" The qualrty of this microformis heaﬂy dependent upon the
L Eualuty of the original thesis submitted for microfilming.
very effort has been made to ensure the hrghest quamy of .

. ‘Treproduction possrble\ :

the

'Some F ges may have mdlstmct print especrall if tﬁe
- original pages were typed with a poor typewriter ribbon or
if the umversuty sent us an mfenor pholocopy

egree

= Prevrously copyrlghted materuals (journal amcles pub
‘ \Irsing‘lests etc. ) are not frlmed :

s .'Reproductlon infullorin part of this mrcrofdrm is govemed

o by the Canadran Copyrrght Act; R.S. C 1970 c. C-30.

o pages are mrssmg. contact the umversrty whrch granted..

s

\

: tron .

‘ l*l ; National lerary & Bibliothé ue nationale - ' o
HTR o Canada - .du Canada - . C
.+ - Canadian The’ses Servuce S‘ervuce des théses caﬁadieqnes '. T
. Ottawa,cana& ; o . ! . S
KIAON4™ - / L
" | - ’ ,b BT
e =
' i . el ] L
o N 4 | \ o .
. ) "’( ' .
) / /" ’. ‘ S
y« ! . M - |
NOTlfC,E \, AV|_‘3, f’ Lo
) \\ﬂ*

La qualité de celle mlcrolor e dépend grandemenl de la - |
qualité de la thése soumise au microfilmage. Nous avons

tout fai pour assurer.une quamé supéneure de. reproduc R

he

' Snl manque des pages veurllez communrquer avw_

- funiversite qui a conléré le grade o

- f\La quatité d'i rmpressron de cenarnes pages peul lansser 7
© désirer, surtout si les pages originales ont ¢té dactylogra-

. phiées A I'aide d'un.ruban usé ou si luniversité nous a fait

parvenrr une photocopie de quahté mléneure

. Les décuments qui font déja lobjet dun droit dauteur

. soumise ala Loi ¢

(articles de revue,
microfilmes. .

tests publrés elc.) ne sont pas‘ '

4
% ¥

e pamelle de celle mrcrqlorme esl
adrenne sur'le dron d'auteur, SRC i
1970,¢.C30. - L

La reproductron mé



J

U ..Ut TS THE UNIVERSITY (OF ALBERTA

. - i/ . v ' . . i
» . ' \\3 - . . [

n i .\

.'/

CLONING THE RASPBERRY LOCUS’ OF DROSOPHILA MELANOGASTER
A LOGUS lNVOLVED IN PURINE NETABOLISM o

. . f'" 7 BY . . .
. ) . . ~,

NOFMQ JEAN LEONARD—— .
SR S

N / , p '
r/.” .' - . . ’/
e | 4 \
/ ’ . s 9/“

/ N 7
s, ) e

‘ﬂ/”’ S A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH :
// IN)PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

_t

T OF MASTER OF SCIENCE

A ADEPARTMENT OF GENETICS

/. EOMONTON, ALBERTA
(FALL, 1986) © .



",‘g‘n» \‘ N ’ '\ , ‘ v ’
" y . ‘ ry , R . . 2 l..‘.‘ [(.. B .'.’b B v.
G »
g " Al
- L “'.‘
B : e \ ,.u‘.l l_‘ - e ) i i
¢ Permlsslon has been granteq L'a‘utorlsatl n a été accordége“
_to. the . National Lzbrary of +, . & la- Bxbllpthéque nationale"
~ Canada’ tp| microfilm - thls.v. du  Canada - dé mxcrofllmer ‘
. thesis afid to:lend or. selln- cette - tha3se et de. prétet -ou.
~ copies of the fllm. T de v@ndre" des exemplaires du -
T T fJ.lm.,.-f » .
: i g . ' N M :
The author (COer‘iight owner) L' auteur Q(tn:ulalre du dr01t‘
has re"_'servé'd Oother ‘4° auteur) seé ‘r8serve les;

- publication r:.ghts,* and - autres droxts de. publlcatlon.
neither the "fthHesis nor - ni  la " 'the@se’ ni de .longs
extensive extracts from it . extraits . de,,,celle ci ne’
may be prlnted or otherwise doivent ‘@tre imprim@s ou’

-~ reproduced without’ his/her ,autrem \t reproduits sans .son
written "~ permission. tion ’écr1te.
' pspy, @-315-3231971
s ; ' ‘,
;)




: - |
S 0 THE UNIVERSITY OF ALBERTA o
Av ,“ A v ..‘ N ] “ R RN B e . (T‘\‘i“cREL‘EASE FORM‘ - . - ‘, v‘.‘ ,..‘ o N .
- » L | . - e /
NAME OF AUTHOR: . NORMA JEAN LEONARD |

TITLE OF THESIS: CLONING THE RASPBERRY LOCUS OF DROSOPHILA
‘ ) MELANOGASTER “A LOCUS INVOLYED "IN PURINE
‘ . METABOLISM b »
CDEGREE: . f_ ;MASTER OF SCIENCE . . \\\
YEAR THIS DEGREE GRANTED: . 1986 | |
‘ . Permission is hereby granted ta THE UNIVERSITY OF ALBERTA LIBRARV
to. reproduce singTe copies of this thesis and to Tend or seTT such

copies %%r private, schoTarTy or scientific research purposes onTy

T v::‘i} ;i@thor reserves other pubiication rights, ad neither the -
S s o .

R thesis nor éhtensive extracts from it may be printed or. otherw1se

' ;reproduced without the ‘author'’ s written permission.

Norma Jean Leonard *
15302 76 Avenue’

Edmonton, . Alberta
Canada TSR 3A3 °

st iflay |, 456




- | . .
- o
' ‘ B =
v o “/
' ‘“ . . .
hS y | . v ‘"“ N | ’
,,{‘ : | TR A
; } \ . . -
T believe I.cannot do something, it makes me incapable of doing .
it. - But when I believe I can, then I acquire the ability to do it even }
fT1 didn't have;it at the begimning..." o A
~ Mahatma Gandhi P >
o
* - Y
4
,_;_;L ‘?5 ' -



R R IR U L TR T T i

k]
< .

THE UNIVERSITY OF ALBERTA

, e FACULTY OF GRADUATE sruoxss AND RESEARCH

4

The unde_rsi gned certify that they have read and

recommend to the Faculty of Graduate Studies and 2 - ©

v 4
Research for acceptauce, a thesis entit]ed CLONING THE

RASPBERRY LOCUS OF DROSOPHILA ME'LANOGASTER ., A LOCUS

INVOLVED IN PURINE' ETABOLISM submitted By NORMA JEAN -

’ LEQNARD in parti aJ fulfﬂment of the requirements for the

dggree of Master of Science.. .

3

29 00090600000 E0s00ROSISIOEBITYTRETSDS

(Supervisor)

ssnocesssesdecdrceciocrsremese
. . " o



<t

23

To my family
(especially Vanessa)

N
°
7
/
"
R
. . [
 ———
[
o
-



# g Transposon tagging, generated by PM hybrid dysgenesis, was used to

raspberry complex Tocus, a locus lﬁV01V531=‘ﬁ:~ unknown

purine metabolism in EMvsophtZa . within this region there ex
distinct complementation groups, the guanosine i, purine 1 and

raspberry loci Guanosine 1 and purine 1 yield two kinds of purine

" nucleoside auxotrophic mutants, raspberry mutants interfere with

“pteridine synthesis. Many point mutations in -this region produce a
«recessive lethal phenotype and diSplay allelism. to all three kinds ‘of

o
non- lethal mutation.  ° ‘

Five raspberry lethal' Drosophila stocks were produced_through
PM hybrid dysgenesis. Four were shown to bear'Peelements at the

gcytological region 9E by in gitu hybridization. A recombinant DNA

A library was prepared from one €uch stock, M-5, }using the Vector

EMBLA. Subsequent hybridization with a P element probe (pm25.1)
reVEaled a large number of P positive clones. ~In situ hybridization to
P element free chromosomes confirmed that the rgcombinant
bacteriophage, LF1 ‘possessed the DNA segment homologous to the

_raspberry locus. The isolated DNA segment is a 19kb insert 1n the

bacteriophage LFl and possesses‘a minimum of 5 interna\ EcoRI sites. A

tentative restriction map has been established utilizing'four
restriction enzymes (Bgl1II, Xhol, EcoRI and HindlIL). In eitu
hybridization of. LF1 to an inversion 'stock, with a bneakp01nt in the
.raspberry -gene, sedms to indicate that ‘the cloned DNA spans the

vi




,1nvers10n breakpoint confirm1ng that DNA homo\ogous to ‘the raspberry TR

locus has been . 1solated Further moIecular analysis. starting from .

W‘fh the raspberry clone 'LF1 should revea1 the organ1zaton and function of

@
"the.complex.

a
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Phosphoribosy1 aminoimidazole/synthetase

' adenosine 5' monophosphate (a¢eny1ate)
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_adenosine 5' triphosphate
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adenosine phosphoribosy!l transferase '
bovine serum albumin - ’
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phosphoribosyl ‘glycineamide synthetase -
phosphoribosyl gllycineamide formyltransferase
guanosine 5' monophosphate

- guanosine 5'- diphosphate

guanosine. 5' triphosphate .

‘deoxyguanosine 5' diphosphate ,

deoxyguanosine 5' triohosphate
hydrochloric acid : R ‘
bicarbonate : ) D

e

 hypoxanthine-guanine phosphoribosyl transferase

inosine 5" monophosphate (inosinate)

" potassium chloride .
Luria-Bertani medium

magnesium chloride

magnesium sulphate

sodium chloride '
nicotinamide adenine. dinuc\eotide
" sodium phosphate monobasic ,
sodium hydroxide L v

“inorganic phosphate -

polyethylene glycol
phosphoribosyl

" sodium dodecy) su1phéte :

tris- EDTA buffer ,
tris-magnesium buffer
THAM - Tris (Hydroxymethyl:) amino methane

_xanthine dehydrogenase

xanthosine 5' monophosphate (xanthylate)

~(1 32. 8) position of ‘gene on chromsome 1, map position 32 8 map units
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, Genetic analysis of well defined biochemical pathways
'r(in Droaophtla promises insights into gene structure, gene action and
_regulation as they areoadapted to the particular circumstances of
'ﬁmulticellular eukaryotic Organisms. The genetics of pyrimidine |
:"‘bvﬁsynthesis is already well known. The.more complex ramifications of‘

“purine metabolism suggest that its genetics will be even -more

| informatjve L .

b

S . O D
= Recently, it has been unequivocally demohstqu_ep that a block in g
- purine biosynthesis in Droaophtla rnelanogaetenyle'lds -an GUXOtr‘Opth
‘phenotype It is also true that several Yess well defined auxotrophs

~ are associated with an eye color defect displaying reduc\d levels of o

' ~pteridines, which are derived from\purines. - \*\s;;"

g . . o

R

One particular 1nteresting instance is the gual-purl-ras complex
in Droeophtla melanogaster . This locus 1ncludes twWo different classes
of purine ‘nucleoside auxotrophs and an eye color mutant The three,

" are related in a complex manner\in a gene complex that appears to be
involved in purine metabolism and it S regulation. The biochemical
origin of this complex is completely unknown It is probable that the :
best means of analyzing the lgcus witl be its molecular cloning and

i analyis. . o \g | B
A

1. PURINE METABOLISM

v

"A. Purines

Purines are conJugated 5 and 6 membered heterocyclic rings that

-‘.Q



function as intermediates in energy metaboiism, components of D
.{group transfer coenzymes and structurai components within: the ceii " R
.(review in Henderson 1972) ‘In energy metabolism, the cieavage of the
'; pyrophosphate bonds of ATP and GTP takes place in the ceii. .__Cleavage of\ Vg

. :the pyrophosphate bonds frees energy used to drive many energeticaliy “
unfavourabie reactions. Purines funotion as group- transfer nnenzymes : .
transferring compounds such as sugars, suifates, alkyl groups, acyl |
A‘groups and hydrides. Structuraiiy they form components of histidine,,.
'._bribofiavin, foiic acid thiamine and most importantiy the nucieic acids

RNA and DNA where they function as the basic unit of genetic | L
iinformation.% Purines aiso act as Substrates in the production of

pteridines. Pteridines are of particu]ar interest in Qﬁgeophzla in that
| they produce imaginai eye pigments (Nash and Henderson, 1982) - :*(;
| Purines are found inside the cells predominantly in the form of o

nuc¢leotides and ‘polynucleotides (RNA and DNA).

B. Purine metaboism' I ’ R R "1V.“T:ﬁh
1. -de novo purine nucleotide biosynthesis | | - |
}@'"- In most organisms, purine nucleotides can be produced in two generai h"l,{
ways (Nash and Henderon 1982) The first is da novo biosynthesis & , |
(Flaks and Lukens -%963) diagrammed in Figure 1. ,inosinicaacid (IMP)._1s
sproduced“dn ten steps. ‘IMP is the common substrate for two diverging,
. two step pathways ieading to adenosine nnnOphosphate (AMP) or-to
guanosine monophosphate (GMP) |
Nugieoside monophosphates are avai]ab]e for phosphoryiation to thewv

reSpective di- and triphosphates. Deoxyribonucleoside diphosphates are

produced by the reduction of ribonucieoside diphosphates oy



FIGURE 1. The pathway of de novo purine"bibsynthesggﬁ, |
‘ e , Vo R
The enzymes‘cata1y11n? each of the steps are as follows:

The abbreviated symbols (in brackets) -represent enzyme names (capital

" letters) or E.coli genes encoding each enzyme (lower case Tetters).

PP-ribose-P-amidotransferase . (purf) :
PR-gylcineamide synthetase (GARSg (purd) - |

PR-gTycineamide formyltransferase (glyciheamideribotide

‘transformylase) (GART) - _ o - o

. - PR-formylglycineamidine synthetase (PR-formylglycineamide

amidotransferase) (FQARAT)} (purG) |

PR-aminoimidazole ;synthetase (AIRS) (purl)

. - a carboxylase reattien .(purE) ‘
PR-aminoimidazolesuccitiocarhoxamide synthetase - (purC)
adenylosuccinate.Vyasé (purB)

_PR-aminoimidazolecarboxamide formyltransferase (purH)
inosinate cyclohydrolase (purd) ‘

adenylosuccinate synthetase (purA)

‘adenylosuccinate lyase  (purB)

inosinate dehydrogenase . - (guaB) ’

. -guanylate synthetase (xanthylate aminase) gguaA)

CLPNOUI & WN—
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.
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Adenylate (AMP) Guanylate (GMP)

T ., ADP+P{ G1utamate ' | .
» ‘ ATP G]utamine . :

Adenylosuccinate Xanthylate (XMP)

- ’ NADH ' ‘
n| -f: 13 .
Aspartate ™o NAD*

Inbs1nate (IMP)
Hzok

=

PR- formamidoimidazo]e carbo mide (FAICAR)
, Hy-folate

¢

YT:SI

- Formyl. Hg-folate

PR~ am1noim1dazo1e carboxamide (AICAR)
fumarate

*»

—ﬁ

PR- am1noimidazolesuccinocarboxamide (SAICAR)
~ ADP+P{;
aspartate \“““\\ ‘
late (CAIR) o

HCO

"PR- aminoimid zole (AIR
mpw1

ATP

PR formy]g]y ineamidine (FGAM)
ADP+ glutamate -

-rf'

' ATP.
. PR-aminoimidazolecarboxy

T*%TW*

ATP glutamine

PR formy]glycineamide (FGAR) -
H4-folate

T‘ﬁ

Metheny1l H4-fo1ate

T - PR-glycimeami e (GAR)
ADP+P{

; "
e v

AT glycine

PR-amine (ERA) 9
PP1 glutamate '

Tutamine
Phosphoribosyl pyrophosphate (PPRP)

|

The pathway of de novo purine biosynthesis,(Hénderson,,1972)

)
ﬁ

Figure 1.

|
—— o - . o
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.ribonucieotide reductase. These pathways are ii]ustrated only in Figure
2 for convenient use of space, but constitute a bona ftde part of de

novo biosynthesis as well as salvage synthesis.

11, Purine salvage pathways

A second‘neans for‘purine nucleotide production is a series of

~ "salvage" reactions,‘utiiizing purine bases and purine nucleosides- to

produce purine nucleotides (Figure 2). The substrates for these
reactions are derived from nutritiona1 sources or from breakdown of

ceiiuiar nucieic acids or - nucﬁe%&ﬁdgs.
& ;

iii. Interconversion of porines

There is-interconverSion of puriﬂe nucleotd des betWeen the‘purine
nucieoséde monophosphates (AMP, GMP and*IMP) (Figure 2). j
InterconVersion depends upon direct reconversion of AMP and- GMP to their
common precursor IMP, In addition the potentiai for conversion of
adenosine and adenine to inosine and hypoxanthine (Figure 3) prov1des
secondary routes for conversion of AMP to IMP in some systems. “No
simiiar aiternative routes are known fornthe conversion of GMP to IMP.

The enzyme résponsible for the.conversion of AMP to fMP is adenylate
deaminase.} In most organisms GMP 1is converted to IMP by guanylate

reductase activity This enzyme however, may not be present in

| : Droaaphzla;melqnogaeter»as_wiii be discussed iater;(Sec. 1, I, C, iv.),

~ so that interconversion is restricted in this species.

iv. Catabolism of purines

Cellular purines and purine derivatives are broken down'tb produce

« ¥
s r
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FIGURE 2. Salvage pathways and Interconversion of purine nucleotides
The names of the enzymes catalyzing each of the numbered steps are
as follows: The abbreviated form (1nkbrackets) are symbols used in the

hypoxanthine guanine phosohor1bosy1transferase (HGPRT)*
inosine kinase

de movo-biosynthetic pathway - 1ast enzyme was inosinate
cyc1ohydrolase
_adenylosdccinate synthetase

adenylosuccinate lyase

adenylate deaminase

inosinate dehydrogeriase

guanylate synthetase (xanthy1ate aminase

guanylate reduttase**

adenine phosphoribosyl transferase (APRT)

adenosine kinase

hypoxanthine-guanine phosphoribosyltransferase (HGPRT)*
guanosine kinase -

-nucleotide monophosphates are ph05phory1ated to form di- and
- triphosphates
-ribonucleotide diphosphates can be reduced to form
deoxyribonucleot1des _



.
\ ’
\ ;
| dATP  ATP TP dGTP |
. dAoP§--Aq RN GRP-—-*dGDP C
A o o e
Adenine -—L-v Aqeny1 ate ( :AMP) Guanyl ate (GMP) 0-1— Guanine
11 ‘ 13 .
_ "~ Adenosine . 1 ~ Guanosine ‘
N o 5| 6 grxls | -
‘ Adeny'losuccinatﬁ ,f;"ianthylate (XMP) -
4 | 7
v *
Hypoxanthine »Inosinate (IMP) Inosine
T T
' ~ de movo bio'ssynthesis- -
i

[ :

Figure 2. Salvagé.pathways and Interconversion of purine nucleotides
“(Henderson, 1972) |

*this pat,hway" has weak or reduced activity in Drosophila

" **this pathway is probab}y 'absent in’ Drosophila

v ) :
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FIGURE 3. 'Catabolism of purine nucleotides

: The names of the enzymes and/or the type of reaction involved at
each step are as follows: ‘ : '
. xanthine dehydrogenase (XDH) - oxidation reaction
inosine phosphorylase - phosphorolysis reaction
. dephosphorylation reaction « ., :
. ‘adenylate deaminase - deamination reaction
‘guanylate deaminase (reductase)** - deamination reaction
“dephosphorylation reaction ° .
. dephosphorylation reaction - o
. xanthine phosphorylase - phosphorolysis reaction
. adenosine deaminase - deamination reaction p
10. adenosine phosphorylase - phosphorylsis reaction*
11. adenine deaminase - deamination reaction
12. -guanosine phosphorylase - phosphorolysis reaction
13. guanine deaminase-- deamination reaction

-

1
2
3
4
5
6
7
8
9

k.

4

= o
=



;-
- ATP aTP
(- ' s : 6|
o ' v, ' I
ADP d ‘ ;sop\
6 ' | * 6
Adei\y‘l'ate (AMP) | | Guany‘{ate (GMP) C -
T
" . "6 . [lnosinate (IMP) ‘ | 6
Xar;thy'l ate B ko -1
& 7 Adenosine ‘_-—L-—-olno.giné o Guanosine -
o o Qa;\'thosine - ”
8 . %0 n o k. 2
\ Adexine—;-]——»;lypoxé'nthi’né | . Guanine
| o '" l} 13
—sXanthine —— /
11
? Uric Acid

. ‘ : j

Figure 3. CafaboHsm of purine nucleotides |
| *this pathway has weak or reduced activity in Drosophila

¢ **this pathway probably absent in broaophila T
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excretory products. The catabolism of purine mclcotidos 1nvo\vos four

’ processes. depﬁosphorxlctmng dnmmmon. nhospnoroum and cxidmon

as dfagrammed in Figure 3.

P

C. Regulation of purine metabolism 1n prokaryotes
Fourteen biochemtcal steps are 1nvolvod 1r\ ds novo pur1no . -
biosynthesis. Mutants in thirteensof the enzymes have been fdentified

in E. coH and are associated with speciﬁc Ioci (see Figure 1). The

genes are generally monocistronic operons scattcrod thronghout the

chromosome except for purJHD and gquaAB which are two unlinked

mu]ticistronic_operons (Gots et a]., 977). The struc%ural gene

*

*encoding the third'enzyme 1n de movo purine biosynthes s has only

recently been 1dent1f1ed by ‘Henikoff and coworkérs (personal

communication). An additional gene, purk encodes a repressor protein

. that nepresses seven of the enzymes involved in the synthesis of IMP

(purf, purf, purl, purG and purdHD) (Befison and Gots, '1976). The guaAB
operon does not respond to the purR repressor protein but 1s

hypothesized to be regulated by a pnoduct of the guaR gene which may

specify a trans acting regulatory element (Tiedemna and Smith, 1984).

Transcription regulation of the other genes has not .yet been

demonstrated.
Feedback regulation plays an important role. The first enzyme
PP- ribose—P ‘amidotransferase (purf) is inhibited by both AMP and GMP

derivatives to control. the)synthesis of IMP, The enzyme

%

adeny]osuccinate synthetase (purA) that converts 1MP to AP requires GTP
to functdon. GMP and GDP compete with GTP for the site resul ting in

)

!
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competitive 1nhibition. Guanyiate synthetase 1nvo]ved in the cnoversion

i

of IMP to GMP requir@s ATP in a s1mi1ar manner (Bagnara et aT., 1974)

" Feedback reguiat+on may a]so piay a rolesin the act1v1ty of the
\

S repressor protein purR Studies indicate that the purE Qperator will

oniy bind purR repressor protein in the presence of ATP whereas purF and

119

purI require GTP.- The differentiai action of the 2 nucieotide effectorst‘

i

v"_suggests a modei of reguTation vhereby: gene expre551on is COntroiied

‘vi.f Studies of purine metaboiism in Drosophtza e - R

jointiy by the.yievei of ATP and GTP in the ceiT (Koduri and Gots,

LS

-
e

9 .

D, The enzymes of purine metaboiism in DroeophtZa meZanogastenq

0.
PN

“The study - of purine metaboiism in Drosophtla meZanogasterhas ‘been
7 S S

| an endeavor 51nce 1942 when the purine base adenine was: found to be -

-

' toxic to fruit fiies, reducing survivai or. siowing deveiopment (reView =

in Henderson and Scott 1980 Henderson et ai 1980) Other studies
indicate that certain purines Can stimuiate growth or‘deve]opment
(House, 1862, Sang 1956 1978) o ‘

To date many of the enzymes assoc1ated with purine metaboiism have

: not be identi fied 1n Di'bsophtla melanogaster aithough many have been

g isoiated and characterized 1n a w1de variety of organisms and animai

o

ceTT systems (Henderson 1972 Patterson et aT 1974 Patterson 1975
S
1976) (Section i I, C ) T o :

Those enzymes that have been identified in L»oaophila have been
k2]

detected through&a series of different.experiments.b

Tracer studies uti]iZing radioactive precursors “have been used to

» ) - : . -



detect the activity of purine metabohsm enzymes (McMaster Kaye a d |
Tay]or, 1959 Hodge and Giassman, 196@;” Furrd dge et al., 1977; Johnson
'et a1., 1980 'a, - b ¢). The rates of enzyme activity can be estimated
based on the amount of precursor @onverted to various substances in the
Lo _ . : e . , '

organi sm.

Nutritionai studies wherein purine metabolic' substrates are used to

| 5 gsupplement auxgtrophic mitants, have hel ped discern which enzymes are

active in Drasophtla . (Villee and Bissell, i“to,m @g, 1956 1957, .-
" Minton et al., 1951 . Hinton, 1956, 1959; E119s, 1958 3urnett and Sang,
| 1963; Geer, 1964, Wyss, 1977) S | C
Crude cel} extracts from Drvosophzla embryos imagi‘hai disks and -
., adult flies have been studied to detect the \?presenc_e of puri ne. | |
D .metabolism enzymes. (Seecof 1961' Morita, 1'964' Uda et al, 1969°“ \
'"Friedman, 1973; Becker- 1974 3, b 1978). ~Only one enzyme of purine
'metabohsm in Dr'osophtla has been successfuiiy puri fied XDH (Seybo]d
19733 “Andres, 1976). - ‘ |
The combined evidence from radioactive tracerstudies," nutritional

‘studies’ and crude ceH extracts has he]ped to formu]ate an overa]]

understanding of puri ne metabo'lism in Dr-030phcla meZanogaeter

-t . . ' . I
o . :

ii. de novo purine nuc]eotide biosyntheSis >

The de novo purine«nuc] eoti d%biosynthetic pathway 0per5tes )
. -
in Drosophzla because wﬂdtype flies do not have an absoiute requirement

'for puri ne bases ~or purine-nuc'leosides in their diet (Sang,v1956, Geer,

1964). Growth of VCuit‘ured Drosophila cells grown in purine free media

also- occurs, furthermore, such growth can be inhibited by drugs that
o«
- block de novo purine biosyntheSis (Wyss, 1977) Evidence that dietary



- : . o o - : i : 13 -
pur1nes can stlmulate development rate 1nd1cates that the reactlons -
of de novo biosynthesis are. limltlng for growth Tracer stud1es using-
radioact1ve form&te and glycine showed rad1oactive wmter1al belng ;
lncorporatedfinto IMP AMP and GMP and their metabolltes, 1ndicat1ng de
novo biosynthesis probably follows the same pattern as-in other
organisms (Johnson et al., 1980 a, b, c). -
In the COurse of studées of the curt locus of LMOeophzZa ,
(structdral gene for GART) Henikoff and his collaborators (in press)
have demonstrated in v1tro activ1ties equ1valent to: the first five
| steps of purine blosynthesis, three of- which are encoded by
/ Gart .. Gart is a gene that encodes three de novo purine b1osynthet1c

oathwa§ actlv1ties, GARS,.GART and-AIRS (see_F1gure 1), the second,
4thdrd and‘fifth}steps of'the‘pathway respectively. A1l three enzyme o
A act1v1ties are encoded in a 51ngle gene transcr1pt but_alternativé x
. transcript1on termination produces {wo d1fferent RNA classes (Hen1koff
et al., 1983)., The adenos1ne}3 locu5»(5ec 1, 1L, B.) is the <Gart locus.
111 Pur1ne salvage pathways k | ‘

< Dietary purlne bases stimulate growth in W1ldtype flies and S -
auxotrophlc mutants and have toxic effects at higher conceutrat1ons o
lmply1ng their conversion to nucleot1des. Th1s prov1des evidence of the
existence.of salvage pathways (V1lleegand Bissell, 1948; H1nton et al
1951; H'lnton,",1956", 1959;, Sang, 1956, 1957; E11is, 1959; Burnett and
Sang, 1963) | |

In Drosophtla adenine phosphor1bosyl transferase (APﬁ4) is actlve

(McMaster-Kaye and Taylor, 1959; wyss 1977 Johnson et al - 1980 a,

) whereas HGPRT is absent (Becker, 1974 a, b) or detected only 4



_reduced

‘ﬂ_‘et ai., 1977)

“

els (Wyss, 1977; Becker, 1978; Johnson, 1980 a, b, c). The

apparent'iow RT activity may be due to the highirates of XDH and

. guanine deaminase activity in Drosophtla (Nash and Henderson 1982)

Johnson -and Friedman (1981, 1983) have demonstrated that purine

resistance, due to a deficiency of APRT resuits froma]terations at a

single locus Aprt (3-3 03). Aprt appears to be the structurai gene for .

APRT based on gene dosage dependence studies.
| The nucieoside(ggnases (inosine, adenosine and guanosine) appear to

all be active in. -Drosophtla , unlike in mammaiian cells (Becker, 1974 a,

b, 1975 wyss, 1977, Johnson et al., 1980 a, b c)

No other saivage pathway enzymes have been studied to. date.

iv. Interconversion. of purines

1w

LN

" Adenylate deaminase activity has beengdetected in Drosophila yet no '

ﬁgua;yiate reductase activity was found (Becker, 1974 b; Johnson et al.,

1980 a, b, c). It is important to note. however that a very smail rate

of guanylate reductase activity has been demonstrated by radioactive

Guanyiate reductase is at such a ow 1evel that its roie in

’

interconversion of purines in Droaophtla is extremeiy 1imited. This is

' Significant when trying to isoiate auxotrophic mutants. Auxotrophic

oor inosinate'derivatives yet are not supplementable with guanylate

derivatives inasmuch as GMP cannot be converted to IMP.
, g |

+

I o

'guanine and guan051ne beﬁ;g converted to AMP and XMP in 1arvae (Burridge .

S

s,mutants biocked in de novo biosynthesis can be supplemented by adenyiate N



‘ '}}activity The reduced activity was detected by extj;f

Lo e ey
2
\

V. Catabolism of purines EEEA ;3 R , ‘”:” |
| ‘None' of the enzymes responsibie for dephosphoryiation have been
characterized in Dnoaophtla aithough their presence has been deduced
‘ from radioactive precursor studies (Hodge and- Giassman, 1967 Becker,
1974 a,, Johnson et al., 1980 a, b, c) ' R R '%
Adenyiate, adenosine, adenine and guanine deaminase activitiesvhave

.‘.been detected in. Droaophtla ) with adenosine deaminase and guanine
'i deaminase dispiaying high activity rates (Seecof 1961 Morita 1964
Uda et ai., 1969., Becker 1974b, 1975; Johnson et ai., 1980 a, b, c)
_Inosine, guanosine and adenosine phosphoryiases are present N

-in Droaaphzthith the iatter enzyme demonstrating only very “reduced

c

1y iow levels of

'adenosine being converted to adenine, as is seen in several. ceii systems :
(Becker, 1974 b, '1975; Hodge and Giassman 1967 Snyder and Henderson,
1973; Henderson 1979) -

. One enzyme that has been weii characterized in EMosophtZa R XDH has
.been found to show tissue specificity (Ursprung and Hadorn, 1961;
Horikawa et ai., 1967; Coiiins et ai., 1970, Sayies et al., 1973 ;
" Seybold, 1973; Andres, 19763 Johnson et ai., 1980 a, b, ).

catabolic enzyme urate ox1dase (uricase) has been detected at eievated

_;ieveis intXDH mitant flies. This enzyme oxidizes uric acid to aiiantoin

which*is'excretedlin Drosophila (Eriedman,'1973; Johnson et al., 1980 ';:

: S -
a" b’ C)o

15
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Pteridine “metabolism in Droaophtla SR l“"“ﬁTTfVL‘ S "'ngi‘“'

-~

Pter1d1nes are derived from purines. and are found in most organisms,
performing a variety of functions._ In Droaophzla , they are
particu}ar1y evident because they form eye pigments that, influence the ~
| eye co1or of the 1mago. DrosophiZa.wi1dtype eye. co]or is produced by

the combination of brown (ommochromes) and red (drosopterin) pigments,

- with the ye11ow pigment (sepiapter1n) playing a minor role (ZiegIer, f,

1961; Ziegler and Harmsen, 1969). The red pigments in the eye,
, drosopterins, are dimeric pteridines (Rokos and Pfleiderer, 1975) f*f%*j |
| Pter1d1nes are derived from GTP by the c]eavage of the 1m1dazo]e’ o
.'five membered ring of the guanlne ‘base. Removal of the carbon atom at,
.position 8 and incorporation of 2 carbons from the ribose then generates
a stx-membered heterocyclic ring (Brown, 1971) The basic structure‘bf
pter1d1nes is 2-amino 4- hydroxypteridine (Zieg]er and Harmsen, 1969).
The exact pathway 1nvo\ved in the production of the drosopterins is
" as yet undefined.. At least 30 d1fferent Droaophtla eye color loci have
7«been identtfied that have reduced or absent levels -of droSOpterins o _. .
\;(Hadorn and Mitche]l 1951 "Nolte, 1954 a, b, 1955, 1959 Forrest et T
a]., 1956 Counce, 1957 Gregg and Smuckler, 1965; Baker, 1213) This
-1arge number of genes 1s in excess of the number of ehzymes suspected of -
,being 1nvolved in the product1on of drosopterins |
Many of these eye co1or mutants have been studied to determ1ne if
any could be associated w1th enzymes invo]ved in pteridine netabo]ism“
_(Fan et al., 1976 Krivi and Brown, 1979) of particular 1nterest to
to thxs study are ‘the resu]ts 1nvo]v1ng the raspberry nutants of the

raspberry locus that produce flies with a purp]ish eyecolor. the

" raspberry and the prune»1oc1 were found to produce a]tered pteridine‘
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- .

gene products of ras and prur[a"must regulate the activity of GTP .

| metaboiism. ‘Mutants in both loci influence the regulation of GTP

cyciohydroiase that converts GTP to dihydroneopterin triphosphate (Fan

et al., 1976; Evans and Howeils,| 1978 Fan and Brown,kl979)

“however, neither was found to be the structurai gene for GTP“

cyciohydroiase.. Evans and Howells (1978) postulated that the wiidtype |

,“‘

lcvciohydroiase. Mackay and 0 Donnei] (1983) have found the structurai |

gene‘to be at‘the Punch Tocus (2 97.0).

¥

.

11. PURINE MUTANTS!IN DROSOPHILA

A number of purine auxo rophic nutants have been isoiated

in Drosophtla melanogaster and are described in. brief beiow
A. Nucieoside requ1ring mutants€
" The nucieoside 1 gene iocated on the second chromosome near brown at

position 104.5 has 3 aiieies a11 dispiaying an auxotrophic requirement

~ for a ptrine or a pyrimidine nucieoside (Naguib 1976 Naguib and Nash

1976). The auxotrophic mutant aiieies are be]ieved to be ‘deficient 1n _

;phosphoribosyi pyrophosphate (PP- ribose P) which is invo]ved in both the

purine and pyrimidine biosynthetic pathways.

' B.‘ Adenosine requiring mutants S R . }c¢>

Three adenosine requiring auxotrophs have been isolated and studied

~ (Falk, 1973; Faik and Nash, 1974 b; Nagu1b 1976 Naguib amdlhash 1976;

~ Johnson et al., 1976; Johnson, 1978 Henikoff et al., in press)



.
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: Adenosine 1l mapped to position 57.0 on the X chromosome and had one

allele. This siow growing mutant was found to have purine metabolism

‘simiiar to wildtype flies in radioactive tracer studies (Johnson et ai.,

»1976) . Unfortunately this mutant has’ been \ost.

The adenosine 2 mutant (adez-l) displays a dull red eye co\or
resembling rosy, demonstrates 'a strong pteridipe deficiency and has an
absoiute dependence on exogenous purines (Naguib, 1976 Johnstone et

az., 1985). The adel-1 flies can be. supp\emented*With exogenous- RNA,

18

adenine, adenosine.or inosine. Guanosine derivativeS fai\ to supplement .

¢

* these mutants due to the lack of guanylate deaminase activity

in Drosophila - The  ade2-1 mutant appears to be defective in de

. 'nova purine biosynthesis. Johnson (1978), however, found no evidence of

IS

‘Henikoff et al. assayed'for the presence of the ‘first five de

defective biosynthesis of purine nucleotides in this mutant. In
radioactive tracer studies she noted accumuiation of guanine and
guanOSine which seems to indicate these substrates are not being
catabo]ized. Johnson (1978) postulated that a defect might lie in the
catabolic enzyme guanine deaminase that converts guanine to xanthine
which is subsequently oxidized to uric acid. This hypothesis was |
supported'by Johnstone et al. (1985) who discovered a six-fold- 1ower ‘
guanine deaminase activityein adez:; fiies in comparisc o «!iAtype.
Recent enzyme ‘studies by Henikoff et al. (inxpress; ~ww v ndicate
that (FGARAT) s absent in ade2-1 mutant flies (see - gu-e ;. 'Ms
enzyme is involved in the fourth step of de novo purine biutyf*nesls.
ﬁovo purine bigsynthetic pathway enzymes in both wildtype
and ade2-1 homozygous stocks and found FGARAT to be absent

in ade2-1 flies. However .unpublished resuits_(Keizer and_Tiong,



~ personal communication) suggest that the mutant isolated by Naguib

(1976) may not be at the same locus as that studied by Johnstone et ai
(1985), and Henikoff ét al. (in press) "Further work is being carried out
to .elucidate the situation. ’ : |
The adenosine 3 locus has 1 mutant allele, ade3-1 ) that displays
wiidtype eye color, poor survival and very slow growth on unsupplemented
‘medium. Normai growth rate is seen when the mutant ade3-1 fiies are
supplemented with RNA adenine, adenosine or inosine. The 1ocus maps to
position 20.0 on the second-chromosome (26F-27E). Henikoff et al. :
(1981} isolated the Drosophila DNA encoding the GART locus (Sec.1, I, B,
1) and found it hybridized to a single site near 27C, the location of
E adenosine 3. Subsequent enzyme studies confirmed that |
‘the ‘ade3-1 mutation is a base substitution in the GART coding region
.1eading to the substitution of a highly conserved glycine by a serine
tha, in press). The two additional enzymes encoded at the

(Henikoff et
GART locus (GARS, AIRS) are not defective in ade3-1 flies.

C. Guanosine requiring mutants

Two mutants have been isoiated as guanosine auxotrophs. The
| guanosine 1 mutant, gua1-1t8 (Fa]k; 1973; Falk and Nash, 1974b; Johnson
' etiai.;_1979; Nash et al., 1981) maps near to position 32.8 on the X
. chromosomé at cytoiogicaiibands 9E1-9E4 (Johnson et'ai.a 1?79). This:
mutant is a temperature sensitive'au;otroph‘shoWing.reduced viability at
elevated temperatures (29°C)~and>502 ujabiiity at 25°C in the absence of
' guanosine. . Adenosine fails to supplement this mutant which seems to
indicate the defect may iie inuthe conversion of }MP to GMP.

A second guanosine requiring auxotroph maps to the second chromosome
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at position 55.7 (Johnstone and Nash, 1979). Orig1nally‘desigﬁated~
guaz;z it displays an'eye cofor defect and is él1e11c to the bur mutant
(1-55.7) and s therefore designated burgundy-guanosine 2-1 (burgual-1,
(Jdﬁhstone et al, 1985). The ﬁutant shows a low level of pter1d1né
def1¢1ency and an absolyte réquirement ?or'guanos1ne éupplemenfation.
huanine fails to éét as an effective supplement for this auxotroph
presumably due to iow levels of guanosine phosphoribosyltransferase
activity and/or ﬁigh levels of guanine deaminase actiyity'that are found
in. Drosophila melanogaster .- | |

A mutant that‘is supplemented by §uanosine alone is likely to be
‘ defecttye 1q}the‘cqnversion of 1M ;o GMP. Tﬁo enzymes are found in the |
conversion, IMP dehydrogenase and GMP synthetase. Neither burgual-1
nor gual-1%t® has beenﬁproveh defective in the structural loci encoding
either. enzyme. Johnstoneﬁ(1985)lstud1ed IMP dehydrogenase - |
in purd“a2-1 | Ipitial mutant isolates showed reduced levels of IMP
dehydrogenase but over time, apparently as a result of'natur$1
: §e1ection, enzyme éctivity réturned to normal. The aqéotrophic
phenotype.and e}e color defect showed no concomitant changg and so
appears not to be the primarykcause,df the aUxotrophy;
D. Pufine }équiring mutants

The final class of purine auxotr6ph isolated in EmOso;hila
ﬁelanogastéris bne that can utilize efther»an.adendéine or a guanosine
~ source as supplement. (Falk, 1973; Falk and Nash, 1974 b; Johnson et
al., 1976; Johnson, 1978; Johnson et al., 1979). The s{ngle'locus
identified, called purine 1, has tw6 alfeles (puri-1, purl-2) . Purine

1 maps near position 32.8 on the X chromosome (Johnstone and Nash,

€
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1979).  The auxotrophic mutants puml-1 and purl2 display a slight‘

morphoVog1ca1 w1ng defect, different from those associated with
yr1m1d1ne aufbtrophy, and retains a wildtype eye color (Nash et al.,
1981). The two{knozg auxotrophic alleles of the pur!ne 1 locus differ
qualitat1ve1y'(Fa1k and Nash, 1974 b). The allele purl-2 responds
equa11y well to zapplementation'with adenosine or guanosine.' Johnson et
. (1976) noted 1ncrcaseu rates of purine catabolism which may deplete
levels of IMP produoed in xhe biosynthet1c pathway. Purine 1 encodes an
essential function (thnson et al, 1979) as indicated by the lethal

phenotype when the pur 1 mutants are p1aced against a deficiency on

supp]emented medium; the pur 1 mutations ire, it appears, hypomorphic
alleles (Johns‘Bﬁ-Oet al., 1979). '

I11. THE gua-pur-ras COMPLEX

A, Raspberry mutants in Drosophila

. Raspberry (rag) mutants in Drogophtla nnlanogaeter disp]ay mutant
eye color que to reduction in»the orange-red drosopterin eye pigments
(Nolte, 1959).- Evans and Howells (1978) noted that two sex-linked
mutants, prune (1-0.8) andlraspberry }}-3?.8)’wh1ch display similar eye
color defects cause“a marked reduction tn GTP cycloWydrolase activity in

the heads-of young aduit flies. However, neither locus appeared to

“contain the structural gene for GTP cyclohydrolase for a variety of

reasons (Fan et al., 1976; Evans and Howells, 1978) Subsequent1y,
Mackay and 0'Donnell (1983) established the Punch 1ocus, (2-97. 0) to be

the structural gene for the enzyme. Evans and Howells (1978) speculated
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that prune and raspberry play § role in the deve\opmental regulation of

GTP cyclohydrol ase.

Numerous lethal alleles have been found to exist at the raspberry“
Tocus suggesting the raspberry locus to Be essentia} for Droeophila ‘
(Johnson et al., 1979; Nash et al., 1981; Nash and Janca, 1983).
Raspberry, guanosine 1 and purine 1 mutants were found to map
cytological)y at bands'951-954 to the left of vermillion and very near
to each other on the i chromosome (Johnson et al., 1979) |

N

B. gual-purl-raa 1nteractions

-

Since purine 1 is expected to encode an essent1a1 function (Secl,

, C.) lethal alleles of this gene would be expected. However, 1ethal

allele$ of purine } often prove to be allelic to. the raspberry and

guanosine 1oci as well (Johnson et al., 1979; Nash et a]., 198I)

1ndicat1ng that the three loci are related in some way. These mutants

. form a single recessive lethal comp]ementation group and because they .

were initially discovered by allelism with ras are called raspberry

1etha1s (rag-1) (Janca et al., 1986).

\

In complehentation studies the mutants gual 1?5, purl-l and puri-2 ,

which all display auxotrophic phenotypeé and wildtype eye color, were
studied 1n double heterozygotes with ras? an a]]eie,'when homozygous,
produced viabie flies with the classical raspberry eyecotor phenotype.
Double heterozygotes were competely wild type with respect to
anxotrophic phenotype and eye color}(Johnson et al., 1979, Nash et al.,
1981). It will be recmeg that pur1-1 1S a purine requiring mitant
whose,deve1opmenta1 rate is supplemented by guanosine'as opposed

to purz-ztﬂnch is supplemented by efther adenosine or guanosine. This

S



fference was refected in comp\emeptanon tests with gual -1% " On

iy

unsupplemented medium, puri-1/gual- -1%8 develops more slowly
than purz-'-z/gual-ltf (Falk. 1973), The special reqbirement of guanosine
in purl-1 appears to Yie in the same function 'that alitered the
gual- -te mutant. This small lack of complementation implies |
that pur? and gual may be functionaﬂy rel a\ted as part of a single
comp1ex locus.' The slow growing phenotype of purl-l/gual—l“ may
then be explained as a weak’ poL?r effect (Falk 11973).

"Janca et al., (1986) se]ected a large npmber (24) of EMS induced
recessive lethal mutations 1n the region 9E1 9F13 on the X chromosome,

eight of which failed to complement two or mo_re of the functions of the

.guai-purl-hao complex. These 8 mutations constituted a single lethai

complementation group. Of the eight, six failed to complement |

" purl-1 and gual-1 . Two recessi\)e lethals failed to .‘cdm_pIelment purl-1
and gua1-1t8 yet complemented ras? as evidenced by wild type eye color
and an auxotrophic phenotype‘. Thérefore, raspber:ry-‘ijs' not necessaril y
defecﬂve in an essential funct‘loh. .Rather, the 1etha11\ty' — |

of ras-1 mutants 1'\5 probab_ly.due to' their purl defect. Janca et al.,

-(1986) interpret their res‘,nts as shoh'lng that various nas-l alleles are

quaHtative}y different with regard. to the component of the.complex
which is most strongly affected and therefore not a sing']‘e} series of
hypomorphic alleles. ‘This conclusion is compatib]e with the notion that
there are three quasi -independent functions within the locus. \%

‘ Further characterization of the complex locus using classical _
genetic techniques is di fficult, thus we have chosen to continue studies

of the raspberry locus at the molecular level.
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' IV. CLONING THE RASPBERRY LOCUS OF DROSOPNILA MELANOGASTER

24

X

A. Techniquis for cloning genes of Droqophila mslanogaster

Mepy’"’rwtes are available for the cloning of genes in Drosophiia . |

o

i. Chromsome walking and jumping ’

'ChromosOme wa1k1ng and Jumping is carriéed out by obtaining 3 series '

of overlapping clones from a genomic library. With appropr'late
-

restriction endonuclease analysis, it is possible to ascertain the'order . °

of the clones along the chromosome. In this way,. large regi'ons can ‘be"'

U i

cloned by slowly "walking" anng the chromosome. Xarious parameté'rs‘ may

be employed} to deumine which genes “are prese—nt/ in the cloned region. |

(Example, ?arber ‘et al., 1983). ’ “
Jump'lng involves a simﬂar procedure but 1ncorporatﬂes genomic...

Southern analysis of rearranged chromosomes with breakpoints c1ose to

~ the initial probe and in or near a remote gene of 1nterest. When the '

"walk" reaches the rearrangement breakpoint there will be a rad1ca1

divergence betyeen the restriction pattern of the wﬂdtype and the'

rearranged stdfck = '
walking an¢ jumping procedures are feas1b1e only 1f one has a cloned

piece of_vDNA that 1ies near the gene of 1n,terest_ or near a rearrangement

‘breakpdint that interrupts or falls near the same gene.

i, Utilizing a pqte'nt1 ally homologous probe to. isolate ge“nes; :

- Several methods are employed to 1solate genes in Drosophila with

e

homologous probe »{equences/ These sequences may be sxnt esized based
/ . .
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~also prove to be homologous. .

ffiii;l C]oning by comp]ementat1on 1.

v

s g ;t,.' &

o
El

, upon a known protein am1no acid sequence or a1ternat1ve1y, c]oned genes

from other organ1sms may be ujed‘to 1dent1fy part1a11y homo]ogous ‘*

(

sequences in Droaophtla | Iso]ated message from other organ1sms may

7 &
.

segments‘of IwoaophzthNA nmy be ab\e to comp]ement a mutantr fgs

Ty

\ phenotype 1n another experimenta1 organlsm _”},;' o ff;-é“:é,f

Henikoff et al (1981)*used a transformat1on and comp1ementat1on .

'f(procedure to clone the Drosophtla adenos1ne 3 gene (Sec 1 1, B, i.);

: "Utilizing a yeast strain def1c1ent for GART act1v1ty, he transformed the

. mutant cells w1th c1oned genom1c Dnosophtla,DNA and screened for those

,t'\ )

ysegments that complemented the yeast def1c1ency Th1s procedure is’

'11mited to those genes that can produce a gEne product that comp]éments

gstab11shed mutants 1n other organisms The Gart 1ocus fu1f111s th1s

_'requirement 1n that 1t conta1ns a. promoter 5' to the GART cod1ng reg1on

-that enab1ed the yeast DNA to transcr1be the Drosophtla DNA to produce

v, Microdissect1on

functiona] GART Most y@ast auxotroph1c mutants, which cou1d

L%

_‘conceivab1y be comp1emented by Droeophtla genes, have*been tested and

-are not-comp]emented (pers. comm.). e
A O T N e

LN
i

A nove1 approach that is becom1ng more common is the use of

/0

’7J~Microman1pu1at1on 1s used to dissect s1ngle po]ytene chromosome bands

, 1n an 011 chamber by microscopic mon1tor1ng The mater1a1 1s

subsequent]y cloned 1nto a vector in nano]1tre quant1t1es ‘ Th1s

microﬁ1ssection of po1ytene bands as dev1sed by Scalenghe et ale. (1981$ o
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technique is usefui 1n that the gene, if mapped to a particuiar band
can most iikeiy e 1soiated in 1ts entirety in the sampie of clones.
produced A maJor drawback to the procedure is that it appears to be

complicated requ1ring special equipment and technicai skiii

w

- Ve Transposon tagging . : 5’ = | e ‘

“ o 'i'" .

&

The ‘most common procedure at present to isolate ‘genes that are//
geneticaiiy and cytogeneticaiiy characterized invoives the use of ’

tranSposoh tagging The P transpdsabie element in Droaophtla is used in“

dysgenic crosses to 1nduce transp051tion-mediated insertion events in

“the gene of 1nterest ~The cioned transposabie eiement serves as a probe .

,to 1dent1fy those sequences that carry the transposabie element. 'The

]

unique DrosophtthNA that flanks the transposon can-be identified

"through in 8ttuhybr1d1zat10n Limitations arise when the cytogenetic

3 1ocat10n of the gene has not been determined (Bingham et al., 1981). -

4

" B. Procedure for ‘cning the raspberry locus of Drosophila

melanogaster . S R,
| Of the techniques described above transposon tagging appeared to be
the most’ usefui technique available for the r%épberry 1ocus -Chromosome
‘walking and jumping was not possibie because a cloned piece of ONA near

the region or near a rearrangement that breaks the 9E region is not

| ‘-avaiiabie. Homologou51mater1a1 in the form of a protein an mRNA or..'

DNA from ‘another organism, has not yet been identified since the

E function of the region is unknown. Transformation/compiementation

experiments ‘are not pos51b1e for the same reason. Microdissection



represents”a reaTistic,‘perhaps even‘optimal approach‘to c1oning'the
,~raspberry 1ocus inasmuch as the- cyto1oq1ca1 Tocation has heen
estab1ished. "However, this techn1que has on1y recently been perfected
;and may be difficu]t to: master technical]y Given that raspberry lethal

- mutations apre easy to se]ect phenotyp1ca11y and . had prev1ou51y been
'demonstratggbgs products of hybr1d dysgenesis, transposon tagging, us1ng

the P transposab]e e1ement was selected as the means to 1solate the..
gua-pur-naacomplex 1n 2»osophtla nelanogaster .”.‘
- Hybrid dysgenes1s in L»aaophtla nnlanogaster has been descr1bed as
syndrome of correlated genetic traits that is spontaneous]y 1nduced
. in hybrids between certain mutua]\y 1nteract1hg strains usually in one

‘direction on1y" (K1dwe11 and Kidwell, 1976). In the PM system

- gxit has been found that this syndrome is due to the transpos1t1on of the

"P tranSposable element (Rub1n et a1 1982 B1ngham et al., 1982). A
P strain is one that conta1ns seVera] ‘genomic P elements and a "P
‘cytotype“‘which suppresses P transpos1t1on An M strain 1s one- that
‘1acks P elements and possesses ‘the non- suppress1ve "M cytotype" In the
progeny of the cross between aP 6tra1n male w1th an M strain fema1e |
P e]ements%from the aiiernal compf%ment act1vated by the M cytotype,h
;_transpose actively from  one. genom1c 1ocat1on to. another. A brfef
review of the mo1ecu1ar mechan1sm of P transpos1t1en 1s preSented by
Engels, (1983). The P e1ement 1nserts at "random“ 1ocat1ons ‘throughout
: the genome sporadgca1ly produc1ng v1s1b1e or 1etha1 1nsert1on

.mutations For exagp]e Rubin et. al. (1982) and B1ngham et al. (1982)

were ab]e to clone the’ P factor from P insertion mutat1ons at the wh1te

1ocus us1ng DNA clones produced from prev1ous work (B1ngham et a].,
@. . o

1981).

N
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Bingham et al‘(i981¥‘proposed use of P'element ﬁuiagenesis aS‘a' B
general method for the - c]oning of DNA from loci that have been ’
ident1f1ed by'genetfz and cytogenetic-ana1ysis but where no RNA
, products have been found. Through.hybrid dysgenesis, p transposab]e
element 1nsert1ons are produced at the 1ocus under consideration and are .
}e selected on- the basis of altered phenotype. The P element can then be
}used to probe a genom1c 1ibrary from the mutant strain Cloned
sequences-flanking the P element can be 1dent1f1ed by -in 8it;
hybr1d1zat1on of the c]oned DNA to po\ytene chromosomes from an M strain
(p e]ement free). Appropr1ate subc]oning and “wa]kingdlprocedures can

. then be used to develop a series of clones cover1ng the entire wj]dtype '

" gene.
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2. MATERIALS AND METHODS . _
1. STOCKS
_ _ (
—-—A. Droeop}nla melanogaster Stocks

Y

Drosophila melanogaster Stocks used for the 1solation and '
‘maintenance ofothe‘P‘e1emen; induced raspberry lethal mucat1ons-are
described‘in Table 1.- I | ﬁ yﬁgge

v B. Bacteria and Bacter1ophage Stocks
| All bacteria stocks were stored in 15% glycerol at -20°9c‘
Bacteridphage were stored at 4°C over ch1oroform.
" i, HB1O1 containing plasm1d p725.1 .
o Eecherzchza coli stra1n HBlOl has the. genotype F‘hstZO (r‘B,-—-
m B recRT3, ara -14, proA2, lacYy, ga]KZ rpsLZO(Smr) xyl-5, mtl-1,
o supE44 A ) (Boyer and Roul1and- Dussoix, 1909 Bo]ivar and Backman,
| 1979). HBlOl\was transformed with the plasmid pﬂ25.1_that is-a
derivative of pBR322 that carries a comp1ete P element and un1que
Drosoohi]a DNA from “the X chromosome 17C reg1on 1nserted into the
tetracyc]ine resistance gene (0'Hare and Rubin, 1983) An 1ntact
o ampici111n resistance gene enables the plasm1d to be se]ected by growth
.on ampici111n suppiemented L8 plates (to 100 pg/m1) The p1asm1d DNA of
pT25 1 was.used as @& P e1ement probe in subsequent hybr1d1zat1ons. The

restriction map of the p1asm1d is: diagrammed in F1gure 4, HindIII

EcoRI and BamHI restr1ct1ons shown in Figure 20 were used to confirm the

o -

presence of pn25.1.

29
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© TABLE 17 DESCRIPTION OF DROSOPHILA MELANOGASTER STOCKS

Lo

‘ ‘ o MOR P
STOCK DESCRIPTION . 'STRAIN SOURCE. _ T
.inbred derivative of OregonR, - M

Amherst, Am*

yevvf

‘ycvrasgvf

2P

Cov(n)

. H6/FM6

. In(1)123/FM6

Amherst College, Drosophila
Information Service 41968)

- yildtype. i |
y = yellow body (1-0. 0) M
cv: crossveinless wing (1-13. 7)

v = vermillion (1-33.0)
f = forked bristles (1-56.7)

y

~ rasZ=raspberry, nonlethal eye

color phenotype (1-32. 8)
v = vermillion (1-33.0) -
f = forked bristles (1-56.7)

Phenot 1ca11y w11dtype stock P
contains\ approximately 20-30 .

P elemenys dispersed 1:hr'oughou'crm°
the genome ,

vermillion strain with "I" P
activity in IR dysgenic system
Shown to be P strain as a -
preliminary to this study.

EMS induced raspberry lethal ™M
balanced against the first
chromosome balancer FM6. This
stock was used for the FM6
ba1ancer chromosome.

Ba]anced inversion of the X M
chromosome. Breakpoints within
the centromere and region 9E.
Raspberry lethal phenotype.

Origin unknown

ye11ow body (1-0:0) M
.cv=_crossveinless wing {1-13.7)

“Alain Pel\ispn

‘Nash and Janca,

Amherst College

!
R
-

*

Nash, unpublished

Engels, (19795;
Engels and
Preston, (1979}

L

(1983)

A4

4

Nash, unpubfished



FIGURE 4. Restriction map of plasmid p 25.1

Diagrammed is a restriction map of the plasmid pu25.1, the plasmid that :

was used as a P celement probe in this study. Restriction sites of
restriction enzymes employed 1n_this study are shown. ~

e
~ FIGURE 5. Restriction map of bacteriophage EMBL4 4
Diagrammed is a reStriction‘map of the bacteriophage EMBL4 used as the

cloning vectoF Th this study. The internal fragment is flanked by the 3
restriction sites Sall, BamHI and EcoRI. o -
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1, Q358"
~An E.coli stréin that is permissive for 9rowth-of-;MBL4 ;
" (hsdR"K, HSdM*K,'supE, ¢ 80") (Karn et‘al;,“1980); .

i11. Q359
An E.coli strain restricts growth of EMBL4. This strain
is a P2 lysogen wh1ch prevents the growth of intact EMBL4. possess1ng \\\\~;/,
a spz*‘phenotype (sen51t1ve to P2 interference). Rep]acement of the red
and gam genes in EMBL4 resuTt in a spi~ phenotype and ab111ty to grow on
Q359 (hsdR7K, hde*K, supE, ¢ 80", P2) (Karn et al., 1980).

&

iv. BHB2688
‘ An E.coli strain used in the preparation of freeze-thaw lysate
packaging extracts (N205 recA™ ()\ﬁmn434, cits, b2, red~, Eam, Sam)%)\)‘ .

/

(Hohn, 1979).

v. BHB2690

| An E.coli strain used in the prgparation of sonicated
-packaging extracts (N205 recA” (.)jmm434, clts, b2, red, Daﬁ, Sam)/ N)
(Hohn, 1979).

vi. Bacterioph&ge EMBL4 .

EMBL4 is a BamHI subst1tut1on vector derived from A 1059
(Karn et al., 1980* Frischauf et al.,- 1983) EMBL4 is useful as a
cloning vector for making.genomic DNA 1ibrar1es. An internal BamHI.

fragment carrying )\red and gam genes conferring a spi? phenotype,



can be replaced‘by a 19-23 kb fragment of insert DNA, The BamHl sites
that remove the internal fradment are flanked by SaII and EcoRlI }
restriction sites. sall digestion of EMBL4 ensures the internal
fragment will not re1igate to the BamHI cohesive ends of the vector
arms. EcoRl digestion may be used to discern the size and restriction

pattern of inserted material. When the internal BamHl fragment is.

‘replaced with Drosophila DNA the X\ red and gam genes are absent,
.éonferring a spi~ phenotype. Thus, EMBL4 phage that contain a
i*DrosophiTa DNA insert instead of the BamHI insert can be 1solated

selectively on E.coli Q359. The restriction map of EMBL4 is i1lustrated

in Figune 5.BamHI, Sall and EcoRI digestions, shown in Figure 22, were

used to confirm the presence of EMBL4 DNA. \ -~

‘A

IT.. MATING SCHEME '
The brotocols used to obtain and confirm P element induced

raspberry lethal mutations are shown in Figures 6, 7 and 8. In -

VQenerafion 2, f]ies were selected that displayed a'raspberry eyecolor.

- Raspberry mutants are deficient in the orange-red drosopterins (Nolte.

- 1959). Verm1111on nutants. are deficient in the brown ommochrome

pighents (Lewwn, 1983) of the eye. Consequently, double mutants for
raspberry and vefmi]]ion display 1ight orange eyes, which ane readily
detected. Verm1111on ‘maps ‘to position 33.0 on the X chromosome 0.2 map

units prox1ma1 to the raspberry locus.

34



FIGURE 6. Protocol used for obtaining P element indui;ed raspberry
‘ lethal mutations. ' »

In generation 1, 10 M strain females were mated to 10 P strain males.

In generation 2, 25 bottles of 10 hybrid dysgenic females were mated to

10 ycvr‘aa%f males and were set over a 10 day period.

Hybrid dysgenic females in Generation 2 were created by mating yevvf (M)
strain females to P strain males in Generation 1. Dysgenic females

were mated to ycvraezvf males to reveal those progeny carrying a
raspberry mutation.

In generation 3, the mutant female was mated singly to 3-5/FM6 males.
. _ -

In generation 4, FM6 heterozygous fema\és were mated singly to FM6 males
to confirm if the ras bearing chromosome carried a letha mutation.

" The suspected P induced raspberry mutations were maintained by mat% ng ’({?\\
flies to a first chromosome balancer stock (FM6). Y
A1l stocks were outcrossed at least 4 times to M strain (FM6) males t S

remove P elements frdm the autosomes. : A v



fIFURE 6. 'MATING %ﬂgEMg FOR.ISOLATIONOF NJ-SvSTRAIN * i
GENERATION 1 ' *h__écvvf/ycvvf female x v(I)/Y m;Ie
L) select hyrid dysgenic fem;1es-
GENERATION Zq‘ ycuraa*vf/y+cv+naé*vff fémale X yevraglvuf/y male
select flies that:rgveal a raspberry
eyecélor phenotypé ' -

2 .

GENERATION 3. y*outras*uft/ycvrabZuf female x FM6/Y male

seléct FM6 heterozygous females

GENERATION 4

y*evtrastvf*/me female x FM6/Y.male or yevraaluf/mMeE x FME/Y

*

maintain stock that carries a

%

recessive lethal mutation

confirm P element insertion by | outcross to FM6/Y (M) mailes

in situ hybridization to remove P elements from

the autosomes

* = lethal mutation
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FIGURE 7. Confirmation of a sex-linked recessive lethal

This mating scheme {llustrates how a sex-linked recessive Tethal ‘
phenotype was confirmed for each wutant. .

Cow,
L)

FIGURE 8. Confirmation of a raspberry eye color mutant

This mating scheie i1lustrates how a raspberry eye color mutant was
confirmed for each mutant. ‘

Note that the above two mating schemes only indicate that a recessive
lethal is present on the X chromosome and that a mutation is present at
the raspberry locus on the X chromosome. It does not determine whether
or not the lethal is present at the raspberry locus. il :

I
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© FIGURE 7. CONFIRMATION OF A SEX-LINKED RECESSIVE LETHAL

GENERATION 1

GENERATION 2

»

FIGURE 8. CONFIRMATION OF MJTATION AT RASPBERRY .LOCUS

GENERATION 1

GENERATION 2

and

.

.
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1

y"‘av*mé-lﬁf" /M6, female x FM6/Y male

score progeny = .

y*evtras-lvft /M6, FMG6/FM6 females ; ytevtras-1vf*/y, FM6/Y- males

wi11 be nviable {f the X chromosome

] ‘ carriésv a recessive lethal

-

¢

y*cv*;aa-lvf"/ms feTﬂe X ycvra.szvf/y male

score progeny | - -

»

y*cv*ms-lvfl'*/ycvmzvf, yevras?vf/mMe6 females;

1'(rasﬁbérry eye color)

/ |
y*cv*lia-lvf*/r,, FM6/Y males .
(lethal) ' |
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C. Tryptone (T) Med1um o 0, AP ;5’:

T using NaOH.

| | | 39
Chn.oweia e
A11 med1a and so]ut1ons were prepared using o em1¢a1s from S1gma or
;Fisher Sc1ent1f1c unless otherwise stated. 4'4 |
AL Yeast Sucrose Medium: TR _ - o
All Droaaphtla,storks were grown on yeast-sucrose medium composed
'of 12 5 g brewer ] yeast (Difco) 10 0 g sucrOSe, 2.0 g granu\ated agar ’
(Bacto) 25.0 mg streptomyc1n 25 000 I. U pen1c1111n \ 0 m propionic ©
acid to a f1na1 volume of 100 0 m1 of water
_B;" Luria-Bertan1 (LB) Broth A :; R ”
A]] E. colt stra1ns were grown. 1n LB broth wh1ch cons1sts of 10. u g lh;
f tryptone (Difco) 5«0 g yeast extract (D1fco) and 10.0 g NaC] per litre }ﬁ , jg’
water. The pH was adJusted to 7. 5 us1ng NaOH For growth of p1asm1d 'ﬁi
¢ 4,‘ i

| containing strains, 100 ug/m] amp1c1111n was added to the med1umxafter

_o

LB plates were prepared by add1n9 ﬁS 0 9?11tre of Agar

| LB medium glus 1omw MgSO4or L8 medlum plus 10 MgSUa and 0. 2%
'ma1tose_were used 1n‘the'preparation of,bacter1ophage.,’

.‘ K’

. o L
' Tryptone med1um was used 1n the preparat1on of some overn1ght

bacteria cu1tures and bacter1ophage p?ates. This med1um conta1ned 10 0

g tryptone and 5 0 g NaC] per 11tre water The pH was adJusted to: 7. 5

TR

_ TM plates were prepared éy addnqg 15 0 g/11tre of agar, 10mM MgSOq.



)
© TM Top Agar'orfTMpTop Agaroseuwere prepared using 7.0:9/11tre‘ of

‘agar or agarose.

IV, HANDLING OF DNA | B

A, ‘Pheno1 ch]oroform'extraction~r
. In order to remove contaminat1ng proteins or carbohydrates a DNA'
so1ut1on was extracted in a series. of steps using pheno] and
‘ f:chloroform. Phenp1 was prepared by equi]ibrat1ng with an equa] volume
i’_ : of 1. OM Tr1s(pH8t0) The phenol was. then reequi11brated with an equal

~ volume of 10mM Tris(pHB 0). One-tenth% 8-hydroxyqu1no11ne was added_t

the phenol to prov1de a color 1nd1cator for the organ ¢ phase and to act

as an ant1 ox1dant a partial 1nh1b1tor of RNase’ and a weak che]ator of
7 ;'etal 1ons,(K]rby, 1956). Chloroform washprepared_w1th isoamyl alcohot
: 1n a 24:% ‘ratio. | | | |

’!ﬁ' ﬁo :
The steps 1nvolved in.a phenol- ch]oroform extract1on were as

*iggj*”l‘f”fol1ows,( The DNA so}utlon was extracted w1th an equal volume of the A‘
"prepared phenol by gent]e inversion, ensur1ng thorough m1x1ng. Organicr
'-and aqueous phases were seoarated by centr1fugation and the aqueous

: 1ayer was then extracted with an equal vo1ume of a 1 1 prepared phenol-

ch]oroform m1xture The resu]tant aqueous phase was extracted with an

equa] vo1ume Qf the prepared chloroform. . DNA was precip1tated frdm“the -

R f1na] aqueous phase by . ethanol prec1p1tat1on , -.»;ihf‘; - »‘ ;~ﬁi |
AR g R T ‘ T wvéyl s
. B. Ethano1 prec1p1tat1on | e e

- /Salt concentrat1ons of DNA samp1es were adJusted to a fina]

S B S



concentrat1on of 0 25M sodium acetate 0 lM NaC1 or Z UM ammon1um

acetate. Two vo1umes of 95% ethanol (- 20°C) were added to the DNA sa]t

‘ solution which was mixed by - gent]e inversion and ch111ed ( 20°C

oVernigh; or -70°C for 30 minutes) DNA was pe]]eted by centr1fugat1on

(SS-34, 12K, 10', 0 c) washed with 70% ethanol dessicated and
“resuspended in TE bu?fer (10mM Tr1s(pH8..0),1nM; 1-:01;!»\),:~ |

C. Dia]ysis of DNA j{v',”u. C S ,"“"';';' ":; ' .
Dia]yeis tubing (Spectapor Membrane Tub1ng Mw 6 000-8 000) was .

prepared by boi]ing 10 minutes in 2. 0% sod1um b1carbonate mM EDTA and

then r1nsed with d1st111ed water before use (Man1at1s et a1 1982)

The tubing was sea]ed with c11ps and 1eft to dié]yze 1n the appropr1ate

- buffer (three - 1 11tre changes) for a min1mum of 3 hours.'

PR

\

o & : . : S _
D.. Restr1ction endonuclease: d1gests qf DNA o o R

Tab]e ;.shows the buffer cond1t1ons used for’ each of the
restr1ction enzymes used 1n th1s studya The,spec1a1 cond1tlons for use
of. Sau3A are descr1bed he1ow (Sec 2, VII B. ) D1gest1ons 1nvo1v1ng two

restrict1on enzymes-ﬂgre performed sequent1a11y Buffer cond1t1ons were’

Y quztéred on: addition of the ‘second. restr1ct1on enzyme. In genera] 0 5 -

'i‘”o Mg of DNA yere di gested with 3 - 10 units of enzyme in a 20 Al

f‘reaction mixture and incubated 1 hour at 37°C The reaction was stopped

| by heat1ng %o 68°C for 10 m1nutes; All resfrwct1on enzymes were from

Bethseda Research Laborator1es (BR6§3§

E. Ligation reaction



BamHI , Sa]f;”XhoI

BGIII

HindIIl

 EcoRl

ENZYME

TABLE 2. RESTRICTION ENDONUCLEASE BUFFER CONSTITUERS

BUFFE

100mM NaCl

50mM Tris(pH7.5)

10mM MgC1,
1m4 DTT

10mM Tris(pH7.5)

10mM MgCl -
1mM DTT

75m4 NaCl N

50mM Tris(pH7.5)
10mM MgCl,
1mM DTT '

100mM NaCl
150mM Tris(pH7.5)

10mM MgClp
1mM DTT ©

N

o~

9

i
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_Up to 1 ng of DNA was ligated . in 80mM Tris(pH8 0), 2um Mgc12, Co

o 15mM DTT and 1mM ATP with 1 unit of T4 DNA ‘Ligase (BRL) in a final

, volume of 50 }d The reaction mixture was incubated at 15°C‘for at

Jeast 18 hours.
F. Nick translation of DNA

DNA was nick translated by the method of Maniatis e¥ al. (1975) and
Rigby et al. (1977)., 1In all nick translations, lﬁAg of DNA was treated

in 50 ;ﬂ veaetion nﬁxtures. ‘When ﬂhe probe ‘was to be used for in situ

: hybridizations tompolytene chromosomes approximately 156 picomole R

aliquots of gritiated thymidine triphosphate (Amersham - specific .

' activity appréximately 100C1/mmol) were prepared by lyophilizing the

ethanol soluqﬁon the nucleotides were packaged in. When filter \_«

hybridizations were to be carried*out 10,*1 of fresh 32P dCTP was - used

(Amersham ~ 10mCi/ml, O. 000314 mol/0 ). A

Two methods were used for nick translation. The first utilized a
nick translation kit as prov1ded by BRL. lpxg of DNA was. nick

translated as described in material prov1ded with the klt.

“The second nethod involved the following procedure (Maniatis et

al.,1982), In a final 50 \J reactiOn mixture, 1,ug of DNA was mixed in ,

50mM Tris(pH7 2), 10mM MqSO4, 0. 1M DTT, SOAAg/ml BSA (Pentax Fraction V)
and ZO,LM of the appropriate cold nucleotides on ice. 5 units of

polymerase I (PolI) (BRL) and 4 x 10 -5 g of deoxyribonuclease I (DNaseI)

were added to. complete the reaction. DNaseI was prepared in 0 15M NaCl

‘and SO%glycerols Optimal DNaseI concentrations were determined from

preliminary tests.

Nick translation reaction mixtures were incubated for 1 .hour at



.16°C. The reaction was stopped by adding 50 wl of 1UmM Tris, SmM EDTA,
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10.1% SDS and 100 ug/ml denatured, sonicated salmon sperm DNA. Salmon “

sperm DNA was prépared'by shearing the DNA through an, 18 gauge
hypodermic need1e'several times and.sonicatfng until the mixture
appeared‘less'viscous. The DNA was boj]éd\for 10 minutes and then
storéd at -20°C. 'DﬁA was denaturéd by boiling for 5 minutes prior to
use. o | | | |

Unincorporated nuc]eotides were'removed by two subsequent ethanol,

precipitations using E.coli tRNAfto a final concentration of 0.4mg/ml as:

a co-precipitate, by a NACS prepac column (BRL-1525) or by a
mini-Sephadex G-50 column (Maniatis et al., 1982). 'A(Sephédex G-50(med)
co1umh‘was formed in a l"mlldisposable syringe via centrifugation 1n.é
¢1in1tal'benchtopvcentrifu;e. The column was equ111brated th1¢e with
0.1 ml of TE(pHS.O). Ten NJ of bromophenol blue in water was added to

the nick translated materiat which was subsequently loaded onto the “

'Sephadex co]qmn.:'The material was céntrtfugéd for 2 minutes. The nick

. translated DNA was collected in a 100 A1 aliquot-in an Eppendorf
(l;SmT) at the bottom of a clinical centrifuge‘tube. *Unincorporated |
;nuc1§ptide§_fémaihed in the Sephadex ;oluwn at the same level as the
bromophenoltblue;‘ N

| "Iﬁcorporation was estimated.by scintillation coUnqing.
G. Agarose gel e1ectr6phore§is and lambda markers

:Appropriate amounts of agarose wére'dissolved in a solution of

~ 100mM Tris borate (pH8.3), 2uM EDTA (1 x TBE). Ethidium bromide (EtBr)

was added to a fina1 concentration'of ZjAg/ml} EtBr intercalates into

~nucleic acids and,fluorésces,with ultraviolet irradiation. DNA
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: samples were loaded into gel wells with the gel loading buffer BSU (u 5
g sucrose, 0.42 g urea and 5 mg bromopheno] blue/ml). BSU stops the
reaction’ and aids in loading of DNA samples due to its high density.

‘The bromOpnenol blue helps monitor e1ectrophoresis in that it moves at
about the same ve]ocity as a 400 bp DNA fragment. Lambda DNA (BRL) was
used to quantitate the amount of DNA present in a samp1e and to act as _
mo]ecu1ar weight standards. HindIII digested lambda DNA prodated
fragments of size 23. 13 9.42, 6. 68 4, 36 2. 32 2.03, 0.564 and 0. 125

kb. Hindl11/EcoRl d?gested 1ambda DNA produ” f fragments oﬂ'size 2l. 7
5.25, 5.05, 4.21, 3. 41 2.03, 1.90, 1 67, 1, 32 0.93, 0.84, O. 56 and
0,13 kb.~ Bacteriophage'kDNA'and restriction endonuc]ease"digests were

heated at 68°C to denature the 12 bp cohesive ends.’

V. PREPARATION OF BACTERIOPHAGE
SV
;_A Plating of bacteriophage EMBL4
: Bacteria] cu1turesiyere grown overn1ght with shak1ng at 37°C in LB
medium, 10mM MgSO4 and 0.2% ma]tose.‘ Magnesaum cations aid growth and
’adsorption of baeteriophage by stabilizing the head whereas'maltbsei
enhances attachment of the phage to bacterial cell membranes.A‘
- A1l bacteriophage werg storea-andldiluted in TM buffer (10mM = .
‘Tris(pH7.5), 10mM MgSO4)"® |
Host bacteria, 0.1 ml of overnight cells for '100mm petr1 “dishes
(0 3m1 for the large 150mm petri dishes) were mixed with 0.1 ml of the

appropriate d11ution of the.bacteriophage. Cells and phage were left at

froom_temperature for 15‘m1nutes‘to.a11OW'adsorpt1on of.therphage to the

)



cell membrane. Three ml of warm (50-55°C)‘TN Top agar or agarose (7-10
m for 150mm petr{ dishes) were added to the ce\]/ohage mixture,
vortexed and then piated onto TM plates. EJates‘were inverted and :
incubated at 37°C.. o
B. Patching of bacteriophage
| -An 1nnocu1um of 0.1 m of bacterial cells (0.3 m1 for 150mm plates)
was unde by p1at1ng the cells in TM Top agar or agarose onto a TM
p]ate; The oerrow tip of a sterile toothpick was used to stab’: sing]el
plague which waS'then*“patcheo“ by 11ghtly touching an area oo>toe'TaWn
~of cells. ‘
- Sing]e‘plaques were purified by'taking an agar olug of the plaoue

in the t'ip oﬁa pa‘steur pipette and placing in IXO'ml of TM buffer

contaiﬂfhg a dr0p of chloroform. The plug/buffer mixture was .vortexed
| gently and left to stand'for 1-2 hoors to allow the bacteriophage to
diffuse out of the agar. The concentration of bacteriophage in this
mi xture was;apprdximate]y 106-107 pfu (plague forming units)/h]. The
“mixture wos stored at 4°€.

C. Preparation of plate lysate stocks
One-tenth m  of bacterial cells was mixed with 105 pfu of the
bacteriophage and then plated onto ]aﬂplates The plates were. incubated
‘upright for 9 - 12 hours until 1ys1s was nearly confluent. Five ml of
TM buffer was added to the plate and stored with gent1e~shak1n§ at 4°C

overnight. The T ouffer’was then removed into a tube by pouring or
using a’pasteur~pipette. Another 1.0 ml of TM buffer was then added to

tﬁe plate and the procedure repeated. The 1.0 ml lysate was then
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‘comb1ned with the 5.0 m. One.tenth ml ofvchlonoform was added to the
lysate, the mixture vortexed and centrifuged (SS- 34 4K, 10', °C)‘td
remove any contaminat1ng debris. The supernatant was recovered and

Stored over chloroform at 4°C.

D. Preparation of mini-lysates

Host bacteria, 50 ul of fresh overnignt cells grown in LB plus iQmM
Mg§04, were‘mixed with approximately 107 pfu of virus obtained from a
sing]e.plaque in an agar p]Qg or from 10 - 20 ,J of a lysate. The cells
and phage were incubated fo# 15 minutes at room temperature. Five ml of
LB with 10mM MgSO4 were added and the culture 1ncubated at 37°C with |
vigorous snaking (250-300rpm). Lysis was ev1dent,w1th1n 5 - 8 hours by
clearing of the culture. Chloroform was added to 0.3% with a further 15
minute 1ncnbation at 37°C. The lysate was centrifuged (5S-34, &, 10°, |

4°C) to renbVe bacterial debris and unlysed cells.

|

!

VI. PREPARATION OF DNA

. A. Large scale isolation of pn25.1 DNA
A{) Preparation of DNA
DNA was prepared by the method of Holmes and Qu1g]ey (1981).
E.coli strain HBlOl containing the plasmid Ppu2s. 1 was grown overnight at
37°C in LB broth plus 100 ﬂ@/m1 ampicillin (LB;amp). Overnight cellgl
_were used to innoculate 500m? LB-amp prewarmed in a 2 litre flask. The
éllls were incubated at 37 C with moderate shaking until the culture was

in’ 1og phase (0.D.500=0.45). Chloramphenicol was added to 170 ug/m]

o
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' submerged in ice-cold water for 5 minutes. At this stage the cells

Under these circumstances replication of bacterial, but not b\asmid, DNA

is inhibited with consequent relative -enhancement of plasmid DNA

‘cdntent. The culture was incubated for an additional 12 - 16 hours and

harvested by centrifugation (GSA, 4K 10', _4°C). The bacterial pellet

> B
was resuspended in 10 ml of TE buffer and transferred to a 50 m1

iﬁrlenmeyer f]ask to which was added 1.0 m of a solution of 20 mg

;1ysozyme/ml in 10mM Tris(pH8. 0) The mixture was heated over a Bunsen

burner with constant shaking, until the liquid just started to boil.

' The f1ask was submerged in boiling water for 40 seconds and subsequently

I .
should all be lysed:and the DNA released into the solution making it

viscous. The mixture was centrifuged (SS¥34, 19K, 45', 4°C) to remove

debris. o °

ii.. Cesium chloride density gradient.

!

The preparation was readied for cesium chloride (CsC1) density

48

gradient centrifugaﬁion'by adding 1.0 g CsCl to each 1.0 ml of \.

supernatant and 0.8 ml of EtBr solution (10 mg/ml in water) toeach
10.0 m} of the/resulting CsCl solution. The centrifugatfon was carried
out in a Beckman VTi50 rotor (50K,.16 hours, 20°C). The plasmid DNA,
monitored by EtBr fluorescence, was found midway up the tube below
bacteria] ONA and above fhe RNA, which was found at the bottom of the

tube. The plasmid band was is removed with a hypodermic needle.

iii. Removal of ethidium bromide
b} \
EtBr was removed by extracting with an equal volume of isopropanol

" which has been saturated_with NaCl (100.0 g NaC1,250 ml water, 500 mi
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- 2- propano\ 10,0 m1- 1.0M Tris (pH7.5). The extract{on was repeated .
until al\ the pink color of the EtBr disappears from the aqueous phase.
Themixture was dialyzed against several changes of TE buffer éo remove
CsCl. The quant1ty of DNA isolated was estimated by e\ectrophores1ng

DNA against a series of uncut lambda standards.

B. Extraction of Drogophila genomic DNA

i. Embryo cplleqtipn and dechorionation

Two to three thousand flies were placed in a popu]ation cage with
150mm petri dishes filled with yeast-sucrose mediuh coated with yeast
paste. Plate; were left a maximum of 18 hours to ensure females
oviposit on the medium and yeast plate. The embryos were washed from
the petri dishes onto a fine mesh size screen with the aid of gentle
brushing. Embryos were finsed with cold runhing water for approximately
10 minutes to remove any contaminating yeast or medium.thhe'émbryos
~ were then placed in a Buchner funnel with filter paper, incubated at
room temperature with a 1:1 mixture of ¢ommercial bleach (6.0% sodium
hypochlorite):water fqr 2 minutes then rinsed with 1 - 2 litres of
water. N
ii. Extraction of Drosophila embryo DNA

The method pf Henikoff (1981) was employed. NoOt more than 2.5 g of

,decporionated embryos wepe homogenized in 10.0 ml of 2.0% SDS, 7M Urea,
0.35M NaC1, 10mM Tris(pHe 0) and 1mM EDTA. The embryos were homogenized
in a Dounce homogeniser using 15 strokes with a loose- f1tt1ng pestle

Lo »
. @ L
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followed by 15 strokes with a tight- fitting pestTe. Ing:hqgogenai’fwas

placed in. 2 shaking bottle with 2.0 ml of 10.0% SOS. The mixture was

extracted three times with gentle shaking for 15 - 3ﬁfﬁ§hute b a 101

“phenol-th]oroform mixture (Sec.2, 1V, A): The organic and {n®¥§anic
phases were aéparated by centrifugation (ss-34, 5k, 10', 4°C). DNA was
precipitated,from the final aqueous phase by etﬁano1 precipitation. The
final mass of DNA was pe]ieted by centrifugation (S$-34, 5K, 5', 4°C),
dessicated and redissolved in TE buffer. RNA and protein contaminants
-were removed on a CsC1 density gradient (Sec.2, VI, A, 11) EtBr was
removed from the solution with 1sOpropuua1 and the remaining DNA was

d1a1yzed against TE buffer ‘overnight (4’C) Quantity and size of DNA

"was estimated by electrophoresing the DNA on a 0.4% agarose.
various amounts of lambda standard DNA.
< | T

-G La;ge scale preparation of EMBL4 DNA
i. Isolation of large scale liquid lysate .

EMBL4 bacteriophage was added to 10.0 ml of fresh overnight ce]ls»
gfown in LB broth with 10mM Mng4 at a multiplicity of infection of
0.1. Ten ml of a fresh overnight should centainaapproximately 1.25 x
1010 cells. The cells and bacteriophage were incubated for 10 minutes
at room temperature then transferred to 500 ml of prewarmed LB broth at
10mM MgS04 in a 2 11t:§ flask and incubated at 37°C with vigorous
shaking, Lysis was usua]]y evident 5-9 hours after 1nfect10n.
Chloroform (to 0.3%) was added to complete lysis of rema1n1ng bacterial
ce1ls, The lysate' was, then titered. A concentration of 1010 pfu/m] was

considered sufficieht;foy continued extraction of the EMBL4 DNA. When

A
Y I
Lo
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large scale liquid lysates were difficuit toi@@tain due to podr‘ggpwth |
of the bacteriophage, numerous minielysetedpreparations were,gbmbined‘to
provide enough virus particles. .

| P 5
‘ii. Preparation of lambda phage. ~
_ The method‘of Yamamoto et al. (1970) was used. Ribonuclease A
(RNaseA) and DNasel were added to the iiquid lysate at room temperature
to a final concentration of 1 ug/ml After digesting RNA and‘dhA for
‘30 minutes at room. temperature, NaCl was added to 0. 7M by gentle
irling. The lysate 'was left on ice for one hour. This step allows:
\<:Z;r+ stabilization of ‘the bacteriOphage.”The mixture was centrifuged
(GSA, 11K 10', 4°C) to remove bacterial debris.’ The supernatant was

transferred to a 1 1itreseriyenmex£r fiask So]idwpolyethylene g]ycoi

resu5pend any precipitated phage and‘*:“

-(“ » R L_‘e

B Y.
Centrdfugation (GSA, 11K, 10°, 4°C) prem te the}acteri%é}iﬁje and % Bei¥

PEG. The superndtant was discarded and an exl

with a pasteur pipette. The pe]let from a Stf"

“in 8. 0 ml of TM buffer with gentle swirling «*-revent breSkage of the ’,‘»né i
bacteriophage. PEG was removed by succesﬁn&g ; secepd extractions mith:

chloroform (Sec.2,-1V, A). 0.75 g CsCl Qf~‘}hdh added for.gach 1 bimi
fﬁM@rsion.; After ;“' ?

A
4

i~.w'

of phage suspension and dissoived gently,

centrifugation (SW50.1, 35K, 24 hours),s e thin white band of

phage qu seen after centrifugation. {; as removed by dialyzing_‘

against 10mM NaCl, 50mM Tris(pH8.0) an é
|
AL

i3 ©

7 .



A . R 5235,
111, Extraction of EMBL4 DNA '

. The bacteriophage suspension was tgansferredﬂto a eentr1fgge tube
and brpught to 20mM EDTA, 50 my/ml Proteinase K and .0,5% SOS. The tube f;
was 1hverteddsevera1 t1mes'te ensure thorough mixing and then ihcubated
at 65°C for 1 hour. After deproteihization with phenol/chloroform and
overnight dialysis at 4°C against TE, the ONA was ethanol precipitated.

.
v [

D. Mini- preparqtion of bacter1ophage DNA | e
,\hini -preparations were prepared by the method of E F. Fritsch
(Manfatis et al.; 19&2). M1ni—1ysates of EMBL4 or EMBL4 derivatives

were prepared (Sec.z, V, D.). The lysate was brought to l.ug/hl with

RNaseA and DNasel anduincubated for 30 minutes at 37°C An eqpa] volu ?{;;_
of a solution of 203 (w/v) PEG, 2M NaCl IOnM, Tr15(pH7 5) and 10mM Mg&"‘
was added_tp the 1ysate.i{After gentte mixing by 1nve§:10n the so1ut10n
was stored in an ice bath.for 1 hour. The precipitated bacteriophage
are recovered by centrifugation (SS-34, 10K, 20', 4°C). The pellet of
phage particles was resuspended in 0}5 ml of TM buffer. The suspension
was centrifuged 2 minutes in a microfuge to remove debris;ﬁ The
supernatant was transferred to a new microcentrifuge tube and 1ncubated
at 68°C for 15 minutes with 0.1% SOS and 5mM EDTA (ph8.0). A subsequent
phenol/chTorofprm extraction removed the proteins. DNA was precipitated
by adding to the f1né$ aqueous phase an equal volume of isopropano! and
storing at. -70°C for 20 minutes. The DNA was precipitated by ]
centrifugation in a microcentrifuge for 15 minutes at 4°C.. The pellet

© wWas washed with 70% ethanol, dessicated and resuspended in 50 d TE

b

buffer.
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CVII. MAKING A GENOMIC LIBRARY

A Preparation of . arms o
| The bacteriophage vectBr EMBL4 is usefui in making a genomic ‘
1ibrary (Sec. 2 1, B, vi.). EMBL4 was initgaiiy digested With:%amHI -

'A7restriction enzyme which digests the vector into"a left arm, a right

L I

arm and an- internai fragment that can: be repiaced w1th genomic DNA A;ffv

sample of the DNA run on a minigei ‘confirmed complete digestion

,‘Digestion With SaiI ensureg the internai fragment was compieteiy removed

--and destroyed by four internal restriction sites. An additional sampie

oijhﬁzwas run on a minige]‘to,confirm comp]ete digestion.'/"

-

; Bt Large scale preparation of partialiy digested Sau3A DrosophtuzDNA '

o

- Genomic DNA digested w1th the 4 Qp restriotion enzyme Sau3A

&

produces staggered coheSive ends homoiogous to the BamHI coheSive ends

‘°found on the prepared EMBL4 vector arms (Sec 2,\VII A)e A commerCial

-

preparation of Sau3Q,restriction enzyme was diiuted in Sau3A storage

b“ffer (1°mM Tris(pH7.4), 50md KG1, O.lm EDTA, Tmit DTT, 500;4g/m] BsA

"and 50%v/v giyceroi) Prior diiution aiiowed repeatabie production of

,ﬁ,genomic DroeophzuzDNA werﬁ digested at 37°C with Sau3A at 5 - }0 minute

‘intervais from 0 - 80 minutes. The reaction mixture conSisted of 1mg

to stop the reaction and eiectrdph esed on a. 0 4% agarose gel. The.

'optimal qgnditions for a fuii scdle digestion were . determined from these

S R oL T N L
R N

:”1;1< -

gvery Tow enzyme coneentrations of 0. 01U/p] Initiaiiy, 1 pg aiiquots of )

',"of genomic €§§:ophthDNA 0. 02 units of Sau3A restriction enzymefin"
'-h{z.pi in the appropriate digestion buff/r/iomM Tris(pH7 5) me MgCig,
.SOmM ‘NaC7,, lOO}Ag/mi BSA). Samples Mere heated to 68°C for 10 minutes



Ca

‘resuits. Larger quantities -

/

f; ic DNA Were then digested using

these conditions and 2 samp]e anaiyzed by eiectrophoresis to check the

s

digestion. 8 ; .,:-z

The Sau3A ‘partial diqestion products were then separated by size on

-a gradient (5 to 29% NaC} ‘in TE (pH8. 0)) "DNA in a volume up to 0.3 ml T

was 1oaded on the gradien which was centrifuged in an SW40 rotor (35K

6 hours, 22° p) One ha]f‘mi fractions were coiiected and samples

eiectrophoresed on a 0.4% agarose gei to ascertain which fractions

ontained appropriately sized DNA fragments. Sa]t concentrations of

4

1ambda standards were adJust d accordingly.. The chosen fractions were

' purified by running them ov r an ion exchange re51n (NACS prepac, BRL) N &n

fol1owed by ethano] precipi ation,

C. Ligation reaction , R av_ g' : B K -

A .

Test 1igations were/ et between EMBL4 arms and ;au3A partial
in ratios of 4:1, 3:1, 2:1, 1:1 and O. 5:1 forT?

Y

d'i gests of Dr'osophtla DNA

! arms.inserts (Sec.Z IV, E.). Each 1igation reaction was packaged in

vitro to fonn~viab1eyp,aqUe forming units,

1

D. Preparation of packaging extracts' _ S
Packaging extracts were prepared by the method of Hohn and Murray ' f

(1977) “Two bacterial strains BHB2688 and BHB2690" (Sec.2, 1, 8, v. and

Ve ) each carry é differeht prophage that possess amber mutations in the '

bactgriophage genes encoding protein 3 and protein D respectiveiy

Protein £ encodes a maaor component of the bacteriophage head whereas _/ F Ce

protein D 1s invoived 1n the stabi]i:ation and maturation of the head

after assisting the insertion of the 1ambda DNA._ Both prophages carry a :?\;‘

S T ,:'.' : . B .
L] N : '
.
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St

temperature senSitive 1ambda repressor molecuie (cIts) which maintains
the Tambda DNA- in a 1ysogqhic state at 32°C yet aiiows induction at 45°C
due to the inactivation of the ¢l repressor. - An amber nutation in the
1ambda S gene. prevents cei\; from 1ysihg upon induction of the 4
endogenous 1ambda prOphage.; Ab region deletion reduces the chance of

’

packaging the endogenous Tambda DNA. * A red3 mutation in the prpphage

‘ combined with a recA‘ host reduces recombination between the 1nduced

) E

’

prophage and the exogenous DNA to be packaged

B

i, Preparation of preheads from )xlysogen BH82690 Sonicated extract

The strain BHBZGQO was streaked on LB piates which were 1ncubated o o

55

at 32 C and 42 C Lack-of~growth at 42°c confirmed'the.presence of the

, 1ysogen.” A 500 m] aiiquot of NZ medium (10 0 g NZ amine(Type A

hydro]ysate of casein, Humko Sheffie]d Chem Div. ) 5.0 g NaCi 2. 0 g
MgCizliitre HZO) was innocu\a‘—d with BHBZGQO bacteria to an 0.0.500

;r.';-.'.‘

*of Gw@B 0 1 and incubated at 32°C w1th mpderate shaking until 0 D. 600°f‘
0 3 was reached. The: prophage were induced by siow]y shaking the fiask ‘

in a 45°C waterbath for 15 minutes foi]owed%by subsequent “incubation at

37°C for 3 hour% with vigorous shaking Ch]oroform was added to a
sampie to check/for induction.v If induction was successfui h
solution ciear d. The ceiis were harvested by centrifugation (GSA SK
10' 4°C) Thb pe11et was resuSpended in 2 5m1 of co]d sonication ‘

buffer (zom jris(pHB .0), 0.1mM EDTA, 3 MgC12 and 5iM - 8-

-mercaptoetha ol. The suspension was sonicated on ice w1th 5 - 19

,' : second pu]se and 30 second breaks to ensure thai the temperature

remained beiow 4°C._ Sonication was comp]ete when the mixture was no N
longer viscohs. Debris waSgremoved by centrifugation (SS- 34 10K 10'

,/’

‘r/ e
R CIRERE
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. liquid nitrogen. The tubes were then stOppered and stored at -70°C.

P 36

4°C). An equal vo]umevof sonicatton buffer-was added to the supernatant

~ followed by one sixth vo]ume of packaging buffer (omM Tris(pH8 0) 50mM-

.spermidine 50mM putrescine 20mM MgCig, 30mM ATP ‘and 30mM -
—mercaptoethanoi)_ After complete mixing, the preparation was

-distributed to microcentrifugé tubes in 15-30 bﬂ aliquots and frozen in

»

. ii. Preparation of. packaging protein frmm )\1ysogen BH82688‘ Freeze -

Thaw Lysate " R e

W

BH32688 ceiis were grown in Ihe same Way as the BHBZGQU ceils

. Three 500 m1 aliquots of NZ medium were innoculated with BHB&688

SEEY

bacteria in the same manner as described for BHB2690, After harvesting

the ceiis bx centrifugation (GSA 10K 10'. 4°C) the ceiis were

‘ resuspended in 2.0 ml.of 10% sucrose so]ution in 50mM Tris(pH7. 5) at :

Y

4°Ca ‘The suspension ‘was transferred to a niew tube and,IOOAxl of fresh
'1ysozyme (2mg/m1 0. 25M Tris(pH7 5) was added After ggntie mixihg, the

‘suspension was frozen in 1iquid nitrogen and thawed slowly on ice. 100

l of packaging buffer was added and mixed thorough]y by 1nversion._.

Following centrifugation (swso 1, 35K, 60'; 4 4°c) o ;m a'iiquots of

B,

supernatant were frozenw13gpicrocentrifuge ‘tubes using liquid nitrogen

F AT

capped and stored ahy®

4
Al

E. Ih vitro packaging of bacteriophage DNA utiiizing prepared packaging
extracts . yﬁ @ ) _?v S R

o ,
) e

- Tubes containing prehead (sonicated extract) and packaging PFOtein 5_?Kf:'

(freeze thaw lysate) were removed from the =70° C freezer and thawed on

ice. The ‘DNA - to be packaged was added to 10 kﬂ of the freeZe thaw

[ 2& N
20l T, S




tip, 15 W of the’sonicated ‘extract was added.-‘The extracts were again

mixed gent1y and then 1ncubated for 1 hour at room temperature.

One- half m of TM buffer was then added to the mixture. The extract was

o t1tered on Q358 and 0359 The expected ratestof packagjng.were 104 -

" 106 ‘pfu/ug DNA (Hohn and Murray, 1977).

® “"
. “

%v; Jé% P1ating of the packaged 11brary

f§' ', plated on the P2 lysogen at a dens1ty of approximately 104 p]aques on ,

e (9 - 12 hours) These unamp11f1ed 11brar1es were usua]]y probed w1th

'.%f - _nick trans]ated 32P pn25 1 after transfer to nitroce11u1ose paper

1ysa€%s (Sec 2, V,,C ) and stored at 4°C over ch1oroform
‘G.. Postulateﬁ 11brary size
: A
. .o In preparing a library of genom1c DNA one must ca1cu1ate how many

»p1aques are needed to carry all fragments of the genom1c DNA under

) study A formu\a described by Maniatis et al. (1982) is used to

calcu]ate the ‘number of p1aques needed to ensure with '99% probab111ty~
. that-all segments of the genomic DNA are 1nserted into the vector. The
formu1a is based on an average size of 1nsert and on the size of the

o]

”'genomic DNA.

. "ur“ 'f Having achieved a satisfactory packaging, the packaged mater1a1*was

Tysate in volumes of § - 10 ul. After mixing gently with the micropfpet

"‘150mm pTates at which point they do not quite reach confluence overn1ght -

A]ternative1y, amp11f1ed 11brar1es were prepared byﬁﬁ$k1ng plate .\«'



formula is based on an averege eize,of:insert‘end gn-thethie of the

" genomic DNA. | 3

= 1n (1 - 0.99)
1n_(1 - (x/y))

" where:

S

N = the necessary number of recombimant plaques fieeded in the'.
Tibrary I |
0.99 = the 99% probability of haVing-a given DNA sequence

Jﬂ'-;?

represented in a 1ibrary of 20kb fragments of a genome

x
f

the size 1n base pairs of the .average 1nserted DNA fragment

~<
1l

the s1ze'?h base pairs of the entire genomic DNA of the

organism

o Assum1ng the average size of insert 1n EMBL4 is 20kb and the genome size

of DrasophtZa melanogaateris 1.65 x 108bp, the number of plaques needed

- in the 11brary is ca]cu]ated to be 37,995.05- with 99% probabi]ity

n (1 - (2.0 x 104/1.65 x 108)3ks
N = 37,995.05 |

£

-




WA (1 FILTER TRANSFERS

o » | ‘ , o 59

-

A.. Plague lifts- of EMBL4 11braries :

]

150mm plates with approximately 104 plaques were prepared direct1y
from patkaging extracts or from an amplified library. IThe plates were -
chi]led at 4°C to harden the top agarose. Filters (lSOmm‘diameter
Biodyne n1troce11ulose) were placed carefu]ly on the agarose surface and

plates were marked asymmetrically with a syringe and India ink. After

*

-_’»one minute on the agarose surface the filter was lifted carefully and

placed plaque side up on Whatman #3 f11ter paper saturated with H
dénaturing so]ution {1.5M NaC1, 0.5M NaOH) for 5 minutes. It was then
transferred to a neutralizing solution (3M sodium acetate(pHS 5)) for an -
additiona] 5 minutes, air drled for 30 minutes, at room témperatnre, and

baked at 80°C for 1 hour (Benton and Davis, 197Zf;
B. Southern transfers 12 - - o /
| . , .

" electrophoretic separation of DNA on agarose gels was fdl]owed by

" denaturion with 1.5M NaCl and 0.5M NaOH for 1 hour, at roomriemperature,

w1th gentle shak1ng After neutrallzing w1th 1M Tris(pH8 0}, 1.5M NaCl.
for 1 hour, at room temperature, the ge1 Was p1aced on Whatman#l filter. - Vo
paber arranged on a glass 5upport 1eaving wicks in a reservoir of 10x '

SSC (1 5M. NaC%’&o 15M sodium c¢trate) N1troce11ulose cut"ovdtmens1onsdf

oo : J* J&’_ P ¥ ’t # [ T
Was placed on: the gel étak1ng'tare toqﬁagyent fts making contact md_l
than once and avoidxng %1r bubﬁﬂgﬁ Fwo. pleces of whatman #1 f\]ter :5?‘f o

iy . - . i
AL . - . B : e X
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- for at‘least 2 hours.

60

- paper sqdkedfin 2x SSC were then placed on the nitrocellulose paper

followed by a 3" stack of dry paper towels and weights. The flow of
buffér-from fgservoif to the dry towels trahsfers‘the DNA fromlggl to
nitroce11uld§ig1n 12 - 24 hours. The nitroce11u1ose was then w;shedAin
6x SSC for 5 m1nutes and the paper air dried at room temperature. Aféer
drying, the f11ter is baked at 80°C for 2 hours in a vacum oven.

14

-

’ P .
IX. HYBRIDIZATIONS
. . . ‘

A. Prehybridization

i.--Plaque 1ifts

Plaqde 1ift filters were pre-hybri&iZed to nonhomo]ogOus,
nonrad1oactive DNA to prevent non- spec1f1c bind1ng of probe.. -Plaque
lift filters were_placed in 4 ml of hybr1d1zation buffer (5x Denhardt S
composed of 0.5 g Ficoll Type 400, 0.5.g po]yv1ny1pyrro11done, 0.5 g BSA
- Pentax Fraction V in 50ml Hp0, 5x SSPE composed of 0.9M NaCl, 50mM

-

NaH2P04(pH8 3) and 5mM EDTA, 0.2% SDS) in a heat sealable plastic food

~ storage bag (Ph1111ps). Denatured sonicated salmon sperm DNA was added

to the fi]ters at 250 pg/ml (denatured by boiling 10 minutes at 100°C

i an34p1§ced on ice immediately). Bags were sealed and {ncubéted at 65°C

L

fif:“SOuthérn transfers

Southern transfer filters.were treated in a Simi]ar fashion.’ Baked



- o 61
f{1ters were submerged in 6x SSC(0.9M NaCl, 0.09M Na citrate) for 2

minutes, placed in a heat sealable bag with prehybridization fluid (6x
ssC, 0.5% SDS, 5x Denhardts, .100 wg/ml of denatured salmon DNA, 4ml of
solution/lOOcmz), sealed and incubated 2 - 4 hours at 65°C.

B. Hybridization | : y

. P]aque 11fts

é A corner was cut from.the sealed bag and as much prehybr1d1zat1on ’
solution as possible removed The 32p- Tabelled probe was denatured
~(100°C, 10') and added to prov1de 106 - 107 cpM/filter which usually .

| required 0.01 - 0.1 ug of DNA. Two 2 ml of add1t1ona1 hybr1d1zat1on
buffer was added, the bag‘resea1ed and then placed 1n a second sealed
bag‘containing water. Hybridization was carried out at 65°C for at&
least 18 hours. |

B LV

if. Southern transfers | o Jan R
Excess solution was removed and 32P-1abelled probe was denatured
-(100°C, 10') and added. For hybr1d1zation to cloned.DNA fragments, 0.01
- 0.1 pg of probe DNA of minimum specific activ1ty of 107CPM/L@ was: |
used. When Droaophzla genomic DNA was to beﬁgé)ed a minimum of 107cPM
in DNA of 1080PM/ug specific activity (or a%ggwas used Hybr1d1zatnon
buffer was added (6x SSC, 0.5% SDS, 5x D@p:ggit s, 0. OlM EDTA 100 ug/m]
of denatured ‘'salmon DNA, 2 ml of so]ut1&h/100cm ), the bag resealed and
then placed in a second sealed bag containing water. Hybridization was

carried out at 65°C for.3 - 8 hours for cloned DNA fragments aﬁﬁﬁgt

least 24 hougs for genomic ONA——

o * —
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q. Washing of unhybridized probe ‘
i Plaque 1ifts |

. Biodyne filtersﬁwere washed in 3 - 1 litre changes of wash buffer
o (5mM Na- phosphate(pH7.0), 1mM EDTA and 0.2% SDS) at room temperature :
wféh constant shaking over a period of 'L 1/2 hours. MWashed filters were

v
v

Teft to dry at room' temperature.

£ . i

ii. Southefn transfers

Southe;n>filters were washed in 3 - 1 1itre chahges ef wash buffer g
(2x SSt,.O.S%'SDS) at room temperature with constant shaking over a
beriod‘of 1 1/2 hours. A strihgen; temperature of GQ°C was sometimes

used for the secohd wash. Washed filters were left to air dry at room

temperature.

D. Autoradiography of nitrocellulose filters
. A1l filters were wrapbedvin Saran#Nrap to prevent unwant:d
dispersal of radioactivity. X-ray film (Kodak, X-Omat AR5) was placed
against the filters. Markings on the filters were matched on the film
'utilfzing-a sharp instrument. Film and filters were placed 1n‘a'f11m\
. cassette containing~an‘intensifying screen (Lightning p]us) to m1n1m1ze,
the time of exposure. | |

Fi]m was left to exposécgt =70°C for a period of hours or dayé;
deVeloped undef Kodak #13 safe lights, in Kodak Microdol developer (2
minutes), stopped in 2% acetic acid (5 seconds), fixed 1n.Kbdak fixer (5

- 10 minutes), washed in running water (5'&inutes) and air:dr1ed.



X. PLAQUE PURIFICATION OF P-POSITIVE CLONES : Rib :

~ Positive -areas, detected on a plaque 1ift of genomic libraries
using thé P element probe pme5.l, weré'resuspended in TM bqffe; and
replated to produce dispersed, distinct p]adues on 100mm p]Qtes. whén
subsaquent_plaqqe‘11fts and rehybridization with the P e]emgnt probe
revealed poSifiQe p1aques, they were patched 1nd1v1duélﬁy onto a lawn of
b#Zker1a1.cel1s.‘ A series of 10 - 15 plaques in hn/area, suspected of
carfy1ng a positive plaque, were patched to ensuré the sjngie positive
plaque would be isolated. Patched viru;es were transferred to filter
and hybridized. Mini-lysates were prepéred from cqnfirmed posifive@ '
cl@nes from which Zhe DNA was 1§olated“and digested with EcoRl to
characterize the insert DNA. Nick translation of the DNA and éubéequént
in situ h&bridization to polyteneqsalivary chromosomes (Amherst - M
strain)‘tonfirmed ;he cytolqgical location of the Drosophila DNA present

in the plaque. —°

XI. 1™ SIHT/HYBRIDIZATION TO» DROSOPHILA POLYTENE CHROMOSOMEé
- The_method of Pardue and Gall (1975) was used.

A. Preparation of‘ Drosophila polytene salivary chromosomes

~ Sativary glands were dissected from a third instar female larva
under 45% acefic acid and transferred to;a drbp oflfresh 45% acetic acid
on a mtéroscope slide_previous]y coated with a 0.5% gelatin so]utioﬁl' |
The gland was.covered with a presilitonized 22mm square #2 covergiagz.
The tissue was macerated by tapping gently on the coverglass with the

‘v eraser end of 3 pencil or by applying pressufe_to‘it with a dissecting



vneed1e.‘ The coverglass was cz}zered“ydth b\ottihg paper and pressure
was applied with the thumb to spread‘and‘f1atten the tissue. The
coverglass was removed with a razor b]ade.after freezing the siide for
10 - 20 seconds in 1iquid hitrogen.'ffae s1ide was washed once in 551
95% ethanol:glacial acetic acid { minute) and twice in 95% ethanol (5

minutes each) then air dried.

B. ﬁretreatment of polytene chromosome s}jdes‘
To improve chromosd@e morphdldgy..slides were'iqpubated in 2x SSC
" for 30 minutes at 65°C (Bonner and Pardue, 1976), rinsed teice in 70%
ethanol (5'), once in 95% ethanol (5') and then air dried. Endogenous‘
RNA was removed with 0.1 pg/ml. RNase A‘in 2x SSC (heated to 100'@. 30'
to destroy any codtaminating DNase) for 1 hour at 37°C. _After treatment
the slides were washed three times in 2x SSC, dehydrated in ethano1‘and
air dried. As final pFeparation just prior to the in situ | ?
hybridization, slides were treated wtih 0.U7N NaOH (3', room

temperature) to denature1DNA washed three times in 70% ethanol twice

in 95% ethanol and air dried.

C. Hybridization and Washes _ '

At least 2 -4 x 105CPM of tritiated)prODe was added to each slide
which required approximate]y 0.02 - 0.04 g of DNA in 20 A of : o
hybr1dization buffer (1x Denhardg s, 5% dextran sulphate, O, 33M NaC]
10mM MgC1,, 10mM Na phosphate buffer (pH7.0), and.0.1lmg/m denatured,
sdnjcated E.coli DNA) were added peh slide. Probe DNA add carrier DNA
were denatured by boilingvfdr 5 - 10 minutes and placed on jce

immediately, prior to addition of hybridization buffer. 1Tﬁenty A of



the reaction mixture was placed over the tissue on a prepa;éq‘s11de,a‘
.covered with a prewashed coverg1ass ‘(boiled in IN HCY, 5'), and  the
,s\1de placed in a moist chamber (2x SSC) wh1ch was sealed and Ssubmerged
in a 65°C waterbath for a minimum of 4 hours.

‘The hybridization was terminated by washing the indes in 2x SSC
three times at 65'C (15 minutes each) and twice at room temperature (15
minutes,each) The slides were washed once in-70% ethanol, tw1ge in 95%

ethan01 and air—dr1ed

D. 'Aufqrad{ography and staining of in_ situ hybridization slides
Kodak,.I1ford NTB-2 emulsion was mixed 1:1 with warmed distilied
water. (52°C). Emulsion is handled and applied using Kodak #2 safelights

only. Slides were dipped andvallowed to drain and dry for 30 - 60
minutes before sealing in a 11ght’tight'slide box and storing at 4°C.
The. autoradiographic images were developed 1 - 4 weeks after appllcation |
of emu1sion. The 's1ides we(e_submefged 1 minute in water, 2 minutes in
all:l mixture of Kodak Dektol developer and wafer, rinsed jn-water,ahd
fixed for 4 minutes in Kodak fixer. The fixed slides were washed for 5
- 15 minutes in ruhning cold tap water. | |

If staining was required, 2.5 mlof Geimsa stock solution kGurr,‘
fsuh Chemicals) was brought to 50 'm with 0.01M phosphate buffer
l(pH7.0¥. Slides were dipped in stif;.for,5 minutes ane_rinsed with
ruhhihg water. B R

Bpidge's cyto]ogjcal mggewas used to determine regions on the

'pofytene'chromosomes (Bridges, 1938, Lindsley and Grell, 1968){_

. R .
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3. JRESULTS “AND DISCUSSION . o a o
0 ) ; . ‘. -5 \ . il ‘A ‘ g | - ' . "

1. 'PM STATUS OF PARENTAL STOCKS

In situ hybridizations. of variou.s Drosophila melanogaster Stocks
~with the P element containing probe pn25.1 established their PM status. .

‘(ﬁ The presence of unique Droaophtla DNA from cytological region 17C (X

2.“
¥

‘e ghromosome) provided an internal control to ensure that the
-8

hybn.fdization was successfu‘l Autoradiographic 1mages varied
f . cons‘lderably between preparations and even within preparations,

< . therefore the repeated appearance of site specific gra1n on numerous

(but not all) nuc1e1I was taken to indicate homology.- Several ste !

. "
Y
P .
“. 8"
K
f

P preparbtions were) 1nspected to conf1nn site specificity. - 3‘“'

‘;_q "”‘c The ycvvf strain as seen in Figure 9 is an M strain that con?ains no
'ﬁ .e]enents 1n Ats genonme. Likewise, the y;mazvf, H6/FM6, Ammerst and
n«i»f In(l)lZB/FMﬁtstrains were confirmed to be "M* strains. The v(l) and T12P .
,‘ ,“”‘W":i‘l "‘\strains disp'l ayed in Figures 10, 11 and 12 are P stré ns with

\

S A;. approximatew 20 and 30 P elements dispersed througho“at thedy genomes,

\ respec 1ve1y ‘ d/
"zft‘: | g | PM dysgenic hybrids of Droaophtla often dfsplay reduce fertﬂity at‘
R "

e 29°C 1n comparison to 22°C due to 1ncreased 1evels of gonadi al

dysgenesis (Bregliano and K1dwe11 1983; Engels, 1983) Tab1e 3 ' g .

' ﬂlustrates the resul&s of a fert111ty test wherei n the averdage number
of progeny, ,from 10. hybrid dysgenic females (from each cross) and M -
.'. strain males 1ncubated at 22°C and 29°C for a period of 10 days, are
o scored. The M .s.train used, as parents to_-_-the_’-_nybrid.dysgenic females,

ot

e
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ttu hybr1d1zat10n of ycvuf nUC1eus with p??S 1 probe

is-an M- strain possess1ng no P elements‘:n the genome,i No;e

cvvf
f hybridizatjon at. p051tion 17C homo]ogous tosthe

“the- sing1e site ©

"% unique DrogophilaPNA in the ‘pu25.l probe, = - s
- Tissue: ycvvf/y vf fema1e two week exposure IS -
e o L ‘_Magﬁiffeation:,BBO-x'*
- ¥ L ‘

/ 4»' : (\v:'

In ‘ntu hYbndIzation of ‘ItZP nuc1 eus with pTr25 1 probe

2P is a P strain possess1ng apprt x1mate1y 30 P elements in the

genome. n2P dispjays approximately 5 P elements on the X chromosome
egion. 9E (ras) is P element free. The 17C region

'Tissue: / 2P,fema1e,”two week_exposure o e e
2 e . Pt ‘Ms,Magnificatgon:;590'X‘

*,

. 1if;;~"~’f .36 ' m{ B .m;
l ; } - ) f »
\ R - ‘\‘ P . l;. . - L. B B @
) - . o . ' : : .*\ X T - , N g
[FdGURE ll and-12 / “In situ nybr1dizatxon of 1is) nucLex w1th pW25 1
v P"°be Lol . 5’ S R

\'» fm\s-('l) 1s a p strain possessing=agprox1mate1y 20 P~e1ements in the
a P e1ement free 98" reg1on and 17C hybr1dization
fegale o . week exposare
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v(1).displays approximately 3 P eleménts on the X chromosome. o

[\“ :

33

Magn1f1cat10n 690 X



TRy

C L FI62. ¥(1):

‘ ¢ " . - . .‘ o . ":\u‘d E R "g .



e .
»

was ycvvfin aln cases.' Oniy a siight decrease in fertiiity,

wcomparison with the reCi.procal non- dysgemc cross was seen in the v(I) .

f P strain whereas the nep strain showed a marked reduction The resu]ts

‘ 'indicate that ‘NZP is a "c]assicai " P strain whereas v(I) may be a Q-
s strain which possesses many properties associated with P stra)/ns,.
_excluding steriiity (Bregiiano and Kidweﬂ 1983) In subszéuent B
Y

. experiments deSi gned t(f generate P e'lement induced mspber »mutants, .

y r

. both. u(l) and Frop were used as the maie parents. The M strain femaie j e

’ "’parents Were ycvvf ) ﬁ

| | v m : ‘L
. ) . . . B . e . . (" : . . )
" 'I1. ISOLATION OF P ELEMENT INDUCED RASPBERRY LETHALS '

R Three cycies of matings as. descr‘i‘b‘ed in materiais and mé’thods -
(Sec 2, II) were carried out usmg ycvvf females as the M strain“parent

’ and TrZP or v(I) maies as the, P strain par:ent Hybrid dysgene51s is
seen in the offSpring (the hybrid) B“tween an M strain femaie an,d a‘ L

-

\)train male. No hybrid stgemc events were detecte'a in the remprocai

cr‘oss. | e S o (»/
| After the initi al matinq of 10 ycvvf femaies to 10 P strain mal S» |
of 10 hybrid dysgenic females were mated with 10 ycvraszvf males at. 4
22°c in 25 bott]es. Femaie progeny dis'pl agying the raspberry eyecolor
benotype were expected to carry a mutation 1n the mapberryigcus. 5 The t
first two cyc]es emp]oyed v(I)*maies as the paternai P strain wi’th 772P \
| ma'les being used inﬁhe finai cycle.l In each cycie i&t sﬁ,
estimated based on fertﬂity studies, that each fema]e @rod.uced )erouhd

- 200 progeny over a, 10 day period for v(I) matings and apprf’"_imateiy" 155

b : : S D
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 fABLE. 3. FERTILITY TEST OF PM DYSGENIC CROSSES
AVERAGE NUMBER OF PROGENY/HYBRID DYSGENIC FEMALE
" ‘ 0F 10 HYBRID. DYSGENIC FEMALES SET FOR 10 DAYS
. ORIGINAL CROSS— - v
v(l) STRAIN [ 2P STRAIN L
3 M female P female M female | P female . -
' X P male X M male ‘x P male: ~ x M male
) ; T ) ; “ . - - S .
Cgeec, e 201 - 222 w156 e “
* A X . 11" ‘. . “‘? | : ‘J.' ‘.{-‘ . '"",’.’ L
BRI 282 0 . - 212
; o . o . ® -
* . TABLE 4, RESULT,S"QF HYBRID DYSGENIC MATINGS ,
L e "*‘, ORIGINAL CROSS | | '
ycvvf (M)femé]‘i'e ycvvf (M)f 1e ycvvf (M)male . !
x v(l) (P) male x'nZP (P) mdle x(P) female . ,
- Total NoFof: oy AN - f o T
Flies screened . | | fso,ooo o 19;3,75 © 26,600
: R : ~ TN . . s SR
. “Flies.apparently =’ 5+ 7. .0 .
e . mutant at ras ‘ ey ’ , —
' . Sterile. v?:.  a R 5 ’ o 0o -
Confirmed as . .~ .3 . . 2.
recessivve' lethals o o '
" Rate of dysgemc .6, 0 - 710.0 . . 40, o - 36 0 |
~ -mutation at ras ok
.1ocus L 105 ch‘omosorres 105 chromosomes_ :
\ \ T | o - ,
- - y
# E . .
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 for va matings. 'Ther_ef,ore, "ﬂottles with 10-hybr1d,;d'ysgen1_c females . .

o

" set over .2 10 day period prod‘u'ced approximately 50,000 flies for v(I)

- d Greep (1977) found the frequency of P e\ement 1nsert1ons at the

N
matings and 38, 750 flies for 2P matings. Five bott]es of the |
reciproca1 cross eg an M. stra‘ln male with a P stra1h female produced :
approximately 11 100 fhes for: v(I) and 13,500 for 2P matings. The | f?;’ y

-
total number of f]ies screene.n aH three cyc1es are. summar1 zed in o

¢ -8y,

Tabwm < o L ..

‘ Y

raspberry 1_, 45' to be in a range of 13 - 34 mutat«ior‘lo5 dhromosomes

using the ma?’“-r“ombmati ori-' (MR) - cbromosome 1n Drosoph?.la _
melanogaaggr . These mtationgywere due to the insertion of P e]ementc

. !
“An the0 raspberry gene (Breﬁyno and K1dwe%1983) Eeken ' BT S
§ o .
3 (unpubHshed) aTso reported MR 1nduced raspberry mutat1ons which Enken fm;& . g‘
notes 1nvolves the transposition of\P elements Assummg sterﬂe . .
‘ E IR

mutants were true positwes, the v(I) stra'm produced a rate 'of .5,‘-"

] - g -
' 1nsertion of 10 mutants: per" 105 chromosomes in compamson to 36 rwtan!@

| , v»per 105 chromosomes f0r the 'TTZP stra1n These rates are comparab'le to

L4

o fﬁ):hose a1ready cycul ated for the raspberry 1ocus as c1ted above (Green,

-.>‘>

1977) The v(I) strain shows a slightly lower rate. Th1s may elther‘
ref1ect the observed difference in the strains found in the fertﬂ1ty

“tests or be a statistica‘l f]uctuatmn. The rec1proca1 mat1ng produced

. .

L no raspberry mtants, a ﬁndi ng consiitnet with the 1dw rate of Sy e s
: spontaﬁ%ﬂs mutati ons at the raspberry locus of 0. 04 mutat'lons per 105

-~

chromosomes as estab]i shed 'oy ’Green (1977) No add1 tional eye co]or or £ ‘
. . '.T .
morphological mutants were detected ' SRR T S _g;,.-*-ﬂ PR
Approximatew 1 ycvmvf male per 103 chromosomeswas detected in

.,n,.»,ﬂé‘"w o ) y >
the dysgen‘c matings versus nﬁe 1n the nondysgenic matings. They ~&%

4 o . N ']
. LI ” S s

S



| an%xidwen 1983) Nondisjunction events arising fromprimary or . %
; |

Table 5. Recombi nants
: »

W
iy

e -~
a0 o

Presumed to be non- d1 s:runction products. Chromosomat'!» nond i

a traft commoj to hybrid dysgenic matings 1n the PM ﬁm (BregHano

HI, |

K Genetic status , o R | e ‘ i
| of. thé 12 fema1-e5 isow w1th raspberry eyecJﬂor, on1y 5 were \“

. ,fertﬂe. The phenotypes thhe or1g1na1 females 1so’|ated are Hstbd in l

‘.Whmh arojs‘ in these femal (3 were somet1mes

preserved in the stocks established from them resu]ting 1n a mi xture ?

™~
of ms mutant’ bearing chromosomes in some stocks. AH 5 mutants shdwed .

'lethal fty when tested by mating to FM6 males as di agrammed 1n Figure 7.

-
C6nf1rmat1 on‘of a raspberry phenotype associ ated w1th the mutated ,-

.. chromosgwgs was performed as 1'11ustrated 1n Fi gure 8. The relativew .

%&tensive analysis required to conﬁrm “that the 1etha1 mutation 1s it

e xaspberry locus was not considered neceSS&r‘y AH stocks were

outcrossed four times to M stram ma] es to reduce the number of P

v

_ e]ements present 1n the autosomes.

Reversion to wi'ldtype of the 1etha1 phenotype has. been detEcted ‘on a R

recurrent basis in stocks of NJ 5 and N:J 8 The remair_ﬂng stocks rme

‘

- not disp] ayed reversiﬁ to date.” Se\ection for. the ‘Ietha] phe,notyp‘é 1s &

AY’ L
.
. : . - i e LI e;'
, B
ke .
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e "TABLE' 5. PHENOT*PE OF P ELEM%N D RECESSIVE LETHALS o
R . DISPLAYING RASPBERRY EYE COLUR PHENO YPE AT INITIAL ISOLATION

v MUTANT PA?ERNAL ORIGINAL P ELEMENT
'STOCK ~ 'PARENT. - PHENOTYPE - _ AT 9E -

N-1 o w(T) ycvoras vgh . no ‘ -
/ NJ-4 vil) o yleviras Vé ..oyes e - ‘
NJ-5 v(I) yrevtras v yes ‘ :
N-6 TP . ycvras v f , yes R
‘v N-8 D ToP Yrevtras vE yes R

vomey

1*. o
; .
4
: L ~. a
. [
. . 4
. - - -
L ) P
. W . 3
) & b
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o ‘ "Lv"f;fi ) v K ) 7'A‘l
‘t maintaihedeithin stocks. The oecfrince of reversion supports the view :

\

that~these mutations are due to the insertion of P elements into the *

gene witW a nasultant lethal phenotype. - Precise excision of P elements.
[

with concomitant reversion, ts . common (Rubin et al., 1982),‘J

.-
A : .
oo » . .

RURTAAY R s : %
YRR L ) ’ . :
IRV I .

W .
vitﬁﬁﬁm-nﬂ’e. Confirmation of P element ihsertion at the raspberry locus by in

: attu hybridlzat.'ion
oS J e

ft L ~nl;r'usaefJ‘w .

t? . . . ‘@' : w '. t
In gitu hybn.ﬂizatipns with a tritiated P element probe pHZS 1 were _g%

R &L L, “ wr‘r’&
L}

;.F‘ .

‘ carried out On each of thg outcrosSed stocks NJ 1 NJ 4 “NJ - 5 NJ - 6 and

- Njig to determine whether the observed mutant phenotypes were associated
3 L

;,rlwith a P element 1nsertion in the raspberry gene. The raspberry gene is

3

‘~located at map position 32 8, which cytologitally ig-in the region

9E1.9E4 as identifisd by Johnson et al. (1979). Th P element probe was

hybridized to tissue: preparbd from larvae heterozygo for the

Y I . . ‘muz

raspberry, lethal- bearing X chromosome and a wildtype M s€rain (Amherst)
X chromosome. Such, female flies were produced by crOSSing n&a-z /FM6 |

(/ G females to wildtype males ' individual FM6- free (1nversion free)
.

j,§; o ;preparations were selected directly after squashing, before memoval of
'ﬂ,“covegglass in preparatnon for hybridization
-, Al strains extept NJ-1 were found to possess P. elements at fhe

' »fraspberry locus (9E1 E4) Although N-1 carries a recessive lethal” and
L w o
displays a raspberry eye color phenotype 1t does not have a P element

-e

present at the raspberry locus.;.A P element may have inserted ‘into- the
.'gene and transposed to .a new site with imprecise éxcision, either -
deleting or inserting a small _amount of material at the locus. | ."'A N

_ Alternatively the PM dysgenic cross may have prompted the transposition

S ! . "' Y .
Lo Ee - : e L T - i ’ ” "’ ;o 4
S . s S | . , . - .
E . w0 -
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of another tran.sposable e1ement such as copia (Engels, \983)
,. Furthermore, v(I) is known to possess active 1 factor, the transposab'le
4 element resB‘ons1b1e for another dysgen1c system (IR) (BregHano and

! n&# P

K‘Idwe,m 1983). . The IR status of the ydbvf stock 15 unknown, but. it 1s

X ¥
possime that the cross producing M-1 (and NJ-4, NJ “cou]d have been

biting both PM and IR dysgenesis s1mu1taneous‘ly NJ- 1 cou‘ld

]

/}z :therefo e be a product of. the 1ater system. F1na11y, a Sppntaneous

o

" “tat1on may have produced the lethal phenotype

Streins N - 4 N - SYNJ 6 and NJ-8 aH disp1ayed grain over the * N

;, xo " may be assoc'iated with a P element. 1nsertion ‘event.
~‘.’~" s Q .
AT Figures 13 14 and 15 are photographs of an in situ hybridization
Ay :~,

4 w1‘th P element probe to NJ- S/Am tissue. Approx1mate’ly 7P elements may

) I
E %e fouhd on the X chromosome, inc]uding thé s1te at 9E1- E4 and 3 P

’

‘*w- elements on the autosomes. The NJ-5 stra1n was se1ected for clomng the

‘ :"rasi)'bery 1ocus. The NJ -5 strain hé‘s a strong s1gna1,&t the 9E band

LU

:\ﬁiﬁicating extensive homo]ogy to. the P e'lement probe and contawns only
" 10 .genpmic P elements, a 1Qw number.compared to a1ternate strains.. A,
. f1na1 factor was that the NJ-5 Droeaphtla stocks grew weH 1n compamson
to the other stocks which were. hard to expand .Such prob'len'ts can be due
to bacter1a1 1nfection or to genet'ic factors that reduced the viabi'lity

or ferti11ty of the stocks. ' - .
t 2 - oo . n Te

- ) . . T
IV, PREPARATION OF NJ-5 LIBRARY I o
" - ) ) . ‘ i

A Hbr"a"’ry_of ‘NJ-5 genomic DNA was made by ligating the

.
Sl

te

region 9El- E3 ‘on the X chromosdme, 1nd1cat‘lng that the ma-z mutati on f_'

+
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| o , _ s "
U FIGURE 13, 14 and 15. In situ hybridizations of M-5 strain tissue with’ L
' v p1125,1 probe N B - o

{
T

i

, NJ-8 possesses at least 10 P elements in its genome. Three :
_autosomal P gjements are seen at positions 93 and 95 (3R)-and 56F (2R). .-° =~ «
The in aitu shown in figure 14 displays an NJ5/Afi* X chromosome =
possessing 8 P elements at positions 3C, 3F, 58, 7C, 7€, 8C, 9E and -+ = %%
10C. No other P elements were ‘seen on this chromosome. Figure 15 e
displays an NJ-5/Bm* X chromosome possessing 6 P element sités at”
position 58, 7C, 7&,.8C, 9E and 10C. . The P elements in the-tip are . i
absent due ‘to recombination with an M strain chromosome. Grath:is = ' o
~ present at 17C in all preparations. o : o 5 S
Tissue: NJ-5/Am* female, two week exposure " §"" - .. a
“ ' ' oo ’-‘Fig.fs Magnification: 760 X -
' o ‘ -Fig.14 720 X
Fig.15 730 X

" FIGURES 16, 17 and 18. In eitu hybridizations to M strain potytene
chromqfomes with 3.different P positive bacteriophage. A

. ) . :

, The three figureg i1fustrate typical in eitu hybridizations of 3 N
different, clones obtained. Figure 16 demonstrates an .in : ' 4 .
situ hybridization of the clone R-la. (pattern a, Fig.25) that hybrQ@izes \\\‘
‘only to 3C on .the X chromosome. Figure 17 uti%izes the prdfe H-1 & ,+ N
(pattern x, Fig.25) and hybridizes to ‘region .56F whereas the prcbe Q-1
(pattern p, Fig.25) in Figure 18 carries -a milticopy sequence of DNA

- that hybridizes extensively to the centromere.. There is no grain seen o
at cytological region 9E in all cases. . R

Tissue: Am*/Am* female, two week exposure - L | : '

. -+ Fig.16 Magnification: 870 X' °

. , _ Fig.17 1200 X
) ' - ‘ . _ : . Fig.18 630 X -

Y
. = .

B
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bacteriophage vector EMBL4 to 18-23kb sized Sau3A fragments of NJ
genomic DNA The resuits of one such preparation are iiiustrated in
‘Figures 19 and 21. Sau3A digestion of NJ-5. Droeophtla DNA required
0.02 of enzyme/ug of ONA yith an optimal incubation time of u',ffZQ:.
approximatdly 25 minutes at 31°¢C (Figure 19). Sau3A digested NJ~5 DNA
was run«onéan NaCl gradient to separate the'various fragment siaes.'
Sampies of fractions collected were run on a 0.4% agarose gel to
determine ich fractions contained 18- 23kb sized, fragments (Figurer
21). EMBL bacteriophage arns were prepared (Sec.2, VI& "AL) ) To ”5 '
. confirm tha Qﬁ!h the EMBLA DNA and the Sau3A partiai digedns were \ x~£}g”
capable of igat%ﬂg, 0.25 ug of small MW partials of Sau3A digested DNA%;m ‘}i
-were ligated EMﬁgﬂ was also 1igated (Figure 23). The idgated \ ?
combination of Sau3A partials with EMBL4 DNA was not anaiyzed by gei\ \
.eeeTectrophoresis due to 1imited amounts of DNA. : ' i o ‘\
| The ligated EMBL4 arms/and Sau3A (q; 23kb) insert DNA was packaged
(Sec. 2, VII, E.) and plate}l on. the’bacteriai strain 0359 to detect © ’
insertion Bf the genomic DNA (spi~ phenotype) Resuits of one su . i\‘
. packaging experiment are diagrammed in Table 6. The DNA was,pacdfzed '

wfth an efficiency of 7.2 x 104pfu/ug of insert‘ONA with a background

reiigation rate of approximate y 1 8 X 103pfuLug EM8L4 DNA on Q359 (Pz -
kiysogen) Control DNA (EMBL4 i tact) was packaged withﬁan*e ot
1 x 107pfu/pkg ONA a3 estimated ‘oh Q358 cens Fedewm
_testing the e;ﬁiciency of the EMBL4 .vector. in various‘?o;%is.~.

$ 7
optimai rates as high as 1s 0 X 105pfu[ug of insert DNA with a background

B
%
T

reiigation rate of 1 9 x 103pfu/pg EMBL4 DNA. The rates I observed are

®, .

comparabie aithough the packaging efficiency of insert DNA is somewhat '
‘low. Hohn and Murray (1977) predict pacgpgfﬁquTTiciencies of 104 - 106

- - P
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FIGURE 19. Sau3A Digestion of NJ=5 DNA ' ;
-~ This is s photograph of a preliminary digestion of NJ-5
y 0.02Unitsvof Sau3A/ g of NJ-5 DNA. Lanes a, b, and s répredtm
DNA lanes. Lanes ¢ - r represent 1 Mg of NJ-5 DNA digested wit
of SaulA at various time ifgkervals. \

Lane a : uncut EMBLA DNA (48kb) '
Lanes b, s: Hindlll digested ~lambda DNA k.

_Lanesx ¢.- 0 minute digestion of NJ-5 1.
Y w. do 5 min. : ‘ m.
. . e. 10 min. . ' n.
f. 15; m1n- . ‘ 0. )
go 20 mfno po 80 m1n. - .
h. 25 min. , Q. 80-min.-no enzyme . °
L. 1. 30 min ' r. 1.0 g of uncut
J. 35 min. ‘ o L NJ-5 DNA.

5 @y agarose gel
o, 7% agarose gel

~ é!ELRE 20.  Restriciton Endonuciease digests of Plasmid pme5.1
"+ This figure displays single restriction digests of the plasmid _
ph25.1. Correlating this information with the published restriction map
, ’(Figur? 4) confirms that plasmid pn26.1 DNA has been isolated. Fragment
.- gizes (1g kb) are 1isted after each restriction. Lane a and f represent %
Hind11L2digested 1ambida DNA (0.25ug¥: : ’ o ,

L

e ° R o . ©
Lanes: b. HindIIl digested pMz5.1 DNA (0.125ug)€5.06, 3.25, 0.81)
. c. Bamil . " w468, 4.48)
d. Xhol " e M (9.0) ‘
PR e fcoRl " - Wyt (6,63, 2.37)
049% cagarosé” gel -

FIGURE 21.  NaCl gradient of sized fragments. ' ~ :
~ Ten M samples of 500 ud fractiogs were separated on a‘U.4% agarose
- yel. Lanes'a and s represent Hindl 1 digested lambda, DNA. Lanes b - r

“represent DNA in NaCl fractions (approximately 0.04 qu. RN

£, #13% 3. #25 . #37
g.  #16% k. #8 o. #40
h. #19% 1, #31 p. #50
o i. #22  mo 438, q. #60
:fraQQQNﬁi, Sl - ;

* “'i“'“ ‘ .""1. \ 13{\3.,._ v
Adonuclease digests of EMBL4 " :

" Lanes: b. ;gbé,#lh(1argest;fragments) )
d’o #7 R -

SR A

e t
V% S .
Kol s o

P
N ]
o ® .
R

3
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-

3

'
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' FIGURE 22, Restrict{DnE S
7.~ | Single digests of EMBL4 DNA confirms that- the correct bacteriophage .
~ DNA has been 1solated (Figure 5). Fragment size {in kb) is listed for

. ,e?th-d geStiong\" . . S . . LA

| ’ ! ) v . .
tﬁnes.a and e: HindlIl digested 1ambda DNA (0.25ug)
4.0, 9.

‘Lanes: b. BamHl digested EMBL4 DNA (0.25u.g)(20.7, 14.0, 2)
o c. EcoRL " - o T (2007, 140, 9.2)
‘ d. Sall . " a0 (0.7, 9.2, 85, 5.5)
0.6% agarose gel > .- L;f”égu.’ ‘. , /

: BN 5404 TN . « S 8
. oy ‘v’ P ",' » ! 'Y . ' " N -
. PO g A b * L .

& R B L . T0Y TOA - £ . wa v . / "



FIGURE 23

.

DNA.

f

Ligation reaction of EMBLA and NJ-5 DNA '
This figure represents preliminary ligation tests of Sau3A
' digested NJ-5 DNA and' BamHl digested EMBL

Small molecular weight |,

fractions of NJ-5 DNA and Sall/BamHl digested EMBL4 DNA were religated

0 4% agarose gel

“,(,

L

Lanes:

a.
b.
c
d.

e

f.
g«
h.
1
.
K.

. Lanes a and
: Egnes b:

d.
e.

FIGURE 24.

.

1.

fs

11gated sample of NI-5 small MW fragments {0,
unligated sample of -NJ-5. small M. frabﬂents
unligated sample of Sall/Bamhl digested EMBL4 (0.25 ug)

“HindIIl d1gested lambda DNA

. -separately to ensure that both samples ‘were tapable of 11gat1ng

(ig gg)ug)

1igated sample of Sall/BamHI digested MBL4". (0. 25 pg)

EcoRl restriction patterns of 10.- P Positive Clones .

. The DNA of 10 different P positive, bacteriophage was digeste with

EcoRI to determine the restriction pattern of the internal frag .

Lane c displays the pattern of LF1l bacteriophage. o

- gituhybridization for each clone is diagrammed JAn brackets fo Towed" by /
‘the label pattern (F1gure 25). 4

«‘J

Ll

Hind 11Ldt ested 1ambda ONA
BamHI “dige$ted . EMBLA DNA &
clone LF1 (9E, pat. y)

EcoRI digesttd

0.7% agafose ge1. N

o

y ll
[P g

. GG-4b (3C.

6G-4a (3C,
MM-1la (3C,
QQ-5b t3C.

QQ-5a {3cC,
48-3b (3¢,

48-3a (3C,

" 48-5a (3C,
. R-1.a (3C, p

1

N

pat.:

pat, a)
pati‘l).
pat. d)
pat. d)
‘pat. ¢)
“pat. c¢)

pa a)
L 8

Al

The site of /in

¥

i
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TABLE 6. IV VITRO P'ACKAGI_‘NG OF RgLIG'ATED'. ONA
- \\;\'\.\ e oo /- : '
: -
' “, Number of p1aques detected in’

iy R f“j . . 0.1ml: of the appropriate ditution
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~ pfu/ixg insert ﬁNA A]l in vitro packaging rates, excludtng the rates B

‘ for 12tact EMBL4 (representing nonligated DNA) were at the 1ower end Of_ -
B fq this range, at 104 pfu/ug 1nsert DNA. T ’ o '-i .

)

..] " To ensure with 99% prqbab;j1ty that a copy of al] segments of the
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<N

< :

5 ..

iR S
Drosophzla genbm1c DNA are present in- the 1ibrary approximate]y 38 000
p]aques are - needed (Sec 2, V}I b ) ‘ Three 11brar1és were prepared
N
with approximate1y~12 000 30 000 and 50 000 p1aques respectively A | A

-‘.‘

were hybrid1zed “to the P e1ene:t probe phZS 1 The first 11brary, ' ’n o™
composed of 12 000 p]aques ‘was unamp]ified The second .and thirg.
11brar1es were prepared as plate 1ysates and combined to provide an °
est1mated 80 OQO clones in an amp]ified library. |
) To ensure mhe 1solated c]ones carr1ed inserted Droeophtla DNA the
" DNA from 16 plaques was EcoRI d1gested and’ ana]yzed Eleven of thel6
samp]es disp]ayed unique EcoRl patterns ind1cat1ng the insertion :
DTOBOphtthNA had: been successfuld This eIiminated the possib111ty of )
‘ hav1ng vector re11gat1on in a way that might produce a sp1 phenotype !

f\\\\\\ and a s1ng1e repeated pattern

.
.

N Mater1a1 plated d1rect]y from the amp]ified 11brary was transferred —
to B1odyne f11ters (plaque 1ift, Sec.2, VII A, 1.). P]aques were
hybr1d1zed to the\P e1ement probe pﬁ25 1 as described earlier (Sec 2,

IX, B, i. ) revea11ng a number of pos1t1ve s1gnals

. P-POSITIVE CLONES

: — L . N
A number of P positive plaques were detected upon hybridization of
, the'unamplified’iibrary. ;E

o

the second cycle of retesting, none were
== ' .



A = 84
confirmed to be positive. This could be explained by inexperience in

differentiating a true positive signal frun background. -

:-i 245 putatiye positive clones were detected in the amplified library
~.of which 141 were reconfirmed as positive, sharing P element homology
‘:Out of these 141 " 54, were te%ted for specifice hybridization to band 9E
. The remaining 87 either failed to produce enough DNA failed to digest

o with EcoRI, were unsuctessfully nick translated or‘did not ‘show clear in

Bttu hybridization. The 54 positive clones displayed at least 25
different EcoRI restriction patterns as,diagrammed inh Figure 25which
: also shOws the results of the 'Ln gitu hybridizations.

Various EcoRI digests of 10, positive clones are shown in Figure 24,
'including the raspberry clone LF1 (Lane 3) It is interesting to note .
. that the remaining clbnes displayed in this particular photograph

:'hybridized to the 3C region on the X chromosome. After numerous in

‘~f ettu hybridizations confirming a correlation between various EcoRI

N patterns and hybridization to the cytological region 3, clones w1th a

. suspected 3 EcoRl restrictioncgﬁt\ggn were pooled together into a

3 mixture. ‘_‘ ‘ '

~single in sztuhybridization reacti

In all, 38/54 positive clones were homologous to the 3 cytological

band. This fact initiated an investigation of the K'¥ region. At the
1time wqen a 9E positive band was isolated an attempt was underway to
produce a probe which would help eliminate 3C positive clones in future
A screens. This was abandoned as no longer relevant. |

l The abundance of 3C clones may be explained if there are few Sau3A
| vrestriction sites that would lead to an enrichment of 3C DNA in
fragments Q\\l8-23ikb in sizef . The 4 base. pair recognition sequence

(GATC) would be_expected.toqoccur approximately once per 256 bp.-

3
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FIGURE 25. EcoRI restriction and“-iﬁ situ hybridization results of P
positive bacteriophagg.

This figure represents a summary of the various EcoRI restriction
‘patterns that were isolated for the 54 clones studied. The.cytological
~ site of hybridization and the number of bacteriophage displaying the
- representative pattern are listed for each unique restriction pattern.
detected. . Biae ‘ T ‘ _ . e

The left and right arms of the bacteriophage are not diagrammed for
purposes of simplicity. It should be -noted that many of the restriction

.- patterns displayed may represent partial restriction digests. Since one

~.could not be assured, at this early mini-lysate preparation stage, that
they were not complete digestions, all restriction patterns were noted.

MC’='mu1t1c0py;DNA thét hybridized to many genomic locations, including
-the centromere. : ‘ : R

N\
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A more 1ikely a1ternattve is that a bacteriophage carrying 3C DNA is ., 5
aole-to grom particularly succeszu11jend 1s.therefore detecteq'at a
higher frequency in an emp11f1ed library. For example, the 3C DNA moy
'\contain numerous Chi sequences that st1mu1ate recombinat‘on to produce.
d1mer1c circ]es necessary for effective DNA packaging. in the absence of
\gam mediated rolling-circle mechanism.. Bacteriophage possess1ng Ch1
seqLences are known to be at a selective advantage, although EMBL4 does'
possess a Chi sequence in its right arm. Conceivably the 3C DNA
‘gontains some other seqdences that stimu1ate lambda growth. Conversely,
-the'abundence of 3C clones in relation to an other P positive clones,
may be due to some factor in the non- 3C P elements rendering then unable

4

* to be cloned. / .
| 1In. figure5016l 17 and 18, in- sztu;hybridizat1ons of 3 different ‘,‘ F
probes to Droeopﬂila.M strain po1ytene chromosomes (Amherst) are shown
Fﬁgure 16 displays the common 3C probe that was seen hybridizing sole]y
to 3C. Figures 17 and 18 represent probes containing 56F and mu]ticopy

(centromeric) DNA respectively.

VI. RASPBERRY CLONE LF1

The mutant Draeophiza strainbNJ-S after repeated outcrosses to M

. strain males, possessed 7 P e]ements on the X chromosome 1nc1ud1ng the
site at 9E and 3 P elements on the autosomes. Theoretically, if all P
" element sites are inserted into the EMBL4 vectors with equal frequency,
1/10 (10%) of the P positive c]ones 1so1ated shou]d be" from the

raspberry locus. Nonetheless, only 1/54 (k.Q%) of P posi;ive clones

-—
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This Tow rate may be due to the high number of 3C clones isoiated.'r
Exc\uding all 3C cionesg e§16 (6. 25%) of the P positive clones were from
the raspberry locus, a rate approaching,the expected value based on
the in eitu hybridization results. 3

The sole clone that hybridized to 9t was called LFl LF1

hybridized solely to the 9E cytological region of the X chromgsome.

0 (Figures 26 - 29 and 31). An accompanying photograph displays the

region in question (Figure 30). '
LF1 was found to be a very slow gro»‘ing bacteriophage. Originally
the LF1 clone was isolated as a single plaque on plates that displayed

distinct individual plaques. The plaque was patched to a new
v : {

" innoculum of bacterial cells (Sec. 2, V, B.), which was used to make

a liquid iysateipreparatibn from which,DNA was isolated, EcoRI ,
digested and used for in eitu hybridizations. Originally, LF1 showed
oni} hybridization to 9E on the X chromdsome (2 week exposure) with no
hint of any other site disp]aving homoiogy to the probe’ Unfortunately,
after the bacteriophage had been grown up on a large scale, to isolate
large quantities of ONA, two new sites (autosomal) were detected in

in 8itu hybridizations 3 - 4 week exposure). The 1arge scale lysate
was found to possess two contaminating clones that displayed different
EcoRI restriction patterns and;which in turn were found to hybridize to
each of the-autosomal hybridization sites. These contaminating phage
displayed large, well growing.piaques whereas the LF1 bactériophage
produced very smaii plaques that were difficult to grow on

purification. The contaminating clones may hpve been found at a very

low frequency in the original plaque, due t€ diffu51on of bacteriophage

within the plate. As lysates were prepared for Targe scale 1so]atidn of

88
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FIGURES 26, 27, 28, 29 and 31. In eitu hybridizations to M strain
polyltene chromspmes with LF1 bacteriophage

M strain (Amherst) salivary gland chromosomes are hybridized with the

LF1 probe. Grain is seen 1ocalized solely over the cytological region

9E on the X chromosome.” Mo other sites display grain indicating the
probe contains DNA homologous only to the 9E- region (raspberry)

Tissue: Am‘*/Am* female, four week exposure

' , Fig.26 Magnification: 640 X

. , Fig.27 800 X

Fig.28 800 X

Fig.29 800 X

Fig.31 590 X

tl

FIGURE 30. M Strain X Chromosome

Cytologicdl bands surrounding the 9E region are shown on the
aceto-orcein stained polytene chromosome.
Tissue: Am*/Am* female, aceto orcein stained "
Fig 30 Magnification: 590 X
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DNA, these phege had a selective Advantage over LF1 and soon became ’
@'predominent in the’ iysate. Subsequent repurification and tn

situ hybridizetion (4 week s exposure) has confirmed LF1 hybridizes
soieiy to region 9 on the X chromosome. ’ ‘

| To confirm the location of LFl cytologicaiiy, an in eltw
hybridization was performed with the LF1 probe toithe inversion stock
1n(1)123/FM§ which bears inversion breakpoints in the raspberry locus
and centromere and demonstrites a raspberry lethal phenotype. The DNA
homologous to LF1 appears to be situeted across the-inversion breekpoint‘
R at band SE. "Figures 32, 33, 34 and 35 demonstrate cytology of the
inversion In(1)123/An* and the in situ hybridization of LF1 to

In(1)123/Am+

VII. CHARACTERIZATION OF LF1 BACTERIOPHAGE

A. 'Singie.and double, restriction digests of LFl‘Bacteriophage
Bacteriophage LFl] single and ‘doudble restriction digests are shown in

Figure 36. The restr ction endonucleases Bg]II Xhol, £coR1 were

.used. A tentative restriction map of the LF1 bacteriophage 1is

i1lustrated in Figure 42 (See Sec. 3;;y111, D. for discussion).

Ly

. £
B. Subcioning of LF1 bacteriophage
LFl is a weak growing bacteriophage characterized by smaii '
piacques. " To ensure the inserted DNA is not lost and to place it in a

non-EMBL4 vector, Dr. S. Tieng has prepared subclones of 6 ECoRI



FIGURE 32. Inversion heterozygote: In(1)123/An* X chyromosome

~ Aceto-orcein prepared chromosomes with the inversion breakpoint
regions in 9 and the centromere. An inversion loop is associated with
the centromere in this photograph. The bands surrounding the region 9t
are indicated. ~

Tissue: 1In(1)123/Am*, aceto-orcein stained
- fig.32  Magnification: 990 X

-

A3
-

FIGURES 33, 34 and 35. In eitu hybridizations of In(1)123/Am* X = -
chromosome with LF1 (GG1) probe: ;o

In situ hybridization of the probe LF1 to the inversion heterozygote
reveals that the DNA in LF1 hybridizes across the inversion breakpoint
- {ndicating that the DNA homologous to the raspberry geme has been:
cloned. -

Tissue: In(1)123/am*, four week exposure :
. : Fig.33 Magnification: 99U X

Fig.3d 2130 X
Fig.35 1280 X

Line diagrams of all four figures (minus grain) are inset with each
photograph. - ,

s

o)



rxs 32. m(l)lzalm* X cmtonosac FIG.33. HYBRIDIZATION OF GGl
. JO IN(1)123/MM*
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:FIGURE 36 Slng]e and double - restr1ct1on d1gests of LFl

, Disp1ayed are single and double restr1ct1on d\gests of the

~ bacteriophage LF1 with appropriate markers. - Fragment sizes are only.

_ approximate estimates of molecular weights. The lanes and approx1mate,
‘.fragment sizes in each restrict1on are as fo11ows v

HindIII/EcoRI d1gested 1ambda DNA (fragment s1zes d1agrammed)
BamHI digested EMBL4 (21, 14, 9.2)
HindIl1 digested 1ambda DNA (fragment sizes diagrammed)

,Lane-aw
: b

C..

d. Bglll digested LF1 DNA (40? 7.2, 0.79, 0.75)

e.

f

Xnol ~ " n (407, 13.3, 5.8, 1.1, 1608) S
EcoRI AL R (21 4 9.4, 8.4, 5.0, 2.3, , 1.07,
] L 79) o - :
g. HindIII "o S (26,3, 8. 4 7. 6 5.0,A4.3)_
- k.. HindIll digested lanbda DNA- . Co a
1. 'Bglll/Xhol digested LF1 DNA §407 7.2, 5 8, 3.6, 1.15, 1.04
ST - 0.89 ’ e
" §. BglIl/EcoRl " - " (21.4, 8.4, 7.2, 5 0; 3:5, 2 3, 1.6,_ L
SRR . 1.3, '0.79) . e
K. Bg]II/HindIII" " (26.3, 8.4, 4.8, 4 3, 3. 8, 2 5 0.75)
1, HindIIl digested lambda .DNA
om. ;XhoI/EcoRI d1gested LFL. DNA- (21 4, 9.1, 5 8,. 4.8, 2. 3 1.6,
L - 1.2, 1.04, 0. 89) s ‘
n. XhoI/H1ndIII MR "(26. 3 7.6, 5.0, 4.3 3 4, 2:3 1.15
B . 0.89, 0. 79) : R
";‘o;:_EcoRI/HindIII“ " (e1.4, 5.0, 4.8, 4.3, 3.4, 3. 1, ;o 2.1,

: . 1. 48 1. 47 1. 07 0.79)

P H1ndIII digested .lambda. DNA-

Qe BamHI digested EMBL4 DNA ., ~
.. re . HindlI1/EcoRI, d1gested 1ambda DNR
0.7% agarose ge] '
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FIGURE 37 Sing]e‘and Doub]e restriction digests of LFl subclones

The LFl subc]ones @re EcoRI fragments of LFl 1igated 1nto the p]asmwd
. pUCLY (2.7kb). The subclone is labelled by the size of the EcoRl
«fra Approximate fragment sizes- of each restriction are

~listed in brnckets and are only est1m$ es based on calculations .

s util121ng ™ marqus. Each lane lists the particular restriction

enzymes used, the DNA.digested and the fragment sizes. The symbol "p"
- represents those fragments that are partia\ digests. Those samples that
' are not d1gested By a particular enzyme are designated uncut .

0833 SmLaTAHNDAOT L

/-

"_Lane
' H1ndIII/EcoRI ‘1ambda DNA (fragment sizes diagrammed)
undigested Subclone LFl 8 4 (Tmw, 20, 6) ‘
EcoRl . (8.4, 2, 7) S y
HindIII t"; : "o (1mw(p) 8.4(p), 4.8, 3.3, 3.0)
HindI1I/EcoRI ' . "  (8.4(p), 5.3(p), 4.8, 3.25, 2.7, 0.4)
Xhol e " (5.4, 2,9, 1.1, 1.0, 0.9)
Xnhol/EcoRI ' ’ " (5.4, 2.7, 1.1, 1.0, 0.9)
undigested  Subclone LF1-5.0 (3- 1w, 9, 3.6)
EcoRI St ! (4.9, 2.7) -
“HindIIl BRI “  (8.0(p), 6.0, 1.5) -
HindIT1/EcoRI " o (4. 9( ), 3.5, 2.7, 1.5)
Xhol " L (3-1mw, 9, 3.6) uncut
Xhol/EcoRl . " (4.9, 2.7) ‘
HindII1, plasmid DNA p_ 25 1 (5.1, 3.3, 0.81)
HindIII/EcoRI lambda DNA ' ' _
N
0 H1ndIII/EcoRI 1ambda DNA - same 1ane as adgo1n1ng photograph
p undigested Subc]one LFl 2.3 (1mw, 5.0, 2.5)
- q EcoRI : - (2.7, 2.2)
-~ r HindIII- - e (4.9) : e
s HindIII/EcoRI ™ " (2.7, 2.2) S
-t Xhol: PR S " (Imw, 5.0, 2. b) uncut
u  Xhol/EcoRI A "o (2.7, 2. 2)
v -HindILIl, plasmid DNA pUC19 (2.7)
0.8% agarose gel- :
1mw large mo]ecular we1ght Ny



| - ‘ !

~ FIGURE 38. Single and Double restriction digests‘of LF1 subclones

. The subclone is labelled by the size of the EcoRl fragment inserted.

The approximate size of each restriction fragment are listed in brackets
and are only estimates based on calculations utilizing the mw markers.
Each lane lists the particular restriction enzymes used, the DNA.
‘digested and the fragment sizes. The symbol "p" repres$ents those

~ fragments that are partial digests.Those samples that are not digested
by a particular enzyme are designated "uncut". ;- ‘

Lape: ‘ - ‘ : R
"a” HindI11/EcoRI, lambda DNA'(ffagmgnt.fizes di agrammed)

33 SN 4-TAQ D AOT

undigested ~Subclone LF1-1.6 (2-1mw, 10, 3.8)
EcoRI " " (2.7, 1.5) :
HindI1l s " (2-1mw, #7.6, 3.8) uncut
HindIII/EcoRI “ v (2.7, 1.5)° .
‘Xhol A " o (2-1mw, 10,- 3.8) uncut
Xhol/EcoRI ~ ~* " - (2.7,:1.5) |
undigested  Subclone LF1-1.1 (Imw, 3.7,72.0)
- EcoRI " -~ (2.7, 1.0)
HindI1l " ", (3.7) ‘ )
HindIIT1/EcoRl " "o (2.7, 1.0) !
Xhol o " " (1mw, 3.7, 2.0)uncut :
Xhol/EcoRI e (2.7, 1.0) -
HindI1I/EcoRl lambda DNA /
Hind111/EcoRI, 1ambda DNA - same lane as adjoining photograph
undigested . Subclone LF1-0.8 (1mw, 3.4, 1.8)
. EcoRI R R (2.7, 0.7)
HindIlI o " (3.4) '
HindIII/EcoRl " (2.7, 0.7) o
Xho o R (1mw, 3.4, 1.8) uncut '
XhoT/EcoRI - " " (2.7, 0.7) B
HindFIT, plasmid DNA pucld (2.7}
Xhol, plasmid DNA pUC19. (7.0, 2

<cEc+n 50T O3S

.7, 135) ‘uncut

[
- 0.8% agarose gel : '
1mw = Targe molecular weight
’ ) b ‘
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FIG.38. SINGLE/DOUBLE RESTRICTION DIGESTS OF LF1 SUBCLORES® -



'fragments of the LF1 bacteriophage, LF1-8.4, LF1-5.0, LF1-2 3, LF1-1.6,

 LF1 1.1, LF1-0. 8 ih pUC19 Figures 37 and 38 demonstrate EcoRI
. ' HindIII/EcoRI -XhoI and Xhol/EcoRl digests of subclones spanning the
f' ' eﬁtire LFl insert DNA. The fragments detected support the restriction
map established (Figure 42). If additionai small moiecuiar weight EcoRl
;vfragments are present in LF1 bacteriophage, they have -not been detected

to date. Sequencing of the region may reveai any mi551ng fragments

\\ . . W
A P

~ i

~.
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T ‘Southern hybridization oprWZS.l to*sing1e and double digests Of%L, b

N

N

: . N L N
bacteriophage and LF1 subclones S
, \\\\\

< b t .
“ . o S~

, R oL
Southern. hybridization of ph25 1 to single and doubie\digests of LFl

bacteriophage and LF1 subclones (Figures 36, 37 and 38) was carried\;\‘ ¢
out. Photographs of the- autoradiograms are displayed in Figures 39, 40
»and 41. The single and doub]e digests of . the LF1 bacteriophage seems to |
indicate that the P e]ement resides in the 8. 4kb EcoRl fragment the

large Bglll fragment, in two-or-aii three of.the small Xhol fragments

and the 5. Okb HindIII fragment., This;places the P element approximately
2-4 kb from the right arm of the EMBL4 vector The exact size of the
inserted P eiement is not knowni Further 1nvestigation of which Xhol"
pieces share P eiement homoiogy will heip to ciarify this situation.‘ |

| The Southern hybridization of the singie/double digests of the LF1
subihones suppo)ts the view that the P e]ement 1s present only "in the
8.4kb EcoRI fragment.' This autoradiogrmn is compiicated by the fact

that the piasmid pﬂ25 1 contains pBR322 sequences that hybridize to

- pUC19. Information on pUC19 can be found in Yanisch Perron et al.

N
(1985). Por this study, it ie important to know that pUC19 is 2.7kb in
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FIGURE 39. Hybr1dization of pNZS 1 .prooe to single and - doub]e
restr1ct1on digests of LF1 bacteriophage _

Single dnd double restriction digests of LF1 were probed with labeled

% .1 DNA using the Southern methodology. The lanes correspond to ‘
thdse listed in Figure 36. Listed in each lane are the restriction
enzyme(s) used to digest the LF1 bacteriophage and the size of fragments
displaying hybridization to the P element probe (in brackets) These
fragments. are suspected of carrying the P element. '

¢ Lane: ' '

d. Bglll digested LF1 DNA,(Yarge molecular weight fragment)
e. Xhol " "-(1.15, 1.01, 0.89)
f. EcoRl " ' " (8.4)

. g. HindIII " ‘ " (5.0) ‘
h. HindIIl digested lambda DNA- blank
i. BgllI/Xhol digested LF1 DNA (1.15, 1.04, 0 89)

- j. 'Bglll/EcoRI * ‘ " (8.4). .

. k. BglII/MindIII" " (4.8)
1. HindlIl digested = lambda DNA- blank
m. Xhol/EcoRI digested ."LF1 DNA (1.2, 1.04, 0.89) .
n. Xhol/HindIIT " " (1.15, 0.89, 0.79) = .

"o, EcoRI/HingdIII" - " (5.0) ’ .

0.7% agarose gel
\
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F16.39. HYBRIDIZAT fON OF PI25.1 PROBE TO

LF1 SINGLE/DOUBLE DIGESTS




FIGURE 40 . Hybridization of p'25.1 probe to single and double digests
of LF1 Subclones ] ) . S ‘

.The lanes .correspond to those listed in Figure 37. Listed in each lane
are the restriction enzymes used to digest each subcione. The EcoRI
restriction patterns (*) in lanes c, i and q reveal that only the 8.4 kb
FcoRI,fragment shares P element homology. ‘ ‘

Lane: : A

b undigested Subclone LF1-8.4 , .
c* EcoRl " "o . '
"d . HindIIl I " 1 ‘ :
 HindIII/EcoRI' " " N
XhOI . " ll} .
Xho1/EcoRI " " o : o :
undigested _Subﬁlone LFI;S.OI, . ‘ "

EcoRl .
HindI1l " A

Eic)

e
f
g
h
j*
J v .
k HindIII/EcoRl - " "
' 1 XhOI ; w o "
m  Xhol/EcoRI . " "
n HindlIl, plasmid DNA p 25.1
o HindIKI/EcoRl, 1ambda DNA - blank .
p undigested Subclone LF1-2.3 ' -
q* ECORI ) ,,A n - n
v HindIIl - " " : , e
s HindIII/EcoRl " " ‘
+ Xhol . " ' " .
u Xhol/EcoRI " oo
v HindIII, plasmid DNA pUC19

~ 0.8% agarose ?el
Probe: p 25.1 -
Exposure time: 3 hours



FIGURE 41  Hybridization of p125.1 probe to éing1é and double digests
of LF1 Subclones - _ .

The lanes correspond to those listed in Figure 38.  Listed in each lane’
are the restriction enzymes used to digest each subclone. The EcoRl
restriction patterns (*) in lanes ¢, i-and p reveal that none of the
subclones LF1-1.6, LF1-1.1 or LF1-0.8 share P element homology. Al
dark bands correspond to pBR322 sequences - ' .
Lane: ‘ ‘ ) “a .

. ‘.

' '5;;%ndigested SubETOne LF1-1.6

HindIfP o0 " "
HindI1I/EcoRI -." " )
xhol 1] " , & .
Xhol/EcoR] " " B
undigested  Subclone LF1-1.1 &
- EcoRl ' " " \
HindIII " - e
"HindIII/EcoRI " "
Xhol I|A "
Xhol/EcoRl " " "
HindI1I1/EcoRI, lambda DNA -.blank
undigested  Subclone LF1-0.8
* EcoRl " ' .
THindIIl " "
Hind111/EcoRl .* "
XhOI " . " . [}
Xhol /EcoRI - - .
HindIII, plasmid DNA pUC19
Xhol, plasmid DNA pUCl9

e 2t 50O

“0.8% agarose ?el
Probe: p 25.
Exposure time: 3 hours
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' size and contafns single-EcoRI and Hindlll restriction sttes very near 104 -
each other (20bp). In addition, uncut 6$§sm1d in the form of covalently
closed circles and sﬁperco11ed DNA were readily transferred to the
,;filtgr.' These are seen in most of the simp\es and should not be

mistaken for cut DNA.

D. Restriction map of LF1 bacteriophage | ,)
h The insert'DNA of LF1 bacteriophage is approximately 19 kb in size.
The sentative restriction map of LF1 is diagrammed in Figure 42. In
estabiishing,this map, the information obtained from the single and
double digests of LF1 and LF1 subclones and hybridizations with the P
e;ement probe bWéS.l were used.
| Thé first‘fragment to be placed unambiguously was the HindIlI 4.3kb
fragﬁent.' The EMBL4 restriction>map (Figure 5) has a single HindIIl
site that creates a 4:3kb-fragment. The 4.3kb HindlIl fragment is
locaﬁéd at the right end of the bacteriophage leaving 3'pos§1ble
1ntérnaf’H1ndIII-fragments. Bg1II has fqur_restriction sites in the
EMBLA right arm. The 7.6kb HindII1I fragment is the only fragment that
is digested by BglIl. - This places the 7.6kb fragment adjaceﬁt to the
4.3kb fragment. Xhol proguces a 1arge fragment approximately
11‘4 13.3kb in size. This fragment carries a 9.1kb EcoRI -piece (right
arm) indicating it overlaps the right end of the bacteriophage. A1l the
remaining internal Xhol fragments add.up to a total of 8. BEC ‘The 5.8kb
Xhol fragment is restricted into 2 sma]Ler fragments’ }3.4, 2.3) by
H1ndllf:‘ This restriction pattern éuggests that the 5.0kb HindIIl
fragment is adjécent to the 7.6kb HindIII piece since the 8.4kb fragment

would produce 1 large and 1 very small fragment. The remaining small
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FIGURE 42. Restriction map of bacter1ophage LF1 and LF1 Subclones

A preliminary restriction map of LF1 and the LFl.subclones has been made
with the four restriction enzymes BglII, Xhol, EcoRlI and HindIIl. The
fragment sizes of the Xhol, HindlIl and EcoRI restricted fragments are
seen on 11ne diagrams below the map.

S Yhe subclones LF1-8.4 and LF1-5.0 are the only subclones to reveal Xhol
> ‘and HindlIl restriction sites on the EcoRl inserts. Fragment sizes are

iYlustrated directly on the subcione maps. ’
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mibrder t5ﬁprov1de the proper length of the 8.4 kb HindIll fragment, The

L SR 1} B

Xhol sites share homology to the P e\ement; 1ﬁﬁacating the three are
located very near each other. Whether all three fragments share P
element homology is yet to be determined. Their order in relation to
each other is also unknown.

Southefn hybri&ization reveals the small Xhol fragments,‘tNt 5.0kb *
‘Hindlll fragment and thg\?.4kb EcoRl fragments shqre P element
homology. The 1.0 kb Xhol fragmentlapbears to be re;trictqp‘by Hindll!
placing 1t at the rightmost end. The large 8.4kb EcoRl fragment must
include the $,0kb Hindlfl fragmeng. The 5.0kb’é;oRI fragment 1s’t6'the
Yeft of the 8.4kb EcoRl fragment. Th1s.EcoRI'fragment is restricted by

HindI11 to produce 3.5 and 1.5kb fragments. An additional 1.6 kb EcoRl

fragment must be present'betweeen the 8.4 and-5.0 kb EcoRl fragments im

-

remaining EcoRl fragments have been arbjtrarily‘placed. The precise

.fpositioning of the four sné]l EcoRI fragments is not yet established.

The single and Jﬁ:ﬁ?@ digests and Southern hybridizations of the LFL_
subclones confirm the map. The EcoRl and small Xhol fr;gmeht(s)ashare P
e1ement‘homology. It is difficult to discern, in this digest, if the
5.0kb Hindllf fragment shares P element'homology in that the Hindlllaw
restriction of LF1-8.4 subclone was incomplete. u

The map of subclones LF1-8.4 and LF1-5.0 are illustrated in Figure

- 42, The briehtation of pUC19 in subclone LF1-5.0 cannot be determined

and is arbitrari}y shown. A1l other subclones did)not contain Xhol or
HindIII restriéiiop sites as was to be expected. 'The restriction map of
the LF1-8.4 subclone suggeSts-that ghe Xhol site that éxists at th? left:
end of the 8.4kb EcoRI fragment 1s'approx1mate1y 0.2 kb from thé EcoRI
site. This is seen as a 2.9kb Xhol fragmeht carrying pUClglin

{

e



. 'cbmparison to the 2 7kb EcoRI fragment.
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Sequenc1ng w111 h}lp to d1scern the f1na1 grder of'the réstriction
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si¢es and may. rev%al sma]] fragments that were “not detected 1n this
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4.  CONCLUSIONS f

|

I. ISOLATION OF ONA HOMOLOGOUS TO' THE RASPBERRY LOCUS . « =~ °

AL In eituhybridization‘to M strain with LF1 probe

DNA from the LFl c1one hybr1dizes spec1f1ca11y to the 9t region on

the X chromosome (Figures 26-29, 31). Th1s region has been shown to *

'carry the raspberry locus (Johnson et al., 1979). The origina1 mutant

‘stra1n, NJ -5, from which the LF1 clone was 1so]ated has a raspberry

L

1etha1 phenotype, due to a P element 1nsert1on event at the raspberry

Tocus. Thus the LF1 cﬂone'contains DNA from the raspberry locus

L3

B. In sifuhybridization to In(1)123/Am* with LF1 probe

In ettuhybr1d1zat1on of the LF1 clone to -the inversion stock
heterozygote—%n{%+%%3fﬁm*—supports the above evidence. The ’
In(1)123/FM6 Droaophtla strain carries an 1nvers1on that has breakpoints E
“in the raSpberryrgene.regjon 9€ ‘and in the centromere. This strain
disp]ays a raspberry.Yethaf'phenotype sugoesting that the 1nyerSionv
breakpo1nt 1ies in the raspberry gene. The LF1 probe appears to
hybr1d1ze across the inversion breakpoint Additional experiments

<

Jntended to}conf1rm th1s finding are underway;

109
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C. tFl Bgcteriophage

DNA homdﬁogous to tne 9t region of the LMOsopniZa X‘cnromQSOne‘is’
present as a 19 kb'insert‘dn the bacteriophage vector EMBL4. A
tentative’restrdction map has beenjmade‘(Figure 42), placing the P
eienent approximately 2-4gkb from the right arm of the EMBL4 veotor}{
Subclones of\the insert DNA haVe helped estab1isn the restriction mep,

~ Additional investigation is required to clarify and confirm the

restriction order.

~

]

11. FUTURE EXPERIMENTS - T,

'\J 4
At present ‘work is being carr1ed out by S T1ong to 1so1ate an M -
strain wi]dtype genom1c library that may be probed with the subc]oned :

LFl--material to identify wildtype sequences. homologous to-the Drosophila ‘7

- DNA cToned in LFI To egsure that the entire’gene has been cloned,

varvbus deletions that surround the 1ocus may be studied in com' nation

e

with’/loned mater1a1 Ana]yz1ng the restriction maps. of the

element
induced strains NJ—l NJ-4, NJ=6 and NJ-8 may reveal the locajion of the
P e1ements in the raspbexry gene and he1p estab11sh its bound ies.

Messenger RNA stud1es w111 reveal if one or more transcr' ts are

produced from th1s 1ocus and if a1ternat1ve process1ng is ifivolved.




I11. MODELS OF

ORGANIZATION

The mo]ecu]éf_ana]ysis of‘the gua—pur-nas1ocus will help to

' determine how the‘three'functions,of the guanosine 1, pqrine 1 aﬁd
raspberry loci are related; The three appear to Be 1hyoived in a
gene complex. ) éﬁ"" .

.The'c1assicel view of a gene complex, ae described in prokaryotes,
is the operon (Jacob and Monod, 1961; Miller and Rezn1koff 1978) For
examp]e the lac operon is a group of three linked, coord1nate1y ‘
expressed genes that are related in function. The three genes encode
the three different eniymes, @-galactosidase,‘permease and
transecety1ase that are invoTved in the upteke and metabolism of Tactoee
‘_w1th1n the cell. The ‘three are transcribed in a sing1e mRNA controlled
by a promoter and operator site that responds to an 1nduc1b1e | |
‘repressor. - Trans1at1on of the mRNA results in 3 d1stinct enzyme o
| products being produced N A

In eukaryotes polycistronic messages of téaigkind have not beenAv
fdent1fied to,date Nonetheless, the three gene products .of the gual
purl and ras loci may bE coordxnateay regul ated and transcr1bed as a
'separate messages wh1ch are subsequent1y trans]ated lnto three d1st1nct
gene products. ) _

Another a]ternat1ve is that the gua- pur-ras complex may display a
simitar genet1c organ1zat1on to the rud1mentary or Gart 1oc1
in Drosophila . Rudimentary is a single 1ocus in Drosophila whose
eJ1e1es_fe11 into a'numbef ofvdifferent complementing groups, yet

display a cdmp1ex pattern of interalielic interaction‘in the ‘same way as



oo S ‘-e~~t R
athe gua-pur-ﬂasCOMD1eX (Fa]k and Nash, 1974a Car]son. 1971) A sing]e
. protein appears to encode the three functions, carbamyl phOSphate
synthetase (CPSase), aSpartate transcarbamylase (ATCase) and '
dihydro-orotase;  the first, 'second and third enzymes in the de
novo pyr1m1d1ne‘biosynthetic pathways (Coleman et al., 1977' Jarry and -
 Falk, 1974) The multifunct1ona1 properties of the po]ypept1de appear

three enzymes are encoded by a sing1e nRNA transcript wh1ch directs
synthesis of a mu]tifunctional po1ypept1de with three active sites
(Padgett etlal., 1979). The Gart locus appears to 1nvo1ve a]ternat1ve
processtng,to produce a multifunctional po]ypeptide with "three enzymatic
functfons (GARSt AIRS and GART) or a polypeptide encodino a single |
function (GARS) (Henikoff et al, in press).

Unlike rudimentary, the components of the gua;purfraé'locushappear

to function in quite different ways; Each of'the_functions appears to

~act at different times. in different,tissues. RaSpberry appears to

regulate GTP cyc1ohydrolasetactiv1ty in the head of young adults whereas
¥

:‘the auxotrophs of quanos1ne 1 and purine 1 are be11eved to function in
' larvae fat bod1es (Fan et al., 1976 Evans and Howe]]s, 1978). It is

_-un11ke1y that all three functions have a closely a111ed biochem1ca1

origin in contrast to the rudimentary nultifunct1ona1 polypeptide wh1ch

encodes three subsequent enzymatic steps in de nmovo pyrimidine

‘biosynthesis. .

'f__ As an alternative to a multifunctional polypeptide, the gua-pur-ras

gene complex may produce a monofunctional gene product that is regu]ated
differently in different tissues or at different times. The appearance

- of severa1 Comp1ementing c1asses'of'mutation5'may stem from mutants in

11

- to d1sp1ay common developmenta] regulation (Meh1 and Jarry, 1978) A11_

2

9

A}



product of this locus may function to alter transcription or translation

of'genes involved in different purine metabolic steps. A monofunctionaihx

-gene product may also function by . reguiating gene products produced by

' severai different genes, in a temporai or tissue specific manner.

Another route may invoive the production of a primary transcript
that may be;alternativeiy processed'through‘splicing mechanisms to
produce several monocistronic.messages to be translated. Alternative

processing may invoive aiternate initiation or termintion sites, .

‘producing different sizes of message. Alternative splicing may result

'1n a segment of DNA functioning as. an intron or exon in various

messenger RNAs. Aiternative processing or spiicing may invoive temporai

~or tissue specificity. Introns of a transcript may encode a protein

independent of exons (Lew1n, 1983, Henikoff et al., 1986) " One might

‘ _ . ) | 113
several different cis-acting regulatory components of each gene. A gene

also find that the coordinate regulation of the gpa-pur-rus complex may

involve the heterochromatization of adJacent genes.

Nonetheless, to distinguish between the many aiternative modeis for

A

the genetic organization of the gua—pur-ras complex, further molecular.

analysis of the wi]dtype gene and 1ts mRNA and gene products is

;essentiai. The isoiation of DNA homologous to the raspberry gene is a

. first step towards this goal.
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