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This thesis vepoyts on the investigation of two gemetic aspecis
of  Southern African populations of Droeopiile melancgaster:

the. + family of transposable alements and the elletic variation

present in several enzyme systems.

',
In the .tudy of transpesabTe elements, 206 1sofemaie lines from
21 different poyu!atwne vere surveyed for thew abiTity both
to produce and resist gonadal dysgenesis. Both P factor activity
and regulatory ability exhibited clinal variatfen, being strong
in the northeasﬁ in Harare, and becoming extﬁeméw weak in the
southwesiern part of the country' in Cape Town.

Three further aspects of P elements were investigated in this
study: Firstly I'-‘_faci:or activity was evaluated using the level

of nsingeé;-weak mufahi!ity as a measure. Se@ondl} the presence

-of P elements in M strains, noted on 3 worldwide basis, was®

confirmed for the Southern African strains using molecular tech-
niques. Finally a Tow Tevel of P element actwaty was shown

£ %"e present in wing imaginal d‘isc tissue of .some female fhes.

In- the “stud_v of allozyms heteriogeneity, 17 different p_dpu'lations _

7

” comprising 301 isnfemﬂe 'nues Were *nvestigated. Starch gel

eiectrosxharetic technic.-ues were used to analyse variation at
eight gene loci .in these popuiations. A significant degree
of allele frequency heterdgeneity was present at, several

hierarchical levels of geographic separation. A
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" of gene flow among Southern African  populstions. Thape ~

i

A ggfne_"_'diversity"ana!ymis indicated that Q?,E%" of the tote)

‘genetic variation was due to #ariatian among individeals. within

po‘pulaﬁpjrf The renaxrmg 12,2% ‘was due to gﬁoﬂraphic Stib--

division at various h‘ierarchuai :eve}s of structure.

o : 4 ' - :
A, gene Tlow a";aiysi____:s suggested that there was & large amount

papula'f.ions appeared to be c?ose'iy related to Central and West

- African po;ﬁu?atidns and  together probqgﬁ‘iy “form & single’

: evolutionary-unit.

a .

| | wr . | . 14:’7 .I
The frequencies of fhe most comron aﬂﬁzymeg of Afcohol dehydw-@
genase and Isoc1trate dehyémgenase wers | found to vary mth\

increasing vainfali and mn‘imum temperature fnespecﬂve?y : !

¥ ﬁ '2 : . 1‘

- The - stsibTe effects of P e]ement activity oy the presence andf
distribution of the anozymes under considdration was iavesti-

gafed. .  However there was  no’ gorrelatifn between P element’

‘geographic varidtion and allele frequency variation,
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i CHAPTER ONE
i
lf * Background and Motivation
1.1 P glements

1.1.1  Introduction

Transposzble genetic efements or transposons, are sogments

of DHA which are capable of moving from one posftion to another
within. the géncme gf an crgﬁﬁism; Most trgnéposgns have
the ability to réplicate %hemsg}ves whi?g moving:;te a new
location and, as a resulf; one cbpy of the tmanspeson'remains

beind in its gﬁi.g{inaT position. .The copy number s thus

« increased. The{xfﬁﬁe of trapspﬂsition and :replicafion is

apparently self-regulated and, In general, decreases as the

copy numbey increases.

Transposable elements were ¥irst identified in plants during
the 1940s anﬁ garly 1950s by the geneticist Barbara McClintock
(1951) who challenged the hitherto widely held concept of
staﬁic. genomic Qrganisation. She.- demenstrated the existénce
of elements in tﬁghmai;e gennma,which were capabie of jumping
from one genetic loc;; te another 'aﬁﬁ, in so doing, these
eleflents weve able eitﬁe? to disrypt the function of the
targét gene, to alter the expression of an - adjacent gene

or %9 cause  chromosome breakage. Subsequently transposable ‘

‘eiements have bheen identified in plﬁnta other than majze

b

and, in particular, their presence in Antivehivam  majus

{snapdragon) hes been demonstrated {for .reviews on maize.

" and other piants see McClintock 1965; Fedovoff 1983, 1984;

Nevers ot aql. 1986).

W
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In the 1960s and 1970s parallels te the maize transposable

elements were recognirzed in the insertion sequences of Foche-

‘richic coli and the bacteriophage Mu. Subs&quentfy a wealth

of information on prakarvotir transposons such' as Tn 3 and
Tn 10; as well as--on eukaryotic_ transposons such as those
that accur 1in yeast, maize wund 'Drosuphilz has accumulated.
Certain common fgatures ara present in both prokaryctic and
sukarvotic transposable elements. Firstly, the  ends of
transposons, which are bhelieved to serve as recognition sequeégéé
foy the transpcsition enzymes, are highly conserved. They
are usuai?y characterized by the presence of repeat structuves.

These may be invertéd repeats sr direct vepeats.

Among ihe “bacterial fransposons,. inverte& repeats oéeur in

“the insertiom sequence .(IS)_ and composite f{ransposons as

well as in the Tn 3 fam1:y of transposons. They range from

8 base pa1rs {bp) to 40 bp .in Tength and may show perfect

homology (38738 for Tn3) or imperfecU homo!ogy {12/18 for
15 80} {Grindley and 'Reed 1985)., Inverted vrepeat sequences
have also been fbund in eukaryotes such as in-Zex mays {maize)
in oprlB as well as in members of the Aa—Ds “system, in Glyaine
mee (soybean} in z@mnl, and in A amgus in Tom-1, Zan-2 and
Tam~3° {Coen et al. 1986; Nevers et al. 1986). The lengths

' vary from 11 hp ta i4 bp. Inverted reneats are alse present

Sy

in ‘the P elements af 9rosap&z2a and also 4n the foldback
{FB) e}ements of this genus (Rubin 1983) :



{Varmus 1983; Baltimore 1985 Nevers et «f. 1986).

e

Retrovirus 1ike transposab]e' elements  which are found both

in  eukaryotes and _prokaryotes  contain long terminal direct
repeats which are gavera.‘i hundred base pairs in lengih and
usuaﬂ:}L centain short invertéd terminal repeats within fi‘)em,
Examples of these are: Tn'9 i-n,; bacteria, Ty 1 in yeast, copia-like

elements of ODroscphila and the ein-1 elements of Zez mays

Ry

S

Whereas the terminal sequences of transposable elements appear

to be highly comserved, the internal sequences often manifest
a great deal of vaciation in both size and function. For
example ISs generally contain a single transposdse genme which

ranges 1In si;e from 750 bp ¢o 1600 bp (Grindley and Reed

1985}, Other bacterial transﬁdsons may contain many genes,

for . example- Tn 3 contains geﬁes for transposasé {Twp A),

" cointegrate resolvase (Zmp R) and ampicillin resistance {g-~Tacta~

mase) and is 4,9 kb 1n Jength. A eukaryotic transposon which
closely resembles Tn 3 is the 4c element in maize in that

it contains & __}bng and & short open reading frame (ORF},

orianted so that they are transcribed in opposite directions

"'5-;;;31': iike the twe Tn 3 genes and there is evidence that the

‘i"arger of the itwo 4c genes encedes a. protein analogous to

the transposase of Tn 3 (see Fedoroff 1984). L

1
1

\

| Finaf‘!\y, & characteristic property of the insertion process for

near?y!’ ali transposons is the_ duplication of a short base
sequence of target host ONA." This is thought to be brought

about by two staggered single stranded nicks which are produced
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at either -end o¥ the target sequenpe.by an enzyme encodad
by the transposon., The subsequent insertion of the'transpason :
._ and fiiling in of the single stranded gaps' results in the
_formatianl of two copies of the target seq:ience ﬂanking ’E\\e
transposon. The Tength of the target sequence is variabls.
For axample it is 3 bp long for the Tym-1 element from soybean,
the Tom-1l and 7om-2 element From A. mejus and the Spm-18
receptor e?ement from maize (Nevers et af. 198B); it is & bp
Iong for Ta 31r bactariophage Mu (ar"mdiey and Reed 1985) the
Ty elements in yeast (Roeder and Fink 1983), and the copia
element  in Drogophila (Varmus 1983) and 8 bp '!ong for the
P e?eﬁents in Drosophila and the Ae and 72 elements in maize
{Fedoroff 1984).
A\

Transposition may be either replicative, as in the case of
the Tn 3 family {Brindley and Reed 1985} or canservatwe,
as is hypothesized to be the case for Tn 10 {iender and Kleckner
1986}. - The retmvirus-‘!iké transposons are believed to transpose
via the formation of an RNA intermediate and reverse tramscription
" (see review by Baltimore 1985)., However for most eukaryotic
elements the transposiﬁon mechanisms are still largely unknown.

Wy
I

i.1.1.1 Mobile genetic elewents in Drocophila

 Mobile genetic elements can produce a remarkable” range of
B phenotypic variations 1in both plants and .anima'ts._ and were
first noted 'Q_g;sd studied because of this. Later tﬁﬁ}ecular
studies of dis;ﬁ\;rsed ) moderately repetitive DNA .sequences

were initiated by cloning such elements from D. melanogaster
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'(Finnegan et al. 19783 1yin et al. 1978).. The_ mobility of
these sequez{ces .‘ became apparent irhen, as a vresult of iz
siin hybridization technigues, these . sequences wera found

to 1ie on different regions of chromosomes; this was particularly

true when different "stocks of ». ‘melanogadter were compared

[Ilyin et: qi. 197¢; Strobel er ol. 1979). Many different

" \'-
famities were subsequent-‘qy investigated, .~ hoth within #.

melanogaster and within some of 1its sibling species (Young

L4

1979; Potter er af. 1980; Rubin et of. 1981, 1982; Tchurikov

et gi. 1930; Truett ez al. 1981; Young and Schwartz 1981; "

Bingham et af. 1982; Dowsett 1983; Martin et ql. 1983; Bucheton
et al. 1984). |

About 12% of the Drosophilz genome consists of moderately

repetitive DNA sequences most of which are dispersed thrbughout :

the genome (for a review see Spradﬁing' and Rubin 1981). Many

of . these DRA sequences have properties consistent with their

being mobile elements. Rubinm {1983) grouped moderately veputitive

sequences into four classes based primarily on their inferna't
structures., Firstly the most variable class is that consisting
of ribosomai gene insertions (namely the '?type I and type
II insertions found in the 285 rONA genes), and scrambled
clustered arrays of moderately r:épetit'ive DHA sequen%es.. These
are helerogeneous in structure and their mobility is not
certé__'j!n. The second class c&nsists. of copia-like é'lements,

These vange in size +¥rom 5-10 kb. Elements from each family

carry Tong dirvect terminal repeats and are vepresented by

10-100 copies, scattered throughout the -chrumosomes. Elementis



in. this family are the mobile. dispersad genetit elemants

(mdg, elements), 412, 297, BI04 and gypey. The third class

consists of foldback (FB) elements. These are.long inverted

':'_repeats which may or may =3t fiank a -central non-repeating

- region. They are heterogeneous' in size and display & certain

amcunt of homology to one another. " Finaily Rubin {1983} described

the P elements, Thése are about 2,9 kb long and possess short

inverted 31 bp "n terminak .repeats which are important for

transposftion. These wiil be ful 1y c!esw‘ibed later,

e

il

1.1.1.2. Systems of hybrid dysgenesis

. Possibly Rubin's (1983) c?as_sl of P elements could have included
1 elements and hobo since 211 three of these ar'é capable

of‘" causing hy;arid dysgenesis, Honmcipmcﬂ dysgen'lc trajts

o

were noted in 1975 when Kidwell and Kidwell {10752,b) reportad

Iarge differenees in male crossing over and F; sterility

_between recaprocal crasses of strains derived from natural
. : ) .

- populations - and componly uge’d Taboratory stocks. This they

attributed to some Kind of cytoplasm chromosome interactioa.{\

They * found that F, fertility was drastically reduced and

ma'le-" cmssing over  was significantly increased when wiid

maies and laboratory stock females were used ,as. parents but
not in the rec:'iprarai cross. The term "hyhr*d dysgenesiz"
ISved 1976; Kidwell and Kidwell 1976; Kidwell et al. 1977h)
is used to destribe these 'phenﬁmn_a and -is defined as "a
syndrome"-f*-of“- cerre?afed genetic trgits that is spontansously
induced in hybrid., hetween« certain mutually interacting strains,

usually in one direction gxfly" (Kidwell and Kidweli 19?6)

P
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Imtigﬂy two d1st1nct systems of hybrid dysgenesis were. ,recogmzed,

the P-M system and. the I-R system {rev'ﬁ 23 b_y Bragliano
and Kidwell (1983). In the P-K syszen sipoing are partitioned
into two tyﬁes designated ¢ and M acuovding to .whéther they
produced dysgenssis when used a, ajther t’he paternal {P}
or wmaternal (M} pa'rgnt.' By*genc. isc brought on when an

M strain fema?g is crossed with a P strain maie. The reciproca_l

. i
cross  yields normal progemy. Fovd any particuIag dysgenic

Ctrait  this dichntamué csasmﬁt:at‘lo&z system is abso]ute

in that hybPids from an PxP and Mx M crasses dn not show

this trait (K1dweﬂ et al. 19:?b). A third type of straim, ..
designated @ (Kidwe!'i 198 )(1 is virtually md'rstmgui.,habie

 from tbe p stra‘in in all properhes except one - the pmgeny

of 1 males crossed te M females are fully fertile.

/jﬂ‘\

; / a series of- expemments in which hybrids were tested for
steri'l*ty Enge1s {1979h) 1nterpreted the cause of hytmd
dysgenesi.. as the interaction of iwo ‘components, a paternally

derived po?ygemc chromosomal factor or factors and a maternmal

component designated' "cytotype* i.e. a property of the entire

ce?l. Thus @ 'combination of P element chromosomes. and M cytotype

_produces dysgenesis whereas these P chromosomes plus P cytotype

results in a stable condition. A detailed gemetic amalysis

of cytotype determination was pranded by both ane?s (19?9b)

: :nd Kidwell (1931)

o

i
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~ cytotype '-'is echced in the stabxhty {in

o

The type of steri‘hty which is manifested in dysgemc fiybrids

in the P-¥ system is-due to a ggnadaT dysgenesm {GD ster? Tity)

in both males and females ('-'ngeis nd freston 1979 shbaefnr

et at. 19793 i{1dwe’H and Now 19?9).

the sterﬂe fﬂmaies, and this GD sterility is dependesst 0%
a mgh tempe-(rathre {24" .-;29") cwmg embryoric and Iarvai _

stages of devalopment. ﬁ’*e’ I-R system, on the other o hand,

. Here males ara not affected and eggs gwe "lafd by the (SF)

tfemale progeny “of R {izactive) strain females and I (Inducer)
stram ma!es bat thesa egys show & varying degree of reduced

hatchabnity and the embryos die durmg 1ate cleavage. _ Further,

_tnere is a period durmg oogenesxs. one or two cjays before

- ovipasition, when increasing the temperature has & curative

effect on.SF sterility {Bucheton 1978).

Associated dysgenic traits in the I-R system include X-1inked

visiple mutation and non-disjunction ({Plcard e af. 1978).
Tre ISR system alsp produces .a neutral (N} “etrain, analogeus
to the @ strain. Further, the stable condition of ~the P
the IR system) of
the mducer state .for 1 e?emeats {Bucheton and Picard 1978).
Despit.e these simﬂarities, the " two systems are independently
distrihuted (dewe!l 1879). Thus strains’ can be dauo‘y classified
as IP RM ‘etc. Cloning arg‘iequencing of the [ijactor re*zea'led

a 5.4 kb sequence with highly conserved ends but L.cking

repeats and having no: .sequence homelogy with the P factor
{Bughetor et . 1984; Faucett at ul. 1986).

/ b J I

No eggs are 1a1¢i bv. o

Y
is responsible “For an ditogether differens type of sterility ™ !

called- “stériﬁ-té fomeile” {SF) cteri‘{ity, {Picard 1971).

e T
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“An element  “led hobo, -having | severa% “features in  common

m»;,h the P element but 1acking homolag_y te it, wWas f:haractz\ér"ize_d
“by. Melgles e: -l (1983) and Strack ot al. (1886). The
'pgesumed compiete hobo  element is 3016 bp long and  has' a
12 bp inverted terminal peat. The mobo  element Jike the
# e'iasgant, produces an & bp ﬁéi‘gét ‘site duplication sequence

upon irsertion. Further, there are two types of " sirains

'd?fferm? & the molecular level., The H straiﬁs contain

e are devoid \sf hobo e!ements genetic instabﬂﬁws such a.,,

a “temperature 1ndependant GD sterility and some somatic actwfty

produced by the male rgcumbinatmn-- factor, 23.5 MRF (Stamatis

7

% | etal. 1981; Yemmopoulps et al. 1983), are thought to be

‘, - caused by the Aobe -éienﬁhnts 'fYannOpdu‘los et az. 1987). Liso,
'1 ' ) o
} the hobo element is. resg.ansme for high rates of chramosona

.rfzarra'ngemnts (B‘Iackman evp al. 1887; Lim 1983)

2 o _' e

~ The hobo system appears t&b be, both mlbuﬂar}y and geneticaﬂy,
mOrE 51mﬂar tG the P ﬁsystem than to the I systam, in the

-nSize of the elements, in’ the existence of - tem‘nai repeats

Wtooand  in the® 8 bp duphcat‘.on of target sq_aquence. . Matings

i

of Pjtraimtto M strains and H strains to £ strains produce

a GB_ )

erility in both maies and females,

ey

S

both complete and deleted hobo elements and the £ strains

R
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{} 1.1.2 P-H Hybmd Dysgenesis ~ Histm'ica! Comfu

f The following dncussibn which tog;k p'iace at’ the Cold Spr1§"g .
fiiar-b{:r Symposium  in 1011, i an mzhcatwr of the a‘egree
" of change that has taken piace over the last a(} years
. ” |

m: it seems remgrkable thst Ur Oemerec found .
“in p. vipilis four unstabie 'genes.ir_t 3 reiétivelyl;"ﬂ
shott time ahd that such have not bekn found
elsewhere, - Have you Tooked for them in oher

o wies of Drosophila? = =

DEMEREC: 1 have Tcoked for many years but _have_ found .
none. :

(M Demerec 1%1}

1.1.2.1 Matations
. Unstable genes have the ce;paziity of mutating in several direc-
tions, but usually m.utate from n mutant vecessive ﬁo a domﬁnant
i‘d—type. --Iné 1928, Demerec (1928} .reported the presen@:é
of an unstah\'le gene, reddéah—ﬁ;pk&, in . z}irﬁia. “Three
other unstable genes. miniatore Wi ngs-vb, magenta eye “colour B
and  mindature wingaw=s {discussed '!"in Demerec 1941} were
-"also found fn D. “piritiel’ At the 1936 sumer meating of
_the Genet'fcs aociety of Averica, Demere% (193?} gave an account
of an  unusuaily u_high_ frequency 01* Spam‘aneous Tethais i‘n'
© an inbred- Floride stack of . chunogrs+Qr. At this sam
“meeting, Plough dnd Hnlthau 20 3-(193?) reported cases of high

mutattility in the prcgeny oi’ interstrair res using the

i
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florida stock. Subsequently Sturtevant (1939}, HNeel (1842)

and Ives {1945, 1950) reported high mutation -rates  in some

of the progeny af‘ certain m‘l‘erstrain hybrids, in EJ. psmmabsnum

ami . meiqnogas+er respectweiy

The maize ”'gene%icists were a!sc-\a'_mam- of the ' potential for

"'change.in certain genes, In 1914, Emersen ’{1914) suggeqted_
- that genetic’ instab'uhty could be responsibie for pericarp

" variation in maize. - Then, in the 1930s, Rhoades found that

genehc instability in maize ccu‘ld be- conditional on the

presence of & partwular gene, the Dat*ed {Dt) Yocus {Rhoades

(e

.It was Mt.t.hnto&/k who, in 1947, whﬂe studymg the pmperties

of bmken ﬁhromsomes in maize, first reai}ized thet a genetic.

B e?ement wan transpose {McClintock 1947) The next” decade
SawW the beginning - of an éx ensive investigation _'i'nto the
controiling element - families in the‘ maize’ genome,. the Ao-Ds,

Spm, and ot families (McClintock [1950, 1081,- 1953, 1958;

Brink and Nilan 1‘352;. \__Peferson 1963; Nuffer 1954},

.o

Several reSEarchérs wi'sua‘!ized- tne'- inIpact of transposabia

elements in Dmsap?.iza. Green ,)6;, 1369&11 studied the

high mutation rates of‘ the gene white-orimson- (wcj and concHuded -

o that this high_ mutation’ rate was due to 2 "contmning ﬂ?"ement!‘

which was integrated at a particular site in the white gene.

3
W

&
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Fuéiher. fireen (196%)“ showed that this “controiling element”
~ was ca.,:ahle of. spomaneuus transgosition fron‘ i¥s position
on the % ‘chromosome ttf a. new location on an sutosome when?/
it _;,‘integrated. .y semes of papers by Mmamon and cﬁ-workers
described high matat!onai_events in o m?panogaster and ascribed
them to an extrachromosomai element called deita (see for

exampie Minamori and Ito 1971).  The integration of controiling

L)

elements at “several Joci as a possible cause of high  rates

of mutation was suggested by kidwell ef a?. {1973}

Crow  {1988) considers ™the - fiPst unequivocal .abserf&’g}iqon

0

of hybrid dysgenesis due to P elements" to ,_.havé been made

by Hiraizumi (1971) who ‘reported the phe_no_men.citi it "'-.jl_spuntaneous |

- male. crossing over in D.. melansgaster.. This geturred <n

the 'gérm ']'me of the hybrid progeny ‘of maie__s fr-ém_m a wild

. Texas ‘;bbf?ulaj;ion and females from laboratory é‘tccks. ” Soon .

after, woridwlde riaports of ma]e recambinatwh began ‘*0 appear,
-'Areas ‘whera this took place mc?nded Northwestern ﬁhio {Macdle
-and Ostgr' 1978), Australia {Sved 19?4), -..;Ri‘-!‘-—’.ﬁﬂﬂ%'ﬂ'fﬂeg #lorida

;(U_Qe!kér 1974), Southern Texas {Matthews and Hiraizumi 19765,

Yugssiavia, Taiwan and Japan (Vamaguchi 1976}, Greece {Yanngpoulios
and Pe‘iecanos 19??) aﬁd Cambridge, England and (Oklahoma,
USA {Houdruff and , Thon-psan 1977}). Chromosome' breakage - was

_often found to be associated with male recombination (Voelker

A

g

A
a

1974; Yamaguchi “and Mukai 19745 Vamaguchi 1676) and a® few

authors sugqested'-that male recombination was caused by episomes

B
LI
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or viruses (Waddle and Oster 1974; Voeiker 1974}, Later

) md‘!rﬂct evidence thﬂ male recombination w«s due tp transposable

ff/ 1]

-e!emnta gradaaﬂy kcumdated Slatke {1978) vreported that ’

new ma}e recumﬁ«%nat no {witf occurred on thwd chmmamnes _

of a mar-knr strain which were origmaﬂy free of the ability

© to  induce male r&mmb‘\@watmn after | :ing as&amated with

" recombination {

a. second chramosmpn exhthmg & high 'nale recompinaiion
petential,

I

Matthews '_a:t al. {}978) demonstrated the presené;e of new male

.alements in :certain chromosomai regions -

after homologous association with a region known ta "cgrry

MR elements, Ya nopoulos { 19?9) pmvfded gvidence for successive

transposition m‘ KR factors from one autasome to another )
l‘he _data _suggested that the sites of integration were not

completely random.

3

1.1.2.2 msertion mtants and hybrid dysgmesis

The yearsa *92‘6 te 1877 were watershed years when fha possibi th

« of a common source for the phenomena of mytation, male recom-

 (Kidwell et al. 1877a),
) dysgenesis® (Sved 14763 ml 1 and Kidweﬂ 1976; Kidwell

bination, chromosgme  breakage and sterility was envisaged.

{lrcurrences, sw{ 48 the reciprocal cross effects associated
with mﬂe ?‘ecombmatibn and F, female sterﬂity {Kidwell
and l('cdweﬂ 19% Sved 1976, Kmuell et dtZ. 1977a; Woodruff
and Thompson 1977) _anﬁq::. the correlation between tigh spontaneod$’
frequencies of recessivé\i linke&.-3"§etha'is and fema!e sterilit -

— to the unifying concem of “hybr*d
et al. l:‘"?h) as described 'sectfoa 1.1.1.2, .Subsequently
many studies of thesewphenoirena were made.

w
o
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A case for insertion mutants wis made by Golubgvsky ot al.
(1é7?) when they examined a series of 11 indepehdent mutants

 at the sex-linked singed {en) bristle locus of 2. melanogaster,

The sn mutants all- stemmed from w}!d ma}es r*anected at Tashkent
(1973) ‘and Krasuodar (1974), in the U.S5, 5. a._ 0n the basis

of the diagnostic genetic criterion of an ianrgirsately high_

,--;Imutation rate Golubovsky et al. {19?‘}! ) presumed the uutations

to be due to 1nsertiuns and intérred that “forexgn" DNA -

'==snmtmng apdiagous te IS DNA or phage \\BHA such as My was

e
t nse rted.

Et)

Ll

Then Qreen {1977a) isolated a male recombination {MR) chrumbsqm
from 'hi}d flies trapped on Mount Carmel, Heifa, Israel -and_" :
used ﬁhese chramosomes “to generate mtations on the X chrnmsome.

Some raf these male flies induced khe nt%%tative en insertion

ﬂmutation. Further, MR signifftantiy incmaseu the frequency'

of ‘mutation not only at the sn locus but a* the pagberry
{ma) and. ; Jsuow (y) Toci {tvm other se.n—linked ‘mutable loci).
Green suggosted that the maority of MR generated mutations
were finsertion mutatinns.. Insertions were directly identified'
by Simmons and Lim {1980) uai_ng cytp!agma'l- methods in &
screen for mutations in the zé'ste-wkite regioit of the X chromosome

af P:-H dysgen.ic hybrids.,

El‘?gels. {19?9a, 1981h) in\restigated an  unstable amﬂe an"‘
(weak#iy ainged) 2t me ainged. bristle Iocus and demnstrated
tmt the instahﬂity was under the ' same extrachromosoml

contml as hybrid -dysgenesis f{.e. -the mutabﬂ‘!ty of ¥ Was

a

-
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revérsibly ébppressed: when placed

1% -

in the background i:ytutype

kniown " to prevent sterility (i.e. P cytotype). Enge!s‘P(IQ?ga}

suggested that agents causing hybrid dysgenesis be vegarded

as “a family of mobile @}enes (P genes"] with similar DNA

sequences scattered throughout the genumes of the °P strams"

He further 5uggested that MThese gsn&c may become aci‘wated

.and parhaps mobilized 1in certain ce‘!!s,’. particularly gem\\

ceils, that possess tae M cytotype. The ax™ allele might

“then ‘represent one such gene, which, by virtue of its position, .

yields various observable effects an”'brist!es when it ﬁndergéesﬁ

its usual _é\trachmmsomaﬂy cnntrollevd changes of 'stite“.

- of reinsertmg elsewhere in the ﬁhromoscme" -

0

‘Indirect evildence of the transposition of P fact&;?s was .pro\}ided

| - by Raymond and §in':!nen5 {1981} who Tound & statistiaa?: coincidence

An P-N dysgenic bybrids betweer the phencmena of anlt instability

: when in the M cytotype and X—T\jnked Tethal mutadon induction
They interpreted this observation', by postulating that *@nutations

at, the .ainged locus sometimes reléase a genetic e?ement\capab'le
resu'it}na in
lethality. Evidence that P element insertion was fot entf’%ﬁ?\
arbitrary, but teok place preferentialﬂ. at certain chromcsoma!
fBerg 1§aox

Engels and Preston 1981). - S \

"hot-an;:s" also. gradua”y accumu?ated ¢t al.
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i.1.3  Physiclogical _and _ Molecular  Chavacteristics _of
the P-H System |

Investigations into the nature of 6D sterility, male recombmatwn '

and nmtatmnal events have revealed * snany of tha processes

and  mecHinisms responsible for these phenomdna. There is

- genéral agreement as to the nature of thé ceil line involved,
the necessary cytopiasmic background as ueﬁ as the timing.
Lof these occurrences. Apart from this study {Chapter 5§} and

a few dthers (see references in Chapter 5} most investigations

have shown hybrid dysgenesis to be restricted to the germ

tine. further, dysgenic  symptoms require an M cytotype

| backgrbund pefore they c_an' gccur and are suppregsed in the

P cytqtype {Engels 1979b}. Finslly as regards i:imig_tg;u the

occurrence of clustering indicates the pre-meiotic nature
of: hybrid dysgenesis. For example clustering shows that
male recombination genérany occurs. in the "mitoticany dividing

prmiaticégem cell Tines (Wiraizuml et al. 1973; Kidwell

"and  Kidwell 19?6, Heﬂﬁruff and Thnmp N 197:, Hiraizumi 1979§

Isackson ot af. 1981; Sinclair and Grigliatti 19!33). Clustering

of mutants also indicated the premeiotic occurrence of on¥

mutability (Engels 1979a).

_-’""Temperature experiments have also been ‘used to a*certain'

the timing of dysgenic events, 'ﬂae temperaturs sen[swive
perigd of GD ster:.ity begins in’ the 1late embryonic stages

and continues through the First and second instars thus indicating
I

\ that &b sterility is hemg brought about b\}y E)he failure in

the early development of gem cells which mai, be taking place

A\t the onset of mitosis (Engels and Preston 1979; Kidwel)
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and Novy 1979). Anathe::;'!method that was later used to investigaté
.f;he__ tjma of GD sterility was micmscopy.' Niki and Chigusa
{1v886) anawsed 6D sterility usiné Tight and electron wmicroscopes.
They faund that the first appearance of an ahnorma}ity at
-gB"C occurred durmg mgratwn of the n*!mdza! gerrr. cells
to the gonadai mesoﬁerm at five to six hours. Further mecrosis
of th{fse germ gce"ns was prominent in the gﬁnéds dwing- the
first instar when these cells undergo mitotic proliferation
R tormal Jarvae, |
1.1.3.}3, Gonadal dysgonesis .
_i-‘eira?e' sgerﬂity is often s"e]écted as an indication of hybrid
'dys:zenems,\ being mwore amenak}e ta study in that it can be
'observed dwmtly in the dysgemc h.;bnds themselves vather
than in theisﬂ ‘lﬁspring ami it affects a larger pmportio*f
of hybrids than any other trazt. Although ster:hty oceurs
'm hy‘:rads of both sexes, the frequency observed in females
u.mally exceeds that of the males (mdwen and i{dweﬂ 19752},
'Develc:pmnta'l tempera{.ure tends . to be a cr:tzcal factor m
tbe mduntwn of sstel\f-ﬂ‘:tya So\th maie and fema‘le ster:i‘ity
reat.h a max'tmum at 2 ”temperature\‘cf 2%°C with the temperature
sensitive phase occurr"wg in 3 perwd extendmg -from Tatnl
: embryomc deve.lwment to‘\the second‘ Tarval ‘inster (see abovej,
ud Jfemale sterility was \shown to- \\be due tb the .nabzhty.
oj-" ovaries ta deve!op num\iy v t}m blackage occurring Bl
- an early siagb of ovarian de\*elopment amd ress:‘!.,mg in either

un(}mt_era] or, more comon]y bilaterﬂ\ rudimntary Gvarxas
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(Schaefer o3 al. 1979}, Thuf the term “gonadal dysgenesis®

was used to descr’je the type of female sterility associated

with the P-M system (Kidwell and Hovy 1979).

1.1.3.2 Wolecular characteristics _
Moleculayr. ¢loning of P elements has been achieved and tha

transposon hypotheszs confirmed by Rubin «¢ al. (1982}. They
it

showed  that mutant white alleles contained “additional OMA

sequences. Since these mutatiens were induced by P-NM hybrid

"dySQenesis, the additional DNA sequeﬁces were called P efements.

P eléments were found by molecular hybridisation studies

to e preseht in 30-50 copieéi-per haploid gyenome _in- most
P strains (Bingham et al. 1982}. Further, Bingham o¢ al.
(1982) showed that members of the P family transposed frequently

in P-M dysgenic hybrids and that chromosomes descended from

these hybrids-often acquired P-eiements.~’TheSe authors proposed

‘that the heterogeneity observed in the size and structure

of P elements corresponded to a heterogemeity in theiy :genetic

notential in that, some copies of the P element retained,

while other copies lacked, .certain properties such as the

capacity to express functions necessary for transposition

and  the capac1ty to fnduce sterility. This concept, they

Jused to eprain *h& ﬁnrkings of Q strains by postulating

- that ¢ stra1ns !ackad cOpies of P e?ements which possessed

the functionai ggnetic factors responsible for_hybriﬂ s;eriTity,

[

'ﬁr
7
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but_retained other defective P elements. They aiso used this

to . explain M strains, i e - strains which have M cytotype

but centain: P elepents. Tnexr approach was Tar sighted in

view of recent researuh on deletion derivatives of P elements,

rn

Several members of the P fam1?y af tranbposabie elements.

were isolated and charauterzzed by 0 Hare and Rubin {1583).
A
wbo showed that this’ family of transposabiﬁ elements ranged

. size from Tess than 500 bp up %o ' ‘Q,B kb autonowous P

e}gmﬁnt. ‘M1 naturslly occurring P elements were shown to

nave 3! bp perfect inverted terminal repeats and to duplicate
an 8 bp host sequence upon inseréioﬁr-~0'ﬁire and Rubin'1f§83}

suggested that the smail elements had arisen by deletion

_of internal sequences of the 2,8 kb elements, while retaining

the 31 bp inverted terminal repeats. These authors showed

further that P elements can ‘excise precisely during hybrid
dysgenesis in that the P e!ement; plus one copy of the 8 bp

. duplication 1§ -lost in revertants and thus the nrigina1 DNA

sequence is re#togéd They suggested that this type of excision

is accompTished by revers1ng the first steps or the insertion

mechanism as fbilows:” staggered cuts &te nwde ai both cupies

of the 8 bp s@quence hounding the P element. The excised

P element and the original insertion site are now bOth_“}éff

with & bp . "sticky ends” -that could be ligated to restore

circular P alement containing ﬂane copy of thgfjs bp host DNA.

the orﬁgiﬂ&? sequence of the insértion site and to form ‘a ,

Such. circular structures could be the extrachromosomal elements

which Engels (198la} has suggested may ’play a rofe in the

determination of cytotype {see section 5.4.3:11,

7

N
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Excision  and transﬁ:;-ﬁ;ﬁtion of P elements is effected by a

furction ., (transposase’ activity) supymd by the 2,9kb P

L]

-'--eipw)n (Sprauhng and th‘m 1382} wiich can act in trans

(Engé*s 1934) ard is thus akle to mobﬂue smatller derectwe

[

nan-—auteqamoas P eiemepts {Rubin and Spa*adhng 1982}. P

- : o i :
element ,obilization wmay also be aided by 3 thost-encoded

protein (Rio and I‘!’%ubin 1988 . The 2,9 kb P gl emerlt (:cnta"ns\ '

‘Eour ORFs (0'Hare and Rubin 1283), &1 four of wmch are

'necnssary for transpOSase actwaty {Karess and Rubin 1986)

Finally the high mobility of P elements ensured their usefulness

 as vectors.for gene transfer, and P elenents wete the first
eukuryotm transposable elements to be used as such. Thn"'

' o_ccurred- in 1982, A plasmid contaimng the 3 kb P niement

was micminjecﬁd into DraceapuzZa embryos and the P elemenis

were found 1-::- transpose frequentl y from plasmid sequences

into the chremosomes ef developing germ Hne cells (Spt*adﬁng '

and Rubin 1982).  Subsequently, & chromspmal A fragment

containing the rosy gene was .irserted into a P transposable

element and the resu!?ing transposon . was used to transform

germ line Drosephitc ceils (Rubin and Spradling 1982).

. 0 .
transposens have subseguently been used to analyse many ¥

element functiom in D‘roso;;hiz:r. {xaress and Rub'l ”1984; Daniels

: et al. 1987a) and P glement memated transfi matiou {fully

descmbed in SpradIing 1986) has - cbvious evormus potentzal

in the field of genetic engineering. The mleéu?ar\\_
characteristics of @8 _el_gmen‘gsa are further discussed mare

| fiily in Chapters 3, 4 and 5.

SR
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1.1.4  Motivation for the Project . Wy

The, evmutwnary significance of mobile geaetic ‘elements

¢ "’“ nat. yet fu‘ understo‘s-:f Thexr actznrfs as mutagen'

L Aém*mng fate or in juxtapssitmn with a gene and thus &?termg

its exgressicn must have ir‘pnrtant genet'}c conseqaences Indirect

—

evidence showing that most of thase mutatlenSsare deleterisus

=

to tbe organism {Golding ot al. 1986) suggests thdt seiectwn

agamst wdw‘:dua!s harbouring these elements wou?d take
- place. On the other hand, thearies saggestmg that transposable .

eiements, aré) sniected for, gither at the __?papulatw_n Tevel.

i,
i

due to their abiht}g to __prnmote genetic diversity, or _at_“

the Jevel of the transposon its_eif (the “salfish "g_ene“‘c theory)

hate Ibeen‘: p;'opoum!ed ‘(see §yvanen- {198'4}' for a rev:lgw, Engels \_
- {1988) for am ovarview}. It is thbught tfxaf- some transposable
elements fsuch as ¥ n?ermnts in D. melanogaster) may be direct'iy
vespensikle  for cau_;mg reproductive 15013‘::10'% - and. hence -
be - ‘.nstrumeqtal in speciatigh ('Bingham et al. 1982, szburg

et al. 1984} f”f'ir:a\ﬂ_',r. the vapid sprdad of transposatde

e]ements L-‘ nm 2 pqyu!a:.wn has led to several theories
regardmg the pnpu.auun dynamics of these e‘leﬁaents '(see

Brockfield (1935}-.--.1"0:' an overview).

A

4 - . . . Nz

The empirical testmg of these thearzes, together with olearer

insxght 1nt0 the nw‘!amca} ra¥e piayer* *ﬂ-‘ fransposons, has
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fwk which has taken p%ac‘a in the ueﬁst deﬁzue In particular, the
Judy of P eloments in the fruit fly i\ melanogaster has
lqu'-\

pt{pwded and cs}ﬂtmues to provide a rich seurce of genetic

information.

Sf;té_f:‘.‘ies of !). me?u?oejawm popiiations have taken pléce ir_s-
'man} G of the L/iwld Lines’ 'aﬁactvd before the 19505
in :i:ﬁmerica ard  before *he 1960s ih Lumbe. Asisg and Africa
and "kept in laﬁoratm'ies since then, have nearly all proved
to ue true ‘M type, cmp‘tat‘ Jy lacking P e‘iemem,s (Anxolabshare
a¥ 0.3. 19885}, ) P and § type strains began to appear in fhes
coﬂe_cb[_‘.- aftér 180 9n Amewr ica aﬂ»d then subsequentu in
Eurapeﬂ and elsewhere in the mr?d (Arkgzoiabéhére et ai. 1982a,
1984, 1985, 1988b; Kidsell of al. 1983; Yamanoto o al.
1984, Kidweil and Novy 19&5. Boussy and Kidwell 10873 Haedruff
et ul. 1989). Tuddy there appears ty be & worldwide clina}
pattern in the distribution of P, Q. M and W' strens. This
distribution pattern has aided in hﬁth fgfm'ing_ and tegting
h_vpothéses regarding the orig%n and the pop_ylatiqa .‘ dynamics
of P el’_ement-s' {see, for eg:amp'te," Engels 198la; E':id‘ﬁéﬂ 1979,
1983; ‘nxolabShére ot al. 1988b).  Southern Africa is ome
/ ‘of the few large single land areas which has been omitted
}3‘\\ ' from "any‘ intensive studies of P elements in b, méZa‘;agaster
up to®now, Howevér, the \disﬁ‘ibution of P strains has been

characté'f"ized in both 'ﬁlon\l:' and Central Afﬂca i Anxo'lahéhére

+ ol 19822, 1984; Woouruff et al. 1989). Thus in ocrder

to comp'.?ete' i';he s*ur;a_'y of the African continent 1 have

- investigaked the geog;ra.p&ica_l"‘ distribution of P element strains

J{(R

e
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collected from 21 difzrent sites in éztjutheru Africa, maiﬁly "
guring ;;he swmers of 1987 ond 1988. I have used female
60 sterility as a means of strain classification,

o - .G{? |
The measuré uf cx® mutability has proved to be a densisive
 assay for P factor actlivity (Engels 1979a, 1&?34} snd alsy
ko serrelate well with a strain's ability Lo induse GD sterility
{Engels 1984), I havé ‘moasured tf:e sx¥ muration rate thmugh'
© - the male germline in 78 out of the 206 strains coligeted
" ir order to as#ay for _P factor activity and 1o fest for a.
 correiation between g% mutabitity and G0 sterility 1evels._
The use  of molecular techniqj.te; has revealed the presence
~ of defective P elements in all recently caﬁtured wiid_ popu!f{tions.
which tested phenotypically as M. Tiis is a worldwide phenomenon.
In order to ascertain whether this is the case-in the Southern
Africa populations, 1 have used the Ace 1 fragment of the
plasmid pn25.1 (0'Hare and Rubin 1983) kindly suppiied by
W.R. Engels to probe for P eiéﬁwnts’ in a subset of the 1987
coltection. '
Finali}, most evidence {0 date points tc Pt hybid dyagenesis
being restricted 'to..the | germ line, On the molecular level,
Laski eﬂ:_'a;&. (1986.) ‘showed that this germ line specificfiy
of P element trazas;pasitibn was due to differential wRNA splicing
in germ iine and somatic tissue. However, }::here are certain
indications that small amounts of P induced somatic . activity
may aa taking gia::e. For example, "Enéﬂs-ﬁ(lé?gaj . obtained

. . 2
11 somatic an¥ mosaics out of a total of BOZ7 flies tested. -

e
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1 have consequently made uke of a Foline carrying a wing-hair

mavkar construciad by one. of ny supervisors (N van Schaik)

to test for P olemeat someltc acltivity by exemining the Trequency

 of sutant clenes on the wings of dysgenic hybrids,

k.2, My‘ms

i.2.1 v&itmdﬂﬁlﬁl}_

The mudy of the distrilution of P elements in Southern Afr:mn'
populabions is aimed at examiming the vama‘twn that s present
in & non-Mandelian system. -f'n order té compiemnt this. investi~

gation a - para]le] stud:/ aof genetic vanahﬂ":ty in  allozyme

L syst{p_ns was updertaken. Any connectwn beiwaen the pres&\nce

r g@sence-- of'_ P elements in populatmns_ and ‘the " degree of
variabiiity within these gllozyme systems could be investigated.
Thenrei:icaéf am:l_ technological advances in the fields of pop:ﬂatio_n

genetics 4nd molecular biology have resolved many of the

problems ﬁ?garding the origin, amount and ‘role of the genetic

diversity inherent iq'a'ﬂ species, The Mulier/Dobzhansky
éontroversy: regarding  the presence or .absénca of ganetic
variation m‘-’ifhin natural specms was apparently so“lv"i with
the. advent af electrophoretic techmques which made it nosmbie
for scient‘i’ajs _to study polymorphic ,_V&I“'iat1bﬂ“ in the primary
structure of prpteins. ip:bath riattjr_a‘! and labaratory "b'uﬁhlatinﬁs_

of most organﬁsms:}

RN
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Pionsering work with Droscphila originated in the 1960s with

studies of protein variation in D. melanogaster (Hubby 1963},

it pseudaobsﬂmm{ (Hubby and Lewontin 19663 Lewontin and Hubby

1966) - dnd D. guemassce {(Johnson o@ 2. 1966). These empirical

studies vrevealed the presence of  a substantial amount of
% '
genstic variation in  the majority of aatural populations

{see, for eyample, books by Llewontin 1974 and Nei 1975).

Finally | tbe f‘leoretical works of the popu‘!at'ien geveticists

such as Ha»r!ane, Fisher and Vright, established the mportance

- of_ the forces of migration, mutation, selection anh drift

4

in determmng the centem‘. and subsequent evolutionary patr."'

of natural populations. Thus the combination of theoretical
cansideratiﬁns anﬁ pract‘ica} worko on species such a3 2. meiove-
gavter {whicn lend themselves 1o Jahaaatory studxes) together
with the unity of hereditary mechanisms has Ied to a gres }r

undefrstand ng of evolutionary forces in many gther Specias.
!_J .

A

‘1.2.2 Backgre und for _the Allozyme Study

Pnpulatmns of Ll meZancgastef* occur woridwide and have heen
\z

found in a diversity . of habitats. Since pnpu’iatwns are

very large 'and since there appear to be-few barriers to gene

'
flow because of the camnf.m nat.ure of tms Specres, popu’atiens -

« might be expacted ty bE\ genet‘icaﬂy homogeneous aver . Iarge.

areas.  Studfes of b, mzamgc.stsr populations have revealed
that this is not always the casg. On the contrary ﬂ: appears

that -for particular ehzymes a gm&t deal of genetic'meterugeneity

exists among pupu?atmns. This Tack of rnmogeneip has been.. B

reporied for groups- of populations located in different regions,

o

[
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-primarily in termerate regions 1n\ the northern hemisphers

including North America, Japan and !urnpe. Add1tzcna} studies
have been cunductnd in  tropical and *ubtrupxca‘ﬁ areas of

Asia, in North,_ﬂest and Centrai Africe and in Australia.

There are severaf'_examp!eSD of gl!ozymé hateragéneity on o a

meshgeoﬁraphi: scaie of 100 to 200U kilometres. In the Eastern
o .

inited States, “ considerable mesogeagraphic variation was

cbsarved ij " Brien and MacIntyre (1959) for the 6-Phospho-

geucaﬂate dehydrogenase (?ad) and Jarval ATka11ne phosPhatase

{Apk} Toct and weak var1ab111ty for several other enzymes.

kléo in the Easterh United Statesﬁ Johnson and Schaffer {1973)
found clinal. patterns exhibited 4in several enzyme systems
including Esterase-C (Eatecl," Esterase-6 (Zs2~6) and Octanol
dghydrogeqase (0dh}, and Vigue and Johnson {1973) found that
Alcohol déhydrogenasé {adk) also .exhibited a <¢limal “pattern
in this a?ﬁa in the Héstefn United States, Voelker et al.

(1977) founﬁ significant a11e1e~frequency differences among |

popuiations for Adh, sn~Giyterol-3-phosphate dehydrogenase (Gpdh),
Hexokinasa~C {ﬁez~CJ, and Malate  dehydrogenase {Mdn). In
Jdpau, Katada ; et az. {1986} 1ﬁwest1gated a11é1e~fréquency

differences for ten 1cci from the main isltand and from Southern

'1siand pﬁpuiatiuns, ?nc}udxng Ogasamnra and Ryakyu - Islands.

They found ‘pparant geograahicai d&fferent1at1on among .

.mesanqgustarm &ﬁpulations.' not on!y between the - main® is!and

and t=}asawara, but also amqng<athe 14 nmin—1s!and populations.
in France, Char1es~Pa1absst ¢z ol {1985) found considarable
varxation amang fourteen ponulatinns stretching ftom Tostes

¢ },*. i+
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fear _Louv'iérs- it the north and Tautavel near Perpignan in

\ “ - " . .
\@e/s_/gurh. The enzymes showing a  significant difference

1"n a‘Ieie fr'eqa..enmes were  Adh, Est-c-, Egt-8, Gpé‘k., and
| Phosphiogiucomutase {Pgm). ' : _zf . a

) . X a '..0 , i .

tonsiderable gea!iiic heterogeneily has a&lso been observed

I
. LK

"continents An investigation of six’ Afrotromca?

i

pomﬂatmns from the People’ ] Repub'hc; of Bémn in the / east

ﬂir% 3 macrdgengppphic scale of sawera! thousand ki]on"etrne
|

ac ro

to Burund1 m the west, showed that there was 2 great deggree’
e}f hetercgeneity amongﬂthese populations {David 3982}, Invést‘?- '

gations of the pattern of -~allele~_frequencies in thr.'ee zoogeo?

g}r‘&phic zones : Australasia, Nurth America and Europe/Asta

__ :f:'evealéad latitudinal variation m fwe enzvme systems (odn,
deh, Godh, Pyd and Est-6} 2s \;e'ﬂ as geographic varfation im Acid

yhcsphatasf H\hi:nd gepd (Dakeshott et ai. 1981, i982a, 19832,

1983!:) Finally, Sthe investigations of Singh et al. (1982} and
these of Singh and -Rhombérg (ias?a,b) who examined 26 and 117
‘loc* respectively ovar sever\“’” c&n ments, showed that, although
‘there was considerable genetit variation among 'areas. for dome
. lociy the o&er&ﬂ deg.ree :'of“ differ-eniiatian among these wid‘eiy-
separates mpuntmns was stil11 typicai of differertiarion atong
!ropgtation: of the same species _ ' {(

d o
i
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In ordngr to N&hend funy the reasons for genetw d1f1“erentia-

tien il 15 necessary (o obtam as much knowiedge as possible

© about ?%ts nature by mveshgatmg natural popu?atmns uf

D. melan%gaater in as many varied envwnnments as possible.

Up to tré present, no 1arge scale study ha.; been cnnducted

Bn Soutrern African popu?atmns of p.  melarogaster. This -

wis noted by authors Singh, Hickey and David as iong ago
as .198_2 {Singh et az. 198Z) at which time (to my _knOw'iedgé)
the fifstﬂstady of Afrofropical' populations took place (n}mdﬂ
1982). In an attempt to Fill this gap I hi;ve?-jnvestigifgjd

- the patternsﬁ of gene 'frequem:y and -theie” implications . 'li

17 Suuthern African populations of D, mfzfmogaa*er extendmg

gver 5 000 kilometres from Northern Nahﬁh\g through South-

africa to  Zimbabwe. A hierarchical stmcture canswstmq of

) four d'ifferent ]eve'is of population division has been superimpoosed

on these 17 Wﬁpopu!at;pﬂs. The- four levels are, “in ascending
) : .. T oo c O
order of spatial separation:,
Q..i a o

’ . _ W
level 1 @ sitas within districts
level 2 v districts within areas
jevel 3 :  areas within regions

clevel % regions within Southern Africa.

‘}‘.

1y evaiuafed © the 'amount of' genétic differentiatio% between

the subpopulations with?n each - higrarch‘ical“ Tevel and between

i

the levels as fuﬂnns. oy

4]

T

[

- v
o
-,



&

xi-.
{1} The ¢ statistic of Sukal and Rehlf  (1981) was useo ‘m
arder to assess any swgmficant dwff‘erences between subpapuiatwns :
within Ieve'is, Where, s1gmf:cant hatemgene:ty prec!uded:
poeting, approxzmate F ratios were computed e order to compare

the nested levels with sach other

{2} A gene diversity analysis was used tu. guantify the amount

of heterozy9051ty that is ‘Tost dJE to popu?atwn subdivsion.

= . W

This study also made use of indirest methods to assess the

. émoun%' of gene flow ‘that has tekenm place in the past between

‘;‘Sputhern African papu}at'i'i_m.s of 1. melanogastey. The population

structure revealed in {1)'a_nd__ {2) abdve was analysed in the

-_~ T_iéht of the gene flow réf{a.."?ts,'

a ' ' _ /

The envjronmental geographic aud ¢limatic conmhjs in Southe‘rr

Africa are rmt repeated anywhere else in the worid. Consequent!y

this stud:g nvf the d1stnbutiun of aﬂoz:fme-frequenmes has*-"

afforded 2. unique opportumty to investigate clinal pattarns
that mdy shed some Tight "on pqss.b'!e allozyme adaptations.
I have ‘thus " gxamined the correlation between the f-reqﬁency'
of the wost comwon allele fin five of the enzymes sfﬁdied,

with Iat1tude and Iongxtude I have a'!su 1ooked at the cvrrﬂatwn

with the  two c!imatic vamabl@ o ramfan and extremes of

s

aemperature. R e

&N

&
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Finally T have made Gse of this study to try to ‘shed some

~1ight on the omgms of ‘the Scuthern ﬁfr.can papuiatinrs
of I, }rzelanogasber. b me:.aragas*er ’i?’ one Df e’!ght Specie'“"

of the melanogct'fsz;erl subgroup of wmch_, six are endemic to

the Afm.tmpica} vegion {Lemeunier gt al. 1936) .This fact,

among  others, ° Ted to® the- hypathesm {now mde y accepted}

- that 2. meZanogaster is of Afmurqua!_ arigin.-‘{'{"sacas et al.

1981; lachafse eral. 1987). It is not certain how Tong

[y

D melanogastez- has been present in Southern Afr'ica These
' _'-__-r'popu!atians could have amgm\. Jed due to a southward mgration :

aof the ancestra] popu'!atians in Central and Hest ﬂfﬂca ﬂuring

the 1aue P!eis“tocene er Holorene periods {Lachaise ot al,

1987} or. even eari-ier Mternativi;ply present day popmations

- may have urzginated at a later " time by dispersa} firom Hest_

and Centra1 ﬁfrica or hy co?onizatwn from " Europe ard Asia

through human imigratwn (see Bavid and Capy 1988). In this’

study 1. compar‘ed b&tterns of » a?le?e-frequenry distribution

_ among Southem African populations with those in - other “parts

of the world particularly Africa, in order to gbtain some

insight into the origin of these populatidms.

8

f=2
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CHAPTER WO

Fa seogmhfcal Distribution of P ehunts in_ Southern Africa .

zygote. o g

2.1 Jntroduction = 7 S - =

Sved 1976; fidwall et al. 19??13}-"'351 actiwated when males of
a P strain (paternally contriduting) are mated with females
of"an"'\ﬂ st,rain y\maternatly contributing) in 'fthat%_ tne progei.y

of .these «matings manif " various “dysgenin symptoms {discussed

in‘c'hapter 1). _\T"he'se- symptoms are not a’pparent in the progeny -

of the rei:iprocal cross (P 2 x ), nor do they appear in. the
prageny of either P 2 XPosorh ¢ x H « crosses, The P-M system

of hybrid dysgenesis is interpreted as being -due o the inter-

act_mn of two congonents. Firsﬂy, P _strams possess many co;:ies

of a chromosomal genetic factor, called a P factor, which leads

to hybrid dysgénesis and which is found on all major chromosomes

'\.(Enbels 15?%, Engeis and Presion 1986} Second!y 2 mg,ternal'iy
'derweﬁ component is -responsible for the rzpn—f'ecipmcal'ity '91:3

the dysgenic Syndrom The ferm cytatype‘ ié"used to designate

the- ability to »,mnsmt this meternal componen?:, cytotype (wmch

' may be of type M or P) 15 determined by rwromsomal factors
" but {_uith“ﬁmited cytopiasmic transmission (Engcrp'ts 19?91:, K1dwell-
1‘95'1}. Thus hyhrid dys;;enesas may result frqu the mteract'ian_

of B fact_ors and K c,*totyg?- being pr‘esent tu%}ether in the same

B

'S

The P-W system of hybrid dysgenesis. (Kidwell and Kidwell “1976; -

o e
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- éarry a .varia'bie number of P elements (Bingham et al. '1982:,__ _'

32

2.1.% Ctassificat‘ioﬂ of Wild Bmaopkz.la malanogasier

[ =

Studies m" Ewaaphzla we:tarzagasmp popmatwns have taken place

| in many pa;ms of tne world.  Over the years a variety of tech-

- of wﬂd strains, these include GB sterility st.:ches, ¥ muta-

bmt, tests and mo}ecular hybmduation expemments.

llnkro"wn str& s have baen divided into fc-ur dtfferent categames,_

) nique< have hean deve‘mped for iﬁvestigating the' P-¥ campusiticn ‘

P Q, H’ “ ang M. . P strains {Kidwell eta 19??.*.:‘9 possess the .

g P cytotype (Engeis 1979b) and’ have the pmtmﬂar‘i to uroduce "

P fat:tar actm‘ity in & suitabie background c_ftotype. This.

r factor acfivity ﬁs thaught tu be clnse’l} related to transgpsase '

prodactiop. Q' strains have P cytctype bt a Tow leve! of P factor

o

Dt

~ into two types, pseudo M and ‘true -M.

dctivity (Kidwell 3975/, Although they may carry complete 2,9 kb

" P efements, ‘they do nmot causa GD =_-s”yter'ifi_ty when® crossed o

* {pseudo M} strains
=

Kidwell 1985) but they do not ipdui:e hybrid dysgeresis when

_érossed 1@ M strain femaies. These str&"ins, however, - havs been
sho'«m to reduce !evﬂs of hybr-t:d dysgenesis ‘when crossed to
P strain ma’les (Kidwe'n 1985; Sirmons and Buchalz 1985) This
~partial repression is dist'!nct from P cytotype inm that it s
in{)erited b:parentaﬂy {Kidwell® 1985, flack ot al. 198?) and

¥ strain femalés. M strains (Kidwell et al. 197%%) can be divided

it is thought to be hroug‘rt abm.t ﬁy de]etioﬁ derwativas dn

(AR
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{6} In Europe the q populations appear to dominate (particularly *

{2) P min?y, but

33

genera? ang in partic:iiar by the A element -3 b fac..fgr jnternal

deletion derivative cloned out of the Russian styzin Krasnodar

TR

(8lack ot al. 1967). M (true M) strains possess M cyuﬂt}'{l& v
(Engels 1983) and have no homoTogy to P element probes (Bmgham
et al. 1982). - | | 5 \ s
: . . | AN
Worldwide fzndmgs have revealed the fohowmg. e

Lines cu«i!ected befare the 1950s in Amemca and Japan anf bafore

the 1960s in Eurone, Afmca and the Mlddle East a-'\d kept in .

‘a 1aboratov'y sm..e then were nearly- aﬂ {True) M type ‘dewe]‘!

" ,.,_*;_s_.s, Cidwell. et al. 1883; Yamamto et 'ai. 1984; Anxolabéhére

et al. 1988b). P and Q“type ctraing began tc appear n strains

tollected _aftér""l"ssu in America and then subsequently in; Europe.

The gaographwal distribdtwn of strains. coﬂected after' 19?0
is as fa!lowr "

’ = ; "-"\-) RS “ f e

Ve \

somehmes 8!, strams are- fotind i“n Herthﬁand'

.....

i

“South America where the H.‘nél_}otype is sither ahsent ar present -
only at veryr low freguencies (Engels and Preston 1980_; Kidwell
19_8_5;' Ridwell ez al. 1983\; Kidwell and Hovy 1985; &ﬁxoi_a‘déhére
ot al. 1988b). | |

TR

in France} although there aré tise acgasional geeurrences of
P populations in places such as Eng‘land Be]giu:m, Italy and

Frange, - P elenentn appear to f?ecrease in f’requency &s one maves

- eastwards towards Asia, so that, populsticns in Middle Asia are

L ) i o : .o
: oo : .
.

. . . l\ {w\? - B



o .
all M cytotype but i.n Céntral Europe gonadal dysgenesis studies
_ suggest & cytotype ps'iymorphzsn {i.e. Fﬂ\l éyt:‘:’i:ype} shuwing
2 wixing cf the” strains fﬁnxalabehére et al, 1982a, 1935@:' Kidwe!l
gt al. 1983} m Jawn and the Far East, F or Q popuiatieqs
: predommate. a'iﬁai-wgh some - ¥ strains dre present {{lmsh? et al.
1932, kidugil 1983,, i(l_lavien et al. 1983 Yamemato ot at. ;"584)

{c) in Austraiia a north to south clinal pattern has been qb&ef_ved
along the eastern srjeaboa'rd. ‘The northern pepula?;li{ms from 16,9° §
to 33_.&".5 are’ Phenétypicaﬁy P, popu_i%tiéns from 24,4° § to
37,1°S are Q, While populations from 37,5° S to 43,2° S are
M (Boussy and Kidwell 1987; Boussy 1987). ; o

s =
R

(d) On the African continent mainly the'..nor-i;s';ernv"' and cenirai
parts have been studied W d;;e. in HNorth ‘Afpica. M strains
predomihaté. wherea; Cthrai :,ub-Sabaran . Afric;: is poputated
By P and Q strains’ {Anxclabéhdre e¢ al. 1987a, 1984; Woudruff
. et.al. 1989). i U I. - o . 6 |
in Soutn Africa, six M type and one Q['j:ype str'a;s'lin were obtained
'frﬁg;iicunecfions made’ priorbl to 1970 (Kidwell et aZ. 19&,‘33“.‘ Also
two Southern African 0straiﬂs obtwined in the 1970s tested as
pure M lines ([}aniels"'eﬁ ;zt?.. 1987h). Thus, not, much mrk\‘appears
. to havg been done on the qengmph“c distOibution of F e‘i?ements Y
in Southern African. popu‘!atmns of?{a melaﬁoga};terf.,.

This study constitutes the ﬁrst in q[epth survey of P-H- hybrid
. dysgenesis jn- Southern Afw:a Pqpu't?ﬁ _rs:; apart ff'om one

line, were collected during the summers of 1587 and 1988 frnm

=
&

/
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Fig. 2.1 ¢

s

A prir of bilatersity dysgeaic ovarfes from
- w1t ratzed 5% 2970, !hpifia_tim Bx _

©
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within the Jeint 95% canfidenge mctangle For this reason,

I have 'mtroduced four intermediate categcries. P-0, 0Q-P, !#«Q
and Q—M and thres indeﬁnite categories M?, 7 and P? in acfditwn

<tq . the previcus three categories P, § and M. Tan]e 2.2 and

=

F:g. zkil}ustrate this classification. The axes (I—”ig. 22) :

repmScnt )\ri?ia*we frequenc 3§ af &0 sterﬂ"ty in Crosses ﬁ

and A* (Yamamoto et at. 1984), Each sgugre on the diagram
&

represepts a  joint zonf 1dence region.” Thus the point with

coordinates {(Pp, Ppw) - the estimated 60 sterilities in crosses

A and A* respectively - is the centre of the sguare which has

stdes of length 2S5 (=2%p#). This 1llustration in Fig. 2.2

is purely disgrammatic ~ it assuwes the joint &ouﬁdence rectangle .

is & square-. d.e. Sp = Spx and also ithat these values are

« 0,02, In practice SA¢SA* and the vilues are c?oser te 0, 1.

The strains whit.h were c'lassified as P" Q? or M? are er!y '

to have been so \:Iasszfied due to a h:gh level of background
ste_rﬂity. intennedtate strams i.e. those which were c?assiﬁed

as P-Q, {-P, M-—Q or (| iy be unstab“le stra'ms which ware

undergoing & tuansitmn from one state ¥o avither or they may_

be stable strains which were maintained in this intermediate
state ‘due to the balancing forces of P factor activity and
repression. A strafn was uncIas=1fiable if the values Pp amd

Pax were both 0,1,

2.3.1.1 Analysis of Southern African wild strains

The classification of the Southern Afritsh wild strains together-

with their 95% confidénce ragions s given in Appendix A.

co " Ty
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T northeast to southﬂest wWas observed in thze regulattwy ability
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21l different localities raﬁqing'fmm Rurthern Namibia, t'iilrough
| - Seuth Afrna o to Havare in rentral Zimbabwe. These populations
wWare su;veved fcer their_ abitity both to produce wnd resist gonada‘i
d;«sgen gig us‘in the stama,d “Yefereace crosses, & and A*, {The_
A crass is htheen;a. mtle of the -unknown stfainu and a female
of & 'standard 1oluvatory M strain and the A* cross is hetween
3 femnle of the éi'@;sksxs:mn strain and a maie of & standard laboratovy
Postrain {Kidaelle .o al. 1???*}, tngels anad Preston 1930}). Iﬁ
additicon the. 1'&*&03&% rrosses, B adﬁ B*, were perfrimed en'
&1 strains cul?e..“red in 1987 and  intrastrain crasses weve
pﬂrrnrmed on ihe ma.}orxﬁty of - ss,raim coﬂec.tad in 198P Ihe
rasulis of this chapter iﬂdi::ate the presence of Pe 4 and M-
strains in Southem Africa rurbher a’ \c‘hnal pattern from

-

and P factor ac*thnt:,r of these coITectwns. KE}:_

2.2 - Materials and Nethods o .
2.2.1 Col tection of l\‘ﬂd D mzmagg._ntar and ngisﬁnt

of lsnfemie Lines ' : \x o

W

Emply p!astic laottlas such as 2 Htr fpca Cola \bott‘éee mth
a small mndw cut into the side were used "ag tr&ps for wild
flies. A ripe la.anana, sphi‘ lengtnwcys was p1aced at tt‘e bottom
of tmw botﬂe Ln top af a wad of cottonwool 'rhe cotionwool
wis. uoud to abmrh the Hquid produced by the mpe bananas and

“ thus preventg&.:,, fties from drowﬁing, aarticu?ar!y during
; o kg O T -

;

) R o o

7
&
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2

transportauwn of the trapa. uener'ally, a few traps were placed
at eachs sQllection site for amything from 3 days to 2 weeks
(:he banana\ were replaced with fresh onas when necessary).
Traps were "’-r"a.laced under fruit-trees near garbage "pins®or even
indoors dccaé"icna"ﬁy. These traps were nearly always effective
but in adgition to U. melamogaster, this procedure also trappéd

mtﬁviduals of D. pimulans, 2 sibhng spaciés of . melanogaster

~which closely resembles 1{‘{ and is found in srmﬂan mrcumstances

"Thus, after capture, mdividua’l females were p'!aced in separate

vga‘ls and  the-~ gemta‘ha qf . their male progeny were‘_ﬁa.xammed-

under the dissecting -microscope <= this being the simplast way

" to difigrentiate between the two species.t The isofemale lings

of ». anzzéﬁvqgj'aater were thus established. —

2.2.2 Geographic bistributmn uf Samples

Samp!es of wild "type b.o melanagastﬂr were coliected Frcm 17

~ aiffarent sites in Southern Africa. An effort was made to cover

as variable a terrain and as 1arge an_area i rossible and stocks
were cbtamed from ﬁamib.a and 21mbabwe as well as from South
Afrma I‘able 2.1. shows the site Icc:tions, the date the flies
were Baught and the numbers of isofemale lines tested for P-M

gunada1 dys:;enesm. _.,,

r-

5l

:n the males of both b, melanogaster and o, Ckmetans 2 discoid
propess arises from the pusterior margin of the genital arch,

This process is }arge and protuberant in eimidans {-feSemh'ting

A small bivalve s{eel! whan \né’wed together with its” partnerl
6ht the gpposite s*‘ﬁe of thp body}, ahereas in meZanoma”eﬁ the

-, c:arrespogzdmg process is much smaller and <s discernible “oniy

under extremely. r\?‘gh magr.ificatinn:\_ Thus sevaration of males

. N ’ .o v ' @ * T
of the two zpecies i this manner.is unequivecal. /
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number of

Table 2.1  Collection sites, dates “and
e isofemale lines tested for P-M  gonadal
“ .+ dysgenmesis .o S
Collection Site Date Numbér of
) ' isofemale
? 2 Tines
Namibia - |
i. Swakoprund fct 1988 G
- 2. fiohabeb (ct 1988 18
‘3. A Ais Oct 1988 15
South Africa T
4,7 Cape Town Oct 1988 13
5. Gordons Bays - Dec 1987 4
6. Pletienberg Bay . - Hec 1987 4
Port Elizabeth o :
7. Summerstrand T Oct 1988 ‘19
8., lWalmer Oct/Nov 1988 s 6
g, .Mac'l_éhr Dec 1987 4
-+ Durban. . .
0. Berea 7 Dec 1988 16
i1, Addmgtnn Beach QOct 1988 i6
Johannesburg o
Northern suburbs 1988 Dec 1988 8 .
13.  worthern suburbs 1984, 1987 ; Dec 1987/1984 5
14, Southarn suburbs Dec 1987 5
15, Pretoria o Dec 1987 4
16., Hammanskraal Dec 1387 4
17, Netspruit Nov 1988 16
18. Pietersburg * .~ fies 1987 4
19. Agatha 'Pec 1987 g
20, Thowahuau . Oct 1988 12
| 21, Harare " Pet/Nov 1988 1y
Totjl'l R o 208
" ’ ' {_‘f,'?
. & ..
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2.2.3  Drosophila Stocks Used for P-# Testing.

A1l genetic symbo%é not ciherwise explained are in Lindsiey

and Grell ;i968,.

Two hundred and six {206) isofemale wild lines derived from
21 different Tocalities in South Africa, Namiba dnd Zimbabue.
v A strong P strain obtained from W.R. Engeis. This strain
 has many eﬂ’ective transyosase and GD ster'ihty produc%ng P
factovs throughnu e.he gename.

'by au“t!l)!r"?. bws st: Gbtained from W.R. Engels. The t‘:jftut}pe
is M and there are nooP factors other than thcse inserted -at.
or near the ainged loclgs. ‘50 this stram is stmct}y speak'lng_
an M stra'ln. However. ‘E\t i5 a. stab]e strain (Engels 1984) and
it has been found by Ar&( }ebéhére et al. (1985b} to react as
a more sensitive W cytoty @ than Cantor-S“ (a standard !-s tester

' stram) This stra"ln wﬂ] lereafter be refecred to as sn¥{M).

Bl

‘.24 Bescriptim of Crosses Made and Methods llsed for 6D
Ster"."l btr Testing .

) In order to determine the type of afi tmknawn {U) strain, the

fa'l'lmfing crosses were made

. crass Ar an¥(M) 2 x U oo

eress i U e x P S, v

e

Female progeny were dissected for gonadal dysqenesid,
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By

Cross A determines the level of act%vity of astrain's functional,

P clements when they ere in a derepressed state, i.e. it measures

‘P activity potenti ai. o

/ {IP )
Cross A* determ'inés the cytotype of 'an unknown strain, f.e.”

(il measures the sbility of an urw;qnown female to resist ‘the astion

lf ('
of 2. knoun P stram maie in causmg gmdda‘l dysfgenesi

» .
in addition 37 of the wﬂd strains (thase c}llectm in 18987 gnd
the one coliected in 1984) were twsted for background sterility

by performing the following crosses (and dissecting’ the fe.ale
~progeny for 80 sterility): ° 7 | |

[3]

Lross B (reciprocal of cross A): U g x sRW(M) ¢

Cross B* {reciproca’ of":cross A*): w32 xl e o
ﬁr‘aﬁs B measures the backgmund sterility c:in fema'les genotypicaﬂy
identma] 10 - the female ptﬂgeny from cross A, This stemhty

Amse Poom & Tow Ieve? qf P elemen{i actw-ity in hnes with

P cytotype or rom other causes. cunsequenﬂy any sterility '

“in cross 8 hybrids could sarva as "a measurs' against which- the

sterﬂity of cross A hybmds can be judged and in this pense

- cmss B serves ag ‘a control. Cross B*;usually does not lead

' ;o sterﬂ;ty regardless oi: the P-H pmperties of the unknoma

mﬂes and"I females, 050 cross B* measures backgmund leveis of'

L, 6D sterﬂity in ngn-dysgenac crosses 1nvo]ving the l)rgknam Yines.

L

RN
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i Fina%hly 134 of the strains collected in 1988 were tested for

intrastrain GD sterility.

o - ’ " K\x e

\hrgm fera“ies were he'id for 3-7 days at &&“C after eciosion

" before cmssmg- them. For each cross, 15-20 pairs of  flies
were matéd en magss in half-pint bottles containing the standard

' yeasted' medium a's prepared by the= Department'- of Genetics,

ﬁnwersﬂy of the Hitwatersrand, and 1mdyate}y ;ﬂaced at ?9"0

About ane to two days after eclosion, flies of nmh séxes were

\..ransferred tu wesh bottles and anowed to matu\g at 20°C for

i
s!‘mws the difference between the- nor'ma andr, dysgemc ovames

An ovary was scored as nondys_gemc i even one ovar101e was

deve%opn:‘i (Schaefer et al. 19?9) The frpquency of gonadal

 three to four’ *days bafore the femahes were dissected. Fig. 2.1

sterility was calculated by dﬂndmg thé rumber of dysgenic

gonads hy. the total number of gonads scored.

. ) -
2.2.5 . Lonfidence Intervals

%

In orc!er to account for samp'l'ing errors m crosses A and A* "

a 95% 3oint confidence probab%'f:ty was employed (Louw and van

JAarde 1989) ‘Thus, if PA and Pax ave the, BD stemhty freguencies '

v

and np and- na* the samp1e sizes in crosses A and A% reﬁne:.twn]y,

Jthen a- a;; joint cunf’idence regwn for the proportwns cf dysqemc

wanes ohtamed in srosses A and n* a'ls uwen by

]
I

iy

7y
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o E ‘
]
ﬁ*)/na*lii

r Faxs n = m or nA*)

ZA WAU"%)MA)!’ and Pax # ZA*(PA*H“
where p{l-p}/n is the variance {p = Py o

a;i\d FA (£ = In or Zp*) is the standard n_' al deviate. If the

vathe, of Z corresponds toe a confidence ;,eveI (for :eat:'n indi-

vidual cross) of @ then, since an overai{ 95% confidence lavel
' is required, o is obtained from the equﬁliity {1-a)? = 0,95,
whence ¢ = 0,0254_. Thus Z = 23 = Zpx = 2,234

P

2.3 Results T

S

N\

[

2.3.1 t:iassiﬁcation Scheme

The estimated GD stenhties (Pa and PA*]; ohta'ined in crosses

G 4 and A%, tagether' with 95% confidence regxoﬂls (PazSp and Ppw:Sps)
are given in Appendix A, {3 = 2,238 {PA(1~PA)inA)*ﬁ Spx =

M

i

2, 235(PA*{1 PA*)/nA*Jz np and npe are th¢ numbers of ovaries . "

dissected in crosses A and A% respectivehl) . It is useful to

‘be able to type the wild lines &s M, Q or 2 in order to obtain
I

2 picture of the geograpmc distmbutwm Following Kidwell

(1983) and K1dwe1'i et al. (1i 83), the . 10% G0 sterility 'Ieve’l

was used as t;he demarcation 'lil_:e in that a ﬁ:tram was designated

M if, it produaed <10% dysgemcﬁfemales in q'ross A and- »li};;a
crass A*, Q if it gave <10% dysgenesw in bot’h reference crosses,
and P 1f it gape >10% dysgenesxs in ¢ross #l:} and <10% in cross
A*, Remat*kab’%y most wild strams feﬂ clear'ly into - one or other
of these " three cttagories. Hawever, ‘when \lthe 95% conﬁdence

regwns (sectwn 2.2.5} were evaluated it was

'}cund that a certain
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o ' P rn - R . ' '

: § o SRR

'n . ; _ E W o B '
. feble2.2 - P--M type classificapion scheme used for
_.E—f—-w-—;: - Sogthern p;fritﬁn populations of Drosophila
| * melanogaster on tie basis of 95% confidence <y

P -=-regio§s for 6D sterilities im  crosses A 7
o i . aﬁd'ﬁ . . _ . . _ X . . M
. Cross AL ., | Crosg Al Type
i . . "o o

* ]
Pa- Spﬁ. Pa® PatSp® f’;;*—S;,*l"' Pgas ‘. Pax+Spss
n .1 - 0.8 Q
: . éﬁ,l_ »0,1 ' " b RN P S Y L
RVIE BRI S N R [E R
~ 10,1 S - 30,1 P
s0,1 4 b os0,1 e-n
sG,1- ?8’1 0,1 : 'Q? I
0,1 | 0,1 - s Rl P
0,1 |, R 50,1 |4, P?
b . . . 'Mﬁ’— i
“ § 50,0 JlTs0.1 | 50,1 #-0
Sl b | s0,1 oS0, 50,1 g ¥-Q «
0,1 |01 | i =81 »0,1
9‘1',1 ’ 56,1 i >,1
Lo 50,1 | »8,1 o z
%s“\\ s0,17. | 0,1 s0,1 " | | n?
s0, 1 | #0,1 >0,1 ._ -
>0,1 S I >0,1 | ?
iCross A an¥({M} ¢ x U v
Cross A*T U xnpe. | O ©C) JU

U is the unkndwn strain; enW{M) and 7z are described
in Section 2,2.3. .
2Py, Pax are estimated 3D sterilities obtained in
crosses A an(/A* respectively. G L
A 38p = Zn (Pa{l-PR)/nale, Sax = Zpe(Pgs{d-Ppainpsd
| " wheré np, npe ave the sample sizes and Zy, Zpw are. .
the standard normal deviates for crosses A and A* |
regyectively. For a joint §5% confidence region - o
A A VR X O : |

W
Ll

£
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*lfiawel'l (19851:} Lintron’uted a. refinement in ‘the c’iassif%cetion

- study except Ais 4 tmd Wal 3 were a

"of M and P strains by dividing M strains nto true n and pseudo .

Mo(M') s*rams {xidwen 1985} é’nﬁ b strains _-mto mode!:ate

and éi:r_'ung P a5 foliows:

_- T8irain’ type % GD.. slter?i'tity

R o - Cross A, Cross A%
| H “‘(t:rne) - 9 B 10‘5
M ‘(\Ims'éudo M} C ?.(0'? © o106 |
0 (weak P) | 0ot pelo
| P {mﬁz_{:-rége}- S 1180 0-10 o
.atrung} R = 1 010

According 10 thisa ciassiﬁcatiun, al'tf wilge M-

p& 'pseudu M. Ais 4 and

| Hnl 3 both had GB sterihty rs‘latwe frequencies of 0 and 1

<

in crosses. A and A* respectwe!y (Appendix A Thus accard'ing? (

to  the &bova classificaﬂon these strams cou‘lﬁ be ‘wither true

M or pseddo |, No strong P stmins wera obtained. Figs 2.3

(A-P) shou 6D sterﬂity frequencies for each indivrduai ‘coitection
site as point., qu 8 graph with axes vepresenting cvoss A and
cross A% peﬁcentage 6 sterﬂities (Yamamoto et al. 1984).

G‘ﬁy two straing were conp‘letﬂy unclass#ﬁahle. These ‘were
Ms 14 afid Rut 2 (s1gs 2. 3 c and 1. Append'lx K). Intrastrain

L

.- R
N : LI
Wi A ‘?‘ ,,.;-« i

e L » e

*(ais;iwen 5 (1336!:) Tab’le 4 also inc!uded references to an¥
mutabihty which ha\re been omi tted here) NV

A 'n -
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. §terility for Ais 14 was 14,6% and for Rut 2, GD sterility in

tﬁe reti‘pmca! ci'oss B* was ?,9% {Appendix 8) - So bo%n] of thede
s1‘rains had high background sterﬂiw which would expTain their

Uinabihty to be clasmfied Altogether 204 out of the. 206 m%d

. Southern African strains had GD stemhty <10% in either Cross

A or cross A* (or botk). This distribution of €D steriiity

. is not unigue to Southern Africa; indeed it appears to be a

-}mr]dwide; phenomenen, For exampie in a series of studies spread  *

over regions including Ewrope, Africa, Asia, India, China, Japan |

~and the Americas, not one of approximately 150 di_l‘ferent’-"straiqs

had GD sterility -1C% "in" both ci‘bés A and cross. A* {Ahxo_}a!:é-
were ot ab. H;\gsza, ‘1984, 1985b). With 3 few exceptions the
same results were obtamed in am mvestigatwn of approxzmte?y

100 strains coﬂected from the Ameﬂcaa. france, Czechosio#akia

| . and the USSR over the past ﬁﬁ years eAn.» "tabéhére et az.. 1988!:],
'as weli as 1n &n extenswe survey of straius from the Amerir:as.

: £urope, Afr ica, the Near and- Far East and Ausiralia { xzdwen

et al. 1933)- Boussy and K'idwe'ﬂ (1987) observed that of 620
strains tested worldwide, unly 56 were nat within 11}% of e:ther

%is. Theuﬂ\conclusiom were drawn from work done in Japan

" {Yamamoto et al 7' 1984; Hihara ot al. 1985}, in North America

(Kidwell and Hovy 1985) ang in Australia {Boussy 1987; Boussy
and Kidweil 1987). ‘ |

s
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The P factor activity for F, P? and PG intérmediate strajns
varied from low values of 10,3% 60 sterility frs Nelspruit and
xhohovandou {Ne‘i 2, Nel 1%, and Tho 3} and 16,4% in Durban (Ber 15
and Ber 22) to vaiues hmh' in the 20s. There were also a few
exceptmnaﬂy higﬁ values, name!y 35,5% (Ned la in Nﬂ'lsprmt).
36,2% (Har & in Harare), 1 36,5% (Rut 4 in Johannesburg}, 37,0%
{Tho 1 in Thohoyandou), 43,2% (P'B 1 in Pietersburg) -.-fmﬁ 52,8% I

ANel 20 in Nelspruit). The P susceptibility of M, M? and N-Q

stﬂrai_ns as minifested in the form of cross A* GD sterility showed
even mové variability. For exampie in Walwer, Port Elizabeth,
6D sterility in cross A* was 100% for Wal 3 and 10,3% fur Wal 7.

2.3. 1.Z Indefinite strains and intersediate strains

Of the 208 classifiable stra‘ins. seven were indefinite (two
of type M? one of type 47 and four of type P?} &nd 41 were
intemedzate {2 of type H—q, 6 of type (-M, 14 cof type P-Q ind
12 c\f type Q-FJ. Bereg (ﬁurban} had tha most intermediates
{33 :he rest were scattered - fairlyo everﬂy over &ll collection
cites. The 'ind‘efiniute st;rains showed negligible or 0
intrastrain/reciprocal cross sterility. Thus there was no inter-
ference background . sterilit"y. These crosses were classified
as indefinite owing to “the- cunfidem:e regions overlapping the
10! @b sterﬂit,y boundaries. It is possible that these stra:n_s"

were _in » state of transition at the time of teséing. The two

. #% strains. showed too much P factor activity ;'(within__ the 95%

o

confidence region) to be classified as M. ~ They could thus be
i the procéss of changiﬁﬁ from M to P {due to the recent -ac- _
quisition of F et'ements}.f or the;\coﬂd be changing the athgr‘”

) ) Al

i
0.
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way, Strail;}s of the P? type ‘are t;mse_ whﬂsa.‘: cdhf?dence' regions
averlap the 10%\ GD sterility cross. A* boundary. Thus the P?
“'strams found were lackmg sufficxent rpgu:atrsry ‘power %o be
classified as P strams In this respect. i(idweTT {1986a) stater!
t'hat'-st_rains wiuth high P factor activity and Tow regulatory

abﬂity”have been shown to exist transiently in the Tahoratsry.

These types of strains tend to avoive into a stab.e P, & or

" state or to go to extwctien Fur‘,her, Bauss_y av\‘ ii'fdwe%'!
(1987} stated that “such -strains (shamng elevated P actw;ty
.and low regulatéry ability) were found in the wild in 1983 and
were later shown to have changed te a state like that of the

rorm of the population from which they came.

2.3.2  Polysorphisms and Trends |
Table . 2.3 indicates the number of P/PT, q;a?, W/M?  and

intemedwi;e strains obtaiﬂed at each co‘nectiun site, Some'

W
of the collection sites showed clear patterns of either a central

P, Qor M-téndency whereas othﬁeré tended to be more polymorphic.

The M iype -sites were Al Aig, Cope Town and Pori 'EHzabetlis
E Mainly fo types (which tended to predominate throughout) were
founu ?{ Swakopmund , "Durban (Addingtan Beach}, Johanneshurg

{northern suburhs 1988), Pretoria,. Hamanskraal and Agatha.

it

The on!y P type site was Harare The rest of the sites tended-

to be polymorphic The P/Q polvmrphisms were obt( in_!}urban

_(Berea). He‘ispruit, Fietersburg “and Thohoymdou. Two of the -

'_conection sites. Ple:.tenberg Bay and  Johannesburg .{nor%h_grn:

o : G
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. The numbers of 7,
ﬁ& , strains cbtained at each cnl!ection site.

. &

QS " amt iﬂtemdiau 0"

Conectfoa_me BT (PG { QP | Q/Q7 ayfi-g e TOTAL |
Swakopmund 7 LN 27 10
Gobabeb 11 84} 1 7501 18
1Ay Afs S 2 i1} 14
Cape Town 371 100! 14
Bardons Bay g ) 4 4
Plettenberg Bay | 1 ' 1 21 4
Portﬁizaheth: -
Summérstrand 2| [rj16}) 19
Walmer Jprpsf s
-Maciear 2 11 iy a1
Purban: - 5 S
- Berea’ 2| 5| & & 1| 16
: Addingtnn-sea&- 11 15 115
Johannesburg: A ST |
M.subs 1988 | 1 1l 5. A
N.subs is84/87 | 3 | | & g
S.subs ' 2} 2 A
Pretoria B 1 4
| Hammanskraa) I N 4
1 nelspruit 41 3 {ria 1l 16
Petershurg 2 1 1 3 4
Agaths o ) & 4
Thohoyandei 31 1| 3 5 12
Harara 12 5 | 2 19
 Total | 14|12 69|58}z

LR

L



are presented 1n #ppendix 8.

e

) K . o .. »_ e '
suburbs 1984/1987) had complete mixtures (P, Q. M ang M7 in

the former and P7, M-Q apd ? §n the latter). Since these sites

'had__ only four and five sé:rains.'respectively, this coné!omerate

- of types may not be a true ﬁé’ture of the rea‘- distribution.

A total of 28 P/P? type straing, 77 Q/Q? t}pe “strains, 58 M/M?

N

type stmws and 41 mz:ennedza*e strains were abtained.

1

[

2.3.3  Intrastrain and Reciprocal Crosses

Recipmca? crosses [cross ‘8 and eross 8*) wera performed on

all strains collected in. 198? These crosses were ‘net performed )

on . strains ccnecteﬁ the foﬂm.ing year, however, hut mst "of

t\ﬁe 198& collections were tested for intrastrain ster:'hty at

29°C. The results of the recwmca‘i and intrastram crosses -

2.3.3.1 Reciprocal crosses ¥

In most cases the __rebiprocal crosses (B and B*) showed low levidls

of Lbackground sterility. There _'wer'e, howevar, four cases where

the levels of gonadai dysgenesis were abnormally higzh. Rut 2
{as méntioned above) was not classifiable due to its high levels

of GD sterilitly in'bat'h crosses A and A*. This stram may have

,;been tested when it was "in a tranmtwnary state as evidenced

by the high Jevel of background sterility in cross B*. Den 1,
a'q strain, had a rate of GB sterijity. in cross B of 9,0%,
possihly due to a Yow leval of P element activity in the prugeny
when the femaies of this strain were crossed ta M type males.
68 2 and B 3 (both M strains) had !g:vels of 6D sterility in’
cross B of .13.8% and 6,0% respective’ly.;fi)ouever, the high levels
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'-forma*xon techniquesy found s%gnzficant levels of intrastrain

i - . R
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of GD ster:iity, in cross A* {26,0% and 65,0% respect1ve1{t

. ura!ed out any likelihood that this sterility was due to P e!ement |

activity., It is pnssxb!e that these higher than aversge 1eve%§

.'of GD sterility in crmﬁﬁ B stem from a general background of

infartility when the fgmaies of these strains were axpesed o .

Taboratory maies. This is supported by the fact that the leve?

of GD steri!ity in the &* crosces of these two Gordons Bay 11nes

was higher than Jthat obtaxred in the A* test crosses with the

other two Gordona Bay strains, GB L and GB 4 )

e - | B ©
: _ Q
2.3.3.2° Iutrasirain crosses <

“Most lines showed no br negligible intrastrain sterility at

29°C. High jevels of intrastrain sterility could indicate the

initial dpreading of P elements within that strain prier to

regulatory ahi]fty becoming .established. Cytotype ’switéhing

tends to lag behind P ébtivity induction (Daniels et «f. 1987z;

Kidwell &t ai. 1988; Good et al. 1983). For example, the intro-

duction of P elements into M strain genomes oy chromosomal conta-

mination resulted in initial {generations @ and 13) high fre-

quencies’ of intrastrain GD sterility which by generation &0

- was reduced-4op the normal Tow frequencies of sterility observed

in established 7Jines {Kidwell et al. 1988). Simitarly high

" levels of 1ntra§train sterility due to 1n1tf51 P element contami-

natign uﬁich rapidly fall over the genaratfons were alse found

by Black et al, (19873, Daniels et al. (19873) using P trans-
4

ster1lity 1n lines into which P eiﬂments had been newly jatio-

duced,

1%
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.. tests arIe also given,

72

One f,a‘e other hifd intrastrain st'ari'lity may bu '&ue in part W, .
“the "'atrophie " gonad%que" {ag) character (Pdriquet "'-19?6) which
is a quartitative genectic trait dete: mined by genes located

~on chromosomes. 2 and 3 {Périquet 1%i0). The ag chatacter, like

GD. sterility, can affect either -sue or both gonads and is

4

temperature sersitive {ﬁém‘d‘ug‘: 1976). The relationship {if

any) between ag and thé} p-# system is uncertain (Périquet 1980).

Anxolabéhére et :J {;9883} teé(ﬂ.‘né a strain tantammg the ag.

character (Harsea ian 65) by moiecylar hybrxd':zé{ian techmqaes
| &

using a ° element containing probe, -and found no evidence of

n‘l

P elements in this strain. |

qq "

Six. of the col!ectmn gites had strains shewing mtrastra’in;

GO sterih..y greater than zero. Table 2.4 shows %11 “these

strains.r The results of the. eross A and cross A* GD stenhty

@
®

- , | R
Apart from Als 14, which could net be classified (discussad

Q

above) five of the six strains showing &b intrastrain steriiity

gre:&;er t'ﬁa'n éz uére all of type M, the sixth'was of ftype 0.

0f the gight .ili Ms strains tested, fcur had intrastrain sterility

greater than zero ang thme showed fair]y hioh leve‘ls of sterﬂf’ty }
- {14,6%, 11,9% and 8,0%) indicating the uoss:b!a presence -af

the ag ch_aracter or some cthar cause of __sterilit,:g in that area.®

)
i

i

“_t ) .
X o8
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Table 2.4 ~  Striins showing idtrastesin stermty grester -
I than zero, their’ origin, Atype 2and &
. sterilities. obtaine& ih crosses A\and a* L
. £ o "
" e Q\ED steﬂh*u o _H Xm\“
Strafn L\Thf"'i”gin Intrastrain,(:ross_ﬁp “gross ¥y | '}",\._55
{L Al T ster?_ .nl cs% ﬁ?- o '5%&.‘2 .| e
_ 31 e Vity 1ty Tity
i \“ : f[ PN s & :
. | swax 32|Gvakopnund, s8] 510180 ¢ e 0 | & i
| Gob " 1jGobahed .- . 66} 3,0 ji77] 1,2 {180] 3,7 g !} v
- |sob 7|adbabeb sg §,9 {156 o= lire] 1,11 4 E
" . leeb 10}Gobabeb 94| 8,5 {150| 6 1182} 30,8 | N
| Gob 13[Gobsieb S0 3,3 |150} 2,7 {222 23,45 M | {
gob  21|Gubaven 0] 3,3 {150] 0 j143) 44,4 W -
o ims 7[Mais = | BA] 11,9 136 1,6 [156] 29,5 | M ¢
. c{Ms BlatAmis 124 6,8 160} © "jwzps,a| M|
L Aig 14{Af Ais S | 821 14,6 [158| 10,1 {118{B1,5 | 7 |
| kis. 16|Ai Ais 50/ 8,0 |100] © [136| 26,5 | M
| S8 . ajport Elizabeth{ 78| 5,1 68] 2,9 [106] 72,0/ M |
S5 10jPort Elizabetn | 7aF \eu7 j114] © o 75{ 84,2 | M
Ber  4|Durban ~io18f .5 ] 78] 6.7 {118 1, Q-P \
~IBer 6Durban i .21L} 18] 0 | 98 8,81 M
" |Ber 8|Durban 96! 4,2 |rse| 17,7 | 76 26| P
‘Ber. 15|furban o 96 2,2 |138| 0,2 {84} 0. | P-gf
| Ber 18{Durban 100} 2,0 J128] o 14l 0 | q
TBer 19|Durban 100 2,5 1134] 11,9 j108! © I p-ql
Nel  4{Nelspruit 106 . 1,0 |228] 14,0 |128] 0- | P-Q
¥e}  SlNelspruit 100} 1,0 220 1.8 |24/ 0,9] g |}
Nel 18]Nelspruit 100} 2,0 lze8y 0 ji78l 31,5 | .M
1n is the number of ovayihs"'éx;mined 0T
» ! i
. L IR v .
. h (:? o T
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i
A strain fmm South Africa called mecpo (so presumably origirat-
ing Yins sowuhere near the Limpopo viver which forms the bcundary
betweer South Africa and szbabwe) was founé to have . h1gh intra-

\
\\:gfrain sterility {19% in females at  #29°C) which appeared o

"nccﬂr independently of the high &0 sterility broduced in 2 P-M

{cross A) vefeconc. eross. (Daniels e: at. 1987h). Af Ais_is

"in the Fish Rivev- Canycz'- ard it is tempting to specu?at_e that

there my be some ‘connection between  the two. However, the

~fwn vivers (Fish and Lxmgmo) are separated by the KaIaham

deﬁert amd g0 1t is prﬁbab'iy nprei_y commdental that bigh n~tra-

strain GB steri]ity was obsewed in 1im~.s coﬂected from these\

tm river sttes. o /

2 . I

Five strains from Gobabéb revealed intrastratn 63 sterility,

but three 01-' them vére negHgib}y low. The other iwo were 5.3}

for Goh 7 72 Q stra'm) and 8,5% for Gob 10 {an M strain} The
Gohabeb co'ﬁlgction site produced a mixture of Q and M type strains
w50 this GD sterﬂity may be due to mt.ipur.., P element activity.
Stmnger evi_gence for this is -prgsented by the Ber 6 line. This

s -the Tine which showed the Highest percentage of G intra-
strain sterility (2),9%). Ber 6 was the only M type strain

pres sent in tha Be"-aa collection, })The other 15 lines from Beraa
were of type - P or ] and the 11nes from Addinqtcn Beach, the
otheiﬁ Durban s*te, were a!! of - type Q. . Th'is might mdmate

that this 1ntrastrain G stemhty was tue to P element activity,

in a straw which was changmg frmn M to P and had not yet deve-

laped its regu!atwy fact Iitfas, |

e gt

e T
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" 2.3.4.1 Clines ) . o \

2.3.4 Bédaraphmai mstrihqtiun '

Fig. \ 4 shonzs the distribution of thu 204 Sau‘hhern Afr‘ican
strai 3 which were clas éi\llxab’e in the PB/W/Q system. l-ar th‘ls '

figure indef.mte strains P? and M7. were classn‘ied as P and
M respefr.‘"“-'a,e‘ly while .the. mtemed"ate strains #-G, Qw-. P
and F-r'{z wet‘?'e classified in H._ Q, ¢ and P respectw Ty. Lines

fmm Namibia in the west were ail of uype Q GI" M. There wal

o endence of strang P acthty in that are; There was a'isr)
", no evidence of P activity alon; the south cosst of South Afﬂca
i.e ‘in Cape Tovm Gcrdons Bay, Plet tprberg Bay or Port Ehzahnth
?‘wit_h [ excep}:ion . uf one strain f_ram Plettenberg Ba;: (Plet 10)

\‘_'-'*cn‘.fec_ta;i in 1987. To the east, P activity ua.s'first""_appar~aut

in Durbsn (Beres) although that area is mainly of ‘type Q. To

the -north three P .5't_f'ains were found in J'ohannesﬁurg in 1987
‘but i the 1988 celiection only one P strain was present, Theﬁ
- 1987 collections in Pretoria qnd Hemmanskraal were mainly 0.

The number of P stra'ins graduallf/ increased in'a northeriy chrec- |

tion and on the eastem 5ide between 25°5 and 17°S, only one -

¥ strain was found to he pr'esent (in Nelspruit at 24.98"5)
In Harare, the northem most collection poing (1?,83"5]. 89%

0

'of the strains were of type P.

/ »

The mean !;D sterﬂities obtafned in crosses A and A* were ewh“lu»

| ated for each collection site (Tabje 2.5). - I order to° detect

any- sigﬁificant geographic patternsﬂ of mﬁistrﬂjbution the 'Spewén

rank correlation stat:stic on mean cross A and i‘,mss..&* G0 s{;eﬂ-

a . o i
: . : . ."_':‘1 ! u . " I
a N . ) [ . . '
- I N . ﬁ . i

. : 0
. . !
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in Southerm Africa. HNumbers corred-

Figs 2.4 - -%ﬁrimm of D. melanogaster populaticns
' s to sowber of isofemals 1imes tested

in wach aree., .

for fthe sake of Harity, frequacy ple
diagrams fave been aealgamated fTor the
following collection sftess

IR
{113

(441)
{iv)
pd
(e
{vi}

b ]

Cape Town and ordons Bay _
Pletienberg Bay and the Iwo Port
E15zabutl collection sitex Suwemr-
strand and Walwar,

Geres and Nddington Besch n Durban
Nor /R suhurbs 1984, 1907, 1988 and

; southern suburbs tn Joharnesburg.

 Pretoris and Hesmanskrasl
Platershurg and Agatha

Abbtwvinkions tor callaction sites are:

S¥: Suakopeend; GO: Gobsbebs AA: Af AMisy CT: Cupe Town;
§B: Gordons Buy; PB: Plettemberg Bay; PE: Port Elf7abath;
WC: Macloar: OB: Duvbams J8: Jokasseshurg; #7: Pretortas

Kk Mesmsnskraal; NS:  Nelsprwit: I Pletershurg: AR
- Mgathas TH: Thohoymadow; -

a

: m:l 'hl'lﬂ-

2
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Table 2.5  -Mean GD sterilities cbtained in crosses A and

A* for 21 collection sites in Southern Africu "
L e " ' :
Collection site Number of €D sterility !
: isofemaie : -
lines. Cross A Cuoss A%
- Swakopmund 10 0 . 0,118 ¢ 0,174 -
Gobabeb 18 0,010 & 0,010 | 0,132 x..o,Ki
Af RIS 15" | 0,015 £ 0,016 | 0,433 = 0,18
Cape Town 147 0 0,328 + 0,128
Gordons Bay L 0,003 ¥ 0,008 ugsihﬂx 0,287
| Plettenberg Bay | 4 0,100 = 0,175 | 0,208 + 0,336
Port Eiizabeth: ° kS _ o S
Summerstrand " 19 | 0,005 = 0,007 | @,565 x 0,137
Walmer ° § 0,004+ 0,013 | 0,614 = 0,331
Maclear 4 9,003 £ v,007 | 0,078 ¢ 0,126
Durban: s | N . |
Berea - 16 0,083 £ 0,036 | 0,033 £ {1,051
Addington Beach 16 10,007 = 0,011 | ¢ |
Jokannesburg: T \
N.subs 1988 | 8 /0,029 + 0,050 | 0,024 + 0,035
N.subs 1987/1984] & ju,m £ 0,158 | 0,099 = 0,045
S.subs 4 10,012 £ 0,017 | 0,063 0,067
Pretoria 4 10,094 £ 0,011 | 0,050 & 0,101
Harmanskraal a . |joors008 o
Nelsprait 15 0,109 + 0,076 | 0,026 + 0,042
Pieterburg 4 0,195 = 0,233 { O |
Agatha 4 0,024 + 9,036 | 0,005 « 0,014
+4 Thohoyandou 12 0,100+ 0,067 | 0 -
Harare - 19 : u,zoaif.e 0,044 | 5,003 z 0,007

For eadh-mean. Sﬁilconfidende intervals are giﬁgn.




well 1987). \ -

. in the centre and M' pepulations in the south

ig

Tity was used to test for assnmatwns mth 1at1tude and Iongv-

ude, A significant negatwe correlation {n; = -0,474;-P<0,05)

. fo( 1atitude and a smmrwnt positive correuaticn for Tongitude

{rs"' s 0,507; P<0,05) was obtmned with crsss A 6D sterifity.

Teus P facter activity increased as tae latitude decreased and

th'a ?ongitude %creased in a mrtheasteﬁy direction. As far

as &eguhtory abﬂzty was concerned, a highly zignificant pnsitwe "

correga*u.n (rs = (3,5609; P«:c.aos} for latituds and a negative

corm Thtion for longitude (rg = -0,773; P<0,001) with cross
terihty was obtained. So regulatory ability increased
6B sterility decreased) with decreasing latitude and

Tongitude i.e. in 2 northeasteﬂy direction. Thus

" P factor ‘Ectivit‘v and regutatary abih\ty increased together

(as would . ﬂa expected) in a northeaster‘ty dwection

3
Clinai pattdgns on both s'ma_lier and larger geographic scales
than the)pres‘&qt,z one have been observed e1sewf§g1'e in the ,gtorm.
For examp'le, i'ﬁvestigations in the Languedoc*«-Roussiﬂun area
*F France covering a distance of 350 km revealed a clinal pattern
Q populations

{Anxo!abéhére

mth weak F poputations in the northern znne,-__.

et at./i%&a) On a larger scale, a Iat‘itudina"; cline along

the east coast of Austra‘ia fr ]: Ca?,rns {Iautufﬁe 16,9°8) in
the north to Fygnet {43 ol S) {n 14 b saut}:“(a distancé‘ ‘of approxi-
V

mately 3100 km, comprising P un {he north & in the J.centre and

M type p‘wulati&a\s in the scuth was| found to exist (Hous ; and Kid-




206 strains tested ’

.3

2 west-east analysis of &7 strains sampled from Framce in Westérn
\\5 ” B . .

Europe to Kifghizistsn in the USSR revealed a clear gradient

- ﬁ'r"um G type strains to M type strains ";fﬁnxolabéhére ot al, 1985b).

Geographical ~patterns worldwide and hypotheses vregarding the

veasons for these distributions are discussed inp Sectien 2.4.4.1.

2.4 niscussion

‘The patitern of geographical distributicn for Southern Africa
'{Fég.z.‘i) "revea?ed ‘a Treponderance of § type strains, Of the

t} were "unambidz’.mus'!y G type strains and

anothgr 41 were intemediate § type strains. The rest consisted

of ﬁﬁ H type strains, 24 P type strains and 9 strains whfch :

were of txpe M'-' Q? or P? or were unclassifiable.

0f the 21 collection sites examinqp, 12 showed a tendency towards

pither M, P or ¢ type dommant:ﬂ"t . The other 9 coﬂectson sites’

were po1ymorph1¢ in nature, mainly P/G or Q/M type polymovphisms.

Such polymerphisms have been noted in the wild in populations

around the world. For exampie in North America {Kidwell and
fovy 1985) and in Australia {Boussy and Kidwell 1987) Indeed
an extreme p/M cytotype po1ymorphi sm was shown to he stable

over a perwd of five years  in Nast‘ Allah (an oasis in South

Tunisia) (Anxolabéhdre oz ai. 1982b; Izaabel et af. 1987). ’_//_y_,.._

A
A clinal pattern was evident in the Southern African distribution

in that the P strains tended to dominate in the northeast and
¥ strains weye present in large numbers in the southern areas.
The samples from Namibia in the west, consisted of M or O type

strains, . | . )

- . \1'
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’ A significant correlation was obtained with both latitude and

' longitude with cross A GD sterility and a hijhly significant

correlation with Tatitude and longitude and -regulatéry abitity

(cross A* 6D sterility) indicating an overall northeastern to

; southwastern decrease in ‘if'aqu!atory ability and P Tactor aclivity.

Knawledge regarding the origins of P elements their dynanms'

and the mechanisms o‘r‘ P element regulation may he‘{p to reveal

_-the reasons for this observed pattern.

 2.4,1  Qrigins of P elements

}J.\ melanogaster is a member of the melamogaster subgroup of

"\the J{&Zanagaster species group of the subgenus Sophapkam. Many

fsgersed_ repatitive DNAs including copia, 297 and 412 which are

found in D. melanoguster have alsc been found to be present in ’

two of thte sibling specles, U. simulans and D. mauritiana {see,
for exampﬂe, Young and Schwartz 198l; Dowsett and Young 1982;
Dowsatt 19;33, Martin ¢t al. 1983; Brookfield et ai. 1984). However
DNA hyﬁr:‘:g‘izatian studies haye "fai'!e'd to detect any P homologous
sequences in the sibling Sp;cies D. simmians, D. manritione,

D. yakubay, D. teiseferi, Ui ovenc or U erecte (Brookfield et ai.

19843 Anxolabéhdre et al. 1985a). On the other hand, P homologous

sequences have been shown .to'q_ccur in four of the species groups

“within the subgenus Sopkophaz;ﬁ.f‘. A non-Sophophoran species from

‘the genus Urcsophile which showed homeTogy io P elements was

D. masuta from the subgenus Drosophila (Stacey et al. 1986),
gEven Furcher afield,DNA From a species from the closely-related
genus Scaptomyaa (5. pallida) was found to hybridize pusiti.ﬁ]y
ith a P element probe {Anxclabéhdre et al. 1985a). A listing
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of the species of the Sophophoran .subgroup which showed positive
hybridization with P .el gment probes and those which tested
negative are given in Tables 2.68 and B (Bmukfiezld_;et al. 1984;
Danials et als 1984;%_Anxo‘£abé.hér§ et ai. 198533 Lansman et al.
1985; Daniels and P:Strausbaugh 1986; Stacey o¢ aZ. 1986). To try
to assess the significance of these findings i’t is interesting
to iook at them in the Jight of the phylogenetic development
of the Sophaphoran species,

The 'Soyhaphnfan radiat‘ion, which is the second of five successful
r'adiat-iaﬁs of the Drosophilidae and is thought to have accurred.
bafore the end of the Eocehe F_.pocb, consists ni&'tnly of four
groups: the saltans and willis%oni lineages in the New World

tropics, the mezénagaater I-ineagé in the 0id World tropics and

the obscura group which is more widely distributed than the

other three groups,. bemg found in both the New World and 0ld
wuﬂd north temperate zones 1i.e. the Ha]arctn temperate Zzones
(Thrtmkmnrton 1975).

The saltans and willistoni groups ave the products of a single

J B | .8

Sophophoran Tineage and the primary tropical disjuncticn of |

the melanoguster g%up in the 01d World tropics and the saltans-

willistoni Tineage in the New World tropics 13 hypothesized
by Throckmorten (19?5), on the basis of geagraphw distribution
and continental drift, to have takerx place in 0\\jgucene times.
On the otho hand, Beverlay ang Wilson (1984), usingi::'hﬁe evolutio-
nary changes in 2 '1arval hemulymph protein {LHP}, esti&lateq

the time of divarbence ’_of the melanvguster and willistuni lineages

to be 53 million years (MYR) ago. The obsouma grouﬁ is most

%

o
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Table 2.6

R ,

Species af
cantaining P homniqgaus sequences

subgenus

¥
L e
f et R
E s

prkopho

Spacies group

Suégroup

Species

me anoguster

obgourz

melanegaster

montium
Plousphily
sugukil

obgoura

melanogagter
*pikkawalhs®
#Piougphiighs 8
“Tuoipennent

madeirensiss

P : ' eubobsowmd
: bifasciqtas. -
*peetudo-
obsiurg ¥ =“=5

affinis B affintets b
o helveticnd
wlllietont willistond ;i williatonis 526
' . ! eq:ur‘omha"s 5y 6
i tropteulis’s S 6
ok o B paulistorum?,f,5.8
b : i . peviovekianad

v
i

"‘nebxt@sa% §, 6

Buceingg's 5 &
pricornifts 58

{r‘wmpemw a8

| bacainensia

8 Ztana”zsab

awatralon

. : - aa?-tans 4, 5,5

Coa s _ pricgaltans's LPY
- tugaltana®

Baltoang - saltane

siurtevanti sﬁ}ytemuﬂ:!% 5 6
. miliert 5 '

s . employed, Only species which hybridized pusi‘ivaty

‘1. Brookfield et af. 198%

2, Daniels et al. 1984
3.7 Anxclabéhdre et af. 198%5a
4,  Llansman et aZ. 1985 _
5. Daniels and Strausbaugh ly88
- 6. Stacey et «i. 1985-
- % .Different researc ors reported d‘sfferipg rew'l
for these species.

*In this study two different P elements probes$
- with both prabes are Tisted. in A.
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B : Species of the subgenus Sophophora which did
not show positive hybridization with P element

these spec_ies_.
t In this study two different P element probes were
employed. QOnly species which hybridized positively

--with both probes are listed in & . -

[

- . probes : i
Ld *\.
Species group Subgroup - Species «?
meianogastér melanogastar | stmitans lq 3
: manritianits 3
yokubals
teigaierils 3
orenas
ereata’
il . _
montium - Doequeti
' buriat?
thikkawai
P vulkana?
Fiousphi la *fiousphile?
ananassae _ anznassaeds »
malerkotlionas
elegans ' " eleganedBh |
eugrzeilis | eugraeiliey*
takahasii i o i:akczkask'zf/{
obsey:: 2 obgoura ‘ *paeudoohsaural
wtillistont . wiliiatond _insﬁlarés 3
aqlians pordata _ neocordatahs 5 6
elliptica emarginatats 9 8
: necelliptioas
1. Brookfield of al. 1384
2., Daniels ot al. 1984 -
3. Anxolabéhérs 2t al. 1985a
4. Llenstn et al. 1985 , )
5. Daniel: and Strausbzugh 1986 _ ' Y.
6. Stacey ¢2'ai. 1986 . ' ///
*  Different vesearchers reported differing reselds for
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Table 2.6 B S;ncies of the sdlgenus 5o kopbom ﬁaich did f
_ " not show positive hybndizatim \ﬁt& P element
v, pmbes : -

. ST T—"{P“
e |Species growp | Subgroup 1 Species
. melanogaster o ‘melanogastar --ﬁiﬁ:ulanchi
: . mauritianats 3
yakubats 3
. _ tetegierila 3
AN R evenad,
enec::a?
‘mogtium  f boequet?? I
o 1, . : _ % - @ . : hurlaild . i ;.‘}
S s, . Meikkauai3.
| fiousphita ‘f’ cuap?zzlaﬂv"
9 ) : - =
- annuassae., - (ganaaaaef‘&\"
o ; S zarkattmna'*
. / : PN
elegans. - eZpgar;s Y 5
_ eugraeilis *eugmczlts%
L | -Mkﬂfﬁskf, ' takahaakzt"_ A
CES obscura ) obscura . *psewic;abéqurﬁl' _ \\‘%
L willistoni . _, | willistoni C imeulardsS Y
N ) . ) . . o w0 . Kl . f!f".vh
saltang e eordata - ngocordatats 5 8
] ‘elliptida . e emavginutabs 5 8
. . necelliptia
" 1. Brookfield et al. 1964 | | - |
. 2. 4 Daniels et al. 1984 . . e
:¥  Anxolabéhbre e aZ. 19852 - -
. ~lansman et «f. 1985 . Ty
5. baniels and Strausbaugh 1986 SUEE o
8., Stacey st af. 1986 -, ' ) o
*  Different researchers reported difﬁ:—ring resu‘lts for '
these snecies
TIn this study two different P element probes were
empioyed. Only species which nybridizpd pos:twe'ty
uith both p@bes are Jisted in & ,
i ) » . P T i ' . B L
0 » B

-
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claseiy re'{ated to the meZandgaster groug, ard fis heheved to

have omginated together with this group from ‘a CoMmon prnto-'

By

me!anogasi{;\gr Tingagw, in the -&7d World tropics [Throckmorton

‘19755, A molecular estimafc of 46 MYR ago 3s the divergence

timn of the obsaum and -nazarogasuer- Qroups was obtained by
“Bevarley and Hﬂsun {1984).

Vi

In many cases the patterns of DNA hybridization bbf‘sﬁned in
the willietoni -and  saliane gmups _reﬂect phylcgs‘)t‘in
reIatmnshms (Damels and Strausbaugh 1986} thus suggesynq

that these. sequences hawe & long ew}utwnary history in these

* groups. Further the presence of p homolagous sequences in the

th species subgrlaup.. muwtani, ealtans and obssura of the
SH;;X%:: bcpha;&am hblﬂd seem to indicate the presence of
P elements in these greups prior to the Sophopheran radiation.
However. certaiu anomalies present themseives under this hypo-

thesis, namely the discontinuous and patchy spmad of P elements

throughout all the specws of the subgenus aaphcphom and the "

difference m thr-:r cansevvation of the P elements present in
cartain specms.m For example P homo]ogt.es from the me'z?anogastez'

spemns werse only weakiy detectah'le, whereas those from the

' mz:.:r.smni and sasz] groups showad most simﬂarity to P elements

\4.

and, the obscura grovp spe%:ies lay somewhere between these two
(Lansman et a1 1985; Stacey et al. 1986)/ Thus the most’ highly

conserved P elenent hool ogy (reiative to 0. maianagaatez-) OCCUr-

ved in the willistoni and saltans species groups whigh are more'

cHs tantly rvelated to D. meianagaster than the speci-gs ir.-t_he

L] L)

. =

- n‘.f._’-‘

s
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melancgdster and obscura groups. These patterns seem_\ta suggest

that P element inv&s‘lans have ocdhrred at differant times and
with 'd{ffe"én‘; rengtth perhaps over a long period af wo?u-
tmnary ‘"me oIt is poss-ib!e that certam species e"? the uopkaw'
pkz:zw suugenus ave particularly suscept':b‘le ta these mva s.m,

while others are not. The source and mechamsm of these invasions

- is still unknown. _E}n“ge‘is {1988) has hygotﬁesized that” transfer

of a- tra.nsposab!e" element from ond species “to ‘another could -

be brought about by a wrnsr? in that the - traﬂsposab}e element .

'pre*zfr{f in. ithe qpe Species cou!d be. integrated into the vwai

E:

"genu‘*m'e __](Hﬂ‘ler. agd  Miller 1982) and’ suhsequentiy :stransferre_gi

into another of the virus host species. Whatever the iechanism,

if the fraﬁsfé? takes place betwe.en'-ﬁ:ecies. then one would-expect . a

it to have ocrurred betneen species uhose geograpmc ranges

overlap The mnges of the saltang, mZZastam and abscum

graups overiap “m South and Central Amemr.a, sehere also are’

,ff“-"'

fiund the cosnapolitan 0. melanogaster and the pedr cosmopohtan'

Y%

P eiempnt contaming specw: of the mf"mm subgroup b. kikkowat -

| {Tnmr"mzton 19?5) Further, the ranges uf many of thesq species

extem nto argas of glorth Amerir“a which today contain many

-.é

P ‘stratus of o melanogaster. Dameis and Strausbaugh f1985)

state that "some of the nembers of the willistond specips grcfup

{namely .° nebulosa, o, m',zz-:.stam, amd b sucinea) have ranges
that extend into the southwrn. portian of‘ North America, the

gecagraphica} area in which the stmnges* esrty P-faator activity

oo

o

(4]

T
Ly

is suspected to have occurmd in D. me.anoquster . Althﬁugb ' . :
the willistoni “group is mainly neotrupftal, 2. mﬁutorz- exX«
tlhs further north up to central ‘\Memco a!‘d =1oriJa whereas. . o
' Lk A
! .
o . N W
) A I‘;:\\-.“"
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. nebuloss extends to Texas and way even.be found in Nebraska

{Ehman and Powell 1982). These are tws members of the wilifséoni

* specias group which contain ¥ homologous sequences {Table 2.GA}.

Cws

»

,,.fsr'orqu to lLskovaara ,’md Gagva {22}, the olsoura group is

very: ?:idesprnad with ranges uveﬂappme z;.// gczez:er woridmdﬂ

\ . T . . -
For examp!g_ _bnﬁ__?; B peudoobs iy Angd 1, affreds which displayed

Cho gy Witk ,Qj;\‘\&eEements' arvé, found on  the ':Jar-i-'n Amsrican

continent, The ranye of B. Dasuaoo._s wre extends fron* pritish

Columbia fn  the northern part ‘of the Amerifarn cantinent’ tTo

Guatemala in the. south... The species has 2150 heen found in

'placces _‘Hi?g Texas and Nebrgska. R a;‘f‘mas is dwtmbuted over

'théu;‘tastern United States f;}:om' the Canadian border. ~ In the

_west its aange extends to the Nebraska-Wyoming border.

This evidence seems to point to an infectious (horizontal} trans-

_m»smn “rather than 2 herechtary {ver icai] transmission of

P elements. This hypothesis was favaurea by .stareyf ¥ al (1588)
after they had calculated the divergence rate of P elements
on -the basis of their acquisitmn by vertwa'l\transmsswﬂ,
and feumd it to be 7-19 times higher in some of thehmelanogaateii '
.sipez;*i:es:than..in the willfetons, saltans Or naeuta species. These
.authors suggest that the source szcr P elements may :originate
in South America. They pm‘nt ‘out however that this hypothesis

des not accouni for the presence of P alements in b. nasutd,
. B .

. &N gld.-?norlg__.s;recws. Since u. nasuta is afrotropical a!;d ha.,-.

~ been fdund":_lin Benin, the Longo and faire as weu ~as s.«several
Indian Ocean islands {Tsscas et al. 1981}, it is possible that

e

LA
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~ this species fis ﬁi}gctiy respensibie”_”;far the presence of P ela=

meitits in D. relanogaster if sub-Saharan Africa, in ‘that a hori-
zontal transmission took place on the Afr'E'f;an continent beiweeh

these tuo species fn tho same Wiy o8 it is hypnthesned to have

" arisen on the .ﬂmerican a:,mtment uetween the mzzzﬁktomw-u,&ta:w

species Group _and i melonogaster, The other nossibility is that
the' tnf’msn-is sien crm'r*ed in the .ei:her- dire{:tian 1.8, “tha{; U
m:«anogaete" in Afrfce sbtained its P plements via gene évchange
with wesiern or eastern P element cnntamina*mg b, m?rrogas*er
,,ftrams and tha: & namzpntai mterspecw* transmission bétwen

African dréscphﬂids{' wias respcns ble, for L’. nasuta mqmrirg

the P elements, It may be, as mentinned p:ﬁviously,-that I}..

nasuia 1$ one’ of those species which is particularly susceptible

to P element invasion. Fz'"na]‘iy A pallida, _It"ha species from -

‘outside. the genus z)msapht—la ymch was - found  to sontain

P hybrid»zzmg sequences (Anxoiabéhére et al. 1985a), is a cosmo~

politan species and so could certairﬂy be considered as a

potential source of P element transter from outside the genus. "

2..4.“}3 Synamics of P alowents

There ;r;"'e at nrecent two {not necessarily conﬂictingl Lheories
as to why P elements are found only in wi‘id st:rains and not

in older lahar&.tory stmins.

The recent Toss hypothesis was. orfginafl:y. rroposed bJ; Engels

 laboratory stocks way due to r-andom drift in sma!l laboratory

oo

(19812} who. suggested that the lack o P elements in long held

o
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_Engeis {1986) pointed out the pmMems"'_‘ gssociated with his {Engels.

L 88

a

¥

popa‘!etions and that in fact, F‘ e]ementf‘ ha».m bheen present 1n=

o Do me?anafwake.p for an t‘xf‘eet’ing]y long  time. Experimenta'il

évideﬁc‘e for -this theor_y WaSs obtained by Hihara ot _rz;; {19_85}

whg found {ype conversions to occur in. the laboratory im isofemale

lines recen’ftl,y'_ established fmm* wild caught f}iﬁ. These
_non‘.re'rsﬁéns were Trom P oand G ‘type strafins to M type strains.

- Bo pontaneous changes "o P type ever cccrred although type

conversions from M to § did occur. (These were explained by
assuming that a few P or "Q" factors in'itiai'ly present in the
M type straims, iﬁcreased threugh transpositipn), Unfortunateiy,

strain classif‘icationq werg periormed by ovarian dissection

. ;\and no mlecuhr hvhridization stuches were perfnmed Thus

- is nnt possihle to knaw from ﬂ’aese results ‘whether thc

M strains were entirely free cf (degenerate) P elements.
- 1

1981a) storhastfc loss theory. Eésential"iy the amount of time

. that was thought to have elapsed sihce thn origfnﬂ setting

up of labora..ory stocks wuld seem to be much less ‘than the

‘theoretical dequired, time for a random loss pmcess to have

taken place (Kaplan et al. 1985-}-- Also since the maaority of

« P elements din a qenome are the non~-autonomous type {0 Hare ard

. which is essential for excision (Kare;s and fubie 1984;( o ?-

Rubm 1983). the Tikely nutcam of a stochnstic loss process__
would be W - pqptziatians; s%nce once . altl antﬁnomus elements

hive been ;',emvedf. there wuid be no mre transmsase funcginn

a i

\\U ! . T : . i
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The rapid invasion .hbypothesis (Iﬁidweﬂ 1979, 1983) proposes -

that P elements were only introduced to or became common n
Dy melancgaster Trom aboﬁt 195Q. . Since then they have spread
;r'apid'ly and increased in freguency in the wild owing to the
h'igh aefficiency of :ep]icative trunspositim mth or without
. p?zsiti\fe gr negative selecticn. Hawever Engels (1986} points
~out that(j thm hypothesm %mphes an unveasonably high rate qf
'Vacqmsxtior of new transposztwn famﬁes yver evoh,:tu_{mar;;
'?me. \ : ’ |

| . | | L?\__ f | |
: Thé 'I- facto?s afe a"seccnd family of tr&nsgosahlg/ elements. in
. 1). mZanamster with simﬂar propert'ies te 'rhose Hf the P famﬂ,?

In particular. Taboratory sirains ca‘l‘iected 1n the'i 4204 wem

all shean to lack 1 element.s, whereas. more recent!y cbnectad
==wi'iq rams have the I e}ement present in them. Thus, s; j‘least'
AWO invasions are kao\m in this century and if one eqtnapalaus‘

backwards 1n‘?’time to one milllon years ago, since the minimi )

time of the d'tvergence of 0. melanogaster from D. emulans {which

_Iacks P and I elements), then . mezanoaaster would have gafned

at lezst 20 000 families of transposable e'lements. Since the
entire genome ts estimated to contain only 20-50 transposab?e
elsment families ({-:ngels 19&1:, Rubin ‘1983}, this 1is c?pariy
| het feasitﬂe - A cqufgtgr argumenta is that e!ements might be

gamed and subsequent‘ly lust frmn the geno-ne, but -in that case

. a mechanism for ridding the genome of atl elements of a given |

.f:au:_i!y must be found. L -- . s

e
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Studids ;iii' témpﬁ}*a!- aid geographic distributions of P eiements"

in b mezanbgae'*e;"-wrldwide Support an inVasion theory. lnﬂﬂ

Amemca,. strainqs colletted before 1960 .wre predammanﬂy of

type H P and n type strai»m bagan to appear during the 19605 |

and. tor’ay them appear %o be very few M ‘type strains in America

_ (I(?dwe'ﬂ 1983; ‘Ridwe?l et «l., 1983; mea'f'! and Novy 1985}

i
In Enrcﬁ_e, stm’i?is ol iectied ;&ri_or tec 1570 are mainiy__ df type .
M. T_oda}r the @ populations appear to !predominate with the odd |
--‘scatt'eril;g of P type strains which a;}pe:r .to decreasé in freauéacy -
as one moves eastwards {K?dueﬂ ot az 1983; Anxo'iabéhére et az
1984, 1935b, 1988h ) |
In Japan.- and e‘!siiwhere' in the Far Eﬁst', strains were mainly
K t*fpg before 1970. Today P and i popuiations predominate therd
(Ohishi 2t al. 1932. deueﬂ ¢t alj 1983; Yamamoto e al. 1984).
A recent mveshgatmn of Australuian populations {Béussy 1'98?;-“
Bo @d Kidwell 1987) has revealed 2 c}%na} patterﬁ- along
‘the eastern seabaard from P type 'trains in ;the north to'H__..tg_F.% .
strains in tne -so;uth.,

1

Afr‘ca toﬁav s pOpuhted by erdommaﬁt}y M type st.rams Jn

the north and by P/Q type strains in the ceatral sub-Saharan

region (nnxq‘labéhbm et al. 19823, 1984; wondruff»ef: al. 1989).
T‘ " : . =3




;n Sa'uth Africa, one strain from Graaff-Reinet {in the Cape) col-

Tected in 194% and five strains from Cape Town collected in 1954

_—wwd all of type M, (Kidwell e al. 1983; persomal communi-

cation M G Kidwell). The Cape is the area where the largest ctl-

lection of M type strains were obtatned in this study {Cape Town,

Gordons Bay and Port Elizabeth). The eariiest signs of P;;"»%iements

. in South. Arrica appaared in 2963 in & strain mﬂected\f’mm the

=

%
rain ‘was af type ﬂ (Kidwell et al. 1983; personal comu,ﬂcation

Yga‘iasnerg (approxmate'!y 80 km west of Jahauneshur . Thisd
t o

MG Kidwell). o )’&J

_Hentiuon is made ik Danfels ot aZ. (1987b) of two true M strains
collected in the early 1970s. One is cailed Kalahari and the

other Limpo’ﬁo. These names presumably indicate the 'geogdraphic_

~ origing of these strains. However, these names refer t5 o

vast areas;gnd the specific locations of the collection paints
are ot given. Further north in Botswana, 30 isofemale lines

collected in 1985 all contained P elements (Eanes et ai. 1988),

- ,_'). ‘{ . \_") 2 ) ¢

The ahove information frqm ;mst collections together with this
study suggesbﬁ a pass-:bla soutm:arti radiation of P etements,
perhaps or‘imnating in central Africa and spread'!ng dm\m through

Zambia, Botswana and Zimbabwe to the northern and_eastern parts

. of South Africa. In the west, it 4is possible that tie Hamib

and Kulahari deserts fomd barriers to the spreact of P elmntsr |

'!'his t:ou!d then exp‘lain the lack of P “‘t,ype strairss in nlaceb
er Sobabeb and Swakopimund which are fn the same 1at1tudina1

"’regf&ns as the ‘Northern - Transvaal where P type strains we

3 . |
found (Pietersburg and Thohoyandou) ' _ O |

i D I[
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This pattern is not 1nc0n515tent uxth & 'heony of & wor?dwidg'

{nvasion of P eIaments, for which the following ‘gcenarto has
nagn suggesied (Arxolabéhive et af..zasab}, The 1nua§ion started

n

e

continents ‘during the 1960s and 1970s. During this period {the

. 19665 and 1970s) the eastward bound P element ipvasion of Eurppe

was_-zq1t1ated, It seams likely th3§4 a?so in the 19605 or o

nossibiy earlier, an invasion of ;tentra? Africa  and central

Australia tuok&prace. In Afriga a the- Sahara desert prevpnted
‘the northward 1spreadf of. thesegwi

1ements. " However- there weve
na— barriers ten 2 southern and eastern mavement, and they are

gradua?]y spreﬂ&?ng in those d1rectiona This would then account
for tbe present dﬁstribution of P eiemeiks.

~5

2.4.3 _fgmtafynbmty' L

This StLd¥ has reveaieﬂ the presence cf A clinal pattern in

Con

- both P factor activity and regulatory activity of Southern African

strains of ». melanogauter.. There 15 2 hfgh!y significant .

increase  in “regulatory ability together with a s1gnif1cant
_ increase Eq_P factor activity both of which- occur in a seuth-

.iésterly te northeasterly direhtian.ﬁ In order to analyse the

vuasons fir this it is necessany to examine the various modes

. of reguiation of P factor activiyy. ;
| A

&

&

¥ .

the Americas in the 1950s and spread to must vegions of these

L

LI



2.4.3.1 Autonomous P elements involved in regulation

/ S 9

Engels (1979b) suggested the ¢ otype mode of reaulation Nearly

« all fema‘!es could be c!asszfx d as P or M cytotype rm the basn

of their abnzty to produce Ilstemie daughters. Thus daughter*
( of M cytatype mothers were suf}ce;tih]e to the sterihzmg effects

of P st?ain - chromosomes, whéreas__‘ daughters’ of the P cwtatype

. mothers weré immwne. The rules of inheritance of cytotype

appeared to be a tompley; mixture of both cyteplismic and

“chromosomal transmission.

' Engeis {198?.a} suggestad that an extrachromosomal element capable

of self’ replication to some extent and homologous to certain

chmmosdmﬂ sequences, possib?y P factors, may be present in

either H or P cyto}uue Presumably,_such episome!, could be, gen-

. T
“erated by precise exgision of chromosamal P factors. O'Have

d and Rubin (1983} . have suggest‘.ed 2 mechanig +whereby Eircular
P elemetits containing the 8 bp host target E}f/
(described in Section 1.1.3.2). "

Stiwons and Bucholz (1955), elaborating on the hypothesis that

non-chromosomal P elements are - important in the determination

of cytotype,  suggested tha_t these extrachromosomal. _P elements

Q9

N mightatitrate th . transposase priéduced by intact chromosomal

P e!ements in that the transposase b'inds to the terminal repeats

“of defective {or ;ranscr‘ptionaﬂy inactive} extrachromosoma!

- \-\._\f .
B

could be generated .



94

P elements. :Yhu?, in 'tﬁe .presence of & small amousrt of
transposase and a large numbewr' of extrachromosomal _e‘lements,
a shortage of trah'spr.!sase would otcur leading t¢ & reduction
of P mediated ‘transposition eve;nts. On- the other hand, Sved
(198?) in an experimgnf which veplaied .the entire P chromysome
comp!ement. by M strain ciz?émosemes demonsirated the absence
of true _matern.a} inherit%incé for P cytotype. The author ’chu;
argued ag.airlst P factor rep.ression being cependent on  the
autonomous replication of “pon-chromosomal elemérts. However
the author noted that i ,bvessic'n cculd still be explained by
the presence of non-chromosoﬁ:al cl;-mes of the P elements D!"Oﬂded
tnat these copies were mntmual'ly rep'lemshed from chromosomal
P elements. - .
o /
An aitemativé -suggestjion 40 the epiéuﬁa‘i mode]l was put forvard
by O'Hare and Rubin (1983). They suggested that the 2,9 kb
P element.. code JFor two functions, a trans posase and a regulator
that can lead to the suppression of tramsposition. A feedback
mechanism ensures the maintenance of P and M cytotj}pe ‘as follows:
In P cytotype, transposition is prevented by the amgunt of regu-
lator ;-esent heing such that it negatively feeds back on trans-
posase and posztweiy feeds back on 1tself and, in so doing.
stimulates its own actiwvity, whea ‘P elements are introduced
inte the M cytotype there is insﬁfﬂcient 'regulatnr for efficient
negative feedback on transposase and 30 transpusuian takes,
place. However, accumulatwn of the regulator eventu‘tlly Lﬁfte

ofne. or more generatwns) 1eads to a suffir.lent quantity of gu-
=%
lator building up to easure positive feedback on itself. Con-

3

-sequently the change from M to P cytotype occyrs.  Possible
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&'iandidates for the transposase and regulator proteins arve aw

87 020 Culten protein and a 66 000 dalton protein derived from
dif:ferent P factor tran‘scripté, the former. polypeptide heing
derived from a transcript with an three mtmns removed, and
" the latter being derwed from the same transcript but with the
third mtmn in p'iace (iho et al. 1986).

2.4.3.2 P and other deletion derivatives |
ANl of the above mode’s suggested a maternal mode of inheritance
and the participat i a of the complefe P element. The existence
_of M' strains which apparently lack autonomous P elements and
yet are able to repress hybrid dysgenesis to a_degree (Kidﬁeﬂ
1985) suggests that alternative modes of regui_atian may be takinﬁ
place. In 2 genetic anaiysis of M.' _strains, Kidwell {1985) showed
that suppression of GB sterility was chromosomally based and

transmtted through both sexes,

The “concept of a mutant tra’nsnosasé {derived from defective
P elements) that_huinds to autonomous P elements and thuis inhsdits
their:-' transcription or alternatively blocks their access o
normal transposase has heen put forward by Simﬁnns et al. [1987)
| who (_fﬂund that partial suppression of P element activity occurred

in, a strain which Tacked complete P e?em@nts and .transposase

activity. Further experimantal ewdence of a trum:ated transposase

" yeprassor was obtamed in Japan: Sakoyama et ai. (1985) isolated
a 2,1 kb element from a § strain which had the, same DNA seguence

as that of the complete P elewent, apart from a missing central

——
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- region and 2 trivial fiunsequenced region of 38 bi}. Befactive

P e'lements {deieted betvdaen hases 1991 and 2448} were} alse present
in 3 0 strain of Japanlese urﬁgiu WY113 (!htasaka fzi: ai. 1987).

Since {} strains have p cytotype, tha ru‘h of defective P elements

- as encoders of repreasmr‘ prntems was cunsequenti-y hypothesized.

" Consis tent with ‘this hypothesw are the *’indmgs of Robertzon

and . t.ngers {198%). Thes2 authors idel}_tified ;/a product of two

' mod1f1ed p e'tnments snh%"ch alters the 'exp'réssior of cytotype

-aépepdent aTJe?es ang uhich can repress’ ‘p eiaments mobitity.

Thes& modi fiad B elemenlts each contain- mﬂ'&tims viiich affect

. ti_xe' fag‘rtllf_l exon; one is a ft_'ameshn-?. mutation in exon 3, ihe
| ntﬁér -'s‘;s !'a iutation _iniz tP!E splice {i‘uncti_on ‘of the 2-3 intron.
T_he protef-n _which c:_buk_l‘ be -pmduc*e'ﬂ by',,the.se defer_:-tive"'i"-‘_e'lemen'!:s_-
" would 'pres'mnab‘iy . the dame 78, oOr simﬁ__ar to the .66 000 dalton
-pi‘ai:ain (céntaining 575". '*ﬁﬁno’ -a'cii:i"s) obsérvéd By Rio et al.
."'{ 1936} W 'mve been emcded by the mRNA retammg the third

[H

@

F*nally. a -shorter 237 amino ac'id poiypeptide has been. hypathe:~

sized *o ba .meiwd in hybrid dysgenesis repression: (BTack et
'--_az. 19877, Thiswpa‘.?yaeptid& is thoucht to be encoded: by the KP

- elemey t found tdwbe prasﬂnt ‘in natura‘i M strains. KP elements

resuit *me an .nternaI deiefwn of 1753 nucle%tides (nucigohdes
80891'.0 255&) of the comp-éte P elema nt and flies carrying kP ele-

ments and P factors comtain an ahundnnt G,8 kb transcnpt This .

norrespunds to’ the exmected trﬁ?éscript of the P e!ement and'

U

. fs capabie of being. trans}ated into a 207 amino aci«t palyseptide

@

{Black et aZ..1987). The abovi-mentioned authors hypcthesizgd :

e

B



that the KP -elements co’hst}l_tute a system of suppression of hybrid

dysqenesis in_ natb’r_a? pnpu?ati_ons_. They assayed for the reguiation

ot hybrid - dysgenesis by scoring the GD sterili ty induc&#agf;}éa“'

crosses of KP nontaining strains %) F cyt:ztype and'b‘f'h'cytatype

strains and also by scoring intrastrain sterult._y at 29°C.  They
found that BD sterility in {ross A was 1uwereﬁ }'m the presence
of KP elements. Further they found that the mhéritavcé of KP
induced repressim was transmitted ‘throughk both sexe \f*$ opposed
| to the ma_tema] inheritance of repression in Tines lacking KP
elements. Black et «i. (1987) suggested that the putative protein

en%oded by the KP element rr1ght interfere with transpesition,

"not by competing mth transposase since it lacks the awinoc acid

region believed te be invelved with DNA binding {Rio o¢ al.

’ A I
1986) "~ but by competing for a  co-factor reqﬁired for P"é :\n\

transposition. or by forming a nonfunct{onai heteropolymer with
P factor enceded peptides. B . : ¥
-y, "' "\( _. . .
Up to 30 copigs of KP 'elements]'@ve“ibeen' shawl’;_':‘;‘}é'accur in M
and Q populations sampled from various parts of the world {Black
et al. 1987). The strong cline cbserved in vegulatory ability
in Southern. African populations (as opposed to the weaker ¢line
exhibited in P facior activity) styongly sugyests that'\snma__%:hing_
other than P elements on their” own are responsible for the
observed pattern. A scuth bound wave of KP (or some other ,de‘létl‘.ed
P) elements in conjunction with that of autonomous P e’ieme{;zts
would exp?a*in. the gdjfference of . the clinal pattern ;‘ﬁrength
of fhe two effects.”’ Ipdeedd the presence of autonomous P t;lements

has been shown to increase the KP copy number and subsequent

repression of P factor activity (Black ez aZ. 1987; Jackson

‘et al. 1988).

ks
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2.4.4 Hovemnt of P elements

Laboratury experﬂaents have been used to mon'itnr the spread

of P elements in popuiations. These experiments have ind'icated"-f”

that), a.tmugh in genera! P element contawination iakes p‘iace

swiftly and eff mently. ‘the end resui\ts are ~often dependent

‘én the initial conditions 6f the ‘population’ s well as on -the "

7
ambient temperaturel

T,

y2.4.4.1 Initial condiﬁaus and P e‘lalént dymamics

Ponulations initi_ai:ed with mixed P and M type strains evolved
rapidly towards the P type {Kidwell ¢z al. 10813 Kiyasu and
Kidwell 1984; Good et qi. 1989). Kidwell ot al, {1981) found,
however, thatwith in‘ii:iai P/Q or G/M mixed cultures the changes
were not .so clearcut. Populations that were: im‘t-iallj of mixed
P and § typgs also attained oquilibrium ¥or P factor activity
but at a lower Tevel than the P/R initiated popuiations. F'ina‘{‘i,y
mixed Q/M strains’ showed ' negiigible P facter activity. The
tenc@ency in both these experiments was: fot; p cytotype“ to replace
M cytotype but a s?g?nifi_cant frequency of females witl:"“li! cytotype

remained after 17 generations. In similar types of contamination

_experiments Anxolabéhire et of. (.386) found in a set of 19
""experiments, that, in populations initiated with a mixture of
Py M oor § wild s'.tra'ins. dysgenic sterility pntentia‘l was lost
ard the result was Q type populations after 3 gener.ttions.

£
When popu]ations ocansi sting of strong P laboratoryr atrains and

Q or W' wild strains were set up, the authors found that the
- cytotypu) disappearad dur‘ing the First five genarations. On
the other hand the 2. ac\.‘._*hnty p&ten_pial reached an equﬂibrwmf"

I .
W : of

(‘x'

S

)

Ty
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kaplan et.a.z. {1985) .prop(;sed & theofgiica! mode] of trénspmable

efements which pf‘édicts their eventual extinction. This model

=

can mutate (to functionally 4is inct mutant elements) .as_ weld

' as undergo 'de!etions, whereas mutants" czn only undergo déletians

¢

uuuuuuuuu

. fhe first few genera*wns after infectwn or eise the copy number

is based on the assumplion that Jv‘w ""type transposable elements

of . the campiete element ihcreases rapid?y initiaﬂy and  then

'decreases siowly as the average copy ntmber af the muta;#? starts

£0 grow. uuimateiy, afier a per'iud ot f’tabﬂization the cump?ete

elements - d1sappear !eaving oniy ths mutant. At t!ns point

-, transposition must cease since the excision function is lost

and the mutant eventuall y become': extinct due to the fsrces

possess mutan. P e}em&pts such as KP elements (Black et al. .

1987) or the elements 'found ‘In Q strains in Japan (Sakoyama

.etal. 1985; Kitasaka, ov al. 1987), then the model of Keplan

st al. (1985) predict@i a pmgression from irue M fp P to Q to

(p!i’ strains, This couw gxplain th% ‘chafiges that tnuk p'iar.e in

Johannesburg betweesr 1987 and 19?8

T DR ’

o

' af dnleticm and drift Now; if Q type sirains are assumd to

)

y
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Table 2.7 arisons beiween 1987 1988 propartions |
Tete 2.2 '"% {88 e e 18 prove
1 Year AP % " Collection- Site

1087 | o0 o 4 w0 Gordons Bay

- ' : n

1388 ! 29 71 Cape Town

. i _ " IS

1987 | 50 50 0 Johannesburg - .

1 1988 12,5 75 12,5 Johannesbuirg \
11987 | 25 75 G Agatha/Pietersburg
1988 | 44 50 6 Nelspruit

tThe str;ﬁn Rut 2 (Johannesburg (1987) and all P<Q and P?
strains were classified as P; A1Y Q-P and Q-M strains were
classified as Q. |

.,* .y..\ i - : R _ . 12
' ?\\\“\%:_—,- -
S kk o . %
‘ T JL-‘ 0 i
. .( x\\‘. -
3] h '}"-' ” %- \]
. L2



_rates {reversrons to wild t,ype
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3.0 g Mitability | | A (

CHAPTER THREE

o

3.1 jatr roductinn ) __
The singed {an) locus is on the X chromostme and is dssociated

with female s:terﬂ‘ity {Bendé*' "1260) as well as with bf‘ist%e

, ;:'heno'type Thn ‘iorus has many alleles (hnge;s (1979a) mentions

52 mdepeudent Bn mu,tatmns} with \m'ymg phenot}pes ranging
frnm shghﬂy wEvYy bﬂstles or hﬁokpd tips to extreme]y twisted,

gnar"led :hm‘imshed brist!es with curved th\ racic hairs. On

th basis af thew mmdma)bely righ spnntaneeus mutation

16~* and 1073} many of th;ese alljes wepe judged  wore than

twe'ive years agoe to. be insartwr mutaticms (Go‘iubevsky et az
O _

-

T A wgak :)henotypit aﬂele of the smged briﬁ:e* }ncus. ainged~weak

(s.x"‘} was ident*ﬁed byt Engels {3}9?%) This allele Was
recavered in the progpny of a PR hybrid,djrﬁsgeni;c wale &hd

1

occurred on an X chromsome ‘which, a?thuugj- originany derived
‘trom “z» had --acqmrerd_ °a comp1ex\ x:hromusbma! re&‘rrangement

ftngeh and Preston 1981} The sa’" aﬂela wfs found 1e be

o

hypermutaa!e in the M cvtatype, mutatingp to- eilther a gmore extrpme

C L allele {en®) or ty P near!y ‘wild type a‘ila?e (sn"‘) (Fig. 3, 1)

[ at arate’ whic_h could._excged 50% (Epge_}_‘s 1g79a‘_1‘[_
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 level which was positively correlated with the P regu'!atnry

Tevei of the Q or M' strain with which the population was .'ini-

tiated.h These results,togetiher with the temporal aud geog_raphica'!

distribution of P elsmonts 'in_thé world, ted to the stepping

store concept of a progressive diffusion of autonomous P elements

from America with an accompanying decveass in their activity

potential {Anxolabéhbérs gt «f. 1988).

i

This theory 15 congistewt with the recent invasion hypothesis

- in that the primary invasion of P elemonts in America resulted

in sti‘ong as well as moderate P strains (due to the iaternal
de'ietwns of P elements). The migration of moderate P individuals
into Eu\*atw resulted m weak P/ pupulat'ions due to, the
t.ont'inumg pr'ocess ‘of P element deletion and the accumulation
of such elements. The zubsequent novement of these individuals
into the rest of &s‘ia and North africa resulted in the M' strains

found thare, This would also axplain the distﬂhutwn and

strepgth" _of P type strains found in th_is study to-bs present -

in Southern Africa. The'initial invasion into Africa would have
taken,place somawhers in Central Avrica and then radiated nutwhr-ds

from there. The Sahara wou]d have blocked the ﬂort' “gund movement

and the ‘Kalahari desert could have 'Impsded movement n a wester-

1y direction. However a southers and eastward radiation would -

account for the -weafc_P and § type strains in Zimbabwe, Rortihern

Transvaal and Natal. Finaﬂy the M stroins in the Cape would

" have arisen due to the introduction of defc cive P elemaits

. o . ) .
lacking P factor activity for the most part, but providing scme

regulatery ability. fhe cTinal pat;térn exhibited. in Australis

could be simiTirly accounted for.

e #

]
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\2 4 4.2 Temperatuve

A crm\ al element "m the fma} ou*come of P element contamination
1s temébratum. Whereas populations maintained at 20°C aftamed'
fairly mgh levels of sterﬂity {Kidwell =p at. 1931, 1988),

those ra1sed at higher tearperatbres of 25°C {Kidwe'ﬂ et al.

1988) and 27°C (Kiyagu and Kidwen 1984) attamed relative‘!y

Tower levels of P activity, As f;mr'ted out by both Kiyasu and

Kidwell {1984) and &!'dwgﬂ et als {1588}, th}f;}temperature effect

shggests that uﬁder copditions of high temperature, those fiies
mhtainiﬁ:g P element combinations which have the ability to |
cause high Ieve‘ls of steri'lity when- the teﬂperature is high,
vh\' be selea’:ted against, Thus under__l conditions of  high
tamperatum, selectiop would favouf those flizg with moderate
P alctivity potential. No stmrg P strains were obtained in

this study and one of tha i:ause's naay be a tﬁmper‘a*ure dependent !

_ selectinn of flies ' contem'}ng Tess active P elements. During

the permd» -of popu‘!atmn ﬁlcrease of . melanogaster that occur

in the sumertime. moderatﬁ to. high tin eratures (z.i"c - 36“8)'

are ptevalent in Southern Afs'ica.

‘2.4, 4 3 Stochastic effects o o,
A'ithnugh the cafflmenay of. P e'tesrent contammatmn A8 fhigh,
“ the autcnme of mixed" pnpmatibn exper:men..s is “not always "
pred‘ictab'[e The mtraductiun of P ehmerf s}: into ¥ strain genomes ’
under condﬂ;ons of DM hybnd dysgensis led to the rapid :
eva‘lutinn m’ these ciulturgs into one of three rehtive!y stab!e
types curresppnding c‘osel& to P, g and W stiains (Kidwe]'l
et at. 1988)." “

Cn
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:
_ThE-‘___} reason for ‘this- disparity. fn evolution of indjvidual lines

A govefn.;.d 'in' part by temperature anfi garly mnditinns appeared
| overall to be due to stochastic factors. Thvs would then explain
populations ¥ike Plettenberg Bav and Ne!sprmt where aill three

_ {P, G and M} strain types were faund

2.£.4.4 Temporal ‘trends _
In the present study sampling took place .over two yesars i‘ﬁ the
.s*u'mmers of 1987 and 1988. :ﬂlthbugn co‘iléctions were not made
in “identical slt&s soma cnnectwns in 1983 ware taken fa'irly'
. close to those of 198? and it is mte‘resting to observe the
differences between the two years. Thus the fnﬂuwing placas

@

can be campared' Gordons Bay 1987 and Cape Town 19883 Jahannesburg
1987 and Jehannesburg 1988; Agatha!?ietersburg 1987 and Nelspru‘it
1988 (Table 2.7). B S

Nq} real patterhs of movgmnt are eviden\,. Whereas L'Q"""strains

'_ in 1988, the proportion of Q strains dermﬂhsed in the Eastern/

Gbrdans Bay in.1987 and peared in Cape Town - -

R ‘Hor"thern Trpnsvaa] arez (Agatha;’Pietershurg 1987 - Nelspruit

1988} with ae suhsequent ‘ncrease in the proportion of P am:l '
M type strm.;s However in Johangmsburg {where the 1987 .nand
1988 fol}@atwns were the closest gebgraphit.aﬂy) an increase
_111 the proportiuns in Q ind M and a decrease in the propartmn-

L . [

*ln P t,ype strains occurred in 1988,

< 5
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L



w " - . “
v 7 )
“ = .\

[+

t B i

) 1 .
) -3y W\g dm mcroww
\\ . £ of teorete bristies of an _g,'&n!e

" :
a . . -
B n "
o o 1 g
[N Y “ I III
o
Ty P ’ F
v li

- FE
. L : j
o N ; ‘ | y
L s ?
o fary 4 :
I . v
] [
3 e
o 2”
N P
- 1
) f a \ J. &
. ] . ﬁ . Ay
. . B & '

it
o
o a
- 3
A
LI
u
F
3
.
e
o
o
ES




e

)

ine

i
Fa
(4]
»
LY ”
o
o
L)
fa
ke
. .
a o
ry 3 o< L=
3
/ 4 " "
1}
c o -
@
<
Ed J’

Scanning eQectron wichvscopy photogrsph . ¢
o tnoracic ﬂl% of s ¥ mla. | |
f o W ) ." . . . . . . ’ . g

el (-1

[l

@

i



o
%

E [t

. .“ p

y

Ban
,ﬂ 2oy
ﬁ, k3% n = {14%). Snmiag slectron mmy phnmgrlph "
L .!thﬂndcm:thsoflnu'mh. )
a L ..III ® = ’ o
[«

e



da
5] .
[ o . )
I o
i : sk
w1 “.- " R o
a \.J - - a -
] o ﬂ = . (‘) ::
8 L . .
4 . - . . . .
4 - . o (. o = ‘_Frg
. S e R i
. 4] o ” i N
Flg. 3.1 © (1) Laters) view of su* wales.
@ y . _ . R .
=
o
N gy ‘
A : ‘ )
b . 4o,
¢ ES
@ N A R
Q = . . . L . .
w j] B . ) £ s WS
| ) . t
! : \ d >
' I n\ ’ ! b o "
L) & w \ n
¢ ] K | oy
- ! v . X
. ' P
.' ST ho g
~ W : »
) a N W
o
N I u_)

B

o



(J_

=
3

eI B
Y

n ['\]
. W
=% w P &.___

.
< s
. . o
B o
R
4
. -
kg

"Hg, 3.1 %

. ral
. O
ol

0

{11} Lateral visw of ® wmles.

A @ .
[
I " “
Y @ B
: ) .o
L .
" E
) o e :l‘
A . i Y B
. & a
LN v
"~ Pr]

) L
.
-
.
L
"
=




' & #

In )cﬁe P cytotype gr¥ was pract.ca'I‘" steble (Enge?ti 1981b}, This

if //Vc/otypa gontrol of sx¥ hyperwutabihty augges‘éed that the
d putative ‘inseried genetic element in am¥ wight be = ?’element
i "{Engﬁ‘i% 1951b), R*!Fmaﬂy Engeis and Preston {1981), investigating

chrémssam bveakage qu\ts as places of P element . insertion

{“hotspois®) ohs;amd 3 hreakage sita coincidmg with the

appearance of uﬂw mutation. The presenca of P elements in
/

alleles of the szrgged Jocus were Iater confirmed by m]ecuiar”

.,echmqms (Nitasak& and Yamazak? 1988, Raiha et ai. 1988)

F =
" ’ i I"“‘J ' ©
A] B " 1

s

. . : £ -
L] - P . = o =T .
. ! o U

l.'ft}e ce¥ aliele containg’ two . defective P"-ﬁelemeﬁg which

- are irserted  in” reverse directions in a “head-to-head®

arrangement. ] “The two alternative mutational uevent:}s {en®

and en*) are caused “by ‘fﬁ? excision™of &y or the other of .

‘ these P elemerits {N'ltasa ‘and Yamazaki 1988; - Rofha et al.
high
et al. (1988) ~ They found that wiid type rexertants appeared

_ta !represgnt precise . (or near!y precise} exci*:':ons of thﬂ

P element wami that -some gt the snEXt alleles resulted from

@
2 nearby site in an inverted orientation.

"

i P
? 3

3.1. 1 fﬁ' Bestabﬂintim as an Asm Srsm fm- L4 factor:

..\ 5 . } N
A&t‘h’it CN L . 4 N

Hat nnty wdoes )2 efement mhi!izatfun in thﬂ an¥ aﬂeTe reg

fn an emeptié/ ﬁ&} ‘high mutatinn rate, but Lhic destabﬂizam n-

LA R
i o ¥
" ¥ ,

\"\‘ . ““ . .

Y i

.1'988} (ﬁnother P e'!emenlt”msert‘lon, Mcm which' mutates a@r-
\y

equencies to ant and sne*“t was analysed by Haw!ey .

" Qt.he insertion of a duplicate cuﬁy of tms P element jnto

has aiso proved to be sensitive to the transpo.dmse activity «

(<_,

)

b
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ofﬁ'thei functional P elements. For exampie Spradling  and

_Rubiﬁ;ziigaz}‘ transformed Orosophila embryos by microinjection

ef'vafying concéntrations of the plasmid pr 25.1 (Section 4.2;2),

which' contains the 2,9 kb P element flanked hy about 1,8 kb

of rﬁosamﬁ"éa tNA,. cloned 1nt0 pER 322.

The autﬁé;s found that the transformation induced en¥ instability

and &aiso thaf' the fraction of traﬁsfofmants showinn germ

iine m:tatxoﬂs at tha ainged locu¢ Was ﬁighiy depe dent an

the oncentratson of 1nJec+ed pilasmid UlA. Thay showefl further

“that *he presuce of a2 sipgle autonomous P elemany in the

chrompsomes of a strain was sufficient to 1ndzfm o’ 1nltab111ty
The en¥ mutability requirement for auianomﬂus P elements
w. demonstrated by FKaress and Rubin {1984} who constructed
an autonomousoP e{ement derivative and used en¥ hypermutabi%ity
as a screen to dedsc: transposase activity in P element constructs

containing frame-shift mitations. They showed that all of

the idehtifié& ORF weve essential for transposition of P elemgnts -

as moniturea by on¥ hypermutahi1ity. ) "

b

In  addition £ngdﬁs {1984), fn a geuetich analysis, showed

| that gn¥ hypermutah1lity required a trana~acting : product
_ (transaosase} that could only ba praovided by ”faétors on P
“'con.aining .chromqsqgg;. Presumably this transposase activity

18 provided gnly by the cumplete P factors themselves.

e
T
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3.1.2 The Relationship between €0} Sterility and sn¥ Mutability

. There 1% & great deal of variability in the 1nduunaon of

) . a0 . j
G0 steriiity duve ;b P factor activity. ﬁherﬁ&i 44 amOurt ,

of GE sterility in P strains can vavy frnm'lc'tO\j tLP&?ﬂS

’ p#hducg .p0 v 'very Tjt le 60 ‘sterility and 3&* 1\ e& ‘also

nossess the P cytotype ' Thus, this variabil*ty may be due
1o d}ffereucés in the amouni and act1u1ty of complete P fachors

{as opposed +o represqor activity) present in ‘the " gencme.

Since an¥ mutabil1ty 15 caused by P facter activity {Engels

L

| 1984 the correiation between sn“_mutabi?ity and. cross A

GB steri!vty has beer - examiz 4 by many workers {Engels 1984;

Kocur ek al, 19863 Hauiwara et aZ. 1987 Simwons'lgai) Genera!?y,&

Y good carre?at1on has been cbtainpd between these two P element

1nduced phenomena but wzth some exreptionai cases arising.

This study, wh1ch examined the corre}at1an between g mutab111ty

and cross A GD ster*?rty 18 d1fferent lines of

Drosophala melanagastsw- obtained franl various parts of Southern v

Afr?ca, < Was undertnken for two reasuns - Firstly, to assay

~ the Southern African wi. type strains  for # factor activity

using thé technigue of an¥ mutabiiity which"is pussiﬁ1§ mare

_sensitive than that of cross A GD ster71*ty, 'secondiy, o

check the corre1atinn between two methods of testing for
P factor activiﬁy. an¥  mutability and GD sterii1ty, and to

s

examine any Bkc&ptiaﬂal cases. o 9
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3.2 Materials and Methods

In order to determ1na the rate of anﬂ wutab;?ity the foilowing

£rossaes wer'e. made

- suW(M) ¢ g G
| ]
C{1)DX ¢ T sr¥/Y o

score male progeny for snW, an® and en® phenotypes

C{l)bk’is a laboratory attached X Tine -~ the fuil describtiun“

being C{1)DX, 'y?/}f/‘\f/fs.*

: n"(ﬂ) is as described in sectign 2.2,

U is tha unknown strain. _

ATl crosses were performed at 20°C in order to prevemt GD
:sterilfty. ' |

Theh an¥ mutation rate was -then detenmined from the second

. generation %hles as:

#anf o +{ﬁm #)

3?;_" mul‘.abﬂft}}f (# Sﬂgd + % gnt & + *Bﬂ“ i

The sn¥ mutatibn rate was then evaluated for 78 wild popu]atiuns

and two contru}s_wz and a¥{¥}.

A

- 'With regard to this method two points should be noted,

A1l genetic symbols are in Lindsley. and Grell {1968).

o

\\ i [4
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Firstly the ss¥ mutation rate is measured only through the

maie germ line. Measurements through the female germ Tine

ok

may produce sh‘ghtly ] diffeg'ent resiz"fts {Kocur ot af. 1986;

Simmons 2t aZ.«I 1985}, Secon‘tﬁy, sinte I used axW(M) rather .
thari. Canton-5 females in testing for induction of GD sterility,

the femsle progeny "examined in cre:;ss A {(Chapter 2} have the
. same paventz] genomes as the males whose germ T'i::ge is being

T
tested for ex¥ mutability. Thus a comparison f cross A

| // G sterility and en¥ mutability is a meaningful one. _ | E
3.3 , Results

Appendix € shows the re!a,"(;r_le/ frequency of sn¥ mutability in the
N second generation males obtained from the crosses as described

in” Sectjlan{".?.z. A?together 78 wild isofemale lines and wo

con_tr"'ol 1o ccatory strains (a}zW(_M] and ) were tested.\

The mean number of wild male progeny tested per line was

433, Unfortunately, the yield was poor on the Harare Tlines: :
tested {possibly -due to the action cof P elaments 1in these ﬂ
. lines producing sterile F, males) ar{d so the number of males | ‘
tested in these Tings varied "‘frozﬁ 26 {Har 5} te 137 {Uar 10).
Excluding Harave, the . average :zumber of males tasted pef_:f

ine was 4G7.

Apart from a few cxeaptions, the number of an® mutants was
approximately squivajent to the." number of sn* mutantls. The
exceptions were Ber 10, Ber 15, Rut 4, Pta 6, H'K 2 and Nel 10,
Since ;herej- are sometimes problems in  distinguishing Lthe

phenotypes of° an¥  and sx' flies, strains which showed an
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"1 excess of sn™ phenotypes were checked two or  three
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%

times.

(Flies were retained and rechecked after a period of one

week). It can thus be assumed that the scoring of phenotypes

was accurate.

)

The levels of on¥ mutability obtained varied from zeéafber ca.

for 14 of the "78 Tines w a maximw value of 27,2% for a

P strain Har 15 (6D sterility in cross A was 0,283 and in

crpss A* was 0 for this lire). Thirteen of %he 14 lines

with zero Tevels of sn¥ mutability wire M lines, However,

“one strain {(Mac 1) was an M-Q 1ine. Because 'sf' fhis and
also because this line gave a medium (MD}. hybridization signal

when probed with the Aees 1 fragment of ps25.1 (Section 4.3.2),

15
i_. 1

indicating a fair .number of p hemologous . sequentes, 2 large

number (930) of fliev were tested in{ this Tine - " however

" not one.en*-or sn® mutant was found among these males.

Yo
ot
MAal

s fig. 3:2 shows the relaticnship between GD :gterility obtained
~in cross A and ;ﬁé sn"'mui&bi1ity raté- In gfnerai. strains‘thagm'
were able to induce BD sterility were“aﬁso able to 9induce ax¥
. mutdbility. A highly significant correlation between P f&ctcr:'_;_.

- activity and  an¥ mutabilitg: ﬁas obtained wusing Kendalls

rank correlation  coefficient with tes  (Kendall 1962},
{r = D,47; P<0,001, n = 78). Four of the sirains gave values
LY

. Y
which Tlay outside the point cloud of the scatter diaifzm.
They were Nel 20, P'B 1, Har § and Har 15. Nel 28 and

had exceptionally high levels of cross A GD sterility (0,528

1
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and. 0,432 respectively) when. compaé-eiﬁ' to their orM mutability
.'ievels {0,068 and 0,085 respectively). For Har 5 and Har 15,
the . opposite was  trus.  Here the lévels of oM
mutability were higf}' 10,221 and 0,272 respectiveiy]”_ whereas
the levels of cross A @D sterility were re]at'ive‘lg_, tow {0,276

and U,283 respectively).

‘Several I} strains Gob 5, AB 15, JHB 15 and one P-Q ;'\'si.:r'.ain
Ber 20 '.I.zad levels of on¥ mutability less than 10-2, However
no ﬁstrﬁins showed zero mutability. On- the other hand a
number of b‘u strams had en¥ mutability 'ie;gls greater than

zer-o {Table 3 1}. Levgls of 1% mutation cou?d be due to

the' spdntaneous mutation vate for an fnsertion peiation.

Engels _(19_79&) repof-ted mutation rates between 10-3 and 10~2

at alleles (other than en¥) of the singed locus when backcrossing

dysgenic hybrid males to M type females. / tuboysky et ai. {1977}

ft'mnd reversions of singed mutations éu m*id type to accm"c

- at  frequencies of 10°% ~ "10°%. A ernatively this hmtatwa;

rate may be indicative of * autonofous P elements ‘iﬂ K type
strains é;‘ of defective P elements, retaining some type of
transposase function {see Section 3.4.1).

rf.
f‘

: ! : 2
E& - Discussion ! |
e close correlation obtained between the ability to attivate

sn‘ﬂ mutabﬂ‘ity anﬂ~the po*i:ent'!ai to cause GD sterility seen in

- this sttfdy has been obtau*ed by many other resea?chers. Engels

(193.?) ohtained a “value (Iff r = 0,773, P = 0,00023 whqrp testing
a set of 129 strams which were se!«cted S0 that t.’z)y rqpresented

Ie ) A N ; - ql
J



Table 3.1

Southern African strains which  showed

Jevels of sgn¥

mitability grester than

zere and which tested as M or M-Q in
Gh sterility tests’

i

Q

" GB.sterility

| Surain | en¥ mutability Type
ol Cross A Cross A*
 Gob 10 0,01z .| o 0,308 Mo
AMs & 0,004 [} * 0,198 Mo
Plet £ 0,006 0,033 0,485 L
5§ 25| 0,002 o 0,759 |
I 0,003 " | © 1,000 "
Wal 4 0,011 0 0,300 M
wac 3 0,008 0 0,180 M
Br 0,070 0,036 0,140 M-Q
Pta 6 6,070 6,06, | 0,887 Mg

{4‘

@
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the entire range of 6D sterﬁm \r{otent.a'!. -Kof:ur et al. {1986)
tested 45 inbred lines derivl i }rom fijes trapped in North
Amavica hetween 1978  and ;983 an;i alsﬁ obtained .a significant
carnelation .{aa'mg Kendalls =) heteean crosg A GD sterility
and an¥ mutabihty Simmons {1987} .used 12. lines which had
been constructed approximately one and a2 half years prior
7 testing hy extracting singie X chromosomes Trom a wild

-population into a y_abnratory background free of P slements.

The author obtained a strong r)ositive‘ _correlation between |

" @D sterility obtzined in cross A and enW mytability. Finally,
| Hagiwara et al. (1987). using 35 wild lines from Japan and

e!seuﬁere also found that thers was a stg‘ong relationship

i

, between crpss A 9D sterility and the sn¥ auts tion rate. Despite ~

the high correlation between sn¥ mutahi'lity and P factor
induced &P "sterﬂ_ity there are still -several anomatous results.
Thase will be discussed below. |

3.8.1 ¥ Strains and @ strains o .

Sevnral M strains disp‘layed leveis of sn¥ mutabihty exceeding
302 _fTah’te 3.1). If autonnmaus P al!ements are responsib?e
| for - op¥ mutability at these Ievei;s 1anress and Rubin 1984,
Engelfnlgsﬂ. then it would appasr |Lchat complete P elements

~can exist in-the M cytotype. In particu!ar, the two M-Q P’\.:rams'

BF and Pta 6, in addition to prodncmg 7% ¥ mutability.

also gave medium {¥D) hybridiza fon’ signals when p'rébed with

the Jdoc 1 fragment of m25 1 {Section 4, 3. 2’J thus mdicating

the presénce of a number of P hnmomgcu_s sequences in these

¥



=

=

- - _ : o
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strains. Furthér evidence of the possible existence of
P factors in ¥ cytotype  strains . was .givem - by fiagiwalra
et al. {1987). hay ‘idemtified a strain which had # cytotype

but which was able to -"induce a-high (17%) en¥. mutation rate.

" In subgeqaeht tests the cytoiype “of this s'trai“n remained

M but the rate of u»¥ mutation decreased to about 0.9%. The

authors suggested that some intact P elements may have existed

in this strain, but not sufficient to convert the ‘cytotype

to P, t.e. thase elements were not able to repress GD sterility

. strains qusx extremely low.  Simmons and Bucholz {1985)

vinafP hack_gr'aund.

Ll

| On the other hand, the rate of s mutabihty m severai of the

suggested that the binding of transposase to the terminais

of defec.tive P elements wou?d creatg ‘& shortage of transposa;p

“in the vic:mty of the e!ements resp# 5ible -for the snV¥ mutat‘.'lm\s

thus lomring the mhﬂization frequencies of these elemants.

In this regard S‘.m;mns- ot uls (1987) faug that dysgenic

fiies that “ﬂ'had Bné or m’re& p;terny'ﬂy defjved t_:hrnmosomes

. containing defective P elements from an inbred line of the

Mu'ﬂer-s Bimingham\\n‘ strain. were partially able to repress
the instahi’fity of the an" mutation. {hws the liow rate of

13@&* nmtahi'iity in these Q-strains cquid-be caused hy the

7

titration of . tne Hmtad munt of transposase present “in

these strains due to the presenceﬁff a rmnber of internaﬂy

=]

deleted Palamnts. - e

rﬁ’{j



o Kocur ek al. {1886} on the other hand, found that one strain in

4?";

l22

3.4.2.  Exceptional Cases

Although Enée‘is {1984) Tound I- one exl:e***icnaﬂ case {a strain
which produced wmore gnW 'mstab*}ity than would have been
expected from the amount of GD, stenhty it induced), he
r;_mmu«:thé‘lfsz;;;; concluded - that ‘both 69 sterility and sn¥
hypermutability are caused by the P '-i;ransposase and further

"that P strains vary mde!y in the amount or kind of transposase

o 1

Vi

they produce .

>

their sample cons-igtent!y induced ‘too much 6D steridity for
its abﬂtt:y to destabﬂizo an¥, Tms. coupled with the resﬂts of

Engels {1984) suggested nnce more that the relationship between

transposase. production Iand en¥ tutability may not -be -q gimple

one. This s “borne out by vesuTts obtained in this study

~where both types of exceptional cases bccurred. Nel 20 and
P81 pmduced extreme?y high levels of 6D sterility compaved
to tha'lr relatively 'lmt lavels of an¥ mutabﬂity white the
oppcfs:te was true for Har" 5 and Har 10 {Append;ix C).

Low Tlevels of an* mutabﬂity mght be due to the txtration

of transgosase m the presence of many defectwe P elements

(_'Simns ahd Bucholz 198%), One more pies..e of evidence for'

this possibility was the. strain Mac 1 in nhich all of the

._930' flies. tested were of type s;z“. © Yet Mac 1 was an

M-Q strain (Appem!ix A) arnd produced a medHn (M3} hybmdizatwn :

s1gna}“ when .probed with  the 4ce 1 fragment of -~'gn25.1

o\
= L
su

L

A
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S~ TtSecticn 4,.2.2). ~ This. strain then may ~have a large number

of defectiva P e?ements presarit which are’ i;*traﬁi‘:ig the 1imited.

e 8 _—__f;'-'//

V4 amount qf transpasas«;{\presen* “in  the strain and preventmu )

- M dﬂstabﬂxzat;on

T

" \ The case of high levels ,of en¥ mutability conbined with Tow
N ,j'ie‘.feis. of GO ste\mht_y induction s drffmult to expiam
\ _riowever an  investigation: of tbe refethnsh'tp bet\ueen the
¥R and P-M mutator sys’een-s showed that a1+hcugh P elements
are present m MR stocks “and that MR and P-M are part of
Ql*l;htifo same sutator system,. nonethe!ess there uere certain potent
mutator chromosomes nhich generated Htt!e or neg GD sterﬂity

(Green zgea) - e

B

This it seems likely that as well -as P elements there may

be other functions which’ enhance or - @press'sf"‘& mitability,
These other f:mctic;ns my be depangent on the chromosomal

'cnmpiement of the strain as’well as on the sites of P element’

insertion md x.hg presence of other tranqusab!e,w elements

]

i 'In tbe genm it _,5'\\

& . . I
. = - .
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£, ﬁoiecu‘lar !na}ysis pf P einw«ts

4.1 Intmm

i

Phenollymc tests, such as t'r'ose described in chapters 2 and 3,

present an ancurate picture uf the hstmcﬁ ion between gtmng
P and st iong M strains and ‘tan alse servn to 1dent1‘y “those

q strama which are typica! of -thewﬂ

tests are unable to discrmim.ce bgtween those ® strains which

13

o~ are ccmp}ete'ly devoid of* P{‘bnants and *!’ose whmh are&nof.'

o strams) Also many straw-, are 'ihgueht Q:fmed as 1ying
betuepn P° and Q or between Q and H {Appendix A} Qms a knavﬂedge
/-'\

of the quan‘ﬁ ty and .types uf “15 e‘lements within tbeee strams

muld help to enhance pur knnvﬂeuge of the mechamsms and control

of p e‘iement transposition '{‘m sdvent of milecular techmqueﬁ

=
= Toynd

“ﬁpﬂ many_new paths -uf mvestigat'!on in the P-_-H system.

=3
. oo
o o *
i
o

B é\oning_‘,uf 4 elmts]

's
@

"'mle;.cuh;r clur:ing of QP e?ements was“ achieveﬂ' by Rubia

‘et al. {1982). Tbey made use of five mutatlons at the white.
~locus, two of \mich had prenously been generated by Simons__ -
and Lim. (1980} in g strain cproms'nms and three nf whicIL they _

B generated in "! Stratn chmmsomes ﬁlese wh:te mutants were\

thought to bee'dﬁe 'gpo P e‘lnsb&ut actwn, since they arose. 1n

rrosses Ahetmen P ok YJ ond ¥ fema’f*-‘s and were unsta-t*u: in M

\p'-

S cmtwe but stable in P cytotype. The white locus was chosen

@ . o %

=
-

P ) : ' 124 .{E

c¢lass. However phenotypw;,

and the 1ntmduction of P e1emef:t probes has cnnsequentiy ogened
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strce, as well as being easily scorabia, the entire wild type

‘white locus had previously been_“._ clened {Bingham et al. 19813

levis ot al. 1982). . “

The structure of the mutant wkite alleles was _iilvestigated in

a series of molecular cloning and Southern blot hybridization

| expe%i'ments. The mutani white alleles Jwere all shown to contain

_ additicnal DNA sequences inserted into the tocus. These sequences

although hetevogeneous in size, ranging Trom C.5 to “1.4 kb,

were al1 homologgus and xure designated P elements. Excision

of the P elements occurred when these mutations wex% piaced

in t'he_-M cytotype and resuited in a wﬁd' type phenotype. The

same mutgtiéns were Stable wﬁen maintained in the P cytotype.

3

_. 6'Ha_re and Rubin (1983) isolated and characterized several members
.. of the P family of transposable elemer and they “showed “that
 these ranged in size from 1ess than 500 bp up to a 2,9 kb

autonomus P elemnt A1 P elements were shmm to have a 21 bp

&nverted teminai h\aat and *o creute a divect B bp duplicatieﬁ

of genomic target seq:aence upon m:erttan. The smaﬂer p e?ements_

©D

were shown to be m-'issin.g sequences  internal to the r.frmmai |

~inverted repeats, ? o o ‘

0 N

* 0'Mare and Rubin (1983) constructed the plasmid pr25.1 wnigh
r'onS'i'sts' of the 2,9 kb P element flanked by 'genomc DNA from

the 17c“rbgfon of ‘chromosome 1 of o (de5cribed in Sectian 2.2.3)
cloned into .the. Eam HI site of pER 3¥2. This p!asmd, as well

i
A ¥ of s

i) @ L}
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&

Y has heen used then51very to probe

_:for P elements fn w11d nollections and in laboratory strains

- of prosophila {Examples inciude Tode et al. 1984 Anxoiabénére

et al. 19REh, 198?b Sakoyuma ‘et al. 1985; Daﬂieis et al. 1987a;

-poussy vt al, 1989 Gooé et ai, 19%@) "

.y

The technique of molecular 'probing, 35 well ds being used to

reveal the presenceco? absence of P element homologous material

within Dr@sop££Za strains, has also veen usad to guantify the

amount of this material present in the strain by examining the
__intensity of thehhybridizatiqnféigna;\{Ankolabéhére et ot 19uib,
1988b; Boussy et al. ,1988; Good et af. 1869).

Further by means

of restriction enzyme and'Southgfn~b1ut techniques the particular

'_species_'of P.hovologous ODNA present in the strains can  be

analysed

. to shed some Tight”on the causativeleffects of P e?ement activity i

TR

© fn thiti study 1 probed for P homslogous elements in 31 wild

strains " of Drosophila 'chanagastepa which = were

5]

ophenotypicalty for GD sterility (Chapter ?j._

These (above—-mentioned} techniqnes have been used;

also tested

A

“ (‘i} L
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4.1.2  Ohjectives

The hyhridization was performed with two objectives in mind:

to determine ' whether South Africen strains which test as

M phanntypically are entirely devoid of P elements and to Try

0 ascertain the auantity of P homologous BNA‘preserfi in these

;_,,n.,s\tra_ins' by z{isﬂé’!}y comparing the intensity of the signals

.....

‘obtained betwesn these strains ang certain controls.

Several sections of the Tabaratory work were performed with
the help amd guidance of Susan Hearn under the superwsiuﬁ of

Jocelyn Hebsrer

4 2 Hltenials qu !Isthods
- &4.2.1 Extraciion of ﬂrosaphsza DNA (vaet‘t 1986)

Genonic aun was extracted from .. wild collections and two

: 'ia'hpratoryfstrains using the “"single fly .DNA extraction® methed

of Jowett (1986). Efght adult flies (fou malds and . ar femates)

from each” Hﬁe ‘were anaesthetized, p?aced in Eppendarf tubes,

- frozen 1w Hqu‘!d nftrogen and stored at -70‘1(2 prior to wuse,
: E.}ch sample was homgenized in 100 p¢ of 10 - Tt"is-im {pit 7.5),
60 WM NaCf, 50 tM ethylenediaminetetra-acetate (EDTA), 0,15 mi

-fspemme and 0. ;Smﬁ spemidine Once the tiasue wa§ broken

_ (SDS), 0,3 M Tris-HCZ {pH 9,11}, 0,1 N EDTA, 5% surase aud--

-' pmtein form complexek and DEP acts as a protein denaturant-

up, nuclei were 'iysed ‘and  DNA reieasnd by 'lncubating at 60°C
ror 30-40 rmlnutes with 100 " of ‘1, 25% sodiumdodecy‘isu'lphate

0,75% fresh?y added diethﬂpymcarbomte (DEP) The SDS and

E = SE
£
;i

4 . B \ . . ) " _— . ‘ (f
e J>/ o o0 (:\} a . - . R
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S

" and nucléase inkibitor. The pro%-ein/SDS complexes were then

;ﬁrécipitate’d by adding 30 p;' of 88 potassum aceté;e“ and cooling
on ice Yor 45 minutes., The tubes we“re'spl}n fo;r one ainute in

the nic centrituqe (Hager Des1gn) and ;.he supernatant containing

" DNA vias carefully remved The ONA” was p*eci’pitated by a*'iing

iwo vclumes of coid ethanm (e 19"{:) Samples were allowed to

standuat room temperawre for 15 n-mutes and then m‘icrncentrifuged

for & mmutes at 4°C The' supernatant was discarded and the

: neﬂets were washed with cold 70% ethamﬂ and vacuum dried. The

R\

Dﬁh was: resuspended in 100 y¢ of 10 aM Tris, 1 mM EBTA, pH 8,0

(TE) for at least 24 hours befat-e restriction enzyme d1ge§t1on
D(le ;amples of muz each uer'e ren-on 0,7% agarose gels to

ascertain that. the DNA - concentrat__ion obtained ‘was uniform

" thmughout- (Fig. &71).
o

EN ’

4,2.2 Preparation of the Probe _
The plasmid o1 (O'Hare and £dbin. 1983} was obtained from

W.R, EngbIs u;hu kindiy supp!ied it in two forms. the purified.
p‘iasmid DNA {fra::l & recent ‘piasmid preparatwn} d1ssolved in
: 1 ﬁ NaCt, 1.0 mM r.DTB, 1,6 mH Tr(ws a8 well as in a stab fin F non

DH1 {vachl, gyrA96, thi-1, endAl, hedR17, esupEad). pr25.1 contains

3 complete’ 2907 bp P e!ement which is flanked b& approximately

1.8 kb of DNA from the 17(: regwn of the X chromosome of the

B melm:agaster strain af my and inserted irto the arbil site

of the p'lasmid p58322 (¢’ Hare and Bubin 1983) The plasmid'

&
consequently has the gene for ampicillin resistanpe’. After

R

&
™

%

R
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o Fig:. 4.1 Exasples of Drosophila DMA extractions. :
A : Gehowic DNA was extracted asirg the “single fly DR
_ ; . extraction” wethod of Jowett {13} as duseriled 2 Sexticn
. . 4.2.1. The two laboratory strains_{Janes 2 and 3} as well
' as five of the thivty ome wild strains (lanes 4-8) are
B i stown in the photograph above. DNMA samples of 20 pt each
_"' were run on & 0,77 agargse get. '
© lame Iz 200 ng ADNA
Lame 2t %y o
i ) tane 3z CantonsS .
- Tlane- A Mut 1 _ - EE =T
[N \\\\_‘.q}” S: Deal . " ) o
N tane 62 Ptal . - .
o Lane 75  #'RK1  .° R y -
lame 8; "Ag ) -
o %
L. - s y o7

N
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;,-”\,. plating from the stab cultures the plasmid was amplifidd as |
3f?l'h:':ws: the E. eoli strain DH1 containing prrzs.i'was ». Joculated
inte 10mt of Luria Broth {LB) ‘containing I nf of ampicillin
(80 mg/me) and fincubated overnight with vigorous sbaking._ A
's;tibsequent inoculation of 0,1 m¢ of the overnight culture into
25 mt of LB 'contain';nlg 25 ¢ of (50 ﬁg/mz}_:,. ampicillin in a 100 me

- flask was ‘performed. The flask was iﬁcubated at 37°C with
vigorous Shaking until the cultﬁre reached the late log ph.ase
{Gptical demsity {(0D)°at 600 mm ~ 0,6}, A final inoculation
of‘ 25 mt-of the cu'ltt:re into a--5(]£i mé of 37°C LB 'mu'ium containing
0,5 mt of amicﬂ!in uaS performed. The culture was 1ncu5ated
. at 37°C w‘{\ ﬂ)vigurous shaking until 09 at 600 nm was = 0.4,
Finaﬂy 2,5me of 'chlaramphenicol {34 mg/me " in ethanr{i) was
added to the culture f?ask__ which was them incubated at 3?““8_

with vi.gor'uué shaking for 16 hours,

4,2,.2.1 Plaswid Isolation (Clewell and Helinski 1969) .
Plasmid material was obtained from Susanm Hearn after being -
isolated by the following method. The ampiitied plasmid pr25.1
Ut

| was isotatel "from DH1 as f:mows' A 40 nme cu?‘hure’ of B, oold

o

DMl containing p}asmd pr 25, 1 was hawasted at & 00O rpm for
i0 minutgs. The pel'let was washed “in 10 mz of cold TE, then
| péneted J and resuspencied in 2,0 m¢ of cold 25% sucrose, 0,05 M
ris (i)H 8,8}, The san'lplea was trahsferred to 3 100 m flask.
and . 0 25 ml of fresh 1ysazm salution (10 mgfm!. fn 0,28 M Tris
HCE (pH 8.0)} was added and the sample was ;ui:’!ed gently on
'-u:e for 5-15 minutes. Lysozyme 1s usad to cata}yze the hydraiytic
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clpgvage of complex po]ysacchaﬁdes in the protective cell walis

of the bacteria. Occasiopal swirling on ice was continued fbr
2 "

- five minutes after the godition of 0,25 me of 0,5.M EDTA ph 8.0.

To L_promo’ter ée!l___ lvsis, 2,5 mi of ccld detergent (20% Triton
X-160, U,5M EDTA {pH 3.0),\J1 M Tris {pH 8,0} and distilled

water te required volume) was added and the sample was gently

_ swir}ed-bﬁ jce for 10-20 amrinutes until the sclution was -I_somewhat
“cleared and highly viscous. The solution was tramsferred to.

a Seckman JA-20 centrifuge tube and centrifuged at 18 000 rpm

for 45 minutas: The supérﬁntant- was then removed and t‘fe va?ume

_r_measured ang 0,1 m¢ Etr (19 mg.fme) and 0,95 g CsC¢ par mé¢ of
supernatant was then added A 10 000 rpm spin for 15 minutas
'f-_at 4°0 produced a cleared !ysate which was Toaded mt’: Beckman
:qmck—aeal ultrdcentmfugs tubes. The sealed tuhes \mere Spun

in the Beckman ultrat.entrifuge at 45 000 rpm - for 15-—1? hours

at m“c Tha {lower}) p‘iasmd hands were observed upder ultr}avw]et
'tigbt ind the DNA was v'emoved using a_sterile syringe.
’ 1
: - j |
Finally, the DHA was purified. “To remove the EtBr, 'a:m equal
volume of iso;:nrupénoi saturated with 5 M Nalf was added to t{ié

DNA “solution, the two solutians gently mixed and spun for 30

 “secs in the microcentrifuge at 4°C. The solutions separated

into tuo ,dis__tinct' layers and -the upper {pink) layer contéining
EfBr was. discar&ed This' procedure was repeated until a
calaurlass solution was obtazned. The i:scz wis removed by

dialyzing agamst cold {4°C) TE buffer for about 12 hours.

1
4
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Tha plasmid' DNA obtained wos subjected o electrophoresis on
2 0,7% agarose gel together with the pr25.1 plasmid isolated
in the !aboratones of W.R Engels in order to confirm that the

correct size ;ﬂasmd had been nxtracted At the same tme the

< DNA concentration uas assessed.

Two methods of ethidium bromide - fluorescent quantwtatwn of

the amount of doub!e stranded Dl'lﬂ (Maniai:xs af- ‘at. E‘“’ 2e?.} were

o

used to estimate the concentration of p‘iasmid isolated from
fHl, They were the plastic wrap method (resu?ts not shown}

and the minigel method. Both mgthﬁds make use of the difference

in the intensity '01"“ ﬂunrescenﬁe of d‘ifferent concentrations

of DNA/EtBr under tﬁe u'!travio‘!et transi !1uminator The plastic

wrap methad ,,sgnts DRA samp‘!es unto a sheet of plastic stretched

over a WV transﬂ}umin%r:nr whereas in the mmgel method the

samples are subjected fé electrophoresis before viewing on the
transﬂinuminatw._ The e;atimati_un of the concentration of plasmid
DNA isolated from DHI using the two methods was the same viz.
10 ng/ut (Fig. 4.2), |

4.2.2.2 Digestion of px25.1 4
To 25 ui of purified pe25.1 (250 ng) was added % unit’ 4ce 1

and 3yt of the racommernded commercial incubation buffer.

The catalytic activity of the restriction endohuciease is based

~on the minimum amount of enzyme requived for the generation

of the “enzyme-specific® final fragment pattern of ADNA . Thus,

"one unit is the enzyme activity that completely splits 1 g

of ADNA in one hour at 37°C. The pH of the incubation huffer
is adjusted to the test temperature {in this case ,3]”{:)

&



S

Ty

=,

\

542

i

7

Estimtion c:f the concentration of plasmid OMA usihg ethidlm
- hroaride ﬂuamscent quantitation methods (Maniatis st al. 1942},

Lases 1, 2 and 3 vontain 200 ng. 100 ng and S50 ng respective‘ly
of ADNA,

Lae 4 mutains 10 ut of plaswid pwx75.1 DNA isolated from the

E_golf straid DHY 88 ﬁescrtlmx in Section 4.2.2.1.

RS S e S

Lane 5 contains 1 uf of the purifiad viasweid ptzs.l as ebta.imd
from the laboratories of W.R, Engels.

Comparison af the fntemsity of the fluorescence of the ADNA

standards with that of the DA in lame 4 gave 3 concentration -

es,:{}nﬁe of It pgfut for the isolaied plasmid DMR. (Intensity
49 fivorescence of the sawple in lane & was juiged to be equal
10 that of the ADNA standard fn lm 2: f.e. the sagle contained
100 ng of DHA),
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Digestion was allowed to proceed for at least four hours at

37°C.  The reaction” was halted $y addition of 1 uk af'0,5 M
EOTA pH 7,5. The restricted DNA samples were subjected to

electrophoresis together with a AIl:.marker on a 0,65% fow melting

peint agarose gel at 4°C.

1

4.2.2,3 Radioactive labeiling of DNR . N
The Pmersham RPN1601 multiprimq DNA TabeTi%. 3 system was used.
The band pf agarose containi_ng{’the Acc 1 2,4 kb P clement~fragment

(see Section 4.3.1 for a full description) was meTted and the

- DNA' denatured by heating the agaruse,’ngﬁ at 95°C for 10 minutes
in § _waté?j bath. Thirty (30) ut of the molten agarose/DNA were

mixed uith_..;the 'faﬂom‘i;;g.\;cpmponents of the labelling kit: 15 ut
buffer, 7,5 ut primer aﬁ&" 5 ul  enzyme, F'inaﬂy 4 ut. of
deoxycitidine 5'-[a-32P1triphosphate was added and the reaction

was aliowed to proceed overnight at room temperature.

The level of | radioactive incorporation was assayed by blotiing
1ut of labelled DNA 'antaﬂ- the nitrocellulose filtery fixing
with 10% trichloroacatic “acid (TCA) and washing three times

with 5% TCA. The approximate level of incorporation was road

 with a Geiger counter. A more accurate measure was obtained
by reading the sample (1 ul of labelled probe added to 5 mt

of scintillation mix) in the scintiilation counter (Packavd .

Instruments - Protea).

5

-0
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) “The level of. incorporation of 32P for the 2,4 kb P element DNA

probe was found to be 1,5 x 106 cpm/ut.

.. e
&

5.2.3 _‘ggmse Gel Etecaruphoresn

~DNA samples weve run on (} 7% agarose mmge'ls. These gels were

prepared by d'issoivmg{_. the agarose powder in Tris-Borate-—EﬁTi}
(TBE) (0,089 M-Tris base, 0,089 K boric acid, 0,002 M EDTA).
After pouring the ge(], it was 2llowed to set for at least two
hours before :.e'lecfropf'oresis. One x TBE was used as the runmng

huffed, Samples to be run were mxed with a gel "laadmg buffer

containing 0,25% Bmmopheno? as the trac!qng dye and 40% (w{v)

- —
T

sucrose in distilied water t0 smk the samples in the well. Ee!s

.were run at 8 v/cm and then stained with (0,5 ug/mé) EtBr. An

‘ultrgviolet transilluminator was used to visualize the DNA bands.

o A 0.65% low me!tmg pom" agarose ge? was used for e?ectrophoreszs

of the restr‘!fcted plasmid DNA. Electrophoresis was performed
i )

gt 4°C and the ge! was subsequently viewed ~under the

transilluminator where tha approprizte bands were excised. The

cut out pieces of agarose containing the DNA bands were stored

“at 4°C,

e

7
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3. 2.4 Hybridization

4.2.4.1 Binding of DNA 'to mitrocellsiise {Mamiatis et al.
| 1982)

Lo

-,i‘:enatura%icn of DNA samp'ies was ane --'r'*u?ishad. by heating at 95°C _
for iG m*nutes. The serrp!es Worg ti.cl‘ guickly chitled on ice,an |
equa! volume of 1 M NaQH addeu, and mcubcted at raom te!rperature _.
for 20 minutes. The DNA aamples were then neutralized by the
* addition of 0,5 volumes of LMJWACL, 0,3 M Na citiate, 0.5
: Tris HCE {pH 8,0) and 1M HCL, The _solutions were well mixed
_and samples were impediately chilled on ice.
| Denatured DNE was bouml to nitrocellulose by spotting 5 uz of
the DNA so‘lutwn onto the Filter,’ ~allowing it to absorb and'
then spotiing a further 5 ut. This prace_‘?s was repeated untﬂ
a 8D ub of the original sample had been spotted. = The filter
~was then baked for 1 hr 20 min at 80°C and stored at voom

temperature prior to’use.

4,.2.4,2 Prehybridization - |
“Prior to ‘prehydbiidization, the mitrocellulose blots were washed
in 3 x SSC (1 x 5SC = 0,15 M HaCe, 0,016 M Na citrate) for 10
minutes at rnom tﬂmperatare. They were then immersed in: a
prehybr‘id‘izat‘iun solution consisting of 50% defonized fomamde,
4,37 g Nal8, 2.2 g Na citrate, 25 m@ of 20 x Penhardts (0,4%
Ficoll, 0.8% Bovine ’ Serum Albumin {BSA}, 5(1 mM XaPO, buffer
{1 M NagHPQ,, 1 W HZPD;, {(pH 6,8 )‘l end water up to 100 md} salmen
- sperm DNA (1,5 mf of 1 mg/mt) wes”denatured by boiling for 10
mir;u_tes. This UMA was then chilled on ice and added ‘to the
prehvbridizatign solution. The dots werfe prehybridized with
shaking for’* 4-5 hours at 42°C.

bl

o A ol Tre % % mens s

=



4.2, 4;5 Autoradwgmphy _ B

 Nitrocellulose blots ssaled in plastic were plared in cassettes _

4.3 Results
L 8.3.1 | Digestion of Plaswid mz'i i

1w

'
\_ "'r ..

- 4.2, 4.3 Hybr‘"‘tat1nn

The prehyoné!zatwn solution was decanted and S50 mt of

hybridization solutior (50% defoniZed: formamide, 4,3?:29 NaC2,

2,2 g Nz citrdte, 25 me of 20 <r/Denhardts, 50 mN NaPO, buffer

{pH 6,5}, 20 m Dextran sullphate {50% » soluticn) and water up

to - 100 mg) was added, , The 'iaheﬂed proke 'together'with the

salmon spav[ﬁ! DNA {1.1 Js of 1 :rgfmﬁ) was - ba"!ed for 10 minutes
and th@fﬁ a::tf*"!ed on 1-re and added 1o the warm hfbhmzatm{z
medwm The blots were hyhr-ld'lzed with haking for - 18-24 hourt:
at 4z2°C.

4.2.4.4 Posthybridization
Foilowing hybridgization, the n'ﬁ_tmceiiult;%e_. filters were washed

with 5) mt of & x SSC..at 42°C for 10-15 minutes. The filters

-were then dried lightly on clean paper towels and sealed in

plastic bags in preparation -fér aytoradiugraphy_.

i

and expased to Fuji X-ray fiwss for 1 to 3 days at -709C. X~rays

weréJ developed,” Tixed and washed and Hybr:du&tiun patterns

were observed,

5

Fig. 4. 3 depicts the Ase and dam Hi restr-h.tion sites of thn

plasmid . pr25.1. The 2,4 kb dee 1 fragment“‘ “the P element

wakes up 83% of the full sized 2,9 kb P element. This fragment
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< 4.2.4.3  Hybridization ¢
The prehybridization  solution was decanted. and S0mt of
hybridization solution (50% demmze\\:l fomazmde, 4,37 g Na(t,
2.2 g Na citrate, 25 mt of 20 x Denhardts, 50 mM Mo ﬂ " buffer
- {pH 6.5}, 20 mt Dextran su!;ﬁhaﬁe {502 soluticn} and water up
to iGU mt) was added. The Iahelled probe togeih - with the
salwon sperm DNA (1,5 mt of 1 méfmﬂ} was beiled for 10 minutes
and then chilled an ice.:and-’ added to the warm t hybridization
medium. The blots we.rel #_%bri_di‘zed- with shating for ;8124 hours

at 42"{2. o

4.2.4.4 msthybridizgtjq;:- .

Foﬂ.bwiq;g' hybridization, the nitroceilulose filters were washed
with 50 mt of 5 x 5S€ at 42°C for: 10415 minutas. The fﬂters
were then dried 1ightly on ciean baper towe'lf and sealed 'In
p’lastic bags in preparation for a_utorad1egi~aphy. |

. o

4,.2.4.5 Autoradiugraphy

mtroceﬂu'iose blots sealed in p?astic ware p!aced in cassettes
and exposeu io Fuai Xwray Q1‘1 tms for 1 lo 3 days at -70°C. X-rays
wire developed, fixed and washed_and hybridization patterns
were observed, R ; | | |

"
i

4.3 Resrﬂts
4.3.1 Digestion_of P‘iasm‘id pr2b.t

ng 4.3 depicts the Aae 1 ane Bam HI restriction sites of the
plasmid pned.1. The 2,4 kb fluc‘i fragﬂent of the PeTement
makes up B3% of the full sfze 2.0 kb P element. Th:s}i Fragment
_ 1

PR
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e
WBHM’_
Flonkdog Droechils
- : m .
Partial, restriction sep of the plasaid
m2E ] {0'ere and Hubin 1983)

-
. ‘The vestrictios sites, showm oo the 2,9 kb

BE
7
i
° Fig, 4.3
Q {I;')
&y

Palowent worw  based on the published
secuences of 0°'Ware sed Nabin (3983). The
matriction sites showm v pMIZ2  umre
cbtained Trom the Bosbringer Neapbeis (1997)
mral. e 2,9k P elammt is Tenked by
sbeut 1.8 kv of Drescobily DRR Yrow the 17¢
n]"ln of cm 1 of ¥ ¢

-
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. gan be :ﬂSed to detect intact”?--é?éments as well as those

degenerate P eiements havwg either a -deletion hetween thn two

Acc,'l sites.ur havinq one of the Acc-l sites deleted.

Theoretmaily the on!y eiemer'ts that hiﬂ not be dﬂtected using_

the sec 1 frugment as a prabe are thnse degeren.te ? alements

can‘taimng de!etions that spar . the entire dce 1 intervai The

© successtully in ~hybridization studies . invo'!vmg P clements

*! (Dantels et al. 1987a; Boussy et al. 1988).

s

. “a X ) ' 1\

- Fig. 4 4 shows the A}E»cl chgest of «*the p?aéhnd pwzsz From

the Aacl restric;ion map {,Fig 4.3) it was deduced that faur
fragments of sizeo Eﬁ 3189 bp:_, 235% bp, 159% hp and ea 1327 bp

sho'u!""ﬂ theoretié:‘ally be obtaitied. In order to assess the actual

- size nf the fragments, the digested plasmid was subaetted te
eiectmpharesis 'In & !ane adjacent te the wﬂﬁ m‘leczﬂar weigbt .

R marker III. and use was made of ‘the relationship betmen nugration

\-

:_. vestriction Qf P e]*maﬁt& by 4ce 1, in ardér 10 obtam g 2,4 kb

" probe and the digestion of genomc DI:JA by 4c<.' 1, hsve been used

dxstance and- e mh.cu"lar weight as foﬂous the distance, d, moved

fn a fixed time by a BNK fragment of 4}cu‘1‘ar weight M isﬁgpwen___
by d = a«b(?bguﬁ whe‘re-\.-ap_:_a_‘_}id- b oa empiricaﬂy detenf"med%

congtants depending on -the buffery gel concentration . and

temperaturg,f huz the standard curve { lug molecu!ar weight (in
\R :
bp} versus distance mgrated} was ﬁtted usmg the mleculaf‘

" weight r_uar&er_ish_l.angl was used’ 1o ohtai,,n the size _‘of the p1r25.1_

i
o
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The slaswld mzs.l digested with Mc 1 ap & . D,65% Tow

welting pofnt agarese gel.

Lane 1 ADNA molecular weight warker 1T (1L2 ut)

Lsnes 2 and 3 peR5,1 DNA restricted with & 1 as described
in Secilon A.2.2.2. {25 ut)

Lane 4t szs.; DMA mligeited {10 pi}
The imgnnt thagths of ADNA  aolecular utght marker

111 a5 obtained|from Boehringer Mamheln (mm sre indicated

o the left side of the photographl On the right
hang side of T photograph are the sxpectad ¥reguent Yengths

Acc 1 restriction of plassid pwds. i
(Fig. 4.3). The] faint bands presest ore d NI to tacompletely
digested DMA Or concatesars that fo subsequant  to
digestion. o ’ :

1430




' fragment. _(f‘ig,_ 4@% A good agreement wias \

L

14

b
ined between

the theoretical expected fragment size and_those esgimated from

the standard curve Table 4.1). - ' \

)

4.3.2 Dot Blot Hybridization

‘ng‘al dxfferent wi’ pupu]ations collected mainly in 198?g*samp1e$'

of eight flies ({four . fﬁmales and four males) were *‘es..e:! for

the predence of Pelements by direct . hyhr*dizatwn with the

Ace 1 2.4 Kb fragment of the. P element, The probe used s free
of the IJroaamea chromsoma'l sequence surrounfi“ ing the i‘»:elgmnt L
:_m pr25.1. , Hence no hybridization signal would be due to
'ch?omosomg'},, no: Pelemeﬂt DMA. Three cbntrals_‘_.ﬂere routinely
tested in each blot -{excepts'f'or one in which the one control

dot broke off) The controls were the p!asﬁ;id pr2b.1, the strong

P strain n, {described in section 2.2.3}) and the M _strain,

Cantow-&.. Canton-$ 15 8 Iabaratory stock, probably - 1mported "

f!"Oltl the United IjStates of America to South Africa in the 1950s,

and subsequently kept in the ‘lahoratorfof the Genetizs Department

of the University of the Witwatersrand. The 1ntens’fty of
hybridizatwn signa1 pbtained for the wild flies was visuany

comparad to- the signals obtained with reference M tCanton-S) and -

P{x,} strain fiies on ‘the autoramograph. Photographs(_ of the
dots are shown\in Figs. 4.6 A-F. |

i

.._In ai] blots where Canton-s was tested. & faint- hybndization

sﬁm! was aﬁtained ‘This could be dua ‘ta either non-specitic

hybri iutfon or to thq presence of P elements in C«hton»s,

The latker seems the more plausib‘le of ‘the two explmations

]

| since ¢ .tafn Canton*s strains “ have been discovered to harbor |

RN

defective P elements (Hoodruff st al. 198?& b)
. ) 2

L}
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| Iablelal  The expec

of the straight

e

" and estimﬁt&d fra
" -ghtained from the Ace 1 digestion of

The regression  equation

PR\
45,
)

b

143

sizes

line obtained by

plotting distance migrated (d) against moldeular ue‘ght {m) -
. (in, bp)*for ADN& molecular weight: marker 11T is

4= 210,3 - 48 Tlog m.

o
%

Theoretical, Estimated §ize
.| expected size . - from
¢ S d=210,3 - 48,7log m
‘ca 3189 3981
(e sy 270
1595 1698
 ca 1327 1349
7
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4,
7

--;m to. Wdiuﬂu of gumowic. mm.ﬂn
. whe 24 kb Acc 1 fraquent of pu2b.l s described i Section

| 4,2.4,°Each blet except for the one shoxa Im Fig. 4.58 had
* . twee comtvol  dots: Cirion-5, %2 m 5.1, In the blet
shown 1n Fig.4.68 there were only 1u controls presemt as’
w:mu-s dat broké off,

Tew blot shown 6 Flg, 4.68 hed zul (mq DAY of the

pe25.1 Tragamat. T Siots showm 1» Figs 4.5 -F Md 5 ub
{50 »g DWR) onch ni' The . przs.; fragomt,

“Stx Tevels of sigu:l ilmnity vere miz.ﬂ

£5 - mr st:m {50 ng DA of mmlfmtof

._ !S - ury 'ltrm; {izl

S -~ strong

W - wdim
¥~ werk |
W -~ bovy M]{mm-s).

&

o

pe25,13

\
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>~
R
\-Q.__
.
v
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=
A
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. The \prahe,\; gave a strong signal with -::;{;Iand a much stronger oi}g

 with the plasmid pr25.1 (Fig. 4.6). n{; order to cowpare the

strams ';'nc drffercnt ‘Jevﬁ* ot signal Mtenm\y were aTlacatefS_

U {in the siyie of fnxolsbdhdre ot ale 198523)\ ’

o ’ e

ES -~  extremely strong(pv25.1} b
¥§ =~  very strong (=)} |

S -  strong

r&s - medium

W~ weak \

Y J . .
LJ’ V¥ - very weak {canton-$).

Rep'!'icétes of several of the papu!atiaﬁs were tested in orde
to campare results. 7 Tah]e 4.2 1ists the phenotypic and molecusa”

characteristics of the tested str-ains.

 GeneraTly good agreemnt was obtained betweer rephcates. Apart

from twu Q straing W K 1 and Ag 1, (both of which repd‘_\m} on -.fl

one h‘lnt‘f /and VM cm another), rezdings were aither identical

'sr @fse differqr\l by a single gradation. ) Thrae'of the strains

'wjnch tested phenotypically as P{P? {excluding n) weasured

either S -or ED on this system. However, the sampie sue,{’jsof
the p type ‘of strain was very small {(four strains, amd possibly
three since Rut Z was uncertain). Rut é, which was unelassified,
but regarded as a potentxa! P siiad ﬁ, neasured MD on one blot
and W on another. Of the tan WH‘? {or M-Q} wild strams four
were MD, four were ¥ and two were VH. S

I : o
£ E W .

o R
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Table 4.2: " 'Hulecuiar' characteristics of 31 wiid-? Sauth
N - African strains. - o

i - P-G-M Signdl-
Strain Designation intensity
68 " 1 ¥ ] 7
6B 2 M. | W
6B 3 ¥ o Vi
G l£ ] ' W
Plet &6 M HiW*
Plet 12 M7 - Vi
Mac 1 n-q ¥
Mac 3 M Mo
Br - ' #-0 ¥D
Pta & M-G ND
Plet 8 Q . H/MD/MD*
© Mac 4 4 MB/S*
Mae £ Q MD/MD*
Den i g Vil
*Den 2 ¢ W
Derr 3 §-M W
; Den 4 Q-M v
Pts 1 g Vi
Pta 2 ¢ VW u*
H'K 1 e Vii/MD*
H'K 2 Q-p MD -
H'K 3 MD
H'K 4 Q : H/MD*
P8 3 q MD s
PB 5 G-p - Vs o
Ag 1 & VW/M5*
Ag 2 Q W/ MO
Rut- 1 Py - MD
Rt £ 7 WMDY
P 1 p MD
P'B 4 P S/5*
, -1 Controls™ =t i
2 Ty _ p Vs
' . Canton-3 ° 1 Vi
L VS = very strongs S = strong; MD = medium; W = weak;
VW = very weak ' : :
* Raplicate resuits .
; . .:!-_;34-_‘.
N ke
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The 17 § {or Q-M or Q—-P} strains. varied great?y, fmrr were of

intensity MD, two were W and three were VH. The rost measured

: d1~°ferent]y o dzf’fe“ent b’m 31 two were of intensity Vi

twy were of intenszi.y VWHD, three were of mz.epsxty WD, one

was of intensity MD/S.

. Thus, ¥ one equates intensity of signal with nuwber of P elements

then the urnerai pattern that emerges is ihat overall P strains

'do have move i? e'!ements prasent than M strains while 0 strains
‘are interaediate between thie two, although they span the entire
iﬂange fram 5 to VM. However, it must be pointed out that the
"'-sample siﬂze of the P strains was very smali, The Iimp!ications

of these results are discussed below.

i

4.4 Biscussion

4.4.1 Hild ¥ Strains Possess ¥ elements

A1l of the ‘wild strains tested gave a positive signal (ranging

in intensity from strong to vefy: weak) when probed with the

42 1 fragment of the P element. If {his signal is interpreted
as evidence of the presence of P homo?agous sequences (see section
4.3,2) then all of the wiild flies prnbed in this study, inc!udmg
thbse whizh tested ar M on G0 sterility tests, possess P element
hybridizing sequences, T*-is is in accord with fesu]ts obtained
woﬂdw'ide Yolecular analyses of wild populations from Japam,

Korea, turasia, Novih and South America, Czechoslovakia, the
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(USSR and Australia all show that recent collections contain

- of the signal.

N ' . - !
P elemant homologous sequences. {Todo o wi. ﬂQB#;jjr;Aanabéhére

al. 1986b, 1988D; Boussy of al. 1388}. Inda_ée&/én exanination
uf strainsh colléctad during \the pa'st 80 yéaar‘s from several
cannnnnts revealed that the "most  recent appearance of frye
l“‘ strains in North America, France and the USSR occurred between
16 and 4 yeara. age, fin (966, 1969 amd 1)7_4 resgectively
{Anxolabshdré ot al. 1983b). (1( |

4.4.2  Intensity of Hybridization Signal

The intensity of the hybridization signal abtained from the
wifd" s*ra‘in d}:t blots varied from strong fo ;'very weak. This
variatwn was generally in good agreemant mﬂh the phenotymc

strum cla»siﬁrat‘lcn (Tab'ie 4.2).

Srmﬂaf gradmg teuhniques have been emp!oyed by Gther researchers-
i this field, ' Arxolabéhire st al. (1985b. 1988b} used the

squash blot" technique (whole flies were squas?ieu onto a nonn

" 'Fﬂter and then prosed), and visuany c:’ia..sifieﬂ the varwtmn

in the signal intersity. food et al. {1989) -"'quashed single
f!y ovaries onto a nitrocellulose fi‘lter prior 1:0 hybridizing,
They scors-d the hybridization signal vxsuaﬂy as positive or

negat«we altnaugh tl‘lE_f d'Ed not al tempt to quarf___mfy t_heﬂzntens;ty- :
Sinc;e the Ace 1 fragment has homo‘togy ‘with a 1amge section of
the compiete P e'lement. the variatlon in intensity nf the signa?s
shou’ld theoretfcaﬂy be governed by the numbar of Pe!emnt

B
a

A
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hybridizing seguences present in the str‘ain', i.e. the intemsity :

of the signal should be proportional to the number of P homologous |

sequences present. However, the proportionality may not be so |

simple. When the cnmpfate P' element was used as a probe it was
found by some researchers that the over_aﬂ amount  of |
P e‘ieme‘\}lto-hybridizing DMA  (Boussy et ql. 1988} or the number
.0'#' P hybridiz;jy;!g aleménts {Todo et__fs_z_z. 1984) was virtually the '

T

same for alj strains tested (ranging from M to P} .

An alternative eprénat‘io_n for the variation in int&ﬁssiﬂ}w then -

is that the Aec 1 fragment is preferentially nybridfr%inq to

the compleie P element and/or to a specific sub-zellection of -

(of the P elouent) will hybridize to gffesaim" P homologous sequenies |
th&n..prob'esz containing end regions. This is because a __-'!aq_"‘h)
_number of ? elements cﬁﬁtain 'intefnal deletions (Rubin ei::sz |
1982] and in these cases the region of homelogy to an intnrnal

Fragment cou?d be very smal! or non-existent.

_ Bifferent probes do giva different results, Anxolabéhdre eé al.

(1985b, 1988b) used - two. different prgbes. Their probe P,
cantamed the 0,85 kb }de ;TII fragment of the P element wmle

’ N,
P2 o atawed the mternﬂ 15kb Bénd 111/5at ; Pesement

fragment, {Fia. 4.7). The s1gna1 md:ensity obtamed was generany
stronger and -more umfom throughaut the tesied range with the
shorter P, end prob& ’zhan with !;he 1qnﬁr P, interna‘b prabe
(Anxoiabéhére et al. 1*135!: we their Tah’le 1; Anxolabéhére et al.

Q

P elements. Probes which are made ‘up of internal sements only

27
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19880 - thair Tabies i° aﬁd -3}, Further Tado et al. (1984), using

Mtrﬂ portion of the comp1ete P element, the Pst I fragment
of pn25.1 (Fig. 4.7}, found that the number of bands hybridizing
on southern blots of 'genomic ONA was !ess than that nhtained

using pred. 1. {which contains the con-piete P element) as a nrah?

- These _authoﬁs also " obtained a correIatmn hetwean the Aumber

of  central E portion retaining Pe'!emgfts : a_nc! the phenoctypic
__‘.deter'nii_ 'at:ia,;h of the strain using this Po -IIpmt‘_ae.

Thus, if t:he variation in the intemsity is due to the preferen{j*:a'l
hybridization of the 4oe 1 fragment to the complete P elenf&nt,
and if ‘the tota'ﬁ amount of __.,P ‘element hybridizing DN 1s the =
séme” in Jan strai_ns,_ then. this wou_ld.. explain thl;a sirong  and
médiym Sigmﬂs obtained for P strains. These strains "have the
complete . P element preé.ent An higher copy' nuﬁaber since 6n'!y
the commef.f.- P element 1s able to produce transposase (Ric et al.
1986} h’hid}i is responsible for Peieme-ﬁt tranﬁpositicn and
subsequeht GD s'ter't'iity. Further Boussy et af. [1988) in the
study of wild Australian f!ies fvrtihndvthe ? actiwty of a Hne,,.
to - be pestively correhted \th the number of full mz;d
___P_.etements ip the Tine - o th"i.s woult alse exﬁ?ain tho hiqﬁer
over-a]‘iﬁ ﬁtensit;: of sigmﬂs for P Strains and the Jower ovefall
1ntensmr for M strains (Table 4.2). The situation is_ however
complicated by the passible présence of KP slements as. cutm{wed
in the next section,

, LBy : . ’ . Iz
E “ : . . =
i . ' . : g

f

4]
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4.4.3 Susceptxbﬁity to P actiwity

Khen P and 9 stra‘in females are crossed to P strain males they

are able to suppre:;s GD steri‘hty.; Further, while true M stragns__\

do not supprass P Facfor activity, M strains are able to reduce
" the level of hybrid dysgenesis vﬁhen- crossed to P strain males
(Kidwell 1988). -

This ahihty to satppress GD sterimty was iavestigated by Engels

{1979b) who used 'Etre term. P cyt\ptype to designate the ability

fo suppress 6D stemhty via the piresence of P factors transmitted
thrdugh the matern?‘l cytoplasm. Further studies with M' strains

suggest that snpijessmn may also arise gue to the presence

' amﬂysi
-trafsmitted through both sexes was instrumenta! in suppress,ing
6 steritity. Black et at. (1987) 1n a molecular and- genetic

analysis of KV elemerffs (P factor internal deletion derivatives

N cloned out of the =-R_ussf&n strain Krasnodar {Rig. 4.7}) concluded .

of M and M‘ strains showed that a chromsnmai component

of P e&mnt de'fetinn derwatives., Kidwel‘i )(1985)3 in a ganetic -

that thesz elements contribute great_ly" to the“ Suppression of .

hybrid , dysgeneﬂda)s in ha*wal “populations. “.They s&ggesté& that

this t )\x\&fsuppmssian was distinct from the P cytotype sVStem

1

| .The lno}ecuiar analysis, of ,ﬁustraﬁa
reyea!ed that the large majority o ‘these hnes contaothed only
ful! ”suzd P elements and KP el

‘have"..be'en ashgm; to incmaqp,-inb num

r-in M and H_nes {Boussy

)

T

lines (Boyssy: et al. 1988)

nts. S Further, K? elesents

Faat®
Ty
e
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et al. 1988_)“-' ang to 'E"I"a'id in thn suppression' of @D 'sterﬂfty"'
(Black et al. 1981) Thus, if signal intensity using the dee 1
probe .ic¢ in any way \indncatwe of the number of KP elements
present {the 4cc 1 fra ment and !:he KP element hove 756 bp's
of hago'iug. - Fig. 4. 7’}, and if an increase in the number af
KP ajements wp!ie_s- an increzse in requlatery abitity, then

the stronger the signal the greater the regulatory abitity:

1f the 4oc 1 fragment s ﬁybr_idizing to KP elements, then &

good iagication of the number of KP eleme;*;ts present could he

obtained by examining M strains which are presumaply free'qf

complete F elements {due Io their lack Gf P element activity)

and alsa possih]y free of de!etwn derivatives other than the

- KPe}enent Q(Boussy et ali: *1988} From Table 4.2 and Fig 4.8,
it can be seen that, in genesrah as. far as M strains are
' -cancemed the qreater the intensity of the signal _the greater
- the abﬂity of the stmm to suppress D s%y. {Usging

Spearmans rank correlation coefﬁczent a h':gh'ty signifzcant

(rg = 9.9“62_. P < 0.001) negative correhtiau was obtained between

cross A* GD sterility and signal 1nteq§ity for M s_ti:ai:;s.) A

TAlthough Boussy et al. -(1988) found no correlation among the
Q “dnd M Tfnes between vegulatory _ﬂabi‘ii"ty “and cthe number of

KpP e?ements, and Monastirpti etq,a?.“ (1988) produced e\ndencew

which suggested that  undus’ certadn circumstaucés kP aiemnts

may not he effectfve in suppressing hybrid dysgenens. _
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" tentative  explanation for this is that, the greater ‘intensity

of an M strain signal jmplies the greater na'ﬁber of KF e1emnts

| pres_ent and consequently the greater the regu'latory ah';htv

of that strain. Hcswever; this is merely an hypothes"ir.j sinca,

KP elements may not even.be.prasent in these strains.

# 4.4 Strain

Probmg for P elemenis in § strains has often resu1te’d in high

levels of hybrid‘zzatmn i ugham et gl. 1982, bakoy_ama et al.

'1935, Anxolabéhere et al. 1985h, 1988b; Boussy et &z 1988)

I
revea'ﬁng the presence of‘ a large number of P homo?ogouJF elements

in these strains. In tms study the { strains gave svgna}]s ranging
from strung to very weak. but most af them were in. Lhe medium
to weak range. Hhﬂe tbe P factor actwity in causing GD

sterﬂity is suppressed in § Hnes, vther P factor ac,,wities

Asuch az MR end sn"' mutabﬂity) is .ot (‘*wmns et al. 1887).

tonsequenﬂy the signal: intehsity nbta'ined for the strains was
compared with the percentage :m" mutabihty mduced by them..
No correIation was® obiained betueen the two resuits and this

o

lack of correlation hetween the number of P homo}ogous elements

- {as dvidenced by “the’ /ntensity of the signal} and the amount

of . F transposihbnai rartwity {as evidenced by t#‘re percentage’

Cof an“ mutabﬂity] coul, be accounted for in  terws of the

J'__ section 2.4.3.1).

_ transposase titration ft

ory%f Simmons and Buchoiz {1985} {see

ufd
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if tran§§osase is in li\mited supply due %o a smal\T comﬂemegzt
of full-sized P element\s, then Qompetition for transposase by\
-defectiva#/fand intact) P -elemenﬁs cu:ﬁd Tead to a shortage of
transposase which in turn would lead to a reduction of P
transpositional events. (Experimental evidenca for this was
obtained by Kidwe?l i1985}, who found that the gresence of
¢ elemnts\*‘aa%‘f strams SUppress gd P factor- induced hybrid
Cstemhty to &.certain degree. ) Thus, s reduced Ian"’ nutabitity
does not neﬂessarﬂy imply the presence of fe-fer 4 e}enents.
It could be that the smail amount of transpeease being produced
by the cemplete P eiement(s) is be‘mg conpetﬂd for by a larger
. number of defectizs P elements and thus jmating a2 shortage

of trans;-bsase in the vicir}ity of-'the_e'ie énts rasponsible for

the sx¥ mutabiiity effacts (Rothd es gl. 1988).

A reasonable hypothesis is that. for g straihy, the number of
complete P elements is sman and the number ang kind of defective
P e!ementa 'ig varwae. Tbe strength of - the hybmduatmn signal
is pmportiona! to the tota‘i nurgber of “intact and def‘ectwe
.-Peiements present, but the amount of mutability d15played is
dependent un ‘2 delicate balance hstween the amount of transmsase
being produced by the compiete P elements and the number of
all » elements complete . and defective competing for <fhis

trangposase. A's-é rasuls an¥t mutabﬂity wolld ﬁut nem;"ssarﬂy
| be propurtional to the number of P elements present in the genove.

Kl

i
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CHAPTER FIVE

., P-alement Somatic Activity
5.1 Introduction

P element hybrid dysgeni‘r traits have been hypotq u\zled to be
restricted to the germling {Engeis and Prasion .-.979}“§ The Tack'

of phenotypic evzdeme of somatic effects tegethﬂr with the

-
i J'

moiacu‘iar and cyfolugical indications of germ‘(ine Spenf‘imty

seem to bear out this claim.

Firstly,0 Bingham et al.> (1982) crossed dysgenic bybrid males
carrying an M type X CEhromosome but heterozygous for M and P

autosomes to attached X females and analysed thé malp F, and

F, progeny by im situ hybridization of the salivary _g‘;and'

_ chrcmeo'nes with a. P element containing probe. The authors

detected no copies af the P element <n the sa]ivary gland X

e =

" chromosome squashes of 15 F, ma?esﬁ\ 1 ‘;ne other Qan&, in a

total of 22 F, male k} chromosomes , Bmuham et al. (19&32)J observed

or moneexistent transpesition d(i P eiements onto H type X

* chromosomes in the somatac cell precursors of the sah\*ary gxands

as oppused te the trans;ms:twn of P elements &t the rate of

0,8 copies per x chremosome in the germ!me calls.

e

Secondly, "uhEr_eas transcription of P elements takes pla‘ce: in

. both sgma'tic and germline cells, splicing of.the third intron

does not appear to take ‘place “in somatic tissue (Laski et al,

.19'8-5)-. - As  regards translation, Riv et al. {1986), using

7

. i \"
T
1. -,f o

18 copies of the P element. These results mdicatﬂd the rave
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jmruncchemical techniques, ddentified two proteins _enceded by

. third intron).

P transpusable elemenis expressed in transformpd Drosophiia

tissue culture ~cells. One, an 87 000 dalton polypeptide was

I

encoded by a” 2 e?ement miNA  deri ved from the engmeered BN

p c.'!ement u2"‘3 {A2-2 1s a Tyl P elerment put has the third intron
gremsely excised)., The other was a 66 000 dalton po?y;repmde -

ahmh was encoded by Peiement mRM& that vetained the third |

intyon. Thus, it s not entzm!y clear whether <n viwo

transﬁaﬁon of mcdmp!ete!y sphced mRNA takes ;ﬂace, atthough
ihe 56 000 da‘itan protein was premse?y the si:_e poiypeptm{

that would bhe erx‘caded by the first three CRFs of the complete

p e!émﬁt (transiation of the mRNA b’eirig terminated due to "the._

:preseﬁqg of stop codpns introduced by the non-excision of the

= . L

Finally,. transpaswwn of P eiements in. somatic tissue in vive

. was observed m the prcgeny -of ﬂies transfomc* with the az-3

;'Peiement {Laski et azu. . 1986; Engels et al. 198?, Rcbertson

@

" et alv 1986; Rio et al. 1986) g

et al. 1988). The above facts have led tc the conjecture that
-ti\splicing of the third intron Reeurs, only :‘\i"n the germiine
ce

i leadifg to the prcductwn of the 87 000 daiton pmteiu

which- affects mobﬁ!zatmn uf p eTf,-ments n these cells  (Laski

ey

S -
5.1.1  Motivation and\Background ~ o ¢ oo,

Mthough rost ;}enotypic tasts to date pumt ta2 the t1ssue 5pe—
cific movement of P e]ement:.. am the molecular research ('nen-
(

tioned above) is strong euqién*e uf th'&s, nonetbeiess somatic

mobilization ef p elements carmot be total‘ly vuled cut Previcus

i . e
S

ot



o o .
o \ G
0 N .
R \
_\1 al
¢ o
\\
'3
.
Fig. 5. Gesntic development vhich could Tead to formmtion f\
of spots. Each disgro fllustrates the left N
arst of chromosowe 3 1n 3 trons-heterozygous
afiffted ceft prior to witosls snd the left
arm of thess chrowozomes i the o  cells a
formed subscywent £0 witosis. N
A: Norwl calls _
B: A ssell deletion gives rise t0 & M
: single spot. = _ :
C: A polat mtation produces & pwh single
D: A gl singlo spot 15 preduced by recosbisation -'
~ betwsen the mh and Tle3 warkars, _
B3 A twin spot is obtwised by recomhination
_ . wroxinal to the fIrS werkers, .
'" F: A doublf  crossover betwsen s amd fird ..
: J and between fIrd sl the cestromare Tesds - »
to &3 single spots. - o
" . I .
o ‘1
5 l|I
A a
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first two rows consisting of. wings #rom Jfemale flies and the

second two TOWS cg{xsisting of male fly wings. The wings were

aliowad to dry on ihe siide in a dust-free atmospherc for at
least 24 hour‘s A droplet of Faure 5 soiut‘%on was {JU‘!‘. oR 2
.covershp which was placed on top of the wings. The coverslip
was charged for at least 24 hours with severyl met_ai: cubes {about
40 g each) while the preparation was drying and hardening.

The wings were analysed for the preéehée of spofs under .a compound
microscope a3t 400 x magnification. B;:th dovsal Iand ventral
surfaces ,were analysed sinul tfmecusly. The pos“itéon of the

spots were noted accnrding to the sector of the wing {Graf ot ui.

o “1984};‘ Gnly the distal wing compartment (Garcia-BeThda et az. :

-f “19761 Was sgored for clongs (Fig. 5.2). The size and type of

@aCh spot was recorded. Scanning electron micrographs of mwi

and ﬂps trichomes are shown in Fig. 5.3.

'5.2.3.3  Scoring of wings |
targe clones” normally extend parallel to the longitudinal axes
of the wing (Garcia-Bellidé and Merriam 1971). Marked clones

CJ the wing hlade generany appear as contignous non-interrupted
5

\_\i;)ts Howeveg. sometimes” &the ;pots are spift into two or move

Gell groups separated by ane or severa‘i rows of normal cells
due to. internal tissue pressure on 1ndependent cell movements.
during_ development (Garciaf§e111do.._.. Cand  Merriam  1971).

cgﬁsequenﬂy,' spots separateg, by ona or two wild-type- cell rows

' were “scored as a si_ng‘tej entity. 1 followed Graf e: al. {1984)

for techniquec.and rulés regarding spot classification.
" : I " . .

P
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Scasning elactrom sicrographs of wing biade
[trickoms supited by D K Juen and
\Prafesser F.E. Worgler from the Institute
'of Toxtoology, Schwerzesbach,
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research studies designed to detegt somatic effects of P elements

- in the wings (Thempsen ei:“"gz?,_. 1978; McElwain 1985),_ in the eyes

(Thempsen . et al. 1978) and in the abdomen ,\Q&cﬁiwain 1986) of

dysgenic hybrids have proved to be negative. The'se_exper'iments-

werg carrfed out at develupmenta! temperatwres of 28°C. Since
high temperatures {(of appmximatély 78°C) play an important part

in P olewent dysgenesis and since T do not feel that céme‘lusive_ .

proof cf‘ tne absence of P elﬁament agtivity in scmatl,j'e: tissue
has bean sbteined, I investigated the possibility of P element

induced mutational activity in the wings of hybric flies. Because

“of - the following tws observations I have loockes for -evidence

of & a@itut'icaﬂy induced temperatui‘e sensii:‘l‘vé event. Firsﬂy,
investigatix;i\;s‘ of the dysgenic. phenomenon of m_a‘ie £rossing. ovet,
have’ revea}éd._that a considerable purtion {if not all) of this
gyent eccu.rs in.'tite mitotically dividing ﬁ're-meiotjq gern cell
Tines (Hiraizumi et al. 1973; Kidwall andﬁidﬁe!! 1376: Woodruff
and Thdﬁ;pson 19773 Hik-"a_izumi 1‘:’?9;__Isackson ot wl. 19813 Sinclair
and, Grigliatti 1986). Further the 6D sterility temperature sen-
sitivd' period begins in the late embryonic stages. and continues
through the first and. ée&and instars. It "thus::'-:.:_appears that

o sterility is caused by the failure in the ear‘lﬁ-.”deva-:gnpment

-of gavm cells which may be t:'auking place at the onset of mitosis
{Enge"lls.and Praston * 78; !ﬁidwe}l and Nﬁvy 1979; Niki and. Chigusa "
_ Y :

©1986). Thui, somatic movement of P slements, if it exists,

[+]

- o=

) Sec&dlfi}&apart from the well docusented fact that & high -'-Jevelop_»

ment.i temperature of .39"6 mc“i“ease{r. the occurvence ¢f GB steri-’
Tity (fw \ex@r.b?e K:dwen and No}/y 193’“9}. frigh temperature has

also been ﬁ?@bwn to enhihce wale retamhmatmn {Yannupaulos and

w
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d T )
Lot T, T T L

e
ik

T o




i}
o

163

. [+

Fe!ecanos 197?} and to reduce male matmg compemtiveness in
dysgenv hybrids (I".olgan 1982} Further Hihara {1987} observed
that female ¥ethahty as a result of a developmental mtardaticn

'm dysgenic femaies ' mcreabsed"_ mth- increasing de?e'iopmenta!

temperatu: . S0 @ high devetogmnta! temparature may Le operative =

1n\ inducing sa"ﬁati(; mobilization of i’ Piement% In ﬂns §tu(‘y

A] seared ‘the ftequmw uf marked clones "In the wings of dysgemc
S
and non-dysgenic !a\,hﬂd Fhes of the genotype mh/f"ﬂ* rﬁatecf

.’

at temper'atures of ‘iﬁ"c and 24 C, in orden’to test for somatic

P.element manzat'iar | ” s o T

£| s N ) 1l

_ S ’i\\ o .
- _ i 4l \ .
5.2 ﬁwteriafs and Me'thods

| 5.2.1  Drosophila §tocks
* Genetic symbols not \othemme explained are ‘in i,inds‘ev and

Grell {1968). The mu\:aﬁm ﬂa\ﬁ‘e is descrtbed by Garcw-ﬂelhﬁo

'a_ﬁi! Daiena iw?d) : l' . ’
% o see section 2.2.3. o
y sn{M)/y*Y: bw; st '(mﬂ(_n)_) : see section 2.2.3. e
m': . - a . . : flies homozygous for the _marker
LT o muzﬁipZ; wing . befre on __ _chréﬁmsahe"
B S three. ( ) ..
zf'i.r_'é}‘Tﬂ.'i; Sﬁ'ﬂﬂ ' 0 1 M3 is a"ﬂ muh.'lp'{y in\ie(w*sed
B " baq}ancet‘, ~hromosome. . fer, a
” __ dm‘.}iﬁant warker (Yerrate), and
ety L T f‘zrd (an ailele of riae (fir))

_ "arp hoth hcmzygous }ethaY

=

a

- - T i o
o | . o S
. B ., —
Qs : - '
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&

“ referred.to as Fird/Ser. “

“The . strains fird/Ser and swh

were obtaired From the Institute

ey

&
of = Toxicology., Swiss Federal

Institute of Technology and

University of Zurich, Schwerzenbach.

win

The First and second chrompsomss

L h ave derived from -the w, line

, and s¢ have a number of P eiement;
present. Chromosomes thraé
and Y are der{ﬁed from the
standard  mwh  Tine, Chramosomé
four is-  uncontrolled.  This
strain was constructsd by one
of my suﬁervi#ors {H. van Schaik)

P in 1985.

[ =

5.2.2 Testing of Stocks

. G0 sterility tests using cross A.and cross A* {Section 2.2.4)

were performed on ihe stocks 'mmﬁhf fird/zer and mmwk in order

to méasurg their puteﬁtia? for P fétfbﬁjactivity and theirfrggu1a-

tory ability.  In addition, when ‘testing w=muwh, if order te ensure

that the results cbtained from the discection of females in

005385 - A and CAY were not due to Spantaneuus_ background or

.ytﬁmﬁerature induced fbonadal _dysgenesgg, 1 performed reciprocal

"crosses {B and B*)-on this- stvain (Section 2.2.4). Verification

L

~This strain. will heraafter be

4



s

ol

.

. 5.2.3. . Jesting Tor Somatic P element Activity in Dysgenic

165

of the statug (dysgenic or 'non-dysgenic) of the hybrid flies
ﬁhase wings were to be exemined for mutant ciones was obtained
by dissecting .'the ovaries of samples of the -progeny vbtained
f_fom pach of the relevant crosses. A'l'i crosses .were performed
at 29°C. Fimally the 'B factor activity of the str&_in Tk WaSs

also measured using the exW nutability test.. .

- Flies

Th1s assay system malos use of the two wing cell markers mh |

{(3-0,0) and fir® {3-39,0}). The wings of both dysgenic and non-

dysgemc fligs trans-—hetermygous far moh and ;“Zr» were scored

A

for putant clones. These flies were obtained from the follewing

crosses, aH' qf which were performed at both 25" and 29°C:

Cross I : 7 flr3/Ser ¢ X tmwh ¢
Cross, 'II 2 tmwh ¥ X fir3/seb «
fCross III

LT

o Fled/Ser ¢ X mpeh o

Cross IV i C mok % x find/Serw . 4

QU)) . . kY

Erus: ¥ &s the dysgenic cross, crosses lI, III and IV are the

contm‘!s. {.rosses 13 and 1Y are the recwpmcair of crosses I

W

and III reSpeci.we‘iy Progeng fr-om cross II1 have the same

maternal gem-tic backgrouud as well. as the same paternal third

o
w

chromesame as those from cross I,

2
“

St

[ i . £

&
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5.2.3.1 Clone formation .
.During larval develupment, any change in the wing imaginal disc
tells resulting in a change in the genotype of the markers wﬂ{‘{l,
after metamorphosis, be observed as marked clones derived from
these cells 1.e. phenotypicall:g,:—i- mutant spots wi"ﬁ be apparent
on an othérwisé wi'{d‘type wing _sur-face. Changes 'm genptype
can be brought about in a number of wajrs {Fig. 5.1}, Somatic
vecombination in the chromosome region betwsen the ceniromere
(a.t pesition 47,7) end Ffird leads to twin spats (mwh//7103%).
Sorriaa‘.ic recombination between the markers, mwh and fir®, leads
to mwh single spots. Single spots for muwh and for Fir3 may
alsp arise from mutation or deletion of the respective wild
tvpe alleles +in the double hetefozygote Also, the extr‘eme‘iy
rare event nf a double grossover he*tween mwh and fIr3 and between
flr3 and the rentramere could lead o single fipd Spots. $ingle
spots could also ari_se if one of the cel‘{- ’!meages in an-original
_ twin sp&t_' is damaggd" in such a way that it E:%acnms tethal.
. . {{,:‘
5.2.3:2 Preparation and microncopic anaiysis of wings
For the ‘preparation and analysis of, the m‘ngs I have folldwed
the methods of Giaf et al. (1984), Ser flies were discarded.
The remainilhg flies vere stdred in Tu¥ a]éohu] untii - needed,
- at-which’ tme they were washed m dist1ﬂed water and then trans-
ferrebd “to a dmp of Faure 3 sa]utian {gum arabic 30 g. glycergl.
'.-,;D me, cht Orgl hydr‘ptp 50 g. H,_o 50 me) in a well slide. The. __
“wings wére--‘,separatecf from the body and then placed flat on a .

T

‘ clear' sﬁde, generaily in rows of ten. The two wi‘ngs of each.
Fndn:dua’l were laid dide by suin am& complated siides uswally

cunta‘me@ 40 Wings made up ot fcur mws “of ten wings each. The

s

H
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- different from the dysgenic cross at a level of u/3,

5.3.1 gD Steeflity . .

‘yi'e!ding 'a 30% on¥ niutabi]ity r-m F:;rther, the 'pfoge V

'tthe threa control crosses were not dyﬂgemr {Table 5. 1),

£ | - 175

5.2.3.3 Statzstica] procedures

After ascertaining the Peisson nature of the data distributwn,
¢ tasts on males and femaies were perfglrmed separately at each
temperature (25° and 29°C). I significant resulis were obtained
I went on to test for a significa}_zt difference between the Pbiss-on
meuns obfainea in the dysgenic .:.,j'rass and in each of the three

controds cw:m 55 using the 2 statntic,

8y = Rp)/ Ry - agfn }!é

N,
]

which is./ﬂc,l) under the null hypothesis (5;'i =. Ppisson mean;

g = m;mbef of wings tested, i=\1,2) I" used the Bonferroni.

level uf ;;gn'ifxcance, that is, tu. obtainan overall smmflcance

level of «, each of the three controls had to be s1gmfmant‘iy

5.3 Wesults o L B
Using the classification systen uf deweu (1983) { «10% 6B Sféri-
Tity in cros§ A and :105 in truss k* mdzcates an & type strain .
whereas the converse indicates a P typn stmin) I was abie to
C]aSSIfy all tha strains unamhgunus:y 6D steﬂhtg tests

{Table a.l) ﬂasmfied the stocks mak and f‘Zr*;‘ber as M

and e wmwk stock as 3 stmng P line, The ftrong p f

n

the Cl‘Ows f'lr*‘/Sar_? x momoh ¢ were dysgenic and 96,7% of &In.

|
ovaries of the hybrid fema!es were, atrophiea. the :wogeny ﬂ&um

4




-L 2 0 is the number of oyaries,.
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Table 5.1 - A Rest s nf 60 steti'ﬁty tests performed on
the stocks fird/Ser, mok and wmek {Section 2.2.4).

£ ﬁ“’*ﬁcatwn of the (dysgenic or nondysgenic)

(‘W- tbe hybrid flies whase wings were exam’lﬂed
v » clones.
4% U’; \"
F' . = \ \
| Strain (T) | Crosst i nZ % G0 sterility | Type
Fintiser A b 100 e M
C AN | 100 100
mih A 100 6 ]
] A ) 1we | . 100
b A 00 - 100
A* 100 0 P
A 8 , 100 0
B 100 0
B . ’
{ross . .
female 3 male. o on? (% 6D sterility | State
Fiei/Sar o o o200 96,7 | dysgemic
wmoh | fird/Ser ol 0 nondysgenic
flrd/ser | . moh | 120 0,8  |'nondysgenic
amwh filrd/Sex 120 1,7 .| nondysgenic
' o cﬂ;ss A L ,;éa:“{bi) e xT a =,
“ Cross A*: Texmye —w= =
Cross 8: . Texa¥M)os 7
CCross B*r o mp e kT

T is the strain beiny tested, ar*(ﬂ) and wz are described
in Section 2,2.3. .

¢

1
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5.3.2 Mutaat Clones

The ;rings of flies having the genotype f7r3/moh were s_cpred
for mutant clones! The results are "pregen%ed in Table 5.2 {for
flies veared at 25°C )} and Table 5.3 (for fiies reaved at 28°C).

Resulls are given Tor males and femaies separately.

The Tirst entries 1h Tables 5.2 and 5.3 give the results of

the experimental cross }‘zle'S/Ser ? X momh o; the remaining three
entries list the result; obtained\\fr"om the conirpl crosses.
Tn all the serfes anmalysed the most freguent type of spot found
was the single spot expressing the mwh phenotype. Less frequent

were twin spots with both a mwk and a Fir3 sub-clone. I found

'no evidence ﬂui’ single spots with a fir? phenotype. At 28°C

the frequency of spots in general was much higher than that
at 25°¢C, shcwing that the expression of mwh spots s effected

by h1gh tempera tures.

Ail dataﬂ sets were vemf‘ied to be Poissen distnbuted The

x2 analys‘ls of the 25‘“{2 data set reveaied no significant hetero-
geneity in the frequency of sputs aﬁ'-";wg +he f’aur-crosses for

either males or fema?es separately or together I have thus

confirmed the results of Thompson et qb. {1978} and Mcﬂwam :

(1586). .Both of these authors gpeformed simiiar experiments

| to I,\thﬁis*one and found no evidence .of somatic P element activity

~ at 25°C.

a

The x* analysis of 4he data obtained for the flies reared at
29°C was highl y significant {P-0,005; x2 = 19,8). Subsequent tests

showed that this figh degree of heterogeneity: was due to the

.ny
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lﬁdu_ar of wings of flies reared at 75°C having 0, 1, 2 or a&-spbts pey ;ti!;g:

Tahle 5.2
o P
. ~ Female Progeny. I Male Progeny
fross - - ' ' > .
e be oy b2 a3 ow ] a2 0 | 1| 2 23| N a2
I fir®/Ser ¢ _ - el
© X vl o 25 B | - 35 : 0,294 35 9 - - 44 1 0,204
' fivi/Sgm ] 25 14 1 - 40 0,400 33 _7 - - a0 0,i7%
I Fir¥/Ser 8| - ) "
X° moh o z2i 9 4 - 4’3 0,425 31 ¢ 7 2 -~ ag 0.275"
I¥ moh ¢ X ' ! : '
fiprs/Ser o« ?9 - 10 I V- | &D {,300 32 8 - - 4 0;209;
x> = 1,38 for the females {P>0,0%)
© x& = 1,11 For the males  (P>0,05)
N jgAhe total number of wings scoiad
o ) is the mean number ef spots per wing. °
o

BLT

3
: Sy
P S P, - S
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Table 5.2 Huﬁaer!_ qf wii:’;gs of _f!ies reared at_i}’;}_f_!c-having G, 1, 2 or =3 spots per wing.

- T - .T — l‘ - "
. £ 3 - . /r _ Fepale Progeny Male Progeny
LYGss ' . . )
" o 1 1| 2 L] wf o az b 2zl oML e
{,‘;z;‘s’/‘s&r N | . :_ ..; .. N )‘ B -I‘r;:.
xwmhe (25 0 81 | -1 3| 029 35 -]~ 1 2| 0,208
oot 3% ] s ;
Jftedfgerv] 25 ) w1 o1 1o | a0 | o800 33 « - Vao | 0,5
111 er’/ﬁSePﬁ?_ - o I ¢ '
xomhe {270 9| & | - | 40 | o8z 3 2. - § 40 | 0,275
Wmbkex | |- . “ :
PLrdfSer s | 28 { 0] 1 | - ! 40 | 0.800 32 -1 -] % | 0,200
xj = 1,38 for the females (P>0,08) . -
& = 11 for the males  (P>0,05)
I CeD Z v _ =
AN s %tohl number of wings scored
i . s B . o o
. % 1% the mean humber of spots per wing.

BL1

™ .

wov

oW

-



Table 5.3  Humber of wing.. ¥ flies reared at 29°C having 0, 1, 2 or 23 spots per wing.

:_.'-ﬂ__\.g‘.::;
Female Progeny - : Male Progeny
Cross - _
0 v | o2 [ 23| m | a2 0 {1 |2 fz23) N a2
I fled/Ser ¢ - ’ "
X smoh o 28 # 7 6 87 1,034 a7 31| 8 4 88 0,602
_ | ; o
Il nmwh 2 X /f _ _ _
(Fhr Sz 0 ) 30 / 19 9 - B 1 0,638 34 18] & ~ .1 58 0,517
111 fird/Cer .2 2 N ' '
X mh o 48/t 23 { 7} -~ | 78 1 0,473 52 | 261 2 [ - | 80 | 0,375
W ek ¢ X o
fir?/Ser « | 44 § 26 9. i 80 0,587 |- 40 251 b} - 80 0,687

Xe = 18,86 for the females (P<0.005)

/,(;

5 = 11,92 for the males (P>0,05)

N 15 the total number of wings scored
A is the mean number of spots per wing.

. te .

S

T
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contribution of the females (P<f ™% i = 18,2} but mot the

males ’P>G,{}5, yﬁ = 11,9). Thr-"* fsﬁ'z‘a}*on mear for the Z9°C female
¢y cgemc cross was s1gn1‘-‘1cant. ¥ mghgy (P« 0,065} than that
of each of t.ha: tﬁreg‘ 29°C contm?s z = 5.623 o= 4,187 2 =
3,22 for crosses 11, I1I and IV respectivelyds Thus, for Flies
reaved at 29°C there 15 a Sign'ificantly higher (Ppopsomiont

<02} *mquené‘y of spc{ts ¢. the wings of female dysgenic flies

- ihan on- the wings of 'pema?\e flies obtained from the rorre.,pondmg'

non-dysgenjc crosses, I pasttﬂate thht this increase in fraquency

"may be due to P element mb1hzation in the wing cells.

o

|
|

5.3.3  Proportion of !)ifferént Spot Sizes for. -il le Spots

In theory,' the size of a mi,ftdnt spot indicates . the number of

cell di*nsinns that have taken pTace since the dnduction of

the genet,c <hange in the. precursor cell from which the clone

originated. Thus assiming a constant rate of cell division,

a spot size of 20 would vesult from n cell divié'ions. Although
this relation is usually not maintained and clones of 3, 5,
& and 7 cells (Garcia-Bellide and Merriam 1571; &raf et al.
1984) have been found, I nonetheless felt it was worthwhile
to classity the spots 'accorn'::'.'ing to size classes {1, 2, 3-4 and

25) and investigate the distribution of these classes.
{\

1¥ P element activity is induced by mitosis them one would expect
to obtain a high percentage of cells menifesting P element induced
events at times of high mitotic index. Stumpf (1956) detected

a very high mitotic'_inﬁex in the'wings at the time of puparium

-
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formation {PF) or' later, which reached a maximum at PF + 17

hours. 'Further.. these mitoses, which take place after PF, pro-

hably represent the Jast ones gccurring in the wing disc {Garcia-

Beliida and Merriam 1871). Thus, if single cell spots indicate

. mytations which have arisen in the “final mitotic division of

& ¢ell lineage, then P 2lement functioning might be expected
to induce a higlh percentage of ene cell spets. Fig 5.2 shows
the size distribution of clones at 29°C, For the males, thare

was no significant difference 1in distribution but 73% of the

| single spaifs 4in the fema_ies of the dysgenic {23°C) cross consisted

‘07 a single cell and there was significant heterogeneity (x3=8,5;

P < 0,05) in the spot size distribution at 29°C for the females.
However a"compgr'ison of the proportions of one ceil spots revealed

no  significant difference between the proportion of this

istribution and two of the three (female, 29°C) controls, The, .

only control which had a signiticently different proportion
of one cell spots from the dysgenis':' cross (P<0,65) was Cross
111 {fir3/Ser 2 x moh ¢} where 53% of the single spois co'ns‘i.sted
of one cell only. No conclusions could therefore be drawn

regarding the timing of P elemedt activity.

‘t\

5.4 Discuésﬁg; &

These ex_perimenf.s have sxamined the frequency of t‘a.mtant clones
in- the wings of flies tt‘antheterozygous fsr- the m‘ng_ﬂ markers
mok and Fird, At dé‘ve]opﬂ:enta] telﬁ;aeratures_ of. 29°C, the fr_e.-
quency of these clones was found to be 'signiﬁcantiy higher
in females darived from :,crosses.betﬁeen .M strain femaies and

[

P strain males than in females derived from the reciprocal crosses

!
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_of P e;lements.f 8D sterility is.-nighly temperature sensitive.
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or from crosses where P elements wWere entlre?y absent. I there-

R

fore suggest that P element activitly nay be takmg place in

wing celi sorratif' t!eé } as well as in the gevmline.

won

5.4.1  Develupmental Tewperature and Sex of Affected Progeny

t performed two parallel” sats of experiments, at developmental
temperatures ef 25°C and 99"{: respactively., In the experiments
condﬂcte& at 25°C I found neo mmﬁcant incréase in the fréliuency
of the ‘mutant clones in the wings of dysgenic fl'ies. " Since
this confirms the f1nd1-ngs of previous researche:-s {lhbmpsnn
e? al, 1978;'Mc£1wain 1986), it appears that if somatic movement

is to take place it must be temperature induced.

At a developmental temperatﬁre of 29°C, although the frequency
of mutant spots increased dramatica?fy in all data sets, the
gignificantly highker freguency of swots”in the female prageny

of the dysgenic cross indigates the possible somatic activity

of P eTemenfS. A great body of reseanh has ‘demonstrated the .

importance of :i& 'ﬁlopmenfai temperature and the functwni__ng'

For exampie iéidgrel! et wl. (1977b) found certain F, dysgenic

famales to bz completely feriile when raised at 18°C and com-

pietely sterile when raised at 28°C.

Although male rec&mﬁinatioﬁ- was found to be most frequent at
25°C by some authors’ (Kidwell ef al. 1977b; Kidwell and Novy

]

TRitwn et at, (1977b) cautioned however that their results

should be interpreted with care since dessmatmn had ‘occurred
in some of their tests.
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‘ ©  197%: Engels 197%c), othér rasexrchers {Yannopoulos and Pelecanos
1977) showed that male..rscombination was enhanced at e‘ieyated

temperatures of 2§"‘C.' Romertson et al. {1988) found, using 22-3

(tha“ modified P 'eiementf facking the third intron) transfirmed

o stacks, that germline hyperiatability of oM increased .with

increasing temperature, exceeding 90% at 28°C,

As well as the éhdvamentioned germiiie events, evidence of the '

¢ ten'perature dependance of nonnwermﬁne and {possibly) P induced

- events has also been obe.amed rhhara (1987) found thet deve'ﬂop-

£y .
mental retavdation and the degrer of” Iethality of **vhrzd fema?es

increxsed at elevated deve!opmentﬂ temperatures. Colgan (1982) "

found that male matmg competitiveness was’ significantly reduced "

in dysgenis hyhr:ds v'eared at’ 2*!"(:.__- Finally, Enge!s et al. {1987)

found that nen-autommous P eu. ..... nts caused . letha'hty when mobi-
3
Yized in somatic cells by .5.2-3 and that the lethality showed

"a strong. dependence on developmental temperature (the frequency -

S | .- increased .at elevated temperatures): 'The- authars postulated

that this tempe:‘a*ure sensitvnty was Gue to the less efficient

%

repaw of P element induced chramssome breaks at elevated tempera-

‘may be itomperatire q_ependent. i
Another possibility is- that RNA splicing may be a temperature

sénsitive process; m,‘athat the P element primary transcript

has t*ae third 'intron\g *ﬁferent:aﬂy spliced at higher tempera-
tures. However, if any-Ehing, the oppq,site- cou‘id "ba the case,

since work on heat shock proteins hat shown that the spHcmg
. . : y i oo 5
ks “of mRNE precursors is b?qgked'-‘;;in Dmaopm-?.a cells at temper-atures

[

of 37°C-39°C (Yost ana Lindquist 1986). - >

e

tures or that the productiom- aqdlar actwity of franspesase
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Only the female progeny of the dysgenic cross showed an increase
in the frequency of mutant spots. [ do not know why this increase
was restricted to the femaies. However, evidence thai P elemsat
getivity may affect emales wmore than m2les was obtained by
.Hih:ara {1987) who found that developmental retardation: occurred
only i_n hybrid fomales {arising from c!ysgenic cmssesﬂ}. Also
the incidence Fof GD steriTily tends to be slightly greater in
femates than in males {zee, for exampie. Kidwell and Kidwell
1973a).

5.4.2  Frequency of Spots |

Male recombinétion is thought to be, if not initiated, then,
at" least accelerated by the premeiotic mitosis in the germlire -

celis, Anatogously if the fnduction of wing hair spots is due

* to the movement of P elements then it is Tikely that one of

the triggering mechanisms is mitosis. Howaver, the frequency

of mutant'ceﬂh clones per total number of o iis 'in the dysgenic

_fema!e h}hrid waz 4 x 1075 {1,03/24 400), where 24 460 i's_ the

number of cells in th"é"g_&-ista! porticn of the wing (Garcia-Bellido

@ 0y \
and Merriam 1971). On the other hand the frequencies obtained’
. 1

_in male vecombination experiments nave been found to be to the

order of 1072 to 10~%* (Miraizumi 1971; Hivaizumi et aZ. 1973;
Kiduell and Kidwell 1975b; Yannopoulos and Pelecanos 19773
Woodruff and Thompsor 1977::Sinclair and Grigliatti 1985).

C

TThe great variation observed in these male recombination fre-
quencies is ‘due to measuvements being made on differemt chromo-
somes and also due to different methoos of evaluating the recom-
bination freguency i.e. either as the total number of recombinants
divided by total number of progeny or.as estimated number of -
recorbination evenis divided by total number of progeny {Kidwell
amd Kidwall 1975b}. The iarter method of measurement is closer

to the method cf_measuring the frequency of wing hair  spots
in that, a clome with move than one cell corresponds” to a cluster
of identical ghenotypic progeny. '
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Une reason for the/ discrepaniy in the frequency of mutational
events may be due ’ib early cell death of affected cells in somatic

vissue. Simpson amd Morata (1981) found' that slowly dividing

cells of Mimuie mutations were nrogressively eliminsted from

heterozygous messic wing cempdrtnénfs due to "i:el‘i cor.met'itibn
whicii is the result .uf a local mteractmr between slow &hd
fast gmwng ceizs {the ~inuie cells were invisibia only when
they were gruw‘ing next %5 non-Mimute cells). The authors point

Thus 'if P element mobilization takes place in certaip wing cells

‘then it is possible that the mutational events would bring abou:

early zell de_i.th to these cells due to their physical interaction

with juxtaposed healthy cells. In particular, since 73 is .

homozygous iethal, clones ‘of these cells might not be viable.

This aituatmn may nnt oceur in germhne cells which tend 1o

be more pariiculate in -1ature

Bngther resstn for the discrepancy: éou]g_i__,be due te the physical
dissimiiarity in the . distribution of ‘hotspots”. These are

régiuns on the-.chrdmsome whik:h &re highly sensitive te P element

~activity. The existence of the P_sgds%tife’ Yhotspots"” is evidencad

by ffa_ctg-such as the dissimilarity in distribution of male recom

bination events when compared to that of femele recombination

events (Hiraizumi ez al. isf?; Voelker 1974; Woodruff and Thompson
1977}, Also most .Ibreakpainfs of .dysgenesis induced chrowmo-
sorna] @ reaérangémnts en,,x;cur at a2 few highly specific locations

and are non-random {Berg et @i 1980; Enge}s igﬁla;_Engel"s and

W
i

B



9

i

187

- It is 'possible that the mwh region or chromosome three is not
sensitive to P element activity. In this regard Kidwel! .and
Kidwel? ?19?5.*3;} roticed a ;ﬁarticular}y jow f‘reqﬁlency of nale
:secamhinatiﬁn in the left arm of chromosome thres é?though fenfé?g

9 . recombinasion was nermal there, - _ N

4]
4

'L_:}%ly the cell cycleé perivd and the age of the cell ﬁneage

may also directly or’ indirectly affect the mobility of P elements.

in the wings the call cycle is estimated to be apprﬁxiiﬁateiyj

efght and a Ralf hours {Garcia-Beilida and Merriam 1971} whereas

the siem cells in the germarium ‘divide every 28 hours to gwe :

rise to a germarial cystoblast and a stem ceﬂ {King. 1970).
The stam cel]_s in the testis have a cell cycle time of appmki‘-
méte?y “ten . hours {Lindsley ‘and Tokuyasu _1980_}. Further the

‘last division in the wing cells ocers at approximately PF+

21 hours (Barcia-Bellida and Mg!rfiam 1971) whereas in the male

testis stem cell pra]ifera'tion convinues well into a”7t life

(B0

P elements may. have heen derived from cell h_ne_ages much older

o Q%fh those prbducing the firal cells in the wing,

B 4.3 60nclusion

The rasults indicate that P element activity ma) be taking ‘place

in somatic tissuve. This is apparent!y in cantradiction with

results cbtained by Laski - et al (1936) whb found . no evidencp:

of third.intron sphced mRNA 1n somat’lc* tissue. There 1s hawevep
the possibﬂity- that tms WPARA in 5omatic tissue- is hr—oduceﬁ
in <och smait quantities that 1t was m}t detected 3ust s the

” u

hooLa

spli‘red mRNA in gemlire tissue was not deggcted {(

@ : =
. R @

(Lindsley and' Tokuyasu 1980) and so spematagenia with fm;;twnaf :

_,_1:1
. / \
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It ié possible that the "sp!i.aing of the third intron in . melanes
gadter may be a relatively isef€icient process 'whiﬂch depends
;fn faxétm‘s such as the cell environment and external temperatura.

CThiz wollld exmaiﬁ why tha ratesﬁ of gera! ine a¥ rutability

- observed for the Wetificially spliced a2-3 ¢ element were found
by Robert;m 2t al. _}.98&} ‘to be considerably higher then those
caused by strohg P strains z_suéh as 7, (Engeis 1964), Further,
it would explain the. e;ceptianﬁﬂy high }eve.ll of transposase
activity proﬂucéc& by a2-3 when measured in” terms ofﬁ somatic

mosaicism {Laski ot al. 1986; Robertson et af, 1988).

.q\-
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b  owmrsx . f
5. M'Iozm o oo
6.1 Intmducg__gg 7

Because _o‘ zts commengal nature, Lrosophilc melanogagter was

originéﬂy conﬂde’?ed to be of nmot much value for  ecological

genatic studies. It “Was fe?_t that because of the transpori

'op_f “this spacies.withi-man, there wovld be very little genetic

differentiation worldwide. In fact the opposite cpmw-:é to
be true. Field studies aver the past two r‘ecades have reveamd
a Targe Jamo: - of genetu: vamatwn aﬁungst natural popa!flatwns
of. e malanogeeter, 'ffns -;:tudy is ca’ri:erned with the uenetic
differences among popf,ﬁgxt.ons of U. melanogaster in the southem
part of Africa. R __;_;_ﬂ

II ’ ."-:.
EE ST 3

6.1.1. Selection and Neutrahm__ N

“There {3 one point cpnneq(ce&- with individuai .di'fferentes

which is extremely perplexing: I°vefer to those “genera which
have been cailed . 'pfﬁté’an‘ or ‘polymorphic’ in wh'i;.:h the
species _presen* C.oan., inordinate amount of variation...'fhese
facts are ery perplexmg, for they jseem tco show that this

) kind of var pﬂity is 1ndependent of -the - conditfons of ‘Tife.

I am :mh}ined to suspect that we se:. at Jeast 1n same of

these polymornhic genera, variations which are of no service

or disgérvice to the 'specins, and which 'consequently 'have

R

anot been seized on a1d rendered definite hy natura't se'lectwn.

25 hereafter to bei exp!ained = C Darwin (1859). oy
6’.;}“‘\\{\ By . }J )
.s\)? 5.

(JU . . el
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Mthough Darwm 5 corcern*s werp aimed at- the morpholegical
rather than the wmolecular Tnvei he was uobviously p leed
\by variation that was neutral, in <he sense that it was not
acted upon by sume sejective force. Twenty vears of scwntaﬁc
:nvest:gatwn has failed to settle the “neutralist-selectionist®
cantt‘mersy. The nemra"-mtai'xanwanamu-érift theory first

fumal?y'introduceﬂ by Kimura (1968} and subsequently giabnraaed

on by King and Jukes {1969), postulates that most allozyme

;:o?yﬁiwphisms resuit fri}!:g selectively neutral alleles being
L o -

maintained in a balance between mutation and randem genetic

drift. This does not vule ouc hatural selection, but the

ﬁéutrai-theory f"”"“grs from --neo-ﬁarw:in'ism in both a quantitative

ang cenceptua? Sense. . The orthodox viewheld that the momentum

and direction of evolution is maintained primarily by positive

natural se'lecfipn * which cperates at‘" all evels f%xt]uding

the molecular Tewvel: Mutatfon and stochastic processes - play

gnly @ minorlv-ro'le.. It is now gemerall,y accepted that the

amount of genatin variation {the “stuff* of evolution) between

'-subpepulatiuns and within them is determined hy the combinétion

of the mcro-—ev?]sutmnary forces of selection, mgration,

drift and nutatwn ckheir relative ‘strengths and the perwd

:of time these forces have heen actmo._ An analysis of the

_pattems_ and magnitudes of ai}_pz,m »ariatwn within and

between 'subpopu}atwns must help to reveal the relative importance

Lo
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of these different processes. In an effort o determine

the migro-évolutionary forces which are active in Southern

African  populations  of B, melanogoster, I have  toncerned

myself in this study with invgastilgai;ing patierns of gene

frequency in velation to. gene flow and spatial structure.

w

© 6.1.1.1.1 Effectiveness of gene flow

' 6.1.1.1 Genz flow

island | Popla

\

if 2 group” ofc' populations . were ,,c'bmp‘%etély isolated, genetic .

drift would tend to fix different selectively neutral alleles
in different populations thus causing large amounts of geographic
heterogeneity in "allozyme frenuencies to ocsur. GCene flow

is. the cohesive force which can prevent this From happen"ing.

'T_he measurement and effectiveness of gene flow in the face
of selection and genetic drift is one of the most controversial

.- and problematic areas in popu]ationﬁbiofogy.

farly mathematical formulae *for balancing migration against
| e .

drift and migration against selection were oblained by HWright

(1931} and Hdldane_-‘(lQBO}" respectively, iir.ight’s island.'

model esséntia?ly showed that, if a fraction m of the N

individuals of an island are replatad by migrants each genewati'cn :

-frorri;, & source population . with fixed gese frequencies, then

the conaition, Nm_:-' 1, will  ensure non-divergence_-oi‘ Lhe

don  from 'fhat_ cof the source. Haldane showed

SRRl

that if, .in the ,, nﬂtu_r".ﬁ selection is operating

- with 'stre'bgth s, then D. ndition, m's > 1, will ensure
. ) i, . . . . .

N

o
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that dmmigration will overcome :the effect of natural selection.
These two simple inequalities state that the forces of natural
selection and drift can be easily counterbalanced by the

' oppoé%ng force of migration.

 The concept of migration as 2 potent force has been echoed

by authors such as Mayr {1954, 1963) and Stanley (1979) who

- claim that gene ﬂow is cosmonp‘iace and effective in urﬁging
a spacies. On the other hand Ehrlich and Raven (1969) “hold
that gene flow is a relatively unimportant and ineffectual
evolutionary force. Also Endler (1973) produced experimental
evidence suggesting that gene flow is far from being a powerful

force in the 'maintenance of a balanced polymorphism between

poptlations. (See also Mayr (1970}, Eldredge and Gould (1972)

and Endler {1977) for other Iifdeas regarding ‘the primary source

of species stability.) /‘{ v

&
6.1.1.1.2 Measurement of gene flow ..
Géne flow can be brought about in insects by dxrectiona'l m*gr'a-
tmn, active disgersa%*‘ or: passws\ transport {Dobzhansky 1973).
There is no evidence of , such migration™ in any drosephiiids.
However, active d’iffusibn-iik_e dispersal and passive  transport

)/..) .

) + "Active dispersal mw'lw-s movements usuaﬂy uncorrelated

'In direction in different iidividuals of a given insect species,
between aces wherg trese individuals are born and where
. ?g‘%)ﬁnd helter, food, water and oviposition sites™. (Dobzhansky

++ Migratifh here +s used as defined by Dobzkansky {1973}
-as the wmoflement ".,.of many individuals in more or less the
same direction”. S : '

——— =

%
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i

by wind.or animals occurs frequently in species of Drosophila.

Several attempts,' such as the siudies by Dobzhansky and Wright

{1943, 1%47) on B. peeufoar’.:smm, were made_ to estimate the_

amount. s'? gené«‘ flow i6 natural populotions by measuring dispersa
distarces of i*]dwiduals.
\\v.

Aitheugh these earl,y vworks suggested that mxgratioﬂ was 1imited
to a few kilometres, later results of Jones et al. {1981)
for D. ﬁgzudaobscam and of/ foyne et al. (1_982'; for D,
peeudoobscura, D. simulana and 7. .ma}flaﬁaglastez‘ -suggestad that
indjvidual flies wers capable of tﬁavel'ling targe .distarces
upnder bothk favourable and unfavoui-ab}e _ conditions. Jones

i

at az. {19681} found that flies couid ﬁzm.. at least ten kilometras

“within a twenty four houa\ pericd over a desert and that isolated

populations separated hy fifteen kﬂomeiyref from other ;mpu‘iatiqns

received IaW;e numbers of innigract

|| 0

Indirect methods of msufiqg gene Jﬂou make use of adﬂe

fragquency differences between subpopulations to escimate

levels of geme flow. One indirect method uses Wright's (1543)
fixation index, FST; statistic which 1is the ratfc of the
observed variance in allele freq&ercy to the maximum theoretical

variance ‘for populations Fixed for different alleles, and

'makes use of the island model of migration. For small migration

'.'A

rates the fixation index is approximately

. -
Y Fgw 1(8m 4 1)
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where 4 is the pouu'iatiah size and = is  the - proportion

of exchanges among subpopuiatwnb gach generation.  This

model 45 especially wnvement to use ~because no estimates

of population size are required. & is simply the number

of migrant ipdividua!s._ Another indirect method of estimating
gene Tigw from allele frequency data was proposed hy' Slatkin
{1881) . who“ derived a graphical me*hoc! baseéqon the condivional
aversge frequency of an allels) that is “z:i‘e mean Treguency
of alleles averaged over those populations in  which thé’y
appeared." $latkin (198%) extenged this method and showed
that the log of the :average frequency of private allaies
varied in an approximately linear fashion with the 1log of

the number of iirmigranﬁ::h z-'m This relationship could then

be used to estimate geme flow. Since direct methods measurg

ongeing rates of gene flow arid- since indirect methods measure

the effects of past population events, these two . approaches

may yield different results {Slatkin 1987).

The goal of this alloayme study as outlined in Section 1.2.1,

was to examine the genetic structure of D. meZm;ogasw:'_

populations in Southern  Africa -using electrophoreticaﬂy

.

- detectable population markers. : 1 examined geograph:c variatian

for eight po?ynmrphic enzymes to - measure the - degree of
differentiathn at 'several hierarchical 1eveis of papulation
structure and used these results 1nd1rect1y to estimate the

£

amunt of gene ﬂou between populations.
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6.2 Waterials and Methods |
6.2.1  Geographiz Distribution of Samples

- Flies were ioﬂéctec}ﬁ and isofemale Tines established as described .
in Sectier 2.2.1. For -this electrophoretic study certain
coi?ect;‘cﬁé TWere groupeé-_.tagethen and the resuliant sample
distribution s ‘shown in Fig. 6.1 and Table 6.1.

Caﬂectmns were estabiished from a number of d’nerse geographical
‘areas, Sample 1, 15 from the adge of :he ‘Mamib. desert on.'
the Atfantic coast, whersas Sample Z is EQ km inland right
inside the MNamib desert. Sample 3 was “made in the heart
of the Fish River Canyon Park., Samples 4, 5, 6 and 7 were
| taken in the qouthem coastal regwn of South Afrlca, Sample 8
was taken Tn the Cape mnuntams and Samples S and 10 were
“cnllected in 2 semitropicai region of the east coast of South
‘Africa, The remi.ning_ samples, 11-17, weré collected ‘at locations
in the intérior highlands of Southers Africa. _The collection
from Zimbabwe (Sample 17} is the most " northerly in origin
'_(1?.83“5) Samples ‘& and 7 sriginate from the aauthemmost
collection site, Port E%izabetl‘ (33 96°S). 7“

a - &

6.2.2 " Electrophoretic Analysis

L]

. . . ;\ . B '(,v'/ . *
Horizontal .starch™ ge! electrophoretic- methods followed May
et at. (1979). _ Two different buffer systems were used 1o
resolye Drosophils enzymes on Starch gels, viz:

By u. : %

o ]
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Table 6.t Locations of sasples, cn]lectinn dates and
y = numbers of isofemale Tines of b, mZanoyastvsr
for each location, )
- Lﬁcat1enJﬁ _ hugber of
Location? | fiumber: T Bate ispfemale
' Tines
Namibia "
Northiern area - . -
Swakapmung o3 Qct. 1988 i5
Gobaped | S 4 fct, 1968 25
‘Southarn ar\m e o
AT RIS ) 3 Oct. 1948 23
South Africa | )
Southwestern Cape
Cape Town L 5 Get. 1988 - .21
Southeastern Cape - -

Plettznbery Bay 5 + Dec, 1987 4"

Port Ejizabeth _
Summerstrand 6 {ct. 1988 27
Waimer 7 Oct./Nov. 1988 -8

Eastern Cape/Natal _ .

Maclear : “of . 8 7y Dec. 1987 o &

Durbén . |
Berea 9  { Dec. 1988 27
Addington Beach 0 Oct. 1588 .. 22

Transvaal R )

Southern Transvaal ' h B
Johannesiurg 1 )nﬁc, 198773988 | @ 33~
Preforia/Hammanskraall 12 | { )\ 1987 ’ 8

Edstern Transvaal ‘ '
Nelspruit” ‘13 | Nov. 1988. 25

Northern Transvaal _ L Ls .

. Pietersburg - 14 Dec. 1987 4
\\Sxatha 1 Dec. 1987 . &

NoMheastern Transvaal " T

Thohoyanqou, Yenda 16 gct, 1988 - 25
Zinbabwe ) | L
Harare 17, 1 Oct./Nov, 1988 25,

N

{Hested geugraphic subd1vis1on fised in the dnaiys1s of

allete frequencies ’

2Locatzon numbers . in

ng. £.1

™= b

2



(i} MF {¥:utert and Faulhaber (1965))
electrode soiution’ o G,18 M Tris
s«;:.u &0 0,1 M bori¢ acid
0,004 M Na EBTA

gel solution : 1:4 dilution of electrode buffer

{#1) IC (hitt {1970))

| glectrode solution : 0,15 M Tris
(ot 6,9) © 0,08 M citric acid
gel solution i 1:14 dilution of electrode bu.ier. |

6.2.2.1 -Sample Preparation

Twenty five (25) adult flies from esch {isofemale 1ine were
homogenizec by hand using 2 glass rod I'in 0.5 mé afz extraction
buffer (0,1 ¥ Tris-lict pH 8,0) and thé' homogenate centrifuged
at 10 000 g for 5 minutes. - The clear supernatant was absorbed
into filter piper wicks and inserted along slots made 3 cm

ihto-the gel. Electrophorasis uas“ either performed imdiater

‘or, if that was not possible, homogenized samﬂes' were stored

at .-26°C for 24 hours or luss before being analysed., (Samples
storeﬁ_ fdr longar. than that did not give good reselution
and o, were not used). R
6.2.2.2 Gel preparation, loading and nﬁning

Twelve per cent {12%) w/v starch ge;f; ﬁere used in this study
and were individually pfe;aaréd wiﬁ; 42 g of Jotato  starch
in 350 mi of the a_ppropria;rf“ buffer, Al ,‘g'e'l-a measured

22 emx 15 cm x L em.  Gels- vere placed on 1" packs while

pd
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{1) MF {Markert and Faulhaber {1965})

electrode sointion : :\\ 0,18 ¥ Tris
{pH 8,7) 0,1 ¥ boric acid
0,004 M Na EDTA

gel solut’ o : 1:4 ditution of electrode buffer

{i1) IC (Wnitt (1970))

electrode solution = 1 0,15 M Tris
. (pH 6,9) 0,95 M citric acid

gel soiution : L:14 dilution of electrode buffer.

6.2,2.1 Sawple Preparation

Twenty five (25) adult flies from each isofemale Tine were
homogenized by haprd using a glass rod in 6,5 md of extraction
bzgffer' (0,1 M Tris-Het pH 8,0) and the homogenate centrifuged
ai 10 000 g for § minutes. The clear supernatant was absorbed
inte filter paper wicks and inserted along slots made 3 cm
into the gel. Electrophoresis was either performed immediately
or, if that was not possible, homogenized samples weve stored
at -25°C for 24 hoursl or less before being analysed. {Samples
5tored for Tlouger than that did .not give good resolution

and so, were not used).

' i 6.2.2.2 Gel p;'epar(gtianl'. ioading and ruaning

Twelve per cent (lzﬁ w/v starch gels were used in this study
and were individually prepared with 42 g ' of potate starch
in 350 mE of the approgriate  buffer, All 'gels measured

22cmxliemx lem  Gels were placed on dce packs while

A
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being loaded. -!‘.ppmximatew 40 samples per gei were loaded.
Three samples cof Canton-§ were rum on each gei ‘to be used
as a standard marker ‘strain,’ Quarnight e'ie?;tmphoresis took

place in a celd voom at 4°%C.

6.2.2.3 Cutting and staining of gels

After eiectfopheresi,s ‘a gel was s‘iic-ad_- into four, 1,5 mm
stabs. sﬁecific enzyme stains (Harris and Hopkinson 1976)
ware applied to each slah of the gel u'sing an agar.overlay,
and the slabs incubat_ed at 37°C in ihe dark, Seven enzyme

systems were examined im all of the samples (Table 6.2).

6.2.2.4. Genetic isterpretition of banding pai:ter_jns

I was upable" to obtain vesuits -'fr‘qm_ single flies and was
forced to iUse 2 homogepate composed jof several individual
flies from “the same isofemale line. QOther workers: who have

used multiple-fly homogenates from isofemale lines for

electrophoresis {s.g. Singh and Coulthart (1982)) interpreted"-

their - banding patterns as reflecting un'ly' two genomes. I.'

~ however, have concluded that for an autos'umaj locus the progeny
from a single inseminated female used to start an isofemale

. line represent at least four genomes, two from each pavent,

and ‘three genomes for a sex-Tinked locus {see 0O'Rrien éutd
MacIntyre 1969). Since mulf .6 Vinsemirations do take place

“(Milkman and Zeitler 1974), this' interpretation may not be

strictly accurate. I, hoﬁevef‘, dete;teﬂ no evidence of muitipie

paternity in the banding patterns.

i

41
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i;‘nzms alectrophoretically examined , conposition

Table 6.2
e of statning sointions and buffer systess used.
The enzyme staiming methods were adapted from ©
Shaw ard Prasad {1978} and Harris and Hopkinson
{1976} '
Enzyme AEC Numbep Stain Composition - 'Buffer
SysLem*
Alcohol . 0 M Tris-8, 0,0 M Wy
dehydrogerase! 1.1.1.1 (G,5 me isopropanel
{a:h) 20 my NAD
20 my MIT
' 5 mg PMS
N 30 mf 2% Anay .
ipetidase-A | X411 (10 md Tris«B, 0,5 M W
. _ 20 mg Teucyl-tyrosine (LT)
{vipg-A) 19 my snake venom
' 10 wmg percxidase
3G my D-dianisidine
. 10 mé 2% agar
3.phosphate | 30 my glyceval~3-phosphate
dehydrogenase; 120 mg NAD
{gag) or - 20 mg MIT
{Gpdh) Emg PME
130 mé 2% agar
Hexokinase _ 10 mk Tris-B, D1 M '.~, e
(Hex 1,2} 2.7.1.1 130 mg gwco&e
10 mg ATP
10 mg NAD
20 units glucose=6-¢
dehydrogenase “
20 mg NIT
" 5 mg PHS
. 10 mé 2% 3gar
Isocitrate 1.1, 1.42{10 u¢ Tris-8, G.1 ® 15
dehydrogenasey 30 mg DL-isocitrate
NADP 10 ug NADP .
{Tin-HADR) £0 mg WT
: £ mg PMS
10 mt 2% agar .
f-phospho-~ L1.1,84i m¢ Tris-B, 0.1 N HF
gluconste - 30 mg 6-phosphogluconate
dehydrogenase 10 mg NADP
{pgd} 20 mg MIT
“t 5omg PMS
e . 10 mi 2X agar
Phospho- 2.7.5.1 |10 ot Tels-8, 051 M 1
Tucomitase #0 mg giucose~l-phosphate . :
Pgm) with irsce amounts of G-1,6-P
10 mg HAD :
o Z0 units glucose-6-P dehydrogenase
20 mg MIT :
5mg PRS  ° )
10 m¢ 22 agar

*Guffer systems MF and TC as described in Section 6.2.2

200 -
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' 'Since_ most of the lines Were electrophoresed within one month

of  establishment of the - isofemale 1ine, there  was probably
Tittle allelic los§ due to rendom drift in the cultures and

a1l parental alleles were takem to be present. The correctness

of this repreventatwn Was vaiidated by \\the following two

- {1} Asymmetric banding patierns representing a 3:1, 2:1:1

or 2:1 allelic ratio were generally ‘Found to be present.

(i1} Lines segr?ﬁgating for three or four alleles were not

uncommon. Since it was not possible to distinguish between

heterogygous and super.mposed variant homozygous phenot.xpes

at the same loci, 1 could not test the samples for fit to

' Hardy-ﬂeinberg proportisns.

6._2.2.5 Isuszandm nosenciature and howology

Loci encodina functwna‘ily similar isozymes appearing on

the ;me geI were dasigaa%ed numericany beginning at the

cathndai end of the gel. -Syno_nomies with other nomenclatures
usirgg'}ett'er deéignati’ons wera also indicated. Alleles were
iiesignated by E_heir e'tectruphoretic' _:ﬂobﬂities relative to
the mobility | af -‘the* most comon allele which was designated
100, - Aneﬁc variauts migrating cathodal'iy from the o;rigin

"'were prefixed with a minds sign.

W

N v

Le]

: L

Homology mth anozms\ ozms in the literature was scmetimes
otm?u . but ai other .inKs it was difficult if not impossible

to egtaiﬂjsh. Since the \object of this study was to e:gamihe

W

A
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genetic diversity. within '_and" beiween geographically -Eéparated

i _
populations this TFailure at times o identify homologous

alleles was not of paramount importance.

- B.2.3 Statistical Amalysis
6.2.3.1 Hierarchical population model
“Nlele frequencies were organized for statistical purposes

actording to a hierarchical population rodel C(Fig, 6.2). At

the lowsst Tevel, compariscns were made batween samples coillected

- at different sites vii‘thin the same town' or district. BDisteicts,

the next level up, weve then nested together within preas ~

ang finally areas f clustered into regi‘qns, of which there

were six namely J‘:i’tl.'iﬂﬂfbi&, Southwestern C(ape, Southeastern

Cape, Eastern Cape and _Nita-i. Transvaal and Zimbab}ge.' As

far as pussi\ple, an effort wa:'s'_ made {i_to collect fFlies with

this  hierarchical structure in mind; © However, very often

-practical constraints. such as vast distances to be travelled, .
problems  in .attra(:ti‘ng and 'coﬂe*t:{ting_ a sufficient number
of fifes 331 a limited period of time and finally transporting
the flies back to Johannesburg, prohibited the establishment
- of a halanced statistical design. |
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 REGION AREA UDISTRICT | COLLECTION SITE
I NAMIBIA o Northern v Swakopmund Swakopmund
: Namibia Sobabet Gobahab
pouthern A Afs Ai Als
11 soUTH " N
WESTERN - Cape Town Cape Town
CAPE : E
111 soulw Plettenberg Bay | Plettenberg Bay
iy Port Elizabeth | Summerstrand
. Walmer
v Egg‘é‘?ku _ ,_ ﬂéclear_ Maclear
1 furban - Addington Beach
NATAL ) Berea
V. TRANSVAAL Southern qumnesburg Johannesbirg
s Transvaal - Pretoria/ " Pretoria
e ] Hamanskraal Hammanskraal
n %::::::ﬂ Nelspruit Nelspruit
Northert Pielersburg Pietersburg
- Transvaal Agatha Agathﬁ
?g:::vﬁ:?m Tmhcpandou Timho%ndou o
VD ZIMBABNE | uarar% Harare
" T : .
. Fig. %, m-urwul o
. g Drogophils collection s

L
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6.2.3.2 Allele freguency diffEranceé )
The nuil hypothcsfs,_ Ho» that all the samples were drawn

fran the same nanractxc vepulation and so wcula show no

sign1f1cant difference in allele frequencies - was tested by
using mthe TikeIzhood ratio test statistic (¢ stat1stic) for
ma!tzpa&:a data (Sokal and Roh1f 19b9) For -each romparason

made (sa be}ew) ¢ statistics and their canESpswﬁing degreesr

- freed were calculated separate!y at each locus  using:

the %h%iow' g camputatxonS" R

r; total number of alleles in the "{th" sample.
. €3 = tatall umber of "j" a?iﬁ1es L L
K= totai \Imber of aT?eies\ln the cont1ngepcy tab1e.a

- _
. r; {tnry) -’jzllcj(gFﬁj} + N{¢nNR}]

g
=
m
=
o
#
[t
Ry
Fet
[
e
o
=
4y
e
Lt
g
%

Wt TR

an asymptotica }yﬁ d1stribu;ad chi—square Statfstic {under

I

. Ll

e
[
\
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An advastage of the likelihood ratio-test over the chi-square

i

N lIf . .
test 1s ‘thal, ¢ a chi-square test expectea valtes in a

contmgency tabl f should not be less than five. In practice,

The iikelthood

this resi;mci:! can often cause difficullies.
ratio Lest more practz’ca‘l.s?ﬁce an occasiomal value
may he used. With loci ‘having mmée than two
ai!e?es, a!'!-’ of the rarer alleles were pooled .sn that no
samp'ie had allele frequercies of zers. Some '!aci wers fixed
at certain ‘i_ocatwns. U tms did not occur in t_uo many

samples then & value of one was substituted for zevo -in the

- second allelic class of the analysis of the @ staiistic {Smouse

1974}, to f_.gcﬁitate cnn;butation. This procedure can be justified

by assuming that the zeros result&d from Tinite sampling. |

However, with two loci, Pgd and Pgm, the number of 'iocatwns,

[#]

with fTixed Toct was too great to Jjustify such an altera-_

tion and so thesﬁ*&tw loci had té_be’ excluded Trom the statistical
an'alysis. Thus , 'e'ltogei;_he;r Isix polymorphic loci were analyséd.
fFor each co'niparisun m;dé,, g statisg;ies _wérfe .then Sungred
ﬂ\iér_ ln:;c{_ and divided by the total degrees of "'.freadnm,' assumi'ng

ﬁnkage -e"quﬂiﬂﬁum and statistical 1ndepen'dence, to yield

2 suamary statistic fpr that hisrarchical Tevel, TYhe significance. o

level: of each test was modified to account fag' the #narease

m t_vpe 1 error (rejecting the nuli hypothesis srhen 3 35

'true) ‘when miltiple tests are perfomed an the same’ sample
-gCooper 1968) . o

i

\.\\%

e
P
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“Thus if the requzred overa?l level of significance is 5%

cand if the numb> of simultanecus tests (which is equivalent

to the number  of polymorphic loci) is a then, the modified

significance levei for individual tesis. o, must satisfy

i

{1"(‘5}n 9:95

whence  I-fax 0,95 (expanding and negiecting

terms of order 22j

1

iwel C! ﬁg&ﬁfﬂ
Thus in this study using six polymorphic loci the allele
frequency differences for a particular comparigmn were considered

signiticant at the'O,ﬂﬁ {0,01, 0,001} Tevel on?y_if the total

i . -
(summed over Joci) G-statistic was significant at the 0,08

i

(0,01, 0,001} Tevel and if at least one Tocus ﬁas aiso sigrificant
at the 0.05/¢ [0,01/6, 0,001/6) Tevel.
_ &F .

E

6. z 3.3 Gene divursi;y ana]ysis

. The same model of hierarchical popu‘ation structure was used

to estimate gene diversities ({Fig. 6.3} (Nei 19?3,_-19?5,
Chulraborty 19803 Chakraborty et «f.  1982).  The total

estimated heteroxygosity for each locus was First partitioned

- . into within regions and between regions compofients such that

Hy = Hp 4 DRT where
dy is the' total Hardy |Meinberg expected heterozygosity

for all saﬁpleu'pOpu]atioas_asSuming panmixia.
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u
a
i
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Fig. §.3 Herarchical grouwping as ‘used in  the

Genp Diversity Analysis
. . ) ‘ \_.‘_
E & . . CoAL . )

Naders refer to Tocxiion swbers as indicated
tn Tadle 6.1
o
I
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Bp is the dverage gene diversity within regions- i .e. the

_ o average over regions c‘;f qu whene ':'RP?. .5 the Haﬁy—ﬁemberg
IR :} expécted he'rerozygasity of reg?an k. '

Zpr s the absolote gene diversity (cr""&absohﬁ:e decrease

i average,” heterozygesity)' resulting from 5opuiationl

subdivision at the between regions level, - S v

Continuing in this ai}ay,' the within regiéns 'heterﬁzy'gosity"‘“

(HR) Wit partitioned into a within areas hetemzygosny component

H““"\.‘:“"a—\“_— =4j .

{#,) and a between argas dwermty component (DARJ Further,
the within areas Iheterozygosny (HA) was parhtwne'd into
u-m‘thin districts tHD) and between districts (Z}Dh} compnnents.
.Finaﬂ;y H was navt:tioﬁed into the Two components between
c’wt icts’ gene dwwsity (BDS) and within ‘collection . sites
- heterozygusity {4g). ' '

gt Dpr

50 H ='-_ |
' = Bp v lpp gy
o Hn”’nn”’m”’m

= gt ag + nA T Pap * ”RT'
P ' . o .
; The relative gene dwers'!ty conponent {or prty/'ortionai decrease’
in heterozygo..tty} :ﬂueﬂ to  variation between subpopulations,
Gyy Was obtain_ed by - dividing the ) absolute © gene divﬁ_gsi_ty-
| component hefween 'subpopulatinns Dyy b_;; the' total heterqzyéésitfj

Hya | . .
T } & - ] [}

W

-
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Thus Loy = DRTfHT’ Gpp = Fanffps GDA'“H”DnIST and Ggp = Dgp/¥y

?ﬂe hetewozygossrxe%, aizoiute gene diversities and re1ati§h .

e /_,»

3qene d1ver;zt-~q wewn in1tia1]y cairula?nd for eachu of the .

el Eocx Jeparxtriy, The @venage relative gene divers1t1es over

all eight polymorphic loci was calcelated by evalusting the

: ratios of avérage ﬁxgﬁtﬁ“¥};£a average total heterazygosity;'

Thus_ax? = DyylH .
e oy

. L}) h | 12 -
The component of gene diversity due to variation ‘petween -
pnuulat1ons at co? ection s1tes with1n the totaT pupu13t1an,

;957, is given by ﬂST = HT :fs. Thus, the reiatxve gene diver51ty,9:2

Cgps 181 .

Gsp = DQTfy, = {H? “Hs)’”T = z - He/By o oow

~ which 1s the same as “iright's ffxation index Fgp when - dealing

" with a Iucus with tﬂb agieies. For comparative purposes
G§¥ ang FST canfessentiai1y be regarded as the same -statistic.

f? R e

6.3. aesu1%yl R
6. 3.1. Biochemical Genetic' Variation

a

Descrxptzons of ‘ihe en*ymes exam1ned and, thEir-=electrapharét%c°

74

cond1t1ons fb11ow

]

£y

5 N
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Fig. 6.4 shows banding patterns obtained for all enzyme systems
as we?f as photegraphs of tho gels of Adp, Gudh and Idi-NADP,
The a!ieias for sach locus as wéil as their compoaite rejative
frequencies,  structures aﬁd geqetic map wvositions are given
in Table #.3.

6.3.3," Alcehol dehydrogemase (i) )

The activities of thres ajlleles mere ubserved ﬂbr this dimeric
'erzyme. The mast comuon allozyme was a ca%haadlly rigrating
one  (Adhmivd} fa?loﬂed in frequency by ap ansda!iy migrating
'aliozyme {4dkY). 1n addition a 'rarg-'éathadaiiy migrating
band.{gdk“lﬁﬁj was Found o bé\present at Ai Afs, Bereé {Durban)
2nd ﬁarare at a composite ‘fnequency of 0,007 {Tabla 6.3},
Each bandljwaé accomparied by ; faint satellite band which

.15 "band 0" of Chambers ot ol. (1978) and is typical of the

myitibauded patfern of the single idh gene product.
. o .

The presence of sateliite bands together with the observed
cathoda) migragios for two of these tbaﬁds amd 2 ﬂsurvey of
the ﬁiteragure_ {dohnson and Denniston 196 Gl ot al.
1965; Vigue and Johmson 1973; Day eb «Z. 1974; Chambers et al.
197%; Vavid ot ai. 1980) suggests that the two common alleles
are the same a% those preseaied in the curvent literature -
“as  adnd (&&h’lﬂﬂ) and 4dnf {agn}, d.e. the slow and the

fast aI!e!e. Furthet the alleie Adk~12% could well be the

“ultra sltow allele (adn¥s:} cf Adk which was found- in the Congo .

(Dav1d 197¢8; Eﬁvid Bi al. 1980},

7

1
i
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Fig., 6.4 shows banding-patterns obtaine&.fnr all enzyme systems

as wall as photographs of the gels of Adh, dpdh and Idh-NADP,

The alleles for pach locus as well as their composite rejative

fraquencies, structured and genetic map positions are given
in Table 6.3. | i

.3.1.1 Alcohol dehydragenase {Adh}

The activities of three alleles vera obiserved for this dimeric
enzvine. The most common allozyms was & cathodally migrating

vne {AdR"198) followed in frequency by an anodally migrating

_allozyme  {adk®). In addition a vare cathodally wmigrating

band {4d ﬁ129) was found o be present at A1 Ris, Berea (Durban}

_end Harare at a composite frequency of 0,007 (Table 6.3).

Each hand was accompanied by a faint satellite band which -

is “band ¢ of Chambers 2t qZ, (1978} and is typical of the

multibanded pattern of the single Adh gene product.

o

The presence of satellite bands together with the observed
cathodal migration for two of these bands and a survey of
the Tliterature (Johmson and Denmiston 1964; Grell et al.

19653 vigue'aﬁd Johnson 19735 Bay et «i. 1974; Chanbers et al.

1978; David es «Z. 1980) suggests tket the two compon alleles

‘are the same as’ those presested in the curvent literature

‘a8 AdkS  (Adk-19V) apd 4dnF (adhY), i.e. the slow and the

fast allele. Further the allele Adh™120 could well be the
ultra slow allele {(AdW¥S) of sdk which was found in the {ongo

(Vavid 1978; David 2t al. 1980).

r
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Alieles observed at ail loci, their émnposite

Table 6.3
__§________ relative frequencies, skructures and genetic
wap positions ' .
Locus Alleles Composite | gtructure Genetic
obhserved | relative : ' map
i ' frequency pesition
Adh -100 0,678 Pimer 2- 50,1
0 0,315 N :
~120 0,007 S
1 pip A - 100 6,514 Dimer 2~ 85,21
Ca2 0,064 :
108 0,032 .
Godn 100 0,906 =]  Dimer g 20.5
75 1. 0,094 -
Hee1 160 0,889 Muriomer 2- 73.5
115 0,050 .
130 0,033
— A€M ¢.028 -
1 Boa-2% 100 0,248 Monomer | - not mapped
90 G,041
110 E 0,011
Zdh~NADP 100 0,812 Dimer 3~ 27.1
85 0,150 i
107 0,035
110 0,002
120 0,001,
Pad 100 0,992 Dimer  1- 0,63
92 0,007
1y 0,601
Pgm 100 0,942 Monomer 3- 33.4
120 {,040
70 0,018

* Scored as aufosomal

I




Y

| 217
5.21.2 Dipeptidase-A (Dip-A)
When starch gels are stained for dipeptidase activity, the
isozyme bapﬁs which appear are dependent ‘upon the particular
dipeptide substrate wused. Leucyi-_-.fy:ié?;ﬁ.ﬁ;a" {which was used
in this study) is specific for | two dipeptidases, z?-z:p-A"a:nd
pip-B {Laurie-AhTberg 1882), the gene products of Dip-A being
ithe more anodal of these two systems (Voé'tker‘ and Langley
1978). Dip~-B appeared to be monomdrphic, put Dip-A was sometimes
poiyimorphic with th .. variant phenotypes. This {s in accordance
with Oreports of Voelker and Langley (1978} and Ohnishi and
Yoelker (1981}. Further the intermediate allele had a composite
relative frequency of 0,914 (Table 6.3) which is similar
to that which has been reported in other parts of the world
{e.g. by Lang!ey 2t al. {1977) in North Carolina and Gonzalez
et ql. {1982) in Tenerife and the Iberian Peninsula), indicating
the possibie homelogy of the three Southern African_ Dip~A alleles

with those of the nourthern hemisphere.

6.3.1.3 sn-glycercl-3-phosphate dehydrogenase {Gpdh)

The activity of two _anodal]y migrating allozymes was observed

- for this locus. There was a very common fast allele (Gpdnl®%)

and "a slow allele (Gpdh7%) having composite relative frequency
0,084 {Table 6.3). The dimeric nature of this enzyme was
indicated by  heleroiygous individuals which displayed a
three-banded phenotype. The wmore - rapidly migrating enzyme
was found to he present in the Canton—sgstrain in two d.osels.

In view of the ubiquity of a fast and a sTow allele for Gpdh,
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it appears that Gpdklﬁﬁ ami Gpdn’® are homologous with t:‘pd?f
and Gpd.?‘s —~ the tHp widespread fast and slow alleles cited

in the Titerature (Greil 1867; Berger 1971; Sing e al. 1973; |

langley et al. 19743 David 1982; Singh e al. 1082; Oakeshott

et al. 1982a; Cabrera et al, 1982; Kusakabe and Mukai 1984;
- Watada ot al. 19863 Anxolabéhére et ai, 1988a). |

6.3.1.4 Hexokinase (Pex-1, Bem—é}

Nomenciature _
Three separate loci coding for Hexohi;ms'e. wore observed,
1 have Followed the procedures of Avala e @f. (1972} and
Singh et al. {1382} “i‘n referriﬁg to the enzynie with the least
anodai migration as HEX-1, the next fastest as HEX-2 and

the most anodal as HEX-3. This nomenclature is identical

. il
te that employed by Choudhary and Singh {1987). There iq'-i

a certain amount of confusion regardiny® the romenclature
of the hexokinase enzymes and their loci. Treat-Clemons
and Doane (1984) refer to the locus Hex-l as being the same
as glucose oxidase {¢o) and as rAD . glucose dehydrogenase
{¢ld}. This TJocus however codes for a dimeric . enzyme which
is not a hexokinase but was.. omgmaﬂy identified aq such
by Murrayland Ball (1967) due fo the nom-specificity of the
hexnkinase electrophoretic assay. fLavener {1980) 'id_ent'ified
a Glucose Oxidase (G0) 1n the ejaculatory ducts of male D.
melanogaster as being the enzyme pf’evious]y misidentiiied
as HEX-1. Fuvthermore, Cavener {1930) located the structurel
geng for this enzyme on the third chromosome; The isozyme

HEX-1 referred to in this study is a mongmer, It is lprated
W ‘/-
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‘on chromisome twe and has been functionally cclassified as

& fruktokinase {Jeines 1971). This loct& {Hewwl in the p“e\aawﬂ.‘c
. - A
Study} has variously been named &ex-3 SThg et qi. 29?3,

Pex-C {Mukai and-Voelker 1977; Moser o f..zz.” 1980) and Hew-3,
Pk and flex~C {Treat-Clemons 'and Doana 1984}, ‘th and Rhomherg
(198?!)} ha;e given Hex-1 and Hex-3 {ncn-renc,%as):re as in the

O

prasent study} the genetic wap designatiom, Hop~0. }md Hax-f,

. . U‘x\._: -
respectively. #ex-2 has not been mapped,
Electrophoretic Description
- He{3 was monomorphic in all samples. | ’

Eax-1 s autosomal {as discussed above) and was scored 2s -

such, This manomr;ic enzyme exhibited activity for Tour differest
alleles, the -mst common heing the second slowest, " This

number of alleles is higher than that observed in other parts

P /-,.\
~

of the worid where three or ?‘é. ¢ Vleles ha\{e\ been reported.

For example Yn  North America (;‘ingh and kﬁumberg 198?a),
“in Japan (Kusakabe and Mukai 1984) and elsewhere in the werld
{Choudhary and Singh "1987) 211 four of these aileles were

geographically widespread with five out of seventeeh -samples

having all four alleles present
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| Hex-2 =~ 1 was unable to esiablish the chromgsomal location

of this enéyme Trom 2, search Of the titersture. Hex-R and

NEy
)

fzem«-B {Hex~3 and Hexuz in my natat1m} ‘are r'epartef:.f by soms,

'1

'authnrihes to hnve been napped ento  the same  sStructural

gene on the, x.wthwose-ae (Hoser g% al., {1989), - and 'reférepces

therein). On the other hand Choudhary and Singh  1987) apd

CH S . .
$ingh and Rhombzrg {(1987k) refer to wer-A (dex~3 in their

notation) as beicy on chromosome 1, bul fex-2 {their notatfon’

b b
zgain) as being unmapped.

I3

Hon? exh‘ihfteﬁ activity for three different alleles. The

mest common  &llele, Hew-2''Y accounted for précticaﬁy.- 94%
of the composite freqnency. Because of ihe prenonderanée'
of this al]ele, it was possib!eh ts score Harnz in two dxfferent
ways 1 e. 35 an autoa@rhal M;nne or as a sex-linked gene. The
compusite re!atwe frequenmes of the three alieles ﬁe.-a-zwv

Hex+290  and Hear:-Z“" stored as sex-'iinked are 0,941, 0,045
and 0,014 re.speci;ﬁ\}m'ly, whereas scqred as autosoma! they
are 0,948, 0,041 and 0,011 respectively. Thné there is very

httle d1fference in the composite f‘r'equenc“ies due to dtfferent

€

'x..cormg " methods. Consequently 1" have assumed . ?hat Hex=2

is an autosomal Tocus. in the statistical aralysis. In Ap’"pnndix
b1 pave reca'zcu1ated the relevant st«dstics as.‘:ﬁming that

Fem-z is sex«1inked, bu{. the differencem are neghg1b‘le.
jr N - < 2

o
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Nd collection site had all eight loci pa?xmurphic _bn the
95% criterian for polymorphism. Howevgr Nelspruit had seven
"and  Pretoria/Hammanskraal had six polymorphic loci. These
collection sites are both in the Transveal and have moderate

climates with no extremes of temperature.

Pretoria and Hammanskraal have a great deal of human traffic,
and so a high rate of polymorphism here is pot surprising.
Howevar the high rate of polfmorphism at Nelspruit is remarkabie
since the collection was actgﬁlly made on a Tarm 8 few kilomeires

from the town. o

 6.3.2.1 Allele frequency ranges and.éiinai patterns

Flgs 6.5 A~-H show allele frequancies and approximate 95%
confidence intervals for the most common allele of each of
the eight enzymes. The f{igures have been arranged in such
‘& wy that the frequencies of geographically gdjatent collsction
sites are in juxtapusiiion to pach other, This‘bwas donn
in okdér fo hightight any. cTiné? pattern which migb£ have
emerged .dué to proximal migration. A few such patterns were
apparent, . The cline“'which covered' the Targesf geographic
araa was from Gobabeb to Ihohoyandou for Adh-109 which varied

" from 0,480 at Gobabeb to 1,000 #t Thohoyandoa (Fig. 6.5A). %

~ Smaller climal patterns ware exhibited in the Transvaal in

a. nartnern direction faum Johannesburg to P1ater9burg foy

o both Hex=1100 and Heg~2400, Hax~11°° varied from 0,947 ta

,563 while Hex-2090 varied frem 0,962 te 0,750 (Flgs 6.5D, E)

3
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6.3.1.5 Isogitrate Dehydrogenace ~ HADP {rdh-NADPj

1 obiserved a single locus with _Fi#e different alleles producing

single~ and  triple-banded phenntypes typical of & dimeric
enzyme. This number of alleles is grester than that reported

in studios of non-Afvicas populetions of &, melanogaséer.

I

For exampls, Gonzélez ek ol. {1982} vreported two  alleles
in the Iberian Veninduls and Tenerite ind Chowdhary and Singh
(1987} peport the same wusbew {iwe} s a worldwide study.

On ihe other hand thyes FAR-RADP alleles have been observed

% by Oaxeshett (i979) For an Australian population and Bund

3(1678)  veperted  the presence °of four Ih-NADP &lleles in

5*-_:\pupu1atidn in South Amherst, #ass.

o0 : {

Two of the alleles, Ida-NADPIRY  apnd  Idh-NADP!20, had  very

low composite Freguencies (0,002 and 0,001 respactively

{Table 6.3)} end each was found in only one 'Iocatige-ﬂ, Idh=NADPL AV

Was fauﬁd in the Pretoria/Mammanskraal district and 7dh-~NADPL2Y

. in. Nelspruit, The most common of the other three alleles

was Lhe inte;ﬂ\ned_iate ;11e1e Id/-NADPYUR with composite relative
frefuency of 0,812 (Table 6.3). This was followed in fraquency
by the slow aHe.Ia_l_ Tdn=NADPEY, with composite ﬁé‘tativé Prequency
ot {l,ﬂlssi} and ff’r;ai'iy the fastest ‘of these threz alleles
IthNAD?‘{U" had composite relative f;reqiienc} of 0,035 {Table i:3)

_ o .

These frequencins are in Tine with the frequencies of the

three alleles sJh-NADPF, @ Idhjﬁhﬂ?é and EU-NADPES  found  in

4 . melanagaster wild type pcpuiat'ior; ir}j Aﬁel&de i_{)ai}eshott

1979), ™ _ T ,

ER a
3

L
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6.3.1.6 6-Phosphogluconate dehydvogenase {Pgd)

The activities 6f the products of three different alleles

were observed. for this dimeric sex~linked enzyme. Al? three ..

atlozymes were anodé'!‘iy migrating. On the 95% polymorphism
criterion, Pgd was monomorphic for the intermediate allele
Pydt0%  in all ¢ollection ‘-*"sit_es." A very vare fast allele

Pgsiie {composi_&‘.e relative frequency = 0,001 O(Tab'le 8.3)) -
i “ L

. 15 likely the same” as the rare. Pgd“f""f’(u'it'r:a fast) allele

found . to be presént in  Austraifan populations (Oakeshott_

ok azl.\\{ 1983a). The slow allele was also fairly rare with

\composi‘te retetive froquency = 0,007 (Table 6.3). It seems

Tikely that the intermediate allele pgd'd0 s * homologous
with that referred to as the allele “53"?%;:& the fast allele
by Singh ebal. (1982), Odkeshott =4 ab. (1983a) and Singh
and thmberg (1987a) o | |
5 o

6.3.1.7 Phosphoylucomstase (Fgm)

Three of theseven knows gileles (irippa o al. 1978; Gakeshott
et at. 1981) for  this ‘monomerit anodally migrating enzyke
appeared to be pf‘eser;t in Southern African .popu]étﬁo_ns. In
view of the extensive world wide répor‘taé& o:r ‘the p.repondei'-ance
of three Pym allales of which the intefmediata one ‘s present
in high frequencies (Trippa ¢z az.d ¢ 19703 Sing et @l 1973
langley et al.  1''4; Oakeshott & al. 1981; Singh ot ol

" 1982; Andarson and Oakeshott 1984; Singh and Rhomberg 1987a)

a:fid sincé‘llj;tst such, a case exists in this study, it would

anpear thal the Sedifiern African alleles Pgmi007 pgmi?¢ and

o

a
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Pgm’¢ are * howologous ‘to those. present in  other geogréph?c
areas  such as Austra1asia, North hmer1ca and nEuropefAsia

(ﬂakeshétt et al. (1981), and references therein).

6.3.2 Allele Frequencies

Alleia frequencies of the eight Toci exam1ned are presented

in  Appendix £, Tables 6.4 and 6.5. summar17e , the number

of ql?eies for each locus, the number of cq:1ect1on ‘sites

at which the locus was polymorphic 25 well as the mumber
of ﬁo!ymcrﬁhic _IQéi for each cpi?ection site. The number
-of alleles per locus varied from two “for Gpdh to five for
CIdwNADP  (Table 6.4).  Based on the 959 'crit_er-ion for
po’ ymorphi s, _ft can be seen that Adh was pﬁiyﬁorphic in
16 .out of the 17 cnl1ection sites whereas Pgd was monomorphic

throughout {Table 6. 4)

g Further, - based on the 95% crzter1on for poiymarph1sm. the

/". .
collection sites exhibiting the Teast number of pelymorphic

Toci weve Swakopmund and Gobabeb (Table 6.5). Both Swakopmund

and Gobabeb.are fairvly inaccessible. The Tattér is an isolated

communit} in the middle of the Namid desert and the lack
of polymorpﬁismqin this case is eisiﬁy explained by the founder
effecf, *bis could alse account for the Iack or po]ymnrph1c

Toci at Swakcpmund which 18 a coastal tswn on the border

“of the HNamib deserd and cunsequent!y can he reached only .

' by, sea or via h;he desert, Thus, inhoSpitable terrdin, which
must be crossedt in order to reach this tﬂun wnuld _prgvide

& natural barrier to niqratzcn.
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Number of alleles and number of samples poly- |

Table 6.4 ;
' morphic for each of eight loci examined in
Southern African populations, .
fumbar Number (percentage) of
Locus of paiymorphic sampies
Alleles '
95% eriterion 89% criterion
Adh 3 ! 16 (94%) 16 (94%}
Digeh "3 7 (413) . 12 {70%)
gpdh 2. . 7 (a1%) -9 {53%)
Few~1, 4 13 (76%) 15 (88%)
Hax-2 3 6%(37%) 11*{69%))
) o Y
| Tdh-NADP / 5 15 (88%) - 16 {94%)
Pgd 3 0 { 0%} 4 {23%)
, | Pam 3 6 (35%) <9 (53%)
. ' I

| ?‘Aﬁiﬁ_ota'i of 17 safmpiés was examined for seven of the
As Hex-2 was not scored in Thohoyandoy, there

ensymas,
was a total of 16 samples surveyed _far this lecus,

P
<y



LX)
L

43

Number of 1loci

Table 6.5 polymorphic in each of the
Southern African samples ) .
follection Site Number (percentage of loci
' polymorghic)
95% criterion | 99% critevion
H Swakopnund 2 {25%) 3 { 37%)
2 Gobabeb 2 (25%) 2 { 28%)
3 A Ais 4 (50%) B (100%)
a Cape Town _ 4 (50%) 7 ( 87%)
3 Plettenberg Bay 4 (50% 4 { 50%)
_ Port -Elizabeth :
6 Summerstrand g (62%} 7 { 87%)
-7 Walmer 5 (62%) B ( 75%)
8 Maclear 3 (37%) 3 ( 37%)
Durban o

9 Berea 4§ (50%) 7 ( 87%)
10 - Addingten Beach 4 {50%) 5 ( 62%)
11 Johannesburg 4 {50%}) 7 { 87%
12 Pretovia/Hammanskraal 6 {75%) 7 (87%
13 Nelspruit ‘ 7 EB?%) 8 (100%)
14 . Pietersburg 4 {50%) 4 ( 50%)
15 Agatha, 5 {62%) 5 [ 62%)
16 Thohoyandot 3% {43%) 4% { 87%)
17 Harare ; 4 (50%) 6 { 15%)

*As

Hex-2 was 'ﬁot‘ seared in  Thohoyandau,. there was wt
+ total of seven loci examinnd at this natlection site,.

\‘1.

ﬂt ald other collaction sites, 8 loci were analysed.
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i
e

. approximste  95%
the =05t Ccomeon

~ #llele of each of the aight enzyme locis

i

F I é_dﬁ_ \1.
a: DipeA
c:

B %1
E: Hax-2
2 Jdh-NADR
62 Pod
B P

Location numbers ave:

AD RGN e LTS

A Als

Swakopmund
Sobabeb

Cape Town

Plettanberg Bay
Summerstrand (Port Elizabeth
Kalver (Port El¥zabeth)

Macleor

Edren {Durban}

10 Addington Beach {Rurbsn}
11 Johasnesburg '
12 Pratoria/Hamsenskrasl

13 Relspruit '

14 Petersbury

15 Agatha

16 Thohoyandou

17 Harure

s

Sy
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Finally 7rdn-NADP {(Fig. 6.5F} exhibited ‘several small Eliﬁal
pattéfns. This allele increased in. frequency from ;3,738
in Cape Town to 0,926 in Port Clizabeth. The direction of
this cline was reversed in the Transvael. Frequencies of
Idh-NACPLCS  decreased  fxom nggl in  Johannesburg to 0,760

in Nelspruit and from 8,91? in Agatha to G,590 in Thohoyandou.

Allele frequencies were ggnera?}x confined to vrelatively
narrow fanges. The frequency of Adh~190 was the most variablé
ranging from a low of 0,480 in Gobabeb to a high of 1,000 ~
in Thohoyandou (Fig. 5.5A). Idn-NADPIOY had a siighﬂy“‘hafrower
frequency rafige thae Ada~'0Y, varying from 0,540 in Thoy&handau
T to 1,000 in Maclear {Fig. 6.5F), The narrowest range was.
that of Pgal®® from 0,951 in Sumerstrand to 1,000 in most

ether.places {Fig. 5.5G).

6.3.3 Nested Contingency Table Amlysis (c-tests) __
Theftqtal heferogensif& in allelic frequeacies of six polymorphic
locts Adh, - Pip-A,  Godh,  Bex-l, Bew-2 and  TdR-NADP, was
_partitioned in the manner de%?riﬁed in 6.2.3.1 and allele
frequercy ﬁifferencas among sémpTeS' were compared wusing a, -
Jnested contingency tab%é anaiysis. ”Tﬁis analysis of variation
of }hese- six Toci 1s givgn in T&bie'ﬁ.S. Seﬁtiens 6.3.3.1

- 6.3.3.4 refer to vaives obtained in this table.
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6.3.3.1 Heterogeneity batween sites within districts

Ovarall allele frequency differences between sifes within

districts wers highly significant in both the Southeastern

Cape {Port ‘:‘.Hzaheth) and Natal (Durban}. 1In Port Elizasbteth,
8 single locus, »ip-A (¢ = 17,063 P<0,001/6) was respopsible
for s heterogeneity. In’ Dufban, two Toci, Adk (4 = 18,86;

P<0,00i/6) and Gpdk (g = 8,23 p-‘:o,ess;e) were  the main

contributers to this lack of homog-meﬂ:y These allele frequency

d1fferences appeared between samples 10-2(} ki }ometres apart,

6.3.3.2 Heterogeneity between districts within areas

S‘i&gnificant allele fr-equency" di’ffer‘ences were found among

'd1stricts in northern Hamiria for Adn {r‘ 39,32; P<G,001/6),
in the Southeastern Cape for Hex-1 (G = 9,05; P<0,05/6),

Her—? (¢ = 11,35; Fao,ﬁlfﬁ)_. §n . the Eastern Cape/Natal for
Hex-2 {6 = 19,323 P<0,001/6) and Idn-NADP (¢ = 7,57; P<G,05/6),
ard in the Southern Transvaal for Aex-1 (2 = 9.61; P<0,05/6).

These among/berwesn—district comparisons represented geographic !

heterogengity in aliele frequencies on tne order of 56 to

200 kitometres.

[

6.3.3.3 Hntérggeneitj betweer, areas within regions

Betueen'- the northern and -southern parts of Namibia a single

locus Gpdk .had  significantly. different allele frequencies

tg = 3, 10; 'p<0,001/6). The high degree of - heterogefieity

' exmbited in the allele frequencies within ~ the Transva&‘!

was _present to a greater or lesser extent in all six Toci

analysed,

3
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| 6.3.3.4  Heterogeneity between regions

The total freguency differences as well as -the frequency
diffarences at iadividuel Toci were alil Highly significant

for the comperison betwesn regions, .

" 6.3.3. 5 compamsnn of hetemgeneity betuean ”Ieveis

‘The  above resuiis mdwated a 51gn1f1cant amount of allgle

frequency het_erogénei ty between popul a'i:im'.- samples within
Southern Africa. - This genetic difference inmcreased with
increes%ng distance beilween sampie pcpu!aﬁe\ns as s evidenced

by Ahe increase in  the stagﬁvﬁrdised measure which reached

a maximum ‘value of 12 63 at i between-regions level. These

'dszerencesq-.—- in ailele fregquencies betwepn- sites, districts,

areas and regions could not be ascribed to any particular

enzyme.- There appeared: tv be 'a  random assoriment of Toct

riatinn.”

Because of the lack of omogenelty mamifested at the Towest

level, the obsarvations 7of significant 'hgtarégehe“it'y at higher
Tevels must be viewed with caution, _Tfﬁs' is because it is

statistically unsound to poa! hétero’ge#éous 2liale frequency

- data for highier level - testing since an indication of higher

Tevel _hetemgg_aelty could sa_g_ngly be due to low level variation

-'heeing"' ga'sséd aloig, " For this reasom, approximate .+ ratios
“ware "com;:'d!:ed " by summing the likeithood (¢) statistics over

tociy. Udi*ﬂding this sum by its-ﬁﬁ'asswciated degrees of" freedom

and camparmg this standardised meature wit‘l the staﬂldardised

:_‘measure at the next Jower level (ggmse .and Ko,nma 1972).

4]
P
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‘Tha I statistic tests the nuit hypathesis' that the degree

of allele frequency hetersgeneity at the uppey level ¥s no
greater than that at the néxt Tower level, These restlts
are presented in Table 6.7 which shows that ‘the amount of

heterogenaitly between districts was net :significaﬁtiy greatey

than the heterogenseity present t;gi:wé‘en sites within districts,

At higher levels, there wés a significant?y greater dagree

- of heterogeneéty among areas than among districts (Fz‘j’gg:‘;- 2,55;

PLO,DI}. There was not, however, a greater degree of
heterogereity in the regions to areas comparison, When the
standardized measure of hetercgeneity .am'ong districts s
used as an. error term, there was 2 highly significant degree

of heterogeneity among regions (Fyg,4p = 3.17:3P<(0,008).

These F statistics are unbalanced, that is the distribution

of samples did not allow for a nested set _' of ccmparisens

for each -area, and I had to assume. that the degree of

ﬁ}terogenelty over a given distance in one ‘area would be

similar to that in another rer,  Since Southern Africa is o

unevenly pnpulated, suitable habitats for _ Drosophila are

probably not evenly distributed .and my assumption may not

be valid. [ therefore ‘wade another set of ccmpari’tons using
on}y those -areas with a more camp‘iete set of nested samples
e:ther of the tﬁh districts/sites 5' ratios mh\ s1gnificant,
as was the case fur the unbalanced tests. At the next higher
nested tevel, the areas/dwtr*icts ratin was sigpificant for

the samples from® the ~Transvaal (F” 1z = 8,213 P{ﬁ,ﬁﬂs),

~ but not for the Namibian samp!es Thus it appeavs that there

. nore d?f!’ferentiatwn among areas in some regions than
in other regions.



Table 6.7 °  Approximate ergt'ios

A Unbalanced F ratins: The total standardized measure of
one tevel is compared with that of a lower level..
B Balanced F ra*isg: The standardized measure obtained between
particular. ge: -aphic areas or districts is compared with
the standardized measure obtained betwsen geographic districis
“or colldbtion sites (at a lower level} that are, physically
con_]tained within the (higher level) areas or districts.
! i i

A
v _ | : Unbaianced Design
* | Regions , 12.6‘.:"{,-,,= '
- Areas T | iﬁ,;{_u ' 1,25
Areas S 10,1445 _
515t?i€$5 s -;,.1§§3o 2,59
Sités wjthin Districts! 5,45,
“Region} - 12,6350 - 4 5
Districts _f:%':u 1
|

B .
Balaqcedﬂﬁesign |
o ?.{am;t;laa_ n | | %,:%%2 i 1’{;3
Rl Teaaath ':‘%3 = 0,92
E gﬁggsggal | 2’?02 0,73
* P«:B...Gl.

** 20,005
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'In :smmation, the foliowing three . facts emerged from the

1i ké'iihooﬂ analysis:

1. There was & significant amount of heterogeneity between
locations. Even locally, within the same city, two ccl]ect:;)!n
sites ten kilometres apart produced significantly difierent

allele frequencies.

2 This 'hétemgeneity increased as the distance between

| collection sites increased.

3. The difference in allele frequencies betwaen ~collections
increased dramatically when progressing from the betgee;l
district leveT to the befweery areas level. Heterogeneity
cantintaed to inﬁrease to reach a maximm at the hetween

1
regi ons 1eve1 o '

The F-stati si;ics obtained in . thiS" study ‘tended to compare
ty  amount \genetic heterogeneity between ampies taken
from ccﬂec on / /sit‘.es further apa'rt to that between samp‘ies

taken from conectwn sites nearer together. Uinfortunateiy

the geq%raphic d:stribution o;f the samples preciuded a balanced

‘nested set of conparisons for each district, arsa and region.'

Thus unbalanced statistics vere obtained. However, when '

these reésults are viewed in conjuriction with the gene diversity
“analysis - {Section 6.3.4) a clear picture of the Southern
African population .structure leading ta" genetic differentiation

smerges.

FR]
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1
6 3.4 . Gene Bi\rers'sty ﬁna‘!_vsis

Hoteraz}gasmv estimates revealed that an average of 87,753
of the total genetic varwtwn_obsew&d in the Southern African -
popuiations could be ascribed to varfation betwesn individuals
within the same canectwn site {3g/Fr = 0,8775, Table 6.8}, CTopu-
w _lation  subdivision and genetic °differentiation  therefore
\\ accourted - for 12,25% of the total genetic diversity in the

1 o _
. melancgacter populations Sanpled in this study,

_5.3.4.1 Between t:onec;wn sites within d'lstﬂcts )
The proportwnai decreagse in  total he..emzygos'ety re*su?ting
from allele frequancy dafferences hetween sites within districis
"anged from. 0,08% (Hex~2} to 2,87% (Dip-A) and averaged
1,1% (Table’ 6.8). When mea;t:red as a pereen:tage_l' of the .t-ota‘?. ¢
genéti_c diversity .among population samﬁ!es. ;ene' diversit_.y\
© 'bstimatési for ﬁo%iection site‘ differences ranged from 0,32%
(""D = § 00008) at, the fex-2 locus to 32,61% (Dgpy = O ,00015)
-at the Pgd locus, and averaged 9, 26% IESD = 0,00228) for all loci
combmed {Taole 6.9). k _ - \\\

& H
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Table 6.8 _Estxutes of heterozygosi ty and gene differentlatinn ceeificients for Soutlxem African
- -pnpu'iat'wns of . malanogasier
¥ Heterozygosity! Relative gene diversity
Locus | _ romponents {x10)2
1B % % By Bl | %y S m Gsp sty
Adh 0,4274 } 0,4042 ) 0,394% | 0,3789 | 0,3723 u,5403 | 0,2197 06,3739 G,1550 0,6711
Dip-A. - -{0,1584 | 0,1486 | 0,1454 | 0,1409 { 0,1363 0,5196 | 0,201t | 0,2876 { 0,2875 | 0,8608.
Gpdh 0:1449 | €.1397 | 0,1330 | 0,1277 { 6,1267 | /9.357% | 0,464 | 0,3647 | 0,1394 | 0©,8676
Hex-1 10,1994 | 0,2847 | 0,2773 | 0,2685 | 0,2662 | - C,4927 0.2455 0,2919 0,0786 | 0,889
Hewo=2 . 14,1808 | 0,1728 | 0,1679 | 0,1562 ©,1561 0,4425 | © mztf 0,6472 | 0,0044 | 0,8634
| zan-NADP 10,2908 | 0,2409 | 6,2706 | 0,2672 | B.2550 0,3383 | ©0,3780' | 0,4366 | 0,0429 | 0,8804
Pgd ©§0,0140 10,0133 10,0138 | 0,0137 | 0,0136 6.0471 .0658 55,1089 | 0,1049 00,9673
Pgm 0,0012 | 9,0876 | 0,0861 | 0,0850 | 0,0838 ©] 0,3944 | 0,168 | 0,1178 | 0,1360 | 0,9190
Average |{D,200% _0.1916 90,1861 6,1789 0,1763 48,4629 0,2738 0,3783 06,1088 | G,8775

1HT esl:imates the total heterozygusity present under the assumption nf nanmixia ameng sampled
pupu‘lations. Hyy Hyy Hya and HS arg the average heterozygs.nties within regions, areas,
distﬂats and colleciion s1tes, respec.tively '

R‘f’ ‘(‘AR’ GDA amd Ggp Measure the proportional deci“ease in total hetemzy9051ty due to population

sub~division and genetic differentiation atmong regions, areas within regiens, districts withiu
areas, and sites within districts, respectively. f}“ is the relative gene diversity component

_ giver, by Gyy = (HY - Hx}ﬁf-r whare XY = RT, AR, DA or SD. “"S‘P‘QT measures the proportion
of the tptal variation that is present within sample sites, _

bhe

W



Absolute gene diversity estiwaies at the region, area, district and collection site levels.

i.e. %I:xs: = {ogy x Iﬁﬂ)f(f)m + Opp ¥ ﬂgA + Hs;n , for X\’ = RTs AR, DA or SD.

Table 6.9 .
Absolute decrease in heterozygosity! Proportional decrease in
Locus | heterozygosity (%)
' BRTxi_ﬁ Rpax10 DppX10 Dgp*10 Totalxi0 i %py %ﬂm TWoa %z‘.is_n
1 Adh _0,2309 0,093 0,15%8 0,0663 0.5509 i .41,92 | 17,04 |[29,01 | 12,03
pip-h | 0,0082 8,031¢ 0,0456 . 0,0456 0,2213 ! 44,39 | 14,41 20,60 | 20,60
Grdh * by d510 0,0669 - | 0,0528 60,0202 06,1918 f 27,06 | 34,88 (27,63 | 10,53
Hege1 0,1476 0,0735 10,0874 0,0235 0,3319 u 44,45 | 22,14 | 26,42 7,09
Hex-2 1 - 0,5800 00490 - 0,1170 0,0008 G,2468 1 32,41 19,86 | 47,41 0,32
Idh-NADP 10,0984 0,1099 60,1279 0,0125 - 0,3478 (| 28,29 | 31.61 | 36,51 3,59
Pgd 90,0007 0,0009 06,0015 0,0015 0,0046 || 15,22 | 19,56 |[32,61 { 32,61
g 0,0360 0,0147 0,0107 0,0124 0,075 | 48,69 | 19,97 | 14,54 | 16,80
Average 10,0330 10,0551 0,0752 0,028 - O.2481 ) 37,79 | 22,39 | 30,56 9,26
*Bg'g. s Jpa aud 1;?[; measure the absslute decrease in heterozygosiiyy resulting from pomﬂatﬁn
“sabdivision aad genetic differentictien at the region, area, disirict and collection si¥ Aevels
respectively. The corresponding proportmnal decreases in yenetic diversity are shown as percemages :

ave

%
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6.3.4.2 Betweon districts within areas |
The average gyene diversity between districts within aréa.s
(Byy) accounted Tor 20,56% of the total gene diversity among
pepulation sampies (Table 6.8). The contribution of this
between districts cnmpunent “varied from a low of 14,54% (‘UBA
_=:E"""';38107) for Pgm' 0 a hi;h of 487,41% {:}D'A = 0,01170) for
;’fea:?z {Table 6.9). Appreximately 3,78% (GDA = G,IU3783} of
the proportionaI d;ecréase in hetemzygos'ity was due to ellele
fraquency differences between districts - within areas (Table
6.8)., Comparison of the two average absclute gene diversities
i.e. between -" cotlection sites within districté and between
districts. within areas (550 and 59)1) showed that the Jlatter
was more than three tiﬁf’esy that of the former (Table 6.9),
thus indicating the m!ativé'importance of spatial differences
at these levels. Two of the eight unzymes showed a wmaximal
decr'ease. in 'heterzi'zyg'osity due - to subt{jvision inte districts

it

~#ithin areas. They were Hex~2 and rdh-NADP. -]

’ ?. 3.4.3 mtmev_: areas within regions

Po __1ation §truéturing' and  genetic -_different‘ilat"jon at  the'
het;een areas level accounted for 2,;?494 of tﬁe proportidna'l
decrease in total heterozygosity. (Tabie. 6.8), This proportional
decrease ranged from 0,66% for #zd to 4,81% or opdh (Table 6.8).
‘The proportion of total geneti~ diversity among population
sa:ﬁp‘les due %o differences betwsen areas (Dpg) averaged 27,39%
(Bpg = 0,00861) with 2 low of 14,41% (pyp = 0,00319) for
Dip-5 and a. h*i“gh of 34,88% (pyg = 0,00659) for Gpdh (Table 6.9).
The ‘only lecus which showed a maximum degmase in hetemzygésii‘hy

due to area .r;ab;;ivision'.within regions was Cpdk.
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6.3.4.4 3etween regions |

[}_}jfferences in heterozygosity betwéen the six regions: Namibia,

goutheasjlm Eal.pe, Sauthwestern. Capa, Ea_sterﬂ Cape/Natal,
and Zimbabwe, accounted for the single greatest

o

contribution io both the rehia\t\?w and absoluie gene diversxty

‘ components due +to variation betwsen subpopulations.  Half

of the Joct exhibited 2 maximal decrease 1in heterozygusity
due to regienal subdivision, viz: Adh, Dip~R, Hewx=1 and Pgm.
The contribution to absalute ger;; diversity due to regional sub-
division was greater than 1,5 t‘imes'- that due to area subdiviston
within regions, (Bpg = 0,00551, Dpr = 0,00930, Table 6.9).

The decrease in heterozygesity due to rvegional subdivision

. dveraged 4,65%. The minifum value was 0.4?% for Pgd and

the maximum value was 6,20% for Dip-A {Table 6.8). When

mea_sﬁred as & propdrtion of the total genetic diversity among

W ."/ .
population semples, geme  diversity estimates for vegional -

differences rafged from 15,22¢ (JRy = 0.00007) at the #gd
“{QEQS to 48,69% {bpy. = 0,0035) at the FPgm locus, and averaged

\-/ s

37,79% lam 0,00930) for all wci combined (Table 6.9).

e}
a

g
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6.3.4.5 Comparison of gene diversity among pnpu]at!on levels
The réiative decreases in  heterozygosity are” 11]ustra+ed
graphically in'”thé pig diagram (Flg. &.8} which indicates
the nreportional centr%butian to total gene diversity due to

population subdivision; Since 87,75% (Bg/Br = 0,8775) of the total

- heterozygosity was due To differences between individuals

within pepuTatién samples, there vemained 12,25% which was

épborticned to the different !eveTs as fo]fﬁw (Table 6.8):

4,632 N fo separation of_550-3000,km
2,74% due to sepqrat1on of 400-800 km ‘ B
3,78% due %o separdtion of 50300, km

1,10% due to separat1on of approximately 10 km

i\

The major ”EE??ngé fn;'het;rnzygosity was due to regional
subdivision and he second most fimportant coniribution to
the decrease iﬁ;hﬂ%eruzygosit? was due to distr1c£ subdivision
within areas. Thus .one would expect & significant difference

in aIIeie «frequency d1stribnt1on due to district subdivision

within areasa‘and this is exactly what was obtained in the

heterogeneity results, i.e, the haterogeneity in sampies

between areas was found to be significantly greater than

. that between districts (Section 5;3.3.53.

%)
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Fig. 6.6 Iflustratfon of the proportional contribution

]'f: total gene diversily due ¢ population
travhdivision.
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6.5  Estimation of Gene Flow |

siatkin (1981), using the assumptions of the infinite alleles
model 'for_a zimu.létion*" study, showed that the cgndftianal aver-
~age freguency of an allals (sée below for definition) wés
approximately indgpendeﬁt of selection iﬁtensity and__mutatian
rate, but depended strong?y on the overall level of gene
flow. The conditional average frequency of an allele is

obta%neﬂ as follows:

For aay allele, tbe occupancy number, i, is dsfined as the number
of demes in which the allele is present. If n 1is the number
of a11e!es'having socupancy number i, and if F;T?T (r = 1,;.,3} is
the f}Equengy {averaged over 1} of each nf these n allelés,

‘then the conditinna] average frequency PliJ, is defined by:

a

o

| .
PAT = § B {Ti/n
. .ral- . . ,
| )

=]

Unfortunately, as Statkin (1981) conblented, his results do
. not  furaisht one with an analytic theory that would allow
the estimation of the true or effective migration rate using

@ statistic derived from P{1)].  Further, 4§t s not clear

Ed
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why B(i) should depend only on the m'i.fgratiaﬂ rate, although
_”it is intuitively c¢lear that the occupancy number, i, should
vary with rate of migration.
For any popu?atioﬁ an, incoming migrant with an aliele not
already in that population would .increase the value of i.
Further, for rare af?eles particularly, wigratior out ?ould
remoye that allele entirely from the deme and thus dQCreéééi.
The relationship between conditional average frequency wand
migration rate 4s an inverse one 1h that, the kigher . the

migration rate, the Tower the values of B{i}.

Fig. 6.7 shows the conditional .hverage frequencies of alleles
in the 17 populations considgred in tnis study as a function
of  the pr0portiun of popula&ions in which they were found.
If the results of Statkin ~i&981) for other species' are used

as & standard measure, the graph in Fig. 6.7 indicates that

the Southern African D. melanogaster races would be characterized

as having high gene flow.

Slatk1n (1985} obzained a method for estimating . (the average

number ofﬁ migrant exchanges between popu!atwons} by means

of private alleles, {i.2. alleles appearing in only a single

ﬁopuiation}. Use of this. methed éqd correcting for sample

size gave a value 6f'ﬁn;of B,B.I’However, as only. eight Tloci
5 '

were-evalq;ted in this siudy, and as only three private alleles

were obtained, this estimate of wm must be viewed with caution.

=)
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Migration can also be estimated from allele frequency data

‘and solving for Mm gives a migraticn vate, of 1,8 individuais

&

using an esiimate of the faxatiﬁn indax Far and the island .

model of migration {Wright 1983),

ks

Fep = 3/{1 + 28m}
5T,
where & is the effective populiation sfzexgﬁﬂaumed to be equal
in all populations, and m 33 ;yéﬁproportion of migrants'between
gach suﬁpapuiation._ 1 have used Ger (1—&5!871 instead %f
Fé? since Ggr is an extension of Fer for loci with more than

two glleles. Using an estimate of £,1225 for Ggr {Table 6.8)

_per generation.,

Both of these methods of estim&tinq gene flow suggest that

- gene  ¥Flow amnng Southern African populatioys is reiathe1y

high, and this is in dccordance with estimates obtained by
Singh and Rhomberg {1987a) who est1mated average migratian
rates of 1-2 individua}s Tor popu]ations of . mﬁzanaguater
worldwide, : |

(L)
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§.3.6 cnmparusun of © Southern Afr1can Distributions with

Tﬁose 1n Other Parts of the Horid

Table 6.10 ]1Sta some comparisons between Gor values- obtajned

. in Southern African pupu}atiéhs and Fo- values of other authors’ .

6.3.6.1 Alcohoi dehydrogenase (Adh)

‘The' éé? value of 0,1289 for A4k in Southern Afrjcan'_was

" similar to that obgserved for this locys in tropical

and in the tropical parts of Australia (Pavid et al.

=

Africa

1989)

where valyes of 0,134 and 8,123 VESpectiveiy waere obtained.

On the other hand, & value of 0,5 waéj.generaliy observed

~for global comparisons between tegiuns' iSingh et ai.

- Choudhary and Singh 1987; David et al, .1989). This

1982;

is not

_ surprising in view of the large &egree of 'differeﬂtiatinn

iq; the frequency of the Ath a11e1é’ woridwide (David

et ¢l.

1989)’#hich.és in keeping with the putative adaptive properties

of the AQH enzyme and its consequent latitudinal var1at10n,

particu?arly in the northern hem;Sphere.

i

?Hright‘s fixation index, Fgy, is given in- terms of 2 iwo
allelic - syster for a single locus whereas the evaluation
of Cgy incorporated more than one locus with more than two

-aneles~ S0, strictly speaking, & comparison of GsT
{ {even for a, single’ locus) s mathemyiically  incorrect,
es

with

s the ﬁe1ghted average ﬁ}} }15 used {Wright 1378} or
a

uniess the: given Tocus

lelic, However Table 6.10

uses results from Singh et al. {1982) and from Choudhary
~and Singh {1987}, Their method of computing average
hetevozygosity. is that of Lewont1n and Hubby (1966} 1in which

the formuia - o
&y

T H o= fe Z pz . . A
j=1 1.

_ (p is the frequency of -the ith aiiele, nal} is used, In kit
FST and Gg1 are identical.

o CasR

;-
£
=
3
y
&
A
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fable _f_i_,‘_gq arison  betwesn gsy valnes obtained
_ in Southern ®Africen populntians of D
melonogaster and  Fgy  valeos  ebtained for
: : B. melcmogister populations in  other parts
Yoo of the world. .
tocus Get (1) Fer {2} Fep (33
Adh G,1289 3,496 0,503
o | Dip-h 0,1396 - 0,064
E’pdh 09 1323 . - gﬂ 3»1080 ﬂ’ Iﬂy
ezl 0,1108 . 0,242
f Hexe? $,136% o= ~
i S
Idh-NADP 0,1196 - 0,052
Pyd 0,0327 .- 0,2479 0,249
i Pgm 0,080 C . 0,0762 0,077
(1) Southern' Africa, this study (GsT = 1-Hg/HT),
: {2) P57 values for populations 1in Canada, USA,
¢ : France, West Africa, Taiwany, Vietnam and Australia
»  {Singh at ol. 1982} . |
('3] Fgt values “ for populations in Canada,, _Ari:ientina, “
Sweden, -Ukraine, y USSR, France, ‘West Africa,
) Central  Africa, =~ Korea, Taiwa}, Vietnam and
S L Ausfralia {Choudhary and Singh 19% -
o . . = N g:‘
, o D i& . ‘

T L
\_\_J//
o
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 The Southera African populations were drawn from a re}ativew
narrow gebgraphic range as opposed to those used in the comparison
- studies. {Tab‘#e $.10}.  Singh et az. {1982} have taken allele

frequency stat:shcs from places“as diverse as West Africa .

(6,3°4}, to France (46,1 °N), and Choudhary and Smgh,__;‘_-ﬂ?ar}

gbtained ailele ffequencies from populatioas in 15 different
i N

pRe

- areas from aﬂ-{'i over LK A?‘ld.

k) B hd . 2

1\. L I:&.

{l
Examination of the d'a..tﬂhutwn of the Adk ahe'!es i vamous

parts of the wor"e! raveals, in general, the pret!oreinance

of a siugle anele over a contment‘ or over @ cantinuous

geographic range within - a continent. The fast allefe of

4dh it the . predominant aliele in Australia (Dakeshott et als

198223 ,Singhl et al. 1982}, in Turops (David 1982;  Charles-
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Palabost ot al. 198%5; Anxolabéhire et af, 1988aj, in Japan

on’ the mzin islands (Hatada'\_et ala '1986}; in the Peo%ﬂes’

_Republic of China {Jiang et a., 1989}, in !Hetnam ‘and Tawan
[Singi~ ez al. 1882) and m NnrthL fPv"Imsa {Capy 2% al. 1983)
On the other hand, this study? together with those of David

{1982), Singh e al. (1982), and David ot al. (I986), suggest.
A,

that\311he predomfrant Adk allele rom the African continent,

south of the 3Sahara, is the slow a!'leke. The slow allale

“ also (predominﬂ;,es in  the Freach  West -Indies (Capy et al.

1986}, e clear cut pat:t:ter;“iJ of a-’predaminént allele has

emerged in North Amevica. Althaugh the slow 4dh allele dominates
: ) i i .

o

.I" .

1 em assuming that the Adh-100 agd Ad#f‘“ al.e1e¢ this
and Ad?z anem that

study <correspond to the common Ad?z
ocour worldmde

A kb
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in east codst populations (Vigue and Johnson 1973}, this
i . - - - .

Bas GL, as yet proved to be the case on the west coast where

an gynn d151r1but1on of fast and slow aileles was shown he

&x%ct g51ngh and Rhomherg 19&7a). o

David et al.i (198 found, using data from . various parts

"of the wnf{d that, overall, #&he 4dnF allele increased in

‘Frequency wi@h increasing  Iatitude. This was however pot

@ jinear incr@ése.

The authers divided sample populations into ‘three latitudinal’
groups: tropical “Mediterranean” and cool temperate. Whereas,
tropical populations (i.e. between 30°N and 30°S) were generally .
similar, having a low frequency of - Adhf (average 15%) and

a smnoth increase with 1atifude, the “Hediterranean“ col!ect1cns

(from between 30° and 42° iatitu'e) were fTound to have a
much h:gber average frequency of XarF (70%) and a broader

range of variahi!x»y far- & ‘given titude. Further north

| ’from 42°N° to 49“N} adkt 1ncreasad an overall frequency

. of 95% and a greater hamogeneity ovek a troad geographic

4
aréa was onugrved. These authors plq;ted a graph of latitude
uerﬁﬁs Adﬁf ﬁprcentage and, bg; joining the peripheral points'
with straith line. segment-, demarcated a reg1on containing -

a11 of their sample po1nts {Flg. 1 - thear paé&r

f
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The Southern L frican pc:pu‘lr;tians faﬂ .'t‘nto two of the latitudinal
regions ;.an.nde]rea hy David e¢ af. (1989': to be the tropical
‘and  the “Hedﬂérraneaﬂ - *c\pﬂections were taken from 17,83°%
to  33,86°S). A‘tthough most of these popu'latmns had adnf
frequencias  falting wighin the vregion delineated by Brvid
ot al. (19893, there were six "tropical® populations that
;?eﬂ outside this area. V.o of these pobu?a%ians, Gohabelb
~and Harare, had frequencies of adhf which lay above the demarcated
regwn (9 620 and 0,860 vespootively) and four of these
populatwn ~ Swakopmund, Nehpruu, Agatha and Thohoyaﬁdc«u
had fre. “ncies of adut which lay below the demarcated reamn

{0,087, 0.960,\’9,063. and 0,0 respectively).

6.3.6.2 G-Pi'losphog‘!uh?mte dehyﬂmgenase {pgd)

Tabie &, 10 gives an Per value of 0,25 for Pgd in the two
] studies___ covering popu?atwns :thmugho_ut the world {Stngh
gt ;z: ’1982; Choudhary and Siangh 1987}, .The valtue of Gyr

for Pgd in Southern Africa is 0,0327. Out of the 17 populations .

‘mestigated, 13 were monomerphic for the "’intermediate aliele
Pgdl®® on the 99% criterion and all 17 were monomorphic on

the 95% criterion {(Taple 6 4)
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This locus also gen_er-a‘i}y showed a lower lavel _oﬁf polymorphism
in Central énd West African . populations ({Singh amd Rkomberg
1987a). On the other hand Singh and Rhomberg. {1987a) found
this locus to be highiy polymorphic in Hbrt;u fmerica. In
the same vein-_ﬂakesh-att et gl. (1983a}) found frequencies,
of the fast aliele of Pgd to range from 0,012 to 1,000 fin
Australasia. So Pyd ‘1’?; 'int.erestigg I___in that it appears to
be egif-the_r'. virfuaﬂy lmiﬂcmwphi'c 6Ir' iighly ' oeiymovrphic over:
large geoéraphj;, areas.  Possibie selective ectfidn ‘on rad
has “been noted by bakeéhott 'eﬁ al. (19832) in that these

auihars found the regrss sion of - the frequancy of the fast

Callele on latitude to be highly significant. Furthdr Singh
_ and Rhon‘berg (1987a) «found * that Pd a]]eie frequencres" 5hawed
@ sigmficant correlation uit“b maximum precipitation but

‘not with }atitude or temperature)l)in west ~ coast  populations

1n North Amern:a {Due to the nomorphism of Pyd at most

conectwn sites; I could not test this enzyme for correlation

o

with any environmental variah}g- Jn  Southern. Africa.} This |

's1udy has revealed that Pgd is yirtually “monomarp}:ic' in the _

_ sm.sthem t:'ip of the gmfcan continent, This, together with

1ts lack of *pulymorphi eqquatorial' Africa, suggests that

one ul]e]e might bedommate zhrbughcu“ suh-Saharan Afriga.

) .__Th-:s moncrwrphzsm of ‘Pgd in Afeitan as well as in “European

popu]ahons was comeutecg }W-Uavw and Capy {(1988).
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1

$.3.6.3 sn-Giycerol-3-phosphate dehydrogenase {Gpd%)

The dgy value obtained for 6pdh in this study was 0,1323
which is close %t 0 .11, the For value obtained for thi /enzyme
in other parts of the world {Table 6.10). These Tow values

indigate tt'at' this is5 not a h1ghiy differentiated enzyme,

and that tms pattern of differentiation is s*zmﬂar in Southern

Africa to that in other parts af the worid., The mteres\ting
aspect in thi§ case i5 that the h'igh preponderance of \. he
fast allele {assuming homelogy of &pdil®® in this study with

GpakF of other researchersj in  Southern Africar pc\pulatwn

'{frequency = 0,906) is once,_mare repeated in tr‘umca’l Africa
'whera frequenc'tes of this aHe}e are even h1gher~ }eg 0,988
.and 1, ﬂ[!ﬂ as obtained by i}avid (1982) ang ngh gt al., (1982)
~ respect we‘iy) Although h1gh frequenmew of tbe fast a?le'le

___have been repgried in other parts of the wor?d, they are

nat as high as those in Africa and have been found to be

as low as 0, 380 and 0,474 {(:hariﬂa-f’alahast 2t al. i985;'

Sinqh et al. 1982] '!n Fratce.

The siow allele (assuming homology. of Gpdn’> wid;h'&'_pdks -of
other researé'hers} wis found fo be totany ahsent in a high
propar”on of Afrjcau pepmatmns (8 aut of 11 in this study,

one out of one in West Airica (Singh et al. 1982) and two

.out of six in tropical Africa< (David 1987)). However, a

- frigh degree of pblymrphiém for Gpdh has been fduqd “alsewbere

in the worid, e.g. in Au_s't'ra_lia, France, Europe, Canada,

L




“and Singh’ 1987), w
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USA, Taiwan, Vietnam and Japan, (infhrmation for above gathered

frqm Oakeshott eF @l 1982a, Girard ef zi. 1977, Dawvid 1982,
Singh ef al. 1982, Charles-Palabost e Z. 1985  and Watada
et al. 198&) B

Thus -~ this study has confirmed that the Africsn continent

4
is characterzzed Ly high frequencies of the fast allele of

Gpdk and a large proportion qf monginprphic posulations,

6,3.6.4 ﬂther enzymes

idh=NADP and Dip-A were found t6  have higher Gy values in

Southern African popu}ations than e?sewhere 1n the world, Ger

values of these two enzymes were, more than twice as high as the

‘ Fey va]ues obtained by Chowdhary and Singh (1987) in popu?ations

from around the globe (Tab@e 6., 10 ). This suggests that Southern
African pupu?ations ¢re ;%re highly differentiated at these

two leci than are othe{ popu]atxans.
[

":'.l

The uST‘ value of 4gm~1 was approx1mate1y half the Fop vaiue

ab*ilneﬁ for °this F%cus 'in the world-wide survey (Choudhary

:ﬁie the Ggp value for Pym waqj#irtua?ty
identical in all thtee studies {Table 6.10). The Fgm locus
is interesting in tﬂ t & survey of fhe titerature rjndicate;
that  world-wide mosﬁ pOpu¥ations are polymorphic for three
alléles: glow, interﬁﬁd1ate and fast. Hareover, the intermediate

{Koj1ma et nl. ISTG;K‘Oakeshott 1979; Eapy et at. 1983; 3985,

.3!TETP is preser§i fwf very h:gh frequencies. fraw 70% to 90%

Singh and Rhombergp‘1?87a) In part:cuiar._ the frgquency

K\I!eie in Africa had been given varfnus}y

of "the 1ntermed1aWe Flm
< :

;

£
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as 0,893 (Capy et aZ. 1986), 0,709 (Singh ez «Z. 1982} and
0,944 {Capy ea"az.. 1983). In this study, the in'termgdiate
Pgm allele hao a frequency of 0,942 and the Pgm locus was
polymorphic in 8 out of 17 samples on the H9% critarion and
in 6 out of 17 on the 95% criterion.

6.4 Biscussion

I have made use of allele frequency s'tatis_tics to investigate
the “degree of hétérogenei ty and the gene diversity pattern
within Southern Afvican popuidtions of D. meldnogaster. The
resylts have also been analysed in rvelation to gene flow
and spatial structure and a ciear picture. of the Southern
African populations of 1. me&anag;is'i:er has emerged. The

findings and conclusions ‘reached érwe discussed in detati

Significantly different allele fripquencies were  detected
in twe sets of samples that were cn]l“lected in coastal cities.
In each of these c¢ities one of the *air of samples was taken )
on the beach front and .the other aﬂ%pmximatﬂ?y 10 km inland.
The inland 'sifes were 76 nmetres %(liaimer,ﬁ Port ETizabeth)
and 170 meters (Ber'ed. Durhan) ahove siha 1eve] and may represent

guite different environments from tqpe sea level sites, It

15 not clear whéthar'there is a h}’igh degree of gene Tlow

~over these distances and the observed differences are due

to differential seiection in the différent habitats, or whether
the differpnces ara due io randor drift in the face of lmntad

gene ﬂw o
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The two loci which are mainly responsible for this significant
hetevogeneity (Dip-A in Port Elizabeth and Adk 44 Durban} both
showed some variation with an environmental factor (Section 7.7}
indicating that some form of selection is possibiy in operation.
There was no consistent difference however, between inland and
coastal samples as might be expected if for example sumidity from
the ses were acting as a selective agent on these leci over this

geographic scale. On the other hand. sirong aliele frequency

 differences may appear over a few kilometres because of a high

rate of local extinction and rvecolonization. Any allele fre-

qu&ﬂ%y differences may be due to founder effects preceding annual

- population-explosions during the summer,

A significant degree of heterogeneity was aiso detected over loci

'&ﬁﬂﬁg!hétween districts separated by 50 to 300 km in each of the

five “areas except Northern Transvaal. Small sanple sizes may

) have ﬁéén rESponsib?e for failing to detect apy allele fﬁémuency

heterogeneity in this latter area. The habitats in each of these

areas appeared to be relatively homogeneous, except fd; northern
Namtpia. in which one sample was collected Jnear the sea at
Swakopmund  and “the Bther about 50 kilometres iniand. in the
Namib Uesert at Gobabeb. Swakopmund s cooled by the cold
upsweiled waters  of - the Benguela Curvent which produces a
fog bank along-}the coast, especially in summer. Bobabeb
iﬁ contrast, lies in the Namib Desert and experienceé extreme

diurnal fluctuations in temperature.
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The only locus which showed Strongﬁ differences betwee:: the
locations was 4dh. This Tlocus is aépargnﬂy under selection
in many areas {see reviews by wvan Delden 1983 and Chambers
1983), and exhibits a high degree of polymorphism worldwide.
Apart from Adh, the samples From both Swakopmund and Gobabeb

showed reduced Tevels of 'genetic variation 1in comparison

with other locstions and this may be the result of frequent
bottle mnecks in pcpulaticﬁ size in response to the harsh

environment, . R

6.4,2 . ﬁacm‘ggngrap'hic Yariation

On a macrogeegraphic level the electrophoretic results obtained
in this study were analysed for patterns of genej flow and
selection gradients a5 _-ueﬂ' as for heterogergeity and gene
diversity. A pronounced fincrease in genetic cl_hé-terageneitx
betwean; locations separated by distances greater .tham: 50
Hio!ge**ﬂs was observed Both the a” statistics of the gene

divers1ty analysis and the standarmzenp measures of heterogeneity

o ooof the covtxngency-tg.b}e analyses were raughiy similar and

mdica*ed that the grgatest divergence occurred beiween regmns'.

on a ueograpmc scaie of 500 ta, 3000 kilometres. ’ The degrees
of dwerggnce among a:eas ori a scale of 400 to BOU kilometres
were onlye"‘- -glightiy 19\55 than that among regiens.. | sha'{‘l
examine thtﬁ\ pattern of differentiation in terms of various

models of ge ﬂow and popu!atwn structure.

L
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6.4.2.1 Gene flow masuremnts

Measurements of genz fiow in many of the Brosophila species
have been consistently high. Slatkin (1985} estimated values
of ¥m based on the research of Ayala et al. (1973) for .
willisioni and of Singh {1979} for I. peeudcobseura as 8,9
and 1,0 respectively. Siﬁgh and Rhemberg ”{198?3_) estimated
¥m values of D. melcnogaster populatiors in the USA, East
Asia and globally to vary between 1,1 and 2,7. Migration
estinates ranged "“’mm 1,5 to 6,9 mdw\‘dua'ls per generat‘nn
and the graphic genemﬂow ana'iyazs of %Iatkin {1981) a]so

indicated a high rate of mgratian

6.4.2.2 Sampling techniques

Tha -high rate of gene flow obtiained does not prevent 2 significant
.amuunt of heterogeneity af-isjng between subpopulations (examples
are David 1952, Singh et wl. 1982, Kusakabe and Mukai '1934,_
Charles-Palabost et al. 1985, Watada et al. 1986, Choudhary
and Singh 19_8?‘;?. Singh and B_ﬁhomberg 1987a,b - and  this study);
Yet it is gen'era‘i‘iy noted that _migrat‘i_on‘ between--paipu‘iatidn_s
of the order 'of: one individual per generation fis sufficient
gene flow Tto ensure that oniy a winimal amount of differentiation
exists  beiween popu!atidﬁs ’ Sri-iefh (':19?43 st'owed that, if
“*'Jvm = 1, then tha genetm 1dent1ty of two genes ir thffernnt

- populations wili be similar ta that of two ue-xes in the same

poputation un}ess n‘utataon 15 S0, iarge as to produce substantza’lf

_ d1fferentmtion within the individual populatwns"

26 5,_),’ i !
y
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Many authors (e.g.ﬁﬁright i969) ave aware of this apparent

dichotomy ), statistically significant patterns of divergence
and yet low Fgy values and high migration vates. The problem
of inferring' vates of genatic exchange among subpopulations
on the basis of allele frequency data has been addressed
by Allendorf and Phelps (1981). They noted, using simulation

studies, that significant divergence among subpopulations
i

was detetfed in popuiations with an mv value of 25. They

showed that this effect (of sighificant heterogeneity with
very little or no isolation) was particularly exaggerated

whan the progeny of a small number of (non~isolated) reproducing

aduits was saﬁb!ed. In their study, Allendorf and Phelps

(1981) were veferring to fish populations where the samples

‘are generally fry which may have been spawned fin a strege

separated from the parental wmating area such as a lake..

Nenetheiess, the observations made can be applied 10 Lroscphile

populations in that these ﬁapu]ations have a dynamic

metapopulation  structure that 1is characterized by & large .

potential for high rates of population grawth, high rates

of 1aca1_ population extinction and frequent recolonization.

Thus flies sampled may well emanate from a few transient
progenitors in much the same way as the fry which are sampled,
are the progeny of a few "spawniﬁg adults. - These founder

popuiations may be quite 'different from ancestral populations

ag welt as from  adjacent “popuiatiéns arising from the samé ;

ancestfa}' papulatidn. This would lead to a genetic mosaic |

of populations on a relatyely small spatial scale.

Ty
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In this study I showed that collection sites ten kilnmetres
apart displayed considerah]e. heterogeneity. The results
of other studies have shown that significant differences
can aspear over dislances of only 2 few huﬁdfeq metres (David

and Capy {1988), and references thevein).

The wusual inTerence wupon finding significantly difforent
aliele frequencies is rveproductive iselation. In this case,

the d%fferénces may arise as a consequence of metapopulation

‘struciure and not because of divergence following neproduttfve

isolation. The general problem in studying genetic structure
of Droaaphita'"popu1ations arises 1in choosing the appropriate .
spatial scale for sampling. The sampling of rosophila populations
for genetic amalysis s Ttabour inteénsive and ushhliy only
ai few samples ° are collected which are thenm taken to be

reprasentative of the populations in an area.

Iﬁ order to prevent erroneous conciusions Héing' made about
the dynamics of 5 qenstantly changing- system, I suggest thdﬁ
the best way 1o sﬁﬁg?eh Drogvphila populations is to use a
fine scale Tevel of sampiing i.e. to cotlect sampies of Drosophila

at Tive to ten kilometre intervals over the voquired area,

and to repeat these co!lectibns" over a period of time in

_order io stabi!izg spatial and}tempora} differeﬁces.

W

6.4.2.3 HModelling considerations : if

The estimates of Mx obtained using either Wright's fixation

index or the private all€les mode) of Slatkin, both assume

Wright's 1island. model conditions 1.e. that immigrants arrive

: i _
- randomly from the rest of the population and that the rate

(AN
Iy

e
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of gane flow i¢ uniform throughout the area under consideratien.
This is binlogically: unrealisticy -particular‘iy. in places such
ds. Africa where  human pepulations tend fo be distributed

in patches with largs distances between them. In view of

- the commensatl nature of 5. mzmagasmz;. and of the accompanying

aésumpi;ian .:i?;'ha_t the greater the human traffic the greater
the movement of ' D. melawogaster. ome would not ersect an

even migratiﬁﬁ flow betiween samples whmh are being t‘*ken

from so large a geograpmc areas as in this sl;ud_,v. S‘mce'

immigrants  are more Tikely .Te come Fram subpopulations cioée

by, . a better model to use would be the stepping staone mode‘i

of Kimura and Hewss {1964). Slatkin (1985} found that, when

simulating & one dimensiona? stepping stone model of migration,

a higher value of p(i) ({the conditional average freguency
of pr;ivate_ alleles) was obtained f:n'm = 0,109 for the stepping
stone mode! as opposed to 0,054 for the island model - all

othe'r conditions were constant), This impiies that the stepping

_ stone model would pfoduce a lower estimate of gene fTow than

the isTand model. &

Q

An  assumption used in many theoretical models is 'that the

sample populatiops are in a stz(e_af equi E//hrium both genetically

of demographically unstable populations nas been inestigated

by Slatkin {i977) who used a ‘“metapopulation® infinite alleles

model in which  migrants come, not from a single external

spurce but from within the collection of populations. He

>

o

et
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o

in  ¥act showed, that extinction and recolonization serve

“-'am;! Ne1 -1988; Cariou 198?, g.achmse et al. 193?} in equatoma? |

---to augment the level of gene flow in that the amount 6f

L dszérer“atian in local  populations was veduced.. ik a;jpeai's

to«r o rad1&:t the findings of Alieﬂdsrf and Phelps {1981)

{altiough the Ta*ter did not concern themselves with extim.tmns

and veéccionizations @er sé). Data obtained by means of a

fine scale fYevel of sampling coul'd ‘be wsed to test &

metapbpu!atiam model in which extinctions due to demographic
and enwmm:entai stochasticity - together with catastrophe
{1 .

: and f. \)cequent reco!em zation are an ongsing process.

6.4.3  (Origin__of _ Swthern African  Populations of 2.

e ter

- The origin of 2. :rez;zuag\aste:i" in Southern . Africa s not
certain, The PreZareqastez’-awmpans evolut onary éip?'it Jis

Vmaght to have occurred about 2.3 mﬂhnn ;years ago (Stephem'-;'-""

Africa af? the tme of major tectonic actwwty in "the Rift

""r.ndr _..he subsequent aridification of FLast Africa (Lachmse

et al. 1987) that, during the late Pleistorene or Holocene

‘which, oc’curlre:i repeatedly during th1s perioed,

W
- al. 1987},  Modewn wur‘ld populations of . relanogaster

"

have _prolably dispersed from thése ancestral pcrpuiatw"m

___.'in West --amd _£§mtrai Africa. It is hywthesized' {e.g. Lachaise

. - b
periods, o, mepana:;aster NdS abh" T spregd northward across

. the Sa:hara due to the fqu.ira.!ﬂe wet cﬁmatw condxtmna

i



1l

5y
GAJ the lagd Pleistocene”. M#ernatwe“ﬁy preseffi- day np;w!ai.mus

A

ItE

th
po
Pe

270

I .
qg Yeontinuwity oFf favourable  thabitats, Sowthern African
ptu'l atiens wight aiso be included (with <these ancestral

glu‘etwns} “ Matural Ciggersal  would | apparencly only be

pvismin along the eastern ecdge of t.c ssbcontinent as the

Naflnb and Kalaheri Be«am*‘!:s in Soethwestern and Souln £:entra"i

A

inf Horth Africa.

.!*i«:::.s ered barrier to miqratien as did the S3ahara Desevi

({;}
il . ke
L y

S

Fr?m ‘the tropical o ‘*fg'in of wmost - South African butterilies,

aoike m*gratmn southyard through the widdle part of the Zambexi

Va
P1

b,

a“:t Asia tnrough himan 1migratmn
; -

OF

ek

{

&

£

'Hef_, ‘appears o hawn  taken place at some time during the

]histmene {van Zindeven Bakker -1967). Consequently, Lachaise

etlai. - (1987) byoothesized that “a  southward mig?ﬂat‘ion of

%me?.c.-nogaster populations from equatorial Africa towards

i : .
pth Africa might have occurred dur‘éng temporal  windows

.{Y have originated at a later time by dispersa? from West

{d fentral Africs ov posszbly by rolomzatmn from Europe

it

Tiz first comclusion s that Southern African popultations

D. melarogoster vegresent a single taxonomic unit. There

d not dppear to f‘*be }arge population differencés among Southern

ricah 'papu?atwns th{:\@p; suggest the existence of,

‘o instances both Eyvepean and Central African stucks in ~

So%fhern_ Africa. Since the survey included omiy eight loci

\p' . - no e

has been suggested by David and Capy (1268} that due o

[
T
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and since I was .i‘fr:@?ertain about the homologies of aileles
with other studies, I was not able to calculate genetic distances
with other pnp:xiat'iqps. The conclusien is based, therefore,
oty é’lime«frequencyﬁg simijarities and cémpar-isons .-Pf levels
of polvorphism “with  other geographic. areas. = Nevertheless, ~ .
the tests for aﬂe!e«-f‘f*equ&ncy ha&ei‘ﬂgenei%y and tha Ger values,
which averaged 1Z,2%, indicated that there was a sigrificant -
degree of genetic differentiation amﬁngst Southerr African
eopulations. This level of di’f:feten iation has also bzen .
folnd amony populations  within other areas in Africa and
elsewhere in the world and I do not intarpretllit as rg-ﬂecting

differences amonfig pepulations with divfarent origins.

“The second” conclusion is that Southern  African pepulat%bﬁs '
are closely-related to .West and Central African popuTations.
AT-thoth there fen_ds: to be a pfeponderance of "a siné“{e a1’£e'lé
for some ._:".iaci ‘woridwide. there are several mlaci which show
_differe;:_tiat'i.on betueen continents. In-section 6.3.6.1 mention
is mqée ‘of the fact that for aTcohol dehydrogenés_e the "siow”
© allele {4dr=10Y) was found to be the most common in Sub-Sahavan
Africa whereas the  "fast” -anale. Prwedomidh-tes elsewhere in

§ K .
the world, ® 'Fl.fyther Adh~t20 appears to be homolcgous with

[&]

the vare ultra slow 45 allele found ir the Corgo {David
1978), ‘The similarity opetween the Southern African populations
@nd those of ‘ropfcal Afriza insofar as the high Ffrequency

of the “fast" cpdw allele is concerned was noted in section

[
4]

6.3.6.3.° The closeness Et?’_;ﬁese allele *'«frequancie" and levels

“of _genetic va{-iatiqp ~of Southern _Africari poputation with

2

“those in the rest of sub-Saharan Africa 'i_lndicaé'ﬁ a cloge
o historical affinity between the t:.uo. _ 0

]
i.‘;
i L
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- with ‘longitude, altitude, rainfalI tempev‘ature and food avaﬂ-

CHAPTER SEVEN
7. Clinal Patterns and Other Cozﬂ'lations
1.1, Intrmiuctwn 5;

A strong argument in favour of adaptive seiectmn is the occur~
**ence of ¢linal variation in genetic traits such as allozyme
(tw inversion) 'fre-é;uenc-ies lor in more complex charactevistics
such - as quantitative morphological variations or behaviourai

pagtnms - When these ciines occur they are often 1ati*udinai,

since environmental gradients which may act as a fa*m.'{h mechan-

ism are assaciatu?, with . decreasing role-ward so‘iar.;.-'yinsoiatm.w "
; . . :

‘which causes .varigfficn in parameters such as itempavature, r3in- o

fall, length of day etc. The argument thal selectiow is réspdn-? |

sible for these Tatitudinal cHnes is strengthened whefi the -

same vai tation with Tatitude is noted on utfferent cont Y\ts

itt poput:tions with different eva!utiomry histomes. )
Worldwide Idti%udinsl ciines m aﬂeie __frequénc'ies have  been

repurt_eti for various. mef,.aboﬁc"enzymes in ﬁmaophi_;a me lancgaater.

_ qu'(" instance, olines have been found for, adh, -Aidehyde-oxidase

{40}, Carbonic anhydrase {Ca~2}, 'E’at—c, Eet-6, Leucine aminopep~
tidase (Lap-D)s Gpdh, ﬂctona% ‘dehydrogEnase {Odh), Giucose-ﬁ«

- pho phate dehydrogenase. (q'ﬁp&) and Pgis(dohnson and Schaffet 1973
Vigue and dghnson 1973; Smith.es al. 1978; Oakeshott et al. 1981,
1982x, 19%983a,b; -JS'I_I_!gh e-t aI-. 1982. S'lngh and Rhi)I!Iberg 1987a) -

to name a few examples. Other envirunmental grm*ients assocxated

ability -have alse been ‘correlated with aliozyme variation. -

i
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e
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exteﬁsive!y investigated enzymes.
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7.1.1  Alcohol Dehydrogenase

I3 trying to detect some correlation between “environmental
varidb'__i_eﬁ; and allelic ‘pattems in individual genes, it makes
sense to _'.examine those enzymes which act directly on an external
substrale  wd u}‘ccn aliozymes differ bwchﬂm cally. The vari-

able bemg tested 'is then the ubstratp. '

l-'urther,;j enzymes which use substrates originating Trom the en-

-.:ironmen{:'appeai* to be more variabie~because of qualitative

and quantitative variatien of untupal substrates, than enzymes

which use’ substrates arising as products of 'enzymes iu a mei"abolic '

, pathway (Gﬂlespw ond Kaama 1968; Kejima et zi., 1970). .In
“Ih*s respect Mccho‘! dehydrogenase has been tme of the most

7 Ial 1 Etharuﬂ to‘ierance _
M“aaop\?r Za mezcwogaster is nutritionally dependent on yeasts and
bacterla Sang 1956) and- breeds in wineries as well as in
ovchards and \\rubbish dumpsc. ﬂhere mit.roﬂora are present
deca,ymg fruits \md vegetables. Since ethann} accurs naturaﬂy

<An fruits end 1s E‘iso ] pmﬂuct o‘ fementatien, this primery

alcokol : is fo:.md (ofmr. in high concentiations) in ,}rfsopkda

breedinq and feed'lng env\ronnents &'JH catatyzes the oxidation

0|| 9

of alcnho‘is ta a?dehvdes a d ket’ones, and so it hes gemerally

'been aﬁumed that its main fh\(fct'lon in D, meianogaster is to

aip J\n the detoxification of. enwrcmmentaﬁ alcchols, particu'!aﬂy

ethano) . Direct ewdence for tgus wiological ﬂmctwn was ohtamed’

B
L)
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when flies “homozygous for. Adk mull alleles (i.e. lacking -ADH

activity) died within a few hours on media containing 8% ethanol

{6rell et «7. 1968). The assocfation between the polymorphic
Adk gene and ethanol tolerance has conseguently h_éen extensively

investigated,

< o i

Homozygotes of the adif aliéle have greater in vitro ADM activity .

than )%omuzygotes of Adh?, the other common allele, while heteroe
zygotes often show -intermediate levels of activity (Gibson 1570;
Vigue ©nd Johnson 1973;- Daﬂy et al. 19?#; Lewis and Bibson 1"1978;

Mchnald et al 1980; Anderson and Gibson 1985; Barbancho Q al.

1987)1 These resu'lts ﬁ%med to indicate that the fast allele

‘would be selected for in 2 high ethanol environment “and that

adHF hamuzyqotes would have an advantage 'Eq; the detoxification

ef altnhols.

Indeesl, c\\'}\i‘ﬂ some experiments an increzie in the freque'ncy of

the Ad’hF ai]e!é was observed iéhen polydorphic laboratory popula-

dons weré maintained on 6 f,‘(( q% ethanol- supp?emented med'ra
for severm generations (G\@son 19?0 Bu?sma-Mee‘fes and van
Deiden _"’19?4,( Briscoe et alc 19?5; van Delden i af. 19?8
Cavener fﬁd f‘iegﬁ IQ?S; '\nge et al. 1982}, Other r;esearchers,
however, - found no evidence of an im.rease in the fast atiele

aith an’ increase in aigoho‘l concentmtwn {(Gibson et al. {i,is,

tolerance im 'iahoratory pOpulatians and concludﬁed that the adup-

.‘ng food could be

accomplished without si_gmﬁsant changes of {the ADH activity
2 - . Y

tation - &f D. melanagaater to ethanol-contain

i
in adylt flies.

Dakeshott ot al. 1934) "Barbancho et al. {1987} examined ethanol”

N
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Confiicting results have also been obtained .in comparisons of
winery and non-winery populations. Higher frequencies of the
fast allele were present in wineries in Spain (Briscos et al.
19755 Munoz-Serrano ¢t al. 1985) and in Canada (Hickey and Mclean
1980}, On_:__the other hapd, the frequencies of the AdnF a11eie
in populat%é;;s ins.ide.- wineries in California (Marks e zi. 1980),
and * in  Australia (McKenzie and Parsons 1974; McKenzie and
Mcechnie 1978; Gibdon et gf. 1881; Gibson and Wilks 1988} wera
not significantly different from those in sampies taken ¥rom
sutside of the m‘ne cellars. Comparisons were made on populations
from inside and outside wineries because of the assumptibn
(Tﬁp‘icvt or explimt) that the ethanol. conteat inside was higher
thau that outside. Howeve_r Gibson ot al. {1981} found tha§
ethano'l Tevels “.11'!. Esmaophiz:r' breeding sites 1in seepages of

ginfortified. wine inside wineries were-similar to those in other

breeding p}aces, such as decayinq fruits and. vegetabias Observed

Tetno

frequency differences inside and outside of wineries could

therefore be due o some far.tor nther than variation in ethanol

[V

concent ra- tion, - -

_\)

_Thr- cmﬂl’ﬁ!'rem:'m between the in witro resu'its and those abtamed

for wild ﬂie: demuristrates the fal?pcy of extending the results

. 7of' in vitro experiments to laboratory or natural peﬁu?atibns

Hidd?eton and Kacser { 1983} shawed that the dtfferenceggn athang]

ﬂux between 5&51: and sloy adh hmﬂFzygates was not sigﬁiﬁeant
Toey contluded that cont o'l of athanol flux s -'hared among

all of the relevant emﬁﬁes in the metabolic pathway and they

warne& “against predicting in vivo _consequences Sf genotypic



-h'igh ethano! Jevels in the range of 6 to 20%.
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change on the basis of in vitre enzymatic activities. {On the/f

other hand, Heinstra % qf. {1987) showed that dif‘ferencet; 'f{

~ ADH activity in Tarvae subjected to different feeding conditions

could cause flux changes.)

Another point is that laboratory studies which use Tevels of
ethanol graatéiﬂ than - about 5% may not have any relevance to

natura! populations. There was no difference cbserved in the

. mortality rates of flies "homozygous for the AZrS and AdaF alleles

_maintained ov media tontalning 3% ethanol (Amsiey and Ki?to

1975}, This is the pmbable 1eve? of ethanol present in the
environment of non-winery. flies. The ethanol concentration in

fermenting bananas varies from 0,03 to .4% gﬂiﬁs!ey and Kitto

1975; Gibson ot al. ;\981) and it is probable that D. melquc
B : | |

goster encounters e maximum of 4% ethanol at its breeding sites

 (Mckechnie and Morgan 1982; Oakeshott et al. 1982b).  These

studies which showed an‘ increase in the frequency of the Adit
allele in laboratory pbbu”l—ations, vere Tooking at unnaturaily

1"1: 15 therefore

unlﬂte]y that the concentratwn of enviromwentai >

as a strong seiective force fn n&tug‘al populations.

o

RERED . Gther Alco. is

v ¢

A}thuugh ethanai is tth predommant a?gohdl 1n habitats frequented

by ». melanogaster, i’“\is ‘not the “only one. The kinds and

conceptrations of- -alcohols in nature vary with _the'type of

decompasing materials and with the native microtigra whose

Y

hanol acts




