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ABSTRACT -

The transposable P element of Drosophlla-melanogaster is

a

‘known to cause. sterlllty, high mutation rates and chromosome

aberrations in crosses where the element transposes..fP elements

are absent from DrOSOphlla stralns collected over forty years

ago,-but'are presently found in over 90% of w11d type
populations. leen the detrlmental effects P elements have on
their hoeo; population genet1c15ts have been 1nterested 1nﬂhow:
these.elemeote have epreadVSo.rapidly in nature. .

This‘sﬁudy was undertaken io order - to understand how ﬁhe‘
tranepoeable P element‘can,_onlohe hend reduce the fitneee of
its oost and on the other hand appear to spread eery rapldly
_through nature. )
| The‘ablllty of P elements to spread in natural pooulations
was.stUQ1ed by settlng'up spe01f1c backcross experlments and
pbpuletioo cage experlments which were de51gned to model the
introductlon of a small number of P type flles into a large
popu]atlon of M- type“flles (flies that lack ;he P, element) In
order to clearly demonstrete that the P,element itself has
increased in freouency,,it_was heeessary oo be-able‘to idegfify
(1) the numoer‘of P-type flies, as measured by gonadal dysgenesis
and (2) the number of copies of P-elements in'the pooulation.
The ? element -copy number was measured usiﬁg theetechnique of DNA
hyﬁridization. . ‘ _ ' '/T\“\~ -

Io'the first set of experiments, P-type flies were mated to

M;ﬁype flies and the fesuiting progeny were repeatedlf

ii
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"backcrossed to M—type flies; _It was shown that 1n “these

‘experiments, the P element act1VLty (1e. the ablllty to induce

gonadal dysgen951s) decreased w1th each subsequent generatlon of

backcr0851ng. Thls decrease in P element act1v1ty was matched by

an equivalent decrease in P element”copy number. This

experiment, which is equlvalent to 1ntroduc1ng P type Elles into
nn infinitely 1arge M-type populatlon, suggests that there are
condltlons under which P elements w1ll be lost from A populatlon.

The ablllty of P elements to. 5pread in randomly matlng

populatlons was studled by sett;ng up populatlou cages w1th

- -

. different P stralns and seyeral dlfferent start;ng frequenc1es

K

(lm and'lo% . The rate . of 1ncrease of P- type flies ln theee

o,
'

cages was fOUnd‘to be extremely-rapld- approachlng 100% 1ncrease

per generatlon Ain the 1n1t1al generatlons (up to. generatlon 5)

By generatlon twenty, all of the population cages had at least ‘

?60% Pftype flies. . This increase in P—type flies was metched by’

a corresnonding‘increase in‘the P'element copy'number in these
cegesu By u51ng a marked X chromosome, it was eiso-shown‘that
:the increase in P-type flles was, unllkely to have occurred as a
result of selection for P element carrylng chromosomes.i Thus P
‘“elementslseEm cepable of spreading in ranuomly mating
pOpulqtions, presumably ae ainesult“of replicative transoosition.

The differences-between‘the backcross experiments. and

population cage experiments suggested a third set of experiments

to elucidate these differences. These experiments were similar

to the backcross experiments, however, a number of different

Ciii N
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muting comblnations were tested _éach ge“neration..~ The P‘elementw
-d“»-act1V1ty of flies from a partlcular matlng was found to be

' strongly affected by the ancestral genotype of those fllES.'

The, results from thls study and _previous work stronglyn'

- T4

“m suggost,that P elements can spread through natural populatlons as

- . Ty

a result of thelr ablllty to transpose repllcatlvcly, even though_
they can have a.negatlve effect on the .fitness of thelr host.
Several models.for the spread of transposable elesents have been
proposcd aed even‘though these models have several llmltatlons,

. they prov1de a falrly accurate dESCFlptlon of the nature of P

. clerient Spread The evolution of self- regulatedﬁtransp051tlon is.

R

1',‘

also dlscussed’and 1t is p01nted out how 1mportant this process

\

1s in preventlng the over-repllcathn of an element and the

subsequent destructlon of its host.

iv



- L RESUME

'L'element transposable P provoque la sterlllte, taux de mutation‘

édleve . et aberratlons chromosomlques'chez D:osophila

'mélanogaster. Les souches” de Drosophlles récoltees 11 y a. plus

“de 40 ans ne contlennent pas - d'élements P, lalors qqq‘l'on en.
trouve dans plus 90% des pqpulatlons actuelles. AL;S génétidiéns
de populaglons s.lnteresseqt aux” mecanis#es-par léSquels ceé'
éléﬁénts P, bien:que.trés délétéﬁeé,ﬁsd soét Eepanduéﬁsi‘
x%pidément dans les populations nétﬁrelles.“L!étude.prgsehtéé
ici fénté de détefminer comment ‘la fféqheﬁce de lJéléméng_
‘tbanspoéahle ?-éeut‘se maihtenir-bu augachteﬁ-dans léé
"populatlons naturelles. |

La dlscrlmlnatlon de l'element p dans 1es.populat10ns
n;turelles'a.ete‘etudlee a l'aide d'experlences de backcross etﬁ
délpage a pépﬁlation!daﬁs-lééqueileéil"ihtroducﬁiqn d'uh petit
nombre de mouches de @ypé P dans unelﬁophl#ﬁidn‘de'mouChes de
type M (crést é_dire ;g portant‘paé lréléﬁent'P)_a_été simulee.
Pour determinér si l'éug@¢n£é£idp dé.fredﬁenée Qe‘l'eiement P est
ie resultat de ldiﬁﬁénspoéition, ii_fadt pouvoir denombrer d'une
paft 1és_m§ﬁchés'degtypé P, et dfaqtrefbart }es copies de.
lféiément'P dans'lalgopulatipn;‘1a.me sure de 1la dysgénésis
;éonadiqUG'(cPest 3 aiﬁe aéria'steriiité'induite),ét
l'hybv1d17at10n de l‘ADN‘ont ete reSpectlvement utlllsees.\ Dans
une premlere ‘serie d‘experlences de mouches de type P ont ete

“croisés a 'des mouches-dé type M, leur descendance etant_croisee'

' : o oy . , ) . - ,
en retour pendant plusiegrs genérations successives a des mouches
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. de type. M'- l'acﬁivité'de 1'élément P-(é'ést a dire: Ia‘ capacité a

'provoquer la dysgenesis gonadique) dlminue de backcross en

bnckcross. "Une diminutlon du nombre de copies de 1'e1ement P
accompagne cette baisse d'activite. Dans certalnes conditions
les . elements P peuvent donc. etre ellmines d‘une populatlon.

La dissemination des €léments P dans des populatiqns

- panmictiques a eté etudiée 3 l'aide de cages 3 populations
-constituées éypabtir'de souches‘P“Q'origines geographiqﬁe

cllffexw:nts,  1eur_'frécpjence initiale etant ou :10%

Ltaugementation: de frequence des mouches de type P dans ces cages

a ete extrememgnt rap;de,_proche de 100% par generatlon. Jﬂ la

. .y : ' . '
.20¢ génération, 60% des mouches de chaques cages‘étalent de - type

P. Paralldlement le nbmbre_de copiesude i'élément‘P'é“apgﬁénté
dans ces cages. L'utilisation d'un chromosbme X marque a permis
de demontrer que cette augmentatlon de nombre de mouches de type

P ne résulte. pas d'une selection des chromosomes.porteurs de

-l'element P. -Les élément P semblent donc capables de- se |

disseminer dans des populations panmictiques par transposition
N * + ’
replicative,

S .. . - :
~Une troisiéme series d'experiences a ete entreprise pour

— . —_

3 \\ - - - - .
expliquer les resultats contradictoires des experiences de
. \.._J‘ - - .

» . - . .
backcross et des evolutions de frequences en cages a population.

. . pa . o o '
Le principe de croisements utilise dans la premiéere experience a

Eté‘appliqué a différents types ‘de croisements, ce qui ‘a permis

] * -~ - - - ; : '
de montrer que l'activite de 1'element P des mouches issues d'un

croisement donne depend du, génotype: des parents. Les resultats

vi
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- ' ™

de ce travail conflrment des travaux anterleures et suggerenb que‘

'
%

les elements p peuvent se. repandre dans 1es populations

‘naturelles par tbanspbsition replicative,'enidepit de leur efféh
ﬁégatiﬁlsuf;lé vhleur addptive.de 1eur h%te. Plu91eurs modeles

' -~

ont ete propo es pour etpllquer cette dissémination des elements

"

trqqsposablg; a quelqueq restrlctlons pres, ils ne sont pas
'contfédits'ban leé.resultatstobténus &ciu L'évélution de la
tran posxtlon vers uné ﬁuto regulatlon est discgtéc?'et
'l'impOrtanCE'de'ce prééessus‘pour'eviter toute répliéation
exceési?e'esb.souliénée; un tel excés ne pouvant aboutir qu,h la

dlsparltlon de la populatlon hote.

‘
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Setape

' CHAPTER 1
INfBODUCTION

Introduction: | | -
;Until recently,.geneticists have viewed the genome as being
relatively 'stable, sgbjéct to slow evolutionary change. This
stable behayidur of Mendelian factors wa% important in permitting
the construction 6f‘genétic maps and was further emphasized by
the similanitfliﬁ gcnoﬁe organization.between closely related
épccies (Lewin, 1983). However, this view of a very stable
gdnomc_hasfstarbed tq.slowly change as geneticists ﬁéve become
aware of the role plasmids, viruses and transposable clemcnts
play in the movement oﬁ,ggnetic information, both within the
genomé of an individual and between species. - _ '

In the late 1940's, Barbara McClintock reported a phenomenon

in corn. that would later be accepted as ‘the first chumentation
of transposable eleménté (McClintock, 1956). lowever, it was not
until Ehe-1960'5, when transposable.elements were found in
bacte;ia, that geneticists reaily-began to accept -their
existence. Since then, transposablé elements ﬁavc been.found in
a wide number of organisms and have been shown to be inQolved in
a yariety of différent hereditéry processes. Transposahble
elements are DNA sequences which can move to new locations in DNA
molecules by broceséés which require neither extensive DNA
homology betwegn tﬁe_elemeﬁt and the site of insertion, nor
classical homologqqs'recombinatign (Berg and ngg, 1983). In

most‘casea, movement results in a new copy of the transposable

——



~element at the site of insértion, while the original,copy is
retained at ﬁhe original site. This duplicétive transposition
results in an increase in copy number of the transposable element
with%n the host's genome.

Although transposable elements have been-df9coveyed in a
large variety of both prokaryotiec and eukaryotic opganisms, there
is still a tendency té regard them as intéfesting curiosities in
a background of genomic stability. In his review volume entitled
*Mobile Genetic Elements", Shapiro (1983) pointed out thét one.of
his objecctives was to "show how natural the activity of mobile
genetic elemeﬁts can be iﬁ diverse biological situations." - He
went on to say that even toéay, "a m;jority-of geneticists woula

argue that mobile elements are fascinating, but oniy have

—

significance as part of. the background noise of random.
variability needed to provide the raw material of evolutionary
change. We will only integrate mobile elements fully into our

picture of heredity when we have formulated entirely new

mechanisms for cellular differentiation in bbth‘deveiopMEnt and

cevolution."

Thé behaviour of transposable.elements and thgiﬁ
Significﬁncc in evolution has been a'cohtrovéréial issge. On the
one hand, theirlability to duplicate and transpose has been
suggested to be sufficient to ensure their preservation under
non-selective conditions or even cbnditions where there is strong

negative selection against the element (Doolittle and Sapienza,

1980; Orgel and Crick, 1980; Hickey, 1982). From this viewpoint,

2
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"

transposable elements can be considered to be pieces of selfish
DNA whose only function is self-replication. 'On .the other hand,.

it is important to point out the mhltiple roles that traﬁsposdble

elements can play in a wide variety of organisms which confer a

- selective advantage on their host.

This thesis deals with the pdpulatidn genetics. and spread of

- one of these transposable elements, the P element of Drosophila

melanogaster. From a practical viewpoint, the P element is one

of the few eukaryotic'trqnsposable elements that can be induced

‘to transpose under the appropriate experimental conditions. More

importantly thouéh, ‘the P element preéents an interesting problem

' for population gemBticists. First), the only. known effect it has,

causing hybrid dysgenesis, is detrimental to its host. However,
it seems to have spread rapidly through natural populatioﬁs. The
question then arises, how can a transposable element that has a

negative effect on its host, increase in frequency in a

population? Specifically, the major focus of this thesis is

whether P elements can spread through natural populations and if

so, under what conditions.

lThis Chapter reyiews  what is known ébout a number of
prokaryotic and eukaryotic transposéble elements and discusses
how these elements méy have evdlved. Chapters two and three
examine several experiﬁents which atteﬁpted to model the spread
of P elements in natural populations. The experiments described
in Chapﬁer four alsc model the spread of P elements, but they

attempt to clarify some of the differences that emerged between



the experimentai results outlined in‘Chapter§ twgmand thyeé.
Finally, one of thé intéresting aspects of transposableielemeqts'
is their abll;ty to regulate their own transp051t10n._ Chaptef'-
five rovlews some of the populatlon genetlcs models that have'
"been developed to explqln the evolution and ma}ntenaACe of
““.‘ ’

transposable elements in natural populations and discusses how'a.

variety of-transposable elements have evolved self-regulated

.
™~

transposition.

Prokaryotic Transposable Elements:

Mobile genetic elements have been found to possess a wide
varlety of functloné in prokaryotes. These eleménts‘can mediate
the formatlon of‘chromosome rearrangements such ‘as deletlons,
‘inversions, and duplications of host DNA ségmgnts.! They can also
‘mediate gene fusion, gene amplification, -operon fuééqn,
gggeration and decay of transposons, replicon fusion and reélipon
segregation (Shapiro, 1983). Table 1.1 lists some of the
traﬁsposable eléments found in prokaryotes..

.ISlélements_(insertion sequence) were the fir#t ﬁransposable
eléments detected in bacteria. IS-elements were initiaily
-detected‘because they induced mutations that had several’
propértiés unlike that of point mutations. First, their effects
lwere'detectable beyond the border of the mutated gene‘itself and
second, the only form of reversion was deletion of the inserted
material (Cohen and Shapiro, 1980). IS elements are arbitrarily

defined as a class of prokaryotic tranSposable.elémenﬁs which



TABLE 1.1:  Prokary

ic Transposable Elements.

Element Length Terminal Repéat ! Markér‘ Copy“Numbef*_
(bp) N -
151 768 18/23bp - None 4-10
1S2 1327 32/41bp “ None . 4-13
1S3 1400 " 32/38bp None. 5-6
154 1426 16/18bp None 1-2
IS§ 1195 15/16bp None 10-11
Tn3j 4957 38bp Ampicillin
Tn4g 23500 Ampicillin
n§g 5400 1500bp Kanamycin
Tn? 14000 Streptomycin
Tng9 T 2638 18/23bp Chloramphenicol
Tnl0 | 9300 1400bp Tetracyciine
TnSO; 7800 38bp Mercuric Ions -
Tn554 6200 ~Erythromycin
Tng03 3100 1050bp ' Kanamycin
Tn951 16600 lac
Mu -'38000 ey None
%‘= On E. ggli.Klz chromosome
References: Calos and Miller (1980); Iida et al. (i983).ﬁ
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contain no detectable genes unrelated to insertion functions

(Campbell et al., 1977). They.vary in size from 768 to

approximately 5000 bp (basepairs) and normally occur in anywhere

from L to 13 copies’ in the chromosome of Escherichia coli Ki2.
Thgy terminate in perfect or near perfect inverted bepeats of'ls
to 4015p (Calos and Miiler, 1980{.'7Transposit;9n involves fl)
local replication of- only the IS5 element and (2) precise-DNA
cleavage at the ends of the IS element‘and their ligation to the

5

target DNA (Iida et al., 1983). .
Tn elements {(transposons) form a second class of prokarybtié
transposable elements that contaiﬁ additional detectable gene(s)

unrelated to insertion functions. Transposons (Tn) were

" originally distinquished from IS elements because they carried

detectable genes, which often conferréd antibiotic resistence.

There are twé types of gfanqusons. The Tn3 family of\Q}éments-

have a similaf structure and can be thought of as énalogous Eo a
singlé IS element (Heffron, 1983): -Each member has a’ short
inverted"repea%ed'sequenée at éit@er end and they all.transpose
by a twa-step mechanism (Heffron, 1933); Thuélthe Tn3 family

show many differences from composite transposons. Composite

‘transposons. are made up of two long repeated sequences at either

end (the two IS's) which are able to transpose on their own.

Composite transposons generally.duplicate a § bp sequence of

target DNA on insertion whéréas Tn3 guplicétes a 5 bp_sequence..

Moreover gompoSite‘tranpoéons are not transposed by a discrete

tko—step mechanism as is Tﬁ3 (Berg and Berg, 19835 Kleckner,

P

g



1@83).:'0ne of the commonly studied compésite transposons is Tns

which encodes resistence to aminoglycoside antibiotics and has

:

‘the resistence gene bracketed by twp_copies of ISS50. . Both

insertion sequences IS50L and IS50R can transpose by themselves,

however ISS50R makes both transposase (the protein necessary for

transposition) and an inhibitor of transposition, whereas IS50L

makésrneither_(Berg and Bérg,~1983). The ISSOR‘inhibitor.of
-transposit}oﬁ,.protein;é,_is the smaller and‘ﬁogcﬂébundant
phofein (Johnéoﬁ et al., 1982) Protein 1'bontains ;n aaditionél
40..amino acids at its N- tcrmlnus as comparéd to proteln 2 aﬁd has
bqgn found to be requ1rcd for transp051t10n (Johuson and
Réznigbéf, 1984).‘ Tal0 has a structure similar to Tn5. . It is
9.3 kb'(kllobasc palrs) in length,:has iniértealreﬁeéts of the .

1nsert10n qequcnce 1510 at either’ end énd encodeS'the gene*fbr

-

tetracycllne resxstcnce. ISI0R is the functlonal element and _

-encodes all the. necessary functions for transp051t10n, whereas

i IS10L 13 ‘defective (Kleckner, 1983). In both Tnj and Tnl0 the

1eft‘and right IS elements aré almost idenﬁical. Between ISIOL_

and ISlOR there has been about a 2.5%- dlvergence whereas ISSOL

 and IS50R d:l.ffer' by.only one bp.

A third class of more complex prokaryotlc transposablel

elements is represented by the bacteriophage Mu; the first

-prokaryatic transposable element to be described (Taylor, 1963),

When Mu infects a host it can enter either the lytic cycle or
the lysogeniec state. In the lytic cycle all phage functions are

expressed and the host cell membrane is 1yséd,_releasing 50-100



phage particles. In the lysogenlc state, a repressor ié_;_

' yntheqized and blocks the expression of most v1ral functlons apd

thé viral DNA forms a stable association w1th the host (Toussa;nt

<

anleesibOLS,-1983) _The dlfferenc¢ between-Mu and other phages

is that the Mu genome integrates into the'host chfqmosomé_ipfﬁ'.

‘either state. Mbrébvég; it.integhatés ag a fandom ldcation, it
can tEansbose to-new lobaﬁibns and'Mu 1nsert10n results in the
duplication pfls bp of the target sequence (Allet 1979)

Thgﬁefcre.Mu is now conSLdgred to be a glgantlc transposable_

element 39 kb long (Toussaint and ReSLblgs, 1983)

- ’ v

‘EukaryOtié Transposable Elements:

Transposable elements have been found in a ‘wide vapiety_éf:

'ﬂeuk;FyotiCUOfééhiémg inciuding‘yeasé,-ﬁbdéophila aéd piaﬂtgl
Table 1.2 aublines some of the different types‘of eukaryotic -
moblle genetic elements and thelr structure; Four majdb 
?atggorles-Qf:transposons have_now been‘descrlbeq<;h maize: tls.
cbntrollihg elements, of ﬁﬁich'appfaiimately.eight faﬁilies have
been'disdovered; (21 a retrovirai;like eiemept+ (S)ZMu; a mﬁtatb} -
element‘diSCovebed in a strain of corn now kﬁoﬁn as RobertSon]é
muiatﬁr and (4).bioibgicallx uncharactéfiied:ihser&iohs‘wiﬁﬁ

structures similar to‘tﬁansposonﬁ)(Lillis*and Freeling, 1986)

Controlllng elements were orlglnally named since 1nsert10n of -the

;elemqnt at a glven 51te may control the act1v1ty of adjacent

-

genes. However, although’ conttolling elements resemble other ..

'Qrokaryotic and éukaryoﬁic elements, they have many striking”

.
~



-

- TABLE 1.2: Eukaryetic Mobile Genetic -Elements.

-

Organism - Blément Lejgtﬁ‘ Repgafs‘ -Cbpy Number. Reference.
- . . (‘bp)ﬂ . . o
Yeast . s .
Ty 5600 . 330bp ¢ T0-35 Roeder and
I R L . _ Fink (1983) -
P 330, None 100 -
Coi'n g
Ds1 : 402 11bp 2-;100 'Freeling
: | L S 2 (1984)
Ds2 2040 11bp "2-;100 SR
Mul | 1350 . 235bp
Tqml- 1790Q” 13bp.
Cinl ~ 700 14bp
.Yeptebrﬁﬁe RNA-Retroviruséé?‘
ASV 3.0-8.6kb _ 270-350 Varmus |
. . SR (1983) .
REV 5.0-8.0kb - * 569
MLV 4.5-7.8kb.  515-588. -
MMTV 6.2kb  :1330 ] “
_ -/ ’
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fchp@résfphhtfarc hﬁén’how‘uniqde.',Thcy have\i&g abxlity to-'i‘

(e

sénsc dcvclopmcnthl ﬁarameteés,‘transposxng .and nctlvatxng other-
erpua of gcnctlc changc at a predetcrmxned t;mc and w1thfa:
'iplﬂdﬂ v:mincd froquoncy (rcdcroff 1983, Frecling,,l?ﬂd)

The Ty vlomcntq cf thc 3cast SﬂCChﬂPOM}CCS ccrev;sxnc nrc a

.]f;mily,nf'dlﬁvcrsgd'-rcPctlhlvc ‘DNA sequcnccs occurxing 30 35;.:
.L§mu$_qu3hapioid‘ycast_gcnome (Rocdcr nnd Flnk ‘1983,,P¢nk et

fa[;, 1096) “55cﬁ Ty élcmehtfcon _sts of ‘a cent}al rchon of

' ﬁhuut 5.0 kb of DNA- flnnkod by.dxrect rcpcatq éf nn approxlmately
130 hﬁ ~vqnvncn called p. 'Thc dcmonstrntlon thnthTy clcmcnts are,."
A{tanpnqnh]P came f:om the analvsxs Ef A number of mutatlonq at:
'in{vhrnt loci. thnﬁions_at'ﬁhc WISd locus (Roedcr et a}.,
'-;050);nﬁﬂ ﬁDRj lépus:(giiliams;ﬁ-ct'ale~198}):ha?c pcqnfghowﬁ pb“:
rukufl from tﬁe.iqsértfaﬁ'dﬁ;fy;pie@qntsz'fﬁﬁﬁ ofithc}hérg‘

*Snrpriﬁjng 5@pect$‘offT} plcmcdts'is“thcir ﬁete;oéé;eiﬁy. Unlike .
mnqt uthr Lrpn#posnhlé.clcmcnts, T; crcmbﬁté.hsve large aﬁodnts
of ﬁéqquncn divergcncé ia’ additlon to thc more cémmon knscrtiod.
and HuhsLiLutioﬁ mutabiﬂqs (Rocdor and Flnk 1983) Anotﬁer
Kintvrnstiné hspétt of cukaryotic transposable glements‘is their

ability teo regulate their own transposition. One way in whicﬁ:Ty'

- v v ’ l

clement regulation may be regulated is by retention .of elements
which are trnnpusitiodnlly non-functional and .loss of
Lsanﬂpuqltxounlly functional. elcments. It aﬁpcars thaﬁ'the Ty

RNA which is made in in unxnduccd cells must be ldrgely inactive

thie to the prcscncc-of mutations 1n_the DNA copleanfrom whlch

*

iy came, whereas in-tfanSpusition—induccﬂ'cells at least 50% of -
\ o R
‘ - 10



Sin more dotnll in Chnptcr 5. '”  «%

i e “-. : '..,'\.; .“. O
“Transposition Mechanisms:

o -

":the Ty7RNA isﬁfunctiOhdi (Liiiis and Flnk 1986) Thcre nré'h

numhor of dxffcrent typcq of transpOSthon regulntlon in both::'

cuknryotxc and prokar;o;xc Lranﬁposons.:,Thcsq_w111=bc dlscussed‘-

C A

o

."The actual mechanism(s} of transposition_ have been dividied
into scveral cdtcgbﬁie by'diffchﬁb'authors (Shnpiro,;1979;_

Bukhari,'lQSI brlndlcy and Rccd L@SE);'.Sihéc LhiS:LhE‘Lh deals

T Uwith the \prcnd oi Lvanqpojpblq vlcmcntq I havo choqon Lo HSL Lhc'

achorxo of Grindley and Rec (1085) Grlndloy nnd Reed's

1(1985) d1st1nct10n betwecn_repllcatxvc vcrsusfnonbcﬁlicntive

Y

LranquQ1t10n ‘ha's: xmpoﬁtnnt cvo]utlonary lmpllcntlous whlch WLIL

bo dlSCHSSCd bcluw.
For mnny'tran5pqsnblc clemcnts trans poSition involves

SPQCLfié fchicatgon of the . transpoqlng segment . 'rhis{ié

ﬁﬁbhmallf acheived by tfénsfcrring a sxnglc qtrand of Lhe DNA

"segmvnt;-complementary strands are then qvnth951zed in the donor

 nud recipient.. This is ‘evidenced by the ability of such elements

to form cointegrates.. A cointegrate results when two molecules,
one'of which contains a copy of a transposable element fuse. The

“bOLHC grate that results is not simply a fusion of the two

-

molcculcs,'because-it now contains two copies of the transposable

clement. Recombination between ,the two transposablé elements can

- resolve the cointegrate reéulting ir two molecules, both having

copies of the transposable element (Shapiro, 1979; Bukhari,

4

" . BN |



1981). Cointegrates are the major product of Mu (during the
lytic cycle) and Tn3-like transposons. The  second transposition
mechanism is a conservative nonreplicative mechanism. In this

chsc,‘the simplest wd& to insert an excised unreplicated

" transposon is a cut and paste mechanism (Grindley and Reed,

b

C1985). Bénder and K%eckner'(l986) have provided.genetic evidence

- b ) s N ] ., ‘.-
that.Tnl0 transposes via a non-replicative mechanism.

The evolutionary significance of a replicative versus.

\\

nonreplicative form of transposition, is import§nt. For elements

Lhnt'géc,d‘repiicativé'forﬁ of transposition (e.g. Tn3), .

overreplication occurs as a consequence of the transposition

Sy

) ’ N ' - « 7y ‘ s
.transposition mechanism, overreplication can.still occur .in

sevaral wd&s» First, the eleméﬁt‘may épread horizontally oﬁ‘_

and will be amplified as a ‘consequence of

plasmid and phages,

ovefropljchtion of the tqapsmitﬁing vector.;fﬁltebnatiVely, the

transposon to chromosome ratio can be “increased by loss of the

_donor chromosome and survival of the single chrgmosomé carrying-

By

two éopies of . the élement‘(Bender qqﬂ Kleckner, 1986).

.

A

" . Fukaryotic transposable;gleménts can be arb;trarily”divided"

into two groups. The first group, including the I and P elements

of Drosophila; do mot share any similarities with'RNA

retroviruses and do “not appear. to transpose via an RNA

intermediate. The mechanism of’transbdsition'ofuthe P element

will be discussed in. more detail later. The second group, (eg:

yeast Ty clements othrosthila copia‘eleméﬁts),share a number of

Mo o

12

e

process. . However, for elements that use s nonreplicative

N

T~
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properties with integrated proviral retroviruses. These
properties inelude; (1) their:sequences are'composed of an

internal DNA segment several kb long flanked by a pair.of

'identical . DNA segments of several hundred bp, which are both

arnanged in the same dlrect orlentatlon on .the elemenL. - These-

v

repeated»ifquences are each bounded by small 1nverted repeats

seveEaL'bpdin length. . (2) There.15unﬂidetectable homology

- .

" between the DNA sequences at  the insertion site.and:the ends of

~

-the element, and (3) the terminal dinucleotides of a transposable

-element or integratcd retroviral'proviruseareAS'TG..,CA3"

(Flavell & Ish-Horowicz, 1981;. armus, 1983; Temin, 1935): . These

elements probably transpose. by RNA intermediates as do the

‘vertehrnte.retroviruses. Boeke et al. (1985) have shown that Ty’

tﬁanspositioh-oceurs throdgh an. RNA intermediate. They_inseeted

an intron into a Ty element and £hen transfected yeast cells,

They found that not only did all theg Ty mRNA's\analysed iack

introns, but_ all the transposed copleéﬂgf the Ty element that.
Y

were’ detected lacked the intron ds well. Flavell & Ish- Horowxcé

(1981) and Shiba &. Salgo (1983) have demonstrated that Drosophila.

. copia elements probably transpose through an RNA 1ntermedlate,

Transposable elements in Drosophlla: :

'Transposable elements comprise at least one fifth of the

. Drosophila ~genome. At least three major classes of transposable

"element (¢copia-like, foldback, I and P), distinquishable on the
. basis of'éeduence homology, are present’ as moderately repeated

-‘sequences scattered randomly throughout the genome (Rubln, 1983)

o

13 . s



Table 1.3 li§ts‘the various types of-elémeﬁts and their
structures. |
Coﬁia—liké eleménts range in size from s to 8.5 kb'and;bécuf
between 10 and lOO'times per éendmé. They are strikingly similar
to the yeast Ty eleménts\and.to the integrated provirusés of RNA
retrovifuses. These éiements éarryilpng direct terminai repeats
at either end, with imperéecﬁ invé}tea;r%péats éﬁ each éﬁd 0f the
direct repeat. . The terminél repeat;féfaa éinglé elemént are
identical to each other, but .they differ substantially between
elemcﬁts in the same f;mily} This would‘indiéate that_these
elements transpose in a mechaqisﬁ S£mi;iér_tq retroviruseg;
Flavell and Ish-Horowicz (1983)-f0undbcirculqr'extr;chrdmbsomal
copiecs of - copia elements in Cultured.Drosthila cells. Somg:af;
tﬁese copies had bothldireét repeats, whéreas others had only 6né-
direct rebeét,‘aA‘QESefvation'that is very'simiiar to. what is

- found ip‘retrovifal proviruses.- Shiba and Saigd (1983) found

-retrovirus-like particles in cultured Drosophila pelis that

-containeﬂ RNA homologous to copia. lThey suggested that copia4_~'.

liké moveable‘genptic.elements are ‘generally derived from
ﬁetho?iral provirﬁses;which'havé lost their original properties
to &arious'dggrgffljﬁring evdluﬁion[ However, they point out
that it is difficpl€~t6;Qisﬁinquish_this possibility from the
possibilipy that copia-like eiements are themselveslthé
precursors of RNA tdmo;r viﬁuses (Temin, 1980). “

The second groﬁp of.fganspoqable elements found in.

Drosophila are the foldback or FB elements (Potter et ‘al., IQSO{

Y .
S , | 14



TABLE 1.3: Traﬁsposable Elements in ﬁfbsdghila,

’

Element " Length

' _ Repeat . Copy Nﬁmber " Insert Duplicatibn-
{bp) - R : | : :

copia 5000 276bp -~ 20-60 - Sbp
412 7000 481/57t6p 40 ~4bp
297 1"Q§od 412bp 30 i o 4bp
f@dglj' L7200 442bp ',‘,.‘20:30‘ " 4bp
mdgJ 5506: '267bp - 15 E B ‘_. - Sbp
BLO4 . 8500; 429bp . © 100 . ‘Sbp
gypsy - 7300 N -SOdbp_ | 10 | ._ o N.D
FBI - SiO' ‘ 410bp , N.D. L N.D.
~sui L 1860 - :‘égobp o "N.D. _ S N}n.f.; -
‘Fﬂj . 4250 1310bp CN.b. Ibp |
-'?EBA' "{.3600_ ‘ '§1obp : «N.D; o ~ ©  N.D.
FBS ;T _ 386  . 190bp o N.D. N.D.
T '§160kb‘> CND. . 1-2 S | ﬁ.Dﬂi
P Element 2007 “‘.‘31bp" ' '30-50 o _ .'8bp\

" I element 5400 . N.D. . 30 N.D.

" Reference: Rubin (1983).

N.D. = Not done.

LS
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Rubin, 1983). Thése elements range in size from a few hundred bp
to several kb in length. Each elemant-carrles long tepminal
inverted,repeats_:ad in some cases the .entire élemeat.aonsists of
thase repéats. The inverted repeats are composed primar%ly_of
"tandem copies of simple sequence DNA. Near the'outer eada of
cach invefted repeat there ara.ﬁultipie éOpieslof a 10 bb

-sequence; however these 10 bp repeats are generally separated by

larger stretches of more diverse DNA.

Hyhrid Dysgenesis; P and I elements:

The third group of Drosoghlla transposable elements are the

P and I elements. P and I elements were orlglnally discovered

because of their ablllty to 1nduce a phenomenon called hybrld

dysgenesis.  Hybrid dysgene51s has been deflned as “a syndrome of

cor?ﬂfated genetlc tralts that is spontaneously lnduced in

‘hybrlds between certaln mutually 1nteract1ng stralns, usually in
one direction only" (Sved, 1976; Kldwell & Kidwell, 1976). These

abnormal characaerlstlcs_lnclude sterility? high mutation rates,

malém}éEOmbination,.segregation distertion and chromosome

abcfraﬁions (Kidwell et al.,  1977), and occur_when strains.

_aarrying eitherwof two;independent families of transposable
.eiements, i and P, are crossed with females £from the suscept1ble5
sﬁralns R and M reSpectlvely.ﬂq i '

The phenomenon of hybrld dysgenesxs ‘was dlscovered in the.

early 1970's when 1nvest1gat0rs noticed that hybrlds of certain

stralns displayed a number‘of dysgenlc traits whereas the.

16



_reciprocal crdsées'and‘parental‘stocks'did not. The actual

mechanism of‘dysgenésis is not-kHOWn, but it is assumed that P
element insertions and excisions, plus chromosome breékége-cause
the various dysgénic traits (0'Hare,’1985).'“Thesé traits only

occur when crosses are made at temperatures above a certain

minimum and they are almost always restricted to germ line

ST,

tissue. Tyo indepgndent systems have beeniidentified,_the I-R
systcm‘(Inducer; Reactive) and the P-M system (Paﬁernal;
Maternal), Although these systems éhow_striking similarities,
they are completely independent; and diffef distinctly Qith
respcét to DNA structure énd sequence (Kidwéll, 19076 Bihgham et
al., i982; O'Hare‘dﬁd:Rgbih, 1983; Bucheton-et‘al.,'l984).-

Tﬁe chabactefization of the P-M and I-R éystgms has been
largely achieved using @he.dysgenic trait of'sﬁcril;ty. 'ﬂoweer,
the ﬁﬂysiqlogy of'this trait differsiiﬁ ﬁﬁe tw0 sy5tem§.  SF
Sterility gsgerilite femelle) resulting from I-R intérgctions
occurs only in hybridjfemélc;y their bfothefs'are normally
ferﬁile.‘ S5F females 1ay‘a‘normaf ﬁumber of-eggs but hany of
theSe‘faiI'to hatqh.- Althoqgh these eggs are fertiliied and
initiate meioéis,.their Aevelopmept-ié arrested between the fifth

and eight cleavage division (Picard ét-al., 1977). In contrast

to SF sterility, GD (gonadal dysgenesis) sterility reSulting from:

P-M interactions affects both sexes. However, there is a
tendency for female stérility frequencies to be ‘somewhat higher
than those in maleS”(Engels‘énd Préston, '1979; Kidwell and Novy,

. 1979). In GD stgriiity the gonads of both sexes typicélly do not 7

3 : : : e | g



develop beyond a rudimentary stage. In® addition, a mindfity of
affeéted hybrids may possess one rudimentary and one normal ovary
(Schaefer et al., 1979). A second ﬁype of partial sterility‘hés
recently been discovered in the P-M system (Kidwell, 1984). TEL
sterility (embryo lethality) results From embrfo death iﬂ the
progeny of both male and female F1 dysgenic hybrids that have
escapéd‘GDtsterility at an earlier developmental stage. EL‘and
SF sterility are alike in that both result frpﬁ death during
earlx F2 embryogenesis, howevér EL sterility différ$ from SF‘
sterility ‘in not being resfricted to hybrids of the female sex
and in showing different patterns of response to témperature and
aging in the F1 generation (Kidwell, 1984).

Two faétors,‘temperafupe and aging influence_ﬁﬁe develOpment
53 gonadal traits, particularly sterility. Picafd et al. (1977)
and Bucheton (1978) found that treatments at‘high temperature for

48 hours or more during oogenesis of adult females had a curative

effect on SF sterility resulting in a sharp'increqse in

hatchability. In contrast, the effect of extended_heét_”.'

treatments eaflier in development (iapvalfand'pupal staées)
consistentiy reduced_the hatching percggtagé”(Buqhetpﬁ3 1979).
GD sterility is*higﬁly sehsitive to‘developﬁental temperatu#e;.
Below 24°C, the fertilitf of dy"s[genic hybrids is usually not
affected, although in §ne_or fwo.éxcepﬁional cases GD sterility
occurs at 20°C (Bregliano and Kidweli, 19é3)5- Begween 24°C-and
299cC sterilif& rises Shérply from lowtlévels'to a maxiﬁuﬁ 1evél,

with the témpergtyrg sensitive stage occurring during late

18



embryogenesms and early 1arval development. ‘The effect of age
can bé sSeen in the precise timing of embryo death in SF sterlllty
_ and in the susceptlblllty of different developmental stages to.
temperature. 'In addltlon to these effects on SF sterlllty the:
-hatching frequency of egg f increases with the age of the egg-

laylng hybrid females and eventually reaches control values

(Picard et al., 1977).

There appears to be no strong effect of
aging on GD sterility although aginé does have an effect on‘EL
.sterility (Kidwell, 1984).

In addition to the inducer‘and reactiVe strains in the I-R
system:and the paternal and maternal strains in the P-M system.
there are also neutral stralns called N and Q in the I-R and P-M
systems, respectively. N stralns appear to represent one extreme
limit of the reactive. condltlon because the1r level of react1v1tv
is too low to:produce any detectable reductlon in fertlllty

(Bregllano and Kidwell, 1983)." Matlngs between Q- and M stralns

do not produce GD sterility; however, @ strains mated with M -

strain females produce nonrec1proca1 male recomblnatlon, lethal
mutatlons and other tralts characteristic of dysgenesis (Engels‘
and Preston,v1981; Kidwell, 1981), Q strains are now known to be
a- subset.of P strains which contaln sequences homologous to P
elements (Bingham et al.; 1982), and possess most but not. all P
-straianunctions-(Bregliano and Kidwell, 1983). |

The chromosomal c0mponent of the P-M interaetion consists of
a number of integrated P elements (Bingham et al., 1982). P

elements do not appear to gccur as extrachromosomal copies
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because (l) genetic studies have shown them to be'Menaelian
factors that can be mapped (Engels, 1979, Kidwell, 1983a) and 12)
molecular studles have shown that the elements can be identified

by insitu hybridization "and cloned elements are all flanked by

Drosophila genomic DNA (Bingham et al, 1982; O'Hare and Rubin,
1983). Genetic mapping studies indicate that the potential for
.GD sterility may be aSSOCiated with all major chromosome arms-of
P strains (Engels, 1979, Kidwell, 1§83a) Molecular analys;s has'”
shown that p elements are. dispersed repeated DNA sequences that
occur 30-50 times per genome (Rubin et al., 1982). “The complete
P element is 2907 bp -in length with a 31 bp perfect inve‘ted
.repeat at both ends (O'Hare and Rubln, 1983). 1In the‘g ome
_approxlmately one thlrd of these elements ‘are complete P elements
_whereas the other two thlrds are- smaller elements that have‘
arisen from deletlons in. the larger ancestral element | For the
purpose of thls thesis I shall use the term P factor to refer'
_spec1f1cally to the complete 2. 9kb P element whlch codes for all
P functions assoc1ated w;th hybrld dysgenesxs, whereas the term P

~element will refer to all sequences both intact and deleted which

are homologous to the ancestral 2.0 kb element (Bregllano and

Kidwell, 1983, P. 379) These sequences may, .or may not possess

all P functions.
Evidence ‘that P elements are’'transposable and involved in

P-M hybrid dysgenesis'came from their high mutation rates ano

spontaneous reversion frequencxes (Green, 1977). In addition,

Kldwell (1983a) demonstrated a phenomenon called chromosomal
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contamination  in the 'P-M system. She was - able to show that when

-

—— T

M chromosomes which lacked B elements were paSsed through croséesr:,

which comblned mhem w;th P chromosomes for one_or tw0

‘generatlons, they galned the ablllty to 1nduce hybrld dysgene51s.

Chromosomal, contamlnatlon can ~be most readlly 1nterpreted in

. terms of transp051t10n of - P elements Erom one chromosome to

another. D1rect.ev1dence of B element tran5p091tlon was‘provided,"

by Blngham et al. (1082) and. Spradllng and Rubln (1982) 'Usingff'”

in situ hybrldlzatlon Blngham et al. (1982) demonstrated that X

;chromosomes orlglnatlng From a Canton S (M) straln were able to =

acquire on average Q- 8 P element coples -per fly per generatlon.,‘

Spradllng and Rubin (108°) mlcr01n3ected plasmid DNA contalnlng a -

cloned copy of the 2. 9 kb P element lnto M type embryos. They

demonstrated that transp051t10n of the P element lnto M type

chromosomes can occur. T s

- b k. . v Fl PRI

s

Although the actual mechanlsm of P element transp051t10n is

i

'elements do not appear to transpose via an RNA. lntermedlate.

First, P elements have\the terminal dlnucleotldes 5'CA...TG3' in

contrast to the termlgg?ld}nucleotldes_5'TG...CA3J~of

not known, there are a number of detalls that are understood P-

This predlctlonlls supported by several llnes of ev1dence.r'

transposable elements that transposeewla_an RNA 1ntermedlate,

(Varmus; 1983; Temin, 1985} p- 13).7:Second theY"iack the long

" terminal repeats charactaﬁlstlc of retrov1ral proviruses and

finally, the major P element transcrlpts ‘lack - the first 87

"nucleotides, making them unlikely transposition intermediates

f
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(OlHare and‘Rubin,}1983; O'Hare;41983)..-ihe best pioture"of P.,
elenent transposition at'the moment‘is:that of ‘a cut and paste
:mechanlsm where the transposase lntroduces double stranded muts
in the target DNA and at the. ends of the element.. The sequences

"of‘thé\element are then copled 1nto or phy51cally moved into the

»

'neﬁ slte,‘dependlng on whether transposatlon is repllcatlve or}
inot., fhy51cal movement of the-P element 1nto-a new site w1thout
"_repllcatlve transp051tlon wodld be 51m11ar to what has been found}
hfor TnlO (Bender. and Kleckner, 1986). . In contrast, replieative
transposxtlon would presumably occur.51m11ar to Tné ﬁhdch
-transposes through the formatlon of a co;nte&rate. | Deletlons
“c¢ould result from‘sllppage of - the replication’ fork‘during'
repllcatlve transpos1tlon (O'Hare, 1985) | . el: “

‘ Perhaps the most bas;c questlon pertalnlng to the Spread of

P elements is to resolve whether transp051t10n is a repllcatlve

-process or not. . To date thls questlon has been dlfflcult to

-

resolve. Transpos;tlon only occufs: ln the germllne and it is

'1mpos51ble to guarantee recovery of all products of me10s1s in D.

”melanog ster. . Thus ‘the observatlon that two coples of an element

_are present in the progeny of a fly where the parent has only one

copy does not: establlsh that transp051t10nﬂls replicative. It
remains poss;ble that the second copy arose by nonfeplicative
transp051t10n from a sister chromatld after DNA replication.
However, there are several 11nes of erldence that suggest that

'both P. and I elements transpose repllcatlvely. For I elements it

has been shown thatra chromosome.retalns its inducer properties
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~act as contamlnatlng elements, but.she did not ‘test whether theser"

6y |

after it has acted ‘as & contamlnatlng element (Picard, 1976)

Second the mutatlon frequency of " the wiRl element is at least

100 tlmes lower than that of the contamlnatlng frequency closely

llnked to thls allele (Pellsson, 1981) This isplies that most

of the time transpos1tlon doas‘not change the wIRL

v

DNA sequence.

The evidence that P elements transpose PepllcathElY\lb rather:

N /
eak. hldwell (1083) demonstrated that certaln chrOmOsomes can

> * "\",,.- .

1

. chromosomes retain their P element actlvlty after contamlnatlon._,

Rubln (Unpubllshed) has found in several cases that after flles

had been transformed with P elements, the ‘number of P elements Ain

the offsprlnu of these flles would 1ncrease_in‘subsequent'

,}. -
-

) generatlons. o U pi EEEE e

?‘ ~ -
= "

P elements are melllzed in a maternal cytoplasmic .state

— /

5 -

called. M. cytotype whlch confers 'ori the genome a susceptlblllty to
-

the’ actlon of these elements.fiThe common v1ew 15 that cytotype

is determlned by the- . P element 1tself Whlch codes for 1ts ‘own :

D

transposase and regulator (O'Hare & Rubln, 1983, Karess & Rubln,

1984) " In P llnes, the regulator prevents transp051t10n, whereas',"

-

when a P male is. cerossed to an M female the lack of regulator in

‘the M egg permlts the productlon of transposase and allows

transp051t10n to occur.» The pattern of 1nher1tance suggests that_

cytotype 1s maternally 1nher1ted and can be malntalned over one

. [
v

or a few generatlons, but 1ts long term malntenance s based on

-

chromoaomal factors,_presumably P elements (Engels, 1979;

Kldyell, 1981) The slow shlft from M to P cytotype over several
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explain.. - Since any- non- replxcatlng factor wOuld be sub;eet to

onormoud dxlu;xon, Engels (1970 1981) suggested that cytotype 15

detereined by‘nn epxsome hlth a lxmxted potentlal for selﬂ-

‘ruplicabxon. However, there are several lxnes of evxdence that

., L -

.snggeat Lhnt P clement regulaCLon 15 chromosamally therlted,
Fxrst hxdwell (IQSS) has ehown that P element regulatlon .can’ be

nppod to dzfrcrent chromoeomeb, 1nd1cat1ng a ﬂendellan cowponent

1n rerulntxon.;\Sneond sxnce removal of the lntron between 0RF°

~ ot

generetieneq in the presence of P elements has been dlfflcult to'

Iand 0RF3 of thc P factor results 1n a P element that ddes not ’

have tissue spec1ﬁ1c regulatlon .one. would assume that'

~

chromqeonally Lntegrated P factors are - capable of P element

§$§gulatxon. Q! Hare and Rubln.(1983j suggested that P facto\s'

cndegfor at: least two functlons, a transposase and a regu:/tor

that can lead to the suppressxon of’ transp051tlon. £ the
R

regulator posxtlvel} feeds. back to.stlmulate‘xts“own activitx,.”"

then thx; eould etplaln the self reproductlon of cytotypeu For .

exnmple, in a dvsgenlc cross, P element DNA is lnwroduced into a

-

nckground where there ls nelther transpesase nor regul tor. .

Expressxon of both functlons leads 1n1t1ally to transposition,
however with time, positive feedback by th;/ﬁegulator on its own
level of act1v1tv produces enough regulator to shut off

-

transposition and the P cytotype is established.
The 2.9 kb P factor contalns 4 Open reading frames (ORF's)
(Figure 1.1) Deletlons in any of these ORF's abolishes the

ability of the cloned element to transpose (Karess -and Rubin,

.24




fiGURE l.1: Schematic diagram of the P'factor; The P factor ;5
2607 bp in lénggh, with four open reading frames |
{O0'Hare and Rubin, 1983; Karess and Rubin, 19084).

—fThe two transcripts represent the DNA sequences
which encode the 87,000 dalton protein (the
tra?spossge) and the 66,000 dalton prétein (the
-bqtative'regulator) respectively (Rio et al.,-i@Sé).

.VThe Alul; Xh&l, Eco R1 and Sall restriction enzyme

‘sites show the locations of the frameshift mutations
pbqﬁtrdcted by Karess and Rubin (1984) that

‘ demonstrated(ﬁhat éll four ORFs areé required for the

- production of P element transposase.
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jexc151on (Engels \1983, RlO et

1984)f 3 element transp051t10n is now known to bg caused by ‘an

87,000 dalton protein called

transposag@e ‘(Rio et al. 1986)

hybrld dysgene51s, namely pre01se ard 1mprec1se P. element

al.,.1986) The tissue

thlrd open‘readl

ame is s llced aklng an actlve
transposase, whereas i somatlc cells thls splicing does not

occur. The tlssue spec1f1c mechanlsm of spllc1ng is not known

_but P elements lacklng the intron between the 2nd and 3rd open

readlng frame produce a transposase that 15 active in. somatlc

cells (Lask1 et a1 1986) Rlo et al. (1986) also demonstrated

that the P factor produces a 66 000 dalton protein which they

sugﬂest mlght functlon to negatlvely regulate P element'
transp051tlon. They argue that_the 66,000 dalton_protein might
negatively regulate transposition by either binding;in a
competitiveimanner'to ~the P element termini, or by a direct
protein- proteln interaction with the 87,000 dalton transposase

proteln. o !

The molecular basis of I-R hybrld dysgenesis is a bt:\;:ke

complex than that in . the P-M. system, but has not been nearly as

well studxed. /The I element appears to be a §.4 kb sequence

'

however, all stralns of D melanogaster that have been analysed

'_Af’“ '. . : 26
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(including both I and R strains) contain copies of the T element
(Bucheton et al., 1984). Bucheton et al. (1984)‘felt-that the I
-sequences in reactlve strains cannot represent'active I elements.

They demonstrated that .T elements .have a remarkably similar
sequence organl;atlon in all R strains and are located in peri-
centromerlc reglons of the, chromosomes. Inducer stralns appear
to contaln both incomplete I elements .located in the peri-
centromeric regions and 10-15 copies of the complete I element at
sites on the chromosome ‘arms. |

L

Natural History and:Distribution of P and T Elements:

At the population level, the frequency of P and I strains
has been found to be correlated w1éb the laboratory age. of the
stock. In the P M system there were no P strains collected ln
the wild untll 1950 but slnce then the frequency of P strains
has increased rapidly (Table 1.4; Kidwell 1983b) Recent wild
collectlons are almost entirely P-type although a few M wild
populatlons Stlll do exist (Bregllano.and Kldwell, 1933;
Anxolabehere et al., 1984). A similar situation occurs in the I-
ﬂsystem. Of the samples collected .in the- 1920'5, ver'y few were
I strains whereas wild flles caught in the 1970'5 all contalned I
elements. Two hypotheses have been proposed to account for this
‘relatlonshlp between the strain dlstrlbutlon of P and I elements
Jand the laboratory age of the stock.  The "stochastlc loss

hypotheSLS" suggests that P elements have, always been present in

substantial frequencles in ‘natural populations, and that the

27



TABLE 1.4:

Distribution of Drosophila melanogaster strains

collected from nature accordlng to both systems of

hybrld dysgenesxs A
Decade of collection in the wild
System 1 1920's  1930's 1940*s 1 1950's  1960's  1¥970's
P-M system
Americas _ . o
M 1009 100% - 87% 584 3% : -
P oor Q 0% 0% = 13% 42% 97% ~ .
(n) 3 8 . 15 38 Jo4
Other Cont, 3 v - :
M T 1009 100% 100% 92% "97% 32% . :
P or Q 0% 0% 0% % % 68% ™~
(n) 1 5 4 24 32 4 . -
! ‘ .‘ Al
I-R system . g
Americas ;
R or N 67% 50% = 13% 3% 0%"
I 33% 50% 87% 97% 100%
(n) . 3 4 15 38 304 A
Other Cont. : '
R or N 100% 100% 75% 27% % 0”\\\-‘
I 0% 0% 25% 73% 91% 100%
(n) 1 5 4 26 33 *—/
) o .
n = Total number of strains'analysed""ELJ v

Reference: Bregliano and.Kidwell (1983).

o
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apparent dlstrlbutlon of stralns over the last 50 years is  the
" result of loss of elements from laboratery populatlogs, possibly
Tby random genetic drlft in emall populapgzns (Engels,'1981
Kidwell, 1983b). ‘The second hypothes;s, the'“recent 1nva51on
hypothesie" proposes that until recently P elements weee absent
. from’ natural eepulatlons or occerred at .very- low frequenc1es;
The P elements then Spread rapldly through repllcatlve
transp051b§Fn, with' or without p051t1ve or negatlve selectlon

)

(Kldwell et al 1981 “Kidwell, 1983b) o

Kidwell et al. (1981):ahd Kiyasu and Kidwell (1084). havel
studied the ablllty of P elements to survive and spread in mlxed.
P-M populatlons.‘ Kidwell et al, (1981) found'that at 209°c, el
condltlon ‘where there wae no negatlve selection agalnst P
elements, mixed P M pOpulatlons change unldlrectlonally towards_
_the P-type fairly rapldly ~ Under conditions of strong negaelve

sterility selection (27°9C), Kiyasu- and Kidwell (1984) found that
most leEé populations evolved to the P- type, however the.
'equlllbrlum level of P element act1V1ty was lower .than in the
. earlier experiments at 20°C (Kidwell'et al, 1981[. -This .
suggests that selection favours E elements with weak‘rather than
strong sterlllty potential. Kidwell (1986)-introducea P elements
‘into M strain genohes, and found that 4 of the 8 experiments
‘rapldlf.lncreased thelr potentlal for P element act1V1ty to close
to the 100% maximum. She also conflrmed-the presence of multiple
P elements in each line by restriction eneyme analysis. The

-

conclusion from all these studies was, that due to replicative
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transpositlon, P elements have epreéd rapidly through these

populations.

Evolution of Transposable Elements:

L

The evolution of transposable elements can be best dealt
with by .separating’ it into two questions. Flrst, where did
mobile genetic elements.originally come from? Seeond

what

forces account for their: malntenance and spread in natural

upopulat10ns°

Hartl et al. (1984) argued that the sub*le favourable

geffects of bacterlal transposons observed in chemostats (See

‘belOw), represent 1nd1v1dual selectlon of the sort that £

[N

ed

the establlshment and prollferatlon of such DNA el

T —

leSt place. Their over- replldatlon\gnd horiggntél tranbm1551on

ents in the

“ then became establlshed ‘and/the elements took on dynamlcs of .’

N

their own. At the same time there was the orlglnal 1mpetus of

populationelevel selectlod/nhlch further modlfled and refined

-

these'elements.\ Howev€r, there is no reason why a transposable

element shLuld not have first evolved the ablllty to over=

repllcate and transmit horlzontally and then evolve the more

subtle effects found in chemostats.

. . -

In eukaryotic organisms the 51m11ar1ty between transposable

‘elements and retroviruses has lead many people to speculate that.
‘one evolved from the-other (Temin, 1980 1985; Varmus, 983).

" Temin (1980) argued that PetPOVlruseS have evolved from

trénspoeable‘elements. Baslcally, he’ euggests that retroviruses
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may have evolved much in the same fashion that prokaryotic

transposons did. Two smallsinsertion sequences could transpose

around the genes necessary for the virus to move: through the

-process of transcrlptlon, reverse transcription and 1ntegratlon.

On the other hand Shlba and’ Saigo (1983) argue that the copia-
llke transposable elements évolved from retrov1ruses. . However,
there is very thtle ev1denre to support or refute elther of

these suggestions. At the moment it is impossible to say whether.

~ -

COpJﬂ—llke tran posable elements are evolving'towards

'PELPOVLPUSGS or descending from them. The transposable elements

that do not resemble retroviruses may have a completely different
eVolutionary‘history or they may have diverged sufficiently from

their viral ancestors so that there is no longer any structural

. resemblance between them;'

My personal oplnlon is that eukaryotlc transposable elements
are more llkely the precursors of retroviruses than vice- -versa,

for two reasons, First, if one argues that retroviruses are the

precursors to transposab gnts, that sinply creates another

questlon, how dld retr iruses evdlve into the complex structure

‘that they currently displayw 5 cond retroviruses'are found only

in vertebrates, therefore from a phylogenetlc point of v;ew it
seems e351er to accept that transposable elements were the
precursors to retrov1ruses than vice versa.

"What forces have acted in the malntenance and spread of

“transposable elements7 There are two competing hypotheses to

explaln the evolution of transposable elements. The first
‘ ‘ 3 . . N
KD



"hypothesis is that moblle'ée etlc eleménts are sustalnedyby'
dlrect selection. They offer some dlStlnCt selectlve advantage
to their host and have Spread because they 1ncrease the fltness,
of their host .- ihe second hypothe51s is that transposable
elements do not: need to confer any seieéglve .advantage on thelr
‘host, but can spread as selfish DNA as a reqult of thelr ablllty‘

to undergo replicative transp051t10n.

The Selective Advantage Hypothe51s: . .

Transposable elcments can confer‘a selective advantage on.
their host elther dlrectly ‘as in the case of antlbiotic
-resistence, or iqdirecbly;las scleétion_acting~on genetic
variab&iityi-

The prokaryétic transposable eleménts-whichAconfer'drug
r651stence on thelf ‘host all appear to have spread rapidly as a .
uresult of the w1despre§d usage of antlleL1CS after World War II.

The emergence of antibiotic resistance involved the introduction
of a novel antlbacterlal agent followed by the rapid appeafance_
of resistent bacterlal populations which became more ‘and more.
w1despread both geographlgally and also with respect to the
.bacterlal strains and species exhibiting resistence (Mitsuhashi,
1971; Richmond, }983; Datta, - 1984). Hughes and Datta (1983) uséd 
a collccfion of strains isolated from-1917 to 1954 and
demonstrated that the medically imporﬁaﬁt b3cteria have acquired
antibiotic resistence in ‘the past 25 years by 1nsert10n of new
genes 1nto exlstlng plasmids rather than by the spread of

»

previously rare plasmids.
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It has also been suggésted.that transposable elements can
provide a selective advantage to their host by inducing mutations

which increase the level of genetic variability in thé‘host

(Syvanen, 1984)., This argument is‘si@ilar to one originally

-pfpposéd for mutator genes in bac¢teria.. It has been known for

some time that populations harbouring mutatbr genes that increase

mutation rates in Escherichia coli are at a strong selective

advantage in competition experiments (Cox, 1976; Chao and Cox,
1983). For example Chao and. Cox (1983) Found that when E. coli
cérrying thé mutT gene (whicﬂ increases mutaﬁion raﬁes 100 tP
1000 times) were placed in a chemostat.with wild type cells, no
ﬁifférence in growth was observed in. the first 50-150
generations, after which the mutT containing sﬁrain increased its
relative proportion by about 200 fold pﬁer the next 50
generations. They demonstrated that mutator bacteria acquired

the advantage by evolving faster. This advantage is frequency

“dependant. The mutator strain is favoured only ébove a starting

ratio of approxiamtely 5x10—5,-and results from the faét that the
necessary beneficial mutations cannot be geherated in a
population below a.CErtain size. Chao et al. (1983) considered
the'poésibility that traﬁsposabl@gelementé.confer an advantage in

the same manner as mutator genes. They found that TnilQ also

“confers an advantage in chemostats, and that this édvant;;;\ﬁs

frequency dependent. When the Tnl0 containing strain

‘predominated, a segment of Tnl0, probably the IS10 sequence was

found to have undérgone transposition into a new siteé, whereas
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Tnl0 from the chemostats where the w11d type strain won, did not
o

show add1t10na1 copies of TnlO In the ‘Four separate‘expeviments

where Tnl0 won, the new ISIO element was found to be lnqerted in

a PvuIl restriction fragment of 3 2, kb sugge;tlng that;tpe same'

_mutatlonal event is selected each tlmer'“Biel‘and flartl (1
and Harti et al; {(1983) looked at the same problem‘by performlng‘
chemostat competltlon experlments with bacterla contalnlng ISSOR
but obscrved very dlfferent results. They found that the ISSOR
stralns grew more‘rapldly for about S50 gcncratlons, and that the
competltlve advantage was" 1mmedlat9 upon 1noculat1qn.aud showed
no frequency depéﬂdence. \Thig indicates.a diréct growth
advantage for the straln containing iSSOR They also found that
when the VlCtOPlOUS ISSdR clones were analysedﬂ there was, no
evidence of ISSQR medlated-rearrangemepts or transpoéltlons. The
most reasonablé explahation for thése évéﬁts-is thaﬁ IS50R
confers a direcét growth-adﬁa;tagé;tq its hosé._- Thg selective
advantagc of a trénsposable element in ihducing(mhtation; will be
similar- to Painter'sr(L975)'model for optimizing mutétion rates
in asexual populations. Consider various populations of
bacteria; some with transposable elehépts_which cause mutations,
in a habitat tﬁat fiuctuates evéry fixed number of generatiops.
With every fluctuation.the population carryiﬁg thewéﬁaqsposable
element will respond with égHadapﬁation and rise té a new
plateau. The‘étfaiﬂsjéoﬁtéining”tfansposéble Qleﬁeﬁts will
increase the most in-freqﬁencyr because they are much more'likelf-

to produce a. favourable Mutation. Those same strains will

-
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‘houever alSo-generate MOre‘deleterious mutations and-will 1n turn';

‘decrease in numbers at a faster rate at the new plateau, untll

the onset of new fluctuatlons.l The end result w1ll be a

-

durlng the Plse phase and the 1oss durlng the plateau (Chao and
'Cox; 1983) ~'Thus prokaryot:c‘transposable elements may be

apahle cf spreadlng and malntalnlng themselves 1n'natura1
populatlons by 1nduc1ng mutatlons that are. p051t1vely selected

‘for. L

In eukaryotic‘crganisms, the argument has also been made

that transposable elements can be selected for because of thelr 2

’

ablllty to create new: genetlc varlatlon.'-lt was orlglnally

thought that - fhc spread of P and I elements mlght have resulted

. L4 L
from the w1despread use of pest1c1des ‘in the last 40~ 50 years

(Bregllano and Kldwell 1983). For etample ‘ﬁf the transp051t10n .

of P and I elements caused mutatlons that resulted 1n more

resistant individuals W1th1n -a populatlon, they would.be.highly=

selected for. The only study which'has demonstrated”that"a”

eukaryotic transposable element'can.lncrease the-genetlc
. varlatlon in a populatlon is that of MacKay (1984, 1985) MacKay
used abdomlnal brlstle number, a polygenic trait that has often

been used for selection experiments inxthe'past,,to.see if P

. T . - o -"_. 7 - M
.element transposition accelerated the response to selection for

bristle number. She found" a\ 51gn1f1cant amount of the new

mutat10na1 varlatlon affecting brlstle number was generated by

the act1v1ty of transposable’ €lements moblllzed duﬂﬁng hybrld

35
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dngeneSLS.. The phenotyplc varlance of abdomlnal bristle 8core

"‘,1ncreased by a factor of four in 11nes selected for dysgenes1s in?
B : v : PR 3 .
;:_comparlqon w1th nondngenlc llnes.L‘Much of thls ntw vnrlation

.

i_was deleterlqus Judglng by the overall rcductlon An vlnbility ofp

“chromoqomesl ttracted from selected 11neq. R

BNA Hypoth051$:'“f'_j; JOPCEE

.

',"Th,e Selfish
ThefcoLpeting,.selflsh DNA hypothesxs SE :t 'thotJtheﬂ
"nmalntenance And dlétrlbutlon of DNA sequcnceeiénﬁh as

‘trnneposable eleméntq can be understood in terms oi the selectlv e’

L fadvantage to the elements themselves as a result of Lhcxr ablllty'

'V”to multlply w;thln -a genome,'and not to any advantagc they may.

:fVPPOV1de to the 1ud1v1duals-who carry them (Doollttle'and

3

. 'THSaplenza 1980 Orgel and CPLCR 1980) Thesc clements couldp'

:; hdve a negatlve effect on the fltness oE thexr host and Stlll;

,--spread through the popultlon as a. ﬁesult of repllcatlve-
' . y .

"transposxtlon (chkey,‘1982) There are a number of eukaryotlc.

-~ - - -

,transpoeable elemehts that have been Eound to have “a. negatlve'

IR

Ufeffeot on the fltﬂESS of thler host. For cxample transp051t10n

_of the yeast Ty elements has been found to cause mutatlons in the_l”
:HIS4 and ADR3 10cus (Roeder and Flnk 1983) and the ﬁPHZ and CYC?-

locus (Elbel and’ Phlllppsen,.1984) However, thL c13551c example

'of tranaposable elements redurlng the fltness of thelr host

:remalns the case of P and I elements. The argument is. often madej;
’lthat although some'tr;nso;sable elements mey appear to. lower thef'
“fltness of ;hélr host under certaln oondltlons, thelr ex1stence
muet result from theo prov1d1ng some’ selectlve advantagd to.'their

- ' * - . - : d Co



host, and we have simply not been able to . diécdver whﬁﬁ tﬁis

P

advantage is. This is an argumcnt that cannot be easily

- -

contered, and in my opinion offers 11bt1e_value 1n the
discunasion of thc evolution of selfish DNA;

There are clcnrly a wide varlcty of dlfferent transposable
clements in nature, some of whlch confer a dlrecb'sekertlve
ndvngtagb to their host (eg: TnSé TnlO{ ctc).”,Others appear to
* have little or no effect ontthc~fitness‘of”tﬁéifAhost wheregé ;
thrd group clcarly has a detri&ental effect on host fitness. A
number of different models have becn develop d to explaln the
evolutionary dynamies of tranqposable elcmcﬁts (chkey, 1982'
Langley et al. 1983;‘Obta,‘1983; Charlesworbh and Charleswarth
1083, %hurlcqworth and Langley, '1986). Chapter 5 wllL;can51der]
in more ‘detail the evolution of transposable clements and dlscuss

some of tho population gcnetics models that haye been deVeloped‘

~

The Spread of P elements: _ ' Ij

| This thesis was undertaken i; a;der;fo undebétand‘hbh P
élcmcnbs can, on the onﬂ’hand, reduce the fitness.of their host
and on Lhe other hand aé}ear to spread very rapldly through
nnLuraL pnpulatio;s. One model to explaln the spread of P
clements, argues that P elements have spread rapidly as a result)
of rcplicative trgnspQSition,' However; there are several
possible mechanisms to eiplainﬁthe evolution of a P-type
population which do not quuibcfany replicativeltranspagitioh.f
As ppeviously discussed, P elements bquld cod¢ for a product‘éhaﬁ

[

-
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in sSome way increascé;the fitﬁess of their'host, ahéldgous to the !
antibiotic rnsfstcnce encoded by many bnctq}ial fransposons.
Second, P strain chromosomes coﬁld possess:an intrinsic fitness -
advantage over M chromosq%es unrblated_ﬁb;the presence qf-? -

elements. ?FinnlIy, the number of;P-typclfliéS'coﬁld increase

[

" a population because of thrsﬁosqmal segregation and
rééahhjnation.; This third possibiiity ié‘pa;tiéulnrly imporéanb
because none of the . studies td date have disginquishcq'ﬁgtwedé;
méhe spread of P-type flies throggh chfomosomél scgbegation and

recombination versus spread as a result of P element

1
l

transposition.’ .

P elements ncéUpf30f5pwtimcs'pcr gcnomqaand‘sccq to occur on
alirmajor chpomoéomc arms (ﬁingﬁamAgt-§l¥ 198£; U'Uérq 1985).
Thﬁoqgﬁ éegregation,.the:grgquéﬁ;fJ;f flieé'cnrrying P clements
wouia BE é#ﬁééted ta;inércase ;n.c;ch écné#gtion; although ﬁhc
nhmbér'of.elemén£s per.flyﬁié,@étuéfif.dqpreasing. For example,
if one Qé}pito.staft'wiﬁﬁlloguP fliés inra populatioh,.éagﬂ
giha?inguso'é;pics dﬁ pﬂe'ffélément:éftér‘twé génenatiﬁﬁs_of
-'seétégdtiqﬁ apgﬁoximétélyljﬁﬁ’of th§ f1ics woﬁld have-on-é&enégé
.IA{S-P'éIgmcntg ﬁe}“géﬁoﬁe.. Table I,Stillﬁgtrntéé hdw'thcbckcanr
be an incﬁéa;e iﬁ ﬁhe hqmber of,b}typg‘f;iqsibb P.génobypes'
(thoseifkiés Cbﬁ£éininé one or more]?oﬁics of‘thé P clemént),-ip‘
a pgﬁulaéion‘yithou£ an increase iﬁﬂthe ﬁég?ifnuﬂbqr'df'f
eleﬁenté’thrOQgh repliéative trénspositibn.‘ Figﬁfé.i.2 provid¢é—'
a diﬁgr;m of this phenqﬁena. As?the P elémeh#s.éegregatg_,/

throughout the populationy there is an increase in the number of

38



flies carrying P elements, but a corresponding decreﬁse.in'the
numhér of P eleménb‘COpies ﬁer £ly. ' One question ﬁhat woﬁld'then_
JKaxlqc is: how does thls reduced number of P elements withifi an
1n&1v1dual fly affcct 1ts abillty to 1nduce hybrid dysgeneSLS.-

} -To.datc, it has not been conv1nc1ng1y demonstrated that P
'clcmqntﬁiqan'spread~through a population as a result of
fhplicaﬁivc traﬁépq;itidn. In order to clearly Aembnstfate this,
it'is‘;ebc$sary ﬁb‘shOW'(I)'an ?ncréase in the humber of P-tybe
-ﬁliés #nd‘[é),gn inéréaée in the number of cppié#\qﬁ bhé P

clement. in "the population. The experiments diScussed in this

thcs:q werc d051gned to modcl the lntroductlon of -a small number
) ~
uf P- tvpe fllCS ‘into a large M-type populatlon, uBy being able to

i_I.nolc:at thp P elgment act1v1ty (as measured by the traditional
method of gonadal dysgenesis) and coby_ndmber‘of.the-P element

my aim wﬁs,tojclearly understand how P elements spread 6hrdﬁgh;

natural populations,
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TABLE t.5:

Theoretlcal changes in the frequency of P- type flies
(P genotypes), and P element c0py number in a
randomly mating populatlon} assum%ng‘qp replicative
trénqusition §rugeleétidn: AThcéé examples are if);

for a mixed populatipn containing 1% P-type £

~and 99% M- Lype flies at gencrntion 0 and (b); for

1n1t1al frequcnc1es of laﬁ P- Lype‘and 90% M-Lype

flLEQ

“"Generation

% P-type flies P element copy # . Average copy {#

(A) . ip Al.’_{'lies" (n) . per fly (AxB) '
(a) "
0 1% T ~0.5
1 " 2.0% . | 25.1 ‘ ‘(‘).5
.2 3.9% oz o 0.5 e
3 7.7% 6.47 | Fous
4 14.9% ”3.36 — 5
(b) "
0 J10% 50 5
1 '19.0% S - 26:3 " '5
2 34.4% 4.5 5
3 57.0% 8.77 5
4 81.5% T 6.13 s
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FIGURE 1.2:.

, .5 | - | ]

Theoretical cLanges in the frequency of P-type flies

(p genotfpes) and P element copy number in a

randomly mating population, assuming no replicative -

trangposition or selection. The initial: frequency
is 104 P-type flies and 90% M-type flies.. See.

Table 1.5 for detailed calculations.
R \:.

: A.= P element copy number in P-type flies
‘B = Average P element copy. number per fly
C =

Percentage P-type flies
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—— . CHAPTER 2 X
THE LOSS OF P ELEMENTS THROUGH REFPEATED BACKCROSSING
TOIAN'M—?YPE STRAIN
Introduction: -
One of thevlnterestlng aSpec s of P elements is their .
distribution in nature. As stated in the prev1ous chapter, it‘_
has been proposed that' until recently P elements were absent from:
natural populations or occurred at ?ery.low fréquehgies.‘ P
clements §hen spread fahidly hhrouéh‘replicative Lnanqusiéion,
'withtor without positive or negat?ve selection (Kidwell et al.,
1981; Kidwell, 1983b). | |
Théré are se%eﬁal possible-méchéniéms to explain- the
evolution df a P-type population which do.ndt fequire an}
rchlicative théhsposition. First;‘P elements could spread
be?ause they confer oh their. host a seiective advantage,
analogous to antibiotic Tesistence ghchdgd by bacterial
transposons. Second; ? htréin chrqmohomés could possess an
intrinsic fitnessnadvantage over M chromosomes unrelated to the
presence of P elements., Finally, the number of P flies could
ihcrease in a population because'of chromosbmal Segregatién and
'recombinatioh. Through segregation, the frequency of“f;ieé
carrying'P“elements can increase in each generation, although the_
number of elements per fly ‘is actually decreasing (Chapter 1)
The rationale for the experlments described in this chapter

is as. follows. Suppose one or a few migrant P flies were to

‘invade a large M-type population. During the initial stages of P
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element invasion these migrants and their offspring would be most
) ‘ S
'likely to mate with indigenous M-type flies. Only after the

freqnency of P elements had increased to a reasonable level would

P X P type mating become common.. One way to model this situation

would be to repeatedly backcross P. flies to M flies. These
backcrosses would dllute the P element 50% each generation and 1f
done at hlgh temperatures selectlon agalnst dysgenlc hybrlds
could result in even stronger selection. One prediction would be
that'reﬁiicative'transposiﬁion of the elements should'counteract,
at least.in part, the dilution effect of: the backcrosses, .

Slncc the spread of P- type flles 1n a natural populatlon
does not necessarlly indicate that P elements are_nndergoing
replicative B}ﬁnSposition it must be posslble to dlstinguish
between (1) an increase'in the;number of P-type flies in a-
population and (2) an increase in the number of copies of P
elements in a ponulation, in order to properly answer this
question. The number df P-type flles was measured by_the usual
method of gonadal ' dysgenesis (Engels 1979, Schaefer”ee al.,’
1979) whereas the average copy number of P elements was measured
by DNA dot hybrldlzatlon using a P element molecular probe.,
Specifically, these experiments test whether P elements can
spread nnder these conditions of stronglnegative selection and,
if so, llom quickly. Second, ean DNA hybridization provide an
accurate measure of the number of P elements within a fly

population.
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Materials and Methods

-Drosophila Stocks:

1. Harwich: An ihffred wild-type P etrain collected from the
wild in.1967 by ﬁ.L. récey, Jr. A white eyed mutant oflthis
stoek was isolated by M. Kidwell and usedwas one ef the P stocks
and as ‘the etenda;d,referencelF strain to test cytotype (Kidwell
et al., 1981).

2. Canton-S: A standard wild- type laboratory M stock that

was used as the M stock and to test for P element act1v1ty.'

All cultuFES were grown on a Carolina Instant Drosophilé

.medium and maintained at 219C except where otherwise stated.

" Scheme’ of baékCrosses; The-méting scheme used in the
backcrosses. is shewd in Figure‘z.l. All matings. were made en
masse with at‘ieast‘30‘parents of each sex and the flies raised
on Caroline Instant Drosophila medium in standard ehell vials
(95mm Ht x 25 mm Dm). Three replicate populetions were eet up
for eech experiment. cIn ehe dysgenie cross (A), Harwich males
Qefe mated to‘éanton~8:£emales and for each generation the-Fll
males were backcrogsea to Cantonis.females; Sinee"these crosses
are botentialiy dYSgehic, P elements should transpose in this

>

N .
cross and be ‘able to malntaln a hlgh copy number. In the control

cross (B), Harw1¢h females were mated to Canton S males and each

generatlon the F1 .females were backcrosse@\to Canton;S males. In

<these nondysgenic crosses no transposition should occur, at least

in the initial generations because the Fl}females:should be P

cytotype. Each generation, the males were tested for P element
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'FIGURE 2.1:

- males.

Mating scheme used in the backcross experiments. In

the dysgenie-cross (A), Harwich (P) males were mated
to Canton+4S (M) females. 1In the control cboss (B},

Harwich (P) females were mated to Canton-S5 (M)

o~
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activity. In generatlons three and six fllES ‘were frozen and

their DNA extracted as outllned below._ These ExperlmentS'were'

performed at three temneratures,~27°C 4°C and 21°C o At 27°C

- » ~

there should be a hlgh level of transposltlon as . lndlcated by the

hlgW’?ates of dysgene51s (Engels, 1979) whereas_at 210C ¢

transpbsitipn does occUr,-(B;ngham et_ql., 1982) ‘but no

o -

dysgenesis occurs. I T )

’

Method of P element adtiviﬁf déteﬁmiﬁatibnﬂ.‘IhdiVidu&l 

’

females were aged 2 4 days and thelr ovarles dlsscctcd accordlngg.

'

to the methods of Schaefer et al. (1979) " Tén Eemales Erom each-'

"1nd1v;dual matlng were scored for sterlllty and the percentage_

~

dysgenesis was galculated as the mean of 10 1nd1V1dual matlngs.‘

Statistical Analysis: -All statlstlcal analyses-were

"

Unlvep51§y of Ottawa s Amdhal V8 mainframe computer. nnaly51s of

~

variance and Duncan's multiple range tests were performed using

the PROC GLM statement of SAS. .

Detqgaion of - P elementé in crosses by-hyBridiiation:‘ The
. f -
. presence of P element~sequences in a partlcular generatlon was

_1nvest1gated by DNA hybrldlzatlon. DNA was extracted “from 100~

500 fl;es by the method: -of Strausbefg'an§ Keifer (1979). . Genomic
sdot”biots.wére\pérformeq using a Schleicher and Schgell Mipifqld
6n Biodyne nylon meﬁbrane followiﬁg Ehé précedure of Kafatoé‘et
al. (1979). The DNA was bound to the filter by UV crosslinking

using the techniqué of Church. and Gilbébé'(1984).. Two 32-P

46

males were mated w1th 3~ 4 Canton- S females,'ﬁhé “F hybr1¢ﬂ

performed uSLng -the. SAS statlstlcal package programs on the



labelled probes were used: as a single copy gene, tﬁe'7'2 kb'

HindIIX fragment of- the C20 plasmid whlch contalns the genomlc

eequences from the Xanthlne dehydrogenase gene of Drosoghlla :

melanogaster (Figure 2. 2- Rubln and . Spradllﬂgq 1983), and. as a P~

element probe, the 0.84 kb Hind III (HIII) fragment from ‘the p

Tr2s5.1 plasmld (Flgure 2. 2- Spradllng and Rubln, 1982) The HIII

fragment is 1ocated on’ the left hand side of the P element and‘

Tspans from 39 bp to 872pr of the complete P element. The choice

‘of)the HIIX fragment as a. P element probe was due to “several
A

lfactors.j Prellmlnary experlments demonstrated that using the

entire pTTZS 1 plasmid- had qeveral problems. First there were'

hlgh levels of background which made copy number calculations
dlfflcult. - In addltlon, p'W 25. 1 contains whlte sequences from
' Drosophlla which made the analy515 much more difficult. Flnally{
since many P elements have 1nternal deletlons,/ﬂn\anternal

restrlctlon fragment would ‘not bind to some deleted elements

This fragment was chosend since lt should b1nd to all P elements,‘

both deleted and complete (0'Hare & Rubin, 1983) The ch01ce of

.

the HIII*has the disadvantage that it does not permit the

dlstinction between P factors and P elements, this proolem’wlll
be discussed in detail later. | |

Both fragments wereléurified twice, by cutting the
appropriate restriction fragment~from an agarose gel and eluting
the DNA with an ISC0 1750 sample concentrator. The fragments

'were nlck translated to a specific activity of, approxlmatel1

1x108 cpm using the protécol of Maniatis et al. (3982; p.109). .

+ ’
4
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2.2

&-Spradllng, 1982) C20 conta;ns the genomic

. restriction enzymes used are: .

1 ]

.Schematlc dlagram of the- two plasmlds pTTZS 1 and

CZO.E p1T25 1 contains- the complete P, element wlth-"

‘
1 -

':some 17C Drosophlla meldnogaster flanklng sequenoes,

cloned 1nto the Bam Hl (B) site of pBP322 (Rubln and

LA . L
-

[

w

*seqdences‘codlngsforﬁXanthlne dehydrogenase which’

.‘ . 1
has been inserted 1nto a deleted E elemenb._,rhe P

elemgnt is flanked by onsophlla whlte sequcnces and

cloned 1nto pUC8 (Rubln and Spradllng, 1983) The

._‘;..‘ -

=.Bam HI - .- E =,-,T3co RI, g
HIIT = Mind IIT *. S = Sal I.
X = Xho I . |

. [N . s

%
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' ;Prehybrldlzatlon and hybrldlzatxon were carrled out at 65°C
lwlthout formamxde uSLng the protocol of Manlatls et (1982'
fp.38/) and ,he fllt“r was then washed three times for thihty'

'mlnutes each in SmM Sodlum Phosphate pH 7 0, imM EDTA, 0. 2% SDS.-'

The percentage of P elementq 1n a cross.in comparlson to
)

.HaxWLch‘ aq calculated as follows. Dot blots wcrc_probcd with
XDH, washcd'ln 10mN sodium‘phosphate, 50% formamidé at 65°C, then

'Eeprobed with the. P clement probe. Fach autoradiogram was then

gcaﬁncd usihg a Vitaﬁron TDL 100 den51tomcter. Based on 5
dllutlon serlos the rclatlonshlp between DNA concanratlon and
densitometer reading was found to be linear unless the‘dots‘
beiﬁglfcanned had saturated the Xuray‘fiim.7 Using Ehrge
rgplicafe dots, the ratio éf p elemcnt_sighal ta'XDH signal was
calculated for the Harwich sﬁrain and each of the crosses. The
ratio of P elements in each cross compared to Hérwich wés‘thcn

. 1)
calculated using the formula:

HHITT densitometer reading (for experimental

XDH densitometer reading . stock) ’
% P elements = oo e X 100
HIII densitometer reading (for larwich
B XDil densitometer reading stock)

Because DNA samples from the Harwich strain were included on all

filters as a standard this method prevents variables such as
amount of probe, radicactive intensity of the probe and exposure

times from having any effect on the final} calculation of the

percentage of P elements.

49



Results . 7

The effect of contlnual b&ckcr0551ng to M type flles on the .

P element actiVLty of males at 27°C 4°C and 21°C is shown in
Flgurcs 2 3 a b and c respectlvely. The generatlon 0 cross was a:

[y

'Uarwlch male x Canton S . female control 1qd1cat1ngxtoo%
dySgeees¥s in.th1s cress.‘ At all three experimentai
temperetures,‘the abiliﬁy of males to induee.dysgenesis decreased'
repidiﬁ;;untll by generat;on’ﬁ it was below- 5% which is
.geqerdliy consldered background (Engels, 1979). The effect of_
tﬂe threeﬁﬁariables, type of backcross, experimental temperature
;nd number of backcross genexatlons were 1nvest1gated by three
wey analyqls‘of variance (ANOVA). : All ‘main varlableS-and
.1nteract10n offectb were found to be significant at p ¢- 0.01,
with the cxccptlon of the type of backeross*temperature»effect
wﬁich was not. 51gnlflcant (Table 2.1). Several trends were
detected using ANOVA. .Flrst,'contrary to whet wes'predidted;
flies fro; the control ‘cross had on average a éreater dysgenlc
ability than flies from the dysgenic cross (35.9% versus 22.1%).
Second, there was a 51gn1f1cant ‘increase in dysgenlc potentlal
_of flies Wlth 1ncre351ng temperature (Table 2.2). However, most
of the non-error varlatlon (60% of 70.1%) was: explalnable by the
effect of the number of'generatlons of backcrossing, i.e., the
mose.ebvious effect was the reducﬁioh in P activity with each
generation of backcroseing regardless of the type of c¢cross or

experimental temperature. Differences between the variables,

experimental temperature and backcross generation were analysed

*

4
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1

FIGURE 2.3l a,b and c: Thé effect of repeated backcrossing on P
‘elemént actifity a£ different temperatures. The ~
expérimental temperatures used Qere (a);270c, (b)
. 24°9C and (c¢) 219C. Cross A is the,dysgenic cross

whe;eaS"Cross B is-the control cross. The standard

er;or calculations are based on the three replicate

populations from each experiment
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TABLE_2.1: Three way analysis of variance of P element activity

-- in backcross experiments.

TREATMENT | D.F.  SUM OF SQUARES F VALUE
Type of Backcross (A) 1 257.6 C73.25 s
Temperature {(B) 2 Jé 62.6 L 8.89 un
Backcross Generation (C) 5 3676.7 200,05 #itdt
A XD Interactio;b : 2 - 13.6 1.94 N.S.
B X C Interaction 5 102.3 5.82 swn
A X C Interaction ‘ 10. 145.3 ° 4,13 w3
A X B X C Interaction 10  102.5 2.91
Error 504 1772.8

o .
¥AR p Z 0.001 Y W% p 2 0,01 |
D.F. = degrees-gf freedom |
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using a~ qncqn'é‘muitiple range test as illﬁstrated in Table 2.2.
Tﬁe Plelemdntiactivity at.27°d and 24°C did*not di%fgr
significantly, ho;é;e;lsoth had significantly higher P e;ement
5ctivi£y bhgn at 219C.. Geneéatibns 1 through SL had P element
activitiés that décré;éeq significantly cach generation, however
bheré waslno significdnt difference between gpneratioﬁS'S and 6
in P;elémenﬁ abtifity (Table.Z.Z). ) o

In order pp Feférminé whethg$“the decrease in gbnadal
dysgenesis in eaéh éeneraéion was correltaed with-a decrease in

the number of P{glements,;DNA from backcross géherations 3_and 6
was hrobcd with|both an XDIH (Xanthine,dehydrogenasé)“and a P
elcmgnf 5robe, and the.bercentage of P elements in.each
generation calculated in comparison with the contrql strain
(Harwich). Figure 5.4 illustrates a dgthplot wiﬁh Harwich and
generations 3' and 6 probed with the XDH ahd.HIII probe. /We can
see that the amount oﬁ;ﬁ&ﬁﬁgé the'filtér, (as détermihed by the
XDH probe), is greater for the F6 than the F3 generation samples;

however the P elemefRt (HITII) -signal for the F6 generations is

much lower. The Harwic dilution series show a decrease in

- signal with decreasing Joncentration for both probes, but the-

IIII probe produces a much stronger signal. Table 2.3 summarizes

the data from the éxperimental crosses performed at 27°C, 24°C

‘,énd 219C. A more detailed account of this data is provide in

Appendix 2.1. 'By the F3 generation there was a substantial
decrease in the number of P elements. In the Fé generation there

was a further' reduction in P element copy number, but the

'
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FIGURE 2.4: The meésurement‘of~P element copy number using DNA

N

—TN

hybridization. F3 and F6 refer to DNA samples-from
backcross generations 3 and 6. Al and A2 are

replicates from the dysgenic cross (A),'Bl and B2

-
+

" replicates from the control cross (B}.” XDH is a single

copy gene probe whereas HIII is a probe specific to

-the P element. As a control, serial dilutions of DNA'

from the Harwich P strain are included. See text for

details.
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TABLE 2.2: Duncan's multiple range test of P element activity

for the variables (a) experimental temperature and

{(b) backcross generétion..

(a) Temperature

- Temperature Mean Grouping*
270C ’ . 32.83% A
'240C _ 29.56% A
210C 24.56% B

(b)‘Generation R A ; ' fﬂ\\

" Generation Mean Groupingst
1. ' 78.9% s A
2  42.0% B
3 28.9% C
4 16f2% D
5 6.0% E
6

# Means with the same letter are ﬁot gignificantly different.

-
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TABLE 2.3:

.Harwich stock using DNA hybridization, for

expériméntal crosses at 270C, 240C and 210C.

4

L

calculation method, see Materials and Methods).

4

Percentage P element sequences'cémpared to the -

L

+ (For

Temperature

Generation 270C 240C 210C
F3 Al 13.4% 13.0% 1272%

F3 A2 15.3% 14.3% 12.7%

F3 Bl 24.7% 15.1% 13.5%

F3 B2 16.6% 15.4% 13.5% "
F6 Al 12.9% 8.4% 2.0%,
F6 A2 10.1% 13.8% 1.7%

F6 Bi 11.8% 13.2% 4.5%

F6 B2 10.6% 2.4%

- Note: Al and A2 are replicate populations from the dysgenic

cross A. Bl and B2 are replicate populations from the

control cross B.
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decrease ~at 27°C and 24°C was less than expected baseq ‘on the®

A ‘X ! : -

. .

»»decrease in gonadal dysgene51s measurements. Thls~may indicate

» thatmthere was eohe transposition oecurring ég 270C and 24°C (as_
. indicahed in Table 2.4) maintaining the P element copyanumber, or

may 51mp1y be due to- experlmental error. The relationship
between P element act1v1ty and P element copy nud&ii\as measured
by DNA hybvidization is—shown in Figure 2.5. While "there is an
_increasc ih P element activity with inefeasing P clemeﬁt_copy
number; this relationship is quite weak.

... Two types of‘Eeleetien might be acting on P elements or P
element~eerrying chremosoges. First, therermay be negative
selection ageinst the‘%f offspring of_efcross if that cross is
d%sgenic. In order te monitor,tﬁe negative selection resulting
from dysgenic offspring,‘ih each generation experimentai females
were screened for evidence of gonadal dysgenesis. The results of
these iééfé ere shown in Table 2.4. As expected, .the Fi
offspeing of bhefﬁerwich male X Canton-S female shewed high
levels of sterility at 27°C but this level of sterility decreased
with eachfsﬁbseqdeet generation of backcrossing. Lower levels of
sterility were detectedfaﬁf24oc whereas at 21°C there was no
detectable gonadal dYégeneeis in any of the generations. In
contEa;t, in the Control cross (Harwich females X Canton-5 'males)
~there was less that 5% gondal'Efsgenesis in any of the backcross
generations at either tempe;ature, except generation 5 and 6

where some dysgeﬁesis ‘séemed to occur at 27°C and 24°C.

Second, there could be positife or negative selection for P
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FIGURE 2.5: The relationship between P element .ncb;ivity and P )
clém{:llt'copy number as measured by DNA
hybridization. ~The equation of the line of best fit - .
in; .
© Y = 8.99 + 0.174X
r = 0.040 :
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%
. TABLE 2;4: Frequency of dysgenic females in each backcross
'generatlon in Experlments A and B (n=260).
‘i\ ' iExp_ A : ., Bip. E
Generation . Temperature’ co ‘Tewperature
270C" ~240C . 210C o 270C 246C_- 21oC
1 90% - 48% 3% - '2%/—.’0{ :
2 53% . 7% 2% of 0%
3 15% 0% o . 5% 0% 2%
4 8%, 0 v 4% 3% 2% 3% .
5 7% 5% ¢ 0% L 17% 8% .. 0%
6 3% C0gT L og 8% . 0% . 0%
/\ _.,}am
- - \



elements because of selectlon for P element carrying chromosomes
"~ through a hitch- ~hiking effect. ‘Thls was monltored by taking
advantage of the fact that the Harwich strain used had a white
eye colour, In the control cross (Harwich male X Canton-5
female) the F1 male.offspring should have Whlte eyes, and the
frequency of whlte eyed Fl males will reflect the frequency of
Harwich X chromosomes'in the previous generation. Table 2.5

c I\' M N .
illustrates the effect of continual backcrosses on the frequency

. ; . C Y
- - .

'of whitc—eyéd males Eﬁ éach generétion. As one would predict
based\on'ﬁhereAbeing.no strong positive or negative ‘selection
against thc Harwyich X chromoéome; the f}equcnéy 0. white eyed
Vmales decreased by approximately 50% each‘gencﬁation. The only
dgyiations were in”genérations 5 and 6,Wheré sampling érror,
#esulting from the small populatién'sizc; probably influenced the

results,
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'TABLE 2.5: Percentage of white eyed males in each generation

during backcross experiment A (n=100).

E
B 2N

f{,,;._

Generation Temperature . Theoretical %
K 240C 210C No selecti$n
. {
1 100% 100% 100% : K
. / . :
v 50.3% 48.8% 50%
3 24.4% 23.7% 25%
4. - " 13.4% 13.8% 12.5%
5 3.2% 2.0% 6.2%
P 6 - . 1.d4E, 1.3% 3.1%
¥ oy,

¥
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Discussion .
It has been shpwn through these experiments that the
transposition”rate f P elements is, not bufflcxent‘to overcome
the 50% selectlve pfﬁEEHre that results'from continuous
T .
backcrossing, and these elements are therefore not capable of
maintaining their ﬁormal level of 30-50 copies per genome. These
results are contrary to what has been fouﬁd in population cage
studies, where even with the selective pres?ure‘induccd by high
temperature sterility, most populations evolved to the P-type
(Kidweil et al., 1981;. Kiyusa & Kidwell, 1984;uChapter 1).

This “Teduction in P elcments was deﬁoﬁétrg%cd both as a
reduction in P element activity and a reduction in'P element copy
number. While there was a correlation betwcen P clement act1v1ty

, .

dnd P element copy number, this correlation was_rather weak

This weak correlation primarily occurs when there 1s less than
I b

\

12% of wild-type (Harwich) P element copies (4 to 6 coples) It

may well be that the correlation between dysgenlc potentlal and
copy number is much stronger if ghere are higher 1evelq of P

.elements., Bingham et al. (198%) found very similar results.

Below four P element copies there was very little correlation

between copy number and percent sterility (P element activite).

However there was a much stronger correlation once there weré:

more than 4 copies contributing to the dysgenic potential. Once
there are reduced levels of P elements, presumably some flies
have several active P factors whereas other flies have deleted P

elements which cannot induce dysgenesis. Thus it is not

x
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suﬁrieing that ﬁhere'is aiweak correlation at low P element copy:

W . . NE

numbers.‘.'”7, L. ) . S a——

As mentloned  breifly in the Materlals and Methods sectlon,

th use of the HLII p element fragment allows éne to measure the

change in P element copy number, but.- does not prov1de any
1nformnt10n on whether there has been a change.ln the- relatlve
proportion of P factors to P elements. It is pr551ble that w1th
eubsequent generations, this rdtlo would change, aanthls could
have 1mportant implications on the rate of spread‘of these
elements. While recognizing that'this is an impqxtane issue: iF
was felt that this represents a further question, one that
follows. the question of the spread or loss of P elements.%
Contrary to what was predicted , the dysgenic cross had, on
average, lower P element aéfivity than theicontre; cross. - This
’ "

could occur for two reasons. First, selectlon against dysgenic

hybrﬁhs might have resulted 1n lower rates A% P element spread in

‘this cross. However, if this were the case, one'woulq also

expect the higher temperature experiments to have lower rates of
P!element activity, the reverse of what was found. Second,,the
grcater P e¥ement activity in the centrol crosseellould result
from the experimental design. Since the dysgenic‘cross_(P males
X M females) produces males with an M-type X\ﬁhrpmosome; they
would be expected to have lower P element activity than the
control cross (P females X M males) males which have a P-type X
chromosome.

Kidwell et al. (1981) and Kiyusa and Kidwell (1984)

ah
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; concluded that - the 1£trease in P flles in a population is

unllkely to result from p051t1ve selectlon'for P~ carrylng

chromosomes. lSlmllarly there was no ev1dence of p051tive or

c .

negatlve selectlon for P chromosomes as the frequency of white'.

Al

eyed males was 1dent1cal to ‘what would be predlcted based on no .

selectlon. - The only case where thls was not true ‘was in

generatlons 5 and 0 s but “here- low frequen01es of the white eyed

_marker resultlng from 'ampllng error would explaln the resultsh'

In another cukaryotlc qystem, Alleman and Freellng (1986)
studied plants -of a strrain contdlnlng 10-15 copies of Mu, a-

transposon of maize, . They found that when-Mutator plants

(conta1n1ng the transposon) were crossed to plants lacklng Mu,

the progeny plants had approxmmately the same number o{ Mu
& ot
sequonces as ddd their MutatOI'parents. Approtlmately one half;

of ‘these copies had segregated from thelr parent and Dne half had

arisen by transpoeltlon and 1ntegrat10n into new positions-in the

Y N s

genome. This maintenance of Mu element qopy can“be accounted for:

by a transposition rate that can double the ‘number of Mu coples”

each g&daeration. Thuys™ Mu dlffers from thc P element in belng
able to maintain ltS copy number through 51ngle backcrosﬁes,
whereas there are clearly some cohditions under whlch P elements
w1ll not E&iable to maintain its COpy number in a populatlons.

~.

The experiments outlined in thls chapter wernre designed to
model the introduction of a small number of P-type f}ies into a
large M population. However; since male or female from each

generation are continuously backcrossed to M-type flies, this in
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effect models the introduction of,£~type flies into'an'infinitely

large M’population; Thus the rapld 1oss of P elements suggests

that the'rate of spread of Pe ments may be determlned in part
by mlgratlon rates and populatlon 51zes of Drosoghlla populatlons‘

in nature. . ' _— - L
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) L CHAPTER .3
THE SPREAD OF P ELEMENTS IN MIXED P-M POPULATIONS

]

Introductlon°

S

In the experiments described in Chapter 2, réﬁeated

backéroSsing of a P—pypé straiﬁ to an M-type strain-rcsuifed in ;
réductioﬁ in ﬁhe nﬁmser of P elements in each subsequent
-generation.' This reductlon in the number of r elements could be
:seen both in terms of P elcment cepy number, as measured by DNA
hyprlglzatlon and by the commonly used tést of gonadal
'dyééenesis. Hdweyer;‘these‘experlments may nét accufatelxléodel
ﬁﬁﬁt ig happening in nature, sinbe the breeding'scﬁeme is
speclflcd wherea$ in nat;re flies - will breed randomly with’

respect to P and M type (Kidwell and Novy, 1979)

Tho ratlonale for the experiments detalled .in this Chadter

wns to modcl the 1ntroduct10n of a small number of R flies into a

Jdlarge Mﬂtypc populatlon, and to see if under conditions of random

]

"

‘breedlng these elements can increase in Erequen;i)as a result of
replicative,Erqnspositiéni These experimen{s are similar to
those of Kidwell et al. (1981)‘and Kiyasu -and Kidwell (1984) who

studlcd the ability of P elements to surV1ve and spread in- mlxed

B .

P-M populations, Kidwell et al. (1981) found that at 209C, a,
nco;dition where there wa; no negativé sele;tion agéinst P
elements, mixed P M populations change unidirectionally towaroé
the P- type fairly rapidly. Under conditions of strong negative
.sterility selection, Kiyasu and Kidwellr(1984) found th;t most

mixed populations evolved to the P-type, however the equilibrium
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level of P element act1v1ty was lower than in the earlier

1exper1ments .at 20°C (Kidwell .et 'al. .1981). Kidkell (1986)
introduced P elements into M strain genomes and then studied .
their evolution in population cages. She fpund that a numbe@’of
'kAehg lines repidly increesed tmeir P elemen. activity to close to
100% maximum ‘within 10 generatioﬁs. The cytotype of these lines
remained M-type untll the time when maxlmum P element act1v1ty
‘was reached, after which a rapid switch td R.cytotype was
ebserved. Kidwell (1986) used restrlctlon erizymeé analysis to.
confirm ;Lc presence of multiple coples af new P elements.

TRhe purpose of these experiments was to determine ff'R
'elements could spread in an M- type populatlon, when startlng from
very low initial frequencies (1 and 10%)‘. Second, by using the
technlque.oﬁ DNA hybridizetiqn to‘meaSure P eiemeﬁﬁ cbpy;qymbe;“
(Chapter 2), can one distinquisﬁ Betyeen an increase in P-type
.fiiég in a populatien'as'e-reeqie df chromosomal segregation

T . “ o N

*versus an actual increase 'in P element:.copies?

. 1
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.- _Materials and Methods

Stoéks:. X

(1) Harwich, (2) Canton-8S. See Chapter 2 for detailed
égscriptions of these sﬁocks. :

_(3) T, ¢ An inbred wild-type P strainioriginally collected
" from Madison, Wisconsin bylw;k. Engels (Engels, 1979),

Y . .
Population Cages: All population cage .experiments were

‘carried out at 21°t and raised an. Yeast Agar media (900 mﬁg Hq0,
100 gms sugar, 50 gms dried jeas#,vls gms agar). ECach population
was maintaiﬁed in 2, 250ml glasé jars,- the flies from both jars
were mixed each geheration“and approximately 400 adult flies were
transferred to jars containing fresh food. The change in food
media {rom Carolinq Instant Drogophila media Was necessary since
the instant meaia woﬁld not| remain in the jars during the
" transfer of flies. Four different populations were initiated

with varying proportions.of P/and M strains,\uith four replicates

~of each population. Table .1 outliﬁes"thelstarting frequencies

-

for cach population. For p pu{g ions A énd B, Canton-S females
were mated to P males, and these females) were used tgrstért the
population cage. This approa;h‘wa chhosen to reduce the éhance
thaghrandom genetic driftﬂmight feduce or eliminate the number of
P-type flies in early generations. Therefore in the initial
generation, there were actually 2% Canton-S females which had
been mated to Harwich malesgh} In all populations, flies were
transferred as dié;rete generations to fresh population cages.

N

In generations 5, 10 and ZQJ%ach papulation was tested for P
a .
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TABLE 3.1: Starting frequencies for population cage exgbrimgnts.

\
Population Tvpe of " Starting Numbers
_ - Experiment N
o
: Harwich RIFR A CS/P# Cantpn-S
$: () (P) Qs s (M)
A 1% Co B : 392
. ) | .
B 1% ' 8 392
C 10% “ 20 \\ : 180
D 10% 20 o 180
¥
7
]

C# The ¢S/P females were frdm eithgr.Harwichoﬂﬁx Canton S %%
(Population A) or W,ohX Canton S Qs (Population B).
i _

)



element activity and P cytgtype; In geﬁeraﬁions 2, 5, 10 and 20, _

flies were frozen and their DNA extracted .to measure P element

-

copy number.

Method of P eleme@t activity determination: Individual males

were mated with 3-4 Canton-8 females, the F1 hybrid females were

aged 2-4 days and their ovaries dissected ae%ording to the

1

methods of Schaefer et al.*(19079). Ten females from each

igdividual mating were scored for sterlllty and Lhc percentage

dysgenes;s was calculated as the mean of 5 lndlvxdual matings.

Mcthod of Cytotype determination: Individual fcmnleﬁ,wcre

e

. _ . ,
mated with 2-3 Harwich males., the F1 hybrid females were aged 2-4
daye'ahd their ovaries dissected (Schaefer et al. 1979). Ten

k3 - . . i h + .
females from each individual matlng were scored for sterility and

the percentage dysgcne51s calculated as the meansof § lnlelduﬂl

at1ng§.

-~

) R T

Statistical Analysis: ,Analysis of 'variance and Duncan's

multlple range tests were performed as outlined in Chaptgr 2,
—_— The dnﬁlYalS of variance of cytotype was done slightly

‘a 1
differently than for. P element actiyity. Analysis of variance

makes scveral assumptions; that samples are- randomly chosen with
2 normal distribution and equal variances (Sokal and Rohif
1969). Slnce several of the replicate populatiens hdd 100X M

cytotype in gencratlon 5§ all the Icpllcath erc ‘rrouped

together in a two-way ANOVA to ensure that each cell hnd xoughly
!

equal variances.
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—!)etectlon of P elements in crosses by hybr:.dlzatlon' The

pr‘esence of P element sequences in a p)rtlcular generation was
1nvest1gated by DNA hyb‘rullzatlon. ‘ .DNA was extracted from 100—l
500 flies and dot‘. blotq were pexfu:*me,d as outlined in Chapter 2.
llowevet‘, in these experiments replicate li_Lots were probed withe
XDII.a‘h(l HIIX rather ‘than x‘ep‘robing a waelleti blot, since using .
.vcplic‘nAt.e‘ blots in‘oved to be much quicker and ensier'-t;o do.
l’z'cli'nlzin.nry."e’xpe‘l‘ilhenlt.s._had'demonst:'ntcd that both techniques
yveilde rl very similar results: The -percentage of 1’. elements in a
|m_:"ticul;n' generation was measﬁred “as the ratio ()f the signal
{'r"om a f-“#in rle copy gene probe (J\l)ll) t_c').that Lrom a I element

_probe (lIlII) as- out,llnod in Chapter 2.

\
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Results .
The evolutlon of P element acth1ty in the populatlon cages .
1s‘shown in Figure 3. l.n The populatlon cages started with 1% and *
106 P flies rapldly evolved to P type populatlons in all
hcplicates. A more completc account of the P element act1V1ty
and cytetync data is pnesentod in Appendix 3.1. It ls
Jnt rentlng to note .that the- 1ncreaqe in P element act1v1ty-
. -occurred more slowly in the lp% population startedfwlth " than
in either of the other three popnlntions. Changes in P element
act1v1ty‘wcrc also analysed u51ng analysis of varlance (ANOVA)
.‘Ae illustrated in Table 3.2 the‘maln effccts, generation and
etperlment were hlghly 51gn1f1cant while the‘generation‘X:
-pqpulatlon‘effect was sllghtly slgnlﬁlcant. -Alllothen‘effects?
‘nere‘not significant (Table 3. 2) Differences.het#een_
"gencretxons and experlments were analysed u51ng a Duncan s
‘nmltlple range test (Table 3. 3) All three generatlens were
‘found to dlffér sxgnlflcantly from each other with genenationis
.hav1ng the lowest P. element act1v1ty followed by generetion¢10
and generanlon 20 hav1ng the highest act1v1ty. Experiments C and
_B were found to have.the highest activity whlle experlments D and
A were 51gn1f1cantly lower in overall act1V1ty than C or B.

FJgure 3.2 demonstrates the change in cytotype in the

_populatlon cages at generatlons 5,'10 and 20 In- all four

exporlmontq the change from M to P cytotype occurred much later . '

than dld the‘P element acbivity, however once.the shift in

cytotype began, it occurred more rapidly than the change in P

I
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-1 oo
FIGURE 3.1: -Changes in P element activity at Generations §, 10

and 20 for the 4 population cage experiments.

-

N The expgfimentﬁlMstartiné fréqucncicg were,
s | A = 1% Narwich X 99% Canton-8 ,
, .
K B = 1% 9 X 99% Canton-8
C = fb% Harwidﬂ.K.QQ%-Canﬁon—S-
D = 10% o X‘ _90% Canton-5 A
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‘FIGURE 3.3: The measurement o{.P eleﬁgnt copy number using DNA
‘hfbriaizétion. " The D§h is from Pdpulation A (ﬁarwich X Canton;s;
xl%) repliéété cages 1 and ‘2 and has been probed with a{siﬁgle
copy gene'brqﬁéf(XDH) ﬁnd a P.element probe (HIIIJ. For ﬁhg

'detnils“of copy number calculations see Materials and Methods,
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Inﬁroduction: . : » T, . . , T
+ " r ;._,.‘ r T . " . -
v . LN the‘experlment% deSCPlbed‘ln Chapter *2y, repeated

T

+ -~ . .

oY
backctoqqxng of a P-type straln to an M—type strain resulted ih a ,
L] - » - .
. reductin in the number of P e¥ements in each éubseqﬂent
2 ’ @ - b * :

gencration. In contrast,aln th&-experlments descrlbed41n Chapter

1',‘.» ) [}

- 3, ldw F@eQUenc1es of P- type flles were placed in populatlon

ar

vngos w1th ﬁ&type flles and allowed to maxe randomly for 20
generaﬁlmns. ln theQe experlments F’elements were found to
\‘4 .3

spre ad rapldly through the populatlon such that-by generatlon 20,

60%‘to gOO% of the flleé‘were P- type. This. rapid increase in the

}- ) );. ] y- . Y . )

5,
.
s

pencentagu of P- type files was suggested to have ;gsulted from% -

repllcatlvc branqp051t10n of the P elemen%s._‘ . . <

]

u ﬂx-Ihe experlments outllned in Chapters'z and 3'aere designed

- 4 . -

' Can h ] .
to model the 1n¢roduct10n of ~a few migrant P flies into a"large "
- T PR L . o .
. population of M flles* . However, there 'are two wayswln which

-

theqe experlmental de51gns clearly dlffer." First, the backcross

LI
expcrlmental deslgn results in. very strong'selectlon agamnst the

P element. P- ty@e chromogomes will be' dlluted 50% each

géneratlon in*these crosses and if there is selection aga;nst the A .

1 X
Fl offsprlng of a partlcular generatlon, selectlon ‘will bé

greater _than 50% In contrast ﬂependlng on the breedlng

” . - e

'comblnatlon in the randomly matlng populatlon, P e}ementskmlght K

L —

not be diluted to this extent and may be. able to-waintaingiheir
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act1v1ty of a partlcular Ely.ﬁ ThlB Was=modelled by settlng up

":;ﬁcopy number at hlgher 1evels. Thus tbe Chapten.Z eiperlments'ane h

a‘ \', . < - .

:equivalent ta 1ntrbdu01ng a P fly 1nLd,an 1nfin1€e1y large M

;populatlon,_Whereas¢the populatlon cage*expérlments are

A . . L -

—~

equlvelcnt to Jntrodu01ng a P fly lnto a Tln;to pOpulatlon.

. -.\ ~ -
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‘Secomd in the etperimcntal des1gn uqed in (hnpter 2 the

ﬁhreedlng schehe 1s compbepely spe01ﬁied ;wheﬂ eas in the

-
e s - - P

‘populatxou' cage. qtudieq the flles w;Il breed randomly._ One

o _—
- . -

mfactoﬂ that mlghL hgve‘n large effect on‘the ablllty of

ueleme@tS'to transQoee is he partlcular mat;ng combmnat;qn a’ fly

+ +
U = N 4 -

Tesuite&‘frbm. THLS could operate in &wo fﬂSthhS-._{lrst, due..

EH— K I

A -to Lho dlffcxent1al.segregat10n of X, ehromosomcs;tmalc and - femala

Ve . N .
T LYY - v T

cffsprlng Wlll get dlfferlng numbens of P eiements gnd Lherefore

- . . LS - -

v d1ff renﬁ rate of transpos:tien mlght reSult:. Secbnd in .the '
S . - RN . . . . . .

.t
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'QHSe of cytbtype‘ It is knowwethat parental genotypes .and

v Ve - '.' d N

ancestral genotypes are extremely ;mportant 1n*determ1n1ng the

-

;eftotype of a fly (Dngels, 1979, KdeeII 1198¢) 'Thls appears-to:

’ .

result from the dlfferentlal 1nherltance of the reguLatoﬂ‘that

- A'l
¢. .. . -

deﬁermlnes cytotype.‘_If a 51mliar phendmehon were tq affect the

- - v 4
- -

amount of transposase that waq belng produced by a fly,.there

- n - - - 1 -

mlght be dlfferentlal rates ef P element act1v1ty dependlng on

._. . - P v .

The genotypes ot a fly 5 ancestorsrfif?r?*J\;”“ SR _q‘:' =

. ~ oo .
N N
r
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Further elu01date the dlfferences between Chaptera 2 and -3 -JThe
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- ! N e b f

% . L3 1e b

what the effect of parental genotype would be ‘o the P elemenﬂ
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£
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flrst set of experxments Were deSagned bo mcre accurately measure*,

The experlments outllned 1n Lh;s Cﬁapter were de31gned to- :

x
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breeding experiments in* th.ch the P elemen{: act:.v:.ty and 'cytot;gpe ~
N . ST I
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P - - Materials and Methods

PN j Coe T e T wo, - - e T
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mxxlng hﬂkﬂarwlch flies (Experlment A) Or 20 T flles (Experlment

- ~

. BY each with 180 Canton S. (M type) flles. -Four nepllcate.
populatlohq were,set up tor each experlment. In all cxperlmental

B ‘populntlons, the fllcs were dlluted each generatlon with 50% M-

typo (Canton S) flles, by mixing 200 M- type flies w1th 200 flles

ixom onrhr cage. Theqe dllutlons were carried out every
- "
genorallon up_to gcneratlon 8 when they were stopped Subsequent
* ¥
genorntlonq of those populatlonSgwere transferred w1thout

S

dilutlon as dlscreto generatlons to new - populatlon cages. T N\

%Jnge the dl]ut;un e<p011mentq were startcd w1th falnly low
¥ S *

'froqucnclos of r- type flleq (10%) subsequent experlments were?

Lo

“.cnrrlod out to test the effect 50% dllutlon mould have on

[ n

populntlonq‘w1th hlgh P element copy numbcrs. ~In order to do !

thlq two ropllcate cageq were choqen from populatlons A? and B

dn CFled ln Chapter 3 and d1luted 50% eﬁch generatlon,,from .

=

‘genrrathn 20 through generatlon 25. By~ geperatlon 20, these'

\ o -, T
populatinns were at lcaétzéod P:tyne, as, measured by P element

actxvxty nnd P element copy number, and haH been shown to be able

-

to incre aso‘1n P element frequency very r8p1d1y.; The other two

5

repllcates were malntalned as controls through generatlon 25. P

olcmenl act1v1ty and P cytotype had been prevxously—measured in

.

gcne:atlons 5, 10, 20 (Chapter 3) and were remeasured in

gennration 25. leeW1se in generatlon 25, flrcs were frozen and

oL

their DNA oxtracted to measure P element copy number.
R / . .
Mcthnd of P clement activity determination: Ingividual males

4

were mated with 3-4 Canton-S females, the F1 hybrid females were

s

L
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aged 2-d days and thelr ovarles dlssected accordlng to the

methods of Schaefer eL al- (1979) 4 Ten females from ench

A
- ~

1Wﬂlvudual matlhg were scored for Stellllty aud thc perccntage

- .

dysEcnt51s was calculated as the mcan of 5 1nd1v1dual matlngs.

" - . - '

s Method of Cytotvpe determlnatlon"‘ Ind1v1dual females were

I

- .o
- v ] ~ - . A

- ated w1th 2- 3 Harw;ch males, the Fl hybrld fcmales w ere. aged 2- -4 -

S ~
~ + ~ -

\'"days_zuul LhClP ovarles ddhsectcd'JSchaefer‘cL al. 1979) Tén

- v s -~ o - -
[ ¢
-

fcmalos from each fnd1v1dual mathg -were sccred for'st ILllty and
\ . - . :

the pcrccntagc d)Sgencqls calculated as Lhe mcan of S lndlvrdual

matings., - O .. . .. ] , e
’ e - - " T T o ' . R

S ._StahistiCal Knalysisr 'Change&‘in "eicment‘acéiylty were, .

N

analysed u51ng aualySLS of. warlance (ANUVA)d apd Duncan's,

- ) S e ’

-

. * -
L ‘.

‘multlple—range tesLs*as ouLllncd in Lhapter 2. “For the Qarkccoqk-
'i_ v - - ., - i

CtpCleLntS‘ slnce analyels of varlancv does-nat e act iavourably

-‘ ] - \‘\ ‘_ A - .,‘} - [y
to” mety cclls, Lhe F3\crosses 9, 11,712 and 4 were climinate?

- from thef analy31s,-thereby,producing Lhree genoratlons,»four

'
; - ~

‘;matlngq and 3 repllcate pppulatlons w1th1n ea&h matlng w-,f

- . ~ -
:
b

- tcctlon of P elemcnbs'-ﬁl crossos by hybrldlzatlon.f rhe
presence of P element sequences irr a partlcular gcneratmon vas

- ", -

1nvest1gated by DNA hybrldlzatlon. .DNA Was extracted from'lOO—"n

- -
W7

500 Pllcs and dot blots andfP element c0py number calculatlons

- I

performcd as\outlnned 1n Chapter 3 S .‘ , .
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thkebeS'Experimenbs. The eVOlutlon of P élement act1v1ty;-r g

r - 1

'1n each of the dxfferent matlng pQBSlbllltles 15 shown in Flgure-\f*

, [ -

#;2 The level of'P element act1v1ty 'was, lnitlally very hfgh 1n ; !

& .
- . . J - ~ T

‘th@ F1 generatlbn -and then dec}eased wlth eéch subsequent L

o v i -

'pachrqSS gcnerataon. \Howeverfthere‘were significant differencesi
‘

\ [T ’ P - i L. —

"in'the amount of p- element aot1v1ty in the ', dlfferenﬁ\backcross
o - ] 'r. ’ o~ - ..‘.‘ ".
matings., Males rcsultlng from the FIQ\x Mcamatlng Tha q much;ﬁj
- ' B ¢ \ oo R
b highen" clement act;y;ty than dld those of the Flcqx M matlng.””‘

The progcny from the le x Mg Matlng contlnued to produce males

L . \.

thh hlghcr P element aeb1v¢ty 1n Lhe FZ and.FJ generatxons.ﬂ‘

A = . .

- :Chnnges7in r olement acL1v1ty Tor each matlng were analysea q51ng

?
- 4 AR
-

"analy31s of varlance (ANOVA) _ ks-lllustrate& 1n Table ¢ 1. thel7

_fmain nﬁfccts, generat;on and matlng‘were hlgh]y, 81gn1f1cant'es_"

3 \ . e

“was’ the generation x-matlng effect;" All 'other effects were, not

A . N
-~ - L

.+ significant. lefer efhices between generatlons were analysed u51ng,

a Duncan's mhltlple:nenge_teet (Takle AJZ), Generetibnsfz andfﬁ
“;ene\foundfto differfei%q}fic;ntlyﬁfroﬁ‘eaehiopher hengver, ﬁﬁepei
_ nne-ne,signifieanb &iffereneefbetweentgeneretiona.3_ané & in'P-
- : . : : i : N .
qelement—activityt‘ . o \ S ;; - S )

The cytotype of each dlfferent bacgcross matlng wan
- T - ! I
monxbored each generatlon. In-contrast to P element activibyrall,

matings had almost 100% M cytotype. ATHe-cytotype;of the“Fﬂh'

»

from the 1n1t1al Pe? X MQ'cross was 97 8% M- type, .but subsequent
generatlons all had gneater than 98% dysgenlc Fls 5, 1nd1Cat1ng a’

- complehely M cytotype. Due to the low levelwof Yarlance lq_thegq

-
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.o _fﬂdweverjvby_generapidﬁ 20;'£hEVamoun€'o? P element seduqnces had
“.' " s : , . R ) . . . ) . -,‘n
-increased to 13.1%. Since these expeﬁiments\wéré not..diluted

' v - - s ot : . i . ”
’ ) bcyond generation 8, this indicdates a relatlvely Tapid rate .of
. - A - ¥ !
. increase of . P element sequences ‘as a result of replieative
\

which qhows a clear DNA 51gnal from generation 20.

- .

, . ‘As in Qhaptcr 3, the p0551b111ty;that theFe}coeld'bc

i

© .. -positive or negative selection for'P elements because .of

- waet .

selection for P element carrying chromosdémes was! mohitored by

L) t

taking advantage éf:fhg fact that the Qafﬁiéh‘stﬁain used had a

B
kY

. whlte eye colour. Therefore the frequency ofiﬁhe white-eyed

- * . - L}
.l . - ~

jyles it - any ‘géneratiion will reflect ﬁhe'fhéguenﬁy-of Harwich X

' . ) . . . ‘/_ .. N RN
chrfomosomes in the, previous generation. Table‘4.7 illustrates

L . the whitq;eygd.malcswin edch ggnérition’from-l throu@h.lO;_,?he

- . « v

“

.~ " - -

approximately '50%- each generation, suggesting that little or no
- selection was occurring, ' T

K . Iz
o . The results from these first set ©of population cage

experiments confirm the results in CRapter 2, that P élements can

-

o beulosﬁ frém a pqhulatiou by dilutidn._““oweﬁéﬂ sxnfz the

initial frequenc1es in these Cwo experlments were falrly low

- : -

o (10%) it could be argugd that dllutlon would: not hhve_the same
. v A - g
- effect in a randomly mating population if the percentage of P

.

Lo .. . . ’ . ‘r
.c §lememt5 was initially mucH ﬁigher. In order to test this, two

4

; repllcates from populatlons A and B/ of Thapter 3 were dlluted

- 7 .

- (

- from géneratlons 20 through .25 and then tested for P element'

-
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traﬁgposltlon. ThlS can be more. clearly seen ‘in Appendlx 3 2°
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frequency of Wwhite eyed males in these experiments. decreased
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- Breeding ExperlmentS' The resqlts of these experiments';

T,
~
- (RS

strohgly Suggest‘thab the revel of*PJeleMent actlvrby‘ln a

,a \ . .
. s

particdlar‘male fly 15 deterh1ned xn part by £lie genotypic,

. - ¥
“wen

’ o
[ e ..

_,-ancestry of thaf 1y In- general 1t seéems that m&les héve"ﬁ"

LA e i"

. hlgher lovel or\P element

. .f. . - Y ,w

e - ..‘. ]

»
- - K o

- A ’

v v

Sy .

v N N v . & . - -
A 1w

act1v1ty whcn Their X chromosome has

- -

o ~ . . i

[ ’ .

i .

e " There is ev1dénce Jine thefllterature Lo support thxs 1dea.

N '

Eowa

o Colgan gnd Sved (1982) found that the males resultrng from a F1-n

Lo ~

4

X, DPEP had 84% P element»act1v1ty versus_the 81% ob erved above

-

(Cross 3)“ Inudontrast

. .

-

r T

}\»:L(lwell (1_983‘:{) fdund that

.
i '.r - s

males from a lzld’\x bl% ﬁad 42% P

a - * 1

— eloment act1V1ty versus the 29% shown 1n Flgure 4.2 (Cross 2)

~

the levels-of P elcment act1v1ty were -

- r o

- hmgﬁer’when the X. chTomosome had‘had an’ dpportmnlty to be f

P S

contamlnated w1th P elements ‘in. both the Fl and F2 generatlons.f

- A
- . £ B

had -

klthll (198335 also” found

-y = .

- . w L v -

“. - -

.
. -

that rate of LontamlnatLon of the X
\ -~ e "

-Chromosome was 5lgn;f1cantly higher , then that of the'autosomes.

A

- 'ol -

J . 4 1

ﬂoweyer, because the autosomes\she used were balancers,-w1th

™

4t

3 . - Ve . ‘.

multlnle anverSLOns,'lt is p0551ble thats these produced nesults

\l'.. "y

b * L}

.not typlcal for homosquentlal autosomes. ¥ . :

- . L
M 1

‘-ueffect., Flrst although

*

1

. v

- /'

0y
- .

‘ ¥

, ‘t\ plhere are‘several ways to explaln thls agcestral genotype

Kldweil (1983a) found that the X

» i -« 7

chromosome had the highest levels -of P element act1v1ty of all’

v
\ X w -
LY

chromosomf the dlfferences we see 1n P element activity between

.

, e ;

-

the dlfferent matlngs cannot be explalned solely by the effect of

-
1

the X chromosome. "For example, males resultlng from ¢ cross 6 have

- s a
T, ~ RS - + L -
” ’ . “ .
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4
"+ , been passed down through a female Ilne’ g - PR AT
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“an M X Ghromosome-'as‘do“mares neéultihg'ffémxcross.h add 5, yet .
L * T 1".\:\‘.\‘_\

there are 51gn1ficant glfferences in the males ability to induce
{

- > 1 - -

-

1

~ gonadal dysgene515. however, although ‘the X Chrdmosome may be M—

. . " ! -
r.n -""‘. ’, . s .

. Lype\ the males=from .each, dlfferent cross may‘have dlfferent

S - -~

. qauunibers, of (P elemehts xh thelﬂ gedome,;due to dlfferent rates ofn

v -t L

" r - R t +

- k N transposib1on 1n thg Fl qnd FE generatlonsh- ifsthis'wére the

y

-

-

. . L T | P

- Cos - L T o

~ gade, one would expect to ‘see. these dlfferences u51ng DNA

~m )
N Iz -7 - N : A P

- .\cn.. i

e mybridization. However,«the,DNA hybrfdlzatrdn data correspond -

+ - i

’

, ,Very qloseiy to - what SORE. wouid,predlct on. .the basxs of the

(]
-
- - - I

dllublon of P eleménts w1th no tfan§p051tr6n. .The preferentlal

r K - e h‘ -

- » - / +
_increase *in the number of P factors hqwever, mlght paqse

- - ' .o . P > L “ 1 - .

substantial‘dffferentes in P elemeﬁtaactivity} without showing’ub

- ey 1.

A5 largc dlfferences in £~ eipment cdpy number.‘-Thus thls 15 one"

~ ; -
A

"casc whcrc thc usé of dlfferent prébes mlght prov1de 1nterest1ng

-

. 3 » =
. o . . T L » . .-‘ )
results. S, RPN T S B

; ’ . : ~
. - H )» a7 B . " s . .

The altérnatlve explanatlon to dlfferences in P factdr or. P’

PN = e
e - - ' - e Wt ' . -
- A - \ B

'clement copy number 1s ﬁhat P elements 1n the. males from crosses,

. ) - P - r -

A T

x 12 and 14 are much more active. than in crosses 8 and 10 and are--

- T . - .

Y B

therefore capable of produC1ng much higher 1evels of dysgen651s.

- I3 €,

f.

Unfortunately there 1s no 51mp1e phy51cal model to exp131n how

N - 1

thlS mlght happen. “'One cpuld argue-that sdmehow the‘}eved of

+ - - bl E . d -
P ’ '

transposase in crosseg 12 and 14~ 1S much Jhigher. than in cposses 8
oy — ~r . - 3

+ and 10, or alternatlvely it could be atgued that the: .small

W 1 l . ~

. 1
dlfferences in number of P ﬁlements Wag cau51ng drastic-

7
- - ! - »

-

dlfferences in, therlevel of gonadal dysgen651s. - However, the,_

PR

< ) i - ~ - o

general view of P element induced gonhdgl_dysgenesis is,that.when:
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’the halc hpe?ﬁ'onﬁors tHe eéé, the yevel of act1v1ty of the male

. ’ > ~ . o

. genome Wlll be determlned by the female egg.‘ ThlS v1ew ‘makes it

.. x I -

dlfflcult £o understand how thﬂ ancestral genotype effecb might

- l -
-

Y work It .seems clear that to rcally~understand thlsaeffect w d

) g . -~ N -

-

. .réqulfe a number of carofully deSLgned experlmehtsv 'My personal
Eeellng is that one shquld flrst test‘whcthor there are dlfferent

numBCFQ~of 3 clcmqnts 1n the dafferent crosses by u51ng marked
[ ? -" P R 1

; chromosomes arnd’ 1nbltu hybrldlzatlon. -Ihese two techn1Qucs would -

- - . N '

rallow ome to follow several individuﬁl elemenﬁs and'ﬁheir'abifiﬁy

. to ioduce gonhdal dysgénesis. ‘Thcn one* could usae dlfferent

>
s

moleciilar probes t& 1ook at whether you'are seesng dlfferonblal
+ . <. '-

B -

'Elncr ases in P factors‘over P elements. i - o
i ) . > . N ' \ ; - - )
\ R Although there was’ a Tapld docrease in P eIement actlvxty

o ~ - . - #

-

S I WLth caoh geperatlon of backcr0551ng, the‘c&totype remalned

almostoloo' M-type dnrlng.Lhese_experlments. At has been clearly
~ . J a “w . o [

shown that the progeny .of a P x.Ms wiLl hhva an M—cytotype,and

- -

(- h-thlq Will Lhun change slowly to P- ~-type (Engéls, 1979). However,

oy \}n these experlments, each backcross,uasﬂtoha M—type~fly,lso the
-~ ' P oyLotype was‘nover Foally’ngen a chance to’establlsh 1t5%lf
- 1: Ooe)would theo o;edlct, based on:prev1ous work (Chapter 3,
//:? " Kléwell et al ’ 19&1"K1aweil,:1§86) okat it Qourd take 'quite

-, i ’ A

, 'J some tlme for a P cytotype\to be establlshed and untﬁl then P

.. 5 elements could transpose fréely

. !
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o, . QPdpulation‘Cage'Exoenimehtoz Ce e, S i )
- . - s oot v oo
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*Lthe experlments deScrlbed in Chapter 2h 'It appears:

. . ' it Aty

. ,‘..n
-'elements can be lpst from experlmentaI ﬁopulations 1f there~1s a’

—é

1 .- . s

strong dilutlon effect ThlS loss of elements

- -y . . .

the startlng frequenoy of P elements 1n the pOpuLatlon cages ;s

il .

Low qnd when it 13 falrly hlghu- Thus thene does hbt sebm to be a.

‘o ) ,..,-
. . ' . ‘ 1 --!‘,'-

: ceptaln threshﬂld.fﬁequency of P elements above*whxbh they‘are

A . ot \ - ' v.l,

ccurs both when:’

nble to malntaln thelr copy number at a Telatlvely hlgh 1efel.ﬁg

S e e

N LA

Moreover, there was no: evxdence of selectlon for P chromosomes aa"

i
! . [, -._.A,\ . ' o Y \ M v N .
.

rthe frequeucy of whlte eyed males decveased approxlmately 50%

1

u .
..\ - . i R
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’elements was populatlon 2 of the Harw1ch dllutlon etperlmentsa;

PR s Lo ' ) o -

This-pophl@tlon had extremély low“levels of P elements xn

N 1. 1,
- o

.geneyetypn 10; after 1t had gene thrOugh 8 generatlons oEc

PR - - Y R

w ’

_:&ilmtieﬁp“ However, hy generablon 20 ‘1t had rebounﬂed’to"“

Y

o,
1

C S R . el
mThérefoce,ﬁas had been seen 1n Chapter 3, under COﬁdlthnS wheﬁe

~ -

L

E

) + “ B K

4

. each cneratlon., An lnterest;ng contrwst tb thls rapld loss of P-;f

V4

. . m 4
= ] .
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N
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‘?Ppn03£mate1y 13% oﬂ Qhe w1ld type levels of "ebemenﬁsux:ﬂ

PR

‘there. is’ ‘no dllutlon there ﬁre examples where even though the-*u
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- . , P . .o, M -~

4 - av‘

lcvel»of P’ elements is' extnemely low,-they are capable oﬁ
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1ncrna51ng in Erequenny falrly rapldly -"T":: = 'f.". “.2;:;*
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In summary, the d;fferences betwéen the experlments 1n‘

” o .

.

Chapters 2 and 3 seem to resulb from two factors. FIrst*-éO%

ks
' « . . AT .

-“.,..-.. Lo

- d11ut10n is. a’ very strong selectlve force and althohgh P.@lements

»
1 ‘ 4 w

-can_ transpose quite rapldly, they .aré not able to'/g&Lgome thls,mh

level of selectlon. Thls'datajmight“suggestfth

;1f P elements

r <

were to rinvade natural populations, they'qu%a‘bEX'ore,llkely‘to-
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1e$s llkel} to mccur.

. However, theye are
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also dlstinct
dLEferénégs ;n 1evels of transposxtlon that QCC“P as. a result of

e " -

e, et
the ancestral genotype qf a fly.,

ThlSulS-SimllaP to what hns
bc§n~ cqcrlbed for the regulatlon.of cybotypc (Lngels,.1979 .
kldwell,.1985)

howQVGf unllkg c§totyp€ﬂn0 phySLCGl modcl has.
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As the ubiquity of tranqpogabié‘elements“has“becomef

uppdrcﬂt there has beon 5 grawth ;in theltheéﬁqgmcal lnterature

on the evolutidnury'blology and p6pulab10n gqnetics of bhese

"" ’ ‘v-s\-ﬁ 4“ (I .
v]vmuﬁhﬁﬂ Much of this lltequurc is Qpnce;;ed ﬁlth*&xéﬁa;nxng,_J
AV - aT =
the mnin.fonturcs of  the. dlstnlbutlon aq&sabqndancékﬂf
4 e e
L:nnwposahlc clcmcnts within a host's genome and 1J a#pOpulathn,
. L ‘\ . .»\ N
as functions of vnrxablne “ucn as transpos;tLpn an¢ exg,lSlonJ
: - T e

rates {Ohta, 1981, 1983; Charlcgwortb and Charleswonth, T@B&L

|
W

Langley et al., 1983; Knplan and Broqkfleld 1983, Kaplhn’et al.,

¥
i [y

1085). These modcls w1ll not be dlscussed sxnce they addresqﬂa U

anv differcnt question than does thlS the51s. Otheﬁ au%hofs

hawve dnvclopcd models to explaln the sprpad of tTansp0§able

clements in scxuaLLy reproduc1ng organlsms (chkey, 1982

\

GCinzberpg .ct al .,1984) while several authors have begun co look

at the cvolutlon of self regulated tran5p051t10n (Dabllttle et

Ld
vt

al., 1984; Charlesworth and Langley, 1986) ":;, '.h'.gif o

,_-). . >-,.

In this chaptcr I w1ll d}scuss (1) moézls of theﬂspread of

f.

e r

trnnqpoqnhlo clements and (2) yhe selfrregulatlon of transyosable .
" >
clemcpts.' The modelg of.th% sgreaqﬁqf transposable elements:agk
the qucstiqt, “How-can the pumbgr ;f:gcnomes containi#gba;fé.
(transposable element) increase in fredﬁency over a perfgd of

4

time in a natural population"? The mcdels of sclf-regulated
d 118
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e Lo
‘ ' the ablllty to ael?—regulate. P- M hxbrld dysgeneqls has bcen an
1mportant system 1n helplng to devclop both of :these Lypes“dfj
tﬁé~‘l.'nwdc1q.‘ ST S L ) b i
’ l';"_ T - . ; : : I
. S . ‘.
Vo K L7 -~ Pl I.. . . - L4
Comn Thc qprvaﬂ of Tnansposable Element5u - -
o R ] 1 ' . -
; - S - e :
T S The evolutloharw orlgln and malntenance of prokaryotlc ll‘
o ~ g
. PR <: s .,||. »" .
T Re praScnts hﬂsllghtly dlffcrent probLem than Jin eukaryotlc'
‘ . - -. ._r- 'é‘. l- L) s B ) - N - R “ o
e e organlsms"- Selflsh genes (eg transposable clomcnt ) cannot
ﬂrfuff' PR nee y : R '
- nspnead ln 21 determlnlstlc fashlon_among ascxual-orgqnisms with
B . sbrlctly clonal pattenns Q£,4eproduct10nr. Thls is because
y PR =i - . >y N - N
Y, [ ~ J - " H ’- j H P N n i

.o . -
-~ .". - - . s

R IR e .

e ,-_. - ¥l

.o ~
- ;..,_ _‘..._ ‘ . \

- - b." LT e .J"-_‘“. . - o . N -
.i m:"J"'W}ll hel ru3'5§§téﬁatrc téndency towards an lncrease 1n‘thc
_“ j" fbe&dcncieq of“g;nOMEs coﬁtalnlné the element (chkeyj 1982)

e '.";,' T R e s

‘19;ifﬁ#;f: ;Id”éqﬂtfééﬁ to prokar qtlc models,ﬁ dlplOld obllgate
;;%laf :iséxnaL organiSmg,-fceombi;étlon regults in a- transposablc ﬁlemcnt
O A RN .o R .

; ; g spcea&;hg detcrmlnlstlcally 1n a powulatlon even Lhough thc
. LT = PRI TR L T A T .

ot e cle;Pnt may_bave serlous‘dc}ekerleus effcpts on.lgs host-
;% k?:uﬁ:;;ganmsmﬂﬂ d;ckey fleZ} developcd a‘model to explaln the sprcad
”géf;‘* éf mépiLe'éeneth‘Plements 1n dlplOld obllgatcly sexual
3?fnJviF;fé;nrém&n He poxnts out that the rate‘of ;ncrnase of a’TE wlll

- - - .

and (2) the selectlon actlng on those host organlsms carrylng the

..
" Ce. - -
- - ..; ; ; Sl .
PR » b - N .
e, . LT oo . .
- - L I - " . ,

f:wﬂt§anspositibn“deal'with how tfanspoéabie efeﬁenté~c6u1d-ev01vcf;

ﬂlthough the TE cnn anrease 1n ccrLaln genomesALhey tannnt'
coloqlze,new genomes (Cavgller-Smlth, 1980)¢f 1he1r cvolutlonary‘
1& depcndant on thn surv1val of Lhelr hoqt gonomCQ, dddrif-

‘,_A-*-fthcy confer-no sefCCtlve advanbage on these hosL gonomcs, there.:

- -:u”;*_be determlnpd by (i) the'frequcncy of the TE ‘in the populatlon'
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element . " Thc average copy numbep per cell oF a TE in a

T \ . P SRS

= - ‘poﬁulapidn\ ay be expressed ‘as:- f' ot - 'Y

- U -~

whnrc a.xs thc number of‘coples per genome, among those genqmes
- ) . . B (I \5\_

\ L . - . g N ¢

¢ wh;ch contaln Lhe TEr\b is the numbeh of genomes céntalnlng at

~
’
. K3 v, i e

;,. LeAQE onn copy of the element and N 15 the total number of
B - . _-‘ . \-— - .
. gnnomeq 1n the populatlon.‘ Therefore in- any gluen populatlbn,

r
T, % - N - ..

Lhe valué oFf f can 1ncrease due to hn 1ncrease in’ the value of 3

o ‘ , oo -

- or b. Howevcr, in the event that a lncreasés and“b does not
. . ' N J \ )

N - R - PR 1

.'incrcaqé the element-cannot be sald to have spread in the

y o - -y " Y .
o ~
. populpLLon, 1ts overall frequehcy 1hcrea5és, but th{s is because-
- - N - ¢ v o . " :
N o Lhoso genomes that already contalns sdme cop1e5 acqulre more”

' Yo . . . oy s B

1 copltb.g ThlS model makes several 1mportant;conclu5lons. Fi rst,'

o it pOlﬂLS “ou t: Lhat a TE .can’ spread 1n natural populatlons ‘even.
y Sy though Lhat element is actually harmful to 1ts host.: The maximum
- . — . . - - i = -

'\varuc‘of the Gelectlon c0eff1CLent that would stlll permlt ‘the

- 'l s . . n\
v -

sprcad aﬁ a transposable element 15 shown “in Table 5 1. The

- - S 1. A

S 1mportant p01nt tg be noted LS Lhat 1f the transposable eIement
roa - " "" i ) i

is pasqod on, 1n all of the gametes of‘an organlsm, it can reduce

> -
-

tho thncss of Lts host up to 50 and stlll spread rapldly in the

ponulatlon,f Second .once the elemeht reaches an. apprec1able‘

N ' -

'V~’»fpequency in- the populatlon the selectlon agalnst host

-1nd1v1duals can’ ‘be- much greater wlthout 1mped1ng the elements

" contlnulng spread to flxatlon.' T L

s - ' 120
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. . a - N r i - 5 '
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‘The model :also predicts that those classes of erganisms in
\ A . . . -
which biparental reproduqtion is rare. onr absent would be
. . . . ) / .. : ! . .,
incumbered by’ less nonfunctional or parasitic DNA than- most

N »

“re . . S . .
vcrﬁebréfes. aFlnally, according to 4this model, +the spread-of a

’ \ i | q"
iL dcptnas on sexual-reprdductlon. Therefore, any TE‘that caused
\ - ’ L. .
: . " . ke PRI
"sex in its host;would fanpr its own spread. Thus the 'intriguing
A . -,‘ . . . , ’.‘- . .“‘-,.- . . ” .. '.,‘ .
'pQSSibility exists that sex. itself -is a 'product of parasitic

- - . -~ -~

. gf-neq (lIJckcy\, 1982). ) . - ‘ -
- . : . \ .

- -

Thc model of ﬁlnzberg et al. (1984) is very “similar to that

\ N

O%‘chkcy (1982). They developed a srmple model of the spread of

S ’ o N '
a~ TE in n‘large sexually reprodu01ng, panmlctrc populatlon and

-
. AN | R Y- Ao \ 1 “ N -

~ found LhaL a Lransposable element w1ll 1nvade a. populatlon . %bn

i

-if it roduces the fanCSS of hbelﬁ 1hd1vmduals carrylné\mt
. | =N\ -

’ -~

prOVJdod thdt the fxéness loss 1s.not greater that a certaln
-'JCP&LLCGI value™ (Glnzbcrg et als, 1984, p. 331). Thls cr}t;cal-

- R " -

value was_in turn demermlned'by the Winfeé¢tivity" -or
. ) o . . . S ~ . - . .

*transpositionr

rate of the traqsposdh.i\As mentiohed.eahlieb,for
pxokaryotes, the tr&nspdéition nétéy or-ihTehtivity of a

-

, pranquson w1ll affect COﬂdlthﬂS upder whlch the element Wlll_'

- a

sprcad: RS'Glnzbcrg.et'al (1984) p01nb out ,,Ln'order‘fqr the

e b

Lranqposable clement tp spread h” a7 “
'Y . - ! ' N ~ -
. X B < g - - : v
. a ¢ *. 1 - 8 b s
. M . 9 e

:wherehB_ls the‘1nfect1v1ty of the transposon and slls’thg
b )

‘selectlon coeffl 1ent. Glnzberg et al., t1984) developed thelr‘

5

vmodel to spec1f1cally mlmlc the P-M. “and I R Systems and Eound.

- R . <



\thét given ‘the parambters, s=0.1 (10% selection, agairnst the

P

L . - -, . . & GF e
hybrids) and B=0:9 (90% infectivity) P and 1 elements Had gone

from an ipitiér frequency of 106 to.fixation*in about 65

! . .
- " P 4

AgeﬁEPations. Md;e ihterestingly; they Eaund tﬁat 1t %pok

npprow1mabely 21 generablonslfor the frequency of P clementu to

l‘

1nqrfase from 1% to 90% and 16 generatlons to 1ncrease from 10%

to OON. ‘Tlgure 5.1-shows thc sprchd of transposable elemcnts

)
C -

_through a populatlop as modcled by Glnzberg et al (1984).--The

-

prqepss of ‘spread ls‘practlcally invisible fonaapproxihahéiy half
: . ) N P - -

- S ' - s . . . .
off the time-period, while the visible portion ¢f:the curve (1% to

r
o

4

H L2 . . . ' § ‘ -
parametédrs (Ginzberg et af., 1984) ., LT L
~" How dPCSlthlS model compare to:thgﬁpogulatiqn cagé

I RN S

.expeﬂ;mgnts described in Chapter 3. Table 5.2 compapes‘the rate

e t

of spfead of the P element based on the model, of Ginzberg ct al.
- - - . . ",
5 4

_(1Q84) with the rate 'of spbeaduaé.P'clements in the papulation

B s - P ) . -
seemstyo be in the edrly generations (generations

. 3 '
N . f . . ~ |

'cages‘using egither P element adtivitﬁ'orjP'qiemént copy number.

=

In‘ggneral,*the results, from the popalaﬁion cdées are closely
-y T N

* L v e =T -

matched by the tﬁporetical p}ediqéions, "The major difference

) ~ v Fra ~

0 to 10) where

)

.
- . : -

‘ there.is a_much, faster rate of spread in the cages than préedicted

i

" by the model. Thfs could be due to seiectfbn for-the P element
- . - ” LA ~ . .

v

, . = - ) \ L
carrying thowosdmeS'as suggested Uleable 3.7. Alternatively,

Ty 4,
- - - PR

this model ‘may.not accurately describe P element spread in the P-

M system, or the parameteés,used.by Gipiberg-et al. (1984) may
L - . . - ,
differ from what is actually happening in the population cages.
H « -

1

123 -

. . T - . L :
99%)‘appears'yery similar for a variety of combinations of .
i [ 1 e - '
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.’,dinzbefg-gttélﬁs. 44984) model does not accurately descrlbe the

v - \ N .

P=M systemm;ﬁ two ways, Flrst cybotype ha& uotibeen;

- . . 4-\' ,
incorporated ﬁnpa\tﬁeﬂquel. Therefdre”'

—
\, -

(generatiions =<1Q toHZQL,*as the pogniaQion sﬂdwly*switches

' - - . n -~

- L - “ F

réieme‘ht. This 'can be seen in part in .Table .2 in that the-rate .

+
]

. of Bpread from geherations 10 tﬁﬁpugh 20 for “either starting
. L o - - ! . o o e e

“\freqqcncy“ig ﬁotLés-rapid\aq predicted. - Secohd the mbdel does

- . . . L 1 - 3
not talte inte’ account bhe &yﬂamaps of copy | number WLChln a
: /

oo L - e -

\'gcnome. 'Slncc mbst eukaryotlcniﬁ s occur~30 to 50 times per

- - ~, . 5 ) -
. . ’ {

genome, cross ng to an 1nd1v1du 1 ﬁ'll stlll result in &1l of the

[N

e , 3 (Y

oﬁfsp}ing haﬁ:ng*a:copywaf'tﬁqfelement due"to chrombsomal

séggegagzgn'(ChéﬁteT 4? " Thusi, the element does not have to begin
. G s " s . ~ ~ -
1 -
‘Lo transpose’immedfatelyrln order to cﬁntlﬁhe to sgk ad through a
» - " ¢ \

populntron.» Thls has tho athntage that it allowéq & TE*to have
o T r \'__‘ . - L , .

a more flexible coqtrol over copy number'Tcgulatlonr\

-~ -
"- a4 -~ . -

In summary then, the modéls oﬁ'Hibkey (1982ﬁ“and Cinzberg et

+ -

"

al.,'EL984) both prov1dewvaluable 1n51ght 1nto “how™ transposable

. -
! -~ b . 4 + n

‘clements cafi spread in natural populatlons. Second Glnzberg 8

. . K > A
- ‘e -

= - »

model does“prbwide a fairly ‘accurate descrlptlon of the

~ ) - -

populatlon etperlments described in Chaptgr 3. The next step

- - L
"o “ -~ ra - .

would be to Include the dynamics of copy number w1th1n the genome

‘ ¢ A . -

and Self-Tqulathn into & more comprehensive model. S e
. - ] . i

In obligately sexual diploid o?génisms;—TE's can épread even
| -~ LY

“thbugh they n;duce the fitness: of thelr host. Ty fact the

ab111ty of P Qmenhs t'o reduce the fltness of their” hogt was

v - v -

. " ar
IR

" 126 I .
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. . ///—D, ‘ A c ) ’--‘ _ S nr i o |‘~', S
S W gt permitted their initial'discpue;y("Thﬁs is perhaps one :of
7 ' [ - - s . . T
- the reasons why it is‘more_Jikely'that one would see’'a TE like a’
s . - - N v - K4 o o, - . s

- P elemén£ in eJkaryéyes. 'The%r negafiue efﬁeét ﬁill"slow-phe;

-

I Y R A . Al - >

rate of 'spread, as in the casé of* P elenm

8, “which slow "their

i

§pﬁead_ﬁy inducing hyErid dysgenesis. Ag otlret worde,'g#yeﬁ‘ghe

o

s ability of most TE!s to self-régulate” th; Jtime one .would .

40 '

- ' noﬁice‘fae presence- of a barﬁ%cuiaé TE:-is beﬁleeﬁ2Qhe Fime the,

e element 1n1t1ally evolved and the .iméJit took,for the-elemEnt to
- 'fax 1tSelf. Once flted the e&emeat.yould be seié regulated and
T ?L qequence d}vergence over time would resukt ‘in the slow 10;8 of

- 3 - . + - "
-

it's‘aﬁility-to transpoae. Therefobe any’eukaryotic TE that»had

-

h:a p051t1ve eﬁfect wduld spread extremely rapldly through natural
A

- . - "

" populatlons, and ¢ncé fixed would be redognlzed as 51mplx another

- b " N om e ., b - -

plece of noncodlng DNA. This rapid spread followed"by-fivation
“ . A hd J Fl Eh Y "

of'a equence is- theumost llkely explanat;on for-the large

~
+

¢ﬁ‘ anunts df noncodlng DNK in: eukaryotes (Dobllttle and Saplenza,
A . e .. -
19803, Orgel, and CI‘lle 1980) : - i . ] L
& " - ‘ - o

IE ..-""‘ * o u \' . i R "-.., )
" Evolution of Self Regulatlon,, = . '

- kS S N ; Vo
" : It has been shown be sevebal authops that ,an equilibrium

- 1

- o' : P - F3
‘ number bf.Iﬁ coples ber genome can exlst lﬁ‘transp051t10n is

’ 1 - ; =

-

X * selflregulated (Charleswbrth and Charlesworth 19835 Langley et
N - - "\\ £ -
" nH
¥ al., 1983, Charleswcrth and.LAngley, '1986). . How 1mportant is the

- i l
“process of*TE self regulation and how w111 it” affect “the
distribytion and spread bf TE“s. Letfua_aSSpme for tHe mqment
Yooeoe ’ -
T thaq that’ tranSposablevelement% have evolved as DNA 'parasites in

.

- w ¢
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- , ., . LN X Lo . . , . '
: v o' PR ~ * r - LN ' . 3
oy : v . . [ . . K PR
- 1 "o T . v

o the_ceJL'CquLittLe'aﬂﬁiSapienz&} 198Q, Orgel and Crldkh 1980)
N IE a L . =
f',ﬁ I the extneme Lnterpretat;bn of - phis model a transpcsable

¢ > e - v A + r - /:,

element may.. want to transpose at a hlgh ;ate-whlch wmll allow ity

S - -

. to prol&ferqte at 1ts,max1mum potentiﬁf.“ Dn,thc_gthqr«hand;neach

. . - S . :
¢ A - t » Ll ‘ PR . - - \ i
” ~

(7] -

e trahsp051b10n evgnt ruhs aeriqk:oﬁuiﬁtroduéiﬁg'a'detrimedtéi
. mutatlon in the cellrwhmch would consequently be deIetcraous to

. -
. . . . 3 - -
- o > Pl - - ‘ - i) . *

. the surv1val of the transposon.; TherefQFE,:oncﬂmighﬁﬁpredicb
S ‘ ~ T A s

that transposabLe elemcnts'Would-haye‘éGolveJ'ﬁomh sort of

- et , \_.‘.. s - 4

I alancc where‘thc tran p051t10m rate could be. . malntalﬁed‘1t -a

. .P '-
- AT .,. 3 + - - - ———

e high 1ovel ko cnqure ltS gurvival and. dlspcrsgl buL not Lead to -a

r . -~ . b . v
3 - ’

Loy hlgh quh oﬁ 1ntroduc1ng multLple mqtatloPs or- becomxng a;load on
‘*‘x the repl:tatxon machlnery of its host (John on and RQZMLRfo
f - w 3 . R . s “ ." . -
\ ! | .. - L -, L e r ! : )
N 47 - ¥ PRI _ e - : ‘et . . N = ‘:
d 3 There are several me‘c-hanis"m's of \trané‘.posltlon
1 -~ - ‘\
ﬂ.self ﬁdgulatloq that have been Mell chara;terlzed.\'The'
LN repr0551oh systcm of Pn3 réSults frém the regulation of
. > -“‘ r-a ¥ N . ! ' N\
- . trapsposase expresslony,whlch p‘obqbly occurs at the. level“of
-~ - ri .7 .t ! N

i e Lranscrlptlon and translatien

effron,‘19§3){ Mptations:in the
. S

Yo -

L 7 B
. tnpR gene iﬁhe nepbessor) lead to at least a ten-fold

. A L I
overprodictionh of transposase. This ‘regulation appears- to
‘ o - T -'.." A, . FI )

;ncrease‘transpoéition.freququy and -to occur at the level of

~ - - ’ . - N

“transceiption because genes downstream from the transpesdse that

? N l‘ - . . I - .. R i .

- ane"bead’through the transposase promoter show higher levels of
v T A - 3 . .

. R ~ y p

N transéription (Heffron et al., ,1979). Expreésioﬁ‘pf transposase

- . /! ' o ~ ol
Ais_ also limited by ineff}éﬁent.tranlapion,of the tnpA

’

(tﬁan§po§ase gene) transcript. Fusions between B-galactosidase
L - - - ’ [

f \ = )



REA XS

- . . ' “ * ~: e
- uanJ bhe transposase shqw low amounps of Bﬁgalaqt051dasa act1v1ty.
- . - [ v - Toe
. <
L Mutations Selecﬁed for ;ncreased expression pf-ﬂ galqctos;dase

ha [ . P

' all improved*a PlbOSONQ b1nd1ng 51te An, ffont of the meth;onlhe

*

> ———a—

— . - . . E ) - Y L

= uaed for translatlon’Anltiatlon of &he transposase. Efpre351on

- . s 3 ’ ; ~ ] . iy

- g . 7 ~ao
- , ,.of the repressor gene tnpR is negatlvely regulated'by lts Loun
' N » L -

. . ' product (Heffron,~1983).‘ Thls 1s 1mpnrtant 1n‘that thére appears

v 7 e »
Sy

. to—be llttle-zygqtlc 1nduct10n of InS on enterlng a V1rgln cell
PR w ; - ; -,_“ .

. presumably bccause the repressnr is ltself autogenously reguIate&

) .l -
~ v - - l

oo .and thus hlgh—level transcrlptlon of'the transposass is rapadl%

.

; . shidt down (Heffronyf1983) ) AN second type af tranqu51t§;n
:: ;“ﬂ';efulaﬁibn LssshGWn by-TnS (Reznlkoffv|1982) The fwnétlonal
:;.- i ?nlt of Tn5 ;s IéSOR whlch entodes proteln 1 (tge'transposase)
~te T and é;étan 27 (the repre;sor) '—Pnoteln 2 alone is sufficient to

A -

S - . “ - . .

- - [N

T, 1nh1b1t transposase agt1v1ty but. hot its syntheszs_(Johnson et

. .
N - A o N \

& . al., 1982). Proteln fu510n expcrlments indicate that , the

Il n "

%ranéposgtioh—inhibition acEI;1£;_cannot be explalned by

Al . - v . - 2 !

i . autogenous regulatlon of ISSUR proteln synth651s.' Rgznlkoff

f - 1 (S Al /I-,,I !
- (1982) favors-a model whereby’ prot31n 2 1nact1Vﬂtea protein*l
L1 “ ] . i 1&

dlrectly, perhaps by formlng a ﬁuxed ollgomer. Alternat1vély

proteLn 2‘cou1d compete w1th protein 1 by blndlng tol the
’ ~d k i - 1 .
tnansposase target ‘sites or by sequesterlng some host comppnent

- T

(XA -

nequlrcd for the transpsotlon procegs. * A th;rd_type of

" ' P

transpoéition self-regulation is demonstratqq by Tnl0 (Kleckne;,

—_

. P

‘ 1983;"Simons and Kleckner, 1983). Transposition of a ‘single Tu10
'eiement Pe514ent in the gell is reduced three to ten fold 1n the

Ty,

- .. presence of a multlcopy plasmld carrying IS10R (Foster et all,

— E =
i r- [ J v - T S
e

.. ) , - . 2 " 1
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«-1981). Genetlc ana1y51s has shown. (1) that the region of ISIOR
. e LR ' A . -k
that is' bmtﬁ necessary and suf£1c1ent for 1nh1bltion cOrresponds.v
'....t .‘ "- ¥, . e KR vl bt

. ) ¢! ] . 3
~11 S AT A .l Caas o )

o to, p OUT and" the templa%e ﬁoé 103 tranSCrlpt,ﬂ (2) Multxcopy

.

13 FIO R R |

& f

[ . - L . Lazn,, 4 - ‘e

. f? ' ;nhlbltlon iB due tpn” decr ase.in he expre531bﬁ'of
b : : Y ' - . 3 : EY S
N .ﬁfr LIS " AL r sw & o A

.\u

transp051t1qn funct10n5°*and (3) multlcopy 1nh1b1t10n acts to

* Yoo . .
A xS . <+ £ O TR ._‘\ N

sl hf, depreqq Lransiatlonﬁbut not branscrlpﬁlom of the transpesn ie gene

* ?
L v s _y
4

e

L3 ““‘\,‘

(K{ecﬁncr,_J983) ‘-Slmons énd‘Klecknen (1983) ﬁropo&ed thht

.

-y

> . "o, ‘.s - W

- “,)11nhLb1t10n of tramsposase translgthon occurs by dlrect pa1:1ng

. *
N " ,,\\1‘ Ve g N - " e

‘ . n"‘ .
o "bctwéon.thc transposase mRNA and aMSmall complcm ntary,

‘e
3 " ok . P 4

> ' ., B e o

régulatory RNA spe01fled«by tho 1S~10 encoded pOUP.prumoter.;‘iq
, e .

- .

.

summary, these thﬁee prok&rxotle.QPansposons demnn trate sclf—
D SR .- .
¢ < y » .," ‘a .

. regulatabn ab (1)éa transcrlptlodal Lexef (Tﬁ3) (.)fa

wh

* translatLonal leVel (TnLQ) and (3) a‘boSﬁ tranlatlonal level rf

* e -~ ‘ - . . -
s ¥ ’ WV . N
-

e (po,ssibly prétem pr'obeln bmdlng) (Tn§) 7 - L |
v d] LI . N . ‘r.; : ", “‘ LI T ) bt

+ lransp051tloh nepresslon 1s §$so known.to occur 1@ a number
r 3

b v . "
L3 s Wt + ' A R ° o

¥
. of eukaryotlc systems“ In ‘a syatem‘analogous to. transposxtlon

+ A o - i

' . repre551on, replncatlon of thé yeﬂst Zu plasmld has been shown to
. b " by -

N . f . L, LY A R

© be rcgulated to malntaln*SO to, 100 c0pies of Ehe plasmld in any.

B Lt} .
. - + PR a 3 te o

<7 ’ cell “‘Under normal COHdlthﬂS, ﬁeplmcitlon of the 2u plasmld is.

€ . - ’ "'\\‘ !
o . ~ .

.-under strlctrtontrél of cﬂ&l cycle regulatlon. In other ‘words,
. , N . Nt
. the . planld populatlon i& thbléd urlng‘the qell cycle by a

ELAN ,f'-l.,‘

51ngle round of repllcatlon .of each molecu1e~1n the cell (Zaklan
FeY e . 13

- -~ -

. oo h

et al., 1979). ,SlgurdSon-et al., (1981) demonstrated that yhen a

. " N v ,

cell whlch fprmerl& l@cks 2u-01rcles acqu1res ‘a single copy of
L -

o the plaqmld, by the tlme the cell has grown ;nto a colony, the

A n,‘ . 9‘ 'tr :‘

“ ‘, average numbqr cellulav cbpy numbér of the plasﬂ1d has attalned
[S B : ,. e i : .
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the normal levcls of 50 to lbO copies.-‘Jayarhnfet Al, (1983}

proposcd that two of the plasmld 10c1 REP1 and REP2 constltute a

3
copy control system that overrﬁﬁes normal cellular restrittlons

& r’,‘ ¢

on plasmid repllcatlon and amplifies the plasmld when the copy

- = L ¥
- " '!N(‘ '

-

mamber is low. - . N 2
. > - -;',f., : ",'

wobertson (1978) described a ‘maize stock that generated 50—

IOQ\Lxme; the expected frcquency of recessive mutatlons.a This
S '!\
mutiatar activity was subsequewtly shown.to'resu%b frbm;a 1.4 kb

4

transposable element Mul. The Mu element of maize also shows. -

_ Lﬂaugbohiglgg regulation. Robertson (1983) demonstrated that
d R &

with increascd doses of Mu, there is an initial increase in

mutngzr activity, but the mutation frequency .drops dramatically

Y

at. higher levels of Mu. e assumed that this drop in mutator’

-

activity reflected a decrease in transposition rates. A}lmand
and Frunling.(IQSG) demonstrated thél when Muta%on plénts arée
crossed withlan inbred line that does not have any copies of Md;
the progeny plants have approximately the samé ﬁumber of Mu

sagquences as did their Mutator parents. This malntEnance of copy

- number can be accounted for by an extremely dlgh‘rate of

- - -

transposition of the Mu elements (10-15 tran§p051tlpns per gamete

per generation). Transposition of Mu' and the events that lead to
copy number maintenance occur very late in devéiopment-of the
. % . A fd &

. R B L. A,
perm cells but before fertilization.

rank

(R { .
Copy number regulation has also beqn shown for the P and I

iz .
Find . f

clements of Drosophila. In P lines the represéor prevents

transposition whereas when a P male is crossed with an M female,
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- b T

T—zuﬁc iacx or repressdr 1n the M egg permlts the product;on ofx

.1—1»-

womal

:-trausposasc and allows transposiﬁlon to occur. O'Hare and Rubin

.,‘

(1984) suggesﬁed that the P element repressor p051L1Vuly feedq-

’back to stlmulate 1ts own act1v1ty Once.ﬁuff1c1cnt regulabor

3

had béeh proﬂuced the regulator would shut off Lr HQpOQltlﬂn..

'—2 Thls modcl would explaln the qelf repxoductlon of cytotypc and'

accounu {or thc~fact that thore ls a sharp Lranq;tlon from low (M,;

cyLoLypt) to hlgh (P cytutype) levclq of regulator.l Howcver” Lhc'

work of Laski et‘qf (1986) nnd Rlo ct\al. (1986) pKOV1des ka._

.

h Al . -
s ; . .

.with a bctter undcrstandxng ot P lcman regulatlon..:Th thsuc 

Spccxfxcxuy of tranSpOSltlon has‘bccnyshown to reéult from

'f qpllClng of message in Lhc germ llne cells. Therefo:e thc change

-

from M. to P cytotype has to reqult from a dccreasc lﬂ spllced.

“mcssggewyclatlye tovunspllch.' Th;s could rcsult‘q1phcr.fﬁom_a'

. P R . . i L o o - . . . . N
changc_&h~th¢qrate'qf'Spliﬁing, or an incréase ‘in the .amount of -~ -
P - .. o, ) R . - ) . . . .

i

‘message.) :_”
Wihat fs iﬁféfestihg}hboutgtﬁese differ¢nb»systéms-of self- .

rogulatlnn, froﬁ a populatioh'géheticisté vibﬁpoint is‘thét.thebe'

15 clcarl} strong selectlve prcqsure to evolve some form of self-

rcgulatlon. lefercnt transposons-have solved the problem:

_diffééently, but all of them have managed to evolve. some form of

‘éelf-regulatidn.;

Models of Regulation:

 The fact that transposable elements in eukaryotes exist in -

30?100 ‘copiés per genome, and the numefous‘examples of

. S . " 132
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- scveral.authors to develop mddels foﬁ the evolution.of self—

—*_ﬁﬂnrlatlon.; “ﬁ‘y B ; _; w. " e ?1‘? ) )
- -. , - I " ‘ - v . : . .

i{j;: ‘ Doollttle et al.,*(1984) polnted out tﬁat qf the aVerage'

e p ell pnpulatldh

= thc deleterxous eff,cfs of mutatlons assoc1ated w1th the .

.Lransp051t10n self regulatlon that have been demonstrated has led

. - e e o m T

HER

! n W PO

.c0py Number of”a transposable element hn the ceils of a host

. -
" ' LA R “n A

populaplon lncreaqes, and each new Lrahsposition has the

ko
- LI e _,.. e r -

posslblllty oE cau51ng a lethal mutatlon,ﬁeventually phe host

4 “n L] 1v
[y ELd » e

ce]ls wlll begln to dle Easter than they are born, so_ the host
- . cy - SR
1s drlven to extln&&xon and the~element Hlth lt.
R o v~ k] "

fan thc.othe‘*hand 1f thé element aCQulres the tnlck of

» ‘e’

< ., . . -
o tohy LU ‘ . W

PPSLPalnlnghltS tC&ﬂSpOSlthﬂ,wSO that 1t5 copy number is

L3 - v e
hi3 Bl FE

llmLted; the host celLs wall contlnue tq grow. Charfesworth and

wo.h . 3
) - W -, v "-

Langley (1986) exam1ned theé condltlons under, whlch self-regulated

) ™ . LIS -‘

. 4
0'..

‘rates of transp051ﬁ%on can, evolve in populat;ons of transpogable”

2

':,eloments 1nfectlng sexually reproduc1ng hosts'. The potentral

Pt ¥ ' - I

solect1Ve advantage to regulatlon was assumed tq be deglved from

" . - ~"L
. 4 & .

’ N . - TR -
: T .

lnsertlon of newly rrpllcating elements. They found that self—

L - n.,_,
.

ﬁegulated transp051tlon éan eas;ly evolve in hosts w1th low‘rates

o

of genet;c.reeomblnqtlon;per.generat;on, such as bacterla. In

[ b

R - o . - . . - oo ¥ o T ',

-ty - e ' .

this‘case there is a_premium on regulating transposition because

-'u - . Y r

if 'a partlcnlar element does transpose and cause .a deleterious

; . -
. .

'fmqatlon, Lhe TE w111 be complctely 11nked to that.element.

Howevor neondltlons are more restrlctlve 1nyorgan15ms wlth ‘free

TecOmblnatlon. In this case; 1f transp051tlon to a' new sxte in

-thé "genome occurs: the . new elementqmay cause a deleterious
i

W

o



N -«-.: thl%" n:kt,urc that '~1t causes. . .

o

‘.‘.

-

“ . e

mutation upon insertion. HowE?Er,'thc original ¢opy of thé‘TE

Qcaﬁ'separhte from the.,new deleterious copy by recombination.
. g , . ,

Thus any particular.TE will not necessarily be linked to the

~ . 3 . . _' .
mutations it causes® when it transposes to a new site. When there

) ~ . . L o
is freg recomblnatlon, the most promising model for the evolution

-

oE self rcgulatlon 1nvolvcs dominant lcthnl or sterile mutations

- (. - * -\0

";aSSOCLatod w1bh~transp051t10n.J A dominant lethal or sterile

. S . : S

f,-muaniom inwthisﬂsituation would be similar to complete linkage,

"

» L v

inzthnl the element would be direcctly atfocted by any mutation of

- - ‘-
- . A
+ )

e .
- Ca - 4

w?"-‘HQN ~d'o these prvdlctlons "match what has been found in the P-

e LRI

- N -

‘M syqtem of’ hybrld dngchQ1s. First" as one would expect, the

devvlopmcnt of cyLotype occurs more slowly Lhan the change in P
bl * . ‘

clemcnt aétivity,fChaptcr 3). This makcs sense from an
Rl s ‘ ' :
cvolutionary peint- of view. If an element is to be successful,

- S

it muét Eirst spre&d,fand.then change from an M to ? cytotfpe to
prevent over-replication and the destruction of its host.
Sedond, - as predicted, by Charlesworth and Langley (1986); the’

nature of mhtatiops in %h% P-M and I-R system involves -sterile

¥ . 3 R i
mutations. Therefore each active element is affected by its ~own
transposition and recombination cannot secparate the element from

: . Cx 3 . - ) .
the ncgative effect§ it causes. Thirdly, regulation of

transpOSLtlon also occﬁTs betwecn different tissue typeq in the

L

sameiorganlsm. «In organisms with a strict division bectween germ

-
v

line and somatic tissue, transposition in somatic cells confers

no competitive “advantage to the TE, because there is no

o5
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F) . r . ,‘,J‘-‘-' N N - -

: 'p0551b111ty of transm1551on to the next generatlon (Charlesworth

lnnd Langley, 1986]L The P and I %lements fiv thlS predlctlon

- . > .- ., . oA L N

cxactly; v ‘ .l £, o

M B L A,

*

'Findlly, 1£ should be noted that dlfferent eukaryotlc

. '..J‘?
irnnqposablc elemcnt have very dlfferent rates of transposxtlon.

'Fpr.exaﬂple, the . Mu elements of%malze‘appear to be able to
-énmplctcly réplicate IB i5 cople; per generatlon.' In ;ontfast

theécrnrc a number of elements that seem to transpose on. an
irregular basis and - falrly slowly (eg. yeast T% elements,
Drosophila copia elcmcnts) P elements seem to be somewhére in
the'middle. They can 1ncrease in . frequency falrly'rapldly,_as
ev1dcnced by Chapter 3, Kidwell et al (1981) and* Klyasu and
Kidwell (1984). However; they do not appear to be able to double
their copy -number pach”generatlon (Chapters 2 and“4).‘.lhere seem
to be recasons éssociated eithéfiwith a pa;ticular eieﬁeﬁt or the
biclogy of the host‘organismithat determine ﬁhe rate at whiéh_an
clement  can transpose and the-n@ture of self—regulationi Eut;re
work will undoubtedqi'be directed towards uhderstanding these
diffefcﬁcgs.

Conclusion

This study was undertaken to examine how the trénsﬁosable P

element of Drosophila melanogaster can be maintained or increase

“

in frequency in natural pobulations. Since the P element- is
known to cause sterility and mutations when it transposes, it has
been suggested that the rapid spread of this element is entirely

due to i?s ability to replicatively transpose. ‘While previous

L
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‘ﬁstudies ‘had been ab%f to show an increase in the frequency of P-

u i Sk,

e

Rk x TR TR |
type flies in experimental populations (Kidwell et al 1981;

& ’\.
Klydsu and Kidwell, '1984) ¢ in order to clearly dempnstrate an

)

increasc in P elements in a population it was necessary to
neasure hboth P element activity and P element copy number.

-In the population cage experiments described in this thesis,

Q_elcﬁent*hctivity was found_to increase very rapidly in
R ‘ - ~

frequency when starting with either 1% or 10% P-type flies.. This

incrcase in P element activity was matched by an equivalent
- ¥

increase in P element copy number. Therefore, P elements seem to
be able to increase in these populations as a result of
replicativc transposition. " The 1n1tlal rapid- 1ncreaqe ln p

element act1v1ty was not matched by an equlvalent increase in

cytotype. The -cytotype of the population cages remained

-
P 4

primarily M-type until gflleast generation 10, however:owgémft

activity and the P element copy number decreased with each

gcnération of backcrossing.qﬂ?&iever the different backcross

‘matings had very different levels of P element‘activity,

suggesting/that the parentaf-genotxpe of 4 fly hqs an imporbant

hcffect on the rate of P elcment éranSposition. It was

demonstrated that this ancestral genotype effcct was unllkcly to

have resulted from different amounts of P elements in the various

+
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crosses, but it was difficult‘td'provide a really édequé#e
~ . ' N ) ‘ " .“ “y “‘-‘ T
explanation for this effect. "

Chapter S‘dlscussed several models of the evolutlon of-r

.. fransposable elements and compared these models w1th the results.

‘from this thesis. In particularjthé modeL-of Glhzberg et gl.,

(1984) provided quite a rqasdnéblé ﬂesériptiom of the.

cxperimental data, even thduéh the model falls to . 1ncorporate-

several important parameters, namely copy number w1th1n a’ genome
and self- rcgulatlon. In addltlon, the model of Charlesworth and

Langley (1986) dealing W1th the evolutlon of self regulatlon was 

. t

discuqch and it Wa p01nted out how’ several of - the predlctlons

of Lhelr model cldsecly flt the P-M system. L, .

\ In—summary, P. elements are’ able to spread rapldly in

aboxntory populatlons pre5umably as a result of Lhelr ablllty to

hel
- . -

unde rgo repllcatlve transp051t10n. ~Thus they represent one‘of.

"the best dotumentgd-examples oﬂrselflshyDNA,-DNA that’ 1s aﬁle3to

surfive because of .its ability.to maintain itself regardlesé?of

the effect it has»oﬁ-itsthOSt._ Moreover, these’élemehts offer an:

" T

insight intb-tﬁe evalugiqn'ﬁnd ppﬁulaﬁign genetids%bf;all'
: - I - . ‘ %, A S
transposable elements. . ° . - w

3 .
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: Apﬁeddii 2.15%' Pércentaéef? élemenf Seduéhﬁés COmbared to «the

) /f Harw1ch stock u51ng DNA hybrldlzahlon, for"® _: -
v e experlmental cfosses at 27QC. (Fo? calculatlon‘
‘.mcﬁhod, see Materials and’ Methods, Chapter 2)
’ ~:  Densitometer: readlngs o ﬁﬁtio"': ) Bércenﬁégéa
Generation, + XDH probe P probe(HIII) JHITI/XDH © s P elements"
F3 AL ...  88.3. 151.7 1.72 TN 13.4%
F3 A2 . 96.4 189.2 - 1.96 15:3%
F3 Bl -~ 84.3 . 266.7 0 -.v3.16 L 24.7%
F3 B2, 5, 132.7 . . 284.7 2.4 . 16.6%
' . 4 R
FO Al "105.5 174.6° - 1.65  12.9%
F6 A2 - 70.0 - 91.5 1.29  10.1%°
FO- 11 68.3  103.0 - 1.51 11.8%
Harwich 16.6 213.2 12.8
\
AN .
-
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‘Aﬁpendixfz,lb: Percentage P element sequences compared to the

""Harwich stock usiné DNA hybridization, for

experimental crosses at 24o0C. o @’
B Dénsitometer Readihgs Ratio Percentage
‘Generation XDPH probe P probe(HIII) HIII/XDH P elements
F3 AL '53.0 96.3 1.82 13.0%
F3 A2 " 120.0 v Z38.3 P T T ITilger 14.3%
F3 Bl . 114.0 T 240.7 2,11 15.1%
F3 B2 138.7 296.8 i 2.14 L 15.4%
" F6 Al . 55.3 o 65.2 - 1.18 ‘ 8.4%
F6 A2 54 20 104.7 - 1.93 \ 13.8%
F6 BI 101.5 - 187.0 . 1.84 . 13.2%
F6 B2 156.5 232,30 - 1.48 . 10.6%
Hdrwich = 6.3 . 319.4 13.96
‘
‘\*~
% .
b +
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Appendix 2.!c: Percentage P element‘sequence§ compared to the
LY ' ¥ .
) /
Harwich stock using DNA hybﬁidization, for
experimental crosses at 21oC.
_ Densitometer Readings Ratio . Percentage
Generation XDH probe P probe(HIII) HIII/XDH P elements
. : L T
F3 Al . 202.3 208.3 1.03 12.2%_
' _ . H//;
F3 AZ 136.0 146.5 1.07 12.7%
F3 B1Y 80.9 91.0 1.14 13.5%
~ . , : »
P3 B2 234.7 266. 3 1.14 ' 13.5%
: Yy ALl
. LRSI I : -
R : h ‘ W, .
YOTe AL L 14703 25.1 _ 0.17 - 2.0%
PG Az CE90.0°Y e 27,2 . . 0.14 1.7%
- T te g”‘f' v T o _i/f
F6  BI S Lzsusib 19.3 0.38 4.5%
. " . . 1 ?
F6 B2 178.2 35.5 0.20 2.4%
' T b i
. - : o e -
Harwich = ° 30.5 257.1 8.43
e - - :
R )
BT - ™~
\\‘ \.\! ,I
Va
A7 4
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Appenﬂix J.la: Percentage of Plt}pe flies (X + S.D., n=4) in the

1% Population cage experiments as measured by P

element activity and

Population A (Harwich)

Generation 1

5 .24% + 35

o 10 50% + 29-

| 20 86% + 31

Population B ('&1)‘.

Gcner#tion: da,

5 o 3% - 3

10 4TB2% T 21

20. . 94% % li

1 '
. -1

“u
i

_'Population A (Ha;hich)"

. ; ;

. Generation - 1
5 *100% ; 0
10 © L 100% 40
20 T 16% v 11

Population B ‘( ~TW.)

Generation _
5 81% + 37
10l 82% + 21
20 0% + 0

35%
{:32% + 41 329 + 407

cytotype.
o .

¢ I _elemermt—activity

Replicate

2 .3 4

,'24% + 32 16% + 24 21% + 26

38 37% + 33 529 « 42 |

+

60% + 55

, 33% 4367 23% + 29 33% 4 35

L 87% w018, 67% + 24 53% 4 24
\90% +:9 To94% 4+ 9 84% + 11
P cxt;txpe-
. _SReplicate
2 3 s 4
100% + 70 96% + § “98% + 4
100% + 0 100% + 0 ~ 100% + O
12% + 4 0% + 9 14% + 11
95% + 11 95% + 10 96% + 7
87% + 18 66% + 24 52% + 24
4% + 9 12% + 16 8% + 13
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\Percéhéhgeﬁﬁf7Pityﬁe\£lies:(X *, S D., n 4) 1n the

3‘10% pophlatlon cage*experlments as measured by P

e

. eleméht acﬁlvity qnﬁ P cyt&typé

Population C (Harwich)

Generation
5

10

-

20

Population B

Generation‘

5
10
20

!

Population A

-

Generation

5

10

20°

Population B
H

Generation

5
10

20

41%.
80% +
94%

+

()

20% +
46%
644 +

-+

3

(Harwich)

.

86% +
45% +
3%

( 72)

+

§8% +
80% +
6% +

33

21

17

25
5o

37
13

LA o

Pielément Hctivity

-
e

N, 1
"l T =,

= v
£8% % 50
T 70% + 2%

96% + 9

27% % 40
29% + 25

T i‘ﬁgbchaté‘ A
2 Y
445 +”41 JRE 1 + 39
83% + 2§‘ fQB% + 13
1005 + 0 68% + 4 -
50% + 400 49% + 38
57% + 36 36% + 30
88%" + 16:1 ‘46%~::%4
P ci%otzge
Replicate
2 3
91% + 25  98% + 4
51% + 39 - 34% + 41
’ 7% + 6 4% + 9
92% + 12 82% + 38
76% + 41 76% + 44
4% . + 6 24% + 25
151-
; P

- 44%

60% + 36

98% + 4
12% +
94% +

97% + 31
67% + 47
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- \ x . A ) , ¥ N _; (U 8
- e The measurement of P elemenp c0py number u31ng DNA
'. LY s kA

'vhybrldlzatlon. These bloLs contgln DNA fpem generatlon Z of the
it .

‘n

g

o
, -

populatlon .cage experlments, The upper blﬁt haq bpenvprobed with

¥ r v 4

XDH and the-lower‘bloﬁ Mlth a P elcmcnt probe (HIlI) " Each

columW‘ﬁﬂ through D) lndlgdes,thrcc DNA dots. f In: adaltlon to
oy ’.‘h‘\ * -

contalnlng DNA from\bhe efpcrxmcnbs deqcrlbﬁd ln thlS chapter,

the s dmpﬁ%s in colqmn C arF Crom the populatlon«cage cwpuxlmcnts
> . - g - . al
desg¢ribed in chapter 4. ,ach pgpulablon expeﬁlmcnt*has two

. [] .
« I ' R s Y

replicates {(egs AI 1nd A2 are rcpllcates from populatlon A).
i ' ‘ . r .

A1, A2 = Pophlatlon A nepllca%cs 1 ?qd,g Iug DNA ’
A3, A4 = P?Pwlation B, pzélfcqte}n}nhd;23 iugrDNA
A5, A6 = Pbpulatien C re;iicates 1 and*2, LH%JDNA;.

. v o, S
A7, A8 = Populatlon D,  repliicates 1 and 2, 1ug‘DNAa?'

- J' N
Bl to B8 are the same as Al;through AB<but dre 250 ng samples.

-

Ccl1, C3 =gPopulatioh-K3 Chapter. 4, repd. 1 and 2, lug.DNA

v
«

C2, C4 = Populatid'r‘l\ A, Chapter 4, peps. I and 29,250 ng

Cc5, C7 Population B,*Chabter'4, feps. 1 and 2, lug DNA

cé, c8

, :
Population B\xghapter 4, reps. 1 and 2, 250 ng
Samples D1 through D6 are a d:lutlon series of Harwich DNA

Dl = 2 ug, D2 = 1 ug, D3 = 500 ng, D4 = 250 ng, !
" DS = 100 ng, D6 = 50 ng.
'

Samples D7 = Canton-S, 1 ug and D8 = Canton-S, 500 ng.
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' The meablurement of P element copy number ,using DNA

- 4 > ! - W - .
R hybridi§atibnl\ These blots contain DNA ;from.generation 5 of the’
4 # 4 v v r

.gpppuyqpion‘cagqfexperimcnts. The upper blot.hqs‘baeh probed with’

' a i IS

. - N L - e . ) .
N XDH and the lower hlot with a P element probe (HIII). Each

- . . 7 _\ = . - -
* ¢column (A Ehrough D) igcludes thrcc‘DNA dots. In addigion to
‘\qontaining DNA from the experiments described in this chabter,
. ~ N ll - [l
!

the 'samples in colimn C are from the population cage: experiments

described in .chapter. 4. "Each population experiinent has two
replicates (eg: Al ahd\AZ_ére replicates from populati®tn A).

A1, A2'= Population A, replicates 1 and 2,?lug DNA

* " - wr
. A3, A4 = Population B, rcplica;%s 1 and 2, lug DNA

N

fe o H -

- A5, A6 _= Population C, replicates 1 and 2, lug DNA

[y

_ 1 . . . - - A Y
: .—\Mﬁ7, A8 = Population.D, replicates 1 and 2, 1ng DNA

- ™~ r

Bl to B8 are the same as Al through A8 but- are 250 ng samples.

1

= C1,3C3.=AP0pulatién A, Chapter 4, reps. 1 and-2, ,lug. DNA

. C2, C4"= Population A: Chapter 4, reps. 1 and 2, 250 ng .HJ

el w .
- N ~ . #

. - P -

.
+

c§, C7 = POpuiation B, chagter 4, reps. 1 and 2, lug DNA
- C6, c8 = .Population Bb, Chapter 4, reps. 1 and 2, 250 ng
Samples D1 tﬁrough D6 are ; diiution Séries of Hardich DNA
DI = 2 ug, D2 -1 ug, Dj = 500.ng, D4 = 250 ng,
:Ds = 100 ng, D6 = 50 ng.

Samples D7 = Canton-S, 1 ug and D8 = Canton-S, 500 ng.

At
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_Appendix 3.2c

The measurement:~of P element coﬁy number using DNA

-

\Hyb'idizaﬁion. These blots contain DNA from generation 20 of the

‘poputlation Eage‘experiments. The upper blot has been probed with

XD zput.the‘lﬂwer blot with a P element probe (HIII). Each

column (A through D) includes three DNA dots. In addition to

v

codtaining DNA from the experiments described in this hhapter,
. .

' 3 ! ) - . * 3
the samples -in column C are from the population cage experiments
. s ~

-

+ described in chapter 4. Each population experiment has two

replichtcs"(eg: Al and A2 are‘rpplicates from population A).
Al, A2 =5Pdpulation‘A, reﬁlicatcs 1 and 2, lug DNA
53, A4
A5, AG.

Population B, replicates 1 .and 2, lug DNA

1

Population C, replicates 1 and 2, lug DNA

" A7, A8 = Population D, replicates 1 and 2, lug DNA

‘Bl to B8 are the same as Al through A8 but are 250 ng samples.*\N
c1, Cj = Population A, Chapter 4, reps. 1 ahd 2, lug DNA

€2, C4 = Population A, Chapter 4, reps. 1 and 2, 250 ng

€5, C7 = Popﬁlation B, Chapter 4, reps. 1 and 2, lug DNA
C6, C8 = Population B, Chapter 4, reps. 1 and‘Z, 250 ng
.Samples D1 through D6 are a dilution series of larwich DNA
DI = 2 ug, D2 = 1 ug, B3 = 500 ng, D4 = 250 ng,
D5 = 100 ng, D6 = 50 ng. )
u\

Samples D7 = Canton-S, 1 ug and D8 = Canton-S, 500/ ng.
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Appendix 3.3a: Percentage P element sequences compared to

Harwich using DNA hybridization, for 1%

—— g

population cages,

Densitometer Readingslw Ratio Percentage
- Generation XDH probe P probe CHIII/XDH P elements
Harwich 1 52 45 0.87 - 3.5%
2 26 17 0.64 2.5%
= 1 279 184 '2.33 9.2%
* 2 87 156 1.79 , =~ 7.1%
Harwich { .29 213 . 4.91 27.9%
2 21 195 T 5.30 *30.1%
5 : :
: - D 62 216 3.58 - 20.3%
e 2 32 234 5.14 . 29.2%
. Hagwich 189 113 . 0.60 - 25.1%
—~ 8 0. ‘ ©31.1%
0 P 55 ’ 3 . ~74 _3
/ [ il . [ LI
. T 184 234 1.27 53.4%
122 174 1.41 © 59.1%
Harwich T 143 159 1.11 - 59.4%
2. 135 <153 1.13 60.7%
20 .
Ty .1 144 242 1.67 . 89.8%
# 0 2 159 254 1.60 © 0 86.0%°
) / - ) = -
{" {
N
¢

* - 155



Appendix 3.3b:

Generation

Percentage P element sequences compared to

Harwich using DNA hybridization, for 10%

population cages.

Densitometer Readings

Ratio

Percentage

XDl probe P probe 'HIII/XDH\ P elements
Harwich f 13. 45 -2.48 g.,8¢
2 81 05 0.78 3.1%
) . M
- 1 85 191 . 2,25 - 8.9%
* 2 - 54 105 1.95 7.7%
Harwich 1 74 1063 .3.19 18.1%.
2 99 222 2,18 12.4%
5 o , . :
- 1 46 110 £.20 24.2%
o 2 89 141 2,38 (3.5% .
Narwich 1 96 163 1.69 71.5% "
2 50. 83 1.64 68.9%
10 - \ -
- 1 249 249 - . L.00 42.0%
‘2 2 303 276 1 0.97 41.0%
Harwich 1- ~‘L82. 247 1.36 73.1%. -
2 170 231 ~1.36 73.1%
20 _ o L . :
1 167 - 216 1.57 84.4%
T 2 . 219 1.32 71.0%

166




Appendix 4.1:

Y

Percentage of P-type flies (X + S.D., n=4) in the
10% Dilution Population cage as measured by P

element activity and P cytotype.

) P element activity B

Populatioﬁ A (Harwich) : . Repliéate.
Generation | 1 ‘ | 2 I';'3 | o 4
5 0% 0 ofio . 0feo0’ g,
10 0% +. 0 2%+ 6 . 11% w19 7% + 26
20 0% 40 OF e 0 . 6w 9 o 6% 4.9
Population B - (¥ ) . :.f o : . |
Generatioﬁ_” o - L “
5 0% {jb7 lf-*o% R 0% + 0 8% + 11
10° 0% + b X .6% +.0& 1% 7+ 3 1%‘f,§ ’
20 2% + § 0% + 0 - 2% + 4. ’ 0% + 0
- P cytotype
Populatiqﬁ & (Harwich) . T, Replicate. . )
Generation 1 -2 : :kj ’ 4 o
5 100% +-0 ' 100% + O 100 + 0 100% + O
10 100% '+ © 100% + 0 1oo£'+ 0 100% + 0
20 96% + 5 100% + 0  100% + 0  100% + o
Population B (-, ) ‘
Generation '
5 100% + 0°  100% + 0 100% + O ° 100% + 0
10 1002 + 0~ 100% + 0  100% + 0 100% + 0
20 100% + 0 100% '+ 0 . 100% + 0 - 1@9%,+ 0
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Appendix 4.2: Percentage P element sequences compared to
Harwich using DNA hybridization, for 10%
Dilution populat%on cages. .Samples 1 and 2 -
o are fﬁom replicate cages of the same experiment.
/“ .-‘." “' 1 "
(\" ‘ e . w " . . ) ‘ :
. Densitomecter Readings - _Ratio ° Pcrcéﬁtagq
Generation _XDH'probe'-Pﬂprobe . HI1IXX/XDH P elements
Havwich 1 113 200 . - QL1 0.7%
2 87 39 r.a2 . . 4.0%
2 ) i « - -
T 18 T, L0 - . 0%
2 v 103 4 - 017 0.2%
- < A e . - . . .
Harwich 1 11z ." . 0 V. Tog .
2 © 88 <1 o , G0.1%
5 oL o ' 2 . A
: -l 70 0 0o . -0%
e 2 66 0 0 0%
i e ‘ s .
Harwich. 1 ~ 7¢ & o 7 0" ) 0%
mer 2 o912 - 0.02 ¢0.5% -
10 _ . . .. - .
1 114 L0 0T . 0%
-'IT'L__ £ 2 ) ~94 ~ 0 [ o . - l‘ O% LN
. . -.- . ) P . -~ ) ) . - . o
Harwich 1 - 140 0T o - 0%
; 2 . . 147 - '.36 : 0724 . 13.[%
20 ) e - o 7 - : -
v, 01 177 0 SR e 0% 0
2 2131 - 0 6 < 0% X
- - A ’ ¢
' I 158 "
s L]





