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gexmamtarm-effectdanimmofmnammmidu

immmzmodcsofribosmalmdaasingle

chranosane. Inthisstudyseveral feaumofagxwered'iaracterized.

Geneticeaqaerimerrtsnegpedgggtothepmximal heterodirmatinofthex

chronoscme. Several dcminant, maternal-effect suppressors of g

(M) were identified and also manned to the same region. Using

duplications arxi deletions, both Egg; and one £11295). locus were shown to

be neamrrhs. Both loci were then mapped to a specific position within

the ribosanal [NA array using molecular size variants of the ribosomal

111A intergenic spacer. mtg], is an x-linked meiotic nutation which

induces 15-! exchange amt inhibits magnification in males, perhaps

because of a defect in post-mlication repair. Although & did not

induce interdircnnscmal emt'lange between the x ard X alarm, the

phenotypeofngifllmaleswasstmntohaveoflmersimilaritiestothe

ng'tenotypeinfanales. tbstnotably, E131 inmalec irriuoesgelc-

liJceexdxargas. 'Iherasults amortahypottmisthatgexmisa

site-specific enhuclease activity arttixq within the rum ard that

sum), lociW the endoruclease.
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m1

ngisamaternal-effectdaninantloaasofflrpsgilamlm

thatiniucesexdmangebetwemtworibosanalmh (rtNA) arrayscna

single dimmsare (Rdzbins, 1981) . 'lhe exdiarge is mitotic and takes

place in the early zygote, usually before S of the first division. For

example, when a 33; female is mated to a mle with an attached-2g

dlramsanethathastmrINAblocks, lto6%ofthe_)Q(_Ydaughterswill

mflergoanexdiange event thatdeletestheintervenimXaxdmraratin

from the attached-)5! chrcmosane (Fig. 1) (Rdbins, 1981). These

"detadments" of the X dirmcsate charge the m daughters into E sons.

If the Q-induced exdiange event takes place after S phase of the first

cell cycle in the embryo or at the two cell stage then only half the

cells will contain the detadrment product, ard the resulting animal will

be a gynandrcxnorph (part male, part fanale)-

SVanscn (1987) demorstrated that m causes exchanges between any

two separated blocks .of rm (:1 a single dumcscme. She tested various

chmmscmes with two rm}. blocks for their ability to undergo detachment

events. Evmhalfablodcofrflflateadmaflofflredmrmnscmeisa

target. Furthermore, Bexcan indtneboth'spiral" ardergesthat cause

deleticns, and "hairpin" exchanges that invert the intervening material

in the same target drrunosane (Fig. 2) (Meat, 198738:be & Svanson,



Figure 1 - Detectim of g activity

A: 'IherunetSquareforatypicalflmatingisshown. 'me_R_e;g-

induced exd'langes take place in _)9{_Y female zygotes, yielding fl sons or

gynandranorphs. These are readily distinguished from regular sons

because of the yi marker. Although non-disjunctional sons are also yi,

theyhave all ofthepaternal markers (3113).

B: The attached-x1 target chrcmosane is schanatically shown mwdergoing

a;Re_;c-irriucedexd1ange event. 'Ihisexchangeleadstoloss of}

eudrrcmatin and detadment of a complete I dxrunoscme from the attached-

fi dircmosane. Hetemdironatic regions are indicated by thick lines and

the Q loci (or nucleolus organizers, 139) are indicated by open boxes.



Hex - induced

mitotic events

B/«I-9 q »

REGULAR X. y
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FigureZ-‘lwotypesofg-irdrcedeidmrp (adaptedfruanbirss

Swansea, 1988)

‘Ihetargetshownisanltdirmosareduplicated fortheNOand

surruuriing hetemdmaratin (such as In(1)sc'i-1_s_o‘l). Maternal R_e_x

activityirriucesbothtypesofexdiangeinthetargetdrmmsare ina

single cross (Robbins & Swanson, 1988) . The spiral exchange deletes the

intervening x euchrmetin, d'Ianging m daughters into sterile

yfragnent males patroclinous for only yi‘ or gynardrmnmhs with yi'

male tissue. The hairpin exchange simply inverts the material between

the DD NO's.
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1988). Mmmrpedtotheproximalportimofthexmrmnsare,

between 53: arr! the centrrruere (Fig. 3) (Robbins, 1981) .

fix is fascinating for two reasons. First, it induces a high

frequercyofendaangeintherm, maimrelymdergoesneiotic

emdaarqe. 'nregeneticlerqthoftheentirecentricheterodironatinis

approximately 0.01 map units (Sd'nalet & Lefevre, 1976) , while the

frequency of gar-induced exchange is approximately 5%. Even though the

rENA amears to be a relative "hot—spot" for recombination within the

heterochranatin, with most of the exdianges within the heterodmanatin

actually takirq place in the run (Williams et al., 1989) , Begs-induced

Vexchangeisstill at leasttwoordersofuagnitudemore frequent.

Second, Beg-helped exdiange is mitotic and takes place specifically

during the earliest stages of embryogenesis. Althouqu a few other loci

areknowntobeactiveat this time, includinggl, @, grainy—19,

all of these involve loss of dimmsams or lethality, and not exchange

(Baker, 1975: mvis, 1969; Gelbart, 1974; Sandler, 1970).

The unleolus Organizer - 'Ihe Belt target is the nucleolus organizer (NO)

fiddlmjmflIeIBSaIdZBSrlNA(Ritmsaetal., 1966). mg.

W,asinmanyotherorganisns,themisorganizedasan

arrayofrepeats. 'Iherearetmrfllharrays,mid1correspord

gereticallytothebeQed (Q) loci. Oneisinthecentric

heterodnunatinofthexmrmsaneardaeisintheshortarmofthex

dircnosane. Each contains approximately 225 repeats (Tartof, 19713).

Mutatims at the Q loci correspond to deificiencies of rain. The

flerotypeofantatiasrangesfrunlethalitytoamreorless

severe ”bolted" Wype diaracterized by reduced fertility, delayed



k v I 881“

 

Fignea-Sdmticwltatimofflaxm

TheXdzrmosaneiBGGmapmitslmg,ardthemppoeitimsofnanyof

theyrenotypicmarkersusedintheseexperinutteism. Althoughthe

basal hetercctmtin (heavy lines) is Wm)! 40% oftherhysical

lengthoftheXduuneeane,itislessthan0.1mapmitsingenetic

lergth (Hillikerdtaln 1980;8d1alet81’3fdm, 1976;W1111meta1.,

'1989). 'niemocwpiesabaxtcre-thirdofthebasalheterodmtinam

isstmaeanopenbmt.



8

developmlt, thimingof thoracic bristlesandabdaninaletdling

(Limisley I: 21m, 1985).

hairdivimalrmhgeneswithinaclusteraremtidentical (Fig.

4). There is avariety of intergenic spacer (IGS) lengths, ranging fron

4kbtoaslargea520kb (Coenetal., 1982:1rd5k8‘rartof, 1980:

Terracol, 1986). There are two sources of the IGS lergth heterogeneity.

'IheS'portimoftheIGScartainsvariablemrbersofa340bpsequence

bounded by DdeI sites (Williams et al., 1987). The central portion of

theIGSisentirelycanposedofintegralmmbersofaMObpsequence

boundedbyAluI sites (Ooen et al., 1982; Simeone et al., 1985).

'meothersalrceofheterogereitywithinanrmharrayisthe

imertsequenceswhidlinterrupttheZBScodingregion. Insert

sequermcesarefardinapproximtelyGflofdermcsareardlflof!

dlranosane repeats (Pelligrini et al., 1977; Wellauer et al., 1978:

White & t-bgness, 1977). The insertion sequences fall into two classes

designatedas'IYpeIand'IypeII (alsoreferredtoasRlnnarriRZDn,

respectively; Birke et al., 1987). rIype I insertshave onlybeen

reportedinthezm,while'lypeIIirsertsarefo.nriinboththeXand

X'm's (Wellauer et al., 1978). There is considerable length

teterogereityarxx'gfllenenbersofeadlclass,wiu11ype1rangingfrm

0.5-7.5 kb (Fenigrini et al., 1977) and Type II ranging from 1.5-4 kb

(Wellmleretal., 1978). Repeatscontaininginsertiaeappeartobe

inactive,basedmthefactthattherearevirmallymprimary

transcripts than the interrupted repeats (Franz & ninz, 1981: Glatzer,

1979: Jamridl & Miller, 1984: Kidd & Glover, 1981; Irng & David, 1979) .

IthasbeensuggestedthatthemW'lypeIardTypeII

insertim secpences are transposable elements (Glover, 1981; Dawid et



 

 

IIIT‘lypol

unece‘e?If-Wpell

Pigme4-naporasingummtuut

‘IteNOcmtainsapprmdmatelyZZSerepeatsorcismaartof,

1971). A single cistrm is shown sdmatically, with the tramcribed

sequencesinboores. nemarecodingregimsfcrfmrweciesofm,

mantranscribedepacenetmascpenbm(mltzetal., 1988).

Sanecistruleineadtmarointermptedinthezasccdimregimby

insertionmflridnareclassifiedaseitherlypeIcr'IypeII

dependingmserpence. ‘IypeIinsertimsappeartobemiqaetottex

dlrunsane,mile1ypeninsertimsarefomdbothinxflrixm's

(Wellaueretal.,1978). Eadminsertclasshasaspecificintegratim

siteintheZBScodirgregim,arrlthetmsiteearoeeparatedbyfaier

thanlootpabihaetalq 1981). 'medashedlinaswithintheimertim

secpencesardwithintheIQhrmn-tramcribedspacer) irriicatethe

variable lengths oftheseregicns. 'memdallergthsarearprcodmtely

SkbfortheICSKbenetaL,1982),5kbfor‘1YpeIimertsand3.2

for'IypeIIinsertsmellaueretaL, 197a). AllEcoRIrestrictim

sitesarfirelevantsitesforodlerenzymesareetm.
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al., 1981). In fact, based at several lines of evidence, both classes

ofelenentsameartobe"nm-IflRretrotransposae"or"retroposazs",

elanartswhidltrarsposeviaanminternediate, butlackthe

characteristic 1mg terminal repeats of retroviruses (Rogers, 1985:

ximg & Eickbush, 1988a). Firstly, Type I inserticrs are flanked by

duplications or deletias of the 288 coding regim (mwid & Rebbert,

1981: Roiha SI Glover, 1981: Roiha et al., 1981), a characteristic of

mnytransposmirsertimevents. Secordly, 'IypeI insertionsarefound

astarriemarrays flankedbyrmhatmltiple sites inthex

teterochrunatin and the 4th dlrunoscme. 'Ihirdly, Type II elements have

a stretch of polyA at the 3' end and the shorter copies of each element

fomdinthegerurealwaysappeartobetrmcatedelenents containing

just the 3' ends. All these features suggest transposition via a

catplete or incompletely transcribed RNA intermediate. lastly, each

element has an ORF with regions of close hanology to reverse

tramcriptase (Eickbush, personal camunimtion) .

Beyond this, little is known about the organization of this large

gere family because it is located in leterochrcrnatin. 'Ihe

heteroduunatinnekesup40%ofthelergthofthe}$dlrmosme, andall

of the 1 (Hilliker et al., 1980). Nevertheless, there is very little

recmbinaticn (0.02% for the x teterochrtmatin) (Schalet, 1972), no

omventicnal genetic loci (Hilliker et al., 1980) , and few cytological

landmarks (Gatti et al., 1976). Its a result, the Q lows, like the few

other heterod'lrmatic loci town, has been refractory to genetic

analysis. The to is also difficult to dissect with mlecular

techniques, because each rqaeat unit is at least 11 kb, preventing the
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claringofnnrethantxoorthreeinanygivenfragmentminga

calventicrel vector.

Althoqu there is little meiotic recmbinatim within the no, there

aretmiquenedenisnethatmairttaintlenmberofintactrflthcistrms

in this large gene family. (he such process is magnification (Ritcssa,

1968), a heritable increase in rum copy umber which takes place both

pre-meiotically arri maiotically in the male germ-line (Hawley arri

Tartof, 1985). MaleswithaQXdlrunosaxeardcreofseveral aberrant

XdiraresamsproduceganeteswithQ‘thlrunosanesatahigh frequency

ranging up to 35%. Hawley et a1. (1985) propose that pre—neiotic

magnification involves extradircmosanal ccpies of the rum in the

germline of magnifying males. Thee extradlrmesaral copies form an

anplified "onion-skin" structure, which is resolved by successive

exchanges into a magnified Q locus. They suggest that neiotic

magnification is the result of unequal sister-amtid exchange. The

evidencethatthethnprocessesocairbydifferentnedenisnscanes from

the fact that various meiotic nutants can inhibit pre-neiotic

magnification without affecting neiotic magnification. Furflernere,

reduction (a heritable decrease in rm expression) is only seen as a

meiotic event, presumably as the reciprocal result of uneven sister-

chranatid exchange.

Amrtherfienmerm, lownascmpexeatimalsoaffectsrflthcopy

umber. Maflyismissingcrem, thereisanincreaseinthe

emetic copy umber of ti)“ cistrons apparently by anplificatim of the

single m present (Tartof, 1971) . ampereaticn appears to be under the

control of a locus known asg (cmpensaticn resporeeHProomier &

Tartof, 1977). m the); duuosane, g; is located withinthe
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heterochrunatindistaltothem. 'ItelccetimoftleXdlrunosareg

isnotknown. 'nex-lilflcedgloaeactsingistotrigger

anplificatim of the adjacent Q loom, and acts inm to signal

presenceofanm. Altl'nghttexmrcrmsanegcanirduce

carpensatiminthex, thexmdoesmtitselfccnpensate.

Magnification and carpereatim are both intradurrrcsanal events and

carrot explain another interesting feature of rm: despite the low

freqereyofadlarqeintleteterodlranatin, thereisstrikin;

hmegeneityanongtherlfihrepeattmitsmtheXardXdlranosanes, a'

fienmenon that has been tented "concerted evolution" (Tartof & mwid,

1980; Zimer et al., 1980; reviewed in Arnheim, 1983). Unequal

reciprocal exchange does not appear to be sufficient to explain the

pattern of haregereity (Williams et al., 1989) arri so the question

remains as to what forces operate in the populaticn to prevent excessive

heterogereity.

Areasofirwestigatim-Ihereareantmberofquesticnsthatcanbe

askedabartgg,am,moreinnortantly,amuaero£qmstiasabmtm

thatmcanbeusedtoanswer. Inthesubsequentdlapters,various

questiaeareaddressed,usingacamsetofmaterialsaninethcds

describedinclapterz:

1) Wereisfigglocatedwithrespecttoitstarget,ttem? In

bodmfieptersBard4,gereticexperinentsareusedtonapBexwith

respecttobothguflardtttecws (Fig. 3). 'Iheresultsarethat

Mmpswithintherm. Inadditim,in(hapter4,&g—inhced

recmbimtimarflamvelmlemlarapproadtareusedtomaprith

respecttomoleallarvariantswithinttermAarray.
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2) imatisttenamreofttemlows? InChapter3deleticns

ardduplicatiaeoftleproximlportimoftheXdlrumsarearetested

toseewtetlerflisahypa-mypo-orreanorfil. 'Beresultsslggest

thatmisareanorph.

3) Arethereotlerlociwhidrinteractwithfix? Incepter3

severalsqlpressorsofmaredescribedanimappedprmimaltogr.

Modeerociaremappedtottem,aebygereticexperhrents

(Chapter3),andtheotleratthemleallarlevelusingthesane

arproadltakenformappingofttemmws(ciapter4).

4) Wetistlenechanismofthemxexdlangeandisitgelerally

applicable for large scale mapping of the it)? Both these questions are

addressedindeptermwteregeg-inimedexdergeeventsareamlyzed

cnamolecular level. flexdengearpearstobeconventional,ardis

usedtogererateamapofneleallarvariantsinthem.

5) Wl'1atistlenatureofthegtarget‘? InAppendixA,aspecial

dlraresarewithasingledistalribosaral repeatandanormal,proximal

mistestedasatarget. thievertledmesarearpearstobe

unstable, making the experinent inconclusive.

6) Doesggplayaroleinttehrnogenizatim ofrmArepeatscn

theXarrideesanes? InAmerriixB,therateof&gg-irduced

interdlrmesarelendlangeisneasured. Alttnightheexperinentis

diffimlttointerpret,becausea1eofthetargetdlrmcsanesappearsto

besanaketmetable,3g3doesmtiniwex-Xeruergeatanythim

approadlingflerateofintradlrmesanalexdlarge,ardmaymtirmicex-

Xexdergeatall.

7) Emism involvedinmagnification, an intradlrancsanal

exdlarrgeeventspecifictotlerm‘? 'misqtestionisnotaddressed
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directly. In Apperriix C, however, @341, a nutation which severely

inlibits magnificatim in males, is found to have Ear-like activity.

8) Wetistteproductofttefigglcals? IntheDiscussicn, data

frmalltheexperinentsaredrawntogethertosuggestaworking

hypothesis for $3 action. I propose that Q; either encodes an

enicmclease activity, or is a imitation that has activated the silent

open reading frame of a retrqaoson which encodes an endonuclease.

Several eaqaerimentsarealsoproposedtotestthathypothesis.

9) What iltplicaticns do the study of Q; and its effect on the N0

have ard what are possible future lines of research? IIhese questions

are addressed in the Discussion.



m2

MGM

StcdtsarriCrceses-Allmatingsweredaemaconmeal, molassesand

brewer's yeast medium at 25°C. Five days after mating, parents were

transferred to fresh food, and progeny were scored at regular intervals.

Henotypicmarkersandstarflarddlrmosanesaredescribedinmndsleya

Grell (1968) and Ifindsley & zim (1985, 1987). A variety of rearranged

Wmusedextersivelyinthismrk, several ofwhichwere

newly constructed. 'Iheir origins and relevant properties are listed in

Table 1.

mt of g activity - fl activity was detected as shown in Fig.

1. Briefly, maternal presence of flex causes mitotic exchange between

the two blocks of run on a paternally-derived target chrcmosone, in

thiscaseanattached-xx. 'mestandardtaterdlrcmosateusedwas

xfipxbm yf Bsyi. The result is a charge of m daughters into

Means, by"detadment"ofthe¥dlramsanefrcrnthe}$aldlmnatin.

'Iheeventtakesplace inthe firstorseconddivisionofthezygote,

generating whole-body "detad'ment" males or gynandrrmorfils,

respectively, which can be identified because they have yi male tissue

without any other paternal x-linked markers. Ex activity is calculated

as: detachment progeny/(regular fenales + detactment progeny). 'Ihere

arescnevariatimsmthiscalcllatimincertaincasesbecause ofthe

15
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Tablel-mazriptimorfdlrmusedinexperimms

 

SInEEEEEEEL_______J!§EéE!BLIIEQ§£§i§§

Starriarddlrum

Qg(1;1)sd!1

In(1)dl-49

In 1 m7

In(1)soiL§g§B

In(1)s<>c5—1-I—-_sc>—4R

WM

Inianl—LW

111;Y)Ba4,zx§

152(4me

Novel durum

We

W

WA

Deficient for most of x basal heterochranatin,

ireluding no, and proximal eudlrcmatic loci

(Fig. 8)

Deficient for rest of basal X heterochromatin,

including no, ard proximal euchranatic loci

(Fig. 8)

mp1icated material fun the tip, including yi’ ,

to the x centrcmere (Fig. 5)

Middle third of )5 euchromatin inverted used to

balance inversions of entire 5 eudrrcxnatin

Multiply inverted balancer of the X chromosome

Deficient for middle 3/4 of z basal

heterochranatin including N0 (Fig. 8)

Diplicated for middle 3/4 of z basal

heterochromatin, including NO (Fig. 8)

Deficient for NO (Fig. 11)

Diplicated for NO

One piece of 3'! translocation, includes all

basal z heterochromatin (Fig. 8)

xmrmcsareinsertedbetweentwoarns

ofX(Fig. 1)

(1)

(1)

(1)

(l)

(1)

(1)

(1)

(1)

(1)

(1)

(2)

Non-inverted chrunosare duplicated formNC attip (3)

free of surrounding heterochranatin.

by Err-induced hairpin exd'lange inMW

Target dumescne for gag-Mod hairpin

exdlange with Belt-bearing basal heterochranatin,

arfi duplicated for the NC at the tip (Fig. 10)

Inverteddlrmosaresgereratedl -induced

 Uhairpin exchange in Quzlwfly— (Fig. 10)

(4)

(4)
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we 1 (alt'd)

We Distal em orWJ. Mum;

distal no (Fig. 11)

1111111395.: Proximal end ofMg, imluding

proximal no (Fig. 11)

W Distal portion of mumWe. ."ith
singlematthetipfreeofsurroulfil

m

teterodlrunatin,arrlbaseofp_§_(1)_x:1.

(4)

(4)

(4)

 

References: (1) Lindsley a zim, 1987

(2) Lindsley & Grell, 1966

(3) Robbins & SVanson, 1988

(4) this smiy
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use of different maternal genotypes. 'mese uedified mlculaticre are

mtedbothinthetextandinthetableswererelevant.

mWW-mhpfim. reflectirerMe-cpression.

msneasuredusirgeitteroftwocroases. Inbothassays, theQ

henotype was evaluated in Megg heterozygotes sinceMg

is calpletely deficient for rm. Either individual males bearing the

chrcmoscme of interest were crossed to individual

m(1)gJ.-49,y Q v B/nga‘y daughters or individual females who

were dlrunosare/flg were crossed to Wicfiwyig males. In both

cases, therhenotypewasexpressedasperetrame, thepercentageof

W/nga‘y daughters showing any level of Q phermype

[(phenotypicelly 33.52) (100)/total].

Rate of rut-disjmctim - 'Ihe rate of non-disjunction in all crosses is

calcllated as:

(L); non-disitmctionalfiprooenv) . .

regular progeny + detachnent progeny + (2 x rm-disgmlctlonal progeny).

Mattractia's-IbanalyzeapartiallarQlcals,X/Omales,

Imezygous fanalesorX/Ql'fanaleswereused. yolnalesweregenerated

bycmssingx/xmalestomy/oraralesennasse. Atleastfive

irriividualsonsweredeckedfor fertilityfruneadlmatingtoereure

ttetmfreeXdlrmnsmewassegregating.

mmwmcmmmwa

mdificaticn oftl'eprrocecmreofflenderetal. (1983). Flieswere

stored frozen at -70°C. 50-100 flies were grourd quickly at roan

taperatmeinagrcnrl-glasshanogenizerianlsofgrirdingbuffer
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(0.114 NaCl: 0.2!! sucrose: 5am Nazism: 0.114 Tris, 1319.1; adding 0.5%

SIB and 1% dinethyl pyrocarbcnate just before grinding). The extract

wasirnibatedatésoc for30minutes, thenO.3mlof8MI<nAcwasadded,

followed by ircubatim at ice for 30 mimtes. The extract was

centrifuged for 10mimtesat 10,000xgandthesupernatentwas

carefully drawn off. One volume of ethaml was added, the extract was

mixedarrlallcmedtostardforSmiIut'esatroantalperature, arrithen

ca‘Itrifuged for 5 minutes at 10,000 x g. The pellet was washed with 80%

ethanol and dried under vacuum After dissolving the pellet in an

apprqlriate buffer, the INA was further plrified by passage through an

Flu-Tip (Sdileidler & Sdluell) or NENSORB (New England Nuclear) column,

according to the manufacturer's protocol. The final INA pellet was

missolved in 0.1-0.4 ml of 10111“! Tris, 1118.0; 11M EUR arri the

coreentration was determined spectrqhotatetrically.

Plasmid INA was prepared by a modification of the boiling mini-prep

method as described in Maniatis et a1. (1982). 1.5 mls of an overnight

cflmregrwninlaverespminannpendorfmicrofuge for2minutes

ardthebacterialpelletwasresuspendedbyvortexirgin350ul ofSI'EI‘

buffer (501!“ mm; 5011“ Tris, pti8.0: 5% Trital X-100; 8% (w/v) sucrose).

25:11 ofafresthnq/mllysoyuesolutionwasaddedthetubewascapped

ardmixedgently. Aholewaspokedinthecapwithareedlearrithe

tubewasplacedinboilingwater for45 seomds. 'Ihetubewas

innediately centrifuged at roan temperature for 10 minutes and placed on

ice. 200uloft1ealpernatentwasramvedtoa freshmicrofugetllbe,

200qu£ isopropanolwasadded, andthembewasvortexedandplacedon

ice for 5 minutes. The INK was pelleted by centrifugation at 4°C for 10

mirutes am resuspended in 100 pl water.
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SalmspennmA('IypeIII,signa)wasallalistearedtofragments

ofamroximately 300-looorplcng. 'nlemhwasdissolvedtoa

comentratim of 33 ng/ml in water at 65°C. ole-tenth volume of mu

Naaiwasadiedardthesolutimwasboiledformminrtesandtlen

cooled. Mvoltmesofzu'rris-flClwereaddedardthep-Ioffle

resulting solutionwasdleckedtoenslrethat itwasroughly 8.0.

restrictimdiwstsardelectrqrmesis-Restriction digestswere

carried out in the supplier's recamended buffer, using approximately 10

mlitspermicrogramofgermic INA. 'Ihedigestswereseparatedon

agarose (Seaken, ME) gels ranging fran 0.7-1.0% run at constant voltage

(35-50 volts) in THE (89nd Tris: 89:!!! boric acid: 21m EDI'A) (Maniatis et

al., 1982).

tblecllar analysis of rum - IGS length variants were visualied by

digesting germic am with HaeIII (Fig. 4) and pruning with pmuoamiz,

which is a HirdIII-flaeIII clone of 165 sequence in pAT153 (Ooen et al.,

1982). The fraction of rum repeats intermpted by insertion sequences

wasassessedbydigestirgtotalgermicflfltwifllfiimIIanininflIIani

prubirg with PASS (Jakubczak s. Eickbush, personal communication) . pPA56

is a 307 bp Banifl-HindIII fragnent frun the right-hand junctial of a

TypeI insertwiththeZBSmdingregimcla'edinpUcm. Itcmtaire

30rpof'lype1insertseq1ence. Hengermicmhisdigestedwith

HincII ani HindIII, all minter'rupted rum repeats will yield a 373 tp

fragmenttmelogwstopmfllatsparstteireertimsitesofbothiype

I and hips II elatents (Fig. 4) (Roiha et al., 1981) homologous to ease.

Interruptedcistru'syieldndllargerfragnentswhosesizedeperflsm
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thepositimofwhateverflirenorniniIIIsiteintlemsertsequeree

isclosesttbtherighterd. Themdalla'gth'lypelwillproducea

3.0kbfragment, vhilethemdallength'lypenwillprodtnealdlda

fragment (Jakubczak 8 Eiddmsh, persalal camunicatim), however,

teterogereityamlgtreireertclassesyieldsawidearrayoffragment

sizes.

Prrbelabellirgardbybridizatim-Probeswerelabelledusingthe

oligaucleotide labellirg nethod of Feinberg 8 Vogelstein (1982) .

labelled probe was separated fran unincorporated nucleotide by column

chrunatcgraphy using Sephadex 6-50. For the IGS clone, the source of

INA was the entire plasmid clore. In the case of PA56, however,

purified ireert [NA was labelled. The plasmid was digested with

Banifl/HindIII, the digest separated on a 0.8% mini-gel (with 1 pg

ethidium brunide) . The DNA was visualized with long-wave UV and a

chanrel was cut in front of the smaller (insert) band. A low-melting

agarosepatdl (1.5%NuSieve) wasprtintothecharmelandthe insert

band was electroploresed into the patdl. The low-nelting agarose patch

wasscoopedout, weighedtodetermine itsvolune, andusedasthesource

of mm for labelling (Feinberg 8 Vogelstein, 1984) .

Gelstobeprcbedwereswthernblottedorttoflybord-N (Amer-sham)

nylm umbranes according to marmfacturer's specfications. The INA was

fixeda'rtotlenerbrarebmeimrtesexposuremaUVtrareillminator

(Fotcdyne 3-3000, 300 m) . Pre—hybridizatim was carried out overnight

at 42°C in teat-sealed bags with 10 mls of pre-hybridizatim solution

(50%formamide:0.5ng/mlalkali-siearedsalnulqermM:1Xpre-

hybridizaticn stock) (2.5x pre-hybridizatial stock=250nfl Pipes:2M
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NaC1:0.5% sarkosyl:0.25% Fico1:0.25% PVP-40:O.25% ma, fraction V: [H

6.8). Hybridization was carried out for 18-24 hours at 42°C in heat-

sealed bags with 105dpn/ml of prcbe in hybridizaticn mix (1): pre-

hybridizatim stock: 40% formide: 0.2 liq/ml alkali-shearedsalnnl

sperm [NM 10% dextran allfate) . ~

After hybridization, the filters were washed twice with manual

rubbing in 2x ssc + 0.05% sarkcsyl + 0.02% sodium pyrqnoswate at room

taperature, follwedbythreeorfmr30minrtewashesat50°cinmlx

SSC 4- 0.05% sarkosyl + 0.02% soditml pyrorhosphate. The filters were

wrapped in Saran Wrap to prevent drying and autoradiographed, usually

without an intensifying screen in order to enhance the resolution of the

bands.



M3

-BAWCHIIBDI'IBB

 

W

Inordertofurtlermflerstarrifiemmrelatedquestionsvere

asked. 'n'lefirstquestimwaswheredoesfigxmap? Preliminarymapping

data placed Rex proximal to car on the x dumosale (Fig. 3), either in

tle5%of)$eudlraretinbetweenggard§u_(fl, orintheheterochromatin

(Robbins, 1981) . There are very few heterodirrxnatic loci on the z

d'lrunoscme: the best-characterized is the Q locus encoding the 18S and

28S riboscrnal RNA (reviewed in Hilliker et al., 1980) . Fortunately, the

chmrcsarewhid1 carries the3e_xlocls alsocarriesa strongQ

notation. This allowed mapping of R_e_x with respect to Q and to .5213.

the most proximal eudlrtmatic locus. 'me mapping data showed that Belt

is, in fact, proximal to M1.

The second question was whether R_e_x behaves as a loss of function,

gain of function or novel function imitation. Conventionally, notations

are classified according to the scene first described by Muller (1932) .

A nutation is either an amorph, with no expression of the normal

function: a hypatorph, with lower than normal expression: a hypermrph,

with greater than normal expression: a reanorfil, with a novel function:

or an antimorph, with expression exactly cpposite of normal. Three of

the classes, moderate hypermorpl, remorgh and hypcrmrph/anerph, can be

23
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distinguished by a series of dosage tests, using complete deficiencies

arr] duplicaticns of the region where the nutatim is located (Table 2).

Bexwas initially isolatedmanhronosane, raisingthe

possiblity that Be); is actually a Q allele, a loss of function of sore

ribosanal cistrons. Tests of deficiencies arr! duplications of the

prmdnalheteroduoretinwereusedtotestwtetherfixproducesa loss

orgainof function, orisanovel functim. Theresultsdemonstrate

that E; is a rearerph.

Intrecourseofthesestlidies, several surpressorsofgwere

also identified. Two were mapped to the proximal portion of the )5

dlrarcsare. Athirdwasmappedtothermitself, and, theresultsof

the dosage experinents show that this locus, too, is a necrnorph.

Egg-1L5

Hamirgofgwithrespecttogm-Spontaneouscrossoversbetwaen

wardthecentrmereofagdlrmesarewererecoveredfrmancng

unpmgavofyevyiaer/ururusflalstgsuio-yifanalesby

looking for phenotypicallyyfisons (Fig. 5). fig isproximal to

551m, atleastsareoftherecarbinantsslmldcontaing. Ifgis

distaltoguifl,meoftterecatbiiontsareexpectedtohavege_§.

no irdependent recalbinants (frcm different matings) were

recoveredamongapprmrimately 15,000 male progenyscreened(0.01%).

Eadlrecarbirentwasortcrossedtwicetomdf/Xfeneles,toreduce

theeffectofautcscrrelbaclogmnri,ardttentestedforgarriQ

W. 'neresultsareslmninTables3ard4.

Itisapparentthatcrerecarbinant,Lire31,issimilartotre

origirelBgdumosarebothinternsonrherntypearoggactivity.
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T‘ableZ-Useofdpliratiaeanideficiaeiestoclasifymtatim

 

I E ! ! . . . I 3 I I I

loss of functim amorph/hypanorfil Deficiency/+ Diplicatial/mutant

Gain of function hypermorfil mp1imticn/«t Deficiency/nutant

Novel function reamrph - -
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ml-uwfltydm-flmtdm

 

 

mom

y 9! y I m 1818 3431 4 7 0.41 79 23 5.31

. J-

! 1: i a: 211.0413 1970 943 0 0 0 0 0 0

WW

Line 27

y 17, f a: film), 3460 3835 0 0 0 6 0 0.17

Line 31

y 1.; I at 3111), 2434 3529 3 23 0.86 38 5 2.25

 

Irrtividual x-dirmnsare/y fanales were mated to x5341}! yi' males. In

the case ofW, Bax activitywasW in giigiipfilfii g: y 1 a:

females.
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m4-demmardreulbimm

 

 

W599

mar

X-(hrumme QT Q it!) sc‘scB/Fm males

WW

1' 1?. if yer Ex“ 19 19s 96% 233 213

y 17. f car Mix: 173 3 2% 158 213

WW

Line 27

y l; f car ail”). 150 25 14% 215 221

Line 31

y 1:, f gr s_u_(_fl 55 131 70% 228 223

 

Individual males carrying the indicated dlronosare were mated to

In(1)soésc§4_y/_F147_ females. The percent Q is calculated as

is so—sog‘danshtem/tatal sols:g daughters-

a'Iheparentalygzngxchronoscrrewasnottestedfoerhenotype

contemperareously. Instead,theQr.henotypeoftheparentalng_

dlrorcsatewastestedinadifferentrecanbirent,wheretheexdlange

event took place outside the heterodlrcmatin, recovered fron the sane

cross.
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ms-mamdmmmmmmm

cam

WWW,W,hMpflmtedforthetipotfliex

W,mmngunyibody-colormrkar. mmmg

are inseparable by mombimutim. Reouflaimtim within the

WW,WMW)NW

oentnnere,pmdwaayj.z1mmfl1cmssavemmid1arereadfly

distinguishedasfimntypicallyyfl'mmmmedtoestablish

stocks. 'Ihereombimntduumsanescanthenbetestedform

activity, it yienotypo and run ompositim.
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'me other reoaflainant, Line 27, has significantly less g activity

thanthegggparentalduunosane, arriisalsosignificantlylessbp.

'Biesemltsplaoemprmdmltogim, sixnebothreoarbimntsbear

E111). arr! have EX activity.

mleuxlaranalysisofremmimnts-Inordertodeterminewherethe

Weventtookplaoewithrspecttothemloms,theamyof

ribosanalintergenicspacerucmlergfluswaseaamimdinthepamntal

andrecmbinantmrarcsam (Materialstxnethods, Fig. 4). HaeIII

digested germicENAwasprobed with cloned IGS sequence, revealinga

distinct array foread1par1er1taldmnosane(Fig. 6). LineZLwhidu is

hatenrediateinbothgeggardgmerntypebetweenthetmpamntal

chm, isclearlyarecarbinant wittfintherflflarray, since it

cmtahsbmfisfrmbothparentsfirmvs). Ontheotherhand,Line31,

whim is menotypically similar to the 3g parental chromosane, also

hasthesanerflflarrayasthefiggpamntaldimnosare. 'meexchange

event which generatedIineBltookplacedistaltoall ofthediagnostic

variantswifliinflerm-whidldistirquimmtmpammaldmmtes,

orpossiblydistaltotheentirem.

ASAQEX) loosinmuznsom-‘mereweretmpossible explanations

forthereducedgactivityseeninmmzm unwasthatgggwas

splitbytheemiangeevem,yieldimpartialmactivity. 'Ihecther

wasflnttheatherparentaldxrmcsanecarriedasummssoroffiglows

which is present in Line 27. Maternal-effect daninant suppressors of

Emmanhavebeenfanfiinmanylabstocksmeebelw). ‘Ihis

possibility was cheated by testing
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Parents

27 scV1 Rex 31

‘ - 23 kb

- 9.4

- 6.6

. 4.4

figmeG-KBlagthanaysofparamlardmombixantdm

GermicMwaspreparedfrmfi/Omlesbearimtheixdicatedx

duuuosaneanddigested with HaeIII. 'meblctwaspmbed with cloned

1% seqnnoe (pun103HH2). Line 27 contained variants than each of the

parents,uvoofwhid1areirriicatedbythearrws. mm31appearsto

beidenticaltotheflparent.
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ygyIWJnrmm-yfi fanales formativity

inacrosstoattached-xymales. Notethatcnlycnehalfofdetadment

males (tinsewhidlareyi’f) willbeidentifiedinthiscrcss, sincethe

otterhaltwillhephemtypieallyyifi, ardixdistinguishable franone

class of regular scns.

'Ihe results (0 detachments amom 975 female progeny) clearly

irdicate that the 1311111321 does, in. fact, contain aw locus.

SinoeLineBlhasmrmalngactivity, them loaisnustbe

proximal to the Line 31 exchange point in @(nnscfl, and thus is also

located in the basal hetemdmznatin.

Line 27 was then tested for almex) by mating

Idle27/yygplgyyfgeg femalestoattached-flmalee. 'Iheresults

(data not shown) indicate that Line 27 does, in fact, (any amen!) in

addition to sure 135x activity.

'menauxreofthegloals-Havingmappedggprcximaltogufl, tests

of duplications and deficiencies of the heterodlrcmatin permit

functional classification of Be_x (Table 2). If a deficiency of the

heterochranatin mimics. & activity, then M mist be a hypanorph or

amorph. In that case, a duplicaticn would be expected to suppress kl:

activity. Mersely, if g is a moderate hypermorph, a duplication

would mimic EX. while a deficiency would suppress it. A manorph would

mtbemimidcedormressedbyanydxangeindosageofthewild-type

regim. An extrane hypermrgh, a nutant with many-fold increased

activity, walld behave as a neanorph in this test.

'Ihree deficiencies ani two duplicatims of the heterodlranatin were

tested fortheir abilitytomimic or suppressg (Fig. 7). Inthese
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Figure7-nplicatiaaarflchficiacimusadfa'filctiaal

classificatimotm

'Ihepmdmalportimottlnxmism. 'n'xeherterodmtin

isstmnasheavylinesamthemasanopmbmcwithinflle

heterodlranatjn. 'meeightncstprondmletximmticlefliallociare

shownassnallopenbooces. 'meprcximalanddistallimitsofeadl

rearrangeddumcscmeazesmwn. Dashadlinesareusedmentheprecise

bouniaryisnotkmm. (mmsley&zm,1987).
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tests, EX activity is evaluated qualitatively (present/absent), since

previals experimentshaveshownthatmactivityissensitiveto

badmnflandquantitative cmparisonsamorrgexperinentsmaymtbe

manirgful. 'lheresults (Table 5) indicate flatmmstbeaneanorm

orextremehypermorgh sincenoneoftheaberratimsmimicm (in

crosseswhiohareaberraticm/y) ardnonesunaressg (incrcsseswhioh

are aberration/m) . 2% activity is only found in figs—bearing females,

regardless of the dosage of wild-type material.

mltipleamressorsofg-Ihetestfordaninantsurpressorsofgeg

istoteetfiygchranoscme females fongJgactivity(see01apter2).

Fanalesfrunthestockbeirgtestedarecrossedtoflmales, or

Wfanalesarecmssedtomlesfrmthestockbeingtated. Eel!

activity is quite variable, but usually & induces detachments in 1% or

noreofthetarget-bearing progeny. Wlena&(Rex)ispresent,many

faderdetad'mentsareproduced.

Inordertomapasu(Rex),thefirststepistomapittoa

d'lrcnoscme. a'lewaytodothisistoseeifitsegregatesfruna

partimlarnarkedbalanoerautosane. Arctherwayistoseewhetherit

cosegregateswiththexmlrmcsarewhentheautoscnesfranflmestock

arealladedtosegregateatrardan. aceththasbeenmappedto

a partiallar dunnosane, reoarbinants omtaining various portions of the

Mdlrmcsaneoanbetestedtbseeiftheyretainuleflgeg

W-

mm2:m:w.ms:WIw-mm

(abbreviatedasfigtg.")hasnarkersmeadaofthed1rmcsaree,ard
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mm WWW

my mm W

   

Wags/y 4093 1397 3 2 0.19 0 0 03

Wags/an 646 477 0 4 0.5? 14 3 5.038

1211113131: 1; m 3413 1965 0 3 0.1? 0 0 0%

W12m 1434 1022 6 11 0.99 39 9 6.1%a

inmssfisgam 3569 3333 0 37 b 0 0 03

W595“ 2477 2395 1 116 b 13 4 0.9-1.71;c

mamas

3W 1404 1731 17 3 1.21 0 0 0%

W 1339 2340 7 13 1.23 26 3 1.6%

My;31/: 2177 1671 1 23 b 0 0 03

1110153515944m 3311 2376 2 123 b 21 2 0.7%

 

Individual {alleles of the irriicated genotype were mated to X51543 1 yi

males or to Mafia 3 M males (in crosses involving migw arr!

Imusofiicfi). Inallcasesmreferstoaygyyfmxdxrm. 'ihedatafor

WgfiarflWmtflmtrwWfl9u). ‘

amedeficiencychrunoemnsarehnimaizygous lethal, eotredetadmentfrequawis

calculated by dwblirq the amber of all detadments, inchxiirq gynanirtnnrms, and

then dividing by (regular females + numerator). Similarly, the frecpenq of non-

disjunctim was calculated by doubling the amber of regular males and all detachment

products in the dermimtor.

blhelargenmberotmtiaalmlesreadtedinpartfrmmrdisjwctim,min

partfmnfmddableodwgeminmmthermisanilwersim

heterozygote.
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table 5 (alt'd)

°Deticiemy/tragnent detad'nnent males will not survive unless the 21' x chranosane

fragment generated has enogh ribosanal cistrcru to be viable. The first detachement

frequency 5mm is calculated on the assuxrptim that all the deficia'ucy/fragnent males

survive, the escort! on the assmptim that name survived. The resllts of Rabbins

(1981), arrithe reounbinants reoovered in Gupta: 4, suggest that mly a snail portion

ofthedetadnentprcductsareml, aothetnletreqaencyisanintermediatevalue.



36

has itself often been used for mapping. Initial experiments (37. Glen,

miblisheddata) mappedthemressorinthisstocktotheXorfith

dirulcsanes, since itdidmtsegregatewitheitherthebalarcer

autosanes or the translocatim (Table 6).

Aseoondexperiment (Shransm, 1984) wheregfl, m, andthefourth

dirmnsare (marked with spam-1) were followed individually, eliminated

the possibility that the suppressor was on the fourth chranosane.

Females frunthe'ygtq." stockwerematedtoymales frunanon-

Expressing stock- g; 1112 (Wically 9! SM) dawhters were then

crossedtoyzmwr—J—lsggg/E—Wmalas. 'Iheresulting faraleswere

heterozygous for Be); and had various canbinations of the "m..."

autoscmes fig, 111g, ardggml. The females were scored directly for

gigandm, sinoetheycarrydaninantmarkers. 'Ihepresenceofthe

falrthdirumsanemarkergpgflglwasscored inthenextgenerationwhen

each female was mated to r-SHL. y y i sari/9: QM/ssaml males to

test for & activity. As in the first experiment (Table 6; above), the

suppressordidnotmaptoggorm (datanotshown). Furthermore, the

suppressor did not segregate with the fourth chrmoscme. Females who

were /i had 2211 regular daughters and 14 detachment progeny (0.6%

Be; activity) while y: females had 2921 regular daughters ard

lsdetadmuerrt progeny (0.5% 3:9; activity). This ruled out an autosanal

location for the suppressor. The low level of m activity observed in

this experiment is also oasistent with presence of an x-linked

suppressor sinoe one-half of the farales would carry an x-linked

suppressor and ale-half would not.

'missurpreesorwasmarpedtotheproximal portionofthex

dumnsatebygeneratirg reombinantswithrm—surpressirgxmramsams
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(Fig. 8),withthefourth duamsome,mrkadwith $291, segregating

atrardanmgthereombinants. Weusedadlrmcsarewithm

aura-natlcsuppreesors (seebelw).mu1ue‘ll.ymyrsatsslil-yi.

togeneratereombinantsbearingdistalaidirunatinfrmarm-

amessinngzrunosane(Fig.8a). Inthischrunosane,thecentrarere

ismarkedmlanbiguouslybyMaIdy-‘J. misisinportantwhen

generatirgdistalcrcssoversbecauseaseoonicrcssovereventinthe

proximal aldirtxnatin wouldgo undetected without oentranere—linked

markers. Wedidmtusethischrmcscmeasthesalrceofa

Iran-suppressing x-du'cmoscme base (Fig. 8b), however, because it

contains a suppressor in the heteroohrcmatin (see below)'

All reocmbinants that have the oentrmeric region of the

Slqnpr'esscrzdirmcsaremreesgegcrable 7). ThisSu(Rex) thus maps

tothebaseofthezdirmcsare,axrlnottothe4thd1rmcsare,orthe

95% of the}; eudirmetin fruny (Omapunits) tog; (62.5 map units).

Thiswasalsodencnstratedbythereciprccalexperinentinmiduthe

proximal portion of the suppressor X chromosane was replaced with a

segment frun a non-suppressing d1rcrrcscme by recarbination (Fig. 8b).

In all the resulting reoanbinants suppressor activity is lost (2 _c_a_r;

Tab1e7).

Interestingly, however, there is a significant difference between

one oftheproximal reombinants (Line 4) ardthe 3 others (X2=29,

p<0.001), as if Line 4 carried a partial suppressor of fig. Two

generations of wtcrossing did not relieve the partial suppression (data

notshown). Itwasdeternunedmver,that1.ine4hadagloals

mlbcethatoreitherorthetmparentalohmnosanes. 'Iheparental

figyfgrdlrmcsarewasml,amase3qaected,theotherpmximal
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PiglneB-Wimrxtslsedtnmpx-lirflcedwin'yfl'

The X chrcrrcsane is shown schematically, with the heterodlrcmatin

outlined by heavy lines, and relative genetic positims of varies

markers indicated.

A: 'I‘oreplacethedis‘talportionoftheygtizdlrumsarewith

eudlranatinfrcmamn-suppressingstock, males fromtheye_t_c_.stock

(M:&:W.bwe : sea-02153211) werecmssedto

m(1;1)sc‘-’1,y c_v y f g §u_Lf)_°yi homozygous females. F1 females were

matedtoy/Xmales, arrlI-‘Zmaleswerescored fortheirxd'lrarcsare

genotype. Individual F2 males with varying portions of the muznsoV—l

dlrunosale replacing y gt_c_._ )_( euchromatin were used to establish stocks.

In the y gy reocrbinant sham, approximately 33% of the euchrunatin has

been replaced.

B: 'meproximalportimoftheygtggxmrmosarewasreplacedby

crossmgyetg, fanalastoyzgngar/ymales Flfemalesweremated

toy/Xmalee. Individualypararflyfgl'recarbinantmmalesmre

recovered ard used to establish stocks.
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Table7-Hamirgamin'ygmg'xamm

 

mm

x mm m

0|~0 0:0 [ 3.500 she’s .m s

Distal reambimnts (Fig. 8a)

y 3 1627 1444

y g 2 603 695

y s! y 4 1704 1592

y e! y f 4 1169 1160

y .6! y 15 9a: 3 677 636

0.00

Proximl reombinants (Fig. 8b)

1 15 .car 1 792 562

y ear 3 1753 1269

y gr, Line 4 1 359 927

NON¥DESJUNCTTGNKL llflmlllQEIPIHIXHfinl

W W

:u: e ... e mill nales ... . e Bennett

1 1 0.13 1 0 0.06

0 2 0.31 0 0 0.00

0 2 0.17 0 0 0.00

l 3 0.34 0 0 0.00

0 l 0.15 O 0

0 0 0 29 9 4.58

0 7 0.45 81 16 5.23

l 0 0.11 8 0 0.92

 

Recombinant males with 1311, m (g, 01x) and various portions of the y etc. _)_(

chromosane were obtained as shown in Fig. 1, and stocked by mating to C(1)DX,y f

attached-x females. Progeny which had wild—type autosomes (gt, 91(1) were selected

tomairrtainthestocks. Males fruneadistodtwerematedtoygvyfgeg/m females

(m7 isanXdimwsomebalancercarryingthedaninant markerfi).

(ET dalmters were mated to $5?!mein y f Fri/9 males to measure Ber

activity.

Egg/recombinant
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crossoversmreml.'nleyg£,pare71taldumosmewasmi’,ardall

ofthedistalcrossoversweregi'aswell. Line4, however, which

stmldalsohavebeenmlvereitasinplecrossover,bearsa35%

penetrantmlocus, internediatebetweenthehnparentaldumosames.

Clearly, Line4 ismtnerelyaeud'irunatic crossover, buthasalso

m'dergoneamagnificatim event, suggestingthatthedlange inLine4's

figment) menotypewas concomitant withanalteration in its run.

31(g1inAnherstwfld—typestodc-B1esuppreesorintheAnherststock

(Table 6) was mapped to the 3 dlrcxmosame in two experiments. Initially,

several independent lines were generated with the Amherst X chromosome

(re-marked with y) and an average of 1/4 Amherst autosames. All of

t11esesq3pr~essedR_;el_<(pooleddatashwn inTable 6). Onelinewas

further outcrossed two times to attached-x (£1395) females frcm a non-

suppressirg stock, in order to further dilute the Amherst autosanes.

Tenmales frmtheprogenyoftheseoordwtcrosswerestocked

individually with w. These stocks contained the Amherst X

drama, and various combinations of Amherst and non-Amherst

autosames. All the stocks retained Su(Rex) (data not sham). The

probability that all ten stocks contained a particular Amherst autoscme

is (1/2)1°, so the sugaressor appeared to be xelinked.

Arecarbinantwasthencorstmctedthatoontainedtheproximal

portionoftheAnhersthumosarearfltheaxhrmetinofarcn—

mressingdirmosare (yhfgarkmerst). Thisreoambinant still

sugaressed Rex (Table 8). The converse recombinant, with the

enmtinofthekmerstdlramsaneardtheprmdmalportimofamn-

ampressing chromosome (y Amherst gr) , lost suppressor activity (Table
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m0-mwmmxm

 

 

y l; 1 a: mat 2213 2496 1 0 0.04 O O 0.00

,2 Anherstm 2375 2757 . 4 6 0.39 22 4 1.03

 

Mnrstfamleommtedtomalesfrmeitherofwomlppressimstodcs. The

proximalportimoftheAmhersthirmoscnewasrecoveredinaylztgr

reoambinantsmfrunAnherst/mng-ldgg—IMIQEMW femalescrossed

toy/ymales. PbstofthedistalportionoftheAnherstxdmosamwasreoovered

inayzgardable-crossoversmfrmAnherst/yzgyfgmtlerscrossedtoy/X

males. Reoaflfimntmalswerematedtoygzyfw females. 'meresulting

mmmigtltemmremted individuallyto xLflmnmgyxn—/9

malestotesttorsqpressimoffigx.
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8). 'Ihissqlpressoristhereforeintheprmdmalportimofthex

diramoscne, intheheterodiramatinorinthefiofx-emrunatinthatis

prcncimaltoglr.

WWlod-Table9listsotherstodcswhidiomtainsmpressor

activity and preliminary mapping data for same. The suppressor strength

ismeasuredasin'rableé. Atleastmesumressorwgyyfgr)

appearstobeautosamal (13.6. Robbirs, unpublished data). Other

suppressorscamntbereadilymapped(mg1;4_9,ygyfiamm)

becausetheyareininverteddlrmoscmes.

Discussion

These experiments lead to two conclusions: about R_ex. One is that

R_exiswithinthepmxirelheterod1rmetinofthe3dlrumsatearrithe

otheristhatggproducesamvelflmctim(anearcrm)orisaextreme

hypenmrfil (with many-fold higher expression of wild-type function) . We

canfurtherlocnlizegbyanalyzingLineN. Theexdlangethat

gereratedmmnwasclearlyintherNbecauseIinenoontains

diagnostic IGS variants frumbothparents. SinceLineZ? alsohas

partial B_e_x activity, at least samegex sequences rust lie proximal to

theexohangepoint. Beoauseiine27hasa$gLR£m,wecamntdetermine

ifBgisarepeatedeleierrtsplitbythisexdlange,orisentirely

proocimaltotheexchange. Inanycase,&xiseitherwithinthertflAor

e1tirelyproodmaltoit,beqauseiffigweredistaltomem,mne27

mldhavenofixactivity.

Saneotherinterestingresultshavealsoenerged. (heisthat

thereismorethanmedlrurosanewithasuppressorofgx. Alttnagh
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m9-Ottnramofu

 

  W M

nil/mm?“ 0.12 m:

renter” 0.07 autasomal

yufiefimf 0.24 ?

I! 0.10 proximaltogronx

'Wfiyfl 0.03 2

 

Severalotherxmraroscmestockshavebeenfammcanydaminant

suppressors of Be_x. Sameoftheloci havebeenmamed, andtheresults

areshowninthelastcolem. Otheerlrcncsomestockshavebeen

tested, anddonotsuppress 3g, including:

Y

ln(l)dl-49,y w l§§

_L_l__Df1 X-LY 99 $2

Df(1)R42,y 1_z f

Ll_)__n1 5044613.)!8

y 1’ sol

aSwanson, 1984

bras. Robbins, unpublished data
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mstaqpressorsarex-limced,anautosanalmmgmhasalsobee1

fqmd. Severalofthex-linkedgmexllociravebeenmappedtothe

baseofthed1rmnsare,proximaltogr. Ofmstinterest,severalmap

tothebasalheteroduunatin.

Baseimthemleallardata,itislikelythatthe§u_&1in

Wisactuanywiudhthem. LineBl,wheretheexdmangewas

eitherdistaltotheronrdistaltoalldiagnosticvariantsinthe

rtNA, ladestl1is§u1_R_egl,whileLim27,vmeretheexd1argevaswithin

thermA,hasit.

Havingthusmappedwtotheproxirelheterodmtin,wecan

askabaxtthenatureofguiggl. IfSu(_;Rg)wasahyparorm/amorfi3it

wouldbemimickedbyadeficiency. Butnone of thedeficiencies tested

(Table 5) suppress 3995. Alternatively, if 5mg) was a hypermrph, it

would be mimicked by a duplication. Neither of the duplications tested

suppressedgx (Table 5). Therefore, wecanconclude that 511(Rex), like

fixitself, isalsoaneamorgh oranextrereseverehypermrph.

Finally, there remains the question of locating these two loci more

preciselywithrespecttothem. Arecneorbothactuallywithinthe

rENA? Ifso,thissuggeststhat&¥ispartofamlti-elementsystem,

located in, arriaffectedarrisrppressedbydifferentbb loci. The

.ecperinentsdescribedintherextdapteraddresswhetherbomggggard

Mareactuallywithintherm.
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mammmmmbm

mnmlcrrm

Both the genetic and molecular data presented in the previous

chapter suggested that 1135 and at least one S.1_(Rex) are located within

the m locus. Raw can these loci be mapped more precisely? Are they

withintheronratoneefloftherENAarray? Aretheseloci

composed of repeated elements, divisible by reoarbination, like the rum

itself?

Twonovel techniqueswereadoptedtoaddressthesepoints. First,

toreoovermcreexdlangeswithinther‘mA, Bgitselfwasusedtoinduce

reocmbination in a Beg—bearing target chromosome. The rate of

spontaneous exchange in the heterod'iramatin was approximately 0.01%: 133;

activity varies considerably but generally induces rENA reoarbination at

least 100 times more frequently. Reg-induced "hairpin" exchange also

allows the recovery of both products of each etdiange event, the mitotic

equivalent of a full tetrad.

Seocndly, the exdmange events were analyzed molecularly, using a

new technique, recently developed by Williams et al. (submitted for

p.1blication) . The technime uses the polymorphic length variants of the

rtNA intergenic spacer (IGS) as genetic markers. Each distinct length

variantclassisdisperseddifferentlytl'migl'mttherm. SameIGS

spacerlengthclassesareclustered, whileothersaredispersedover

47
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mostofthermA. Madamebreakpointisnemedwithrespectto

thelengthvariantsoftheIGs,generatingamapofthelimitsofeadi

Icralegthvariantwithintherum. 'meBexmenotypecanthenbe

positicned with respect to the 168 variants.

'mermultsoftheseemerinentsdemrstratedthatmisa

mappable functicn with discrete limits within the rDIA. Wt

inadvertantly,afig_(39g)lomswasalsomappedtoadiscretepositim

within the rum, and was shown to be divisible by recombination.

mmIEIQI

The first step in generating exchanges is to recover an appropriate

target ohramosame by a single crossover between a gig-bearing dlramosame

and mfl—WJQ (Fig. 9). The QW is a regular

sequence chrmosare duplicated for the rtNA, which was generated by @-

induced "hairpin" exchange of magi—1111M (Robbins s. Swanson, 1933) .

The resulting target, W@&, has a distal nucleolus

organizer, devoid of other heterochramatin, and structurally normal,

M—bearing, centrmeric heterodlrcrmatin (Fig. 10).

mleswiththistargetdirumsaxearematedtoyggyfgeg/y

females. In some of the progeny the target chrumosame will undergo

spiral or hairpin exchanges (Fig. 2) between the two Q loci. spiral

exchanges delete the raterial between the tin!) m's, yielding x-fragment

dimnosanes. Progeny containing such chrcnoscmes are readily detected

assterileyigar-tX/x-fragnentmles. Hairpinemchange invertsthe

raterialbetweeithetwom's, inthisease, convertinga

medircucsane back into anMduanosare

(Fig. 10). The progeny oartaining hairpin exdlarqes are phenotypically
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MOST RARE

.L X Dp(1;1)lr "‘"Nmu I! car ”vs"'5’“? N”, at 1

Y y(cvvlflu) ylcvvlflu) X Y

“any 0|ngl0 crouover 00m F040 0n! sin 0 crossover 00m

0 at. rear) ”from y ‘2'")

Figure9-Hatirgsdmforremveryon-uediatedinversiasofa

M—bearirgtarwtdirm

'me first three steps generated the appropriate Beg-bearing target

dmmsarewithaduplicatimofthertNAatthetip. Thisdlrcnosame

wasstodced(mtslmn)arrithentarget—bearirgmaleswerematedto&x

females. Asshown, theregular daughters ofthismatirg carried either

theminvertedtargetoratargetwhidihasmfiergoneBex-nediated

inversimofthematerialbereenthebwom's. Beoausethetwox

duanosaresofthemtheringeneration3reoaflainedfreely,the

generation 4 daughters had various ombinatias of the markers g, y, f

andfix,butinallcaseshadoneygri'ardcneyimxmranosane

allowing detectim of single-crossovers over nearly the entire length of

thedirarosame. Theywereiniividuallymatedeithertotheynales

Mortoxeyfaexorfieyfermles-



50

Figure lo-E-induoedhairpinediarqe inatargetdircnneane

cartainin; both E arri _.CR_€M

The effect of the hairpin exchange is to invert all the material between

the two NO's. The effect of the exchange event on the positions of g

and Su(Rex) depends on their locations with respect to each m. For

example, if 31(Rex) is distal to the no at the tip, near—xi, its

position will not be altered by the excharge events. Alternatively, if

itiswithintheNo, sateexchangeswill wewmflieprcximal

end, while others do not affect its position. Clearly, if either kg or

Su(Rex) is a repeated element within the NO, it is possible that an

exchange event will split them, giving activity at both recombinant

ends.



51

Dp(1;1)wm51bLRexFE car

 

 

 

  

Rex

of"A

A A A

V V V y+

Su(Rex)

H.6X-_ i ....... CGd

mltotlc hange

Rex? Su(F?ex) ?

_Ol 

7L: -='—l-

Rex? Su(F?ex)? y+

In(1)w’"51wam4R, car

‘
7

A
L

‘
7

A
;

0 8
)

A
L

‘



52

identical to regular females. The only difference is that these

daughters are inversim heterozygotes for virtually the entire X

euchrumatin. Thus, to detect hairpin products the frequency of

crossovers between y ard Q; is measured in each daughter irriividually.

A female bearing a hairpin exchange chrunosame will have markedly

reduced reoarbination because of the absence of single crossovers.

Once the inverted exchange products (designated

mwflflgwm) arereooveredandstocked, thetworeoambinantbb

loci on the chramosome are separated by single crossovers with

ELLEN—WI! gt m j which contains virtually no rINA (Appels &

Hilliker, 1982) (Fig. 11) . The d1romosomes bearing the separated NO's

are referred to as "recombinant #-distal" and "recombinant #-proximal",

inordertoindicatethesouroeoftherDIA. Theendsoftheparental

lasagna—fig dimmsme, which itself is not inverted, are

separated by single crossovers with Df(1)X-1,y ac g f fig, which is

deleted for most of the basal heterochromatin including all of the rDNA

and two proximal euchromatic lethals.

Thenextstepistoneasuregggactivityardbbphelotypeofeach

eriwiththestardardassays (ChapterZ). ThentNAofeacheniis

analyzed for IGS length polymorphisms (HaeIII digest probed with cloned

16:5) and insert sequences (HincII/HindIII digest probed with PA56) (see

Chapter 2). The HaeIII blots are scored for the presence of each IGS

lengthvariantmiquetooneortheothermoftheparentaltarget

dlrunosane. Tb avoid ambiguity, mly easily differentiated variants are

used.

Hapsoftherflflarethenbegeneratedbyaprooeduresimilarto

that described in Williams et al. (submitted) . When approaching this
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Figurell-Sqlaratimof reocnbinantm'sofhairpinediargeprcdmrts

The inverted products of hairpin exdiange events have two recombinant

NO's. In order to study each individually, the two ends were separated

by recombination with a dirtmoscme nearly devoid of m,

minim (Appels & Hilliker, 1932). Males containing the hairpin

excharge product were mated to

messed p_t m gimme-4m e y 3 females. The resulting

Mwfikflélfl/Mwflb—W daughters were then mated to y/Y males.

Threeyic_t_c_a_rsonscontainingthedistalNOarrithreeymfsons

oontainingtheproximalNOwererecoveredandusedtoestablishstocks.

AllthreestocksofeachNOweretestedforRex, almexlandb_b

rhemtype-
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aralysis,however,itisinportanttomtethatwhenhairpine0charges

areusedeadlreocnbinanterdhasvariantsfranbothoftheoriginal

parentalmloci. Furthermore, mlessdeletiasweregemratedbythe

edurgeevent, all oftheoriginalparentalvariants shouldbepresent

inmeorbothreombinantends.

AdiagramoftheprooedureisshownisFig.12,whidlwtlinesthe

procedure using a simplified array. Adetailed example of this mapping

procedure, using data for one ofthe I$ length variants, is described

intheResultssection.

InFigure12,threelengthvariantclassesareshowninthedistal

parentalNo. Thefmrcopiesofaarewidelydispersedthrulghoutthe

rmA, whilebothbandcareclustered. First, exchange pointsinthe

distalparentaerIAareorderedacoordirgtothenmmberofparental

distal-end variants remainingineach reoarbinant'sdistalNo. For

example, if all thedistal-end variantsare still present ina

reocmbinant'sdistalrmAarray,thatexd1argepointisproxineltoat

leastonecopyofeachofthevariants. Afterorderingtheexchange

points,thedistallimits of these variantswasdetermined. That is, if

the distal efi of a reoambinant lacks a variant that was originally in

theparentaldistalm,theexd1angemlsthavetakenplacedistaltoall

oopiesofthatlengthvariant. Prooeedingfrumthetelmere,thelast

ecd'iangeeventthatrenovesall ofagivenvariantdefinesthedistal

limit of its distribution. The same logic amlies to ordering the

edwgepomtsintheproximalparertalmanifiniingthepmximl

limitofeadavariantbyuseoftheprmcimalrfllharraysofthe

reombinants.
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FigurelZ-ibleaflarmimofrflflarraywithICBle'gmvariants

Twohairpinedlangesinthesametargetdirmosameareshown

sdlematicnlly. For simplicity mly three I6 length variants are sham, all

inthedistalparentalm.

First,thetwoe¢chargeeventsareorderedwithrespecttoead1other

withinthedistalparentalm. LookingatthedistalrmAarraysofthe

reocmbinants, #2 clearly took place distal to #1 because fewer of the variants

remainatthedistalerri(onlyain#2,while#lhasaandb). Theseexchange

pointsarethenusedtomapthedistallimit ofthevariants’ distributions.

Notefliatthedistallimitofaisbeyarithesetwoexdungepoints,sinoe

bothretainsamecopiesofaintheirdistalm's. mdiangeevent #2 moves

allcopiesofbtotheotherm,butexdlange#ldoesrot. Prooeedingfrom

the telamere, #2 defines thedistal limit of variantbsince it is the last

exchange event to move all copies of b. Both exchange events moved all copies

ofctotheproximal 110. Therefore, #1definesthedistal limit of variant c,

siroeitisthelastecdiangeeventtomoveallocpiesofc.

Therextstepisdetenminimtheorderofthetmexdiangeeventswith

respecttoeadiotherbylookirgatflieprudmlm'softhereombimnts.

Again,withinthedista1parentalm,#1mustbemoreproximelsiroefever

variantshavebeenmovedtoitsproximalm(onlyaandcinfl,while#2has

allthree). 'meorderedexdiangepointsarethenusedtomaptheproximal

limit ofthevariants' distributions. Theproxl'mal limits of neitheranorc

aredefiredbythesebdoeamaroes,siroeaarocweremovedtotheotherm

bybotheachanps. W,ed1ange#2movedbtotheotherm,m1ile

ecdiangefldidrotmoveanyccpiesofb. Prooeedingfrmthece'ztrerere,#1

definestheproximallimitofbsiroeitisthelastexdlangeeventthatdoes

not move any copies of b.
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'merextstepistodeterminetheotherlimitofeadlvariant's

distributim. deeterminetheproocimal limitofavariantuniqueto

theparentaldumosaxe'sdistalm,theprmdmalreoarbimnterosare

smredforvariantsthathavebeeimovedfrmthedistalparentalm.

Qoeagain,theemhangepointsareorderedbythenmberoforigimlly

distalvariantspresent. Themostdistalecchangepointisthatwhidl

movesallthedistalmvariantstotheproodmaleriofareoarbinant.

Similarly, if a reocnbinant's proximal err! lacks a particular distal

variant, the exchange eventmust have takenplace proximal to all copies

of that variant. Thus,prooeeding franthecentrcmere,thelast

exdlange lackingavariant frumthedistalpareitalrmAdefinesthe

proximal limit of that variant. Q'oeagain, aparallel process isused

tomepthedistallimitsofvariantsmidlareuniquetothetarget

dlromosome'sproximalNo.

Finally,thetwcsets ofexd'iangepoint mapsarecarpared. For

example, therearetwomapsofexchangeswithinthedistalparmtalero:

onegeneratedbyanalysisofthedistalemdvariantsremainingin

reocmbirontdistalerosardoregemeratedfrumdistale'dvariantsmoved

totheproximalrecambinantends. Bachmaphastheexdiangepointsina

particular relative order from telanere to centramere. The two maps can

becarparedtoseeiftheexdlangepointsareinthesamerelative

order. Iftheyare, that indicates thattheexdlangesweresimple

single exchanges. Differences in the relative order would indicate that

therehadbeenrearraroexentsduringtheecchangeevents.
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mums

Ysrifietimettremn—WWW-m

mtructimoftheW—Iggggrtargetdlranosme,itwas

essertialtoslmthatitdidixfleedfmctimasatargetforg

activity. Malesbearirgthistargetd‘lrmosanewerematedtom

females. TheresultsareshowninTablelO. Wmisa

itarget, though a relatively poormewith only 0.14% detachment

frequency. Thisrateislowevenwl'encmparedwithtreoriginal

mmmhmfimmmmwemmormm

erri (0.40%). Itwasalso importanttoslmthattheproximalerfiof the

target had retained normal fix activity. The ends of the target

dirmosarewereseparatedanifemalesbearingtlepmximalmheremeted

tomales bearirqanattadled-zxtesterdlrmosareflable 13,1.ine2).

Clearly, the proximal NO retained Be; activity since it induced

detachments at a high rate. The separated ends of the target chromosome

merealsotestedfortleabilitytosurpressthepheotypeofastaroard

;Re_xd1rmosare. Thedistalendwasfwrritohaveaggmex) (Table 14,

Linel).

Mercy 9f recombm In(_1_)mfl§ilym—fl,gr chronoscmes - The mating

sdiere (seeaboveandFig. 9) allowedthedaughterstobetested

directly for y 93; recombination without a stocking step. Omplete

progenieswererotcamted. Instead, ttefenaleswerejudgednon—

reocnbinant, ard discarded, wherever there were enoth crossover

products to indicate that the data were outside the 99% (cumulative

binomial) confidence limit for an inversion heterozygote. For each



 

 

 

mm

32%

MW& 1993 1717 1 7 0.43 4 4 0.453

MW 2323 2316 2 5 0.33 3 2 0.143

 

ygyyffiex/yfeulesmremtedtoualesbearirqtminiicatedtarget

diramsame.p1tatiwreombinmt,sevenlm-crossweryimalsherotsedtb

establishisolirestocks.
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Fruneachisolire, amalewasiniividually matedto

yfiyfmfetales. 'nemapdistaroebecweelyardgr,markers

wandngthexwmtimwastlenmeasuredintleresllting

Wflygyffigdamters. Inadditicn, foroneof

treisoliresofeadlreoarbinant,thecrossoverfrequereyinead1marked

regiorewasmeasured. Inallcasestheisolineswereidentical (data

rotshavn),arrialltrerecarbinantshadsignificantlyreduoedmap

distanoes, reflecting the absence of single crossover products (Table

11). Intotal,nirehairpinexd1angedlrmosareswerereoovered from

among3912d1rmosamsscreened,afreque1cy of 0.08%.

genetic analysis of recombinants-Fach hairpin recanbinanthastwcends

thatwereseparatedandthentestedfortg,&xard&l(Rex) phenotype.

For each erd,threeindeperient recombinant linesweretested. The

results are shown inTables 12-14, and summarized inTable 15.

Notethatwhenflactivitywasueamredinthedistalerflewhidl

areyi,theremaybesaxebaokgromdbecauseexohangeshetweenyiardw

yield one crossover type (yi' w 152], males) which is phenotypically

irriistinguishable from a detachment male. To estimate the frequency of

sudmeverts,themapdistaroebetweenyarriwwasmeasuredintm

crosses: Me‘sesBecer/yrsnlxyrspl/Ialfi

waxywspl/X.Tterewere6/ls,215reoadoinants for

the first cross (0.063% crossover frequency) and 15/9455 reoambinants

forfleseoadcross(0.138%crossoverfrequemyflentteregulararo

reombinant males are doubled to aoootmt for the hemizygous lethality of

W). AGtestixriicatesthattleresultsoftheomtestsare

lumgeeous, arotogetrertteyyieldamapdistanoe of 0.11map1mlits.
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man-mmummmrcmeWm

 

W mmammm—
 

 

mwler

35 384 0 1 2 0 0 4 2 15 8 5 17

2034 363 l 3 2 1 0 3 1 11 4 7 15

2057 577 0 1 5 0 1 3 0 17 12 5 13

2337 538 0 7 1 0 0 2 1 20 5 4 13

2569 392 O 3 1 0 0 6 0 10 4 4 12

2934 503 2 3 2 O 2 4 3 14 2 2 11

3318 507 2 4 5 0 0 5 4 17 15 3 18

3394 457 1 3 0 1 l 5 3 10 8 2 13

3488 318 0 3 5 1 0 l 0 5 3 2 9

 

Anhflividnlnalebearirgfleirdicateddumosmebascrossedmygyxgg/flfl

females. Fivedmrcmosaue/mdatmtersberemtedtoyggyfgarmales. Amarent

single crossovers in the inversion chmtxrzsznes are double crossovers with one event

outside tremarked region, butwereoomtedassirglecrossovers incalailatingmap

length. IHap length is caLoulated as:

(scn+2>ooo)x100/nm+scl+oc>).

To confirm these results, at least two other individual males bearing the indicated

dummmatedmygyyffigymfaeleseodumosam/Bgdaumtersm

metedtoyzgyyfmmalestoeooretmy-grdistaroewasmeasnedmnamt

sham).



63

mn-mmdmmmmm

 

  

W airman/9112

rm 132-" A: {EL

W:

W 565 1 0* 700

y a so 1 9;; M 125 - 313 71% 547

W

35, distal 726 599 45% 1601

35, proximal 1369 0 0% 1499

2034, distal 265 679 72% 1056

2034, proximal 672 71 10% 829

2057, M 0 0 bbl 1231

2057, proximal 953 3 0% 961

2337, distal 727 43 6% 840

2337, prox1mal' 804 8 1% 924

2569, distal‘ 659 4 1% 717

2569, proximal 165 502 75% 873

2934, distal o 0 bbl 918

2934, proximal 627 0 0% 724

3318, distal 661 37 5% 732

3318, proximal 617 9 1% 679

3394, distal 11 352 97% 699

3394, proximal 687 2 0% 665

3488, distal 0 0 bbl 821

3488, proximal 133 2 99% 1032

 

Malsbearingtheirdiczteddumosarewerecrossedto

Hillel-41249; y B/nggly females. The data are pooled from

three indepedent reombinant lines for each NO.



mu-mwfltydpamm-dmmu)‘.

 

IEEDLAR lllfiin£UUNCEfllflfla UEZMllflaflfPRDGEN!

 

 

gm

mm:

W 7649 4132 4 9 0.2 5 0 0.1%

y a: 59 1 g; m 1257 1743 3 10 0.8 105 21 9.1%

W

35, distal 1877 2257 2 133 6.0 87 42 10.3%

35, proximl 2916 2130 4 203 7.6 0 0 0%

2034, distal 909 833 1 49 5.3 35 12 8.3%

2034, proximl 1860 1221 3 124 7.6 0 0 0%

2057, distal 2237 1089 5 140 6.2 3 2 0.2%ll

2057, proximal 2630 1682 0 133 5.8 1 0 0.0%

2337, distal 2258 1592 0 102 5.0 0 0 0%

2337,prtnd.ma1 2723 2087 3 103 4.2 0 0 0%

2569, distal 3292 3647 2 102 2.9 1 1 0.1%

2569,proxina1 2248 2433 1 121 4.8 88 33 5.1%

2934, distal 2713 1590 4 130 4.3 1 0 0.0%:5

2934, proximal 2789 1870 3 96 4.1 1 0 0.0%

3318, distal 3624 3615 2 137 3.7 6 2 0.4%

3318, proximal 1369 1020 0 51 4.1 0 0 0%

3394, distal 762 845 5 39 5.1 31 14 9.1%

3394, prmdml 1553 1133 1 50 3.7 1 0 0.1%

3488, distal 1847 1023 3 '42 3.0 0 0 0%

3488, proximal 691 524 2 44 6.9 19 7 3.6%

 

Proximalremnantm'samallmumm‘xntuiiledistalrmbimntm'sareall

[pupil-5.19m. Halesbaarirgflnirdiateddirmmcrosadtoyymyyysm

fenalasardthemdtirgdaughterswrematad'tothestardard

XSPXL‘llnlllmdytbty-tastermles. smwmmm'smmm

seqnme,fl1enmberotpa&oclim15mlasmflactsbothunsereslltimfrmmn-

disjmctimardtrnserasultirg firm fair-strand dmbleeadlarqainthefanale. 'me

distalm'samallmrkeduithy,somlyy—gglmalesomldhesooredaswnle-

bodydetadmrts, anithedetadunentrateismlallamdas:

0&me—

regulart‘anales-t (ny wsplmalas) +qynarrirmnrfla

Note, however, untinthadistalmcrossas,crossoversbetueeny—ardyooalrata

frequency of 0.1% and includemeclass that is irdistinguishable trundetadments.

Thispointisdisolssadintmuxt. 'mnnmbersarepaoladdatatrunthme

Wmimntlimsforeadim.

asmmesem'sanmallmivirgy-+mluanuoordud0tadwts.

 



653

mu-mwutyotpnmumm-a

 

m WWW

 

 

 

2917 1267 1 1 0.1% 2 0 0.3%

y at; as 1 m m 653 799 4 8 1.6% 40 8 6.9%

mammal:

35, proximal 1680 1453 0 52 3.2% 1 0 0.1%

2034, proximal 1583 1502 1 50 3.2% 0 0 0%

2057, distal 1023 656 2 28 2.4% 53 9 5.7%!

2057, proximal 1866 1524 1 54 3.1% 1 2 0.2%

2337, distal 2110 1570 0 46 2.4% 0 0 0%

2337, proximal 2404 2105 2 87 3.8% o 0 0%

2569, distal 2879 3136 2 51 1.7% 4 0 0.3%

2934, distal 423 332 0 11 2.7% 27 3 6.6%3

2934, prmdnal 1269 1363 4 62 4.8% 0 o 0%

3318, distal 3393 3064 3 78 2.4% 7 8 0.6%

3318, proximl 1791 1502 1 52 3.1% 0 0 0%

3394, proximal 1676 1338 1 61 3.9% 0 2 0.1%

3488, distal 1866 1010 1 32 2.2% 23 11 3.3%II

 

withtheexoaptimoftheparentalprmcimalm, mlym'swithmagxactivitywere

smredfordnmofW.hlesbearirgmim1cateddumosamm

crossedto wwglgyfm/flflfanalasamm/Qdalghtersmmatedtom

standard meyxB—yi'testermales. Detadmentratasfordistalm's

wrecalmlatadasin'rablefl. 'Ihereombimm'sareinirwertedsequenoe, the

mmberof patroclixns males reflectsbothtl'loseresultirg tron mr-disjmctimard

tinserosultingtront dableeltdxatgasinthetanale.

aSince:thetaedistalm'sare allyi'maleswresooredasdetadmnts.
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TablelS-Sumaryofmntsforparmtalardrecnbimmtm's

 

%_ ML.

 

M M

m % 1b activity 31M) % fl) activity slant)

0 . . 1

W 0% 0.1% yes 71% 9.1% no

remnants

2569 1% 0. 1% yes 75% 5 . 1% no

35 45% 10.3% no 0% 0% yes

2034 72% 8.3% no 10% 0% yes

3394 97% 9 . 1% no 0% o . 1% yes

2057 1261 0.2% no 0% 0% yes

2934 1:61 0% no 0% 0% yes

2337 6% 0% yes 1% 0% yes

3318 5% 0.4% yes 1% 0% yes

3488 1:61 0% no 99% 3.6% no

 

'me recatbinants are grouped according to their similarities as

discussadinthetext.A11dataweretakenfranTables 12.-.14. Note

thatthedistalmgggactivitieshavealwbadtgmrdduetothe

cmfusicn of a crossover class with aculal detadxment males.
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'nnsecrosswersareveryinfreqmrtmfidomtsignificzntlyaffactflie

mlailatim of M activity in ends which are clearly g. In the

parentaldistalm,aniintheZ934distalm,thesmallnmberofyi’y

mlescanbecmsideredcrossovers.

'mereare,however, threecases (2057, 3318and2569) wherethere

naybesaxepartialfiegsactivityinthedistalelfl. I-brthese,atleast

oregynandrouozph patroclinous for mlyonemarker (xi) wasreoovered.

Thesegynarflrarorfixsaremfimbtedlydetadmentpmductsarflmt

spontaneous. Altlughanoccasionalyimalethatlookslikea

detadmentisrecoveredincmtrolexperinentswherefigismtpresent,

mgynarflmmrmshaveeverbeenobserved. Inonesudigroupofcontrol

crosses, among 41,086 daughterstherewere4detadmentmalesbutm

gynandrcmorghs. 'Ihus,themaxinmrateofspontanemsgynardramrphs is

0.011% (99% binomial confidence interval). Unless 2569-distal carries

as, even one gynandrmorm is highly unlikely. 2057-distal ard 3318-

distaleadugavetwogynardrumrphsarfl,surelyevincesane&x

activity.

mehaiipinrecarbinantsrecoveredarequitediverse,mtthereare

saregeneralpatterns. 'metargetdirmosanewasgpardmatthe

proodnalend,arag;taxagu_8axlattledistalem. Onerecanbinant,

2569issimilartothetarget,a1tlnlghtheremayalsobesanem

activity atthedistalend (see above). mreeothers, 35, 2034and3394

appeartobethereverseofthetarget,havirgmardmatthedistal

erdarflag(Rex)amm'-tattheproximalerd.

'meotherreombinarrtsslmmoredramaticdianges. 'mo

reoadoinants,2057am2934,aromwmlattledistaleraam uptand

3.91%). at the proximal end, with little or none}; activity at either
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ad. Preslmbly,mostorallofthefigxactivityhasrunainedatthe

prcncinalerflardissurpressed. 'Iwootherreombinants, 2337and3318,

havelostthempienotypealtogetherardhave splitggjgggl.

Interestingly, 3318amearstoluveamakm1alagwiulggxatthe

distal end, sinoethere ispartialfigxactivity (0.38%, includingtwo

diagnostic gynardramrfils) along withthe suppressorW-

Finally, 3488 has loam ccnpletely, and show. a net loss of rum

ewressim,witham1dista1mardaseverelymand3gxproximalm.

Itappearsthat3488hasade1etimofrmhasaresultoftheexd3ange.

Lolggdarmlysiestmts-nefirststepinmemleauar

analysiswastopreparegermictlfllfrmfi/Omalesmeretheonlyrum

wasintheendbeingstudied. misprecludedanalysisofthethreeppl

ends,however. InthecaseofthedistalNOoftheparentaltarget

W,ym(1)sd§ females were used as the source of 1304 because

thedistalmdlrumscnebearstwoelxhrunaticlethalsthataremt

ooveredband1runosane,hltarecoveredbng(1)so‘—‘§_&.

Itwasinportanttodetermineumetherthediangesingbgherntype

seeninthereombinanterdsuereduetoiractivatimofrmhcistrons

byirsertionsequenoes,ortod1angesinroncpymmber. [NAfrom

each end was digested with HimII/HindIII and probed with PA56

(materials & methods). 'Ihe ratio of intensity of the band at 373 bp to

alltheotherbalflsreflectstheproportimofintacttointerrupted

cistrms. Asisclearfrm?ig.13,fl1ereismevidentdlangeinthat

ratio,eva3M1enoarparingfi1eleftparentalerdin1are1(bpt)tothe

most severelymreccnbinant tested, 3488p, lane 3. 'Ihewide rangeof

mWinreombinanterdsmstbeduetodiargesinthemmber
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35 3318 parents 2057 2934 3488 2569 2337

D P D P P D P P P D P D P

bb phenotype: 4/- 4 4 4 - 4 4 4 - 4 - 4 4

 

1635 bp -

5... 02.

2A

figmeD-HimH/Hflflmdigstofm‘sgmeratedbygg-im

hairpinexoharw

mmicmtmL/Omlesbearirguleirdicatedmwasdigestedwith

HircIIardrfirdIII,e3a3eptinu1ecaseoffl3eparentaldistalmvmere

magi/mg fanaleswerethesairoeofm. more

ptmotypeof eaohuo is iraieated, witha "+" denotirgabbi’ (<10% m)

marda"-"denotilgag(>50%_blo)m. Notethattherewasan

inocnplete digestion of the INA in lane 7 (2057 proximal).
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ofrepeatsarflmttoanalteratimoftheprcportimsofactiveto

inactive amiss.

WM-mmmamlmarmpofmetmm

arraysofthetargetdumoscuegermiclNAme/Omaleswithonly

one specific rmA array was digested with HaeIII and probed with IGs

spacertorevealthearray of res length variants (Fig. 14). 'Ihe

parentalendswerecmparedtofirdinformativevariants. Ead'l

reoatbinantelflwasthenscoredforthepreserneorabsenceofthse

variantsinatleasttwoindeperdentdigestsbytwoirrlwendent

observers. 'meresultsofthatanalysisarestmnin'rable 16. ‘Ihe

datainTable16wereusedtoconstructthenapofIGSlergthvariants

shadninFigurelS.

The mapping procedure is described in Dcperimental Design, but it

isinstmctivetofollwanexanple;thedistalarrlproximal limits of

variantkwillbemapped usingthedatain'rable 16. Note, however,

that recombinant 2034 will be considered separately below. ‘Ihe

reoatbinanterdsarealreadyorderedin'rablemaooordingtothe

mmbersofvariants. Inoldngatthereoarbinants'distalrmharrays

(partc),3Sisthenostdistalexd1angeswithintheparentaldistalNo,

since ithasretainedthefemstvariants. Bothexchanges 35and3394

mlsthavetakenplacedistaltoalloopiesofkbecausekisabsentfrun

theirdistalm's. 'Bleatheratdlarges, 2337, 2569ard3318,nusthave

takenplaceproximaltoatleasta'eoopyofk,simetheyretainkin

theirdistalNO's. Prooeedirgfrunthetelarere, W394 defines

thedistallimit of variant k's distribution, since itisthelast

eaadwgemwvirgallofvariantk.
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mls-mmmmmmxm-s 

].l_ngi3 

telanere

2337

2569

3394

3318 +3+

35

2034

oentrcmere

+

m.

2034

++ +/-35

3318

3394

2569

2057

+

2337

+
2934

+
3488

telonere
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Table 16 (ant'd)

Distal (aim-bearing) invariants

QMQstchjxhlimm

telomere

2034 - -

35 - -

3394 +

3318 +

2337 +

2569 +

 

+
+
+

+
+
+
+
+
+

+
4
-
4
-

+
4
-
4
-

+
+
+

+
+
+
+
+

+
+
+
+
+
+

+
+
+
+

+
+
+

d)Proximal Ends

centromere

3488

2569

2337

3318

2057

3394

35

2934

2034

telomere

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+

+
+
+
+
+
+
+
+
+

u

+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+

 

HaeIII digests of genanic [INA fran flies bearing the

indicated NO were probed with IGS clone. The autoradiograxrs

were scored for the presence (+) of each parental N0 IGS

length variant. An "x" indicates that the bard was not

sooreble on the autoradiograns. In addition, using data from

Tables 13 and 14, the last column indicates whether Be; or

Mmpresent (+). Itisnotpossibletoscoreg

activity iftheNObearsMex), andthatisindicatedby

the notation "So".

aAlthcngh the distal NO of 3318 did have somex) (Table 14) ,

it also had fie; activity (Table 13) , based on the fact that

therewerengmrfirumrpl-lsproduced (seetext).
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Hex 23

Prox. Dlst.

1 .

2 .

3 .

4 _ - b

5 _ - c

- d

1! "

 
 

 

—~_.-_——-'—

am 1. — as“ images"" intarwtm‘ 163‘ss

Gaunicfllhwaspreparedfrmfliesbearirgtheirflicatedmard

digested with HaeIII. The blot was probed with cloned 16$ sequexne.

IGS lengthvariantsmiquetooneortheothermaremaflted, using

nmbersfortheagmardletters forthedistalsmrzex) m.
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FigurelS-lbleailarmpoftarwtdlrmm's

'mepresenoeorabserceoflcs lengthvariantswassooredinthe9

g—induced reoonbinants of the target chromosome sham. Dcdlange

pointsareirdicatedbyarradsaniweredeterminedin6casesbyusing

information frun both 10's of the recmbinant dirtmosate. In three

cases (2057, 2934 and 3488), only the proximal NO was assayed because

thedistalmwasbbl. Sareexdlangepointscanmtbedistinguishedon

the basis of the scorable IGS length variants, and these are shown as

being at the same position. In one case, 2034, there were clearly

deletions of all copies of sane length variants. The site of 2034

exd'langeeventisslwnasaregioninsteadofasapointbasedonthe

positions of the deleted variants and the variants which remain.

The proximal and distal limits of each IGS variant are shown

beneath the dlromosane. The locations of 33x and 511(Rex) are shown

above the duonoscme. Note that even though 2337 am 2569 have

identical distal breakpoints based on the ICS variants, 2569 does not

move Ema!) to the proximal NO, but 2337 splits Su(Rex) . Ecchange

event 2569 rust, therefore, have been proximal to 2337. The proximal

limitofmisirrlicatedbyadashedline, becausewecannotdetermine

if any Begs activity remains in the 3394, 35, 3318 and 2034 proximal NO's

because they can? M-
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Theexchargepointsinthedistalparentalmcanalsobeordered

basedmthenmberofdistal-erdvariantsmovedtotheproodmal

reoarbinant rmAar-rays (part (1). 3488 is thenostproximal event,

while 35 arr! 2934 are the Host distal events. Ebcdlarges 3488, 2569,

2337, arri 3318 rust all have taken place proximal to all copies of

variantk, simetheydidmtnovevariantktotheproximal NO.

Exchanges 2057, 3394, 35 and 2934 nust have taken place distal to at

leastonecopyofk, sinoetheyhavemovedsaneoopiestotheproximal

to. ~ Proceeding frun the centrcmere, the proximal limit of variant k's

distribution is defined by 3318, the last exchange that does not move

any copies of k.

In the case of 2034, sane variants are missing fran both ends (j,k,

arr! 3). Variant h is also missing fran the distal end. Clearly this

exchange event involved a deletion at the site of exchange. In Figure

15 the 2034 breakpoint is sham spanning a region. It is also important

to note that there are data fran only the proximal NO's for 2057, 2934

a1333485ecausetnedistalendisggl. Theseeventsmayalsohave

involved deletions, but we cannot determine that using data from only

one end. The genetic data above clearly indicate, havever, that 3488

irrieed has a deletion. $u_(Rex) is no larger present at either N0 of

this reoanbinant. Moreover, 3488 shaded a net loss of rD'NA expression

asneasuredbymrhenotype (T‘ablelz), carparedtotheparentalNO's.

W04

'memajorresultofthisworkisthemapshaminI-‘igurels. The

proximlmfldistalreombinantm'swereusedinieperdentlytoorder

tree-(chargeeventswithineadlparentalrMarrays. Therewas
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elwellentagreenentbetmenthetmsetsofdata. TherewereSexdunge

points within the distal m which could be unalbigualsly mauled relative

toeadlotherusirgdatafrmbothreombinantm's. Bothsetsofdata

gavethesameorder. Forexanple, 35wasthemostdistalexd1angein

theparentaldistalmbasedmeitherthevariantsrenainimin

itsdistalm (Table 16, partc) ormvariantsmovedtoitsprootimal

no (Table 16, part d). Similarly, the order of these 5 exchanges in

tl'leprcntimalmwasdetermiredusirgbothreombimntm'sarflagain,

there was oarplete agreement. In other words, these five recanbinants

appear to have resulted fran simple single exchanges.

' There was one recarbinant (2034) where molecular tetrad analysis

showed that, in addition to a single crossover, both NO's contain

deletions, and both deletions map to the exchange site. Of course,

there was only one set of molecular data for the three reoanbinants with

a bl} distal N0, but in one case (3488), the genetic data indicate that

the exchange event involved a deletion. In 3488,M is completely

missing and there is a net loss of rum expression relative to the

parental chrarosate. The data suggest that Be_x causes single exchanges

that are sanetimes acoaupanied by deletions at the site of exchange.

“hen the moleallar map is combined with the genetic data for each

reoanbinantend, thetwoloci, Bexarfialmex) canbemappedto

positias within the m. For exanple, the three exchanges (35, 2034,

and 3394) which clearly moved M to the distal and rust have taken

placewithinorproximaltofig. It is ilrpossibletodetermine iffiex

activity remains in the proximal NO's of these recarbinants because

mmbeenmvedthere, ardtheproximal limittherefore remains

anbiguous. As discussed above, it appears that 3318, 2057 and, perhaps,
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2569 have sane M activity in their distal to. Eran its map position,

it is clear that 3318 did mve Beg activity, since the 3318 exd1ange is

proximal to 3394. Assuming that 2057 and 2569 have, in fact, moved sane

mactivitytouedistalm, thedistal limitofmisdefinedby

excharges 2934, 2337 and 3488, which did not move any M activity to

thedistalm. Moreover, if2569-distaldoeshavegex, Rexisa

repeated and divisible since 2569-proximal has & as well.

Thedistalandproximal limitsofwaredefinedbyexdiange

points 2057 and 2569, respectively. NoM activity remains in

2934-distal, and no 9.1(Rex) activity has been moved to the 2569—

proximal. Notice that the 2569 arr! 2337 exchange points are identical

on the basis of molecular variants, but they can be differentiated with

respect to 3.1.893).- It is clear fran recanbinants 2337 and 3318 that

Su(Rex) is a repeated elelmmt, since these two exchange events each gave

rise to dir'anscmes with two gl_(Be_x)_ NO's. To unambigualsly determine if

fiexisarepeatedelement itmlldbenecessarytostartwithatarget

which is free of suppressors, such as 3488. Starting with a target free

of suppressors walld also permit further molecular localization of @.

metmightgexbe? Be_x, whichislocated in, suppressedbyarri

affects various NO's, appears to be part of a nulti-element system One

model is that M encodes a site-specific eniomclease activity causing

breaksinthetargetENA, andthatsurpressorsernodearepressor. The

breaks in the target INA would be reoarbinogenic. In that light, it is

interesting that at least two of the m—iniuoed exchanges involved

deletions, one of which was mapped to the site of exchange. Under this

model, Rex-mused nicks in the two m's mild yield inter-m

reambination, an! additional breaks, or mleolytic trinming of
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broken erds, would yield deletials that map to the eidlarqe site. It

also predicts that we are likely to find deletias among mn-reoarbinant

M'sthathavebeenexposadtomaternalm.

'Bfismdeloffixactiaihassmesimilaritiestoasystan

described intheliterature. 'merumianihastwomajor

classesof insertimsequemsswhidlintemptribosaual repeatsand

uddlhaveahighdegreeofsequercehamlogytothemmemr

TYpe I and Type II run insertion sequences (Bickbush & Robins, 1985;

Eickbush, personal canmnication) . Recently, it has been shown that

bothofthefitmgi insertimelementshaveopenreadingfranes

characteristic of retrotransposons, and that at least one ORF encodes an

endonuclease activity which cuts 288 ram site-specifically, jg) thrg

(airke et al., 1987; Xiong 8 Eickbush, 1988a and 1988b).

Along these lines, we suggest that the endomcleases encoded by the

rENA insertion sequences are the cause of ;Re_x activity. Clearly, not

every insertionsequenoe inQWactilallyproducesaBg

endonuclease. Not every No is Q, yet in the literature every x-linked

no examined contains both types of insertion sequences (Glover, 1981:

Iorr; 8 Dawid, 1980) . In particular we have checked the run arrays in

two lab stocks that are neither fix nor Sing) using the PA56 prcbe

(Chapterz; Fig. 13), amueyoorrtainboth'lyperamiypen inserts

(data not sham). It is likely that fig; is an alteration that allows

theerriomlcleasetobeproduoedatadifferentdeveloptental stageorat

a higher concentration or as a more active enzyme. Allithese

possibilities are corsistent with the finding that 3%; is a neanorph.

Ofcourse, flammleasemaymtbeercodedbyalonmminone

oftheinserts. Itmightbeenoodedbyaoarpletelymvel gene.
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nutterexperinentstodetermimwhetheraexisarepeatadelanentarfl

delineatethefiexmappositimwithinthermwillbeneededto

elucidatetheexactnature ofmandallad ittobeclcned.
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Beamsdiscoveredasamatemal-effectdaninantwhidlirduoed

exchange between two 10's on an attached-xx dirtmosane. It exhibits two

fascinatingphenotypes. (heisthatmilrhioedahighfrequencyof

exdlange in a region characterized by very little exchange. The second

is that Beg-induced exchange was a mitotic event which took place at the

earliest stage of embryogenesis. For these reasons, I undertook a

variety of experiments all designed to increase our Lmderstanding of

33:5.

The results of the studies answer several important questions about

Bixarflpointthewaytoamdelofgegactivityandtoother

experiments needed to further characterize 3%. The studies also

highlight the utility of 3:; as a tool for analyzing a nultigene family,

and suggest that it has additional significance because it is an 2(-

linked heterodlr'anatic locus, one of mly 5 Imam x—linked

heteroohranatic loci.

W

The major conclusions fran these studies were:

1) The Rex locus is a morph located at a quecific position

within the rum array.

2) There are nultiple, daninant, maternal-effect suppressors of Ex

81
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(521%)) . At least (he is a reanorm located at a specific position

within the run array, and it is a divisible element.

3) M—ixrluoadedlargaisomveltiael, inthattherearenogross

rearrarugenentsoftl'etargetrm. I-Ianever, sanefix—irrhnedecdonge

events involve deletims at the site of exchange.

4) When in males, M, a meiotic ultant that also suppresses

magnification, induces Bax-like exchanges in a chranoscne with two NO's.

Me]. for Rex agion

Vhanallthesaresultsaretakentogathertleymggestthatfix

encodes an eidonuclaasa activity specific for rENA which makes

recanbirogelic breaks. This nodal accounts for all of the observations.

Ex is an extreme hypernorph or a remnant, producing a novel activity

not found in other run. 3s; induces both magnification and

recombination, two events that require INA breaks. E111 males, known

to be defective in post-replication repair, also irriuce Rex-like

exchanges inchratosamswithtmm's. Presumably, bothgexarrineiil

act by creating or failing to repair reoarbinogenic breaks in the rum.

Flirtrernore, mappearstobepartofamilti-alerent system,

located in, suppressed by and irducirg exchange in various run arrays.

Inthisrespect,fiexisreniniscertoftransposons. IfBixenoodesan

arriamclease likethatwhich ispartoftransposases, thenanalogous

roles can be suggested for the suppressors (repressor of transposition)

and the targets (site-specific target for trarsposition) . There are

ecanplesoftrarsposmsystelswithbothtransposasaardrapressorsof

transposase, nostrotably, tteThStrareposmongLi (Isbergatal.,

1982: Jdlnsm at al., 1982).
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Exdiffersfrannostottertransrosoreinseveralrespects: its

target specificity, time of actim and maternal effect. 3g acts

specifically m the no, and it acts very early, before there is any

reported transcriptim of rum in the zygote (lumight & Miller, 1976:

Zalokar, 1976) . It is reascnable to hypothsize that aloe rm

transcriptimbegirs, thetargethbeoanes inaccessibletothegx

erionuclaasa, andsotheonlytimeofactionisinthefirst few

divisions in the erbryo. The maternal effect is obviously due to sure

maternal contribution. Considering the eormous transcription rate of

run inthe ovary (than & Ritossa, 1970; Memod at al., 1977) it is

possible that a Re}; gee product encoded within the rum might

aoamulatetoahighooroantrationintleegganidiminishwithaadl

embryonic division.

Theraisaparallal franthaliter'atura forthisxrodelofljex

activity. The insertion sequences falnd within sate 28$ coding regions

belong to a class of elerents knam as "non-LTR retrotransposons" or

"retroposons" (Rogers, 1985; xiong & Eickbush, 1988a). These elements

appeartotransposeviaanminterrediate, likeretroviruses, butlack

the characteristic lcng terminal repeats (1111's) of retroviruses. They

are characterized by stretches of polyA at one and, and often have

duplicatiore of the flaming INA at the site of insertion.

Infact, mamofmwmimanimm

(Type I and Type II) are closely related to the hell-deracterized R130

and R280 sequences ofm 252:1 (Eickbush and Robins, 1985; Eickbush,

persmaloamimicatim). BotthBnandRZBnhavacpenreading frames

whidaomtainseqeroessimilartoportioteoftheretroviralmlgexes

encoding reverse transcriptase (mrke at al., 1987; Xiong & Eickbush,
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1988a). AlthaightteCRFlacksapraloter, ithasbeensuggestedthat

it is trarecribed frun an rm praroter (Xian; 8 Eickbush, 1988a) based

mthefilrlingsofseveralgramsthattlereareraretrarscriptsof

heart-containing rm repeats in 12,W (Jamich & Killer,

1984; Kidd 8 Glover, 1981: Long 8 David, 1979). Presumably, like other

reversetranscriptasegenes, flesemf‘seoodeanenzynewhidicarries

alt both reverse transcription as well as integraticn via

e'domlcleolytic cleavage (Xiong 6 Eickbush, 1988b) .

Thereisalsogmmmnggevideroethatthemmelenent

functions as a transposon with unusual site-specificity. Firstly, Xiong

at al. (1988) have found several R230 insertions outside the rENA, and

the flanking [NA shows substantial sequence similarity to the

integration site in the 288 gee. Although this finding suggests

transposition, these non-r110. insertions appear to predate the

separation of several different geographical _B_g n_o;i races and do not

indicate recent activity. Secondly, the races have widely differing

mmbarsofRZBninsertsinthermA, suggestingthattheelerentsmay

nova more frequently within the rum. This might, however, be due to

the reccubination nechanisns which maintain the integrity of the run

array and not to trarsposition. Thirdly, the fact that the insertiors

imctivatetlerepeatintowhidltheyareirsertadsuggeststhatthay

mldbeselactedagairstmlesstreraisanedenismMas

transposition to maintain then. lastly, Xicng 8 Blemish (1988b) have

detonstratad that the (RF in R230, when ligated to an irriucible

prmoterandecpressedinfiygn, doeseoodeafmctialalerlamcleasa

that cleaves 288 [NA in a site—specific manner. Presumably, this is the

intagrase or endonucleolytic functim of reverse transcriptase. However,
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theauttnrstavemtdemmstratedanyinyiygemannleaseactivityin

am.

Itfleed,thengsystemomplementstheobservatiasmdeinm

m,fiherethereismdixectevidemethattheeniaucleasesvmidl

ameartobeenoodedbleBnarfiRzanelenentsareinfacttramlatedor

activejnyigg. Ifggactivityistheresult ofanutatim whidl

activates an insertion sequence ORF, it should alsobe possible to

search for similar nutations inn, mu.

mereisalsoanotherretmposminmmilmrm. 'IbeG

elementisspecifictotheduumoenter,aninnstcelarentsarefand

ataoonserved insertion site withintheIGS (DiNooeraetal., 1986:

DiNooera, 1988). 'IheGelement target sequenceshowsahighdegreeof

sequencesimilaritytothetargetsitesof‘lypeIard'IypeIIinsertsin

the 288 gene (DiNooera et al., 1986). G elements also contain anCRF

which amears, onthebasis of sequence similarity, toenoodeareverse

transcriptase (DiNooera, 1988).

Inlightoftheseresults,itistarptingtosuggestthat£gx

activity results simply fran the errlonuclease encoded by a Type I, Type

II or G element insert, particularly in view of its location in the rCNA

ardextrene site-specificity. However, notall Iype I ard'Iype II

insertsoalferfliefigrhenotype,sixnestodcsthatccntainth$e

elarerxtsoanbefigx,§t_1mgg)ormiflmer(thishasmtbeendirectly

testedinthecaseofGelatents;however,theyarefowdinvirmally

every];Wstock (DiNooera et al., 1986)).

Instead, Moouldbeanactivated erdamclease—producirg gene.

Bleactivatimoalldbearesultofadmageinthestnlcmralgene,

mkingflieenzyuemreactive,oradlargeintheprmnterorenharcer
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allowing ectcpic or umsually high levels of expreaim. It is possible

totestthishypothesisbymrtherdiaracterizatimcfm, including

clmirg of w.

W

gimme;

Wthe preceding dismssiai there is the inplicit

assunption that Egg activity is entirely specific to the rim and

affectsmcthertargets. 'misassxmptionhasmtbeenthomighly

tested. Swanson (1984, 1987) am! this work have sham that fix can act

on any chrmosane with two Q loci. Swanson (1987) has also shown that

simple duplications of heth do not constitute a 119.3; target.

EvenLQQLvaidihastypeIimertimsequercesatbotheIdscfflle

dirtmcsane, although it probably lacks rm repeats at the distal end,

(Hilliker & Appels, 1982) is not a _R_e_x target. 'Ihe question remains as

to whether an exactly duplicated block of hetercdmanatin at either end

of the dmmscme, or a duplication of a different gene family can act

as a a target.

Iprcposetmexperinentstoanswerthisquesticn. ‘Ibefirstisto

test mmgflflzgfi as a target, since it is duplicated for a portion of

theXheterodiranatin. ‘mesecordistotestaduplicationcfthess

ribosanal RNA genes,W (Nix, 1973). This duplication, a tandem

repeat of the locus (at 56?) and surrourding material (spanning 56C-

59C), is unstable in lag-term stocks, but canbe readily isolated as a

sumssscrofm. Egg-irrhloedeidiangebeueentheseparated

repeats will cause reappearance of M21113.
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'meexperinentinAmendiwaasdesignedtoaskabwtthesizeof

the 3g; target, it it is, in fact, run-specific. That experiment,

minganXChrcmosanewithanormlmandaP-elementatthetip

cmtaining a single rm repeat, was inocnclusive. The elanent itself

had a badagrcurd level of instability that made it inpossible to

determine if M induced any exchange in the dlrcmosane.

Nevertheless, the question remains interesting. Modified versions

oftheP-elanentrmArepeathavebeenrecoveredbyB. McKee (personal

ccnmmicatim) , including elements with several rtNA repeats, loss of

parts of the P-element vector, and loss of portions of the single run

repeat. It would be mrtmmile to test these, first for stability, and

then, if possible, as gel: targets. If Egg is rum-specific, these

chrcmoscmes offer the best chance at defining the specific & target

W-

W

The model of Be; activity presented above proposes that gay,

activity results fran activation or increased production of an

seamleaseericodedbya'ieoftrueeclassesofrumirserticns. The

EX variant allows either abnormally high or ectopic expressim of the

site-specific endonuclease, generating recanbinogenic breaks in the rum

during early anbryogenesis. The mdel predicts that we should be able

tofindmRNAcorrespondingtotheORFcfthe inserticnelement. In

general, thesetranscriptsareverylwabmrianoeorarepresentas

portions of longer, low abundance, rm transcripts (Jamrich & Miller,

1984: Kidd & Glover, 1981; long & mwid, 1979). The most logical stages

toeaamineareovariesanimfertilizedeggs, since itislmownthatfigg

acts as a maternal-effect in early abryogenesis.
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Ipmposeeiaminirgcvariesardmfertilizedeggsfrmmand

axrtmlmthersfortrarscriptscorrespafiingtcfliemF'softhetmee

insertimclasses. Sinceallthreeirsertia'shavebeensequerned

(Eickbush, perscnal cmnnn'icatim: DiNooera, 1988), all three prdaes are

readily available. Presumably, if Rex encodes an endonuclease activity,

the transcript will be at a detectable level.

Itis inportanttopointcutthatfigactivitymaymtresultfrun

a structural gene nutaticn, but, instead, may result frun a regulatory

mutation. Therefore, a can, with only the coding region, may not

revealthenaturecfthegexalteratim. Itisalsonotclear ifacmA

would lead to cloning of Reg. Considering the high degree of sequence

similarity between all members of a given insert class, it may be

impossible to identify which particular element of a class encoded the

mRNA.

Nevertheless, this result will test a central prediction of the

proposed model, and will allow further experiments to characterize 3%.

For example, is the transcript present in eggs ofEM mothers?

WillaP-element inserticncfthecmAfranthisnsssageconferang

genotype? CanaP-element insertimofthechAbeusedtomanipulate

thetimingcffigactimbyuseofanirdlciblepmmter?

This last question is particularly interesting, since it is not

clear why m acts specifically durirq early atbrycgenesis. Is the Egg

product mly made during cogenesis? Or, alternatively, is the target

mly accessible during early erbryogenesis?

21W

Itmybepossibletoclaiemfrmadlmifatrarscript is

detected, as described above. I am proposing an alternative schane for
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clmirqintheeventthatatranscriptistotdetected,crifthed1m

has hanologytcnnltiple elements, andtcprovide awaytoclcneagx

even if it is a regulatory mtatim. Before cmsiderirg this line of

research, itisinportanttbbearinmindthatspecific,asqposedto

rardan,portimscfamiddlerepeatedgenefamilyhaveneverbeen

clcned. Infact,theresultsindlapter4representthefirsttine

genes have been mapped to specfic portions of a repeated gene family.

Therefore, anyattenpttoclonefiexwill involve adaptingexisting

tectmologytoaspecialpurpose. Assudl,thissdiemeforclcninggez

may become a model for cloning specific portions of the rm.

Mammmflatlsogstbmmpngmasmllamcf

rmA repeats as possible (lo-30 repeats), subclcne that portion of the

m,arrlthenscreenalltheinsertion-containingrepeatsinthe

subclones for alteraticis. If an endcnuclease transcript has been

detected,thescreencanbenarrwedtocnlycneclassofinsertion

elanents.

The first step of delimiting the Beg region involves converting the

geneticmap of thegig-bearirgflo intoa physical map. It will be at

thispointthatuewilllaomuhethernorerecanbinantsarereeded

beforewecanproceed. Themapping data have localizedigtoa

specific portion of the rtNA array, part of which includes the entire

regimspannedbyIGSlengthvariantité. Howmanyrepeatsareactually

inthisspan? Itispossibletoestimatethatbymeasuringthe

internsityofbaxo#6,bylaowingtheco\mtspermimteineadiband

(usixoabeta-particlecamter). Assmirothattheweakestband

r'qaresentsaespacer,flierelativeamamtsinotherbaroscsnbead3ed

uptoquantifythetotalnmberofrepeatsinthem,ardineadiIGs
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class. Iftheweakestbaxfiisactuallchrti repeats itwillbeclear

inmediately, since a viable up locus camot have less than approximately

150 repeats.

muetctalnmberofrepeatsinagivenbplows, thenumber

of repeats in each diagnostic IGS length class, and the positims of

various breakpoints with respect to those length classes, it is possible

to estimate the minimum size of the regim where E9; is localized. For

example, if a particular region bounded by two exchanges contains 10

copies eadl of 4 diagnostic IGS length classes, and the diagrostic IGS

length classes are 50% of all IGS sequences, then the minimum size of

theregimis40repeatsaroitisreasonabletoasslmethattheregion

is approximately 80 repeats long. The region can be also be subdivided

byfurtherexchangeswith appropriatetargets incrdertcmapggtoas

small a region as possible.

Thenextstepistoseparatethisregicnfrunthectherrepeats.

Onepossibilityistowtthemintoafewfragnentsusinganenzyne

whichcuts infrequentlywithinthem, suchasNotI (the only sitesare

inType II inserts). Those fragments, whidl still containmany repeats,

can be separated by pulsed-field gel electroghoresis and eluted.

Subsequently, the individual sub-NO pieces can be digested with HaeIII

andprobedwith IGSclonetcdeterminewhidiportimoftheNOthey

contain, based on how many and which diagnostic IGS length variants they

curtain. Mother possibility is to make yeast artificial dmosams

ccntainirg portims of the no, and identify the origin of each cloned

region based (:1 the ICE length variants.

Inanycase, thegoal istogetsubclcnesofthespecificregicnof

unemthatoontaixsag. Thenall repeats frunthat sub-regimthat
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curtain insertscnnbeeuamiredforrestrictiurvariatiuswithinthe

insert or within the surrouniiro regius. Finally, P-elanent mediated

insertiui of putative E2! sequences might allow an inM test,

currently not available for 3, mi.

W

'nieresultsofthesestuiiespointinseveral inportantdirections.

1) 'nlemmixooffiexarowhasplacedthunwithinthem,

andassudi, wehaveincreasedthemmbercfnappedx-linked

heterodirunatic loci by 66%. Previously, mly three loci had been

identified in the x heterochrunatin: am, 91' and m. g is a

heterodlrunaticelementdistal thwhich suppressespartofthe

lethality induced by hunczygcus abg (a 2nd chrurosome locus) in females

(Pimpinelli et al., 1985; Sandler, 1970, 1977). gr, as discussed above,

is involved in m compensation, am by is the rm itself. By

studyingfiexarow) inmoredetail, wemay learnmoreabout

heterochrunatic loci.

Forexanple, aretheserepeatedelements? Ithasbeensuggested

that all functiuial elements of heterochrunatin are repeated, an: that

the absence of recurbinatim has evolved to avoid a high frequency of

unequal crossing-over that would lead to sudden, dramatic changes in

copy nunber (Sandler, 1975) . This hypothesis seeks to explain both the

large size of the heterodirunatic regime and the paucity of notable

fmrctiuiswithinthebeterodirmatin. film), andqurelyare

repeatedelemerrts, andperhapsfixisalso. Recently itwassl'ownthat

arotherheterodirunatic locals, theBsplocus ofthemtign

Wsystem (chrcnosune 2), is a repeated elanent (lyttle, 1989;
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Pimpinelli a Dimitri, 1989) . Is this true of the other heterochrunatic

loci?

2) ngirdmsfrequerrtmitcticexdiange inaregiuiwhich

exhibits little meiotic extreme. mm], in males has the same effect.

Miatarethesemltantsdoirgtodismptthestabilityofthermh? Are

there special systems that normally reduce m mitotic end-range? For

example, whatisthefmrctiurencodedbygumeg), arooanSu(R_e;)

sugaress the gel-41 lesiui? Alternatively, could an extra cqny of mi;

gt in a male suppress the 3g maternal effect?

moerstaroingthemedianismofg-iroucedexdiangemayalscshed

lighturthemechanismsofrmhexdiange. Manymodelsbavebeen

advamedtoeiqalainthecuicertedevolutimcftherMarraysonthex

and X chromosomes (Dover, 1982) . The two rtNA arrays are clearly not

evolving independently, yet the rate of spontaneous x—x exdiange when

culpared to the rate of 3'3 exchange is not sufficient to explain their

similarities (Williams et al., 1989) . There must either be conversion

events and/or multiple exchanges between the two dlrunosunes.

Does Be; induce conversion aro/or multiple exchanges? It should be

pcssibletoexamineunselectedtargetdirurosumsexposedtoggfor

curversicn events or double exdianges that alter the mmber or position

of IGS length variants. By further characterizing the nature of Rfl

endiarrge, mmaylearnaburtrmhexdiargeingeneral.

3) thasproven itsworthasatool formamingwithinthernm.

Ihaveusedittomaplociwithinthermfcrthefirsttime. The

majoradvantageofusirggx-irduoedexdrange isthat it isanoroerof

mgnihdemorefrequentthanqaurtaneulseidiange, whichisanon—

trivial consideratim when many recunbinants have to be recovered.
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Altlnlghtheexperimertaldesignisabitumbersure, itcuildbe

streamlinedtoalluvggxtobeusedgenerallytomapwithrspecttothe

rm.

'nlemostdaurrtiropartcfusingfigtomapmindlapterllms

thathairpinexdiangeshadtoberecovered. Thisurtailedatime-

cusmniro screen for inversiuis. The reasur for using hairpins was that

thespiral exchangeprodtot, anx-fragment, wouldmakeanymaletco

hyperploid to be fertile, even if the cross was manipulated such that

all sulshadaXChrunosuue.

Usinga different target, where the distal ND is closer to the tip

(suoh as auguscflsgfi) walld enable the product of spiral exchanges to

be recovereo as fertile males. Spiral exchanges are readily detected in

the first generation of progeny from E; crosses, unlike hairpins which

must be detected by screening the first generation progeny individually.

The muznscflsgfi target dirumosune is non-inverted, with a

duplication of the NC at the tip. It is a product of w exdiange

(Swanson, 1987). Anym, frunandelrurosurecanbeusedtoreplace

theprcximalNO. Therefore, thesuperstructurecfanyNOcanbe

dissected, mud‘rastheM-beariromhasbeenanalyzedinthepreviuls

experiments.

This kind of analysis may prove useful in studying the distribution

of various heterochrunatic elements. For example, there is an ongoing

debate aboutwhether insertiur sequences are (England et al., 1988: Long

a David, 1979) or are not (Hawley & Tartcf, 1983b) clustered in x-linked

m's. BothTypeIardTypeIIixoertsarepolymorfiiicinsize. By

starting with mom's withdistinct arrays of irserts, Rex-induced

exchange muld clearly demonstrate whetherthe inserts are clustered.
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Another example where fix exchargewill clarify the positiur of a

teterodirmiaticelarentiswithcirsertiulelanents. AlthulghG

elererrtsareurlyfunriintledirurocenter,aroareoftenfunfiwithin

tleICS,itisrotkromhowtheyaredistributedwithrespecttctIe

rm (DiNooeraetal., 1986). uoeagain, bystartingwithtwcm's

withdistirotGelementarrays,M-irducedemhangecanmaptlec

elements.

4) Begisalouls withinamultigene family. Assudl, thecloning

ofgcanbeseenasamodelfortlecluiingofspecificsegmentscfa

multigere family.

Men

Insrmnary,ghasbeenmappedtotlerTNAandaspecificmodel

for Rex action has been developed. The further study of 82;! is likely

to provide information about E; itself and the M exchange mechanism,

perhaps shedding light on the more general topies of heterochrunatic

loci, rIZNA stability, the molecular arrangement of the rum, and,

perhaps, methods of cloning specific mariners of this and other micklle

repetitive gere families.
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We investigated whether a single ribosunal cistron could serve as

uehalfofakgtargetbyusinganxmrurosunecontainingbotha

mmralQlcmsarflasinglerMcistronireerteddistaltoy-i'. The

single cistron (M) had been inserted by Pelaent transposition

using a defective P—element vector that lacks transposase activity

(Karpen et al., 1988). In order to be able to score Beg exchanges using

Lri_lo_7_1, we constructed a 1rib7mo(1;1)so‘—’l,[rib7,gi1 yi y 1 ea;

§u_Lf)_'yi’ chrmosune. Females who were hurozygcus y (with or without

other markers) were then crossed to [rib7]m(1;l)sofl/X males. Regular

progeny are yi' daughters and y sons. Non-disjunctional progeny are y

females and yi' y gar males. Mitotic exchanges that delete the material

betwaen 1;in and the normal pp lows, would generate yi x-dlrunosune

fragments. arch exchanges cocuring before first division in the zygote

would yield yi g1 yfragment sterile males. If tte exchange occurs

later, gynandrurorphs would result.

The initial cross withW mothers gave significant numbers of

tie predicted yi gri’ sterile males (Table 17) , suggesting that a single

cistrur is sufficient to serve as a Beg, target. riowever, a control

experimentusirqy/ymotiers,gavetlesamefreq\eroyofyigarisue

95
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aPeroentexrzhangeiscalcallatedasemu-rangemales/(regular fanales+exdiaroemales),

simetieadraroeproductcanumlybeformoiinX/Xzygotes.

b5exdiaroepromctsaererecoveredfraaueoftheS‘Isirole—femalematirossmred.

cuegytlaleuasreooveredthatwasapatdryyimsaic. 'miseiaaqatiurisrot,

however, analogulstcagx-iniuced events, silos Rex-Weideroesventsyield

gymrdrumfiemtmtmosaicmales.
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(T‘able17). m,flermmosmeitselfarpearstobe

uretable.

Tl'ierearethreepossiblesuircesofthisobserved instability: the

duplicated ribosunal cistron, the P-elunent transformatiul vector, or

mongrelmurneflhyiyfersun-rtdumusedto

cuistnlctulrtargetdlruxosure. nlplicatedribosunalcistrusmtlex

arerotgenerallyuretable. Manyaldldlrunosunsshavebeenusedtc

shriyfiex,aroexderoesareudyfumdwlenmatemalgexispresent.

Inordertotestwhetrertheparentmnso‘fldiromsoreisitself

trembleg/ggfemaleswerecrossedwith magnsc‘fl males. Noyi

sari sons were observed.

The data suggest, therefore, that the exchange events observed with

[ripmoan-.1561; are due to the P-element transformation vector.

Although it has rot been reported previously, a low frequency of mitotic

instability may be a characteristic even of defective P—elements. We do

not, however, know whether another intact P element might have been

inadvertantly introduced in the course of the experiment.

Itisrotlomnwhateidiangeeventistakingplace, sincethey‘l'

mi progeny are all sterile. Althuigh tie exchange could be a Bar-like

irrtradirunosunal event, itisalsopossiblethattheexdiangeis

interdlrunosunal, betneentleg-dlrurosumemlomsardjribll. Tie

interdlrutoscmal exulange would, of course, have to be a male germlire,

possibly pre—meiotic, event. This possibility is lent some credence by

tierecoveryofueclusterofyi’gariprogenyintlecmtrolcross.
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m3

mammx—xm

aeobviulsquestiulabultyggiswhetleritcanirouce

interdimrosunalaswellasintrachrurosumalexdiange. BoththeXand

yohrurosursshavemlcci,soanexperimentwasdesigredtomeasurethe

g_e_xeffectul X-Xexohange. Theexperimenthadtotakeintoaccount

thefactthathactsveryearlyintlezygotetoinduce .

intrachrurosunal exchange, perhaps even before pronuclear fusion. For

thisreason,exd1angehadtobemeasuredbetveendlrutosurescontributed

byasinglegamete.

TleXandaXdircnosuneswerebroughtinbyasinglegameteby

usingfiflmales. InXflmaIestlethdlrulosurssgererallydisjoin

frun ore another (Sandler & Braver, 1954), giving rise to approximately

50%flgametes. ByusingaXdirumsunewithoremarkerattl'eendof

each arm, $15—$95, x-x exchange could be assayed by looking for loss

oflmcagehetweenofyiande‘i.

'nematirgsd‘lenefortieexperimerrtisslmnini‘ig. 16. The

firstpartoftlesdienedevelopedastockwithahighfrequencyof

my—l‘xfi sore. First, mag—W exceptional daughters were recover-ad

frun a cross with relatively high male non—disjunction (approximately

0.8%,datarotsl'own). Thesedaughterswerematedtoygzyfgr/X

males,and;terotypicallygyfgr§5daughters (wtosegerotypewas
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ThefirstthreestepsgeneratedastocrktoprovideasouroeofK/X/yi‘XB'5

malesasdescribedinthetext. Thestockvasmaintainedasshownin

step3,toensurettepreseroeofbothamatemalmarkedxuircnosure

andanmmiarkedpatemaleirmosune. 'neWy-flpsmalesweremated

toygyyfm/yfenales. 'n'emajorityoftleyifidaughterswill

carryanintactinBSdlrunosure,hltafa¢willmrrytletvnmarkers

ulseparatedlrunosulesasaresultofaneadlaroe. deistirguish

tlmsehngenotypicallydistimtclasses,eadiyifidamteris

individually mated to xsx-xLJfi/o males and the progeny were scored for

segregatiuiofthenarkers. Fanalesoarryingeidiaroeuirmosunes

yieldedurouniqueclassesofprogeny:y1'ardybsue.
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xezyfmflyfsar/yixfi)mselectedambadmossed- The

resintirgstockwasummaintaixedhyselectingfenalesardmalesof

tteparentalflerotypeateadlgeteration. Thisensmedthepreseroeof

tlemarkedarrimmnarkedxmrmosunesmunirgfruntlefaraleanimale,

respectively)aniahidafrequencyofmix§sasresmtingfrem

normal disjmetimintrewiyfi fanale.

'nerewerettmtedlniczlprcblarswiththisstcck. Orewasthat

rag—+95 males tended to be relatively infertile, so that roughly one-

third were curpletely sterile and the remainder were less fertile

(27.51155 progeny/male) than their mixfi brothers (42.8:22.4

progeny/male) . Tie second problem was that these two classes of sons

were irrlistinguishable pherotypically. In order to assess the

proportion of mi}? sore in the stock, individual yiBS males were

netedtoygyfgyyfexales. Lazy—WMescmldmenhe

distinguishdbecausetherewererulghlyequalmnbersofygaroy

sonsamongtheir progeny. 0fthe25 males tested, 20 (80%) werethe

desired min? genotype, 4 (16%) werexgyixpfi, andue (4%) was

rev-Wain?

Intresecuopartoftlematingsdlare,geggwastestedfor

hastimofx-yemdiange. mimsmalesfruntlestockdescribed

abovewerematedtofiexfemales. Anyexd'iaroeeventswhiditookplace

inueresrdtimmiyfidaughtersveremdeteotahleinuembecause

hothmarkersuiardp'i)woddranainineveryoell,eveniftheyhad

becune unlinked by a mitotic exchange. Therefore, each {herotypioally

fl 35 daughter was individually mated to xfixexI-gy g/o males and the

resultirgsuiswerescoredforsegregatiuiofyifrumfi.
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cflszsndaughters screened, ully3hadurdergue

interdiromoscmalexdlange, a0.18% frequency. Fad'ioftlesixeidiange

products (tranfruneachevent) wastestedforthepresenceofx

fertility factors and Q expressiur. The results stunted that each event

was distinct:

1) #133 - misfit! y f era-xi andW (apparently an x

chrurosune fragmentwithmaterial frunfitotlecentrurere, including

hot and some 1 heterochrunatin).

2)‘ #172 - 3:de f grefi and £115 (bet)

3) #1425 - hilarity e f exert andW (32)

‘nestructuresoftrerecurbinantsareinferred, basedultheassumption

thatthere isrmAurbothamsoftlemarkedXdlrurosure (R.S. Hawley,

personal curmmication) and that exchanges can take place with either

rtNA array. It is not clear what event has damaged or eliminated the x§

fertility factors in 1425.

'nelwrateofexdiangesuggeststhatmdcesrotinduce

interdlrurosunal exdiangeatanywherereartte frequencywithwhich it

induces intrachrurosunal exchange. Furthermore, a different experiment

indicated that in_3§ has a certain level of intrinsic irstahility,

regardlessofthepresenceofig. Inthisexperiment, thesamemating

sdienewasused, exceptthatFlprogenywerescoreddirectly fortle

preseleeofbothyiandps. Incrosseswithygnygg/ymotlers,

10/1204 progeny shared loss of ue or the other marker (0.8%), while in

curtrol crosses with y/y mothers 3/1363 progeny slaved a loss (0.2%).

Althcngh the difference is significant (x2=s.ss; 0.01<p<0.05), it is not

large and it is difficult to evaluate any effects of Be; with such a

big) background of spontaneous events.
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In cuolusiur, if Rex does, in fact, induce X'X ecohange, it is at

averylowfreque'oy. 'misresultraisesinterestingquestiuisaburt

themechanismofmactiur. Istleresunefeatureoftlexmwhich

makes it an ileffective target or is M ireffective at iroucing

interdirurosumal events?

Inordertotrulyevaluatetleabilityoffiextoindloe

interdlrumosumalevents, tleeicperimeritmistusetvuodirtmosureswittr

m's of krown Rex sensitivity. (he possibility is to use 1310 X

dmmosunes with sensitive m's, and use a meiotic mutant in tie female

to give a high frequency of non-disjunctional XX gametes. ‘mis

experiment, however, depends on use of maternally-transmitted targets.

Swansea (1984) showed that a maternally-transmitted chrumosume is

seeitive to Reg, but at a very low level (0.14%). Hummer, tie

d1rurosuresletestedcarrieda_$31_(_Rex_1(datanotstown), anditremains

possible that other maternally-transmitted targets will be as seeitive

as paternally-transmitted targets. Sume of tie loown Sllppressor-free

chrumosumes geerated in Chapter 4 could be used individually

(W) or in cunbinatiulW) in a test of

netermlly-trarsmitted targets.

Iffixcanirouoeinterdirutosumaledengettenitmayhavean

inportantroleintlecuoertedevolutiulcftheXaIdXdirurosure

rm. Therefore, despite this preliminary result which suggests that

m is ireffective in inducing interdlrulosumal everts, it is still

mrtimhiletomrsuethisqestiulusingamore stablepairof

drrunosurssthatcontainm'slo'omtobeseeitivetogx.
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MC

meijlmmrsmm-mmmuul

Magnificatiur and curpensatiul areMwhich, like Rex,

affect rum integrity. In partiuilar, magnification seems to be related

to Reg; actiul, because 3% is able to irouce magnification in females (y

Q! g f mgumc‘licfi females crossed to QZ/x males yielded

phenotypically pot 112(1) so‘Lsgfi/hhz daughters in 8 of 600 females tested,

R.S. Hawley, personal cumunication) . Furthermore, Hawley & Tartof

(1985) have suggested that magnification takes place via both pre-

meiotic and meiotic exchanges in the rum, and, of course, g; induces

rtNA exchange.

In order to further explore the comection between rtNA exchange,

magnificatiul and Ex, several experiments were performed with midi.

The gem; mutation, originally discovered as a meiotic mutant affecting

recutbination fregueicies in females (Baker et al., 1976), has several

other interesting pheiotypes in males. 131:4} suppresses pre-meiotic

magnification, but causes high rates of x-X exchange particularly in the

rim (I-iawley & T‘artof, 1983a). The question was whether there is any

epistasis betweel these two loci, since both stimulate rum eachange,

but have different effects ui magnificatiul.

A target attached-m dirurosume that carried M], was

custructed. Thepreseoe ofmgifl], inthemalewassufficie'rtto
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induce m—like detadments (Table 18). crossing to My females did

rotarpreciablye'iharoetledetaumnertrate. rowever, wtmthemtfl

target-bearirgmleswerecrossedtonenales, tledetadment

rate was significantly higler (x2=20.56, p<0.001) . Heterozygous mtg,

females did rot induce detachments, and did not imibit m activity.

Hurozygous E1211 females are rearly sterile due to the meiotic lesion,

and have rot been tested.

Thedataareverypreliminary. At leasttwootlerexperinentsneed

tobedue. (me, more fertilemeiilalleles steuldbetestedin

ferelestoseeifm_e_i;4_1hasanyeffectinfemales. Itisalso

important to determire if there is a synergistic effect between Egg/Beg;

females and [gill], males by measuring the "background" level of

detachments in crosses of Reg/y andW females to tie original 3'!

dlrurosurethatwasusedtoconstnlctthemiilx-Xtarget.

Thereisrodoubt, however, that_mgi_—5_1iscapableof irriucingR_e>_<-

like detachments. Hawley et a1. (1985) suggested that maid], males

developrecumbinogenicbreaks intheirrENAwhid'icanrotberepairedand

that these breaks are what stimulate x—x exchange, allow meiotic

magnification, hit inhibit pre-meiotic magnification. It is possible to

speculate that these same breaks induce the detachment events. That, in

turn, suggests a mechanism of Be; activity. In some way, g); may also

be generating breaks specifically in the rum, leading to detachment and

magnification events in tie zygote. This is consistelt with tie model

of fig); as a site-specific e'donuclease proposed in Signifioaroe &

Recuumendatiue.
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