁaking for 2 to 4 hours, then chitls
ed on ice for-lo minutes.

Thé cells were harvested and resuspended in 1/2 of the original
volume in ice cold, sterile 50mM CaClp, 10mM Tris-C1 (pH 8.0), put on
ice for 15 minutes, resedimented, and brought up in 1/15 volume of
50mM CaClz, 10mM Tris-C1 (pH 8.0). |

Cells were kept at 4°C for 12 to 24 hours before 1 to 20 ul of the
DNA solution was added to 0.2 ml of the treated cells. This mixture.
was kept on ice for 30 minutes and heat shocked at 42°C for 2
minutes. After thé addition of 1 ml of LB the culture was kept at
37°C for i hour. Dilutions were plated on LB + Amp p1étes that were-

l‘incubated at 37°C for 12 to 24 hours.

H. Preparation of Plasnid DNA

The following procedure for plasmid DNA extraction is from
Maniatis et al. (1982).

To 25 ml LB + ampicillin 0.1 ml of a_saturated 5 ml overnight
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culture was added and grown at 37°C until the optical density at 600
nanometers was approximately 0.6. This was used to inoculate 590 ml
LB + ahpici]]in‘which was grown yith shaking for 2.5 hours at 37°C, at
which time 2.5 ml of a 34 mg/ml ch1oramphén1co1 solution (in 95%
ethanql) was added; incubation with vigorous shaking was continued for

another 12 to 16 rhours.

The cells were harvested by centrifugation and washed in 100 ml of

ice cold STE, 100mM NaCl, 10mM Tris-C1 (pH 8.0): and 1mM EDTA. The
cells were reharvested and suspended in 10 ml ice cold STE and trans-
ferred to a 50-ml Erlenmeyer f1ask. After the addition of 1.0 ml of a
lysozyme solution (20 ﬁg/m1 in 10mM Tris-C1 pH 8.0), the solution was
slowly brought to boiling and fhen immersed in a 2-1itre beaker of
boiling water for 40 seconds. .The now viscous lysate was transferred
to a SS-34 centrifuge tube, kept on ice for 5 minufes, then éentri-
fuged at 19,000 rpm for 1 hour. For éach ml of cleared lysate, 1 gram
of CsCl2 was added. Ethidium bromide was added to a concentration of
0.8°ug/ml and the so]utibn centrifuged at 54,000 rpm 16 a VTi65 fotor
for 8 to 10 hours. The plasmid band was co11ected from 2 or 3 tubes
and after the addition of a quantity of 1 gm/ml CsCl2 the solution was
centrifuged again at 54,000 rpm for 6 to 8 hours. The ethidium
bromide was removed by extraction with CsC12 and water saturated
n-butanol, and the'CsC12 was removed by diaiysis égainst 3 changes of
TE (10 mM Tris-C1 pH 8.0, 1 mM EDTA). The DNA was: stored in TE at

4°C. .

I.  Rapid Extraction of Plasmid DNA

Rapid small scale isolation of plasmid DNA for size or restfiction

25
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analysis was done according to Man1afis et al. (1982). A 1.5 m
volume of a satﬁrated culture was centrifdged for 1 minutgb1n an
. Eppendorf microfuge and the pellet resuspended in 0.35 m! of 8%
sucrose, 5% Triton X-100, 50mM EDTA (pH 8.0), 10mM Tris-C1 (pH 8.0).
After the addition of 25 ul of a lysozyme solution (10 ng/mi 1n 10mM
Tris-C1, pH 8.0) the tubes were held in a boiling water bath for
40 seconds, then recentrifuged for 10 minutes. The pellet was removed
and 40 ul 2.5 M sodium acetate ard 420 ul of isopropanol wéré added to
the aqueous portion and put at -70°C for 15 minutes. The solution was
- centrifuged 15 minﬁtes at 4°C and the dried pel]ef resuspended in

§0 ul TE.

J. ‘Genomic DNA Extraction from Drocophila

| DNA was extracfed accérding to Ish-Horowicz et al. (1979).
Between 86 to 200 mg of adult Droeophila were homogenized in 1.5 to 3
m of 10mM Tris-C1 (pH 7.5), 60mM NaCl, 10mM EDTA, .15mM spermine,
-15mM spermidine and .2 mg/ml protease (Pronase E Sigma, preincubated
1 hour at 37°C) in a 5 ml tissue homogenizerﬂ The homogenate was
added to 1.5 to 3 ml of .2M Tris-Ci‘(pH 9.0) 30mM EDTA, 2% SDS and 0.2
mg/ml protease and incubated for 1 hour at 37°C. The . homogenate was
then extracted twice with an equal volume of phenol and once with
chloroform: isoamyl a1éoho] (24:1 v/v). The aqueous phaﬁe was made
.2M for NaCl anq two voiumes of 95% ethanol were 1ayeréd on. The DNA
was spooled out and resuspended fn TE buffer.
K. DNA REst;ictiqn

Specific DNA fragments were excised from plasmids using sequence



specifié restriction enzyme cleavage.(Cohen et ;1., 1973); Reactions
were carried out following tﬁb restriction enzyme manufacturer's
speé1f1cét10ns. Restrictions were incubated at 37°C for 2 to 4 hours
after which 5 ul of a dye solution (50% (v/v) g]ycerol; 0.15%v(w/v)
BPB and 0.15% (w/v) xy1ene cyanol) was added. fhe samples were either

e1ettrophoreséd immediately or frozen at -20°C for later use.

| L. DNA %garose Gel Electrophoresis

_ Restriction enzyme digests Qere analyzed by'agarose'ge1 electro-
phoresis (Cohen et al, 1973; Thomas and Davis, 1974). A sb]ution.of
1% (w/v) agarose (Sigma type 1I, medium EEQ) in TAE (SOmM Tris-acetate
pH 8.3, 2mM EDTA (Na)g) was'me]fed and cast in a horizontal slab gel
electrophoresis apparatus (Tyler Research Corp.). AnaYytical gels
were cast with 13 slots; preparativeyge]é with a comb/containing 2
large slots and 1 reference slot. Typically, gels wére run at 80
volts for 3-6 hours. The DNA was visualized on a 1on§ wave UV trans-
illuminator after staining the gelg with a solution containing‘

0.5 ug/ml ethidium bromide. Photographs were taken.using a Polaroid

MP4 camera with Polaroid type 57 film and.a Kodak Wratten #9 géﬁatin‘

filter.

M. Purification of Re;triction Fragments from Agarose;Gels
Restriction fragment purifiéation was done by eitraction from Tow
temperature gelling agarose (Sigma) .according to Maniatis et al.
(1982). Alternatively, the melted agarose in 20mM Tris-Cl (pH 8.0)
was.passed,over'an Elutip-d.column (Schleicher and Schuell) following

the manufacturer's specifications. Gels of 0.8 to 1.0% were cast aﬁd

\
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run at 4°C with ethidium bromide (3 ul of 10 mg/ml solution per gel) ~™

added.

N. Ligations of DNA with T4 Lifase

Purified DNA samples were mixed in a 3-5:1‘mo1ar ratio (insert
ends to vector ends) in 20-100 ul of T4 DNA.1igase reaction buffer
which is 50mM Tris.Hci (pH-7.8), 10mM MgCl,, 2mM dithiothreitol, 1mM
adenosine triphosphate, 2mM spermidine, and 50 ug/ml bovine serum
albumin. After addition of 0.1 to 1.0 unit of T4 DNA ligase the
mixture was incubated for-lz to 20 hours at 15°C.

3 | ‘

0. Southern Hybridization

Southern hybridization was done according to Maniatis et al.
(1982) with the following alterations: (i) the prehybridization fluid
was made 50% v/v with formamide; (ii) prehybridization temperatdre was
42°C; (iii) the hybridization fluid was made 50% v/v with formamide;

and (iv) the hybridization temperature was 42°C..

P. Radioactive Labelling of DNA Probes by ﬁick Translation
Radioactivity was incorporated into purified DNA as described by
Davis et al. (1980) with some modificatiéqg; Reactions of 50 ul final
volume contained 1 ug DNA, 50mM Tris-HC1 (pH 7.2), 10mM MgSOa, 0.2mM
DTT, 50 ug/ml BSA (nuc1e$sé free), 0.02mM dATP, dGTP, dTTP, 10 ul
32p_dcTP (3000 Ci/mole, 10mCi/ml in Tricine, New. England NucTear), or
3HTTP, 10 units of E. coli polymerase I, and 0.25 ng activated calf
thymus DNAse I. The reaction was carried out at 14°C for 1;hour, then
stopped by the addition of 1 voTume of stop solution (20mM EDTA,

2 mg/ml sonicated calf thymus DNA, and 0.2% (w/v) SDS. This was

28
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loaded onto a 2 ml Sephadex G-50 pasteur pipette co]umn'equilibrated

with TE. The initial peak of rad1oa¢t1v1ty wac collected in a volume

of 1.2 to 1.5 ml. The specific activit. of the labelled DNA was

determined by counting a 10 ul_aliquot in 5 m* of fluor or distilled

water in a Beckman LS¥500 liquid sc1nt111ation counter.

Q. In Situ Hybridization to Salivary Gland Chromosomes

The'dis§ection of salivary glands was done in 45% acetic acid,
then they weré transferred to 'a ge]atih treated slide and squashed
under a siliconized Cover glass (Corning #2). After freezing in
liquid nitrogen the cover glass was removed and the slide washed 6nce
for 1 minute 1n 3:1 ethanol :acetic acid, and 5 minutes in 95% ethano1

(two washes) © After the s1ides had dried they:were p1aced in 2xSSC

- for 30 minutes at 65°C, twice rinsed in.70% ethanol for 5 minutes at

room Fﬁgperaturé;»fol1owed by a 5 minute rinse in 95% ethanol. After

'-dryiné the slides were 1ncubated in .1 mg/m1 ribonuclease (Sigma

Ribonuclease A) 1n 0.3M sodium ch1or1de 0.03M sodium nitrate (pH 7.0)
at -37°C for 1 hour, then rinsed in 2xSSC three times for 5 minutes

(each) at room temperature and air dried. To denature the DNA the

slides are put in 0.07 N sodium hydroxide for 3 minutes at room

-~

temperature, rinsed three times in 70% ethanol and twice in 95%
ethanol (5 mfnutes.each at room temperature). The hybridizatiqn -
buffer»(S m15 was made from O,S;hiHZOX Denhart's so]ﬁtion, 1.0 ml 50%
dextran sulphate, ‘0.66 ml 5M sodium chloride, 0.1 ml MgCl2, 1.0 m
sodium phosphate buffer (pH 7.0) and 1.74 ml water. Nick translated

. probe DNA (approximately 3x104 cpm/ﬁicro1itre)'was mixed with sonicat-

-

ed salmon sperm DNA (fina} concentration of carrier/probe is 0.2 ug/
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ul) and heated to 95°C for 5 minutes, then put on ice. An equal

§o1ume of hybridization mixture was added to the éhilled probe/carrier -
and 20 ul spotted qur the tissue on the prepared slides and covered
with a cover glass. The slides were placed in a moist sealed chamber
and submerged in a 65°C waterbath for 4 hours. After this the covér
glass was removed aﬁd the slides rinsed three timeL in 2xSSC at room
tempe;afure (15 minutes each idth gentle agt;atidn), then twice for 15
4minutes in ;xSSC af room temperatUre, once in 70% ethanol (5 minutes

at room temperature) and twice in 95% ethanol (for 5 minutes each at
room temperature). Finally, the slides were dipped in

autoradiographic emulsion (Kodak NTB2), stored for one week in a

sealed slide box at 4°C, then developed and visualized.

R. Autoradiographj |

| Images of hybridizations from Southern blots were obtaingd using
Kodak XAR-5 film in Picker X-ray cassettes. After expﬁsu}e the film
was developed using Kodak X-ray aéveIOper and Kodak Rapid Fixer

according to manufacturers ‘instructions.

S. Xanthine Dehydrogenase Assays

fﬁis fluorometric assay (Glassman, 1962) is based on the differ-
ence in f1uorescenée of -isoxanthopterin (IXP) and 2-amino-4-hydroxy-
pterine (AHP) and the fact that XDH catalyzes the conversion of AHP to
IXP. '

Strains to be tested were homogénized in 1.0M Tris-C1 PH 8.0,
2.5mM EDTA, and 1.0mM dithiothreitol (DTT) in a ratio of 100’mg

flies/ml buffer. To the extract 1.0 mg of untreated activated



31

chareoal (Norité) w&s added..for every 4.0 mg of flies. The mixture
was stirred then centrifuged in an Eppendorf ‘microcentrifuge for 10
minutes. The supernatanf wasyfiltered through glass wool and :
recentri”.ged.

Assays were caf;ied out in an_Am1nco¥Bowman spectrofluorometer
with an activation waveﬁength of 338 mm and a fluorescent wavelength
of»405 nm. AHP shows minimal f]uorescénce at these wavelengths, while
IXP has its peak f]uoresceﬁgejgt 338 nm.

For crude extracts 0.5 mlfbf the fly homogenate and 0.48 ml of
the Tris;c1 buffer were warmédé&or 5 minutes at 30°C in a temp-block
heater (Sci;;tific Products). After warmihg,‘lo ul of NAD (1.0 mg/
0.5 ml in the Tris-C1 buffer) and 10-30 ul AHP (0.33mM-in IN NaOH)
were added to the reaéﬁion mixture. After mixing the cuvette was
placed in the fluorometer and the change in percent transmission
.‘récorded on a Beckman chart recorder for 3-5 ﬁinutes.

T. Alcohol Dehydrogenase (ADH) Assays

Single flies were crushed on to squares of Whatman filter paper
wetted with 100" ul Tris-phosphate (pH 8.6) in a large multi-welled
micro titre dish. Samples were incubated 30 minutes at 25°C in the
dark after the gddition of 250 ul of the staining mixture. The stain-
ing mixture described by Grell et al. (1968) consists of 90 ml 0.05M
Tris-bhosphate (pH 8.6), 4 ml NAD (10-mg}m1), a ml phenaiine metho-
sulfate (0.2 mg/ml1), 2 ml nitro blue tetrazo]iﬁﬁ_(NBT) (10 mg/ml), and
0.75 ml 2-butanol. A deep blue color 1hdicqtés'ADH-act1v1ty.

1.A1teﬁnative1y, ADH activity was measured épectrophdtometrica11y
(ﬁubpy, 1963) by monitoring’the‘rate of increase in the amount of
redfced nicotinamide adenineidinuc]eotide (NADH) at 340 nm after the

—

s
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‘addition of 2-Butahol and NAD (Sigma). The assay mixture consisted of
/
0.1 to 0.5 m1(FrUde f1

extract,-0.6 ml of 0.15M NapHPO4/KHpPOs4 buffer
(pH 8.3), 0.1 hi,NAD solution (10 mg/ml1), and 0.05 ml 2-Butanol.
Assays Qere carried out at 22°C in a Perkin Model 559A recbrding
spectrophbtometer, altering the ordinate maximum for greater

sensitivity when Tow levels of ADH activity were expected.



RESULTS

‘A. Cytotype.netennination

As a prelude to transformation, the cytotype of the mosy strains
had to be ascertained, so as tovdetermine'whether co-injection of the
P-factor (pw25.1) would be reqnired. Rubin and Spradling (1982)
outlined procedures for the transformation of both P and M strains.
Briefly, P strain host-embryos"must be produced from a dysgenic cross
so that introduced P-elements can be transposed by. endogenous
P-factor transposase. Injections into an M cytotype strain require
the cloned helper P-element, pn25.1, to provide the transposase
act1v1t% since the gene of interest is introduced via a defective
(carrier) P- element. Crosses of strain b en; ryal e were made |
reciprocally to P and M strains under conditions (see Materials and
Methods) to test gonadal dysgenes1s. This experiment showed that
when ry8 and ryal were crossed as females to known P sfrain males the
fema1es progeny were sterile; whereas the recipnoca] cross produced
fertile femeles. These results suggested that réal and ry8 had an M
cytotype and se, presuﬁab]y, did all the strainsfcarrying putative
nonsense ry alleles derived from a common Oregon-R stock although the
other rosy mutants were not tested. In situ and Southern
hybridization analysis later confirmed, by the absence of P sequences

anywhere in the ryH genome, that this strain was indeed M.

B.  Injections with pn25.1
The first series of injections‘was done using the embryos. from

the y enW;bw;st M strain obtained from Engelé. "This en¥ mutation was

. 33



‘the y enW;bw;et M strain obtained from Engels. This enw mut5t1on was
caused by the insertion of a defective P-element within the singed
locus, and Sﬁrad]ing and Rubin (1982) had shown that by 1njecf1ng the
intact or helper P-e1emeﬁt (p 25.1)‘1nto this strain, some of the
Tnjected (Go) flies' progeny (Gj's)showed new singed phenotypes;
normal bristles (sn*) and singed extreme (;ne).

The rationale to repéat these experiments was to show that:
first, the preparation of p»25.1 displayed this activity; ahd, sécond;
to becoﬁe fami]iar with the technical difficulties of the procedure.
The 4njection protocol is basically as described in the Matér1a1s and
~Methods section. The éoncentratioh of the injected pn25.1 solution
was 150 ug/ml. h |

'0f 285 prepared embryos of the y en¥;bw;st genotype, approgfmate—
ly eighty-five survived injeétioh. The remainder were either past '
po1é cell formation or burst orvleéked when injected. Of these
‘eighty-five, fifteen hatched as first instar 1arvae and three became
fertile adults. These were mated to unfnjected y. en¥Y; bw; st cytotypg
flies ana thefr progeny scored with regard'to bri§t1e phenotypé. of
the three fertile adults, one gave one sn* progeny, the rest of the

«

progeny were all gn¥.

C. Transformation Experiments using pv25.1 and pRyl

The next major experiment 1nvq1ved repeating the Rubin and
Spradling transformation experiménts using their plasmids pm25.1 and
PRyl. The plasmid pn25.1 carries the intact P factor and_pRyl holds
the defecfive P-element into which the XDH structural gene has been

cloned. These were injected, as described in the Materials and
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Methods, at concentrations of 100 and 300 ug/ml respectively into
embryos from five different rosy putative'ﬁonsense strains.
0f the five different host strains that were injected, four gave
some G, ry* fiies; although only two strains, b en; ryall
e (ryal) and b en;ry8 (ry8) gave stable Gy transformants.
Table 1 gives the data on this series of experiments, and Tables 2
and 3 provide more extensive data on the successful transformation
of ryal and my8.
I Levels of XDH Actfvity in Transformed Lines
An equal number (100) of five-day-old f]fes %rom each‘frans-
. formed Tine were prepared and assayed for XDH activity as describ--
ed in the Materié1s and Methods. Compared with Oregon R,'the
strain from which the mal and ry8 mutants were derived, the
transformed‘1ines showed°XDH activity ranging from about one-half
(83%) to almost wild type (92%) levels (Figure 4). .
IT Linkage Group D?tenlination of Integrated Rosy* Genes
Mapping crosse; were carried out as described in the
Materials and Methods (Figures 1, 2 and 3), and the data are given
in Tables 4 and 5. ‘ |
Transformed lines T8 aﬁd.Q7'apparent1y have rogy* inserts on
the second chromosome based on genetic analysis. ‘Line T3 initial-
1y gave inconclusive mapping data, however, after backcrosses to
ryal the mosy insert mapped g]ear1y to the third chromosome. Im
situ hybridization with a rosy gene probe(pdm2837; described
Tater) showed that this line originally had two rosy inserts
(Figure 5), at position 3A on fhe X and 82 on the third |

chromosome. Line T4 gave results which did not clearly 3mp11cate



TABLE 1. Transformation Experiments with Helper Vector pr25.1 and

PRyl
Recipient =~ # Embryos S # ¥
Strain Injected 1st Instars Adults Go m*  G] myt
ben; mal ¢ 256 53. ‘ 16 *
b en; ry603 ¢ 114 21 5 0 0
b en; 26 e 40 9 S 2 0
b en; my8 : 170 (Y 63 20 *% Fk
ry?? 84 .28 4 2

*see Table 2
**gsee Table 3



TABLE 2. Injection Series of b en; mal e

300 ug/ml pRyl; 100 ug/ml pw25.1

37

Go # 6 # #
Adult Sex Fertile Go Transformed o0ffspring ry

T F + no 36 36 0
13 F s no 49 2 17
T4 F + yes 170 167 3
5 M ¥ no 163 163 0
T6 F + no 137 137 0
T7 F + no 69 69 0
T8 M + no 266 .19 72
T9 M " no 175 175 0
T10 M + no 275 275 0
T11 F + yes 190 190 0
T14 F + no 49 49 0
T15 F + no 11 11 0
T16 F s o 159 159 0




TABLE 3. Injection Series of ben;ryd
300 ug/ml pRyl; 100 ug/ml pun25.1

=

Go . # G1 # . #
Adu1t Sex Fertile .Gy Transformed Offspring Yy ryt
QL. M + no 60 60 0
Q2 F - no

Q3 M + yes. 125 125 0.
Q4 F + no 108 - 108 0
Q5 F + no 81 81 0
Q6 M + no 97 97 0
Q7 M + no 219 216 3
8- M + no 129 129 0
09 M - no

le F + no 87 87 0
Q11 F + no 47 a7 0
Q12 F + no 33 33 . 0
Q13 F + no 59 59 0
Q14 M + no 139 139 0
Q15 M - yes

Q16 F + no 94 94 0
Q17 F + yes 59 59 0
Q18 F + | yes 24 24 0
Q19 M - no.

Q20 M + no 27 27 0

38.



Figure 4:

XDH Activity of P-Mediated Transformants with the Rosy+
Gene. All strains were assayed as five-day-old adu]ts.with
Oregon R as the control. The extracts were prepared and
assayed as given in Materials aﬁd Me;hods. Each line was
tested twice and the average used in Ea1cu1§t1ng the

activity as.a percent of wild type.



40

Relative XDH
Activity

.

100
90
80
70

60 -

50
40
30
20

10

HISTOGRAM
XDH ACTIVITY IN TRANSFORMED LINES

Oregon R .~ T3 , T4 * T8
100% 68% 56% . 92%

Q7
53%




TABLE 4. Linkage Group Détermination of XPH Activity*yin Transformed

Lines ‘
. " 2nd Chromosome Analysis
Phenotypes

Transformed ' :
,Line Yy oty oyt rytcy mytocyt

T3 ' , 354 261 293 222

Q7 ' o 676 40 12 - 753

T8 . 134 0 0 137

T4 L 294 166 208 276

*as ascertained by rosy’ eye phenotype

41
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~TABLE 5. Linkage Group Determination of XDH Activity* 1n|Transfqrmed

-

Lines _
3rd Chromosome Analysis
Phenotypes

Transformed

Lines o ry Sh ry Sbt ry*t Sb ryt Sbt
R & 535 10 6 392

Q7 160 132 116 119+

T8 296 200 179 173

T4 503 58 242 434

%\ T4 SubTines from Pair Matings

T4.1 130 0 0 83
T4.2 82 60 47 45
T4.3 7 16 6 8
4.4 N 62 2% 2 63 °
T4.5 85 0 0 60

*as ascertained by mosy* eye phenotype’
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In situ analysis of 13. In situ hybridization, autoradio-

graphy ‘and photography were performed as given in the

~

Méter1a1s dnd Methods. Preparatibns were probedlﬁith nick

tranglated pDM2837. " Arrowheads indicate areas of .
hybridization:
| v W

'

1. Hybridization over band 82 6h chromosome 3R.
2. Hybridization over band 87, the rosy locus on
chromosome 3R.

.3. Hybridization over band 3 on the x.chromosome;

h3
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Figure 6A: ,In situ analysis Bf TA. In situ hybridization, autoradio-
graphy and photography were performed as‘given in the
Materials and Methods. The preparation was prqbed with
/ nick translated pDM28373 which contains the ry+ gene cloned

in pBR322. Arrowheads indicate areas of hybridization:

1. Hybridization in the centromeric region; Figure 6C .

shows‘enlargement from a different huc]eus.
2. Hybridization over band 87, the sy locus.
3. Weak hybridization near the tip of 3R, Figure 6B
shows an enlargement froﬁ a different nucleus. .
_ , )
Figure 6B: In situ analysis of T4. Details as above; shows.heterozy-
- goﬁs ;§+ insert near the tip of chromosome 3R.
\). d \
Figure 6C: In situ ana]ysis{bf T4. Details as above; - shows ry*

insert on the fourth chromosome.

g

<
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the position of the insert on any chromosome, so the position of
its mosy* insert(s) was determined by in situ hybridi{ation. In
eitu hybridization of transforment'strain T4 showing heterogeneity
of the roab insert sites, is displayed in Figure 6. This figure
shows hybridization of the rogy gene probe 1n‘the centromeric
region, possibly chromosome 4, at the rogy locus band 87, and
another weak hybridization signal that is a heterozygous insert
over band 92 close to the tip of chromosome 3R: This Tatter signal
is better seen in Figure GB Figure 6C shows hybridization over
what appears to be chromosome four. Table 5 also 1nc1udes mapping'

data from single pair'matfngs of 1ine T4 to indicate there is

heterogeneity in the position of the insert(s) in this 1ine.

D. Soaking Embryos in pRyl and pw25 1
Fox and Yoon (1966) reported that 2-3% of dechor1onated .

|
Drosophila embryos when soaked in rad101abe11ed DNA, showed uptake of
DNA as, measured by incorporation of radioactivity. In an effort to
find a more convenient way to transform Drosophila an attempt was made

“r

to introduce DNA, specifically the plasmids pRyl and pn25.1, into

Drosophila in a manner similar to the procedure of Fox and Yoon. One

hour old. embryos (genotype -b cn; ryal e) were collected and dechorion--

ated by soaking in 2.5% sodium hypochiorite for 30 seconds, then‘dried
briefly by b]owtng'dry nitrogen’over them. The embryos were then :
transferred to an Eppendorf tube containing the DNA solution and
centrifuged for about one second in an Eppendorf centrifuge. After

soaking for 30Vminutes the embryos were transferred to standard food.

o
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Surviving Gy's were examined for altered eye colour, then mass mated.
Their progeny were also checked for XDH activfty.

Av In two ex‘igjments'approx1mately 500 embryos were soaked in 300
ug/ml pRyl and.lbO ug/m] pv25.1 in 5mM KC1, 0.1mM‘Na2P04 pH 6.9. In
other trials (sample size approximately 150) the solution was made 4
50mM for CaCl2 and contained 1% or 5% DMSO. |

Although some 70% of soaked embryos‘surviveq no Gg or G1 flies
were obtained with altered eye colour 1ﬁ any of these experiments
involving the soak1ng‘Qf embryos in DNA so1utfons. Indeed, no
experiments were performed to confirm whether or not any DNA actually

‘entered the embryos.

"

E. Injections of pRyl and pn25.1 into Drosophila mercatorum

| In an attempt to test the activity of P-elements in a different
Drosophila species, the rosy transformation experiment was repeated
using D. mercatorum embryos. Some 500 embryos were prepared and
injected, however, the.survivorship of D. mercatorum embryos under

| these condﬁtions'was extremely Tow as only one surviving fifst instar

larva was obtained and it failed to pupate.

F. Plasaid ConStruction

To test the activity of a yeast tRNA suppressor gene in Prosophila
melanogaster»the following plasmids (Figu[gs 7 - 10) were constructé
ed. The plasmid constructs were all verified by restriction Aﬁalysis,
and one such anaTysis‘is shown-in Figure 11 to verify the correct
construction of pRyeST diagrammed in Figure 10 a1though a brief

outlinhe of each construction is given below. DNA fragment 1so1af10n,

Y



Figure 7:

e

Description of the construction of recombinant plasmid
P6.1UGA and p6.1RyUGA. Cross-hatched boxed. regions
indicate P-element DNA sequences, open boxes and flanking
material to the restriction sites are from yeast or
Drosophila as noted’be1ow. The other sequences are bacter-
ial plasmid material and this includes the gene for
ampicillin resistance. Plasmid p6.1 was linearized with
restriction endonuclease Xho cutting at the unique Xho site
and put into a ligation reaction mixture with the 2.9 kb
Xho/Sall yeast DNA fragmenf, isolated from a Tow gelling -
temperature .B%vagarosg‘ge1,‘from'restricted pDP9e. An
aliquot of the 1iga£10n mixture was used to transform E.
coli HBlOl, and colonies with ampicillin resistance were
analysed as described in text, to confirm the structure of
the plasmid w1th the insert designated p6.1UGA. Plasmid
p6.1UGA was then 11nearized with restriction endonuc]ease
Xho cutting at the unique Xho site and put into a ligation
reaction mixture with ‘the 8.1 kb Sall Drosophila DNA
fragment, isolated ffom a low ge]]ing’tehperature’ls%
agarose gel, from pDM283f. An aliquot of the 1igation

- mixture was used to transform E. eoli HB101l, colonies with

ampicillin resistance were analysed as aboveto confirm the
structure of the plasmid with the insert designated
p6.1RyUGA. |
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Figure 8:

[F 48

< .‘.' }
Description of the construction of recombinant plasmid
p6.1Sup4-o. Cross-hatched boxed regions indicéfe P-element
DNA sequences, open boxes and flanking material to the
restriction sites are from yeast or D%oaophila as noted

o L)

below. The other sequences are bacterial plasmid material

~and this includes the gene for ampicillin resistance.

Plasmid p6.1 was linearized with restriction endonuclease
Xhol and put into a ligation reaction mixture with the 1.8
kb Sall yeast DNA fragment, isolated from a low ge11ing
temperature .8% agarose gel, from‘pxSup4-o. An aliquot of
the 1igatiqp mixture was used to transform g. coli HB101,
and colonies with ampicillin resistance were analysed as
described in Figure 7, to confirm the structure of the’

plasmis p6.1Sup4-0.
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Figure 9:

e
[N

Description of the construction of recombinant plasmid |
pC-1ADH. Cross-hatched boxed regions indicate P-element
bNA sequences, open boxes and flanking material to the
restriction sites are from Drosophila. The other sequences

are bacterial plasmid material and this includes the gene

.for ampicillin resistance. Plasmid Carnegie 1 was linear-

{zed wigh restriction endonuclease -EcoRI and put into a
ligation reaction mixture with- the 4.65 kb EcoRI
Drosophila DNA fragment, isolated from a Tow gelling

temperature .8% agarose gel, from pTA2. An aliquot of the

.1igation mixture was used to transform Z. coli HB101,

colonies with ampicillin resistance were analysed as
describe&'in Fiabre 7, to confirm the structure of the

plasmid pc-1ADH.
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Figure 10: Description of the construction of recombihant plasmid

pRyeST. ‘Cross-hatchedvboxed regions indicate P-element DNA

sequences, open boxes and flanking material to the restric--

tion sites are from yeast or DrosophiZa as noted below.

Heavy arrowheads denote EcoRI -sites within the 8.1 kb rosy -

(XDH) gene. ‘Theiother‘sequences are bacterial plasmid
material and thfs includes the gene for ampicillin resist-
ahce:, Plasmid Cérnegié 1 was linearized with restriction
endonuclease EcoRl and Sall and.put into a ligation .
reaction mixture with the .9 kb Ecoﬁl, Sall yeast DNA
fragment, isolated from a low ge]l%ng tem;érature ;8%
agarose ge1; from pY3eST. An aliquot of the ligatidn
mixture was used to transform E. coii HBiOl, and colonies
with ampicillin resistance were analysed, as described in .
Figure 7, to confirm fhe structure of the plasmid with the
insert designated pQ9. Plasmid pQ9 was then linearized |
with restrict%on endonuclease Sall and put into a Tigation
reaction mixture with the 8.1 kb DTOSOphii;_DNA fraghent;
iso]ated from a low galling temperaturé'.B%.agarbse gel,
from pDM2837. “-An aliquot of the ligation mixture Wés used
té transform E. coli HB101, andﬂco1ohie§ with ampicillin
resistance were analysed, as described in Figure57, to
confirm the structure of.the p1§smid‘with the insert desig-

[

nated pRyeST.

[$4]
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restriction 1igation, transformation 1nto E colt, rapidw@nalysis of

9
transformants and p]asmid preparation were 511 done as described in

- they found no evidence of vector sequence integration. - The defective

'

2

e
PURS '{.‘y » .
A

the Materia]s and Methods. Figure 7 outlines the construction of
plasm?d p6.1RyUGA. This p1asmid like those descrtbed in Figureées 8-10
contains DNA c1oned within a defective p-element Rubinand Sbrad]ing
1982) have shown that transformation of DrosophtZa depends oh the

genet1c materia] be1ng 1nside the terminal repeqts of p-e]ements as

| p-element used in the construct1on of p6. 1RyUGA is p6.1 (Rubin and -

Sprad11ng 1982) and consists of a defective p-e1ement cloned 1nto -
pBR322.. The first stage of construction invo1ves the "addition of a
2.9 kb fragment from plasmid” pDP9e (pers. com. Dav1d Pearson) The'

pdasmid pDP9e contains a d1mer1c tRNA gene from S.pombe cloned 1nto

r-x~-1asmfd iﬁpg Zéihe coniﬁruct p6 1UGA was then modified by the add1tion

of an 8.1 kb fragme j%ﬂ&&md pOM2837 (a gift from W. Bender
which conta1ns the XDHH;stiLc;Lral gene, and 1ts f1ank1ng 5' and 3"
sequences ¢loned 1nto pBRﬂZé) The add1t10n of this fragment to the
p1asm1d p6 .1RyUGA" produced a suitab]e transformation vector
p6.1RyUGA. Figure 8 out11nes the construction of plasmid

p6.1Sup4-0. In this case a 1.8 kb Sal 1 fraoment was recovered from

the yeast ‘portion of pxSup4 0 (a gift from D. A11Tson which consists

-of a Xho-EcoR1 fragment frOm S. cerevisiae , which contains the

sequence for a tyrosine inserting tRNA gene, cloned into pBR322) was

cloned into p6.1’to create p6.1§up4-0. Figure 9 outlines the
constroction”of plasmid pC-1ADH. In this case the p-element vector

used was Carnegie i,(Rubin and Spradijng 1983) to which Rubin and -

A
3 k22

-
%
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defective p-element. The tonstruction of pC-lADH 1nvo1ved the addition
of a 4.65 kb fragment from pTA? (a gift from D. Go1dberg wh1crfi
contains the structural gene for ADH and its 5' and 3' f1ank1ng
'sequences c1oged into pBR322) into Carneg1e 1 to create pC-1ADH. In
Figure 10 the Carnegie 1 (Rubin and Spradling, 1983) plasmid
containing the.defective P-e1ement with an;fntekn§1 po]y11hker
(Carnegie 1 was obtained from‘G. Rubin) was linearized with
~restriction endqnucleasés.EcoRluand Sall. The 0.9 kb _EcoRl, Sal!
fragment, extracted from a low gelling éemperature agarose ge
containing a reconstructed serine inserting tRNA suppressor from s.
pombe (fromithe plasmid PY3 eST from D. Sol1) was ligated into.the
1inearized car 1 vector creating pQQ .
Following 1#!2? scale plasmid preparation of pQQ and restriction
ana1ysis to conffrm the structure, th1s plasmid was linearized with

e

Sall (wh1ch s a unique site.in this construct). An 8.1 kb’ fragmggtvﬂi

, , : & : "
containing the wild type gene for XDH. was purified by extra.'ion from

a low temperature agarose gel preparation of pDM2837 cut with S§11
(pDM2837ﬁoBtained from'ﬂ. Bender). From a ligation mixture contaihing
pQ9 (linearized with Sall) and the 8.1 kb XDH‘containing fragm;;t, J
transformants were analysed by agarose gel electrophoresis of rapid
plasmid exfractions Prepafatign number 44 sthed the proper size,

and feStriction analysis (Figure 11) confirmed;the construct pRyeST to
be su1tab1e for the proposed transformation eXper1ments In Figure

11A, Tlane one contains AC1857 d1gested with EcoRI and H1ndIII for size

;markers Lanp two - conta1ns EcoRI, Sall. digestibn of ' pRyeST which

reTeased fragn@hts of the following sizes ¢v4 7 kb xgo fragments of L

3.6 kb (one’ fragment is the vector céﬁﬁe;i ;’
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Figure 11A; Restriction analysis of pRyeSTf Slot 1 contains AC1857
restricted with EcoRI and HindIII for size markers. Slot
2 contains EcoRI and Sall restricted pRyeST; Slot 3
contains EcoRI and Sall restricted pY3eST and Slof 4
contains EcoRI and Sall restricted pDM2837.

Figure 11B: Re#triction analysis of pRyeST. Slots 1, 2 and 3 show
the same restriction samples that Slots 2, 3 and 4 do

above witHh approximately twice as much DNA per Slot.
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Spradling have added polylinker cloning sites from pUC8€¥1th1n a
defective b-e]ement. The construction of pcflADH‘invo1{ea the ?dditfon
of a 4.65 kb,fragment from pTA? (a gift from D. Go1dbeﬁg which
rontains the structural gene for ADH and its 5',and 3 f1ank1ng‘-
sequences cloned into pBR322) 1nt6”Céfnegie 1 to create pC-1ADH. In
Tigure 10 the Carnegie 1 (Rubin'and Spradifng, 1983) plasmid
containing the defective'P-element with an internal polylinker
(Carnegie 1 was obtaiﬁed from G. Rubin) was 1inearized with
restriction enddnuc]eases-EcéRi and Sall. Tﬁe 0.9 kb EcoRl, Sall
fragment, %xtrgcted from a Tow gelling température agarose. gel,
containihg‘é reconsiructed serine inserting tRNA SUppressof from S.'
pombe (from the plasmid PY3 eST from D. Sol1) was iigated into the
linearized car 1 &ector creating pQ9. * | : | w
'f;11owing large scale plasmid preparation of pQ9 and restriction
ana]ysis‘to confirm the structure, this plasmid was linearized with
Sall (which is a unique site in this construct). An 8.1 kb fragment
' containing the wild type gene for XDH was»purified by extraction from
a'1ow temperature agarose §é1 preparation of pDM2837 cut'Qith Sail
(pDM2837 obtained from W. Behder).- From a Tigation mixture containing
| pQ9 (1ineariéed with 5511) and, the 8.1 kb XDH containing'fragmenf,
transformants were analysed by agaroSé gé] electrophoresis of rapid
piasmid extractions Préparatioﬁ‘number 44 showed the proper size,
and restriction analysis (Figure 11) confirmed the construct pRyeST to
be suitable for the proposed transformation experiments. In Figure
11A, lane one contains LC1857 digqsted with EcoRI and HindIII for size
markers, Lane two contains EcoRI, Sall digestion of bRyeST which ‘

‘re1eased frqgments of the following sizes: 4.7 kb; two fragments of

e



3.6 kb (one fragmentl1s the vector carnegie 1, the other part of the

8.1 kb Sall fragmeit); a .9 kb fragment; and a fragment less than .1"

kb (which was not visualized). Lane three contains EcoRI and Sall

digested pY3eST. which produced two fragments, one 6 Kb and one .9Kb.

Lane four contains EcoRI and Sall digested pDM2837 which produced four -

visible bands of 4.5, 3.8, 3.6, and 0.5 Kb. Figure 11B lanes one,
two, and three show the same DNA restricted with the same enzymes as

lanes two, three, and four in figure 11A, but the gel was loaded ﬁith

approximately fwice as much DNA for each sample. This is because the

small bands cannot be seen in Figure 11A but are easily sgenfin_FiQUre
11B. f
G. Transformation of Dfoéophila with tRﬁA Suppfessor Gehes from

Yeast
\

This experiment had as its goal the -identification of ‘which of the

‘putative rosy nonsense mutants (Girton et al., 1979) might be g

suppressible by yeast tRNA suppressor genes and thereby bos1;ive1yv
identify one or more of them as bona fidé nonsense alleles. To do
this, cloned DNA fragments carrying the tyrosine insert1ng ochre B
suppressor gene. Sup4-o (Goodman et al., 1977) andﬂQWSer1ne 1nserting
-opal suppressor gene pDP9e (Hottinger et a]., 1982) were separately

cloned into -the defective P-element vector, p6.1 (Rubin and Spradling,

1982)'és described abdvé. The construction.of plasmid p6.1UGA is out-

11ned in Figure 7 and p6.1Sup4d-o 1n Figure 8. THese two constructs,

: .a1ong with an--amber suppressor gene, supRL (0O1son et a1., 1981)

(which was not clongd. into a\P element vector due to Tack of
appropr1ate restriction sites), were used in a transformation experi-

ment described in Table 6. 7P1asm1dsvconta1n1ng the tRNA suppressor
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TABLE 6. Co-injections with P6.1Supd-o (150 ug/ml), p6.1UGA (150

» SUpRL (150 ug/ml) and pm25.1 (50 ug/ml)

5

# LA ¥ o

Strain Injected: :AduTts Go m* G ry*
b en; ryl6 e 200 : 18 0 0
b oen; ryall ¢ 220 31 0 0
boen; mal ¢ 160 19 - 0 0
b en; ry604 o 160 14 0 0
b en; w8 240 53 | 0 0
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genes and the helper P-element pr25.1 wefe co-injected into five
putatTVé rosy nonsense mutant strains at concentrations of 150 ug/ml
(each) and 50 ug/ml respectively.

The hope here was that perhaps 'tRNA genes would be transcribed
from the plasmids so that suppression of roey putative honsense
mutants might be seen even if transformation was unsuccessful. 1In
other wo;ds, if the fRNA geneé'were efficiently transcribed from the
plasmid, properly processed and were used to pfoduce active XDH, then
the strain that showed evidence of XDH activity (roey®) in Gy flies
would be injected with each kind of suppressor separately to determine
which é]ass'of nonsense mutant was implicated.

The results (T%b]e 6) show that this ekperiment failéd to produce

any Gg or G; transformants. -

H. Co-transformation Experiment

The next approach that was taken was the addition of a selectable
géne marker along with the suppressor tRNA gene. This has the advan-
tage that tranéforqants can be readily identified on the basis of the
selectable harker and then analyzed carefully for evidence of
suppressor activity. -

At the time this approach was taken the series of putative rosy
nonsensé uutantslcont1nuéd to present the-gééfwéhance for recognition
of suppressor, activity in Drosophila. Since tﬁis'ru1ed out the ﬁse of
the rosy® gene as a Qe]ectab]e marker, the ADH gene was picked to be
the selectﬁble gene. The construct pC-1 ADH‘Qasjmade as desgfibed in

Figure 9. This pJasmid was not u;ed, however, ~as the documeni%tion

~and availability of a nonsense mutant in the ADH gene (CyomB allele)

—
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made the use of the rosy* gene as a selectable marker preferable.- -
"The first P-element construct carrying a suppressor tRNA gene and

the rosy* gene (p6.1RYUGA) was made as described in Figure 7.

‘A series of injections using fhis plasmid (p6.1RyUGA) at 300 ug/ml and

pn25.1 at 100 ug/ml produced 20 fertile adults and one Go my* fly, but
no stable rosy* transformedllines. Because no transformant was
obfained using the re1at1ve1y large plasmid construct p6.1RyUéA, it
was decided to make a smaller co-transformation vector making Uuse of
the smaller P-element polylinker plasmid Carnegie 1 (Car-i), and a
serine inserting opal suppressor where the adjoining methiox{es tRNA
gene had been removed. The construction of this vector, pRyeST, is
shown in Figure 10. Confirmation of the structure of this plasmid was
done by restriction analysis and the‘results are shown in Figure 11.'
It can be seen that the expected .9 kb fragment (subcloned from
pY3eST) is re]eased by EcoRl, Sall _digestion. The construction of all

other plasmids described above was similarly confirmed (resu]ts not

il : R -
shown) & :

First Injection Serles with Plasmids pRyeST and p 25. 1

(S S N

This series of injections, the first with the p]asmid pRyeST was
done using Adhfn’ pr cn/cyOnB pr en;ry/ry as the host strain for the
obvious reason that 1t;was a ry~, ADH null strain that contained a
nonsense mutation for Adh,*the cyonB allele. Thus a transformant
could be directly tested for the activity of the yeast suppressor by'
measuring the ectivity of ADH. The difficulty with. this experiment
was the particularly ﬁbor survivorship of this strain under the
1njectfon regihe; ‘This fs'due largely, bet not completely, to the

fact that this is a balancer stfain, so half the embryos die due to
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Tethal chromosome combinations. Control experiments showed that only .

1 in 7 treated but uninjected embryos survived. Of 800 injected

embryos, only 43 first instar larvae and 16 adults»eere obtained. The A

12 fertile adults gaveﬂgp G} roey* progeny. These results are given. .
in Table 7. | » '

Second Injection Series with Plasmids pRyeST and pn25.1

"This series of injections, 1ike the previously mentiqned experi-
ments, used the helper P (pn25.1) at 100 ug/ml and the defective P
with the gene(s) of interest at 300 ug/m1. |

~ After the failure to produce ry* suppressor transformants direct-
ly into a strain carrying the ADH a]Tele»qf 1nterest; the b onje
ryal strain was used, as previous experiments had shown it to be the
most “transformab]e" strain. The data are shown in Table 7.

The transformed line obtained was subsequently used to cross the

. ~wsy* suppressor insert into an ADH null strain (adhfn’ /CYONRB) .

“Unfortunately, only pre]iminary testing of restoration of.ADH activity

was done before this line was lost, T

>

Repetition of the injection series using mal and -¢8 as hosts was

more successful (Table 8). Seventeen 1ndependent transformed lines
were obtained. Those lines designated P are transformants from
injected ry8 embryos dnd Q lines are from ryal embryos. Two of these

lines were used as a source of DNA for Southern analysis (Figure 12).

I. Southern Analysis
Southern analysis was perfdrmed on: two transforméd-]iﬁes P32 and
P47. Figure 12A shows an autorad1ogram of a filter probed with nick

translated pn25 1 and Figure 12B is an autoradiogram of a filter

o
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TABLE- 7. Injection with pRyeST (300 ug/m1)and pn25.1 (100 ug/ml) e

# 1st ' Fertile

Injected

Strain Injected Instars Adults Adults . Gg my* G my*
Adh_fnS pren ry 800 43 16 12 0 0
cyon® pren vy
b en; mal e 350 54 20 9 2 1

Controls: prepared for injection, but not injected.

Adh £n5l pren ry

72 treated/ 10 15t instars

cyomP pr en

ry




TABLE 8. Injections with pRyeST-(300 ug/ml1) and pr25.1 (100 ug/ml)

" Injected - # 1st Fertile
Strain Injected. Instars Adults Adults Go ry* Gy ry*
ben; mal e . 420 64 32 11 21 = 3
b en; myb 1071 © 143 86 . 52 62 14*

*independent lines transformed
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Figure 12A:

Figure 12B:

b9

Southern analysis of ry8 and transformed 1ine pP32.
Genomic DNA was restricted with EcoRI and run on an
agarose gel (1%), blotted onto nitrocellulose and brobed

with nick translated'bﬁés.l. Slot 1 contains 8 ug my8

¥,

.,

DNA, Slot 2, 6 ug P32 OWA. o
Southerr analysis of genomic DNA frém trénsformed 1ipé§
P32 and P47. Slot 1 contains ‘EcoRI digested  DNA from

m8 (12 ug); Slot 2 contains P32 DNA (10 ug); Slot -3
contains P47 DNA (6 ugf; and Slot 4 contains EcoRI, Sa1I
digested P47 DNA (8 ug); Slot ééﬁontaiQ§ undigested pRyeST

and Slot 6 contains uﬁdigested pY3eST. The gel, 1%

'agarOSe was then b16tted.onto nitrocellulose and probed

with a nick translated .9 kb fragment fromvaBeST.’ S1¢t45

contains undigested pRyeST and slot 6 undigested pY3eST.
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.not contain sequences homo'lOgous to p-e'lemeﬁf Qﬁ'A

-p1asm1d or: %he tRNﬂ gene 1nsert that@mpr?lse pY3est. Lane 2 (which

as Judged*hy_ i e amoug‘t of f1uoresence seen in the eth1d1um bromide

times t “amoun\t:of’ RNA p“resent 1n slot 3. Any,of these reasons, *
. 5% S ’ w i R

71

probed with.nick‘etranslated pYaiueS‘t. er’f-‘{gure 12A ]ane 1 contains

8ug of. genomicDNA from*;“ry8 'andshlows one. h)cbridi'zation signal in the v : .“‘;‘;;
7 Kb range : This signal 1s due ‘to the fact that the nick trans1ated |
p’lasmid contains Dr‘osoph'bla DNA from: po1ytene chromosome band 17¢C.

This sequence was c]oned a]ong w1th the intact he'lper P-element. The ,

absence of other bands in this s1ot confirm that tﬁﬁ‘hyf? strain does v
(] u ‘ . g

2 contains 6

-

é”v ’? s N ’
this lane 1nd1cat1 ] ,ﬁh%-ﬁ-yc? conta1’ns no §equences homologous to the

J

conta1ns 10 “9 of P32 genomic.ﬁﬁNA dT’ges‘ted with ECORT! s‘g;ws one S
» -.:.{ ’f R f'-*' H ’:‘J .
strong hybr1d1zation signa'l about 4 5y ‘}t‘*@' ;'I,ength ‘This 4s the ¥

p T ¥

fragment size(wh‘fch contains.b téh’e tRM ge'ﬁe) eagpected from an- EchI

digestion aCCordmg to the construcﬁon d‘lagram %sn‘ﬁgure 10.

Lane 3 which contains 6 ug of p47 genomic DNA. d1gested with EcoRI, - “
a1so shows a fragmerft ”vmch gives a signa1 1n the 4‘& Kb range The “,- |
appargnt s'1ze difference in the hybr1dizat1on s1gna1 seen bet\veen

s1ots 2 and. 3 can be exp]ained by a) the amount of DNA 1oaded m fhe .
slot was greater for 1ane 2 b) the b]otting of the DNA to

n1troce11u1ose{may have bee,nﬂskewed or ¢) ithe amount of RNA 1n s'lot 2,

> A a, .

“f'stained gel&pgotographed prior,,,to b1ott1ng,» sWows 1t to contain 3 to 4

e .
Vel A . - . I . . o .
Lo . e T [T o .
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ik ”;account for the\different hybﬁhdization signal strengths seen Ai] ) f& .
’ genomic DNA was digested with EcoRI except lane 4 where P47 DNA was | ;;ﬁ“
cut with EcoRl and Sall. This double d1gestion re1eased the expected . *?:
kb fragment (Figures 10 and 11). The EcoRI digest?on of Péz and i
P&? (Figure 128, lanes 2 and 3) gave-a signal in the 4 kb range, the 1
_size of these fragments was expected to be the same as EcoRI cuts ‘ v 5] .
tw1qe within the flanking P- e]ement DNA 1nuthe vconsgrucg‘pRyeST o SN
The band seen in 1ane 1 Figgre 12A, 1s due to homo1ogous genomic. 1»';§R

he

pe

. . o . .
s g . “ N
. ; . . .
. . - -
o, N I L o v

N Y ’ : . - K : .

X | . 4 , 72
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could account’?orﬁthe size differnece seen. S]ot 4 which contains A

pa7 genomic DNA (8 ug) digested with EcoRI and Sa]I, shows-one strong
hybridization signal 1n the 1 Kb range wh1ch 1sv1n the size range.
expected for the tRNA gene based on the construction diagram (F1gure

10). The differenres 1n the amount of ‘DNA added in each lane can also

g

DNA (from 17¢) that 1s*1nc1ﬁded on the p1asm1d pn25.1.  The’ 1ack of
P- element DNA 1n ry8 confirms the resu]ts from . the dysgenic crosses
-2

and the in sity hybrid\zaiibnstresu1ts not shown) Lane 2 shows that

o J..i ;
: 'tfansformed 1ine P32 31ear1y has P-e1ement squ@nces. “
’ . . ,Q . i ‘ﬁk, i o '0" s
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I. Rosy Transfornation Experilents

The first transformation experiment attempted was a repetition of-f

the, an¥ experiment of Rubin and Spradling (1982) Although tqis
= 1nJection series failed to demonstrate convincing1y activity of the
injected P- factor (pn25 1), it was usefu1 as a. technica1 exercise.
Because of the poor surVivbrship of the snw strain and, in hindsight,
. poor technique, it was dec1ded that a better way to test this /
procedure was to repeat the Rubin and Spradling rosy transformation
experiment using their c1oned rosy gene (pRyl) and he1per P-element
(pr25.1). " S T

This experiment was successfu1.and four transformed 11nes ‘were %L :
produced (Tab1e b. .The levels of XDH expression in the transEgré%d S
lines (using pRyl) varieg from 53% to 92% (Figure 4) as compared to’
XDH expression in a wild type strain These results agree with thoselv .

of Rub1n and Spradling (1982) where XDA levels from 30% to 130% of ” RS

wi]d e were reported Ev1dence of mu1t1p1e 1nserts was found

‘t

amongst the transformed 1+nes T3 and T4 based on t ‘81tu data.

o8-

: Hybrid1zat1on pat¥erns df the in 8¢tus performed on 11ne T4 show two ;i_

1nserts at 3L and 1n centromericéﬂNA 1ike1y on the fourth chromosome af,

(Figure 6C). T3 show inserts at band 82 on 3R and at 3A_on the X , \Eégs{
chromosome. It is diffigult to asséss the level of XDH actJv1ty seéﬁ ) 'ﬁ ,
. in 1ings T3 and: T4 as at the t1me of this analysis they probab1y R ‘q
) conta1ned a m1xture of the two 1nserts 1n each 11ne u{hus, they ;
i appeared essential]y stab1e producing few rosy progeny (these few we ) K
v, attr1buted Lo the act1v1ty of, 1;troduced helper P factors) but 1n‘- 3
e

e " fact probab1y reflected beterozygosity of the 1nserts The fact that

- ”e«x* B L |

.:;l'»-, N : B 72 2 |
AL e Lo ey
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the genetic mapping performed could not resolve the location of an
insert confirms the more detailed work ‘of Rubin and Spradling in that
utherk 1s no evidence to date for non-expressed or silent ’
transformation events. That fis, they never found strains that sho#ed
two or more inserts by in sttu ana]ysis that produced- genetic mapping

results 1nd1cat1ng only one insert. ' This led them to_propose that

.| the DNA encoded information required for proper temporal and

quantitatfve expression resides who]]y‘or nearly wholly within the 8.1
kilobase fragment containing the rosy structugal gene, ruling out the’
consjstent use of any'P-e1ement directed transcript1on regulation.

The transformant lines T8 and 07'wehe mapped to Tocations (Tables 4
and 5), on the second chromosome, whereas T3 appears to map to the
third chromosome. The exceptiona] flies in T3 could be explained by

the presence of an insert on the X chromosome. Line Q7 did not give o #

clearcut results from the mapping crosses. The few exceptional flies’
could be exp]ained by the activity. of 1ntroduced helper P-eTements
occasiona]]y mobild%ing the 1ns§tt on the second chromosome Whether
or not this is 1ndeed the case here the ;ya11ab111ty of " a c1oned
helper P- e1ement that cannot i;se1f transpong(Hoggetts, persond]

M . g .
commun1cation) makes its use’ adv1$ab1e for future transformation iy

exper1ments A]though not tested direct1y, T%¥1nd no reason to assume

that the 1nsert10na1 process as any dﬁfferent th&m‘as described by

Rubin and Spradling (1982¥9 S

& : °

In my hands the frequency of transformation for the rosy gene ‘wa-

inftﬂ%ﬂ]y abgyt 1 in 200 1n3ected embryos and in the final trans‘orm:

tion experiment the frequency was approximate1y 1 in 100, which -

\ ‘ ’ !
hd . * 4 Coeg

kN ) i
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qﬁﬁgse to the frequency, obtained by Rubin and Spradiing (1982) Since
100 or more embryos can be singie-h%ndediy prepared and injected in a
day, this frequency of transformation is adequate for seiectabie gene
markers. “ ;

Initially the fate of each mounted embryo was foiiowed through
emergence as a first instar iarva This I found to be: unnécessary and
time consuming The recordie@ of this information broke fhe ‘ T
injecting and provided no usefui information save for the propoﬁiion
| ofiproperiy staged embryos and the steadiness of the hands Thése gan
vary w1de1y from hour-to hour over the ‘coursé of an injecti0h series
Toﬁobtain an accurate count of properiy staged, properly. injected
embryos, a count was made of intact embryos the foiiewtng'day ?his
means that a1l embryos ' that aré‘past pole cell formation or mishandied
must;’be - eliminated or marked.~ I found it most-effisient to simply
stab an’ﬁburstwthe improper embryos whi]e injectin€ with the needle,
'so that - the number of intact embryos the following day represents the

' se%ygf potential transformants 4 ' : L

"It should be noted that, as in yeast,(Hinnen et al, 1978)

different strains of Drosophila.aopeared to transform at different ﬁgﬁgg,'
oy P ? N

.frequenc1esa‘ ngse experiments were not designed to test ‘this
directf)‘ri§ but’it is my impressign that different rosgy mutahts derived
from a common stock showed: significgnt differences in Go and Gl
transformabiiity, as well as differences in v1teiiine membrane.

"toughgﬁss (aithough the less transformabie strains'were not ‘tested to
confirm they had an M- cytotype) f}is suggests that subtie genetic
background differences,may greatiy aﬁféct the frequency of

g

transformation ~“In practice this may.mean obtaining a Tine of progen

B
-

) . . . .
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transformabiiity or starting with a few strains from different genetic
backgrounds and then concentrating on the strain’ that gives a high

* frequency of Gy transformants and shows high survivorship. - . "

To avoid the problem of 'egg retention some care of the stocks frof.

which the egos are collected is required. At least four uncrowded -
stock bottigg of young fiies were prepared for egg coi]ection. |
Preparation” included dail; transfers to fresh media, 1ight1y spread
with yeast paste, for three days prior to collection. These
conditions reduce the frequency of egg retention. A great‘deai.of

' variance was found in egg production duripg the day. This, of course,
can be manipuiated by photoperiod adjustment, but it was found that
collecting from fou- bottles insured an adequate and usually abundant
suppiy of eggs. .o : . |
> It was found that the Nomarsky optical system is preferable to

- conventional optical systems. With it, structures within the embryos
are-more easily seen‘%nd‘this makes the 1dentif1cation.of correctly
and incorrectiy staged embryos quick andlﬁeiiab1e. Since embryos that
are past pole ce11 formation cannot be transformed it 1g%ymp\rtant not
'to save any embryégiaaose deve]opmenta1 stage is in doubt. Further

it is ‘necessary to remove all. unmounted embryos from the slide prior

2

to covering the prepared embryos with ha]ocarpon oil. 7, v

The timing of desiccation, in thefchanging conditionsjof the
Bioiogica1 Sciences Building, could yary significantly and négdéd to
be determined empiﬁdca11y each .day. “The range was-from from 6 to 15
minutes. . | ® o .

With regard to. fii]ing the need]e with the DNA mixture, it was

more- efficient to load the need]e us1ng’a drawn out capillary Two to

.J‘
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three u1;%?dDhA splution loaded thdS'way 1s.a'huge excessf'but much
quiéker andfnore reliable than drawing the DNA soiution from a drop on
the slide. This also allows for the use of a needle for up to 48
hours; Gg and G1 ;osyt transformants were obtained from DNA which had
been stored overnight_in the needje. Between slides or 1?39C$1°" i
series the needle must 1way;:be kept'under halocarbon 011' |
(Halocarbon) to preventFCr;sta11ization of the DhA solution.
. The rationa]e for the soaking of embryos 1n solutions containing
"plasm1ds pRyl .and pn25 1 was as described below. Fox and Yoon (1966)
had demonstrated the uptake of ‘DNA by embryos and their transformation
with genomic DNA (1970). The rogy system seemed ideal for these
experiments for the following reasons: (i) the rosy gene is
nonautonomous; (ii) only low levels of XDH are required to alter the
eye co]or: (ii1) the avai]ab111ty of the rosy+ gene clone; and (1v5
the demonstrat1on (Rub1n and Spradling, 1982) that XDH expression d1d
not requiye 1ntegration of the p1asm1d.4 It was fe]t that even a very
Tow transformation frequehcy wou1d make this technique preferab1e to

-1njection However no ev1dence of XDH express1on was detected in

Go's or Gi's from the approximateﬂy 1, 500 treated embryos.,‘

While the DNA soaking eXperiments were 1n progress, transforma-"

N

tion of a d1fferent Drosophtla species, (D. mercatorum) was also
attempted. . The obJect of the repetition of roey transformation

: exper1ments was s1mp1y to see if gpe1ement med1ated transformat1on

<
Kl T ' “

a,

would work in spec1es oiﬁ%r than Da melf;?gaster However, thts

questiomi:

This was due, in th% @ain,_to‘the fragiTity of the D. mercatorum

.“‘:&w < ; - ’ N =
~.>‘ S . 3. - X -
i L - I - B
b RN . . ¥ : . , “ . 2
.

W‘1d not be answered because the embryos failed to. survive.,w
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vitelline membrane. Recently, ‘Brennan et a1.* (1984) have been

successfu1 in using the P-element transformqtion system to 1ntroduce

an ADH gene into D. hawamenszs.
: .
B. Expérilents with the Unse1ected'lntro&nction of Suppressor Genes ﬁwﬁ&
At the time these experiments were started there were no verified i
nonsense mutants in Drosophzla The object of this series of injec- Y
tions was tq. attempt 4b recognize a nensense mutant from a number of
rosy putative nonsense mutants by the injection of yeast tRNA informa-
tional suppressor genes cloned into a carrier P-element (p6.1); It

was hoped that the 1njected cloned suppresgors (either singlyvor in

combination) might be transcribed,lproceséed:and function to an extent

‘that would allow the completion of enough functional XDH to alter the

“1ike the reintrqduced;structuralé

“their transckiption and processing Yn Xenopu

introduced in Drosophil

eye colour of the strain,‘if indeed, any of the ry strains had pre-
mature termination codons -in: the XDH structu;aT gene. Fundamenta11y,
this was- an éxercise “to try to find out which of these nine putative
rosy nonsense mutant“‘m{?ht be a real nonsense mutant,.

.‘\ A B :u >

It is known that gen- »RNA Po1ymerase II, when re- |,

°Celij!as -nprmal regard1ess of

N N
e

, ‘°1})8§) f‘ﬁombgrg et al., 1983)
poss1bie that QEnes tﬁ%nscribed

chromosomal locale (Snnédﬁ
(Scholnick et al., 1983).

by RNA Polymerase III, ev_en-'fron&“e' fferent specfes, would behave -

%
_ .
s (ADH XDH_ etc ); that is, near '

,,,,,,

normal expression in a different HR¥mosomai position.~ Evidence of

yeast tRNA gené function in other euge otes includes docdmentgtion of

oocytes (Melton et al

-1980) and in monkey tissue culture ce11s“661ted'1n, 1982).

B Fy

The choice of yeast suppressor tRNA genes was made because they

I & -
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wgre the onﬁy cloned eukaryotic suppressors read11jigva11ab1e. The

rationa]ization that yeast suppressors might function in Drogophila tn

vivo was based on the high degree of conserved structure and functionrf

of tRNA 1in a]] eukaryotes (Kub11, 1981).A__t( |
Throughout the eukaryotes tRNA génes show a great dea1 of
sequence conservat1on ]Sprinz] et al., 1980) (Kub11, 1980) and many of

the same Specifit post—transcriotionaf mod1f1cations'LSherman, 1982).
\
In eukaryotes some tRNA genes have introns 1ocated 3' to the anticodon

4

“and though they vary 1n 1ength the position of the beginninq of the
intron is a]ways the same (Kubli, 1981). The internal and external
sequences_that regulate the»transcription of tRNA "genes seems ?%rge1y
conserved among eukaryotes (Kressman et ;il, 1979) {(DeFranco et al.,
1980). The enzymatic attaiﬁ%ént of the apprOpriate amino acid to a
partfclar mature tRNA is a highly conserved functionsfin our labor- -
atory we have routinely used crude Drosophild melanogaster’extracts4to
am1noacy1ate yeast tRNA

The resu1ts of these experiments- (Table 6) failed to provide a

more 11ke1y cgnd1date ‘for a nonsense mutant among the 5 strains

exam1ned -The unselected additidn of suppressor tRNA genes and the

. i :
Tow frequency—of successful transformation made 1t<§;reasonab1e to

tgentifyégﬁinsformants by in situ hybridization. At this time it was
decided that the introductfon of a stppressor tRNA gene along with a
selectable marker gene’ wou1o be better than the unselected addit1on of
_SUppressor tRNA genes. As a verified nonsense mutant)was still not-
available, the plan was to make the putative rogy nonsense strainsf

homozygous for ADH null alleles and use the ADH structural gene as the

se1ectableemarker for the introduction of suppressors in these
. : ¥ oo " _

s
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strains. However, the construct pC-1ADH (Figure 9) was never used as
shortly after its construction the documeftation and availability of

a bona fide #PH nonsense allele (Kubli et al. 1982) made a different

approach’ seem more’ practical. , ~

C. Co-transformation of Drosaphila.w1th‘the Rosy Gene and a
Suppressor tRNA.Gene
When a characterized nonsense mutant was obta1ned the objective
became the 1ntroduction of an appropriate suppressor tRNA gene a1on9' L
with the ry* gene for easy 1dent1ficat10n of transformants. The

o

CyOnB ADH* a11e1e was found to produce a foreshortened po?ypeptide

| and the add1§}on of opal tRNA nonsense=suppressors to an in
vitro trans1a£fon system led to the proouetion of a full sized ADH
- product (Kubli et al, 1982). A-suitable opal suppressor tRNA gene
clone was obtained from Dieter Soll's 1aboratory. This clone (pDP9e) )
contained a dimeric tRNA gene from 5. pombe‘includingva serine
inserting UGA suppressor tRNA gene and a methionine tRNA gene. This
SUppressor was known to function in s. cerevieiae (Hottinger et al.,
1982) and in vitro in Drosophila extracts (D. . Peanson personal

' e

communication) Since th1s suppressor has the desired ant1codon, and -~ st

some evidence of function with Drosophtla enzymes in

utilized for in vivo transformation assays desp1te

s

therefore if it would bey A “fsed correctly. .’ ,{i

bsformation was obtained by inserting

the 8.1 kb fragment from pslf';f (W. Bender, personal communication)

conﬁaininggfhe rosy®;gene, into the remaining Xhol siteégf p6.1 UGA.

".
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This 1arge (>17 kb) p1asmid (Figure 7) proved 1neffective as a
transformation vector; on]y one Go fly showing XDH activity. was e
obtained and no stable transformants were produced. It was thought
Tikely that the construct s iarge size might prec]ude its movement
from plasmid to chromosome and a smaller construct was made. "In the

L

pRyeST plasmid (Figure 10) the same serine inserting tRNA UGA

)
suppressor from S. pombe was used, but it had been modified by D.:
Pearson (personal communication) to remove the adJacent methionine

tRNA gene. This was done by cutting with Hphl in the spacer separat-

ing the two tRNA genes. A fragment from a 3' end of the supl2* tRNA

gene was placed next to the tRNASéA gene to provide the requiredv)

transcription termination sequences. This reduced the fragment size oo

N

.-which included the serine tRNA UGA gene to .9 kb and, along with the

Spradling, 4

smaller P-element, poiyiinker vector Carnegie 1 (Rubin a"dg.

1983) produced an appropriate rogy /suppressor vector (pRyeST) that . i 1O

wds 12.1 kb.

'%,-

The initial transformation.exp'_ g. this p]asmid proved

successful a]though only one transformed line was obtained When
an ADH nuii strain where one of the alleles was the., nv§§gn555'3pféief .

spectrophotometric assay for ADH The 1oss£o{Dthis transformed line

and the strain carrying the introduced sequences in the ADH null

background curtailed more sensitive ADH assays and attempts to

increase the copy number of the insertion via hybrid dysgenesis.
G
A large scale repetition of the above transformation experiment

proved to be the most successful injectibﬁ‘series of all of those »

-
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attembted Of 11 fertile rydl Gy's 27% (3/11) gave rosy*

of fspring (Gy' s), and of 52 fertile ry3‘Go s 27% (14/52) gave
transformed (G1) progeny. This experiment also yielded a remarkable
number - of Go rosy+ flies. Of 32 total Go's obtained from 64

surviving ryal first instar larvae, §5% (21/32)‘had the en

ryt phenotype 6#\86 Go's obtained from 143 survaing ry8 first
1nstars 74% (62/86) showed evidence of XDH activity as’ascertained by
the altered eye phenotype. Rubin and Sprad11ng (1982) have. exp]ained
~ the phenomenon of Gy rosy’ expression as being due’ to plasmid directed
transcription of the»XDH gené, sinde many of the Go.rosyf flieé do not
. give kosyf offspring and they have fdund‘no'evidence of somatic cell’
tnansformation. This study. also found numerous examp]es of¢ |

Go rosyt flies that did not produce any Gy rosy* off:nring (Tab1es 1,
2, 7 and 8) Since the concentration of . plasmtds used in the Tast

) series of experiments of this study was the ‘same . as ‘was used in
previous exper1ments, and 1ndeed the p1a;n1ds came from the same
'p1asm1d'preparation the exp1anation for the 1arge 1ncrease in Go and
_Gl transformation frequancy is unknown. The only obvious.d1fference
between the fihst and second injection éeriasbuas the use of a new
preparation ofvbNA'inject{on'buffer.. The frequ;ncy of G
transformation ostained .in the- final injection series compares
favourably with the best ‘esults dt Rubin and Spradling ahd shows a
higher frequenty of G rmosy* expression than their results. This
shows that.the strains myal and ry8 transform well and that further
transformat1on exper1ments shou1d probab]y USe these strains or
perhaps cross the required.genet1c markégg;into this background. This

suggestion. is made in light of difficul gqs encountered'by another

P
»

&
«\: i
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1;transcript WO 1d provide a ciue as to the. degree of proce551ng of the

F transcript.

reach the ge

82 prt

researcher (v. Naiker, persona1 communication) who has had much better
success in transforming these lines than with other mosy strains.
The Southern hybridization experiments are clearcut in,that they

demonstrate‘the presence of both the p-element sequences (Figure 12A)

~and the inserted suppressor gene (Figure 12B)in two of the

transformed Tines. There is no reason to be]ieve that any of the

other lines would be diffe: ‘~ept, perhap$, in the number of

P-eiements. Because the inserts and. the homozyqosity of the

inserts was not certain pr .~ che DNA extraction, conclusions as to »
the topy number cannot be made at this time. Confirmation of " the

presence of suppressor gene sequences now presents an Opportunity for
Cd

further 1nvestigation of these transformed iines. This, we believe is

.

the first account of foreign DNA stabiy Jntegrated. in Drosophtla

0bv1ousiy the first question to resolve is that of transcription

RV

of the tRNA gene. Northern anaiysis shouid give an - indication of the

‘ 1eve1 *of stabie transcript produced if any, and the size of the _f

Y

-

: ure to detect a transcript wouid,probabiy represent a
R .

ophila RNA Po]ymerase IH to recognize yeast tRNA

fai]ure_of
transcription start signals, or -the faiiure.of RNA Polymerase III to

due to non-standard'iocai DNA topography. If the

‘ former is the case, perhaps a. mutagenic screen couid be devised to

detect act1v1ty of the of the suppressor (by detection of comp]eted

ADH product from the CyOnB mutation) where either the tRNA , j~//'

suppressor gene ‘or the RNé Po]ymeras; 111 has been aitered S0 as to
now produce functional ssor. Onjthe other hand it may be °

easier, and uitimateiy necessary, to’ Create i( , - , v )

)
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A}

o

genuine Drosophila suppressor  tRNA genes by in vitro mutagenesis of
c1oned Drosophila genes. In t: Yy one could ensure that7all

transcription and processing signals shou]d ‘be recognized since At

Y

would then be a completely homo1ogous system. : e

]

If a transcr1pt is detected 1n the standard tRNA size range,,then

the introduction .of this 1nsert into a strain carrying the ADH
nonsense allele is the next logical step. An=analysis of a strain‘

.carrying the Adh nonsense a1]e1e and the serine inserting tRNA gene

antibodies against the ADH‘prote?m; Kubli et al (1982) used ADH

spec&fic ant1b0d1es to sta1n SDS PAGE acry1am1de gels to detect full

sized ADW protein from in vitro translation of MRNA from Drosophtla

Qstra1hs carr?ﬁng the cyonB allele. Suc antibody assay is.

mavequ1red because the insertion of a serine residue at what wou1d

i

* " normally be a tryptophan s1te may lead to anfﬁnact1ve product S1nce

many different transformed lines are available, it shou1d be possib1e

, to create 11nes with difﬁfrent numbers of the suppressor '
and rosy+ genes (this might be se]ected for using a pur1ne res1stance
screen). Th1s Tncrease in c0py number wou1d enhance the probab111ty
of detect1ng Tow levels of suppressor act1vity

Intermediate results, where a transcript,js-found, but is non-

: ayould include assays of alcohol dehydrogenase activity and the use of

2-

; 4 N ) . 2
functional dr incompletely pﬁocessed wou}d'stil] provide 1nterest1ng

clues as to. the d1fferent key sequencgh£2?v01ved in processing and/or

modification of tRNA in Droeophzga & found to be funct1ona1 the

small size of the fragment carrying the suppressOr tRNA wou1d make 1t

useful as a selectable second gene marker in other co—transformation

«

expériments (in a strain uith a nonsense mutant} and the transformed

T
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lines provide a means for the analysis of “other uncharacterized

>

v .

' ‘vmutants’ in Drosophila melanogaster.:

84



<~
BIBLIOGRAPHY

Avery, 0. T., C. M. McLeod, and M. McCarty, 1944. Studies on the
chemical nature of the substances inducing transformation of
pneumococcal types. Induction of transformation by a deoxyribo-
nucleic acid fraction isolated from pneumococcus Type III.

J. Exp. Med. 79: 137-158. - ‘e

Bingham, P. M., R. Levis, and G. M. Rubin, 1981. CToninq of DNAY
sequences from the white locus of.D. melanogaster by a nove1 and
general method. Ce11 25: 693-704. _ :

Bingham, P. M., M. G. Kidwell, and G. M. Rubin; 1982. The molecular
basis of P- M hybrid dysgenesis: the role of the P-element, a
-P-strain-spécific transposon family. Cell 29: 995-1004,

Bownes, M., 1975. A photographkic study of deve]opment in the 11v1n93
embryo of Drosophtla melanogaster.’ J Embryol. Exp. Morph. 33:
789-801. _ :

r

Brennan, M. D. R G. Rowan, and W. J Dickinson, 1984. Introduction
of a Functiona1 P~ E1ement into the germ-1ine of Dwoeophzla
harwaiiensis. CeT] 38: 147-151. ,

Capecchi, 'M R., S. H. Hughes, and G. M. Wahl, 1975. -Yeast super-
suppressors are al_ered tRNA's capable of translating a nonsense
codon in vitro. Cell 6: 269-277.

Cohen S. N., A. C. VY. Chang, H. W. Boyer, and R. B. He1Ting: 19735
Construction of biologically functional plasmids in vitro.
Proc. natl. Acad. Sci. USA 70: 3240-3244.

Davis, R. W., D. Botstein, and J. R. Roth, 1980. Advanced bacterial’
genetics., Cold Spring Harbor Laboratory.

DeFrenco, D., 0. Schmidt, and D. Sol1l, 1980 Two control regions for
‘eukaryotic tRNA gene transcription. Proc. natl. Acad. Sci.
USA 77: 3365-3368.

Diamond, A., B. Dudock, and D. Hatfield, 1981. Structure and
properties of a bovine liver UGA suppressor Serine tRNA with a.
tnyptophan anticodon. Cell 25: 497-506.

\

/
Engelhart D. L., R. E Webster, R.C. Hi]he1m and N.D. Zinder, 1965.

In vitro studies on the mechanism of suppress1on of a nonsense
mutation Proc. natl. Acad. Sci. USA 54: 1791-1797.

Engels, W. R., and C. R. Preston, 1980. Components of hybrid

dysgenesis in a wild popu1at10n of Drosophila melanogaster.
Genetics 95: 111-128.

84



Fox, A. S., and S. B. Yoon, 1966. Specific genetic effect of DNA in
' Drosaphila melanogaster. Genetics 53: 897-911.

Fox, A. S., and S. B. Yoon, 1970. DNA-induced transformation in
‘ Drosophila.: Locus-specificity and the establ{shment of trans-
formed stocks. -Proc. Natl. Acad. Sci. USA 67: 1608-1615.

Garen, A., 1968. Sense and nonsense in the genetic code. Science
106: 149, c.

Germeraad, S. E,, 1975. Induction of genetic alterations in’
Drosophila by injection of DNA into embryos. Genetics 80:
$34-s35, ’

»

Germeraad, S. E., 1976. Genetic transformation in Drosophila by
microinjection of DNA into embryos. Nature 262: 229-231. .

. Gesteland, R. F., M. Wolfner, P. Grisafi, G.-ank, D. Botstein, and
J. R. Roth, 1976. Yeast suppressors .of UAA and UAG nonsense
codons work efficiently in .vitro via tRNA. Cell 7: 381-390.

Girton, L. E., R. Y. C. Lo, and J. B. Bell, 1979. An analysis
of xanthine dehydrogenase negative mutants of the rosy locus’ in
Drosophila melanogaster. Can. J. Genet. Cytol. 21: 379-389,

Glassman, Edward, 1962. Convenient assay of xanthine dehydrogenase in.

single Drosophila melanogaster. Sciénce 137: 990. - )
Gd1dberg, D. A., J. W. Posakony, and T. Maniatis; 1983. Correct

‘developmental expression of a cloned Alcohol dehydrogenase gene
transduced’into the Drosophila germ 11ng§ + Cell 34: 59-73.,

Goodman, H. M., M. V. Olson, and B. D;;Ha11§~1gz7. Nucleotide
sequence of a mutant eukaryotic gene: The yeast tryosine-inserting
ochre suppressor SUP4-o. Proc. natl. Acad. Sci. USA 74:

5453-5457. )

Green, M. M.,‘1949; A study of tryptophane in eye color mutants of
Drosophila. Genetics 34: 564-572, ‘ ' .

Green, M. M., 1969, Contrb]ling*element mediated'transpositfon of the
white gene in Dmosophila melanogaster. Genetics 61: 429-441.

Grell, E. H., K. B. Jaéobson, and J. B. Murphy, 1968. A1terations of
genetic material for analysis of alcohol dehydrogenase isozymes
of Drosophila melanogaster. Ann. N.Y. Academy of Sciences 151:
44]1-455, . .

Hartman, P. E., and J. R. Roth, 1973. Mechanism of suppression.,
Adv. Genet. 17: 1. :

Hawthorne, D.C. and U. Leupo]d; 1974. Suppressor mutations in yeast.
Curr. Top. Microbiol. Immunol. 64: 1-47,

\

86



<

que1figg,,T., Rv Levis, and G.;M.aRubin, 1984. Transformation of

white Tocus DNA in Drosophila: Dosage cgggensation, zeste- inter-
action and position effects. Cell 36: 469-481.

 Hess,.D., 1972, Transformationen an‘:hoheren organfsmen. Naturwiséen-
schaften 59: 348-358. '

~Hinnen, A., J. B. Hicks, and G. R. Fink, 1978." Transformation of
yeast: Proc. natl. Acad. Sci. USA 75: 1929-1933.

Hottinger, H., D. Pearson, F. Yamao, V. Gamulin, L. Cooley, T. Cooper,
. and D. Sol1, 1982. Nonsense Suppression in Schigosaccharomyces
’ Ser , .
pombe: -The -S. pombe Sup3-e tRNA gene 1s active in s..
) ‘ , UGA , )
cerevigiae. Mol. Gen. Genet. 188: 219-824.1_

Hubby, J.SL., 1963. Protein differences in Droéophila. 1. Drosophila
melanogaster. Genetics 48: 871-879.

Ish-Horowicz; D., S. M. Pinchin, P. Schedl, S. Artavanis-Tsakonas, and
M. Mirault, 1979. Genetic and molecular analysis of. the 87A7 and
87C1 heat-inducibte loci of D. melanogaster. Cell 18: 1351-1358.

 Jacobson, K.B., 1971. Role of an isoacceptor tRNA as ﬁn enzyme-
inhibitor: Effect on t yptophan pyrrolase of Drospphila. Nature

" New Biology 231: 17-18. . 4
~ y

Korner, A. M., S. I. Feinstein, and S. Altman, 1978. In "Tmansfen
RNA"™, (S. Altman, ed.), M.I.T._;;ess, Cambridge, pp. 105-135.

Kressmann, \A., H. Hofstetfer,’E:'015C§pua, R. Grosschedl, and M. L.
Birnstiel, 1979. A tRNA gene of (Xenopus laevie contains at least

two sfites promoting transcription. Nucl. Acids Res. 7: 1749-1763.

‘Kubli, E., 1980. MoW®ification of transfer RNA in eukaryotes: an °
‘evolutionary interpretation. Trends Biochem. Sci. 5% 90-91.

Kubli, E., 1981. The structure and function of tRNA genes of higher
eukaryotes. Experientia. 37: 1-9. }

Kubli, E., T. Schmidt, P. F. Martin, and W. Sofer, 1982. In vitro
' suppression of a nonsense mutant of Drosophila melanogaster.

~Lindsiey, D. and E. H. Grell, 1967. Genetic Variations of Drosophila
Mélanogaster . Carnegie Institution of Hashington~Pub11cation.

Manfatis, T., E. F. Fritsch, and J. Sambrook, 1982. Molecular
Cloning: A Laboratory Manual. (Cold Spring Marbor Laboratory).

McBride, 0. W., and H. L. Ozer, 1973. Transfer of genetic information
by purified metaphase chromosomes. Proc. natl. Acad. Sci. USA
70: 1258-1262.

\

.87



Me1ton,'D. A;, E. M. DeRobertis, and R. Cortese, 1980. Order andi .4

‘88

a

intracellular location of the events involved in the maturatidn of

a spliced tRNA. 'Nature 284: 143-148.

Mfshra, N. C., and E. L. Tatum, 1973. Non-Mendelian dpheritance of
DNA-induced inositol independence in Neurospora. Proc. natl.
Acad. Sei. USA 70: 3875-3879. ' - N -

Nash, D., and J. B. Bell, 1968. Larvae age and the pattern of DNA
synthesis 1in polytene chromosomes. Can."J. Genet. Cytol. 10:
82-92. . : - : ‘ -

Nawa, S., and M. A. Yamada, 1968. Hereditary changelin Ephestia-after
treatment with DNA. Genetics 58: 573-584. L ;

" 0'Hare, K., and G. M. Rubin, 1983. Structures of P‘transposabfe

elements and their sites of Insertion and Excision fn the
Drogophila melanogaster genome. Cell 34: 25-35, -

0lson, M. V., G. S. Page, A. Sentenac, P. W. Piper, M. Worthington,
R. B. Weiss, and B. C. Hall, 1981. Only one of two closely
related yeast suppressor tRNA genes contains an intervening
sequence. Nature 291: 464-469. ‘

Rizki, T.M;, and R.M. Rizki, 1963. An inducible enz&me system in the
larval cells of Drosophila melanogaster. J. Cell Biol. 17: 87-92.

Rubin, G. M., and A. C. Spradling, 1982. Genetic transformation of

Drosophila with transposable element vectors. Science 218:
348-353. -

Rubin, G. M., and A. C.ﬁSprad]ing, 1983. - Vectors for P-element
‘mediated gene transfer in Drosophila. Nucl. Acids Res. 11:
6341-6351. '

Rubin, G. M., M. G. Kidwell, and P. M. Bingham, 1983. The molecular’
.basis of P-M hybrid dysgenesis: the nature of induced mutations.
Cell 29: 987-994. ’

Sayies, C. D., L. W. Browder, and J. H. Willfamson, 1973. Expressfon
of xanthine dehydrogenase activity during embryonic development
of Drosophila melanogaster. Dev. Biol. 33: 213-217..

Scholnick, S.B., B.A. Morgan, and J. Hirsh, 1983. The cloned dopa
" decarboxylase gene 1§ developmentally regulated when reirftegrated
into the Drosophila genome. Cell 34: 37-45.

Schultz, J., and C.B. Bridges, 1932. Methods for distinguilhing
between duplications and specific suppressors. Am. Natur. 66:
323-334, ° . ' :

Seale, T. W., M. Brett, A. J. Baron, and J. R. S. Fincham; 1976.
Amino acid replacements resulting from suppression and missense
reversion of a chain-terminator mutation in Neurospora. Genetics

86: 261-274. -



. \ L |
Seybold, W. D., 1974. ﬁhrification_hnq'partial characterization of .
xanthine dehydrogenase from Drosophila melanogaster. Biochem.

Biophys. Acta 334: 266-271. .

Sherman, F, 1982, 1In "The, Molecular Biology of the Yeast
Saccharomyces: Metaholiem and Gené Expression”, (J. N. Strathern
et al., eds.), Cold ‘Sprning Harbor Laboﬁ’tory. Cold Spring Harbor, .
_pp. 483-486. T - ‘

v T\ d ) S M
Spradling, A. C., and G.\M.‘Rubjn,‘1982. Transposition of cloned

P-elements into Drosophi[:.germ line chromosomes. Science 218:.
341-347. : B .

Spradling, A. C., and G.;n; Rubin, 1983, " The =7 ‘ect of chromosomal .
. position on the expression of the Drosophi™ xanthine ‘
. dehydrogenase ‘gene’. Cell 34: 47-57. ’ :

Sprinzi, M.,1F.'Gruéter, A. Sﬁelthaus, and 0. H. savis, 1980.
- Compilation of tRNA sequences. Nucl. Acids Re . 8: rl-r22.

Steege, D. A., and D. Sol1, 1979, - In "Bfologic Reculation and
Development", (Ra F. Gofﬁberger! ed.), Plerwa, N.Y.. pp. 433-485.

‘Strobe1, E., P;’Dunsmuyg, and é.M: Rubin, 1979. Polyr ohbisms ir *he
“chromosomal Tocatichs of elements of the 412, copt --u 297
dispersed repeated gene families of Drosophila. 231 17: 429-439.

THomas,xM., and R. w..Davis, 1974, Stuqigs on the cleavage of
bacteriophage'1ambda DNA-with EcoRl restriction endonuclease. .
J. Mol. Biol. 91: 315-328. '

g

Twardzik, D. R., E. H. Grell, and K. B. Jacobson, 1971. Mechanism of
suppression .in Drosophila: A change in :tyrosine transfer RNA. °
J. Mol. Biol. 57: 231-245, . e .

Waterston, R. H., and S. Brenner, 1978. A .suppressor mutation in the

nematode acting on specific alleles of many geénes. Naturg 275:
s 715-719, o . : .

. L4 .

White, B.N., G.M. Tener, J. Holden, and D.T. Suzuki, 1973. Activity
of a tRNA modifying enzyme .during  the- development of Drosoph11az,,
and its relationship to the su(s).]ocus. J. Mol. Biol. 74: = -
635-660.

v . t



