
( \
\ ' GEOGRAPHIC VARIATION 1ft TRANSt'OSA.BlE ElEf£NfS AND ISOlYtES

Iii ".}UIHERH AFRICAN t'OPULATIONS OF IJ:roHoph·Ua metanogaater

---..-- .."-.....,.jO----.,_-..-~-..,....-------_,._
CheRat Greer louise 6etl

A the'sis submitted to the Faculty of Science,
UnNersityof the W~.twatersr,lf1d!fJOhannesburg
for the Degree of Doctor of Philosophy.

"\

Jobanoosburg 199Q



'\

II AC~m'lEDGEt£~TS

I \'wuld i"ike tv ",::pr-{?i~.m..~' sincere thanks to the follow,)'l+1 p~,v1Je
for the'j r hal p and C01[t;lf~;"\]ti on towards thi 5 study: ( " "

My two supervi sors , ibtOfeS50r" Nancy van Schaik and ,Pt I

Gr'ant for their constant, help, advice, ~uid~t'lce and rr"ia: ,:\. -v L_
\ \\\ -~~~,

G~~en Naclacn'lai" f(rr her expe!..tis~, efficiency arl(l pati~l1c~ in
the typi n~; of til; s manuser t pt"

My fami'!.y t£laisn) Ii Matty ann Ally fat' their· love, support, en-
c~)Urage!llent and gooc humour', <,

An those people who so assiduously and wHlingly col lected
f1 tes throughout the country f(H" me: Florr~ie Baron, Margot
Berger, Paul BicbYJ professor and Mrs Peter Geerthsen, Maish
Getz, Cee Gillette, Dr Stewart Grant, Hel~n Hirsch, B~rney
IS\1al1s, Stephanie Le Clerq, Isla Locke. Rosemary Maisels, Martine
Margoles, f.'lartha Mashila, Pauline ';chwal~tzman, Or Ma\4y Seely,
Lou; s van Heerden and Professor Nanc.y van S!:ha:lk,

Joet~lyn Wehster and Susan Hearn for fheir supervision, gllidance
ami ass tstance in the molecular laboratory.

(,

II
Profesor Paul Fatti for his statistical advice •

._/.-- "

; \

Mary Lynn van dar Watt~)'..,.r aid in the use of the scanning electron
microscope.
Professor Bay'ry Fabian for allowing me the use of the Nikon
microscope and camera equipment in the Zoology Depa\~tment of
the University of the ;!~it\ll'ater!)rand and Clem Penny for showing
me haw to use them. \)

Professor wn 1iam REngel s for supplying the strains snW(M)
dnd IT2 and th~' plasm; d p1f25.1-

The Institute of Toxicology Schwerzenbach fot' supply"ing the
strains moh. and fZl·3/SeZ·,

Professor Nancy van Schai k for constructing and supplying the
strain 'ffmi.Jh~

Dr Ulrich Graf for o!Jtaininy papers that were unavailable in
South Africa.

Or Heinz Juon and Y'ofessor F.E. Wlirgler for p!;lrmisSion to use
...h~i r el act ron microqraphs of wi n9 ha irs.

!J



Ii ii
::_, //

Jf
/1/

Prnfessor' J~/an R. David;' Professor Margaret G. Kidwell and
Proressor R,)n C,. WOl)dr~£f for permission to quote from their
articles in Drosophila I~ormation Service,

o /'# .Dr Stewart Grant for taking the photographs of the starchge1s.
DimHri Vratsanos and Phil tp Tshabalala for developing some
of the pho'tographs.
Sike Margoles and Linda Steenk~~l for computer assistance with
the diagrams and Kay Styer for an 'the photocopying.



iii

DEC l. A R A rIC. H
~ "*

I declare that this thesi~ is ~~ own, unaided work except where
, !

,
otherwise stated. It is being ~l.Ib1nittedfor the degree of Doctor

of Philosophy in the University of the Witwatersrancl~

Johannesburg. It has not been su~itted before for any degree

or exallinatiol.l 'iH any other- University ..

~t_~_~_)L_~_·__ ·~1\Y_~· ,
JJ~~ day of fl1~~_199q

v



\ I

iv

I' I

To sy faai'ly

Maish, Matty and Ally



v

·ABS'fRACT

This tnssrs reports on the investigation of two genetic aspects

the " family of transposable elements and the allelic vartat ton

present in severe i enzyme 5yS tems .

In the :1tudy of transposable elements, 206 isofemale lines from

21 different pOr,Julations were surveyed for their abf l ity both

to produce and resist gonadal dysgenesis. Both P factor activity

and regulatory abtl ity exhibited c1 ina! ver-tat+on, being strong

in the northeast in Harare, and becoming extremely weak in the

southwestern part of the country in Cape Town.

Three further aspects of P elements were investigated in this

study: firstly P factor activity was evaluated using the level
I;

of sin.ged-weak mutability as a measure. Secondly the presence

of P elements in M strains, noted on a worldwide bas ts , was

confirmed for the Southern African strains u~ing molecula;~ tech-

ntques, Finally a low level of P element activity was shown

tl) ~E present in wing imaginal disc tissue of .sone female fl tes.

In the study of allozyme heterogeneity, 17 difftH'cnt populations

comprising 301 isnfemale l tnes were investigated. Starch gel

electrophOretic techniques'; were used to analyse variation at

e·ight gene loci in these popul at tons , A significant degt'se

of allele frequency heterb~i!neity was present at several

hterarchtce l levels of geographic separation.
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~
""A gene diversity al1iiiy~'iis indicated t.hat 87~8% of the total

genetic var iat ion was due to variation amung indiv~duals \·dthi'n

populatJrs. The remair.ing 12.2% was due' to g')o~t'aphic sub-

(jivi51on at various hier'archicf!l levels of structure,

/:/
A/' 9~r'e flow a'nalysis suggeSted that there was a large amount

of' gene flQW among Southern African popuI.;tions.

" /f
The frequencies of the most common allozymf'~ of Aicohol

,) .,

genase and tsoct trate dehydrogenase were.; found to vat1Y

increasing raiflfal j and minimum temperature !j~espectivelY.
·z

~"i 'r)
G Ii

The pu,ssible effects of P element activity ~J the presence and}

distrHlUtion of th~ alTozymes under cr.msi~fration was tnvest i-

ga~ea. However there .:was no' ,forre1atytn between P element'

(:geo'graphic' variation and allele frequer,cy variatio!"l.

()
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L Bac~ro.!l!!~,3!n~tiva~io.n,

1.1 f_!!emei!~s

1.1.1 l.!ltrodJJcticm.

Transposable genetic elements or transposens , are ~~:7!gments

of DNA which are capable of mav'jog from one position to another

within the genome of an orqantsn: Most transposons have

the ab-l1ity to repl lcate themsalves while mov'ing to a ne\'{

location and, as a result, one copy of the transposcn remains

be~irld tn its q,rJginal position. The copy number is thus
I \
.I ~

Increased. The", .-ate of transposition and rept teat ton is

apparently self"regulated and, in general, decreases as the
copy number incrt:ases.

Transposable elements were fh'st identified in plants during

the 19405 and early 1950s by the geneticist Barbara r·1cCl intock

(1951) who challer.ged the hitherto widely he'ld concept of

static genomic organisation. She. demonstrated the eX'jsteijc'e
if

of ~l~ments in t~~ l'maize genome"which were capable of jumping

from Orte genetic locus to another and~ in so doing, these
elements were able either to disrupt the function of the
target genf.!t to aHer' the express ion of an adjacent gene

or to cause ChN!YlQSOmebreakage. Subsequent ly transposable

elements have heen identified in plants other' than maize

and, in part'icular , their presence in An.ti;r·j;>hinum maiue

(snapdragon) has bt::en demonstr'ated (for reviews on maize

and other plants see Mt:Cl intock 1965; Fedoroff 1983, 1984;

Nevers et at. 1986),
\/



2

In the 19605 and 1970s paral lets to the maize transposable

elements were recognized in the insertion sequences of Eeohe-

riehi.a aoU, and the bacteriophage Mu. SUbStlquently a weal til

of information on pt~(lkaryGtlc trensposons such as Tn:3 and

Tn 10. as \'/ell as on eukaryoticc trensposons such as those

that occur in yeast, rnatze and' Dl:'08t.yphiZa. has accumulated.

'J Certain common features are present in both prokaryotic and

':iC.~~.)

trensnoscns ~ which are believec to serve as recognition sequences

'trans posab 1e elements. Firstly, the ends of

for the transposition enzymes, are highly conserved. They

are usually characteri zed by the presence of repeat structures.

These may be invet'ted repeats or direct repeats.

Among the becter+a 1 transposons , inverted repeats occur in

the insertion sequence (IS) and compos ite trans posons as

well as in the Tn :3 fami1y of transposcns , They range from

8 base pairs (bp) to 40 bp in length and may show perfect

homology (38/38 for Tn3) 0\' imperfect) homology (12/18 for

IS 50) {Grindley and 'Reed 1985). Inverted repeat sequences

have also been found in eukaryotes such as in<:ozea mays (maize)

in Spm-18 as well "as in members of the Ae-J)s ~ystem, in GZyaine
,I)

max (soybean) in Tgm-l, and inA. maJu.s in Tam-L, tam· 2 and

Tam .. 3 (ccen et: al., 1986; Nevers et at. 19136). The Ienqths

vary from 11 bp to 14 bp. Inverted repeats are also present

in the P elements of DrosophiZa' and also in the fo ldback

(FB) elements of this genus (Rubin 1983).

\\
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Retrovif'us like transposable ements which are found bath

in eukaryntes 'und prokaryotes contain long terminal dtrect

repeats which are s~weral hundred base paf rs in length and

usually contain snort inverted terminal repeats within tH:!m.

Examples of these are: Tn 9 in bacteria~ ly 1 in yeast, CJopia-like

elements of iJI'of;{yphiZa and the c:in-l elements of Zea mays

(Varmus 1983; Bii1timore 19851 Nevers et: at.• 1986).

Whereas the terminal sequences of transposable elements appear

to be hi gh1y conserved, the interna 1 sequences often man; fest

a great dea l of var'iaticn in Doth size and function. For

example ISs generally contain a single transpcsase gEme which

ranges ins ize from 750 bp to 1600 bp (Gri ndl ey and Reed

1985). Other bacterial transposons may contain many genes,

for example Tn 3 contains genes for transposase (Tnp A),

cetnteqrate resolvase (Tnp R) and ampicillin resistance (s-lacta-

mase) and is 4,,9 kb in length. A eukaryotic transposon which

closely resembles in 3 'is the Aa element in maize in that

it contains a long and a short open reading frame (ORF),

oriented so that they are transcribed in opposite directions

,jus t 11ke the two Tn 3 genes and there 'j s evi dence that the

1~'rget· of the two Aa. genes encodes a protein ana l090U$ to

th~ transposase nf Tn 3 (see Federoff 1984).

Finally, a characteristic property of the insertion erocess fot~
\. . _- ..

nearly an transposons is the duplication of a short base

sequence of target host DNA. 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 seqlJenc~, by an enzyme encoded

by the transposon, The subsequent tnsert ion of the trensposon

and fin iog in of the singie stranded gaps results in the

format ton of two copies of the target sequence flanking t~\G
transposon, The length of the target sequence 'is variable.

Fm~ axamp1e it ts 3 bp 100g for the Tgm-l element from soybean,

the :fam-l antl 7'ain-2 eiEment ft'om A. ma;ius and the 3&171-18

receptor element from maize H~evers et: al-, 1986); it is 5 bp
II

lon~l for Til 31~ bacter iophage Mu (Grindley and Reed 1985) the
({

Ty elements in yeast (Roeder and Fink 1983), and the aopia

element in nroeophd lo: {Varm!Js 1983) and 8 bp Ionq for the

P elements in Dl'>oBophiZa and the Aa and lJ$ elements in maite

(Federoff 1984).

Transposition may be either rep l tcat tve , as in the \\case of

the Tn 3 family (Gr-indley and Reed 1985) or conservative,

as is hypnthss ized to be the case for Tn 10 (Bender and Kleckner

1986). The retrovirus-like transposons are believed to transpose

via the formation of an RNAintermediate and reverse transcription

(see review by Baltimore 1985). However for most eukaryotic
elements the transposition mechanisms are still largely unknown.

1.1.1.1 filbbilt~genetic elements in nroe.opl;f.Za.

Notd Ie genetic elements can produce a remarkable range of

phenotypic variations in both plants and animals, and were

first not~d ~~d studied because of this. Late." molecular

studies of dispersed moderately repetitive DNA sequences

were -initiated by cloning such elements from D., melcnoqaete»

:;;.'
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(Finnegan ei: al., 1978; Ilyin et: al., 1978). The mobility of

these sequences became appa~ent when, as a result of in
,;.

situ hybridization techniques, these. sequences were found

to 1ie 011 diffet'ent regions of chromosomes; this was particularlY

true when diffenmt" stocks of o, melanoqaster were compared

(Uy"in et: az.. 1978'; Strobel at aZ. 1979). Many different

"(amilies were subscquentY~y investigateci,// ~oth within o.
\,;' •.. , -

melonoqaete» and within some of its sibling species (Young

1979; Potter- et al.: 1980; Rubin ee al , 1981, 1982; Tchur-ikov

at at. 1980; Truett et: at; 1981; Young and Schwartz 1981;

Bingham et: ai;
\\

1982; Oowsett 1983; Martin et ala 1983; Bucheton

et. al., 1984).

About 12% of the })J.·osophiZa gr-nome consists Df moderately

repetitive DNAsequences nost of which are dispersed throughout

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

of these DNA sequences have properties consistent w'ith their

being mobile elements. Rubin (1983) grouped moderately repetitive

sequences into four classes based primarily on their internal

structures. Firstly the most variable class is that consisting
,~,

of ribosomal gene insertions (namely ths type I and type

II insertions found in the 28S rONA genes») and scrambled
n

clustered arrays of moderately repetitive DNA sequences, These

are heterogeneous in stvucture and the·ir mobility is not

certatn. The second class consists of capia-l ike. elements.

ihese rangli' in size from 5·~10 kb, Elements from each family

carry long direct terminal repeats and are represented by

lC...lOO copies, scattered thmughotlt the chrcmosones. Elements
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in this familY are the mob'He dispersed genetic elements

(mdg ele~nt})L 412, 297, 13104 and gypsy. The th'ird class

consis ts of foldback (FB) elements" These are long ..inverted

repeats w[l'lch may Or' may 'fllt flank a central non-repeating

region. They are heterogenElous in size and display a certain

amcunt of homo1cgy to one another. Finally Rub1n (1983) described

tt...e P eiements. These are ,IDout 2,9. kb long and possess short

inverted 31 bp terminal; repeats which are important for

transposition. These wiil be fully descr-ibed later. o

1..1.1..2. Systems of hybrid dysgenesis

Possibly Rubin:s (1983) class of P elements could have included

I elements and hobo since all three of' these are capable
"of causing hybrid dysgenesis. Nonreciprocal dysgenic traf ts

{~)

wel"e noted in 1975 when KidweH and Kidwell {1975a,o} reported

large diffel"enC(,ts in male crossing over and fl steriiity

between reciprocal crosses of strains der-ived from natural

pcpul at tons : and comn,'Pnly used laboratory stocks. This they

attrihuted to some kind of cytoplasm chromosome tnteractfon.

They 1\ found that F1 fe\·ti1 ity was drastically reduced and

male crosstnq over was significantly increased when wild

males and laboratory stock females were used as parents but

not in the reciprocal Cl'OSS. The term "hybrid dysgenes ts"

(Sved 1976; Kidwell and Kidwell 1976; Kidwell et ",7... 1977b)

is used to describe these phel1omp.na and ts defined as Ila

syndrome of correlated genetic t,:,~Hs that is spontaneously

• n\\ b' b . . 11'induced in y rlds etween\\ ctrtaln mutua Y Interacting stratus ~
);

usually in one direction W'11yn (Kidwel'l and Kidweli 1976).
y
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!nitl<;t1iy hiD distinct systems af hybdd dysgenesi

7

the P-M system and. the I-R system (re;J'! by Brag 1ieno

and ~:idwen (1983). ~,s are partitioned

into, two types designated P and M ng to whetnet they

~~her the Pdtet~nai {P}produced dysgenesis when used [1;:;

::. '1 ~ brought on when an

M strum female is crossed wi a P strain male. Tr.e reciprcca l

cross yi~;lds normal progeny.
Ii

Fori, any particular: dysgenic

trait this dtchotosous classifitat'i(i\J system is absolute

in that hybPids from all P x P and f4 x M crosses do not show

this trait (KidweH et: ale 1977b). A third type of stratn,

deSignated Q (Kidwell 19t3)~ is virtually indistinguizhable
I ,

from the P strain in all properties except one - the progeny
I!

,of Q males crossed to M females are fully fertil~.

/7\
Xp a ser+es of experiments in w}1ich hybrids were tested for
/ ,
\_)

sterility Engels (l97Yib) interpreted the cause of hybrid

dysgenesis as the interaction of two components, a paternally

derived polygenic chromosonal factor or f'actors and a maternal

component designated! "cytotyps" t ,e, a property of the ent ire

car". Thus a combination of P element chromosomes and M cytotype

produces dysgenes is WhtH"eaS these P chromosomes plus P cytotype

resuits 'in a stable condition. A detailed genetic analysiS

of cytotype determination was provided by both Engels (1979b)

end Kidwell (l981).
)J

\',!



ire type of sterility whkh is manifested in dysgenit nycries

in the P-M system is due to a gonadal dysgenesis {(in sted1ity)

711 bot.h males and ·females (EngelS('~l1d Preston 1979; SGhi\ef~r
\..5'-.'

er: at , 1979) Kidwell and NOvi 1979j. No eggs are 'laid by

the stert le females, and
-\.'\

this GO sterility is dependent on
ii

a high tempe1~ture. (~,1~~·_·<?29a)cu,,'ing em~ryar.ic and '!af'val
U \"'stages of" devalopmer.t. ::'l-re l-R system, on the other (\hand,

ts responsible "tor an intogether differen,; type of ;~teri1ity

caned "sterilite femeHe" (SF) steril'ity, {Picard 1911).

I) Hff.re males are not affected and eggs (Ire d laid by the (SF)
1/
Ii female progeny 'of R (!l'Jdctive) ..stratn females and I (Induear)
II\\ strain Ii'.ales btft these eggs shoW' a varying degree of reduced

hatchability and the embryos die during late cleavage. Further,
r?

there is a period daring oogenest Stene or two days before

OViposition, when increasing tne temperature has Ii curatf ve

effect (.IfI SF sterility (Bucheton 1978)•

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

visible mutatl~n and non-disjunction {Picard et. at. 1978}.

The I"'.R system also produces a neut'0a1 (N) strain , analogous

to the Q strain. Further ~ the stablf: condt t+en of c the P

cytotype is echoed in the stability {l1 the J-R system} (If

(, i'i')

the inchu;er state for I eJements (sucheton and Picard 1978).

Despite these similarities, the 'two systems are independently

distributed (Kidwell 1979). Thus strains can be doub1y classified

as If', RMetc. Cloning a~~ sequencing of the ~,\Z})actOl" revealed
--..:;~)

a 5,4 kb sequence with highly conserved ends but l::cldng

repeats and having nOd ,sequence hOrOOlogywith the P factor
"Fawcett et: al , 1986).

n
\.'
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An element Cd hobo, having several 'features in common

with the P element but lacking homology to it'.~ was d1aract(:rized

( 1983) and Streck e: (1985) . The

presumed complete hobo e lement is 3015 pp l(1ng and nas a

12 bp inverted tersrine 1 -peat , The hobo eJement Iike tne

P elf.1n~nt. produces an 8 bp targ(!t. site duplicaticn sequence

upon tr-sert.ion. Fur tner , thete are two types of s tra ins

differing e.::t the molecular level.
Ii

Tne H strains contain
both. complete and deleted hobo elements and the E s trams

I

are devoid (if hobo elements. Genetic illstabilities such as

a \\temperature independent GO sterility and. some somatic activity

produced by the male recombination f'actnr-, ,~3. 5 MRF (Stamatis

et al , 1981; YannopolJlhs et: al., 1983), are thought, to be

caused by the hobo eiemlt;:nts (Yennopoulos et: at. 1987). f,,!$O~

the hobo element is resp~nsi.ble for high rates of chrcaosomal

rearrangem~mts (Blackman
H \

at. 1987; UIll 1983).

more 50 imi iar to the P

b~~ both mol~cularly nnd genetically,
than to the I system, in the

The hobo system appears

(!'iLi:e of the elements, ill the existence of term:nal repeats

, < and in the 8 bp dup1 icat ton of target sequence, Matiogs

Of PjS.tratns to M s trains and H st-atns tp r strains pr-oduce
I/:) 1
a GO s}erilHv .1.'nboth maies and females.__.-:::: " .

•:.-::::::.. II

(I

o
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1.1..2
The fol1or/ing discussi!on which topk place at the Cold Spring

:i
~ Harbor Symposium in 19n~ ";s an indication of the degree

of t;hifflge that has taken !/lace over the last 50 years:

" ,

in D. Uil'iZ'Z:s f~)ur unstabte genes in a relatively

shdrt time and that such have not bien found
ei sewhere. Havt~ you looked for them in {r~her

j)posoph:i Za?

I have looked for many years but have found

none.
(M Demerec HHI:l)"_.,.,... CII

1.L2.1 ftJt~tl0ns

Unstable genes have the ci1pad'ty of mutating in several dtrec-

t tons , but usually mutate from (r mutc1tnt recessive to a dominant

wi 1d-type. In 1928, Dsmerec '{Tg2~!) c,l'sported the presence

of an unstah,le gene) r>eddi8h-aZphar. in o. 7)1;'1,Uis. Three

other unstab 1e genes , mirdatt>;;r.~ 'Wings-;5.) magenta eye colour

and miniature wings-b {discussed in Oemerec 1941"~ were

also r"ouna in V.G vir'f.Ua At the 1936 suntner meeting of
the ~IGenetics Society Of America, Demeiret {l937} flave an account
''Of an IJnusuaHy high frequent.;' t)1~ spcntaneoas lethals in

" ,: (~l

an inbred" Florid/a stock of '\ melunoqaeter ; At this sall\l1i

"meetingt Plough and Holtho!J::;::H (1937) l'eported cases of high

mutability 'in tile "regeny of tnterstratn err es using the
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F'1Qt1 da stock. Subsequently Sturtevant (1939}~ Neel" (1942)

and hes {1945 , 1950} reported high mutation re+es in some
,

of the progeny of certain interstrain hybrids~ in D. P8(;ud4)cb.'j(~uJU
1'.'1

and 1). meionoqaeter respect tvely.

('

The maize geneticists wen; also aware of the ...potentiai for·

In 1914, Emefst>n (1914) suggested

that geryetic tns tebt l ity ceul d b~ respons ible for pert(;arp

variation in matze , Ihen , in the 1930s~ Rhoades found that

genetic instabn tty in maize cCl:lld be conditional an the

presence of ~. particular gene, the iJo1.;ted (Dt) locus (Rh()ade~

1938} 1941).

It was McC1i'lItO~r who, in 1947,

of broken chromosomes in mai ze ,

~--:!

while studying the oropertjes
IIfirst rea1: ized tMt a genetic1/

element i;an transpose

saw the beginning 0 of

(McClintock
I{I.

an ext,ensi ve
1947) • The next decade

investigation into the

controlling element families in the' .marze' genome.. , the A(~-D$s

Spm, and lit families (McClintock ii 19505 1951 ~ 1953, 1955;

Brink and Ni1an 1952; Peterson 1953; Nuffer 1954}.

S~veral researchers wisual1zed tl1(:: impact ()f trensposabte

elements Green 1969a) studied the
high mutatiml rates, of the gene £J{ite-cxoimscm «(lie) and concrtnfed

thl1tt this high mutatiorf' rate wa.s due to a "control 1ing element"
,~ n

which was integrated at a particular site in the :.Jhite gene.

()

('

II
II
il
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Fuvther , Green (l969b) showed that this "contrul l tnq e lement"

was capable of spontaneous transpos.tt tcn from its posifiQn
I;

on the X chronesorse 'ltd a new location on an autosome wher~(
i/

n

it lnte9rat~d. A" series of papers by Minamori and ct-}",woy'kers

descrfbed high mutational events in 0. mel.anoqae ter: and as(.r:ibed
:..~. l IIII

1\
\:
1\

them to an e:.:tracnromosoma'i element caned delta (see for

example Minamori and Ito 1971). The integration of cqntro l l ing

elefl'.ent5 at several .loct as a possible cause of high rates

of mutation was suggested by Kidwel1 et: al, (l973).

Crow (1988) considers "lithe fi'i'st unequivocal

of hybrid dysgenesis que to P elements" to, have been made
.:_)

by Hirai zumi (l911) \\lI'i:J reported the ph~nomeni;'u lif sponteneous

male crossing over in 1). metonapasser; Thi~ occurred ~n
the germ 1ine of the hybrld pt'ogeny of males from a wild

Texas populi'.ltion and females from laboratory' stocks.
Jtl\

'.J

Soon

af'ter , worldwide reports of mal£: reconbtnat tcn begCln to cppear ,
II

'Areas ,',where this took place included Northwestern On'lo (WaC:dle
II

'ilIi

~/

,and Oster 1914).. Aush'id ia (Sved 1974), ~1ad:;onvinc'l Florida

(Vo~l ker 1974). Southern Texas {M,atthews and Hira;,wmi i'97bh
Yug:oslavia. Taiwan and Japan {Yamaguchi 1976)~ Greece (Yanm'IPOUif;S

and Pelccanos 1977) and Cambridge, England and Oklahoma~
;:)

US,~ ,,(Woodtuff and Thompson 1977). Chromosome breakage W:1S

often found to be asscc+ated with male recoabtnat ton (Voelker

1974; Yamaguchi' and Mukai 1974; Yamaguchi 151'76) and a' few

authors suggested that male reccnbtnation was caused by ep+sones

((
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or viruses {Waddle and Qs,ter 1974; Voelker 1974}. Later

ind""~ct evidence th~~: male recombination was due tp t\a,.1!sposable

elements gradually 1Fcul11ulaterl. Sl atko (1978) reported that

new male recom~:jnatiibn tillit.}", occurred on tiHtd chromo~~omes
\ 0

()

of a marker s trs tn which were original1y free of the abi1 ity

male r~icomb\ratton dft~i'" , ing as:~(lciated wah

chromOSo~!e exhihiting a high male rE?(;ombination

Potential. h
II
/1
~ .)
I,

Matthews et: at. <t978) demonstrated the presence of new male

recombination (M1 elements in certatn chromosomal ... g;ons

after hOrrIJ,1090US/ association with a region known to carry
!; .

MR eleme(lts. Yarmopoulos (l979) provided e\'idence for successive

transposition of MR factor's from one autosome to another.

The data suggested that the sites of integration were not

completely random.

to induce
',)

a second

L 1.2..2 JIIsertfon wtant'S and hybrid dysgenesis

The! year;';. ''!:I76 to 1971 wm'e watershed years when the possibility
I

of a common source for the phenomena of mutation, male recon-
n

binationt chromosome breakage and ster-i l [ty was envisaged.
'.'I'

Occurrences, sVr~h as the reciprocal cross effects associated

witt} male tecombinatibn and Fl female sterility (Kidwe1i

and Kidwell 19~; $ved 1976; ~idwell et ~r~. 1977a; Woodruff
u

and Thompson 1971) a'1,<t the correlation between high spontaneoof\\

frequencies of recessiye\~~x lin.:ed 1ethais and female steri1it.
''\

(Kir1well et: al., 1977a)~ leJ~;to the unifying conce\~<.: of lthybrid

d dysgen~·SiS~ (Sved 1,76; + and Kidwell 19i6; Kidwell

~t: at. 1('77b) as descr-ibed \~ section 1.1.1.2. "S:i6sequently- ,\

many studies of these phenomena were made.
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A case for +nsert.ron mutants was made by GolubQvsky ei: at.

(1977) when they exami ned a ser: es of 11 independent mutants

The Sf"; mutants al l- stemmed from wUd maJes collected at Tashkent

(1973) and K¥:"i:;Mdar (l97ilj, in the U.~,S.R. On the bash
. i)

//
of the diagnostic genetic criterion of an tnordtnately high

mutation rate Golubovsky et at. (1917) presumed the mutations

to be dut:: to insertions ~nd inferred that IIforeignl! DNA -

sometHing analogous to IS DNA or phage \\DNA such as Mu was

inserted.

Then Gireen (l971l) isolated a male recQrnbinat1,on (MR) chrolOOsQme
Ii

from l~ila flies trapped on Mount Carmel ~ Haifa~ Israel and

used these chromosomes to generate mutations on the X chromosome.

SOI"1e tof these ma1e flies induced -:the nlt~ati.ve $n ir,sertioFl
,.}

mutation. Further,' MR signif'icalitly ln2~£sed the frequency

of mutation not only at the an locus but at the ."?a8be'J':'l'Y

(rus) and yeUl.'(;1JJ (y) loci (two other sex..linked mutable loci).

Green suggosted that the majority of MR generated mutations

were insertion mutations. Insertions were dh'ectly identified

by Simmons and lim (1980) using cytological methods in a

screen for mutations in the zeste-white region of the X chromosome

of P-M dysgeniC hybridS.

\,
jl EtrgelS: (l979a~ 1981b) investigated an unstable anele anw

(weaki(y einqed] it the singed bristle Iccus and demonstrated
.,

tha.t . the instabil ity was under the same extracnronosoeat

centro 1 as hybri d dysgenes is i.e. the mutabi 1ity of snw iwas



reversibly suppressed when placed in the background cytotype
known=to prevent sterility (i.e. P cytotype}. Enge·I~·l){1979a'

sU9gestf!d that agents causing hybrid dysgenesis b\~ reqarded

as "a family of mobile genes ("P genes") with simHar DNA

sequeftc.~s scat.tared throughout the genmnes of the P strains".

15

He furthe~' suggested that "~pese gene<; may become ttcI;.ivated

and perhaps mobilized in certain ce l Is , pa!"tir.u1ar1y ge:"1l'I~
'~\

cet ls , that possess tne M cytotype , The snw allele might

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

yields various observable effects an bristles when it undergoes
'\ .

its usual extr-achromo:;omallycontrolled changes of state",

Indirect evidence of the transposition of P factors was provided

by Raymond and Sinrnons (1981) who found a statistical coincidenceu '

'in P..M dysgenic hybrids betwe,er\ the phenomena of sr/.\Y instability

when in the M cytotype and "X- T\;tnked l~thal mutation tnduct+on.

They interpr~ted this observat.ton' by postulating that ~~:mutations
()

of reinserting e lsewhere in the ~"r·omos(.\me" -
\resultil10 in,-

Enge1s and Pres ton 1981).

II'

~\ \;,'
\1

\
\
\
\

\
\

\
I
\',

if'
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Ph):siolo.9]cal,_and Molecular Characte!i~~i.cs of

the P..M ~~~elR

Inl/f~stigatiom, into the: nature of GO sterility~ male recombination

and matational events have revealed" many of the processes

and mech~hisms responsible: for these phenomene.• There is

general agreement as to the nature of the ce l I line tnvo lved,

the necessary cytoplasmic background as wen as the timing

of these occurrences. Apa!·t froih this study {Chapter' 51 and

a few 6thers'! (see references 1n ~haf,tel' 5) most investigations

have shown hybrid dysgenes'! s to be restricted to thr: gt~rm
1./ 1 .rme , further, dysgenic S:;Tnptoms requ ire an M cytotype

backqround before they car. cccur and are suppressed in the

P cytotype (Engels 1979b). Finally as regards timingt the

occurrence of ctuster+nq indicates the pre-metorrc nature

of hybri d dysgenesis. Fot· example clustering shows that

male recombinat ion generally occurs in the mitotically dividing

premeiotic C'ige,~m_ ce l l lines (Htratzum! et: at: 1973; Kidwell

'and Kidlflell 1975; WO(ldruff and Ihompson 197i' ~ Hiraizumi 1979;

Isackson et: at: 1981; Sinclair and ~t'igl iatti 1985). Clu!;tering

of mutants also indicated the pr',~mei,')tic occurrence (If snw

mutability (Enge'ls 1979a).

Temperature experiments have also been used to ascertain

the timing of dysgenic events. the temperature sef1:sitive

pe~~iod of GD ster ity begins in' the late embryonic stages
and continues through the first and second instars thus indicating
that GO steri 1ity is being brought about ~~ the fai lure ill

\'1'\the early development OT germ cells which majl\ be taking place

~t the onset of mitosis (£ngals and Preston 1979; Kidwell
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and Novy 1979). Another- method that was later used to investigate

the time of GD sterility was microscopy. Niki and Chigusa

(1986) analysed GDsterility using light and electron microscopes.
They found that the first appearence of ~i) abnormality at

;;'
?9~'C occurred during !1ligration of the primodidl germ cells

to the gonadal mesoderm at five to S1, hours. Fut'ther necrosf s

of these germ cells was prominent in the gonads during the

first inster whan these cells ufjder~~o mitotic pro] ifera"dQfI

ia norma~ larvae,

"

1.L 3..1,. G~nadal dysg\~nesis
\\

'\
female s'~~rl1it.y is often salected as an indication of hybrid

d;s~~enesis~\\ being more amenaRle to study in that it can be
\

\\
observec di~.dly in the dyi~genic hybrids themselves !'3ther

., '\
than in theh~· oHspring ~{Itl it affects a larger proportion

1\ \

of hybrids than <H1~" (>ther trait. Although sterility occurs

; n hyhr ids of both sexes, the frequency observed in fema1es
'\U!~ually exceeds that of the males (Kidwell and Kidwell 1975a).

[)e1i~il(.1pilll:mtal tempera~ure tends to be a criticd.l factor in
1\ I'.. \

ttle induct.ion of sterility. Both male and female steri'lit/, I.
reach a maximum at a 'temperature \' of 29QC wi ih the temperature

\: \ "
sensithe phase O(;Cul'~~ng in a \\period extending from "iatt.:'

embryonic devE:1CiOmenCto "',the secono: 1arve l tnstar (see above},
\ 1\

{;Di fe'male steri1"ity was <shown to I(,pe due to the inability
. i.\

of ovaries to deve lop nonna~\ly "'!"'- th~ blocka~e occurring at

an early stage of ovarian de,\\elopl1ient ~,:,d resriHing in either
,'" ,-

unilateral
\_\

or , Il1Of'e commonly bilateral 'rudimentary nvaries
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(Schaefer gt; at: 1979}. Thus the term IIgonadal dysgenesisll

was used to descr('Je the type of female stern ity assoctated

with the P~Msystem {Kidwell and Novy 1979}.

1.1.3 ..2 Jilblecular characteristics

Molecular (;lon'irlg of P elements has been achieved and the

trensposon hypothesis confirmed by Rubin ei: at. (l982). They
1.1

showed that mutant (~'hite alleles centatned ~addi ticnal DNA

sequences. $inc~ 0 these mutatimls were induced by P-M hybrid

dysgenesis, the additional DNA sequences were called P elements.

P e1e'ments were found by molecular hybridisation studies
"to be present in 30-50 copies per haploid genome in most

P stratns (Bingham et: ala 1982). Furthers Bingham et: at.

(l982) showed that members of the P family transposed frequently

in P-M dysgen ,r,,; hybrids and that chromosomes descended from

these hybrids, often acquired P elements. These authors proposed

that the heterogeneity observed in the size and structure

of P elements corresponded to a heterogeneity ; n their genet'ic

r(~tential in thatJ some copies of the P Ellement retained,

wi~i le other copies lacked, ..certain properties such as the

capacity to express functions necessary fa I' transposition

and the capacity to induce sterility. This concept, they

used to explain thl;:',;\~rkin9s of Q strains by postulating
"'I

that Q strains lacfc.e~ coptes. of P elements which possessed

~\ the functional 9~fletic fdctor's responsible for hybri~ steril1tYt
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but retained other defective P elements. They also used this
to explain M' strains, i.e. stratns which have M cytotype
but contain P elements. Their approach was far sighted in

,)

view of recent research on deletion der'ivatives of P elements.

Severa,l members of the P family of transposable elements

were isoiated and characterized by O~Hare and Rubin (1983).
/1

who showed that this family of t~~nspOSab1fJ elements ranged

size from Iess than 500 bp up to ;:; ~\,9 KD autcnosous P

eiement. An naturally oc;curring P elements were shown to
i',r

ha:\i.e 3! bp perfect inverted terminal repeats and to dupl1cate

an 8 bp host sequence upon inser-tion. OIHare anti Rub'in (NS3)

suggested that the smal l elements had arisen by deletion

of internal sequences of the 2,9 kb elements, while retaining

the 31 bn inverted tsrmtne l repeats. These author's showed

further that P elements can excise precisely during hybrid

dysgenesis in that the P element plus one copy of the 8 bp
~~;_

dupl teet ton is lost in revertants and thus the nrigina" DNA

sequence is resto~d. They suggested that this type of excision

is accomplish~~ by revers ing the first steps ('h' the insertit:f!1
"

mechani sm as follows: staggered cuts are made ~t both copies

of the 8 bp sequence bound'ing tho P element. The ex(';sed

P elemen,t and the origina i insertion site are now both left

11ith 8 bp "sticky ends" that could be' ligated to restore

the odgina1 sequence of the insertion site and to form a

ct rcular P element containing .'.one copy of theda bp host DNA.

Such circular structures could be the ey-trachromosomal elements

lt/hich Engels (1981a) has suggested may play a role in the

determination of cytotype (see sect ton 2.4.3.1 L

,~)
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Excision and trans~':<,:~tion of P elements is effected by a

function (transposase activity) sup~ied by the 2~9kb P
/1' r~

(Sprad] ing and Rubin 198")// w1,' • can act in trans~ ~z men
',)

~l~t
V \"j -s:

/!(Enge~s 1934) and is thus e to mobt l tze smalIer defective
o

non-autonomous' P elements (Rubin and Sppa,dl1l1g 1982). P
"eienient ",)oi1izatiop may also be aided by a host ..encoded

protein (Rio and Rubin 1988). The 2,9 kb P e lement contains

f(.JUr ORFs (O'Hare and Rubin 1983)t an f'our of which are

finally the high mobility 1.1f P elements ensured their usefulness

necessary 'for tr ansposase activity (Karess and RuMn 1984)

as vectors for gene transfer) and P elements wete the fh'st

eukaryct ic trenspcsab le elements to be used as such. This ((

\
"

occurred in 1982. A plasmid containing the 3 kb P element
was l\1icroinject~rl into Dr'O~1DphiZa embryos and the P elements

were found to transpose frequently from plasmid sequences

'j!nto the chromosomes of developing germ line cells (Spt'adling

and Rubin 1982). Subsequently, c chromosomal DNA fragment

containing the rosy gene was ",inserted into a P transposable

element. arid the resulting transposon was used to transform

germ line tmoeophi.ta eel Is (Rubin and Spradling 1982). P
r-.

transpesons have subsequently been used to ana lyse many P

,~lement functions in Droeophi/la (xaress and Rubi~, 1984; Daniels
l

et al; 1987a) and Ii ~lement mediated transformation (fully

described in Spradling 1986) has' obvious enormous potential
I <,

in the field of genetic engineering. The mole~ulah. •

characteristics of P e1ements are further' discussed .more

f~rly in Chapters J~ 4 and 5.
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1.1.4

<',. "v''-,:;" not yet flj1 .y ul1derst(E.'l(l.
I .,\~v"

<~"<_<~l~l"r.!ing t"to

The evolutionary s'lgrJi ficance of mobile genetic elements

Th~.lr actions as mutagery'i_>V

l~ in \iuxtapositicn with a gene and thus iUter'lng

must have important genetic cml~equences. Indire·:t

to the organism {Goh1ing ~1tal; 1986) suggests that" selection

against indi vidua 1s harbouring these elements would take

o

plnce. On the other hand, theyries ~:lggesting that transposable
/\ {.!
} \ .

elements. ar·~.~)selected fo}", either at the population level"

due to their ability to ptornote genetic diversity, or- at

the level of the .transposon itself (the "s,p,1fish gEne!' theory)

have been propounded (see Syvanen {l984} for' a review, Engels

(1986) for an overview}. It is thought that some transposatlle

alements (sucn as P elements 1n D. mel.anogastev) may be direct.ly
,.-iti

o
t'esponsit~e for causing reproductive isolation, anc hence

I:,

be instrumental:' in speciation (Bingham et: aZ. 1982; Ginzburg

et: at. 1984) ~ 0;;,,' naIl \f
• . t • ...J' the rapid spr~ad of transposable

elem~f'lts

regardin~ the

a population has
\1;1

populat.ton dynamics

led

of

to severai theories

these eiaments (see

Br(lOkfie ld (1985) for an overview).

))

Tile emntr tca 1 t€sting of these theor.ies. together with dearer

in$ight .into the biological roTe
IJ " ,;;I

been aided by an enQrmous body
tran,spOSQns, has

) '..:

of' invest'igativE! practical

\1

I~)



si:udy of P

of g.';met'lc

of
'ions

many I, lines GQUected iJefore the 195~Js

in 'America ard b(~fore 7,he 1960$ Ln f.urop~~' Asia, and f,rrica

and Ke-pt in 1a:boratof'ies stnce then, have nearly al l proved

to be true M type, c(Jinplet'(~y 'iackit:g P elements (AnxolaMh~r'e

et: 1988b) '" P and Q typ.e strains i)egan to appeal' in n ies

colleet,,' after l~tiO 'if) Ame'i'ica arid then subsequently in
iI

!)

E\n'opt: and ~lsewhere in the world (An~olabe.here et: at. 19B2a~

1984, 1985b, 1988b; Kic;:A.iell et at. '1983; Yama!r.oto at at.
j,

1.984; Kidwell and Navy 1985; soussy and Kidwe1'l 1987; Woodruff

et: al; 1989). Today there appears to be a wor1dwide dina!

pattern in the distribution of P, Q, M and r)i\ sti'(':,ns, Thts
\

distribution pattern has, aided in both forming and, tgstil1~i

h,ypl)'th~N)esregarding the origin and the population dynamics

of P eh!ment~~ (see, for example , Engels 1981n; ~~'jdwel1 1979,

Southern J.\fri ca is one

of the few large single land areas which has been omitted

f:~om any intensive studtes of P elements in D. melanoqaeie»

up to (} now H()wever~ the d'is1,ributiofl of P strains has been

-::naractel"'i zed in both North and Central Afri ca (Il,mw 1a'behet'e

! ~lt" 1982a) 1984; Woo{jr'uff et: at. lS89)._ Thus in .(If'der

to comp'lete the survey of th~. African continent I have

investigated the geo~lraphical distribution of P element strains
/f
,I(
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cot tected from 21 dit)~,::;-r;;:nt sites in Southern '~fric(h mainly

dta'log the susmars -of 1~g7 and 1988. I have used female

mj st0rility as a means of stratn class if tcat ton.

The meastH'e of Dn";! mutability has, proved to be a sensitive

assay p 1979a,acthri

have measured the cn~i mutation rate through

the male germline

in order to assay for P factor act t vi ty and to test for' a

corre latfon between anw mutabii ity and GOstE!ri 1ity Ievel s.

The use of molr:cular techrrlquas has revealed the presence

, of defective P elements in all recently captured wi Id populat ions

which tested phenotYP'ically as M. ntis is a worldwide phenomenon.

In order 'to sscertatn whether this is the case 'in the Southern

Aft'ica populations , I have used the A(.~c 1 fragment of the

plasmid pn25.1. (01 Hare and Rubin 1983) kint;lly suppl ied by

~i.R. Ens:~ls to probe for P elements in a subset of' the 1987

collection.

Finally, most evidence 1;0 date points tt) P..", I'i,'b~'id dy,;genesis

being restricted to the germ Iina. On the molecular level,

Lask'/ ei: al , (19B6) showed that this germ line specif'idty

of P element transposition was due to differentia', 'mRNAspl icing

'in germ iine and somatic ti~s{.le. however, there are certain

indications that small alll',)uflt~ of P induced somatic activit.y

may be takin9 place. For example, Engels (l979aj obtatned
'.',

/" -'n somatic: anw mosaics out of a total of 8027 f'ltes tested,
: )

l .:
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I have consequently made uSe of a P Hne carryinq a wing~haif

m;H>K~r cons tructad hy one of my supervf sors (N van Schaik)

to test fur P '::lemeat .so.n,,·tic ac!:'ivH:y by eXemining the freqw::fIcy

of mutant clones on the wings of dysgenic hybrids.

study the dfsh'ibutiofl of P elements in Southern African

pl1)pul~tions is aimed at exanrining tile va'riatiofl that "is present

in d mm-M::mde'l'ian system. ,.FIn order to complement this tnvesrt-
.' f

gation a paral lel S;t:UdY/ (If ganet~c variabllHy in ailozyrno

systr'~f;l was ugdertaken. Any connection betwe~n the presence
\\'lor aiisenl~e of P elements in populations and the degree of

variabiiit;y within these jl10zyme systems could be investigated.

TheoY'etica, and technological advances in the fields of population

~netics I~nd molecular biology have resolved many of the

problems rl~gat'ding the origin$ amount and role of the genetic

diversity inherent in all species. The Mul ier/Dobzhansky

controversy regarding the presence or absence of genetic

variation w.ithin natural species was apparently 501\11"1 with

the advent of electrophoretic techniques which made it poss tble

for scientil!!ts to study polymorphic variation in the primary

structure of pqlteifl:i i~ bqth natural and lanorator;y popu'lations

of most organ'l sms:

\\



Piont~el'ing work with ,DY'C8Cph'Ua originated in the 19605 with

studies of protein ver+et i(m in D. melanoqaater (Hubcy 1963),

D. (Hubby and Lewontin 1966; lewontin and Hubby

1966) and D. cmanassae (.Johnson ef: 1966). These empirical

studies revealed the presence of a substant.tal amount of
\J

~JEnetic var+at ton if! the majority of natura" p(lpul~tiQns

fina!1y" the theoretical works of the population ge!':eticists

such as Hal·iane, f'ishfH' and ~!right, established th~ imp{lrtance

forces of migration, mutatfon, selectio~

in determining the content and subsequent evo.lutiOl1ary patr.

of natural populations. Thus the combii1a'ticlfl of theoret tcal

considerations and practical work i)n species such as o. meiana-

gaster' (wtr: lend themselves to Jabor~tory studies) together

wi th the ".mity of hereditary mechanisms has lea" to a grei) ~

understand'ng of evolutionary forces in many other species.

1.2 ..2 _!EtE!llt!u~df~trthe Al1ozl,'E Stud,l

Populations of [.'!~!.metancqaete» occur worldwide and have been
'\

found in a riive~~sity of habitats. Since populat.lons are

very lal'ge and since there appear to be few barr-iers to gene
1/
il ::>

flow because of the commen~,{~lnature of this spectes , pppu1aticns

Ii might be expected tv be\'tgeneticall,y" homogeneous' over large
C" "

areas. Stud'~'1s of D. melcnooaete» pcpu) at tons have reyea led

that this is not always the case. On the contrary it appears

(] that fer pat't.icuhr enzymes a gre.at deal ef genetic'>heterogeneity

exists among pOPul~}ions. This lac~ of homogenei~y has been

repprt~d for groups of populations located in different regions,
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I

pdmari]j in temperate regions in Ii the northern hemisphera
I'

including Not'th Amedca ~ Japan and tlJfOpe,. Addit'ion~l studies
, , /,,,

have been conducted in tropical and subtroptca t (( areas of

;\sin, in North~ West and Centrai Africa: and in Australia.

There are several examples of al lozyme heterogene-;ty on a

mesogeographic scale of 100 to 2001) kilometres. In the Eastern
{i

United States, censtdereble mesogeographic variation was

(,bs~rverl by (tt Brien and MacIntyre (1969) for the 6-Phospna··

g1uconate dehydrogenase (Pgd) arid 'ial'val Ai kal ine phosphatase

(Aph) loci and weak variability for several other enzjmes ,
I:',

Also in the Eastern United states ; Johnson and S~haffer (1973)

found clinal patterns exhibited in several enzyme systems

including tsterase"C (E'st ..C), EsteJ'ase-6 (E'st-6) and Octanol

o~h,ydrogenase (Odh) , and V·j'gue and Johnson (1973) found that

'Alcohol dehydrogenase (Adh) also exhibited a cl tnal pattern

in this a~''1a. in the Western United States, Voelker eb al.,
\' \
,1,,\

(1977) found significant allele-frequency differences among

populations for Adhtc sn-Glycerol~3 ...phosphate dehydrogenase (Gpdhh

Hexoktnase-c (ll<ox"C), and Malate dehydrogenase (.Mdh). In
,Japan, Watada et: at. (1986) invest'igat.ed allele-frequency

differences fgr ten loci from the main island and from southern

is1and populaltions, 5ncluding Ogasa\lI!ra and Ryukyu Islands.
\\

They "found ~\pparent geogra,phical differentiati,on among D.

meZan~G'a8te'1'~ ~OPulations, no~ only between the mainc>island
<) , 'C)

an~ )asawari.l, but also alT1Qng\)the 14 main-island populations.

In France, Charles-Palabcst at (1985) found considerable

VlH'iation among fourteen populet tons stretching fr-pm Tastes
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"near Louviers ifi the north and Tautavel neat' Perp:ignan in

C;\;~h. The enzymes showing a significant difference

1n al le le frequencies were r;si;-C~ Est-6. cpdh, and

Phosphog iw.:omutaS€1 (Pgrrt). ))

()

<:onsiderable gen~tic heterogeneity has also been observed

~m ~ macrogeographicv .•cros~ .contlnents. An
sea 1e of savere 1 thousand ki lometrp.$

inyestigat~on of six Afrotropical
~)oplilations fr'om the People+s Republic. of Ben'in

1;0 Bur~'O'di in the west~ showed that there was a
If

(If hetet·og~neit.Y among" these populatlons (David 1982).

in the (I east

gl"eat ~!~gree
II

Investi ..

~Jations of the pattern of al le le-frequenctes in three zooqeo-

~Iraphi:: zones Australasia, North Amer'ica and Eu}'ope/As'ia

,'evealed latitudinal variation in five enzyme systems (Odh"

Adlz" tlpdh, 't,\;d ~nd Eat-6) as well as geographic variation 1ft Acid

I>hosphatas"e (~ and G8pd (Oakesnott et: at. 1981. 1982a, 198301,

:~983b). F~nally)the investigations of Singh et: al-, (1982) and

those of Singh and Rhomb~r9 (l987a,b) who examined 26 and 117

'loci, respectively ove,r sever~r c~n:rnents, showed that, althou~h
'h - .d bl t \ . ... . f ~:~ ere WitS cons'. era e :lene rc Varli.;A",10n among areas '.or ;'lome

toct ~,.the overa-ii 1 degree of differentiation among these wid~ly-
"\

;;eparated populations \'las $til1 typical Of c,fifferer.tiation among

at tons of the same species.
o

/I u
D

(J

o
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tion
In or:l!ll'\ to ~rehend fully the reasons for genetic

i\ is nece~sary to obtain as much" knowledge
''\
~ts

'~

differentia-

as possible

about nature by investigating natuI'j! 1 populations of J
u. ~eza~~~aste11 in as many varied environments as possible"

Up to th~, prasent , no large scale study has been conducted

on Southern .Afdcan populations ~yf D. mel-anoqas zer; This

was noted by authors Singh, Hickey and David as 10ng ago
as 1982 {Singh et: at. 1982) at which time (to my knowledge)

the first study of Afrotropical populations took place {David
~,

1982j. In an attempt to fi 11 J:his gi.'\P I have investigated

the patterns of gene frequency and theh~!· implications in

17 Southern African populations. of a, rl:weJgas.t;el" extending

over 5 000 ki lometres from NOt'thern Nafui~, through South

Afr'ica to Zimbabwe. A hierarchical structure co~sisting of
o

four different levels of population division has been superimp?sed

on these 11 f,.uupopulatiqns. The four Ieve ls are? in ascending

order of spatial separation:0

Level 1

Level 2 \ .)

Level :)

Levei '*

sites within districts
dtstr+cts t~ithin areas

areas withi~ region'

regions within Southern Africa.

I iJ evaluated the
~.

amount of gel)etic
(*")

differentiatiofri between

the subpopul at tcns withi~ each hi~rarch"lcal level and between
1)

the levels as follows: \\
0"

Ci

o
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(1) The G statistic of Sokal and Rohlf (1981) was used n

order to assess any significant diffprences between subpopulations
within levels. Whete significant hgtercgerte'lty precluded

POOling) approximate F ratios wtre computed in order to compare

the nested levels with each other.

(2) A gene diversity analysis was used to quantify the amount

of heterozygosity that is lost due to populat ton subdtvs iori.

This study al so made use of indirect methods to assess the

i:!mount of gene flow that has taken place in the past. between

$puthern African populations of u. mel.anoqaete»: The population
structure revealed in (lJ and (2) ab6ve was analysed in the

light of the yene flnw rer::.l its.

. " /
The envjronmental geographic and cl imatit conditidhs in Southern

jl

Africa are not repeated anywhere else in the wot1d. Consequently
0:,\

this study PT" the distribution of a l Iozyne-f'requenc tes has

afforded a unique opportunit.y to investigate c l ina'l patterns

that may shed some iight on possible allozyme adaptations.

I have thus examined the correlation between the frequency

of the most common allele in five of the enzymes studied,

with latitude and longitude. I have aJ SI) Iooked at the corral atton
I~~

with the two climatic v~riabl~ - rainfall and extremes of

tempe ra tu re,
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Finally I have made use of this study to try to shed SOl1'e

1ight on the origins of the Southern African populations
/" J

. 7 .". :;",' f' ht .ot V. metanoqae ter, n, met.anoqae ter 1$' one 0 e1g species

of the mcZc.n.ogaster suu!Jroup of which six are endemic to
the Afrotropica1 reqton (temeunfe~' et: 1986). This fact,

among others, led to) the hypothesis (now wldeh accepted)

that s, melanoqae ter is of AfY'otropica 1 origi 11 (Tsacas I?:!; at.
II

1981; Lacha+se et: al., 1987). 1tis not cer-ta HI how 1009

D. melonoqas te» has been present H1 Southern Africa, Thgs~

',,Populat.ions could have Origitl(Je~ due to it southward migration

of the ancestral populations in ))Central and West Africa during

the late Pleistocene or Holocene periods (Lachatse et at.

1987) or even eariier. Alternativ~ly present day populations
c, () r

,may have criginated at a Iater time by dispersal from West

and Central Africa or by cotontzat.ten from Europe and Asia
<i

through human ilTmigration (see Oavid and Capy 1988). In this

study I compared patterns of" e l Ie le-f'reqeency distribution

alliOng Southern African populations wHh those in other, parts

of the world particularly Africa, in order to obtain some
insight into the origin of these poputat+ens.

«
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If

,',

The p~~\ system of hybri,1 dysgenesis (Kh1well and KidweH 1976;

Sved 1976; Kidwell et at. 1977b) is act ivated when males of

a P strain (pate}'nal1y contributing} are mated witH f~mal~s

of an M strain (maternally contributing) in tnat, the progei,j

of these, mat4ngs man'if' various dysgenic symptoms (discussed

in, Chapter 1). .These symptoms are not apparent in the progeny

of the reciprocal cross (P ~ x Md..nor do they appear in ..the

progeny of ei ther fl ~,x P if or M ~ x M d' crosses. The"P",Msystem

of hybrid dysgenesis is intel'preted as being due to the inter-
c-action of two components. FirstlY, P strains possess many copies

o

of a chromosomal geneti~/ factor, called a P f'actcr , which leads

to hy,brid d¥sgenesis and which is found on all major chromosume~

(Engels 1979b; Engels and Preston 1980). S;~condly a ~ternally
\

derived component is responstbre fer the non .. reciprocality IJ~::)
q

the dysgenic syndr()tOO. The term Icytt')type i is used' to designate

the ability to transmit thi s maternal' tomponen\~; cytotype (which

may' be of type M or P) is determined by c~lromosomal factors

but "lith" limited cytoplasmic transmission (EngEl!1s 1979b; Kidwell

19~H). Thus hybrid dysgenesis may result ft'(11m the interaction
,II

of P factors (\nd M cytotYj:J~Ubeing present to!!Jethel- in the same
,I

zygote.

\'
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<, (\ "/

Studies of i)'l'osophiZa melonaqaece» pcpul at ions have taken place

in many parts of tn~ wcrld. Over the years a variety of tech-

niques have been developed for inve5tigating the P-M composition

of wf)d stre ins , these include GO sterility studtes , 8~,W muta-

b'iiity tests and molecular hybridization experiments.

Unknown strains have bE-en div'ided into four different cateqor+es,

r, Q. M' ,and M.~ .':\ P strains (Kioliiel1 et: at. 1971b) possess the

P cytot~pe (Engeis 1979b) and' have the p'!:t:!1tn't'ia'l to l:roduce

p 'factor acti'lJ!,ity 'in a suitable background cytotype. This
::) "

P factor activity i,s thought to be closely related to tralisppsase

production. Q strains. nave P cytotype ~lJt a low level of P .factor

activity (Kidwell ,197~/. Although they may carry complete 2,9 kb

P elements. they do not cause GO s'terl1ity when" crossed to

M stra'in females. r~strains (Kidwel1 et: al., 191j-'t) can b~ di~ided

into two types ~ pseuco M and true M. HI (pseudo M) strains

carry a variable number of P elements ..(Bin~ham et: al., 1982;

Kidwe11 1985) but they do not induce hybri d dysgenesi s when
(,

crossed to M strain females. These stl"alr1s, however, have been

shown to reduce 1eve1s of hybr~d dysgenesis when crossed to
C':J

P strain fIIa'leS (Kidwell 1985; SirrlTlOns and Bucholz 1985). This

partial repression is distinct f'rom P cytntype in that it",Pil

innerited biparentally (Kidwell' 1985; tHad et: al: 1987) and
'-' ()

(I



;) 33

general and in particular by the KPelement - a P factc/r· internalL;
i~I

deletion der-ivet lve cloned l)u'1; of the Russian stt'~in KrasfIOriar

(Bi'adf at al., 1987). M (true M) strains possess M cytotypc

(Enge:s 1983) and have no homology to P element. probes (Bingham

. . "19x"')e c at., _I:.. \
", I, ,
1/

WorldWide findings have revealed the. following: ')
(.~,J
) J \

Lines col lected before the 1950s in America and Japan' ana before

the 19605 in Europe ~ Africa and the Middle East and kept in

a ,iaboratory since then were nearly an (trlJ(~) M type (Kidwell
- <~':::';I

'1~3; IJdwell et: at. LSIll. vama,to et at. 1984; Anxolabehere

et at. 1988b'). P and Q'~type ttralns began to appear in strains

collected after 19S0 in Amet'i~a and then subsequently 'irb Europe.
o

The 9.;!ograpbical distribution of strains collected after 1970

is as yaHows:

c 1\ ( , ;
(a.) P mainly, but \ sometit'nes c;Q strains are found 'l'f{ North)'and

South Ametica where the Mcytotype is either absent or present
.~

onlY at very low frequencies (Engels and Preston 1980; Kidwell

1983~ Kidwell et: ala 198'3; Kidwell and Navy 1985; I.nx(l1~nehere

et: ala 1983b).

{b} In Europe the q popul at ;1):15 appear to domtnata (particularly'':'

in France) a lthough there are tfle occas lana 'f occurrences of

P populations in places such as England, 8elg;um; Italy and

()

(_J

franOE. Pel ements appea r to decrease infrequency as one moves

eastwards towards ASia, so that" populations if'! Middle Asia are
c: '\~.

t"J
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\\
an M cytotype but in Central Europe gonadal dysgen€'sis studies

suggest 3' c:rl:otype polymorphism (Le. P/l\1 cyt6typ,S) sho~il1g

a mixing of the' stratus (Al1){olabehere et: ai; 1982i:i3 1985b; KidweH
(/ -

~t at. 19b3)." in ,]ali'\,~nand the Far East, P or' G populations

predominate, a1~t:OJ9h some ¥. strains are present (OhisM

1982; Kid1tJien 1983~ Kidwell et: at. 1983; Yamamoto et:
H

Ie,) In Australia a north to south cl tnal pattern has been observeo
\\ .1;

along the eastern seaboard. The northern popul;;rtions from 16,9° S
1.1

to 33s4° S are phenotypical'ly P, populations from 34,4u S to

,'0 37~lQ S are Q. while populatiQ~fs from 37,S" S to 43,2° S are

M (Boussy and KiaweH 1987; Boussy 1987).

i'::.>
(;i

Cd) On the African cont tnent mainly the norther" and central
;''_,,,

~.~...f

parts have been st:..;oied date. In North Africa~ M strains

pr~dominate, whereas Central sub~SaharaN Africa is popu1ated

by P and Q strains (Anxolabehere 191; al; 19B2d, 1984; WOl.)druff

et: at •..1989').

In South Africa l six M type and one Q type strain wefe obtained
.I~ (I

fr6m·'col1ections made prior to 19]0 {Kidwell et al; 1963}. Also

two Southern African strains obtained in thE 19705 tested as
(\

pure M Itnes (Daniels et: 0t~. 1987b). Thus, not. much work\~ppears

c to have been done on the geograph.r,c distDibution of P elements
o <~.~~/

in Southern African populations of )~. met9zorjQsti/r'"
~

This study constitutes th,e first in gepth survey of P*M hybrid
I,

dysgenesis in Southern Af)~'.:,:i:'. \: P~'fJulatl(.1J~s~ apart from one
. -, \~~~~~,

l tne , were collected, during the sumners of 1987 and 1988 from
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fig. ~.~ C A pair of bil&l;enlly ~~c: IMlrtes fJ'Qtl
... adlllt raised 'It 29·C. Magnificatfon 35 lit

C.!
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within the jOint 95% confident;~ rectangle. For this 71easou#

I have introduced four intemediate catenaries: P~Q, (H)~ M~Q

and Q-M and three indefinite categories "'?, Q1 and P? -in addition

II ~th~ prevtous three categories P, Q and M. Taole 2~2 and
II -~"~" ~,Y C )

Fig. 2'.~~nlustrate this ctasst+tcat+on. The axes {Fig. 2.2}
" c=",,~
',.j ~\

represent r.~at1Ve freql!encc;:s of Sl> sterH ity in crosses A

and Ax ('t?mamoto et: air. 1984). Each squ,ftte on the diagram

represents a Joint ~onfhfence region. Thus the point with

coordinates (PA' PA*) - the estimated GD sterilities in crosses
A and A* re~pectiye;y - is the centre of the square which has

sides of 1ength 2SA (;::2$,11,*). This illustration in Fig. 2.2

is purely diagramnatic ... it assuces the joint i:\onfidence rectangle

is il squere.. s,e, SA ; SA* and also that these values are

:::! 0,02. In pracuce SA;fSA~.and the ~,:::jlies are closer to 0*1.

The strains whH~h were classified as p~ , Q1 or M? are likely

to have been so\"classified due to a high level of background

sterility. Intermediate strains t ,e, those which were c'lassifh:~d

as P-Q, Q-P, M-Q or Q';;Mmay be unstabte strains which were,
undergoing ~ hansition from one state to a: )ther or they may

be stable strains which were maintained in this tntermedtate

state due to the bal ancing forces of P factor activity and

repression. A strain was unctasstr+ebte if the values PA and

PAlirwef'e both >0,1.

2.3.1.1 Analysis of Southern Af~ican wild strains
rne c'lassification of the Southe~'nAfri.~~n wild strains together

with their 95% confidence regions 1S given in Appendtx A.
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diffl;rent local Hies rarlijing from Northern Namibia~ through

South Africa up to Hilr~m;; in central Z!·mbabwe. These populations

resist gonadal
dysqenes is l.ls'lng the si'nw:1ard f1:ferel1ce crosses , p, and A*. {The

Of a

P s tra in (K1 -t 1
I I

/)

10711); Engels and Preston 19HO}). In

ir~ strains co! !ected 'in 1987 and intr'astrain crosses wet'e

rasu H;5 of this chapter inrlicate the presence of' P! Q and M

strains in Southern Africa. Further ~\ clioal pattern from
\

" 'I (1 /)'

northeast to sl"luthwest was observed in th,e regu Iat<.t",y abi 1it,{
"

-;and P factor actlyi~y of these collections.

f.9.1l!!!rtlJ?_n of wn!tl):.l!!tqno~~~.and. ~;.~..~abl!s~]~
of IS(ifemale t1nes-_,.,..-.-.' .....,""~--,~,-""

Ii

Empt,.v plastic bottles such as 2 'I itr Cola <'bottles with

a small window cut into the side were used as trap$: "for wt'ld

flies. A ripe}1.anaM~ spli,t len9t~lWr.yS 'Has'; piaced at the bottom
'~)

II

of t'i'i~' bottl e rm top of a wad of coetonwoc 1. The, cottonwoo 1

was li;d to abtorb the 1iquid produced by the )'l;Je ~)imanas and

thus prevented n tes from drowninJ}, partkuiarly during
(I

()

1/
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trensportatton of the traps. senerat ly, a few 'LTapS were placed

at each :z~11ection s ite for anything from 3 days to 2 weeks
, "~~

(the ba!1ana~\ were replaced with fresh ones when necessary) >

/)

Traps were placed under fruit-trees near garbage bins or even

indliors occes'tcnal ly. ~hese traps wer\~ nearly always efff.:ct'ive

hut in ad6it:it1h to u. melcnoqas te», this procedure also t~'app~d

imj~Jvidua1s of D. eimul.ane-; a sibling sPtlcies of [1" meianoqaete»

which closely resembles it and is foun,~ in :;imi1a5j/~irclJmstances.
1,,:/) .-

Thus" after capture, indiv'idual females were place-d in separate
II-

vials and tt:E= genitalia of thtjr male progeny were" examined
D

undef the dis-s.ecting microscope ..,(""this being the simplest wa,j'
, \"-

to di.f~rentiate betw~en the two species. i' The isofemale 1ines

of D. melanoqaeter wet'e thus estebl ished.

2.2.2
Samples (If wild 'type D. \.melanoqaete» were collected from Ii'

~)

cdfferent sites in Southern Africa. An effort vas made tv cover

as variable ~ ter~ain and as large an area ~!rossible and stocks
were obtained from Namib'la and Zimbabwe as well as f'rom South

Aftit;:a. Tabie 2, L shows the site loc;ittc~s t the date the flies

were \'!aught and the numbers of isofemale 1tnes tested for P-M
(i

gonadal dysgenesis. i\

;-, \'...,_.._. , •__ -._ _.,.~ ,~ ,__ _, .._ ", -;",.._,,_Ii. __ .. _ __ •." __ ..•. _

.0 the males of both D. mel anocaetier amI u, (~~nr.tZ(J.rlS a discoid
.... - I,

pr':),;:ess arises from the pvstE'rior margin of the genital arch.

This process is large and protuberant ir. e imul.ano (resembl'ing
iO) ~:::

a small bivalve s~en when viewed together with tts" partner
'i

Oil the oppos ite sfde of the body) ~ whereas in mclarwg.:w'~e),l' the
"

t::t'l}T~spoJ1ding process is much smaller and is discerlljble ;~n'jy

under extremely, h'igh mag,rdfication. Thus seoarat.ton of males
))

,of the two S'p(~cies in th+s.menner ·is uneqctvecal .
;/
II;;



Collectionisofemaledysgenesis
sf tes, dates and number of

lines tested for P-M gona:da1

(\!r~COil~~;i:~;·S·i;;--·---T-;t;~----··lNumb, ,;;-:f1
I
,

, j! • "1
! I ~) I 1s~~;:: e !
L- ~~.-.-- l---------+---~--___lI I I~,'
I Namibia I i I

I ~: ~:::::"nd I ~~: ~:: ! :~ I
"

3 Ai Ais I Oct 1986 15!

'II,· s, South Africa l~ ~:!,-,

4. C~pe Town Oct 198~ 14,
5. Gordons Bar !Jec 1987 4 I
6. Plettenberg Bay i Oee 198'! 4,

Port £1izabeth J I
ji

.

7. Sumrr.erstrand Oct 1988 ' 19

8. wa.lmer I Ott/Nov 1988 6 I
I I
r Dec 1987 4 I
I I

16 I
1: I

9. Mac'lear

Ourban

10. Berea
Addington Beach11.

!f

Dec 1988
Oct 1988

I 'Johann~)Sburg "Lv--~ "!Northern suburbs/113. Northern suburbs
, 14. Southern suburbs
15. Pretor'la

II Dec 1988
1987 Dec 1981/1984

Oec 1987

1988.
1984,

16.,. Hammanskraa 1
I 11. He Isprut t
lIS. Piet~rsbllr9 .
I 19. Agatha

-'(I
20. Thoho.yandou ,

Zi.~
21. Harare

TotalL .. ._.___.._....0 -"_

1) 1.\

Dec 1987

Dec 1987
No, 1988

tl~\l 1987
Oec 1987
Oct 1988 j

I
I

,Oct/Nov 1"988I

I

I

31

5
4
4
4
16
4

4

12
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An genetic symbols not otherwise explained are in Lindsle_}j

and Grell I96B}.

Two hundred and six (206) tsofemele wild lines derived from

21 different Ioce'l tt tes in South Africa, Nam"5b'ia~~d Zimt>abweo

'lI'2: A strong P strain obtained from W.R. Erlgf'!is. This strain

has many effective transposase and GD sterP ity producing P
"factors throughout the genome.

\1 y anW(,M)/y"'l'; bw; st: Obtai nap from W.R. Engels. The tytotype

is M and there are no P factors other than those inserted at

or near the einqed locus. So this strain ts ~trictly speaking
\

an M' strain." However, I\t is a stable strain (Enge1s 1984) and

it has been found by Arkco~beh~me et: al., (1985b) to react as
\

a more sensitive M cytoty~e than Canton~S;: (a standard r~ tester
(! \

strain)_ This strain will h~reafter be referred to as 8nW{M).

2..2.4 Ot!scr1ptio_!! of~ Cro$~.L)4ilde and Methods Used for GO'-----~----
Steri:!~tlT!.~11~

In order to determine the type of an unknown (U) strain, the

fol1o~'in9 crosses were made:

cross A: {.mW'(M) ~ x U fie,

Female py'ogeny were r~issected for gonadal dysgene5ij~
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(;'('05$ A determines the level of act'ivity of a 3ttain's functi()nal

P eiements when they are in a derepressed state, Le. it measures
.'

P activity potelltiai.

Cross A* determines the cytotype of to ""knO;n strain. r ,e,

iit measures tne aoility of an Un,\f.;'lOwn ferna'it; to resist the action

of a KnQl'!n pc. strain rnaIe in causing gonada'} dysgenesis.

"",

In Mdition 37 of the wild strains (those ~"allcct<?d in 1987 and

thfl one col lected in 1984.1 lI-!ere t~sted for background sterility

by performing the following crosses (and ssecting') the feltlale

progeny for GOstern ity): "

Cross B (rectprocal of cross A): U ~ x t\ ..~W(M) c'

Cross B* (rectprocat of cross A'If): 1I'1!i! X U 0-
I"] """ Ii

Cr~I$S B measures the background stern ity '~,infemales genotypically.,
\/

tdentfcal to the femai~ prlA)geny from Cl'OSS A. This star-t 1ity
')1
{.

may (,arise ,m a low level of P element. activity in lines With

p cytotype or ft'om other causes. Consequently any stern ity

in cross S hybrids ceulc s~rve as a measurEi\\agaillst whiCh the

steri1 ity of cross A hybrid~ can be judged and in this sense

cross B serves a~ a control, Cross e"~;\usuallY does not lead
\ ...

to steri Uty regardless of. the P-M properties of the unknown
(.'

males Md" females. ~o cross B* measures background levels of

GOstedlity in ngn-dysgendc crosses involving the uJ~now\1Hnes. \\
'.. //

1\
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Fina 11y 134 of the strains collected in 1988 were tested for-

tntrastratn GO sterility,

o
Virgin females were held fl)Y' 3-1 days at ;Wc?C after' ec lnsion

before cros s tng them. For each cross , 15-.20 pairs of fl tes

were mated en maeec in half-pint bott1es contaii1~n9 the standard

\\ yeasted medi um as prepared by the Department of Germtic!.,

Univel~sity of the Witwatersrand, and immediately plated at 29°C.
()

About one to two days after ecl os Ion , flies of both sexes were

transfer-red to fresh bottles and allowed to matu~ at 20~\C for

three to four 'days before the fem~)es were disseC~~d. Fig. 2.1
, (', " Ii
sl'lows the difference betweefl the norma], and dysgenic ovaries.

An oVdry W~' scored as nondysgenic i\ even one ovar+cte was
~:.) )

developed
"

(Schaefer et: d. 1919) • The frequency of gona.da1
.. ;.

steril ity was calculated by divid'ing th~ numbei" of dysgenk

gonads by the tota 1. IlUmber of gonads scored.

tl
'/

In order to account for sampl ing errors' in crosses A and A*

Confldence Intervals';.,.-._----------"..,;.;;2.2.5

a 95'% jOint confidence probab\n ity was employed (Lout/ and van

,Aat'de 1989). Thus,1/ PA and p!\* at'€! the GO stert ltty frequencies
',) 1\

and "A and "A* the sampfe s izes in crosses A and A* respect+ve ly,
/'\
lhen a "95,~ joint confidence r~g;ion for t~e propor t icns of dysgenic

c, -;;(. " (;)

1/I,

<)
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((

'..::::::.

ScaN~111g elKtrot\ llicroscopy .photOVfll!h of a
ft4r-..'l "{''''f'1 frOl ....Hul t raised, at n·c.

~
\\

ii



(ii)

.~
Pairs of .-.1 O"Ari~'\"'t'OII \\_ ...lt$ ralSt'ld
at 29"C. ~1!'\
Milgntficati~: (i) 35 x

(U) 56 x

42



44
1\
it

!

PA :t ZA ~MI-PA)/nA}~ and PA* ± ZA*(PA*(t'~lf-lc)/nA*)J,i

where p(l-p)/n is the variance {p = PA, 01r PA*; n ::: nA or nA*}

a~d Z (l ::: Zp. or IA*) is the standard normal deviate. If the

vaIue, of Z corresponds to a confidence ·Iievel (for eacn indi-
:

vidual cross) of (1, then, since an overal l 95% confidence level
• !

is required, (X is obtained from the equ~p ity: (l-a)2 = 0,95,

whence (".L ;;:; O~0254. Thus Z ::: Zp, ::: ZA* = 2,23~1!.

()

2.3.1 Clas!1f]sation Scheme
I -~

The estimated GD sterilities (PA and PA*l obtained in crosses
" I,

i
G A and A*~ together with 95% confidence regiol!Js (PAtSA and PA*±SA1;)

• 'I, il

are given in Appendix A, (::in..: 2,235(:rA{l-PA}!nA)~; $A* =
2,235(PA*(l-PA*)/nA*)~2. "A and nA* are thil! numbers of ovaries

1

dissected in crosses A and A* respectivelji'). It is useful to

be able to type t.he wild lines CiS M, Q or in order to obtain

a picture of the geographic\, distribution", Fol'lowing Kidwell
I 'I,

(1983) and Kidwell et: at, (11:f83), the 10%\ GO sterility leve)

was used \~S t.he demarcation 1i!\e in thclt a ~\,train was des iqnated
\

M if, it produced <10% dys~Jenic\\ females in eross A and '>10% in

cross A*~ Q if 'it gave <10% dY$genesis in bot:h reference crosses.

and P if it gaqe >10% dysgenesis in cross jl~ and <10% in cross
'-. Ii

A*. Remal'kaMy most wild strains fell

of these three c:tegori es. However,

!:

clearl',,'tY into one or other
I'
Ii

when i,lthe 95% confidence,
'il ,.

regions (section 2.2.5) wel~e evaluated it was ~~oundthat a certain
\1 ,I

ami;unt of (Iver1apping between p~ Q and M area~\>sometimes occurred
I :J .n

,:

(r I
'I

11
(i I'

II~",_, ~., __ ,IL __ "~__ , • ._"._"." .._,, "
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"
.!ab:t!f z ..~ P...Q-M type classification scheme used forSouthern African populations of Drosophiw

~Zancga8tel' on .tfie basis of 951 cQ.nfidence
reg togs fat' SO ster-i 1ities in crosses A'"and A* .

(,

iCross A: snW{M) ~ x U ~
cross A*: U ~ X "z cf '_i

tJ is the unknown strain, f.mW(m)a~d 't2 are described
in Section 2.2.3.

2PA~,PAw are estimated JD steril ities ob~ained in
,

crosses A anOA* respectively.
SSp =: lA (PA{l-PA)/nA)~' SA"" ::: ZA*(PA*(l-PA*}nA*}J..i
where "A, riA* are the sample sizes and ZA, ZA* are,
the standard normal <ieviates for crosses A and ft.*
re~;ectlvely. For a joint ~5%confidence te:Jion
ZA := lA* ':;2,23:>.
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Kidwell (1986b) tntrocuced a r'efine~nt in "the classification

of M Md'ip strains by d'ividing M strams into true M and pseudo

M (W) st"'ains {Kidwell 1985} anti P strains into moderate

and :.'tfong P as follows:

Ii

cross A Cross A*

M (true)

HI (p$eudo M)

Q {weal< P}

Q ,'I 100

Ow? O-lOG
0" B~10
11-80 0-10

81-100 0..10 o

~ri

'p {me' :'ate)

According' to thisv classification" all wH·~.'t~ str-ains in this
\~::y" '-." ~~'ht'

study except Ais 4 and Wal 3 ~re of type pseudo M. Ais 4 ~nd

Wal 3 both had GD sterility l'e.1.a.the frequencies of 0 and 1

in crosses A and A* r~specthelY (Appendix Ar~ Thus accordinS7

to the above classlf1cat'ion these stra"ins could be either true

M or pseudo M. No strong P strains, wera obtained. Figs ~.3

(A~P) !thow GO st~ri1ity frequ{.'ncies for"aach individuaJ collection
1/

site as point:; on a graph with axes representing cross A and

cross Ale pe~centa9~ GI) sterilities (Yamamoto eu al., 1984)"

Ott~y two strq;itHi were completely unclassHiable.,

Ais 14 afid Rut 2 (Figs 2.3 C and I, Appendix A).

These were

Intr-llstrain

t(Kid~ll '$; (l~~6b) Table 4 also included refel'ences to snw

mlJtability which have heen om1tted here).
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stern ity for Ais 14 was 14~6% and for Rut 2, GD sterility in

die reciprocal cross 8* was 7,9% (Appendix B). So botHi of these

s1:r'ains had high background ste;i1it.Y which would explain 'their

inability to be class tf ted. Altogether 204 out of tile 206 wild

Southern African strains had GO sterility <10% in either ~rOS$

A or cross A* (or both). Thts distribution of GD s~erility

is not unique to 'Southern Africa; indeed it appears to be a

"w(lrl dwide, phenomenon, For example in a series of studies spread

over regions includ~jlg' Europe, Africa, ,~Sid,l India, China\ Japan

and the Americas. not one of ,approximately 150 di f'ferent strains

had GO sterility >1C% in' both cross A and cross, A* (Anxoiabe-
_,~'"O\ III) "

h~re et: a~ c:t982a. "1984~ 1985b). Wlth a few exceptions thfJ,. -""".-.,J" .. :.

same results ~re obtained in an investigation of approximately
1.1

100 strains col Iected fr'om the Americas, france, Czechoslovakia

and the USSRover the past 60 years ~nxllabehere et: al . 1988b),

as weI'I as in an extensive survey of strains from the Americas,

Europe, Aftka, the Near and Far East and Australia (Kidwell
\! ~

ee at. 1983) Boussy and Kidwell (1987) observed th~t of 620

strains tested worldwide. 0.111,11 56 were not within 10% of either
(.;

uis. Thei\iJi>~onClUSions were drawn from work done in Japan

(Yamamoto et: at~::;'1984; Hih,ara et: at. 1985) J in North c America

(Kld\r#ell and Novy 1985} and in Aus1q"al ia {Soussy 1987; Boussy

and Kidwell 198?}.
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The P factor activity for P t P? and P-Q intermediate strejns

varied from low values of 10,3% GD sterility 1!'l Nelsj:H'uit and

Thohoyandou (Nel 2~ Nel 19~ and Tho 3) itnd 1014% in Durban (Ber 15

and Ber 22,) to values high in the 205. There were also a few

exceptionally high values, llamely :!4,5% (Nei 12 in Nelspruit)l

\\

36,2% {Har {) in Harare). 36,'5% (Rut 4 in dohannesburg}, 37,0%

(Tho 1 in Thohcyandou}, 43,2% (PIS 1 in P'iecersburg) ,mo 52,8%
. 'I

'\Nel 20 in Nelspruit). The P suscept ibt l ity of M, M'? and I1-Q

strains as manifested in thi! form of cross A* GO sterility shewed

even mo~vatiability. For example in WalIT'.er, PQt't Elizabeth,

GD sterility in cross A* was 100% for Wal 3 and 10,3% for. Wal 7.

2..3..1.2 Indefinite strai~s and ,ptenediate strains
.,

Of the 204 classifiable stratns , seven were ind~finite (two
i' '

of t¥pe M? one of type t~? and four of type P?) end 41 were

intermediate (9 of type *'Q, 6 of type Q..M, 14 of ~ype P-Q ind

12 {If type Q-P}. Bere~, (Ourba:li) had the most intermediates

(~j; ttJe rest were scattered' fairlyJ evenly over an col Iect ion

~ites. The indefinite strains showed flegl igible or no
u

intrastrain/reciprocal cross steriHty. Thus there was no inter ..

ference background sterility. These. crosses were classified

as indefinite owing to the confidence, regions overlapping the

10\ GO steri1 ity boundaries. It is poss tble that these strains

were in a state of transition at the time of testing. The two

,f(f strains showed too much P factor ~ctivity (within the 95%
"confidence region) to" be classified as M. They could thus be

" fil the process of changing fro!!1 fit to P {due to the recent -ac-

qUlsitign of P elements). or the;\COli1<1 be changing the other{\
()
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way. Strains of the £11 type are those whose confidence regions ,'")

over-lap the 10% GD sterility cross A* boundary. Thus the P?

strains found were lacking sufficient reguiatory power to be
j,~-

classified as P strains. In this respect. Kidwell (1986a) stated

that strains with high P factor activity and low regulatory

abi1 ity nave been shown to exist transtent ly in the laboratory.

These types of strains tend to evolve into a stabie_ P, Q or
;_\..,

:.'-:~i
M state or to go to ext.tnct+on. Further, Boussy a~~>\Kidwell

(l9S7) stated that such strains (showing elevated P activity

and low regulatory ability) were found in the wild in 1983 and

were 1ater shewn to nave changed to a state 1ike that of the

norm of tlje population from which they came.

2.3.2
Table 2.3 indicates the number of PIP?, 0/0?, HiM? and

u
intermediate strains obtained at each collection site. Some

;; /)

of the col1ettl0n sites showed clear patterns of either a central
i";

P, Q or Mtendency whereas others tended tn be more polymorphic.

The M type sites were Ai Ais, Cilpe Town and Port Elizabeth.

Mainly ~\ltypes (which tended to predominate throughout) were

fauna tf Swakopmund. Ourban (Addington Beach), Johannesburg

(northern suburbs 1988) t Pretoria. Hammanskraal and Agatha.

The only P type site was Harare. The rest of the ~es tended
• r' ~

to be polymorphic. The P/~ polymorph1sms were obtt __,/ in uurban

(Berea), Ne01spruft, Pieterst>urg and ThOhoyandou. Two of the
,/,i

collection sites, Plettenberg 8ay ~"d Johannesburg {northern

r:j
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\1

I SwakoomundI GObab~b
. ! Ai Ais
1(, T ..
I ..ape ,ow..I GQ.rdons Bay

'I Plettenberg Bay
i Port ~) iZdbeth:
I Sudrstrand

Waimer
"Maclear
I Durban:
! Serea

Addington B.eac~
~

Johannesburg,:
f N. subs 1988

N.subs 1984/81

(._I, 69
.,~)

The numbers of p~ Qs M and intermediate Ci

strains Gbtained at each col1ecti~n sit~.

2
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suburbs 1984/1987} had comptete mixtures (P t Q~ Mana M? in

the former and P? t M...Q aIltl ? ~n the 1atter). Si nee these sites !;'

had only four (Ind five stratns respect ive ly, this conglomerate

of types may not be a true picture of the real distribution.

A rota i of 28 PIP'! type strains ~ 77 Q/Q? type strains. 58 M/M?

2.3.3 Intrastrain and ~1!rocal Crosse~

Rectproca! cresses (cross °8 and cross 8*) were performed on

all s tra ins collected in 1987. These crosses were not performed

on. strains collected the following year, however, tout ;'l10st of
'0 \:,
the 19Ba collections were tested for tntrastratn sterility at

29°C. The results of the reciprocal and intrastrain crosses

are presented in Appendix B.
i\

2~3.3.1 Reciprocal crosses if

In mo~t cases the reciprocal crosses (8 and B*) showed low Ieve ls

of background steri 1it~i. There were t however, fOllr cases where

the levels of gonadai dysgenesis wev'e abnormally ..h'f!:,jh. Rut 2

{as mentioned above) was not classifiable due to its high levels

of GO sterility in bath crosses A and A*. This strain may have

.been tested when it was "in a transitioflary state as evidenced

by the high level of background sterility in cross B*. Den 1,

a Q strain, had a rate of GO.. steri1 ity in cross B of 9,0%,

possibly due to a low level of P element activity in the progeny
(I

if'

when the females of this strain were crossed to M type males.

sa 2 and GB 3 (both M stra tns} had levels of SD sterility in'·)

cross B of 13.8% and 6,0% respectively. However, the high levels.. )
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of GD sterility? in cross tJ.,* {26,O% and 65,0% respect ive ly]

ru 1ed out any 1ikeIihf)od that th iss ter il ity was due to Pel emen't

activity. H
It is possible that these higher ..than avera9*" leve1i·s

of GO stet'i l t ty in cress B stem fr(im a general background ofo
infElrtility when the females of these stratns were exposed to

l aboratory males , This is supported by the fact that the lev~i

of GD sterf l it_'{ in the A* crosses of these two Gardons Bay 1tnes

was highet' than thaJ obtained in the A* test crosses with the

other two Gordons Say st~ains, GB land GB 4.

2.3.3.2 Intrastra.in crosses

Most lines showed no or negligible intrastrain sterility at

29°C. High levels of intra$tra-in sterility could indicate the

initfal S'preading of P elements within that strain pr-ior to

regulatory ability becoming established. Cytotype switching

tends to 'lag behind P activity induction (Daniels et: at. 1987a;

Kidwell lit al; 1988; Good et: at; 1989). for example, the intro-

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

minatiort resulted in initial {generations 9 and 13} high fre-

quencies of intrastrain GO sterility which by generation 60

was reduced to the normal low frequencies of sterility observed

in established lines (Kidwell et: at. 1988). Similarly high

Ieve ls of i;trastrain sterility due to init(t~l P element contami-

nation which rapidly fell over the generations were also found

by Slack et. at; (1987). Danels et: at: (1987a) using P trans-

fo~ation techniques' found significant levels of tntrastratn
'-c'1 ~'~

sterility in lines tnto which~'-P e7.'~~nts had been newly jnl"o-
...;::

duced.



'1?,..
other' hiJ.Rd intrastrain sterf l ity ;flay due in pa_rt ti.,

the "atrophte gonad~ue" {ag) character F[~ri.quet' 1976) whidl

is J quantitative gen(;tic trait de

on chrososomes. 2 and 3 (Periquet t

,nee by genes located

The ag chatact~r ~ 1ike
GO sterf l ity, can affect e ither ',ie or' both gonads and is

temperature sensitive (Peri 1976) . The re lat ionship

) any) between .ag and the P-M system is uncertain (Per iquet 1980).

Anxolabehere et: at. {198~aj t~~itet1a strain containing tile ag

character {Marseil1an 6S} by moier.ulitr hybridiz~iion techniques
Q

using a P ~dement containing probe. ·8.nd found no evidence of

P elements in this strain.

C?

Si~ of the collection ~~tes had strains showing intrastrain

GD sterility greater than zero, Table 2.4 shows <~11 U'ese
'~')

s tratns. The results of the' cross A and cross A* GO steri lity

tests arl! also given.

(,1

Ay..art from Ais 14, which could not be classifted (dtscussad
(1
'"

above) five of the six str~ins shO\'fing GO intrastrain sterility
gre:::.ter t'ran 6t." were all of type M, the sixth was of type Q.

Of the eight Ai Ai.s strains tested, fcur had intrastrain sterility
. 1,greater than zero and th~p.e sh~~d fairly high levels of sterility

{l4,6~, 11,9% and '8,0%> indicating the poss ible presec~ce of

the ag character or some ether CAuse of ~teri1 ity in .th~t area.'

\ ..,
a
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1 ""\JO sterilHv'" •

I, Stra; n "'Or1,,91n t I-:~tras teal ri ~ c;:~~.:! Cross 1)' r. ~
I ,---i-.........,..._·-.... r .~.,.- .. ----i.

I, tl . I nl I % eo l ,,1 ! % GO I! nl I %' 'GD 1 Type!I ~~._.,..JLj t . I It· i.star i l ". !
i i.",;::.... r.:-l C'. is ~n .. i is ~rl-. is,~n-l ' I
! . l.l. \,.. /1} '-:>11'!ty I 1 .....1.1ty.. ; t lity . !

~

i_;;__..L'~' I • '--' t -J/ ... , --4-_:k,._:t~(\ I .~-~
wak.12 ~~lakopmundll I 58! 5,1 11501 'O.r, L~~J0 ! ~,.L
ob -; 1 G~babeb ,661 3,0 11nl 1;2 ,,160'1 3,7 1 0. r

lGOb 7 IGobabeb II' 68i 5,9 1150, Ch 176l 1~1 1 Q I

I Gob 101Gobabeb . 941 8,5 It.50! 0 11821 ~O,8! M

Gob l~lGOb':'Jeb I 6°11

3,3 !150/ 2,7 12221 23~4J M
Gob 211G"~.beb 60, 3~3 115°1 0 i1441 44,4 M I
Ms ., Ai Ais 29,5 M I

8 "Ai Ais M I
14 Ai Ais ? I
16 M Afs 50 8,0 WOl 0 136 26,5 14"1
4 Port Elizabeth is 5,1 I 681 2,9 100 72,9 M

lO(lpor~IElitabeth, Ht\f.7.lu4 0 i 76t 84~21 M f
41l)urblln " W81 )1"'.,1 74 6,7 11181 Isle:,,! QM-~"

: :::: !~l 2!:;'~~~: 1~,7I ~:It~:: I p'

15WtJfban 96t, 4,2 1134 10,4 I 84, 0 I P-Q'
18 Durban loot 2,0 1128 0 1041 0 I Q
19 Curb,," JOOt 2ilJ 11341 11,9 i1081 0 I P-Q
4,Nelspruit 100j 1.0 12281 14,0 1128 0 P"Q

Ne1- sjHehpruit 1001 1.0 220 1,8 2g O~9 Q

t ~el lfslNehpruit _.j_lO~t _2.0 1268r 0 11781 3115 .M

1n is the number of ovaries examined 0

Jable 2.4

"I Ais
Ai!?
IAis,I S5
i S5
I Ber
i
11k.'!'
I,

f Bar
I Ber
! Bar
tBer
iNel

Strains showing ifftrgst\~ain steri1 ity g~ater
than zero" their or'Fgin" ..type :slfd GO
stern itje~ obuine3 H~\crosses Ar,and A*

\/

1\
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A strain from SOllth Africa caned Limpopo (so presumably originat-
'jog no somewhere near the Ltmpopo river which forms the boundary

betWee"\ South Africa and Zimbabwe) was founc to hav~ high 'intra-

\\~~ain steriHty (19% in females at .29"'C) which appeared to

"occur 1!ldependently of ~he frigh GO sterOity produced tn a P,·M

(cross A) referenc. cross, (Daniels et: at. 1987b). Ai Ais is

) in the Fish Riveif' Canycn ani'.! it is tempting to speculate that

there may be some connection between the two. However. the

i'tWQ rivers (Fish and Uropopoj are separated by the Kalahari

desert ana SI) rt is pr-:;hably rf'f,re'ly coincidental that hig!: "1tt'a~

stra in GD steri lity was observed in 1tnes collected fl'om these

two river sites.

rive strains from Gobabeb re'lealed intrastraHi GO sterility,
II

'but three, of them &re negligibly low. The other two were 5.9%

for Gob 1 ,a Q strain) and 8lt5% ft'r Gob 10 (an M strain). The

Gobabeb coH~ction. site produced .3 mixture of Q and Mtype strains
,

-so this GDs'terility may be dwe til indpin~t P element act tvf ty,

Stronger evi(jence for this is pt'esented by the Ber 6 line. This

is the line which sho\'lec the h'ighest percentage of GU intra-

strain sterility (21. ,9%). Ber 6 was the on'ly M type strain
, '
\ present tn th~ Bf."·~a col teet.ton. ,!The ether 15 1tnes from Berea

}}

were at' type P or Q anc th', lines from Addington Beach, the
,\
"

other' Durban s~te') wet'e all of i,type Q. Thrs might indicdte

that this ,intrastrain GO ste~"i1'ity was due to P elel11ent activity,
,

in a strain which was changing from ~, to P I'l."fl had not yet deve-
I'; /' 1,1

lQP~d its regulatory facilitfes.

(I
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2.3.4 .~J9.r:aJlhif.ai®tribg~ion

fl 9 .(\~."4" sl1o\'.:,$ the di str,i but ion of thtJ 204 Southern Afri can
\" '\ )

strai~ which were c1assihable ifl the P/MiQ system. For this

figure indef-i'nite strains P? dnd M? were cl asatfied as P and

,.., respec '.,;;1y while .the intermediate strains H-Q, tH '1-P

and p.,c} were c lass if ted in M. QJ Q dnd P respect+ve ly. L'ir.e;;

from Namibia in the vest were &11 of type Q err r~. There wa!;

no evidence of str~)!·\.9P aetivity in that areA,.: There was also
If 7,

no evidel1t::e of P act'lvity alar,,; the SOUUi coast of South Africa

Le , in Cape Town. sordons Bay~ Plettf!rtberg Bay 0\ POi"t ElizatJ.eth

with l" .• ; exception of one strain from Plettenberg 'Bay (P'lat 10)

cnl lected in 1987. To the east, P activity wa-.s first apparent

in Durban (Berea) although that area 'is mainly of type Q. To

the north three P ftt'ains were found in ~lohannesburg in 1987

but in the 1988 co l lect ion only one P strain was present. The

1987 collections in Pretoria znd Hanmanskraal were mairly Q.

The number of P strains gradual1~ increased ~ftla northerly direc-

t ton and on the eastern ~ide between 25"S and 17°S, only one

M strqin was found to be present (in Nelspruit at 24)'~8().s).

In Harare, the northern most collection point (17 t83°S), 89%

of the strains were of type P.

2.3.4.1 Clines

'\
\1

The mean GO stern ities obt~ined in crosses J\ and A* were e\lalu~·

ated for each cot lect ton site (Table ,2.5). In order to d(~tcct

Clny significant geographic patterns'; of 'distt4'ibution the Spe~n~an

Crank correlation stat st tc on mean cross). and cross A* GO steri-

l(

Ii '
II
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\\,

C:J II ()_0- ~

fig. 2.4 llI'strlbutiQll of p._lIII!laft09!ster:, POPUl1t1oris
.~~lIIPlecl iii Sotithem AfriCi. MUllbers COfTeS"
pd.'1C! to luMber of isofeale line!> t:tstt\d
ift ~..eh are.",
to!" the sike of ~h,nty. f~c1 pie
dbgrUl$ have been .. lguatecl for tile
f'oneWIng (;ollect'lon sites;

(1)
(Hi

Cape TCHrIft aid Gordons Bay
Plettenbcrg Bay and the tw Port
El:babe.th collecti(m sites Suraer-
$trl~ and WalMe~~
Beru .,Itd A\tcltngttlll Belch in Otlrhn
"'lr~nr's~burbS 1984. 1987.. 1988 and
southern sulmtbs in Johamwsburg.
P;-et\)ria Iftd HaMansk ..... l
Ptetenbutg 1M Agatha

t,J/
(vi)

1ibbt"t~btiOfts for COntkot1. sites lre~
St!: _It~; 60: G'obabeb; M: Ai Ais; CT: Cape TMi1\;
66: &orOGftS SQ; PI: Pletteftber, 8Iy; PE: fort Elb:abet..h;
Ie: ..dell',. 01,: 0i0lY'bu; ~: Jo__ sburg; 'T: Pnttorta;
HK: *-"$b .. 1;. ,IS: "'HpruU; flli:PiatersburtJ; AS:
Ag.-tbl; TH: ThahoJ$itd(! .. ; itA: DaRN.

J)
/1

(I
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Mean GO sterilities obtained in crosses A and
A* for 21 colletti\)n sites tn Southern Africi,~

"

II"..---------..f;_---r-.. ---~-- ..---ir----!
I r II !

I Collection s ite I Numbel' of I GOsterility" !
I ' ! Isofema le I- ~..;_--- , -'---1

I 1ines I Cress A I (>'?SS A* !
!-' -.----H-,~___L.-,----_l__.,.-----L.~---,-~.-__l
I Swakopwlld I 10 I 0 10,118 t 0,174 I
1 Gob{\beb G I 1B ! 0,010 ± 0,010 . (I" 132 ': O,~81 I
IAi Ais I 1145 I 0,015 ±,0,016 0,433". O,I~O IICalle Town I' I 0 0,328 ± 0,128 I
I Gordons Bay I 4 ! 0,003 ±' 0,008 o!-34~<:± 0,281I Plettenberg Bay I 4 I 0,100 ± O~175 0,208 ± 0,336 I
i Port Elizabeth:!! ,\!

I Summerstrand I 19 1.0,005 ± O~007 O)56g ± 0,137 !
Walmer 6 0,00,4 ± n~0!3 0,614 ± 0,391 I

Maclear 4 0,003 ± li,007 0 ..078.t 0,126

IDurban: 'J

Berea 16 Ot083 ± 0,036 0,033 ± (-1,051

I Addington Beach 16 0,007 ± 0,011 o
Jobannesburg:

N.subs 1988 8 O,OZ9 ± 0,050 0,,024 ± 0,035
,N.subs 1987/1984 J;; 11°,198 ± 0,158 0,099 ± 0,045...
S.subs 4 Ilo,lHZ ± 0,017 0,063 ± 0,067

I Pretoria 4 !io,na.~± 0,011 0,050 ;1: 0,101
IiIHalmanskraal 4 110,037 :~;0,051 0'

<) Nelspruit 16 o, 109 ± 0,076 0,026 ± 0,042
I

0,195I Pit:terbtirg 4 I
± 0,233 0

Agatha 4 (1,024 ± 0,036 0,005 ± 0,014IThohoyandou 12 I 0,100 ;1; (1,067 0
" O,208":tL:~.ra~e 19 1 ' Ot044 0»{)03 :t 0,007

.,.,__...._,j""__

__ __j

For each meant 95% confidence intervals are given.
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\
\ lity was used to test for associations with latitude and longi'"
, • 0

'\Ide.
'\ ~

\\ 1\

~~ fO~f latitude and a sil)nifi{;.i!nt positive cor'relat lon for Ionqitnde
\ . 'is ,e"1, 'r)

""".J1 {rs '" 0,507; P.tO,05} was obtained w'lth cross A Gil steriyfty.
//

Jhus P factor ac.tiv~ty increased as the latitude decreased and

78

A significant negative correlation {r;~, ::: -0,474; P<O~05}

II

thtr longitude \I~ct'ea:;ed in a .rtheasterly direction. .As far

as, l~e9u1c:tory ability was concerned, d highly zignificant positille

corre,~aticn (rs = 0,609; P<0,005) for 1atitude and a negative
\\

corn~1~'~tion for IOf!!Jitude (rs :::: -O~773; P<O,OOl) with cross
\\

A* GC \tern ity was obtained. So regulatory abi 1itt.: increased

(cross ~tGO sterility decreased) with decreasing latitude and
1,

il'lcreas1nt, longitude t .e, in a northeasterly direction. Thus
, \" ,

P factor \~ctivity and regulatory ability increased together'
I'
i'
1\

(as would b~' expected) in a northeasterly direction.
~\

,
Clinal patt~,.ns on both smaller and larger geographic scales

than the)jpres\)nt one have been observed el$ewh~H'e in the world.

for example, itNestigations in the Languedoc\..Roussi 1100 area

,,~ France covering a distance of 250 km revealed ,oaclinal pattern
i

with weak P populations in the northern zone,' Q populations
,\

in the centre and M' populat ions 'in the south\ (Anxolabeher'e
~ \

et al..\./1988a). On a larger scale, a latitudinal,: cline along
\

the east coast of Austral 1~ fro~~ C~~rns OatituJ~ If.it9''S) in

the north to Cygoe~ (43 t 2(l S) ,,1n tt r sout,~r;1(a distanc~' of approxt-
() \\'! -< //

mately :noo km) compri sing P '...in ~he north Q in the centre and
\;~\ ' .:

M type ~pl.llatidt\s in the Si}utn wasi found to exist (Bous ann Kid-
'~\\.well 1987).
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ft. west,·east analysis of 27 strains sampled from Fr-anc'? in WE!stern
,;!;

EIJrope i to Ki~ghizistun in the USSR revealed a clear gradhmt

from Q type "strains to M type stratns (Anxolabenere at al; 1985b).,
Geographical patterns worldwide and hypotheses regarding the
reasons for these '.distr'ibutio!1s are {Hscussed in Section 2.4.4.1.

The pattern of geographica'l distribution for Southern Africa

(fig.2.4) revealed a ~reponde~'ance of 0 type stretns , Of the
)1 i'

206 strains tested, lip wel'e unambiguously Q type strains and
}i

II

another 41 were intermediate Q type strarns , The rest consisted

of 55 M type strains t 24 P type strains and 9 strains which

wel~e of t,¥pe M?, O·? or P? or were unc lass+ftable,

Of the 21 collection sites examinE},d, 12 showed a tendency towards
I,

either M, P or Q type dominand:ri" The other 9 coli~ct'jon sites, .

were polymorphic in nature, mainly P/~ or Q/M type polymorphisms.

Such polymorphisms have been noted in the wi ld in populations

around the world. For example in North America (Kidwell and

NO\lY 1985) and in Australia {BOUS5Y and Kidwell 1987}. Indeed

an extreme P/M cytotype polyrnOl'phism was shown to be stable

over a period of fiv6 years in Nasrl Allah (an oasis in South

Tunisia) (Anxolabehe}~e et: at.. 1982bj Izaabal ei: at. 1987) •

.
\. A clinal pattern was eviderrt in the Southern African distribution

in that the P strains tended to dominate in the northeast and

M strains were present in large numbers in the southern areas.

The samples from Namibia in the westt consisted of M or Q type

strains.
1\
\,



A significant correl at'lon was obtained with both latitude and

longitude with cross A GO sterility and a h;,Jhly significant

corre lat ton with 15ttitude and longitude and regulatory abi'lity

[cross A* GD stern ity) "indicating an overal l northeastern to

southwestern decreese in regulatory ability and P factor' activity.

Knowledge regarding the origins of P elements their dynami.cs
Ii /1

and the mechantsms of P element regulation may help to reveal

the reasons for this observed pattern •

.ru:J $Ii ns 0t:..~ elements

J.J.,\. melanoqaete» is a member of the melanoqaete» subgroup of

\~he melanoqaete» species group of the subgeni.ts sophaphata; Many
\')

dhpersed repet+t.tve DNAs including copia , 297 and 412 which are

found in o. melanoqaete» have also been found to be present in
u

two of the sib1ing species, D. s-itrruZans and D. maul"itiana (see,

for examp~e! Young and Schwartz 1981; Oowsett and Young 1982;

Dows~tt 19;83; Martin at 0.2.• 1983; Brookfield et: at. 1984). However

DNAhybri(,ilzation studies ha¥e faiied to detect any P homologous

sequences 111 the sibl ing spectes .D. eimulane;

D. yakuba, D. tGn:ssim"'i, D. orena or (J. eeeata (Brookfield ei: al ,

1984; Anxolabehere et at. 1985a). On the other hand, P homologous

sequences have been shown to occur in f'our of the spectes groups

within the subgenus sophaphava, A non-sophophcran species from

. the genus Drosophila which showed homology to P elements was

D. naeuta from the subgenus Dl?OSophaa (Stacey et: at. 1986).

Even further afield,ONA froll'!. a species from the closely related

q~nus Sr:aptomyaa (s, pal.l,ida) was found to hybridize POSitiylY

'!lith a P element probe (Anxo'}abehere et: ttl. 1985a). A 1isi'~ng
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of the species of the sophophoran subgroup which showed positive

hybridization with P el ement probes and those which tested

negative are given in Tables 2.6A aild B (Srookfield at at. 1984;

Daniel s et: at: 1984; Anxo:abehiH'e et: at. 1985a; Lansman et: at.
\0

1985; Daniel s and Strausbaugh 1986; Stacey 01; al-: 1986). 'fa try
J_;

to assess the Significance of these findings it is interesting

to look at them in the light of the phylogenetic development

of the Sophnphoran species.

The Sophophoran radiation, which is the second of five successful

radiations of the Drosophilldae and is thought to have occurred

before the end of the Eoc2ne Epoch, consf sts lria'iniy of four

groups: the eal tane and UJi'lUit.oni lineages in the New Wor'ld

tropics, the melanoqaete» lineage in the Old ¥orld tropics and

the obecura group which is more widely distributed than the

other three groUpSt being found in both the New World and Old
/:

Wor1d north temperate zones i ,e. the Holarct1c temperate zones

(Throckmorton 1975).
The eal.tane and lIJ1;U'l:stoni groups are the products of a Single

Sophophoran lineage and the pdmary troptcal disjuncticn of

the melanoqaeiev g''i'oup in the Old World tropics and the eal.tane-

wiZZistoni iineage in the New World tropics is hypothesized

by Throckmorton (1975) J on the basis of geographic distribution

and continental drift, to have taken place in 01.igocene times.

On the oth' hand, Beverley and Wilson (1984), using the evolutio-

nary changes in a larval hemolymph protein (LHP), estimated

the time of divergence of the melanoqaetes and wUtiatl'mi 1ineages

to be 53 mill'ion yead' (MVR) ago. The obecura group is maSt



A : Species of the subgenus SOp'1wphol'(j,containing P homologuus sequences
,......._..._ -""---r-- --r""'-------Ii'<-"t'i'
i ~ I i! Spedes group I Sutgt'ollP ! Species _ I~~"'--~-- ! ... --- ..--.-.---t------.--------.-l!me t(l.nOi~n;aH;eT' I :~~~~~!a8te~I ~;,~~~:(~~~t:r!
I ! 'f'ic!~!3phiZa I ..;~iO~3p.hi:~al')b II ! suzukii ! z.u'}ipemZe,sI6 !
, OO$(!Ul'a I obseura m~ldi.:;;iX'<2n$1:$::3 I
I ," eubobeouva ':j !

'

I 1:1' . bifasaiata:
i

1'1*vseudo-
• obsL~um3? '-Is 6

'I' I' affinis affinislf" 6 I
heLueiriaa 3 I

II WUUl3toui IJil;Ustcmi W1.:Z"U$tom:4~5.1 6
ecp.t.ir,\o:r:aZia');, 5,6
tr'opl,aaUst;J 5" 6
pa.u'U>atorwn2•4•5•6
pa?,Zovekian..{).5 ,.

snebuloea ....~5" b
\.suaain.?a'+, 5".6 I
I. " "4 5 61r.-agn·u:c.l1'),/:Z,1. " .t

tumipennist.,6

$~z.tan$t'! 5.1 b
au»t2'(J. to-

p~~,:!i~:~;~~~:6 I,
ZUfaZtana5

.d.,t.evanti4 .•S, Ii I,
mill,el,·-t5

\ . t--- .....--------+--·-~-'r--~---\o!"-"'-
Brookfield et al. 1984
Daniels at at. 1984 \
Anxo'fabei1ere et: at, 1985a \
tansman et at. 1985 \\\
Daniels and Strausbaugh 1986 \

\Stacey et: at. 19a~- \'
·Oiffe,·ent researchers reported differir.g t'esul~s
for these species. \
tIn this study two different P elements probes \were

employed. Only spectes which hybridized posi~ively
with both probes are 1isted in A. \

\

sal-tans eal.tane

L _
L
2.
3.t
.tI.S.

"d5.
*

o
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Tal!le 2.~ 8 : Species of the subgenus Sop'hcp1-,ora which did
not show positive hybridization with Ii', eleaent
probes

,......... -~'--'''''''''''''--r'--.----''''----------:-.. i! Species group i
r;;;~~l;;;;;-----t
I I
I I
j I
I il II I

I
I(
II

Subgroup
melonaqaete»

montium

j'iav.sph'l.: La

arr.ana8sae

eZegans

takahashi

obs()um

eordata

elUptiaa

l~
2••., ,....

Brookfield at aZ. 1984
Daniels et at. 1984
Anxolabehere et aZ~ 1985a
Lansmen at at. 1985
Danjels ~ild Strausbaugh 1986
Stacey 6t • 1986
Di fft.-I'crtt researchers
these :;pecies.

4.
5.
6.
*

\\---~¥"----..___,
Species" I

+-----~r__---1'
$imu~a1:sl'r ~ I
mm<!"!.t1.an4~J" 3 !

1 7': !uakuba ,,-"11 !
t.ei8s-ie:Pii" 3 I., ,

or.ena' I
el"i;wta' I

i
I
!

ill*fiousplii"la :3

ananaeeae 3", I; 'I
maierkotil.iana 3

boaauet-i>
}:rtA1"iai 3
*kikka.wai3

e "lagana 3" 4

(j

II

eugt¥,laiU$/3~ )~

II!

*pseudoobstmr-a 1

I
neoeovdata 4" 5, 61

emal'gi'l'1..ata4, 5" 6 I
neoe'ltiptiaa5 i-------------------~

;}
//:/'

reported differing resw1:ts",cfor

Cj

t In ttl; s study two different Pel ement probes we're
employed. Only species which hybridized positively,with both probes ar~ listed in A •



B : Species of the subgenus fk;phopoom which did
not showposithe hybridizi.tion with P elea:nt
probes

r;;Cies 9SouP ,--~groupr -~----~-__,...--"-----
, "",Zanogast",·· I melanoqaeter

i:.· I. I

I :. I
,I !

j I
I
I
I
I
I

i
I

"I

I,

--::'-:\7-
c

! obscure
t lJiZUeton.i
so.Z tans

'. '~i\

!
l_

mon,tium
"

j'iOUBphila

II
}',II

eZsgans

eugl''aciUs

takahaehi.

obscuru

tViUistoni

cordata

eUiptiaa
\::',------"'_>-_._---

4)

Species 1
eimu lane I~3
mauri triana 1, 3
yo.:l<t.tba1 ~ '3
tiei.eei.er-i 1;> 3
o~'ena3,
ereota:1

bocqueei i

burlai. 3 _
*k.ikkawa'i '3

vul.kana.l
. ;;:

*j'£'au.8pi(il.at?

ananaeeae 3~i-+
"~?el'kotUana.l

elegarl:,83, If L.
~~'}

~'~ugmcit i8 3, 4 1
takahaehi." I

+peeudoobeoura 1 I
ineulax-ie 5

neocordata I~,5, 61
ema'(Jgi'P.a'to.4~,5,6 .
neoetliptiaa' J

'i. Brookfield et: at. 19S4
2:.t Daniels et at. 1984
3" Anxolabehere eti at. 1985a
4. .lansman at at. 1985
5. banielsand Strausbaugh 1986
6. Staceyat aZ. 1986
* Different researchers reported differing resu[ts forthese species.

t In this study two different P element probes were
employed. Only species which hybridized positively
with both p!:-';)besare listed in A •

;~)

j)
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c1nsely rellt~d to the melanoqaete» groupj and is beUevcd to, )

\ !
have or1ginat~d together with this group from a COO1l'!on proto-

\1

me1anogaster 1ineag'l? in the v:fd World tropics (Throckmorton
,I, '
\;,.J

Ii 191!iJ. A molecular estimat:e of 46 MYR ago as the divergence

o tim!: .of the obecura and melanoqaete» groups was obtatned by
c-

f!everley and Wilson {1984}.

In many cases the patterns of DNA hybridization ()bf~ned in

the wiUietoni and eal tane groups reflect phyl09t'··'tic d
<. ,/

relationships (Da~iel sand $trausbaugh 1986) th'US. SlIgge-Sling
that these sequences have a long evol uti orlary -histOf'Y in ttkse

" :';1

groups. Further the presence of P homologous sequences in the
1)

th~e species subgroups wiU·istoni, eal.tane and obooura of the
'\...

°suiig~ius Scphophora would seem to indicate the presence of

P elements in these groups priot' to the Sophophoran radiation.

However, certain anomalies. present; themselves under this hypo-

thesis. namely the discontinuous and patchy spread of P elements

throughout all the spect es of the subgenus Sophophora and the--

difference in thti conservation of the P,elements present in

certain species ..,! For ex~mple P homologces from the melanoqaete»

species were only:, weakly detectable, whereas those from the

wi1:/,'i,:;toni and .saUanf..:l groups showed most similarity to P elements

and tt!e obecura grpup species lay somewhere between these two
n "(Lansman, et: at. 1985; Stacey et: at: 1986~j Thus the most highly

conserved P elemenil homology (relative to D. ~Z.anoga8ter) occur-
\!

red in the wil.U8toni and eal.iane species groups whiq,) are more

di stant~y related to D. melanoqaete» than thf! species in the

(/ ')

II
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These patterns seem to suggest
'\

(I

that P element invasions have occurred at dlffetent times and

r renqtbs ~ perhaps over' a 10M ped ad of ave1u-
W! )

t icnary time: It is poss ibte that certain species' of the -sopha-
()

phora ,,;ubgenus are pa~·'ticularly susceptible to these inv~s~;:iii~~

wh11e others are not. The source dna mechan ism of these invas ions

is sti u unk~.owfl.E,ngeis (1986) has hypothesized tnat" tran·:ifer

of a' transposable element from one spec'ies to another could
v-,

be brought about by a vrrus II in that the 'transposable element

prEt';f'nt, in the (~,ne species could be integrated into the viral
!, I \ "

(,)
genome (Miller. and HiHer 1982) and subsequently (\tr.ansferred

into another' of the virus host species. Whatever the mechanism,

if the transfer takes place between S:pecies, then one would expect

it to have occurred between species whose geograptr1c rallges

overlap. The ranges of the eal.tane, rdtZistoni anp obecura

grQ.Ups overlap 2in South and Central America, where also are'
l\ , ~

fOund the cosmopolitan D. melonoqaeter and the near cosmopoHtat{
!",

,.:_,

P elel!lP,nt. containing spectes of the montrium subgroup tr, 'k:i]<ka-.Jai

(TbrO\'I·~J+ton 1975). furthert the ra~ges of many of these species

exterl,i into ilY\:3]as of ~o'rtn America which today contatn mili1Y

Pi stra'hts of D. me Lanoqaete»; Daniels and Strausbaugh (l9S-:?)
f',

state thiit "some of the members of the wilt,tstom: species 9('Cfup

(namely D. 0 nebulosa, 1). wiUistoni and' lJt 8uainea} have ranges

..:

tbat extend into the soutn-rn portion of North America, the
,Ii

geographical area in which the stroT1ge::.t ecr'ty P-fac.t(H' activity

is suspected to "have occurred ,.in D. meZanogaster". Although
the UJil.Ustoni group is mainly necrroprrat , D. tJiU,istpni ex-

tC~s further mlrth up to central \\~xico c1Jld ,florir~a whereas
L_.\\)

fj
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D. nebul.oea extends ~I) Texas and may Even be found in NelJraska

(Ehl"man and P.)wel1 1982). These are two members of the 7:tl?'{']{,or::[

spectes ljfOUp whi(';n contain j.I hOffiOlog011';) sequences (Table 2.GA;.
:~~I

qroup is), the

very '~~'idespread 11'/; ttl ranges overl appi !J.

ay',;:: found on
I

,..,

cont inent . The ran~t' of N. peeudoobeouva extends f\'om Britistl
\\

COlumbia in the ~prtnern rt (If the American conr inent tc

Guatemala in the south. The s~~t1es h~s ;;0 been found 'j n

places 1 jk~ Texas and Nebr;;ska. D. aff£H·i,$ is f1'lstributed over
,;

th~,JEastern United States from the Canadian corder. In the
jJ

west its ,.range extends to the Nebras~~Ho/.yoming border'.

II
This evidence ~eems to point to an infectious [horizontal) trans-

mission rather than a hef2ditary (vertical) trensmtss tcn of
I)

P elements, This hypothesis was favoured by Starey ( t d. (1986)

after they had calculated the divergenc.e rate of.) P elements

on "th~~ basis of their acquts! tion by ve~tical ,,~vanSl'1iss"jof1f
"".,-",'

and fl~m'!lj it to he 7..19 ,:time~. highet' in some of the melanoqaetie»

authors suggest that the source for P elements may originate

in South America. lhey point Gut however that this hypcthes ts

does not account: for, the pres~nce of P elembnts in 1). na.suta,
0....._, -
,.~;:....

an Q,ld-'lIorld spectes , Since D. naeuta is afrotropicai ar;;tj has
- ·~i 'I

been found 1n Benin, the Congo and Zaire {is well as several

Indian Ocean islands" (Fsacas e,t at. 1981), it is pcssfnle that

II

Ii)
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thi s species is dtr2ct1y responsible' for the presence of P eie";
:::,:/,--i,~

merlts iii D. melanoqacte» in sub-seharan Africa. in that a hort-

zcntal transrn1 sston teak place on the Afr'h':an contfnent between

these two species Jln same ~;:,.y 't~S it 1$ hypothesized to have

ar+sen on the ,Amedcan cont+nent lJetween the lJlUz:gt(.?n.'l~",;tltc:rm.J

Specif\$ group and U. mel.anoqa.rt er, The other- jF)ssibiiity is that

with western or eastern P elem~!1t contamrnating D. mel.anoqaei.e»

stratns and that a (lorizontal lnterspectes transmission bet~fin

African droscphilids was respons1blec for D. ~aButaa,quiring
the P elements. It may !:le, as mentioned Jl\l~vi()liSly, that D.

nasuta 1S one of those species which is par-ticularly susceptible

to P element invasion. Finally S. pal.l.ida ; the species from

outside the genus DMsophiZa ~hi ch was found to contain

P hybdd.izing sequences (Anxolabehere et: al., J985a)'J is a cesao-

politai'! species and so could certainly be considered as a

potential sourCt! of P element transfer from outside the genus.

,~

2..4.2 Dvnamics ~f P elements...;.;...,rl._ ..._,_~._ ..~. _

There are (it nresent two {not necessarily conflicting) theories

as to why P element,5 are found on'ly in wild strains and not 0

in older laborl.,tof.V strains.

The recent loss hypothesi s was origina11 y proposed by Engel s

(lg81a) who suggested that tne lack 0'11. P elements in lonr held

laboratory stocks was due to random dr1'ff in small laboratory

1.1
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pcpul at tons and that in f'act , i1 elements have been present in

"D. nelcnoqaete» fOl" an t!xceedingly 10l1g titre. Experimental

evidence for th is theory \'13S obtained by Hihar'a et: d. {1985}

~/h(l found type coover-stons to occur in the 1aboratory irr' iso'female
l tnes recently establ tshed rrof\l, wild caught flies. These

»onteneous chanqes P tvpe ever occarred although type

conversions from ~t to 'Q did occur , tThese were explained by

assuming that a few P or "QIi factors initially present in the

I'll type st+atns , increased thrQugh transpost t icn}, UnfortunatelY.

strain classifications we~e performed by ovarian dissection
}\and no molecul ar hybridization studies were perfomeci. Thus

tt is not possible to know from these resul ts whether the

M strains were entirely free t)f (degenerate) P elements.

Engels (1986) point~d out the problems associated wfth his (Engels
1981a) stocha-stic loss theory. Essentially the amount of time

that was thought to nave elap:;ed since the original setting

up of 1aboratory stocks would seem t.o be much less than the
theoretical (§'equired time for a random loss precess to have

taken place (Kaplan et: at; 1985). Also s ince the majority of

Ii elements in a gerlome are the non-autoaoneus tYPI:! (OIHare and

Rubin 1983) t the likely outcome of a stochastic Ioss, process

would be W PQP~latfon$, since once an autonomous element.s
! (" .,

'.
have been tpmovedt there W(#uld ~ no more transposase funct it) n

:.1 V"i

which is essential for e~c1sio(l (Kare(~sand Rubin 19841.

'il
Ii

\ "
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The rapid invasion .hypo tnes t s (Kidweil 1979, 1983~ proposes

that P elements were only introduced to or became common tn

D. melanoqas ter from about 1950. Since then tl1ey have spread

rafJ"ldly ilnd increased in frequency in the wild owing to the

high efficiency of rep l icat tve transposition with or withofJt

~ 't'p(iS1~lVe or negative selection. However Engels (198~) pOints
out that this hypothesis 'implies an unreasonably hig1: rate ofa' ,
ecqutst tton of new transpcs it.ion families ever evo lut icnary

o

time.

The I factors are a second family of
II

D. melanaqaeser with similar properties to those ,tJf the P fami1~.·
-'"

In particular, laboratory st!'aiJ'ls collected in the lS?'O~ wet"i"t

all shc-n to lack I elements, \othercils, more recently cUllected
'0

wilq s :;rains have the I element present in them. Thus, ;\~)east

.two ) .vastons are known in this century and if one e,t(trapolatt's

backwards in~time to one million ysars ago1 since the minilT~p
(\

time of the divergence of D, mBtanoga8t~l' from D. aimuZana {which

lacks P and I elements), then D. melanoqaete» would have gained

at least 20 000 families of transPQsable elements. Since the
entire genom! is estjmated to contain only 20..50 transposable

element families {EI"IgeNi 1981a; Rubin=1983}~ this is cle~rly
l~ . 0

rr t feas ib1e. A CQur~:fr-{ u'gumellt) is that e 1ements m'lght l:M!

gained and subsequent1,y lost frolt! the genome, but in that case
('-
1.'

a mechanism for ridding "'the genome of all el~rnents of a giVen

family must be round.
\1 i)

\\
o

o

o

c) ,-, o



Studie's . in tempoY'al anC! geographic distt'ibutions of P elements

in 1). metonoqaeser ~I)rldwide support an invasion theory. In

America) str'lin;~ eel Jetted before 1960 '",ere predomi nant-'Y of

type H; P ar:o 11 type stral~s began to appear during the 1960s

and today there appear to he very few ~1type s trams in America

(Kidwell 1983;il(idwell et: .a: 1983; Kidwe!;11 and Novy 1985).

In Europe. s tre ins co l Iec tec prior tc 1970 are rna-Soly of type

M, Today the Q populations appear to predomtnate witi'! the odd

scattering of P type strains which appear to decrease in f reouency

as one moves. eastwards (Kidwell et: at. 1983; Anxolal.tehere et: al ,

1984. 1985b, )988b).

In Japan and elsl~where in the Far" Eastt strains were mainly

M t:rpe before 1970. Today P and Q popui~tio"s predominate there
II

(Oh'!shi et: al . 19€,2; Kidwell et: alji 1983; Yamamoto et at. 1984).

A recent invest.igation of Austrat~an populations (Boussy 1987;
c I' Ii

'Kidwe'll 1981) has revealed a cl tnal pattern along
n

~~trains in the north to M tYP_E,
Ii
It
I
11

BoUJ~sy/'J'ld:, t.6\~; ~
the eastern seaboard from P type

s tra ins in tl1e south.

Ii

Afdca today is populated by pr!rdominantl.Y M type strains .tn

the north 0 a.nd by P/Q type stra;lrls in ~he central ssb-Saharan
Ii '

reg'i<l.!1 (Anxo'1abeher.e et: al., 1982a l 111984; Woodruff'et al , 1989).
:1

(!

()

\)
I)

(I
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In South Africa. one st.rain rrl)ffi Graaff-Reinet (in the Cape) col-

Iected in 1949 and five strains from Cape Town collected in 1954~"
\~~ all of' type M. (Kidwell eb al.; 1983; personal communi..

cation M G Kidwell). The Cape i:i the area where the largest cot-

Iectton of M type strains were obta~)Md in this study (Cape Town,

Gordons Say and Port ,Elizabeth). }ne ear'iiest signs of ~\!~)ements

in South Africa appeared in 1963 in d stre in collected\\ from the

t-9all.Sberg (approxhnately 80 km west of JO"aMe'bur~,. Thj~

atrain was of type Q (Kidwell ei: at. 1983; personal COtmlu})'~cation

MG Kidwell).

Menti on is made in Daniel s ei: at. (1981b) of two true M strains

col l ected in the ea r 1y 1970s. One is carl ep Ka1aha ri and the

other Limpopo. These names presumably indicate the' geographic

origins of these stratns. However, these names refer to two

vast areas" and the specific locations of the collection points

are ~ot given. Further fl()rth in Botswana, 30 isofemale lines
'\\

collected in 198:5 all contained P elements (Eanes et: at. 1988).

The above infonnation fr\~m
\

study sugges1i,s a possible
)1

(( \)

past collections together with this

southward t'adiation of P e~\~mentss

perhaps originating 'lin central Africa and spreading dewn through
'~~\

Zambia, Botswana cnd Zimbabwe to the northern and eastern parts
n

" o( S?uth' Africa. In the west, it is pO!Jsible t}1at t"a Namib

:)
found (Pi eterosburg and Thohoyandou).

and Kalahari desert~~ formed barriers to the spread of P elemel'lts1r
'I

This could then" explatn the lack of P "type strains in "lacej~

like Gobabeb an~ Swakopmund which are in the sa!lIe lat1tudina)~

rt1)gions as the Northern Transvaal where P type .stratns ~~~
rf

II
!i
:1
!

()
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\
VhiS pattern is not inconsistent, with a theory of a w1)rldwid~

~v~Sion of P elements,' for which the fl)l1owing scenar+o has

c~en suggested (Anxolabehere ec a? 198Gb). The in\fa~ ion started

In\ the Americas in the 19!ms end spread to most regions of these,
\

CO~'rinents during the 1960s and 1970'3. During tl-\is 'Period (the

19605 and 19705) the eastward bound P element invasion of Europe

was tnt t tated , It seems likely tha~i also in th~ 1960s or
"pos s tb ly earlier, an invasion (if /ce\1tral I.\frica and central

/

/

Austra 1ia took II place. In Afr'i;:{a the Sahara desert prevented
Ii \<:'{\
" ~

the northward [spread of., these ~'lements. . l10wever there were

no ba,~riers to\, a southern and eastern mtwement, and they are
\1 \)

gradually sprea~ing in those direction!i. l'his would then .account
Ii

for the present ~~\istributiO" of P eleme~~s.
~ 1(
\\

2.4.3 ~ulatorl AbU itl
o

This stL!9Lhas revealed the presence of ;} c1 ina) pattern in
"

both P factor activity and regu}atory activity of Southern Afr1\~al'l

strains of lJ. meZanogatJte't'. There is a highly significant
(,I

regulatory ability together with a significant

P factor activity beth of' w~ich occur in a south-

northeasterly dtrectf on. In order to analyse the

ilY'easonsf r this it is necessary to' examine the various modes

n of regulation of P factor activity.
o 0

increase in
increase in, I

,~st-erly tc

:7

\\

o

o it



2.4.3.1 AutonOllOus P elements InVOlved in regulation
h

Engels (l979b) suggested the c~~otype mode of r~gul at ten. Nearly

all females could be c1assifiJd as P or M cytotype ~n the basis
I ;r

of theh' abi Iity to produce I~ted le daughter-so Thus daughters

of M cytntype mothers were sU!tceptible to the ster-i1izing effects

of pC strain chromosomes wh4reas daughters of the p" cytotype

mothers were imrm.me. The rules of inherHan\:e of cytotype

appeared to be a complex mixture, of both cytoplasmic and

'chromosomal tl·al'lsmissic;n.

Engels (1981a) suggested that an extrachromosomal element capable

of selJ replication to some extent and homologous to ccttaio

chromosomal sequences, possibly P factors , may be present in

either M or P cytot!!~e. Prasumab ly, such eptsomes could be gen-(.
'\\

e~'ated by precise excts+on of chromosomal P factors.

and Rubin (l983) , have stiggestEld a meChani~(/WherebY Circular

P elemer,ts containing the 8 bp host target ..D~ could be generatedBr'
(described in Section 1.1.3.2).

Simmons and Bucholz (1985) J elaborati.ng on the hypothesis that

non-chromosomal P elements are important in the determination

of cytctype , suggested that these extrechroncsomal. P elements
o

might, titrate tf transpcsese produced by intact chromosomal

P elements in that the trenspcsase' binds to the terminal repeats
Co

Oaf defective (or 'i'ranscriptio·nany inacttve) extrachromosomal
r~_,.~~\

93
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P elements. Thus, in the presence of a small amouat of \

trensposase and a large number of extrachromosomal elem~nt.:),
/

i1 shortage of transpcsase would occur leading to a reduction

of P medhted transposition events. Ow the other' nand, Sved

{l987} in an experiment which rep leced tile ent+re P r.:hi"OmOSOme

complement by M strain chromosomes demonstrated thl:! absence

of true maternal inheri tance for P cytctype , The author thus

argued against P factor represston being (;.i::pendent on the

autonomous repl ication of non-chromosomal elements. However

the author noted that rY)l'ess;c'n could stt l l be explained by
II

the presence of nonMchromoso~)a1 copies of the P elements provided

that these copies were continually replentshed from chrceosomal

P elements.

An alternative suggestion tv the episom~f! model was put fort'iard

by OIHare and Rubin {1983}.
\)

They suggested that the 2t9 kb
\:\

P elements code ..for two functions ~ a transposase and a regul ator

that can lead to the suppression of transposition. A feedback

mechanism ensures the maintenance of P and M cytotype as follows:

In P cytotype, transposition is prevented by the amqunt of regu-
lator resent being such that it negath'ely feeds back on trans-

posase and positive i,y feeds back on itself and, in so doing,

stimulates "its own acttiVity. WhEhl P elements are introduced //

into the Mcytotype there is inslIfficient regulator for efficient
Co

negative feedback on transposase ,.and $0 trenspost ttcn takes

place. H9wever, accumulation of the regulator eventually lafter

ove or more generations) leads to a sufficient quantity of \9U-
lator building up to ensure positive feedback on itself. Con-

'sequently the 6nange from M to P cytotype occurs. Pass; ble
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candtdates for .the trensposase and regula.tor proteins are an

87 000 ':;;111 ten pr-otein and a 66 000 dalton prctein derived from

di;ferent P factor transcripts, the former polypeptide being \\

dartved from a transcript with an three tntrons removed, and

the latter being d~rived from the same trenscrtpt but with the

third tntron in place (Rl0 eb aZa 1986).

2.4.3.2 KP and other deletion derivatives
"

All of the abo'/~ modI'""; suggested a maternal mode of inheritance

and the participat, i1 of the complete P elenlent. The existence

of M' strains which appaY'ently lack autonomous P elements and

yet are able to repress hybrid dysgenesis to a degree (Kidwell

1985) suggests tha,t alternative modes of regulation may be takitlg

place. In a genetic analysis of H' strains .. Kidwell (1985) showed

that suppres~ion of GO sterility was chromosomally based and

transmitted through both sexes.

The concept of a mutant transposase (derived from defective

P elements) that binds to autonomous P elements and thus inhrilits

their transcription or alternatively blocks their access to

nonna1 transposase has been put f'ortial"d by Sim;nns ee al: (1997)

who found that parthJ suppression of P element act'ivity occurred

in a strain which lacked complete P ele~nts and, trensposase
(,\

. activity. Further experimental evidence of a truncated transposase

repressor was obtained in Japan: Sakoyama et: at. (1985) iso1at~d

a 2,1 kb element from a Q strain which had thel, same DNAsequence

as that (If the complete P element. apart from a missing central

(',

()



region and a tt'ivial unsequenced region of 38 b,~. Defecthrf:!
I:
Ii

P e lements (deletea\ between bases 1991 and 2448) werejlalso presento I

in ~ n strain of Japan~se origin W\,113 (~itasaka {?t al , 1987}.

Since Q strains have P c:ytotypell the rQh:: of defecthe P elements

as encoders of repressor proteins was consequently hypothesized.

Cons~stenr:; with 'thi s h,vpothesi s are the findirfgs of Robertson

and £ngef,$ (198S). These authors ide~tified product of two

modified P elements which alters the expr~ssiol' of eytotype

dependent aUeles and which can repress P elements mobH ity.

en affect

the f®r'th exon; one is a frarueshi'ft mutation in exen 3, the

other 15 a mutation in the splice junction of the 2-3 tntron.

The protein which could be produr.\~d by.these defective P f;!lements

Wou~d presumably the same nit or similar to the 66 000 dalton

prctatn (containing 576 ~(Itjno' acids) observed, oy Rio eti al.,

{1986} t;~) ~ave been encoded by the. mRt!f\ retaining the thi rd

f'~nal1y. 3 (\hc>rter 207 amino acid polypeptide has been hypothe-

si-led 'to be i"voh~d ill hybrid dysgenesis repression (alack et
.'"'

a, 198/1. This \\PG1Yflep1:ide: is thousht to be encoded' by the KP

elemer.t 'found t~:::lbe pr~~:;~l'lt in natural HI strains. KP elements

resul t from an internal del~t.i"I' OV 1753 nucleq,~j~~s (nucl;,otides

80Soto 2560) of the comp,tete P e:lcl'll.?nt and flies carr,,-hrg KP ele-

ments and P factors, contatn an abundant 0,8 kb transcript. Thi s
j!u

corresponds to' the expected t.j~sc.~ipt of tilt:: KP element and

is capable of being tt'arlslated into a 207 amino. bci·t polY.Jeptide

(Black et: at, 1987). The aDOVi:Hnenticmed authors hypcthe$iz~d
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that the KF elements constitute ,;i sy5t~m of suppression of hybrid
. [:

dyscenests 1ft nattlral populations. They assayed for the regulation

at hybrid dysgenesis by scm-ing the GO s ter-l l ity induced'\?1n

crosses of KP cor.taining strains to P cytntype and WI cytvtype

strains and also by scoring tntras tratn steriHty at 29°C. Thli'::!Y
I v.,
1 \

found that G!J steri 1ity in cross A was 'Iowere... ~n the presence
'--.. ) ,~

)}

of KP e lsments , fu;~ther they found that the inher-t tance of KP

induced repress ton was transmt rted through both sexerl~!~S opposed

to the maternal inheritancf~ of repression in lines lacking KP

elements. Black et: a~. (l9Sj') suggested that the putative protein

encoded' by the KP element might inter·fare with transposition,
(J ('J

not by competing with transposase since it lacks the amino acid

region beheved to be involved with DNA binding (Rio et: aZ.

1986) but by competing for a co ..factor re4Uired for P

transposition, or by forming a nonfunctfonal heterl)polym~r with

P factor encoded peptides.

, (

Up to 30 copi~s of KP elements: i)~Vfr been show, ,~~ occur in M'

and Q popu'latf ons sampl~d from var+cus parts of the world (Black

et aZ. 1981). The str-ong cline observed in regulatory abil ity

in Southern African populations (as opposed to the weaker (;1ine

exhibited in P factor al;tivity) stwong1y suggests that something

other than P elements an their own are responsible for the
Ijbserved pattern. A st,iuth bound wave of KP (or some other .deleted

P) !llements in conjunction with that of autonomous P elements

would exptatn the ,pjfference of tf4e cl inal pattern str(:ngth

of the two effects. Indeed, 'the presence of autonomous P elements
o

has been shown to tncrease the KP }oPY number and subsequent

repression of fl factor activity
1/

(Black et: at. 19Bi,; Jackson

~t -a, 1988).
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Movement of P elemeBts
Laboratory experiments have been used to monitor the spread

\\

of P elements in populations. These experiments have indicated

that:', a1th'.1Jugh in general P element contamination takes place

swiftly and ~ff1·';iently~ the ena re.su~ts are often dependent
'\ "

0:1 the initial con.i:itions of the population as well as on the

ambiant tempera tun!'.

2.4.4.1 Initjal conditions and P element Qyna.ics
f!opulations initiated with mixed P and Mi tJgJel stratus evolved

rapidly towards the P type (K'jdwell ei: at. 1981; Kiyasil and

Kidwell 1984; Good et: at. 1.989). Kidwell et: at; (1981) found,

however:. thatwith initial P/Q or G/M mbed cultures the changes

'tjef'e not so clearcut. Populations that way'e initially of mixed

P and Q typ~ls a1so nttaiTi~(l equil ibrium t'iJr P factor' activity
\\

but at a lower level than the P/M initiated populations. Final1y

mixed Q/M strains showed negl"igible P fatt,}r activity. The

tendency in both these experiments was fOl' P cytotype to replace

M cytotype but a sign1ficant frequency of females with M cytotype
r~mained after 17 ganerations. In sir.1il~r types of contamination

experim~nts Anxolabehere eti at. ( ...986) found in a set of 10

"experiments, that, in ·populations initiated with a mixttn'e of

P, M or Q wild stretns, dysgenic sterility potential was lost

a,,~ the result was Q type populations after 36 generltions •
.'\

When populations ,consisting of strong p, laboratory<)trains and

Q or H' wild strains were set up, the autftors found that the

MCytotYP~·) di sappeared dur<ing the fi rst five generations. On

the other hand the ? ·actAvity p6'tentiaf reached an equfl ibrium
CJ, \ ,.-':
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Kaplan eti at: (1985) proposed a. theoretical model of 'tt'arlspo,sable

elements which predicts their eventua I extinction. This mod~l

is based on the assumption thpt 1;10 type rr transposable elements

can mutate (to funct!~onal1y 1iS~1,nct mutant elements.) ss wen
as undergo deletions) whereas mutants cen only un1ergo (leletions.

The 1t'lodeJ sugge~s that either an element becomes ~~~nct in'." -. "_ ~.. " .:. II

the first few generations after' Infect'ion OY' else the copy number

of the comi>1ete element tncreases rapidly initially and then

decreases slowly as the average copy oun1ber of the mlJtat~ starts
"t'3 grow. Ultimately, after' a period of ,;tabi1i1.ation the complet(.>o

Ellements disappear leayiny only thn mutant. At this point
transposition must cease srnce the excision function is lost

cand the muta~t eventually become~ extinct due t~ ths forces
of deletion and Gdft. Now, if Q typa strains are assumed to

<0 possess mutan P elements such as KP elemeflts (Black et: (J,Z·.

1987) or the elements "found in Q <;I:rains in Japan {Sakoyama

..st at. 1985; Nitasaka et aZ •~
(~

1987), then the mode1 of Kc!p1an

at at. (1985) pred1ct~i!, a progression fl·om crue M to P to Q to
1) ,,-. ,:~

« M' str" Ins. This could explain th}' chatlge.~ that took "place ir.

JOhannesburg tl~twee~ 1987.and 19¥t3.

o
o

o
)\

// 1\

))
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CoqJarison5 between 1981 and 1968 proportionsof p~ Q and M type strainst

rYe.~T %p I %Q I %M I --~tj:-site---l

198a i 0 I" 29 I 71 ~own

1987 50-~ -I. "-; . JOhann;'~Urq II OL I . . !

!-1_9_88-+-_"..,..,~.._2~_5--+1~~I ia.s Johannesburg j~
11987 i 25 I 75 ~ !i Agatl!alPietersburg" 1

119~8 J :_l_50 i ~_l_Nelspruit _ I

tThe stra'j\n Rut 2 (Johannesbu~'g 1981) end all P":Q and P?
(' Ii

strains were classified as P; An Q.. p and QNti strains were
,>

"c1ass'ified as Q.



104
(\

_$;HAPTER THREE

c:

,3. '!nw MlltabtHt,Y,

3.1. .!!!~!5>dut:ti!ln,

The singed {sn} locus is on the X chromosome and 1S associated

'tlith feMale stenHty (Bende~' 1360) as well as with bristle

phe!wtype. This locus has many al Tel es (Engels (1919a) mentions

52 independent an. muta,tions) wHh varying phenotypes ranging
D

from st ight'ly wa.vy bristles or hooked tips to extremely t\'listed~
\\gnarled diminished bristles with curved th~tacic hairs. On

the basis of their inOt'dina)~lY .'igh "spontaneous mutati.nrl
1/

rates (reversions to wt1d type Q.8:(:'ut~ririig at frequencies of
, ~

10- 'f and 1O~J) many of these a11);~es were judged 40re than

twelve years ago to, be Insert.ton mU'tations (Go1ubovsky et: a~.
'.. .1 (J

1977; Green 1977a b).

A weaKi~henotypi,t allele of the $inged bristle:: locus," singed-weak
i)

($~tW) t: was identified by~,:! Engels . 0:~~79a}. ii This' alle'le
!/ I!

recovered in ,the p~ogeny of is P-J1 nybridlldysgeni,c male
I

was It

occurred on an X chromosome Which, although !ol"iginally derived

'"from 1!';t thad C'acquired d complex'".,c~romospmal ·rearrangement

H::ngeJ s and Pres ton 1981 }. The snw a 11e 1a::' wJJ"s found tiil be
d

"hypelJllutab le in the M cytotype , mtltatin<J::, to ei.lther a rnOl'e extreme
o ~ i

allele" (ene) or to a near'ly'wild type allele (srt+) (Fig. 3.1)
\~

at a rat.e which courd exceed 5{l% (EJ1gel,s 1979al;.

()

/1

= II, () 1')
\f

,i
- - (L__L ;' ~ .i;... .__._
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level \-/hien was posit'ively ccrralated with the P regulatory

leve t of the Q or M' strain with which the popu lation was in;·

tiated. These results, tC(J1ethet' with the temporal ami geographical

distr'ibution of P elamcmt.s in the WDI'ld, led to the stepfYi!~g

stone concept {)f a proqressive diffusion of autonomous P elements

th an accomp;:;nying decrease in their activity

This thom'y is constseent with the recent invasion hypothesis

'in that 'tb~ p~'irnary tnvas+on (If P elements in Amm'ica resulted

in !5tl"ong as well as moderCite P stratns (due to the internal

deletio~,s of P elements). The migration of moderate P tndtvtdual s
\',

into Eu\"asia. resulted ill weak P/Q pO!-"Il;l,1ations due t97, the

contimJ'ing process of P element deletion and the accumulation

of such elements. The subsequent movement (If these 'individuals

into the rest of Asia and North Ah'ica resulted in U~e M' stra ins

found thore , This would also explain t~u: distt"ibution and

strength of P type strains found in this study to be present

in Southern Africa. The initial invasion into Aft'ica would have

taKenoplace somewherein Central AIIi~ica and then rad+ated outsards

from there. The Sahara would have blocked the ilort: .....ound movement

and the' Kp!ahari des~rt could have impf;deda'lOvement in a wes,ter~

l,y direct'ion. ~lowe'ler a southern and eastward radiation would
i

account f.),· the w{3,:ik P and Q type strains in Z'imbabwe, Northm"n

Transvaal and Natfd. Finally the '.,W 'stratns in the Cape wOIild

have arisen due to the introduction of def~\ ,:lve P elem~JJts

lacking P far.tPf activit~f for the most part, /~but providing seme

regulatcry ab il ity. The cttnal pattern exhibited, in Australia

could be Simi1\lrly accounted for.
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TellPerature

A cr~al element in the final outcome of P element contamination
\ \

is tem~hratuf'e. Whereas populattons maintained at 20°C attained
--

fairiy ttigh levels of sterility (Kidwel"l ct: at. 1981, 1988)!

those ratsed at higher temperatures of 25<:!C (Kidwell at al.,

1988) and 27°(; (Kiya~u and Kidwell 1984) atta'ir.ed relatively
'\
'~

1 1 1 f P • If it II b dower' eve S 0 aC7,Vl ,yo t'lS po·ir.ted out y both J('jyasu an
(!

Kidwell (l984) and il~ldwellei: at; (1988), tKl-rtempSt'ature eff~ct
.~,.-'

suggests that under conditions of high temaerature , those f1tes

\~ol'ltaining P element combinations whith have the ahility to
to,

cause high levels of sterility when the temperature is high.
'_\
".\

wl';l be seletted aqail1st. Thus under conditions of high
tampet'atul'e~ se'jectior would favour those f~ .. with moderate

P activity potential. No strong P strains were obtaifl~d in

th; s !;tudy and one of the causes may be a t~mperatlJre dependent

select+on of fl ies 'cont"ining less active P elements. During
J)

the per-iods of popul ation tncrease of D. me l.anoqaete» 'Chat occur

in the SUr1TitH'time, moderate to" high td;l!i~eratures (23DC - 30°C)
),1

are rh'evaleflt in Southern Afdca.

\t

'2.4.4.3 Stochas.tic effects

Althougll the (lfficiency ·I)f P element contamination is ,hfghlo
"

'the outcome of mixed" population experiments is" not always
o'. '\

o I .I
predictable. "fhe introduction i\)f P el~merits into M strain 9p.nomes

under condtt.jons vf P~M hybrid dy~gensis led to the raptd
/1

evolution of these c;Jltures into one of three relatively stable

types corresp~nding c~oseJY to p. Q and HI str~airls (Kidwell

et: al., 1988) _.I

)1
If

()

,,(
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The. Y'eaSOIl for this disparity in evotutton of indjvidual lines
()

governed in part by temperature and early cond+ttons appeared

overall'to be due to stochastic factors. This would then explain

populations like P:lctt~nberg 6ay and Nehpruit where al l three

(P~ Q and M) strain types were found.

2.tl.4.4 Temporal trends

In the present study sampling took place over two years in the

sumners of 1981 and 1988. ~~lthoughcollections W(~re not made

in identictH sites; some collections in 1988 were taken fairly

close to those of 1987 and it is interesting to observe the

differences between the two ;{ears. Thus the follcJwing places

can be compared: screens Bay 1987 and Cape Town 1988;,-,,Johannesburg

19~7 dnd Johannf.!sbtirg 1988; Agatha/Pietersburg 1987 and Nelspruit

1988 (Table 2.1)"
\ Q

," Nq,) r.:' patte~s of mov~~nt are eVlden\. Whereas Q' strains
~ ~

were absent fro~\ Gordons Bay in 1987 and \~ypeared, in Cape To\.n
I,. \\\

in 1988, the proportion of Q strains de.zrea~ed in the Easterl'l/
\ \\

Northern T~~nsvaal area (Agatha/Pietersburg 1981 Nplsprult

" 198B} with (j subsequent increase in the pr'op(Jr~ioll of P and
;i

M, type strc..·lq~~ However in JOhait~csburq (where the 1987 D.and

198t:l coll~t.,tiQns were the closest geographically) an increase
/1 '

in ttle prop{)rtions in Q snd tot and a decrease in the proportion

in P type strains occu'rred ill 1986.

o
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In trie P cytotY;le .snw was practicaHy stable (Engel~ 1981b). This
Ii

70type
/ 0 ~

I' ,:mtat'ive inserted genetic element" in snw might be ~ p element
. 'I I(

)' ) I I

;1{En9f11~l~:Slb), .I1Final1y Er;9~'is and Preston (l981) , investigdting
r~;v-

Chr6mosor.1e breakaqe pgJJftts as places of P element insertion

control of an"" hypermutabi1 ity '~r.rggested that the

( "hotspots I! ) ops(tMd a braakaqe site coinciding with the
i}

appearance of ,,'nw mutat+on. The presence of l element.s in
f

alleles of tke :::dnged 11JCUS \'1ere later c;onfirn~rl by molecular

techntques (Nitasaka ana Yamazaki 1928; Roi ha ei: al ; 1988).

The ,Bnw all e1e conte ins two dt:fect ive

are inserted in ',' reverse directions in a "head ..to-head"

arr-angement. The two alternative mutatiom:tl" events Cane
-~-:::.

and an+) are caused by the excision':' of ~ or the other of

these P elements
19138}. (1, Another
high ~raqUencieS

tNitazii~\ and Yafllazaki 1988; Roiha et: al ,

Pel ement/j nsarti on t encm which" '~utates a~>

to sn+ and snext was analysed by Hawley
et: at. (1988). They found ~hat wild type revertants appeared

to repres~nt prectse ,',(ornearly precise) (~xci$\ons of th~

P element '\~n<!<1 that ,St'll11e ci' the snext alleles resul ted from

(the 'insertion of a duplicate copy of this P element j,nto
q 'I

a nearby site in an inverted or+entat ion.

"
!ltv DesubiHzltiOn ..!J an ASSN... S,!St.eil.,.['1!:" .. P ~I:cto.r

:i';

;,j

~~~,
IV
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of the functional P elements. F01" example Spradl ing and

Rubin {l982} transformed DJ:'OtwphUa embryos by mtcrotnject+on

of varying concentrations of the plasmH.i pir 25.1 (Section 4.2.2)

which cont~ins the 2,9 kb P element flanked by about 178 1<13

The author 5 found that the t,'ansf(.wmation incuc(:;'d snw instabi 1ity

and sl so that the fraction of traasformants showirl~ germ
':1

'I ir.e miJtatiOf'ls at the 8in{!~d locus was highTy dept:tldent on
Ii

thE; cncentretfon of inJected plasmid U!JA. They showe{p further
1/

of a sir,gJe autonom~."s P el.:manlf j~ •the
chromosomes fl'f a strain was sufficient to If(\(h}f:I'\ $1~"W lnl~tiilb'll1ty.

, 1; ". ,!( f,

The snw mutabH ity 7equirement fur al.itr:momOLlS P elements

~}'., demonstrated by xaress : and Rubin (1984) who constructed

an autonomous ',:'I P element derivative and used 8nw hypermutabi 1ity

as a screen to detac'l;transposase activity in P element constructs
containing frall1~Mshift mutat·lons. They s.howed that all of
the identifier$. ORFs"w~we essential for transposition of P e1e~nts

as monitoreu by arivi hypermutabi 1ity.
,./

II'. tlddition Engills (1984), in a gerletic analysis, showed

that sr.w hypermutability required a trans-acting product

(trensposase)' that could only ~1 provided by factors on P

containing chromo!)v:~s Presumably this transposase activity

11' pr'ovlderl Qnly by thl! cumplete tactors themselves.
r

,-;.'

I)
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3. L 2 :r.f!e.J!!!]ationship between JlU stern itl an,!..8.nwJkltalri1 it,l

There is r great deal of v;,u'1abil ity in the tnducvton of
II
1\

/~

.(J:~\ amountGD steri)ity Otle (.Itt. P factor' ect tvt ty.

of GD sterility ill P stratns can vary from 10 to.'
\

\) .. 1 .•

",t:fdll'!S

produce no or very Uttle

possess the P cytotype. Thus, this variabil ay may be due
1\ ,

to di fferences in th~ amount and acti vi ty of completc P fac\~ors

(as opposed to repressor acti vi ty) present in the genome.

Since snw mutability is IIcaused by 13factor activHy (Engels
< ,

1984)" the correiation betl.!:een snw mutabPity and cross A

GD stern ity has 1: " ,.oeen exam by many worket's (Engels 1984;
:j

~! r

Kocur eb al; 1986; Hagiwara et at. 1987; Simmons 1981). General1y,-

a good correlation has been cbtarned between these two P element
"

Induced phenomena but with son,e exceptional cases arisiTlg~

This study. which examined the correlation between qnW mutability
and cross A GO ster t lityl in 78 different lines of
lrroeophi/la melonoqaexer obtained from var+ous parts of Southern

Africa('~ c: was undertll,ken for two reasons: fi rs t ly , to assay

the Southern Afi"ican wi, type strains .:for P factor activity

using the technique of snw mutabi1 ity VJhich is possib'ly more

sensitive than that of cross A GD sterilHy; . secondly, to

check the corre let ton between two methods of testing for

P factor activitYt snw mutability and GO sterility, and to

examine any exceptional cases.

I)
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3.2 Materials and Mrl:thods

In order to determine the rate af Bnw lliutabn ity the fOllowing

crosses were made:

C( nux !i' 1
score ;;lale progeny for anw, $1'/,eand 81'Z+ phenotypes

C(l}DX is a laboratory attached X line ... the full descr-tptten

being C(l)DX, y('yf/Y/fB.·~

enW(Mj is as described in section 2.2.
U is the unknown strai~.
All crosses were performed at 20°C in order to ~revent GO
stert lay.

The snw mutaUon rate was then determined from the second

.The sriw mutativn rate was then eva 1uated for '78 wll d popul ati ens

and two controls 'rr~ and snW(M).

With regard to this method two points should be noted.

t "
All genetic symbols are in Lindsley" and Grell (1968).
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f'irstly the snw mutation rate is measured only through the

male germ j tne, Measurements throllgh the female germ 'j ina

may py::oduce slightly dlfferent resul ts (Kocur et: at. J986;

Simmons et: a1... 1985) • • TS1nce .. used snW{M) ratherSecondly,
than Canton-S females it} testing for induction of GD stert 1ity,

the remale j:wogeny examined in Cr~)5S A (Chapter 2) have the

same parental genomes as the males \vhose germ Hn,e is being

/1 tested for ::m,w mutabt 1ity.
I j

i/
!

a comparison of cross AThu::

GIVster ility and snw rnutabi1 ity is a meaningful one.

3.3 Results----
Appendix C shows the re'lat" .i':! frequency of snw mutability in the

second generation males obtained from the crosses as descr-ibed

in Section ;:1.2. Altogether' 78 wild isofemale lines and two

contrnl h, atery strains (snW(M) ~nd ';T 2) were tested.

The mean number of Jild male progeny tested per Hne was

443. UnfurtunatelYJ the yield was poor on thf~ Harare lines
'"

tested (possibly due to the action cof P elements in these

lines producing sterile fl males) and so the number of males

tested in these l tnes varied from 26 (Har 5) to 137 (liar 10).
o "

Excluding Harare, the average number of males tasted per

1 ine was 4157.

Apart from a ~w {~:,C!'Iptions~ the number of arte mutants was

approximately equiva«~-nt to the number of mz+ mutants. The

exceptions w'ere 8er 10, Ber 15. Rut 4, F'ta 6, W K 2 and Nel 10.

Since there are sometimes problems in distinguishing the

phenotypes ()f" snW and $n+ ffies, strains wh~ch showed an

II
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excess of 811.+ phenotypes were checked two or three times.

(Fl ies wp.~·~ retained and rechecked after a per+od .of one

week). It can thu~ be assumed that the scor'jng of phenotypes

was accurate.

The levels of 3nw mutab'ility obtained varied from zero per CH'lr.,

for 14 of the 78 lines to a maximum value of 27,2% for a

P strain Har 15 (GD sterility in cross A was 0~2B3 and in

cross A* was 0 for this line). Thirteen of the 14 lines

\>1ith zero Ieve l s of Bnw mutab\pity \,¢,re M lines. However,

one strain (J.'.ac 1) was an M-Q line. Because of this and

also because this Hne gave a medium {~1D}hybriJizatior~ signal

\/hen probed with the Aee 1 fragment of pn25.1 (Sec~ion 4.3.2),

indicating a fair number of P homologous sequenc.as, a. large

number (930) of flie!/ were tested Din this line - however

not one ..m+or ene mutant was found among these males.

Fig. 3.2 shows the rel at+onshtp between GDi,~teril ity obtained
: '-,~I,_,

in cross A and the sn"l' mutabil ity rate. In gf,!neral ~ stratus thai;.
)1 '~

were able to induce GD sterility were aliso able to induce snw

mutability. A highly significant correlation betwE!en P factor'

activity and an.w mutability was obtained using Kendall 5

rnnk correlation coefficient with ties {Kendall 1962) .

h = 0,47; P<O~OOl, n > 78)'~ four of the s~rilins gave values

which lay outside the point c10ud of the scatter diagrafu.
/Iv;

They were He'l 20, P'B 1, Har ~. and Har- 15. tiel 23 and P'-'6 1"
had except tona l'ly high levels of cross A GD sterility (0,528
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AelatiGlshtp be~ Cross A GO $~rl11ty
UtI SIt" illltUl1it, '

...... ',I

ThI,f~ strails ly1q outside tie cloud
ot pofltts are:

A l1li1 20
8pl' 1
c ..... 5
D ltar 15
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and 0,432 respectively) when compa'{e~~ to their ::;nw mutabil ity

Ieve ls (O,068 and 0,065 respectively). For Bar 5 anrl Har lSi

th~ opposite was true . the levelsHere

mutability were high (O!2Z:1and 0.212 respect tve ly) !>'IliereM>

the Ieve ls of cross A GO sterility were relatively low {U,276

and O~283 respectivelY}.

Several Q strains Gob 5~ AS 15, JHB 15 and one P-Q strain

Ber 20 Md levels of sn'H mutabil·1ty less than 10-2• However

1)0 Q strains showed zero mutability. On the other hand a

number of M strains held snw mutability le,'1~ls greater than
f !

i
zero (Table 3.1). Level s of 1%mutation could be due to

the spontaneous mutation rate for an insertion pl·;A.ation.
(

Engels (1919~) reported mutation rates between 10-3 and 10-2

at alleles (other than BnW) of the singed Iocus when backcrcss inq

dysgenic hybrid males to M type females. (~lUbOVSkY et: at. {l977)
I)

found reversions of singed mutations,/lo wiid type t4) occur

at frequencies of 10-4 - 10-'. 1.rnatiVelY this ru,tatiJ;'
.rate may be indicative of autono~us P elements in i M type

strains or of defective P elements, retaining some type of
transposase function (see Section 3.4.1).

,4 ,)ID!£.~!!
\\

1ffe close correlation obt~ined between the ability to activate

Si{"'" mutability and the potentf al to cause GO sterility seen in
" ,

this stllllY has been obtairlied by many other researchers,(' Engels

(19t'~) obtained a 'vatue (if r :: O,7H, p::: 0,00023 Wh~~1 testing
ii ii

a set of 12 P str3ins which' were sel~cted so that t~~y r~~!resented
Ji

(1
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Table 3.1 Southern African strains whi~b showed
1eve1s of anw IIIJt~bfJity gre',}.ter than
zero cmd which tested as M or M-Q in~D sterility tests

r---r' -r------ --""1"""""'-'--_.--.......,
('! 1'\ I I GO steri1 ity li

I x , ji Stra i" I""w mutabi 11ty f; , -
"I ~ I Cross A I Cross A*

toGo: 10 II -O,Ol~ ~- I 0,308 - I Mc I

IAi s 5' 0,01)4 .. I: ! "0.198 II I
Plet §::, 0.006 I O,(\~3 ! 0,485 II I
IS5 25 0,002 I 0 I 0,759 ill,IW.l 3 I 0,003 0 I 1,000 II

IW&l 4! 0,011 0 0,300 M I
IMac 3 1 O,OOB 0 O~H:m I M Ijl

I Br 0,070 0,038 0",140 f'.-Q
\

II I',Pta 6 t 0,010 0,016 0,158 f) M-QL___~ ~ ~ ~__~ ~

Type

"C)
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the entire range of GO stern it~'-~l)tentia1. Kocur et: at, (1986)
.. .. \

tested 45 inbred lines derivLc,irom flies trapped in North
"

ttILzr1Ca between 1978 and 1983 3l)? also obtained a signific.ant
• II

corralerton (using Kendalis 'r) hett.een cross A GD st~rility

and snw mutabU ity. Sitmnons (1987) used i'~o:. lines which had

been constructed approxtmate ly one and a half year's prior

t\', testing by extract iog single X chromosomes f~'om a wild

population into a I(aporatory background free of P eiements.
t !

The author obtained a strong ~'ositive corre lat ton between

GO sterility obtained in cross A and snw m{,ltabi1ity. Finally~ 1/

Hagiwara ei: at. (1987) using 35 wi 1d Iines from Japan and

elsewhere also found that thera was a si;{~ng relationship

between cross A ~D steril ity and the sr.w mntct ion rate. Despt te

the high, cotreiation beb:eer. snw mutability and P factor

ir.cuced GO 'Sterility there j~re still several anomelous resul ts,

Th~,se will }\e discussed below'.

3.4.1
Sevp.ral M strains displayed levels of nnw mutability exceeding

- -,«- If!'~2 (Table 3.1). If autonomous P ~flements are respons tble~'l&:"V

for <!.'p;w mutab.Uity " 'r-at these Ieve ls !~caress and Rubin ~984;
Engelt\ 1984)" then

"

it would appear !~hat complete P elenents
_/;-;: ..:;..-

can extst in the Mcytotype. In particular, the two M-Q ~;h-ains

Sf and Pta 6, in addition to producing 7% 81','14 mutabt l f ty,

also gave medium (MD) hybridization') si<.;inals when probed wah
,OJ

the Aca 1 fragment of p1T25.1 (Section 4.3.2) thus indicating

the presence of a 11umbet" of P homologous sequences in these
£1
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strains. FUr'ther evidel1ce of the possible existence of

P factors in Mc,Ytotype strains was gi yen by ~agiwara

et: at. {1987}. .·i;\1:~'y"iderttified a strain which had ,. cytotyps

but. which was able to induce a high (17%) snw ml.lt;lt~on rate,

In subsequent tests the cytotype of this strain remained

M but the rate of snw mutation decreased to about O~9%. The

authors suggested that some intact P elements may have existed

~n this strain, but not sufficient to convert the cytotype

to P, i.e., tn~se elements were not able to repress GO ster t 1;ty

',in a P background.

an the other hand, the rate of snw mUtability in several of the

Q s~,rains w{~, ext.remely
"

low. Simnons and Bucholz (1985)

~u9gested that the binding of transposase to the terminals

of defective P elements would create a shortage of tr(i'nsposa?i~
~/

in t~e vicinity of the elements respr ',;ible -for the snw mutations

thus lowering the mobjl izat.ton frequencies of .these elements.
o

In thi,S regard

f1 ies that had

S;;I~idlOns" e"C ttt. (1987) f0'fd that dysgenic

one or more\,\ paternally de~ved chromosomes

containing defective P elements from an inbred line, of the

Muller·5 Birmingham\M' straiil, were partially able to repress
u

the instabH 1ty of'" the anw mutition. ~'hus the jow rate af
<.

S:>1w IWJtabll ity in these Q strains CQuld, be caused by t.he
i~

titrat10n of the limited amount ot tr6ns~sase present in
// (f _:.;::-_;::::2-;:::/"OO

these strains due to the presence (/-at a r.ulnber of internally

deleted PelaJll2nts. CJ
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3.4.2

(\

A'lthough Enge'ts (l984) found one exceptional case {a strain

which produced Ii:Or~e f:mw instability" than wou1d have been

expected from the amount of Gil st,et'i iity it induced}, he

~r.cnetheles~ concludsd : that both Gn ster il ity and snY'

hypermutabi 11ty are caused by the P transposese and further

"that P strains vary \·lidely in the amount or kind of transposase

they produce Ii •

Kocur at al: (1986) on the other hand, found that one strain" in
"

their sample consistently induced too much GD sFeri(1ity for

its abilit) to destabilize snw. This, coupled with the r~sult5 of

Engels (1984) suggested once more that the relationship between

transposase production and 8nW mutabi Hty may not ',be '~ t·i~gle

one. This is borne out by results obtained 'in this study,

,where bOth types of except tonal cases occurred. Nel 20 and

P'8 1 produced extremely high leveB Of GD sternity compared

to their relatively low levels of sr.lt! mutability while the

opposite was true for Har 5 and Har 10 (Append~x C).

low levels of !Bnw mutability might be due to the titration

of transposase in the presence of many defective P elements

{Simmons and Bucholz 198'S}. One more pie~e of evidence for

th'Ts possibility was the strain Mac 1 in which all of th~

930 flies tested were of type 8nw. Yet Mac 1 was an

M-Q strain (Appendix A) aMi produced a medl,~t1 {MD) hybridization
\_,

Signal when probed
,;~ o

c "'.
-,

with the fragrnent
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I._.)~.~._r-'__'__~~

,.' > " <,
\ .._.-~/tSection 4.3.2}. This strain then may have a 'large number

of defective P elements present which are t1tra<:::ing the 1~ited
,~ .

amount ;~7of tt'anSPOSdseCv,resent. in the strain and preventing
\\,,1

J)
(I

o

snW ~estabilizatl0n. (
It /j

The case of high levels of snw mutability combined with low

levels. of GO st~ri1ity induction is difficu1t to expiain.

However an investigation the
C)

between theof

MR and P-M mut,ator systems showed that although P elements

are. present, in MR stocks and that MR and P..M are pirrt of
\}
ttia\ same fllutator system. nonetne less there were certain potent

mutator chromosomes· which generated 1ittle or n~ GO ster i'lity

(Green 198'4).

Thus it seems lik.e1y that as well as P elements there may
o ;)

be other functions which enhance or ~ptess srf'l mutabi 1ity.

These other functionso on the chromosotna 1bemay
complement of t~; strain. as" well is on the sites' of P element·

c
',\ l"J\l

insertion and t~ presence of other transposable, elements

in the geno~~

(i.J

D
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Ii'

4. JiJlec,!!!! ~'li'lysi!..;Iof~~_£JE.~~.

4.1 Introduction---~--

Ii

}

'ihenO~YPiC tests, such i}S thos~~ descri bed in chapters. 2 and 3,

present an aecurate ptcture of the distiw;j~ion between strong
",

P and :;trang M stratus and ~:m a3$1} serve to 'identify those

Q strains whi(.~fiare typical of their jjclass" }lONeve!" phenotypic
<,

tests are unable to discrimim:te b~tween those M strains which

are completely devoid of P (:,~ments and those which are notp . ~
~ .~ ~,

(W 'strains)~ Also many stratus are vilguel}\ 4':::_fined as lY'ing

betweNi po and Q or between Q anJ~'M (Appendix A) ~~\d'a Knowledge
((~~.\ , '''::~,:!

of the qJ.lantity and types of !¥, elements with'!n these strains
L\ "

would help to enhance our knOWledge' of thp.: mechanisms and control

of" P element "transpoSition. 1<, t~~itdvent of molecular techniques
. "~

ami ,the introduction of P element probes has consequent ly o~aned

'-1&1>(\ many new paths of investigation in the P-M system.

4.1.1 _gon1!1g,~f P eleB!nt$"
\\

Molecular cloning of P eiements was achieved by Rub,"
et: aZ. {1982}. They made use of five ';,rutations at the 7..)Hte

;::_-

locus, two of which had previous.l y ~,en generated by Sil1l!lOns

and Um,,(1980) in P strain cj1romost'lmeso~nd three of whiclt they
00

generatea in :!\ .s1:rai,n chromosomes. These white mutants wer~~

thought to b,e,' due 1~j),O P e121r."~t;t activity since they arose, it'
\" ','.--_ - -

. \ "'1

cresses .o,i)etween P' m...>;,,$ and M fem<i.l~s and were lJnst~blt in [14

\)

cytotype but "stable in P cytotype . The li.'hite locus was chosen
\)
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stncs , as wen as being eas i Iy scores U, thl! entire wi Id type

u~h1.:t:e Iocus had previously t.een clf"i~d (Bingham et: 17.l. 1981;

levis et 19(\2) •

The !Ii:ructure of the mut;wt u}J2'tt~, alleles !'iOS investigated in

a ser-ies (If molecular cloning and $O!.lthel'il blot hybrid'izat'irm

experiMents. The mutant uhi te all€'les If/ere ail shown to conta ill

additicnal DNAseque"~es inserted into tha locus. These sequ~nces

although heterogeneous in size, ranging from DrS to 1,4 kb,

were all homologqus and \l,:r·re designated P elements. Excision

of the P ele~nts occurred when these mutations wer~ p1acGd
in the 111cytotype and resul ted in a wi 1d type phenotype, The

same mutations were stable when maintained i~ the P cytotype.

""
b'Hare and Rubin (l9R3) isolated and cheracter+zed several members

, "

Of the P famf!y of transposable elemen and they show~d that

these ranged in si ze from 1ass than 500 bp up to a 2,9 kb

autonomous P etelTlli\J1t. All P elements were shown to have a 31 bp
,~~-.....:.

inverte,1 terminar i,:>~at and to create a diY'ect 8 bp duplication
'::'J

of genom)c target seq~;enceupon insert ton. H.e smaller P elements

were shown to be m;i55ing sequences internal to the t,rminal
([
Iinverted repeats \"

OIHi1re afld Rubin (1983) constructed the plasmid p1T25.1wfl·t't;h
ccns+sts, of the 2.9 kb P ell!lnent flanked by genomic DNA from

the 17C~\r'~9io" of c:;hromo$ome' 1 of '!f., (described in Section 2.2.3)
(. 1\ .....

cloned into .the· Eam HI site of pEP 322. This plai)mid, as well
{it_!
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.t . t' .,.!/ f t (l h b d ',.L .as 1 S restrtc ~lOr> ragmen 5; as een use extens tve ry 1JO prone

for P e"lemer.ts 'In wild ,collections and in laboratory strains

e t al , 1985h. 19S?h; Sekoyoma et: 1985; Daaie l s e • 1987a;

~DUSSY et al, 198~; Good et aZ. 19R9). II

The techniq~e of molecular probing, as wen ~s be inc used to,~

reveal the presence or absence of P ~lement homologous material

within Droeophi l.a strains, has also been used to quantify the

amount of this material present in the strain by examining the

intensity of the hybridization sigrli.. {Anxoiabehere ei: at; l%."b~

19r.8b; Boussy et at. (,1988; Scad et at. 19fW). Further by trleifnS

of restriction enz)'11Ieand Southern blot tethniques the pert tculae

species of Phomologous DNA present in the strains can be

analysed. These (above-mentioned} techniques have been used
"

,0 to shed some i igtTt:! on the causative'!! effects of P element activHy

and suscefY~ibnity.

In th1s '\ study I probed for P hOtTiVlogous elelOOnts in 31 wild

strains D Of IJ.l'o8ophita melanaqaete» i:: which \ilfel'e also tested
(i)

pheflotypically'for GO cSt~ri1ity (Chapter ?;.

(I

() ·'1

iI"

o

()
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4.1.2 Objectives
,,.. ..."'.:-,~.~--. -

The hyhridizat:ion was performed with tWI) objectives in mind:

to determine whether South Pfrican strains which test as
M pnsnotyptca l Iy are entire'ly devoid of P elemants and to try

1:0 ascertain the ouant ity of P homol~gous DNA present in these

trains hy v'isua lly compal'ing the 'intensity of the signals

ootained between these strains and certain controls ,

Several sect tons of the laboratory 'Hork we\~e performed with

the help ani] gUH:lanCe of Susan Hearn under the supervision of

Jocely~ Webster.

4.2 Mate~lals and Methods._ _..._ --
4.2.1 Extraction of 1J1to8q£hi1..a ~._{Jowtt 19861

Genomic DNA ~as extracted from wild collections and two
laboratory strains using the "single fly DNA extract+on" method

of Jowett (l986). Eight. adult flies (fOUl' maH~sand , )f fema1es)
frcJ'll each' Hne" wef;e enaesthet tzed , placed in Eppendorf tubss ,

frozen in 1iq~id nt'trtlgen and stored at -10~:C prior to lise.

Each sample was .homogenil~d in 100 '!.It of 10 mMTt\is-HCt (pH 7 t·5),
~ (

50 roM NaU, 50 mM ethylenediaminetetra-acetate {EDTA)s 0,15 roM

spermme and 0,.15 roM spennidine. Onc:~ the t issue was broker.

up, nuclei were lysed (1~ld DNA releasp.d by im~ubating at 60°C

ior ,30~40 nrlnutes with lOG
I',.I

of 1,25% sodiumdodecylsulphate
(50S), .. 0.3 M Tr1s-HCl {pH 9ttl~t .,O,J M ECTA, 5% sucrose and

" . ......_'

0,75% freshly added di.ethylpyrocarbcnate (OEP). The SOS and
~'

protein ,fornl complexes and DEP .acts as a protein .dEmaturant
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and nuc lease inhibitor. The p~'otein/SDS compfexes were th~n

preci pita ted by addh~9 30 lIt of 8,~ potassium ecezate and cool ing

on ice )Jor 45 ,minutes. The tubes were spun for one minute in

the mtc ~acentrifuge (Hag~r Design} and the supernatant containing
! . 0

DNA \4s carefully removed. lhe DNA was precfpitated by a 1ing

two vo lumas of cold ethanol ( .. lQoe). Samples were allowecl to
If

stand.,at room temperatureo for 15 mhlutes and then mtcrocentr-tfuqed

for 5 minutes at 4°C. The super'natant was discarded ard the

oet lets were washed with cold 70% ethanol and vacuum dr Ied, The

DN~ 'vIas resl.isoertded in 100 vt of 10 mM Tr+s , 1 mM £DT~t pH 8"D

(TE) for et least ,:24 hours befot'~ restriction enzyme dige~,'tion.
,y

~~ ~amples of 20 ut each were run on 0.7% agarose gel s to

ascertain that the DNA concentration obtained wa~ uniform

throughout (Fig. 4':1~.
(!

4.2.2
()

The plasmfd p1tz'~.l (O'Hare and P1bin 1983) W{JS obtained from

W.R. Engels ~o kindl~ supplied it in two forms: the purified
/j

plasmid DNA (fro.-:t a recent plasmid preparation) dissolved in
P ji

1 M NaCt, 1.0 mM fDTA, 1,0 mM T~is ~s well as in a stab in E. ~ori

OHI (l·eaAl, gy:rA96) th1.-1. er.dAl, hsdR17, supE44j. p7T25.1 contains

a complete' 2907 bp P element which is flanked by approxtmataly

1 t~ kb of DNA from the 17C region of the X chromosome of the

tr, mel anoqaete» stratn of Tiz and tnsertsd into the BamHl site

of the plasmid pBR322 (O'Har~ and Rubin 1983). The plasmid
consequently has the gene for ampici 11in resistance. After
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'•. f..x.&II!P1esof Droso2,hih OM extractions ..
~,.tc OKI\ ws extntCted i.lS1-r.g the "sil:\gle fly DtlA
extraction" _tt.ad of Jowett (IS ...J ...'$ ,;Jescrlbed iil St::ticn
4.2.1. The M laboratory strains_Llanes 2 and 3) as ~n
as fhe of the thirty one wnd stn:ifts (lane5 4-8) 'are
stlll'Ml. il\ the photograph abOYe.. llfCA ~les of 20 \1' eacn
lIIel'e nm l)n s. o.n agal"'Q5e gel

LA~ 1~
Lute 2:
lane 3:
Lane 1:

\".4jM 5:
Lime 6:
\..aM 7:
lAM 8,;

zoo A9 ADM
1r2
~lton-S
RaIt 1
flea 1
Pta 1
H"K 1
Agl
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\~ plating from the stab cultures the plasm'id was amp'l if'i&.i as

follows ~ the E. ooZi stratn DHl containing prr25.1 was • loculated

into 10 mt of Luria Broth (La) "containing 1 ut of ampicillin

(SO mg/m£) and incubated oven-right with vigorous s}J3king. 'A

subsequent tncculat ton of 0,1 mt of the overnight culture into

25 me. of LB containing 25 .pt of (50 mg/mt) ampicillin in a 100 mi-
"

flask was performed. ThE' flask was incubated at 37QC with

v.igorous shaking until the culture reached the late log phase

(Optical density (OD)" at 600 nm ~ 0,6). A final inoculation

of 25 mt of the culture into a ,500 mt of 37.oC LB meoium containing

0,5 mt of cl'QQ.ici11in was perfo},;med. The culture was tncubatad
r<" '\ '

at 37°C w~. __J:v190rous shaking until 00 at 600 nm was e! 0.4.

finally 2,5 m£ of t:hloramphenicol (34 mg/mt in ethanol) was
il

added to the culture flask which was then incubated at 37°C

with vigorous shaking for 16 hours.

4.2.2.1 ?las.id Isolation (Cle~11 and Helinski 1969)
Plasmid mat~'r'ial was obtained from Susan Hea\"n after being

tso'lated by the Tollow'jog l11e,thod. The amplified plasmid pn2S.1
II 'was isolateLt :,~rom DHl as fallows: A 40 mt. cu?~ure of E. orJU

fJHl containing plasmid p'lf25.1 was ha;rvested at 6 000 rpm for

10 minutes. The pellet was washed in 10 m~ of cold TE, then

pe l1eted and resuspended in 2.0 I~t of cold 2,5% sucrose It 0,05 M

Tr1 s (pH 8 t'(j) • The sample ~as. transferred to f 100 mt f1 ask

and 0,25 mt of fresh lysozyme solution (10 my/mt in 0.25 M Tris
\) ,.'

HCt (pH $,O)} was added and the sample was swh'led gently on

ice for 5-15 m;nutes. lysozyme is us~d to catalyze the hydrolytic
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c::eavage of complex polysaccharides in the protective ce'l1 wan s

of the bacteria. Occasional swirling en ice was continued for
\\

five minutes after thp. 3,(dd'itiufl of 0,25 mt of 0,5 t4 EDTApH 8,0.

To promote ce l l lysis. 2,5 mt of cold df.!tergent (20"; Triton

X-lOa. 0,5 M F.OTA (pH a,o), 1 11 Tris (pH 8.0j and distilled

water to required volume) was added and the sample was gently

s~hlirjed on ice for 10-20 minutes unti l the solution was somewhilt

cleared and highly viscous. The solution was transfet-red to

if Secl<man JA~20 centrifuge tube and centrifuged at 18 000 rpm

for 45 minutes. The superr:,"tant was then removed and the volume

"\

measured aM 0,1 mt. EtBr (10 mg/mt) and 0~95 9 esC! par m~ of

supernatant was then added: A 10 000 rpm spin for IS, minutes

at 4°C produced a cleared lysate which was loaded int~ Beckman

quick-seal ultracentrifuge tubes. The sealed tubes WI~re spun

in the Beckman ultracentrifuge at 45 000 rpm for 16-[7 hOlfrs

at lOce. The (lower) plasmid bands were observed under ul travto let

llght and the D~A was removed using a,sterile syringe.
L) (L

;)
Final1y. the DNA was purified. To remove the EtBr. an equal

vo l time of isoprcpenc 1 satura ted wi th 5 M NaCe was added to tll(~

DNA solution. the two solutiQns gent1y mixed and spun for 30

sees in the microcentrifuge at 4°C. The solutions separated

into h/o ..distinct layers and the upper (pink) late;' containing

EtEr was discarded This procedure was repeated until a

colourless solution was obtained. The Csct was removed by
dialyzing against cold (4"'C) TE buffer for about 12 hours.

!n)

(f
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The plasmid DNA obtained was subjected to electrophoresis on

a 0,7% aqarose gel together with the pTf2S.1 plasmid isolated
c:

in tl1e laborator-ies of W.R Engels in order to confirm that the

correct size plasmid har:l ~een extracted. At the same time the

DNA concentration vas assessed.

Two methods of ethidium bromide rluorescent quant ttat ion of
)'(~:--\

the amount of double s tranded DNA (Maniatis et: al., f~,\2} were

used to estimate the concentration of plasmid isolated from

'DHl. TPay were the plastic wrap method (results not shown)

and the minigel method. Both methods make use of the difference

in the intensity of fluorescence (If different concentrations

of DNA/EtBr under the ultraviolet trans; I'lumtnator , The plastic

wrap method \~~~ts DNAs~\mples onto a sheet of plastic stretched

over a UV tra"Sil1t1min~~or whereas in the minigel method the
/

samples are subjected flo electrophoresis before viewing on the
~,

transilluminator. The estimation of the concentration of plasmtd

DNA isolated from OHI using the two methods was the same viz.

10 ng/ul (Fig. 4.2).

4~2.2.2 Digestion of pw25.1
....

To 25 J.d, of purified prr25,1 (250 ng) was added ~ unit' A(Ja 1

and 3 lJl. of the r-ecommended cOnJnel'cial incubation buffer.

---,.....''--------- -----'.__,------_._--_ ..._-
+The catalytic activity of the restriction endonuclease is based

on the minimum amount of .enzyme required for the generation

of the ;'ertzyme-speci fi c" fi na 1 fra9meflt pattern of ADNA. Thus,

one unit is the enzyme activity that complet.ely splits 1 119

of ~ONA in one hour at 37°C. The pH of the incubat ton buffer
o

is adjusted to the test temperature (in this case ~T)C).
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Fig. 4.2 Esti!Rrltioo of the concentration of plasaid OHAusf~g etbiciiUEI
hfOlridefluorescent quantU<!,tion~thods {l4aniatis~. 1982}.

taMs 1. 2 and 3 «;ootafn 200 r.g.. 100 ~g and 50 ftg NSge<:th'ely
of AOK~.

une 4 contalflS 10 lit of phStotid p1f1!5.1 DNA isola.ted froG the
!~.coli strain'OHl as dC$(rU)(:din Section 4.2.2 ..1.

tane S contains 1 ttl. of the purified pbsWfd p1I"2S.1as obtained
froa the- laboratcries of ".It. 'Engels ..

__..__=_'"~='''_ Cotlp~"isOft of the inta\s1ty of the fluoresct':ftGe of tM ADKA
standar4s "'ttl tbat of the OM in , •• 4 .pve a CMcentnticm
eS,Mt-'t:.tof 10 ngf\it for' the holded pl.said W. (lnt.ens1ty
~~)'fluon!sceftte (If the $lIIlp1e ill lAM! 4 was judged to be eqea'l
w that of the "OM standar4 in lane 2; i..e. the ~le contained
100 ng 0'( flf(A).. '

1"'<,;'l ...;



Digestion was al loued to proceed for at least f6ur hours at

3rc. The reaction was halted \It,y addition of 1 u£ of 0,5 M

£:OrA pH 7,5. The restr-icted nUI\ samples were subjected to

electrophoresis together with a AIll'"mal"ker on a 0,65% low melting

point agar-ose gel at 4'~C.,

/)

4.2.2.3 "Radioactive labelling of DNA
//-\

The ftmersham RPN1601 mu1tiprim~ DNA labell;; J system was used.

The band pf agarose containin~fthe Ace 1 2,4 kb P eleme~fragment

(see Section 4.3.1 for a ful l description) was melted and the

DNA denatured by heating the agarose/DNA at 95°C for 10 minutes«:

in ~ wate~ bath. Thirty (30) pt of the molten agaroselDNA were

mixed with the fol1owl};~~components of the labs" J ing kit: 15 JJt-_ .,

,"
buffer, 7 ~5 ~II. primer and 5 'Ill enzyme. finally 4 llt. of

decxyc+t idtne 5'-[cx-32Pltriphosphate was added and the reaction

was allowed to proceed overnight at rosm temperature ,

The Ievcl of radioactive incorporation was assayed by blotting

1 ut of labelled DNA o.nto the iiitrocellulosa filter~ fhing
with 10% trichloroacetic acid (TeA) and washing three times

with 5% TCA. The approximate level of tncorporat ton was read

wtth it Geiger counter. A more accurate measure was obtained
-

by reading the sample (1 ~t of labelled probe added to 5 mt

of scintillation mix)

Instruments, - Protea).

in the scintillation counter ( Packard,
___,)r=r:

((
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The level of tncorporat ton of ::iZP for the 2,4 kb P element OW!'

probe was found to be 1,5 x lOb cpm/ut.

4.2.3
DNA samples wer(~ run on 0,7% aqarese minigels. These gels were

" )
prepared by dissolving the aqarose powder in rris-Borate-Enr~

(HIE) (0.089 M...Tris base, 0,089 11 boric ac id, 0,002 r1 EDTA).

After pour-tnq the, gl?l, it was allowed to set for at leest two

hours before e lactrophores ts . One:/( TBE was used as the running

buffE'i;: Samples to be r1n were mixed with a gel 'loading "buffer

contain'ing 0,25% Bromophenol as the trac:~ing dye and 40% (w/v)

sucrose in distilled water to sink the samples iT! the wen. Gels

were run at 8 v/ern and then statned wah (O~5 pg/mO EtBr. An

ultraviolet transilluminator was used to visualize the DNAbands.

A O~65% low melting point agarose gel was used for electrophoresis
\i

of the restrii/tted pl asnrid DNA. Electrophoresi S was performed
',',

at 4°C and the ge1 was subsequently viewed' under the

transilluminator .\-/here the appropriate bands were excised. The

cut out pieces of agarose containing the DNA bands were stored
at 4°C.
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o

4.2~4.1 Binding of DNA to nitroceP .;:;;,e '(Maniatis et: at:..

1982)

,,[enaturation of DNA samples was +sned by heating at 95°C

for 10 minutes. The samples WC,'B quickly chi iled on ice .en

equal volume cf 1 M NaOH added, and incubated at room temperature
for 20 minutes, The DNA samples were then neutralized by the

adGition of Ot5 votunes of 1 ~I-tlHaCt, 0,3 ~1Na citi'tlte, 0,5 M

(I Tris HCt (pH s.e) and 1 M HCt. The solutions were well mixed

and samples were immediately chilled on ice.

Denatured DNA was boun:.:!,_~o nitrocellulose by spotting 5 ~It of
(,'

the DNA solution onto the filter~ allowing it to absorb and
,( .

then spctt t ng a further 5 'Iott. This process \lIas repeated until

'\. 40 J.lt of the original sample had been spotted. The filter

was then baked fm' 1 hr 20 min at 800e and stored at room

temperature pdor to/use.

4.2.4.2 Prehybridization
. Prior to j)roehybk'idization, the nf troce l lulose blots were washed

in 3 x sse (1 x sse ::: 0,15 M f4aCt, 0,015 M Na citrate) for 10

minutes at room temperature. They were then immeY'sed in a

prehybr-idtzatfon solution consisting of 50% deionized fOriilamide,

4,,37 gNat!, 2,2 9 Na citrate, 25 mt of 20 x Denhardts (0,4%

Fir.:ol1, 0.4% Bovine' Serum Albumin (I~SA}, 50 mM NaP04 buffer

(1 M NazHP.tl4, 1 M"HzPO,+ (pH 6,5») end water up to 100 m') salmen

sperm DNA (l~5 mt of 1 mg/mt) ~'a~':·denatured by boiling for 10

minutes. This D~ was then chiUed on ice and added to the
v
"

prehybridizatiQn solution. The dots were prehybr tdtzed w.ith

shaking for 4...5;'hours at 42°(.
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4.2.4.3
Th'e prehyorid;zation solution was decanted and 50 m£ of

o

hybridization solutior: (50% deionized, formamtde , 4~31 9 NaCg,

2,2 9 ria crtrate , 25 rot of 20 ('J'/Oenhardts, 50 mM NaPOr.;buffer

(pH 6~5), 20 mt lJextnw sulphate (50%lJsollltion} and ~i4ter up
"',_ \

to 1013 me) was added. The labelled probe together /~rith the
/:

salmon sperir. DNA (l of 1 mglmi) was boiled for 10 minutes

and th~n cif}led on ice and added to the warm hj'bf1diZatiQ~

medium. The blots were hybridized with :~,haking for H3-24 hours

at 42°C.

4.2.4.4 Posthybridization
Fcfilowing hybridization, the nitrocellulose filters were washed

with 50 mt of 5 x sse ,;at 42°C f>Jr Ie-IS mtnutes , The filtersrr

were then dried lightly on clean paper towe Is and sealed in

plastic bags in preparation for autoradiography.

4.2~4~·5 Autoradiography

Nitroc€l1ulose blots sealed in plastic !I/ere pl aced in cassettes

a,rd exposed to Fuji X-ray fi1tr!-5 for 1 to 3 days at -70°C. X-rays

w~~~'\)developed, fixed and washed and hybridization pa+terns

were observed.

"~)

4..3.1
Fig. 4.3 depicts the Aoa ! amd sam Hl If''estriction sites of ttiQ.

.plasmid pn25. ;l. {>The 2~.4 kb Aco 1 fragment "Jot the P €lement

nrakes up 83% ~>f the full 51 zed 2,9 kb P elewcnt. TM s fragment



4.2.4.3 Hybridiza.tion

The 'prehybridizatiun solution was decanteG and SO mt of
~

hybridization so lut ion (50% deionized formanrlde , 4,37 q Na{;t~

2.2 9 Na I;it.rate , 25 mt M 20 x Denhardts , 50 mM N' butter

(pH 6 >i)~ 20 mt Dextran sulphate (50% sojuttcnl and water up

to 100 rot) w~s added. The Jabf;!l1ed probe togeUF with the

sa lmon sperm DNA (1,5 mt of 1 mg/mn was boned fm' 10 minutes

and then chilled on ice and added to the warm hybr'idization

msdtum. The blots were h;;drridized \,/ith shaking for 18-24 hours

at 42QC.

4.2.4.4 Posthybridizatfo~
Follo;.;i;;;Jg hybridization J the n; troce l lulcse fi Hers were wa:;hed

with 50 mt of 5 x sse at 42°C for 10:':'15 minutes. The filters

were then dried lightly on clean ipaper tose ls and sealed in

plastic bags in preparation for a~rtorad;IJgy.aphy.

4.2.4.5 Autoradiography

Nitrocellulose blots sealed 1" plastic were al aced in cassettes

and exposed to Fuj'j X...ray films. for 1 to 3 days at ~7ffJC. X~rays

fixed and washed and hybridization patterns
)1
;/were observed.

4.3.1
Fig- 4.3 depicts the Aoe 1 an..., Bam m restr tct ton sites of the

plasmid p.".25.1. The 2,4 kb .11.::.\."1 fl'agment of the P element
/(

makes up a3% of the full si z« ThiS:: frih'lfiltmt
!l '"
Ii
Ii
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P&rtt&l ,"$tr1~ti. .. of the pla5lrid
pw25.1 (0'_,.. _ IUtfft 1983)
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can be used to detect intact P elements as we11 }lS those

degenerate P e lements having either a deletion between th2 t~o
o

.4~c l' sf tes . or having one of the Ace 1 sites deleted.

Theoretic(li Iy the only e lements that wOl not be d:atectet1 using
n

the Aae 1 fragment as a probe -a re those degener,;::.te Pel ements
.'

containing deletions that span the entire Ao(! 1 interval. The

probe and the digestion of genomic Dt'A by .10<1 1, have been used

successfully in ~ybridization studies involving P elements
',I

(Dante l s et: ~t. 1987a; Boussy et: al., 1988).

11
"

Fig. 4.4 .sho~s the" A"rJc 1 ..digest of ''the ,.pl:lhlnid p7t'25.1. From

Q

the Aea 1 restriction map {,Fig. 4.3) it was deduced that four

fragments of size 0 ,\a 3789 bp~. 2359 bg. 1595 bp and ca 1327 bp
1

should theoret,tcallY))be obtained. In order to assess the actual

size of the fragmentsy the digeSted plasmid was subjected to

electrophoresis in a. lane adjacent to the ;:.f)NA !'flOlecular weigM

,marker 1I I, and use w~s made of the re iatioYlship bet~en migratiM
\~\

dtstance and moh~cu1ar weight as foliows: the distance, d, moved

_ {'o a fixed ttme by a DNA fragment of ml')cu',il,."weiQht ~1 is[9i,ven

by d • a-b(logHf where a and b af .mpi~ie'l1Y deter-tined

constants depending on the bufferJ gel concentration and

temperatur~,/'")hu$ the s'tandard curve Ifnog molecular weigh,t (in
(' ,r/ i\
~./ \\

bp) versus' distance migrated} was fitterl using the" molecular
o

'Weight' mGrker HI! af\(1 was used to obtat,n the, size of the p".25.1

I;'

IJ



2 3

c)
'\

100 ~lasarid p1f25.1 (1'Igested with ~. 1 ~~ a O~65% low
JIelting point agarose gel~

.l.ane 1: ADHAIIiIOlecularwight .. rker III (1l2 lit.)
lanes Z and 3: 1)«<'25.1 DNA restricWd witll !Ss. 1 as described
in Sect.l(11t4.2 ..:~.2. (~5 pf..)

lane .. : 'PW2S.i~ DNA UIlIII1<jest:t..>d(10 pt.)

The fragilleftt ll~gths of ADM. iIOlecular" weight .arter
In as obtaifte4i\fro. BcM~hr.itlllf!r,-M1. (191lf7)are iftotlcated
on the left 1~~Qd side of the f,'mtograph1i On the right
teaM side. of ~~ p!totograpn are the expected lifraglilleftt lengt~$
obt.lilKld ft"QII iihe S. 1 r~st ...t..:tfOft of tnIIt pl&Slttd pw25.1
(Fig- 4.3)6 The]1faint bant!s pt'esent are d~l to ......-'*"letely
dtge$~ {IffA )t' conate.r$ that fo~, subseq~t to

q
di gest1 Oil. II

II

II

II
Ii

'I

I
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\
\\ \\fragment (Fig, 4.5cJ. A good agreement was obt\ined between

the theoret tcal expected fragment size and those e~imated from

the standard curve Table 4.1). r:.:. \
\;\

\
\

-"'" \
4.3.2 ~ mo~~idizat!.C?l!. '\

»\
\populations collected mainly in 1987.\samples

-v
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In~~l different wi
\.

of eight flies (four females and four males) were tested for

the presence of p elements by direct hybridization with the

Aaa 1 2.4 kb fragment of the P element. The probe used is free

of the Drosophila chromosomal sequence surround'fflg=the f> el~ment

10 prr25.1. \,ttence no hybridization signal would 00 due to

chromosomal non P element DNA. Three control; were routinely
.'}

tested fn each blot (except for one in which the one control
odot broke off). The ~ontrols were the plasmid pw25.1, the strong

P strain 112 (described in section 2.2.3) and the M s traln ,

Canton-S,. Canton-S is it labora~ory stock. probably imported

from the United States of America to South Africa in the 1950s,

and subsequently kept in the laboratorl'Of the Gen~tics Department

» of " the University of tll(' ~i'itwatersrdnd. Tile intensity of

hybr'1cizat'ion Signal obtained for the wi ld fl ies was visually
\i

compared to the signals obtained with reference M (Canton-S} and

P{1tz} strain files on .the autoradiograph. Photographs of the

dots are si'lown\\in Figs. 4,9 A-f.

sfWlal was o~,tained. ,TMs cou'ld be due, -tc either nen-spec+t tc

h.Yb~~\izatton ;.or to th~ pr-esence of P elements tn C~hton-S.

The l:;~er seems the rore plausible lof the two explanations

Since c~tain Canton-S strains." have been discovered to harbor
~\ '

de'fect1ve P elements (Woodruff et at. 1987a,b).

In all blots where Canton ..S was tested, ~ faint hybridization
'. ::.'
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The eXpe\':ted artd estitM.ted fr~\glltent
obtalned from the Ace 1 d'igestion of ,*)25.1
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sizes

The r~gr(':ssion equation of the strai9ht j ine obtained by
plottiti'g distance migrated (d) again:;t molecular weight (m)
(h~ bpHfor >.ONAmolecul ar lH~d9ht marker II lis .
d :: 210~3 - 48t71og !l"

r-----'
Theoretical,)

expected size
c- Esti ... t~d size 1

from
d'*210,3 - 48J71og m r

tCCl 3789

2359
1595

ca 1327

3981

2570

1698

1349

o

\~
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.. .,.., to ~1dtzatf_ of ~c ~1& lIlA witll
t1Ie 2~4" S 1 f~t of pd' ..l n 4<!SCrlMdiu Sect1.
4.2..4. Eacb blot tuecept fOf' the OM. sa- fa Fig. 4.68 tad
-t.Ine COIIiwl au: catow-5" 11'2 _lid ,.25 ..1. 1ft tM blot
,... t. Fit.4.B twa want .11 1. uatrols pteslmt u
~l,c.~~ 40t Wokfi off ~

1I1Ie .lot ,.... fA Ft,. 4..fA W 2'",I (20.. 1lM) of tile
p1l'25..1 r....,..t. 1'tIra ;Ji'Ou s..... 11t Figs 4.1 W hid 5 ,"-'
(50.. OM) alelt of t~ ,.-25.1 tt...,..t.
Sb l .... ls of s19Ml ..... ,ity .... recop1r ......
ES ... utreIM1l' ltreat (50 ICJ _ of t_ !$ 1 fragtlWilftt of

P\f25.1)
'S ...""1 'Strong"{1r!)
~;.. ~tnlrot
lID- ... 1.
M-.at 1'\

W- -1 _kl·(Cutoet ..s)..
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• '"1

i) •/) A
2

(! •3

1

B

2

3

!!L...!:! Il: low 1: .. to 101); M 2(11); Ag 1(11); Ag ~(W).
Row 2: Plat 6{W);..Plet 8(lI)l.~1I'2(Y$); cal'ltfHt-~;(1W).

\' Itow 3: Pta l(VNh Pta 2(W); pw25.1(2 pI).

8~ Aotf 1: PU 2(11).: Pta 5("'h Ag l(YW); Ag :{IIi}.
Row 2: P', l{MO). PIE liMa}; PID 4(S); p'~5{W).
kow ): 68 leW); ,.25 ..1(5 11&);'*2(Y5).
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c: l\orW It 6r(ft)); Pl~t 6(V}; 91et 8{1i); 'let 12(YIrI).
Row 2: Deft l(W1; bn 2(".'; Den 3(Mh _ 4(W) ..
b 3:tI'l 1(.); p..-25.1(5,ll&); 1rl(IS}; Canton-S(W).

0: Ibr 1: G8 tOO; E8 leW}; as "(V); Mlic 1(11); Mac 3(11). ~?
b 2: Mac: 4(JIll); MIlcSO",; ,.25.1(5 Ill); 'W'2(VS);C&nton-S{w}I:

Fig. 4.6
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The probe gave a strong signal with 'li2 and a much 5trong~r one

w-ith the plasmid p:r2t'.1 (Fig. 4.6l. order to cl)l;-qoare titc

stra ins Six differsll't level$ or signal

ES

\IS

e~,
MD ,,,_

14

VW

extremely strong (p'!T25"Ij

very strong

strlJng

medium

weak
very weak (canton-S),

Replicates of several of the populations were tested in otdet"

to compare resul ts, Table 4y2 lists the phenotYP'ic and molecular

characteristics of the tested strains.

S'idneral1y good agreement was obtained betweerl 1{'epltcates, Apa'~t
:.;

from two) Q strains W K 1 and Ag 1'1 (both of which re,f)d MD on
r- ,",

one blotO and VW on another)! reGdings were either identica'J

or e,i,se diff~r~& by a single gradation. Three of the s tra ins

\'I;1rich tested phenotypically as F/P? {excluding ')Ti) measured

either S .or MD on this system. H(,1tJever, the sample sizeDbf

the P type "of strain was very small ('four strains, and possibly

three smce Rut 2 was I.mcertatn). Rut 29 which was unc lass.tf'ted,

~ut }4egarded as a potential P st{~J n, measured MD on one blot
c.

and ~(on another. Of the ten! 'HIM? {or M..Q} \\'i Id strains four

were MD, four tlere III and two were VW.

\\

,
!

(

I



Molecular ci;!aracterist:ics of 3:t wild SuuthAfrican strains&
r-'---'~-'--!'~-'P~Q_M,c~"'~~-l""c"~-si~;'d:r~lI Strain. i Designatioll , intensity I
r-'-G'a -"~'·i-····I~-"··~~~rh-'-~~·T~",-c'·ii--""····l
1,1 GB 21 ~:1 W I
. G8:3 M \ I VW

II ~b1~:1I =1 ~~w*
Mi!e 1 M~Q MD

I Mac 3 M I MD
! Br f1-Q 'l MD~-;~:t~-~+1· - M~I~__ ~_~ll.-w/:~D*l
I~:~~ ~ I ~~~~;*
I,. Den 2!' ' QQ. v~

Den IN

II

', Den 3 Q-M W
Den 4 Q-M VW
Pta 1 Q VWI Pta 2 Q VW/W*

I H'K 1 Q VWMD*

I ~:~; Q~p ~~ I
Ii H' K 4 Q W/MD* I

pIa 3 Q MD,I p IB S ' Q- P ! VW/W* I
I Ag 1 'I Q I VW/MD*

l.--~!t-: --+-..-'-~~?·_· tl-M~MD:I
I ~ut t: I? W/Mu'A'
! P , B 1 1 fl I MD__,..~~ :'--.-J-_!_~._+__S/s~~_~~.

Contro 1s >-'1' ,
11'2. I P I VS !

Canton-S I n j VW I
""' ....,.__,_,, __ .._~_-..'""' .._:;._;__ ._.. _. __ f .... ~__ _.J< .,..

1 VS ::;very strong; S :::strong; MO :.::medium; W = weak;
VW :::: v~r'y weak

* Replicate results

149
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The 11 Q {or Q-M 01" Q-P strains var+ed greatly, four were of

intensity ~m~t\'{o were III and three Weil"e VW. The rest measured

dHferently Of! diffe;-ent blot,:;: two were of intensity Vt.J/W

two were of int~nsity VW/MD~ three were of 'intersity w/MP, cn~

was of intens'1ty MD/S.

, if one equates intensity of signal with number of P elaments
then the g:::neral pattern that emerges is that overal l P strains

:",

do t';il"ilEl more P elements present than N stratns \lJhi le Q stndns

are intermediate between the two, aHhouqh they span the entira

range from S to VW. However, 'it must be pOinted out that the

sample size of the P strains was very small. The implications

of these resul ts are discussed below.

4.4.1

All of the wild stra+ns tested gave a positive signal (ranging

in intensity from strOH£! to very' weak) when probed with the
';',

A(~{!' ). fl"agment of the P e lement , If this signal is interpreted

as evidence of th::.~presence of P homolugow:, sequences (see section

4.3.2} then all (If the wi Id flies probed in this study, including

those which tested a1~ ~, on GD s terf l ity tests, possess P e lement

hybridizing sequences. T~ds ~s 'in accord with results obtained

'rJorldwide. Molecular ana lyses of wild popul at ions from dapan ,

Korea) Eurasia, North and South America, czechcs tovekte , the
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USSR arid Australia e l l show that recent collections contain
.I il

P e lemant bomo19!)ot!s sequences. (Todo e',~at: 1984;li Anxolabei1€l're
'(

Ij

e: • 19851:;, 1931)0; soussv ,~i:al, 19B8). Ind(~edf'an examination

stratns col lected dudl'lg the past 60 y~~ars from several

cont'irl:~i1ts revealed that the most recent appearance of true

M stratus in N(wth Amedee" t;'rance and the lISSR occurrec between

atid' years ago) in ,956, 1969 i.md 1~74 respectively

The intensity of the hybdciizat'!on signal o,btained from the

wHc stratn dot blots varied from strong to very weak. This

var+at.ton was generarly in good agreement Y/i~h the phenotypic

str6in classificaticn (Table 4.2).

Simiiar grading tschntques have been employed by ~)ther researchers

in this field, Ar,xolabehere et: at: (1985b, 1988b) used the

"squash blot" technique (whole flies were squasfieil onto a nylon

filtel~ and then probad}, and visually classified t,he variation

in the s'ignal intensity. $load et: .a. {1989} equashed single

fly ovartes onto a nttrocettulose fi1tei" prior to hybrid'izing.

They scored the hy1:n-ldization sigm:l visually as lJositive or

negative although they did not attempt to quantifj' the intensity

'of the signal ..

the complete P element, the varia'tion in inten'}ity of t!1e signals

should theoret tce lty be governed by the number of P element

(\



hybfidizing sequ ..ances present in the stratn, i.e. the intensity

of the signal. should be proportional to the number- of P hom,plogous

sequences present. Ho\\,ever, the pl"oportionaHty may not be so

simple. When the complete P element was used as a probe it was

found ~lY some reseaechers that the avera 11 amount of

P e'iement··hybr-idiz:ing DNA (Boussy et: al., 1988) or the !'lumber

P hybridiz/t.i'lg elements (Todo et at: 1984) vas vtrtua ny the
.J

sane for 1 strains tested (ranging from Mto P) •

An alternative explanation for the variati,Jn in inmm; it~ then
"

is that the Aaa 1 fragment is prefarent le l Iy hybl'idi&intj to

the complete P element and/or to a specif'tc sub~cf)jlec'tion of

P element). Probes which are made up of internal se-ments (lnly

(of the Pel .dent) \d 11 hybrid; ze to fewe}~ P homologous sequences
';)

than probe; containing end regions. This is because a 1a~
1 \

number' of ) elements contain internal deletions {Rubin ;.at

1982) and n these cases the region of hQmology to an tnterna 1 !(

fragment could be ~very "sman or non-existent.

Oifferent probes do give different results. Anxolabehere ei; al.,

(l985b, 19881) used two' different pti~.bes. Their proge P1

conta ined the 0,85 kb lii~~d i~II fragment of =the P \,c1ement whi 1e

" P:z Ci Ita [ned the intel"nr ~. ).,5 kb !find I II/Sal.
) I-
I,'

P E!'!ement

fragment ~ (F~. 4.7). The Signal intensity obti:lined was geneY'a'lly

)/
I..

"

c

stronger and !I'lOreuniform throughout the tasted range \<dth the

shorter, Pi -end probe, than with the lQn~r Pz intm'na~ probe

(Anxolabehere et: al., 1985b ..._ their lable 1; Anxolabehere et: al.,
\\
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1988b • theil."Tables 1"rlrld.3). Further Todo et: al, (1984), using

\he central portion of the complete P element, the Pet: 1 fl~agment
~~
of 1'1125.1 (Fig. 4.7), found that the numbel' of bands hybridizing

Of! southern blots of genomic DNA was Iess than that obtained
,)

using p1f,25.1, (which contains the "comp1etg P element) as a prObt

These autMjhs also obt.ained a correlation between the (lumb(';t

of central portion retaining P elements and the phenotypic
1\

determi}ation of the strair:. using this Pst 1 probe.

(I
Thus. if the variation in the intensity is due to the prefereft~iial

II
hybridizatiof! of the At.~ 1 fragment to the complete P elerri~nt.

and if the total amount of P element hybridizing DNA is the

same in an stratns , then this would" explain the strong anct

medium signals obtained for P strains. These s tratns have the

complete P elemtmt present lin higher cOP.Y number since only

the complete P element is ab1e to produce transposase (Rio et at
\'

1986) whicW is res oons tb le for P eIement transposition and

subsequent GD steri 1ity. Further' Boussy e t al., (1988) 1n the

study 'of wild Australian flies "fa:~nay the P activity of is line,

to be postiv~ly correlated" ~\th." the number of full sizjd

P element.s i,n tbe 1ine - so this would al so explain the" higher
''::;''\ (\ {/

overell' intensity of signals for P strains and the iower avera'll

intensity for M strains (Table 4.2). The s i.tuat.ton ts.. howevet
J) C,;j i-j

• i<complicated by the possible presence of KP element~ as out l Hled

in the next sec;ton~
.. /_\!I

'J
'1\

D

o
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4.4.3
When P and Q strain females are crossed to P strain males they

are able to suppress GD stern ity. Further , whi le true M strqins

do not suppress P factor activity, M' strains are able to reduce

the level of hyb~id djisgenesis ~Ihen crossed to P strain males
Ii

(Kidwell 1985}.

This ability to s~tppress GOsteri!1ity was inv~stigated by Engels
,

i.l979b) viho used :ithe term P cytl~type to designate the abi 1ity
'i 1

to suppress GDste~'i1ity via the presence of P f'actors tr'(u~smitted
,

through the matern!~l cytoplasm. I;urthel· st!Jdie~b with M' strains

suggest that sUppl~e$sjon may e lso arise Que to the presence
! . \1

of P e\,\ment deletion derivativ~s., Kidwell Ih985), in a genetic

analysi, of M and W strains showed tout a chromosoma,\~component
,;

. transmitted through both sexes was instrumental in suppres~tng

GO sterility. Black et si. (1987) in a molecular and genetic

analysis of Kfl elements (P flactor tnternal deletion derivat1'yes

cloned out of the Russian strain Krasnodar ff,'i'g." 4.7» conc luded

that these elements contribute greatly to the suppress fon of

hY,bdd "dysgene~/s in natural populations. They suggested that

this ty~\ of suppress ten was distinct f,rom ~he P cytotype system.

'\"" ~=,;,,~:; -c.

The "molecular analysis",of /Austra1ia~t lines (Boussy et: at. 1988j"

rell'!aled that the large majority o~ these l+nes conta'Thed only

f~11 siad P ele"'",ts .Itd KP 01....lints., Further, KP .elements

have been sh~wn to 1ncrea~~ in nllm~fr jn M and Q 1ines (BolJssy
. -11

I, "
Ii
II
:1,

tJ

1':1

\
1\

/,
'.\\ '

,\

\I
._._..._L __.__....._._.__ .__"._._. .. .._ ...
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et: aZ. 1988>' and to aid in the suppression of GO steri1ltyt

(Black ei, at, 1981). \\Thus, if signal intensity using the Ai'~ 1

probe A~~ in any way \ind,icative of the number of KP elements
'<\
\

present (the .4~"'!c! 1 fY'O,'gll!ent and the l(P element have 756 bp's

of ho"1ogy - Fig- 4.711) ann if an increase in the number of

KP e lements implies an increase in regulatory ahil Hy, then

the stronger the signal the gl"eater the re9ulatory abt l f ty;

If' the Ac<.~ 1 fragment is hybridizing to KP e lements , then a

good iQ~Hcation of the number of KP elements present could he

obtained by exarninin£: M strains which are presumably free of

complete P elements {due to their lack of P element activity}

and atse possibly free of deletion derivatives other than the

KP element \_(Boussy et al.l: 1988). From Table 4.2 and fig 4.8,

it can be seen that, in gene'ral, a'S .. f'ar as M strains ate

concerned, the greater the intensity of the signal Jne greater
fr/

the abi1 it}, of the s tre tn to suppress GO ste;!1ity. (Using
(y;/

Spearma~s rank correlation coefficient a highly significant

{rs .. pi~62. P c 0.001} rtjgative correlation was obtained between

cross A* GO sterility ana signal intensity for M strains.) A

-----~----~---
" tAlthough Roussy et: al , (l988) found f1.D correlation among the

Q and M 1i'nes bE!tween f'egulatory ,,abi}ity and ct!lE !lumber of

KP elements, and Monastirpti eu.at: (1988) produced evidence

which suggested that unt:~~) certain circumstances KP e Iements
o

may not ~e effective in suppressing hybrid dysgenesis.
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tentat ive exp lana+ton for this is that , the greater intensity

of an ,M strain Signal implies the greater number of KP elements

present and consequently the greater the Y'egulatory ability

of that strain. However this is mere1y an hypothesh since,

KP eIements may not even. be .present in these stra tns ,

Probing for P elements in Q strains has often resul ted 'in high

1eveis of hybridization ,gham et: at. 1982; Sakoya~a et: aZ.

1985; Anxo1abehere et abo 1985b, 1988b; Boussy et' Itll.. 1988)
11

:1

revealing the pl"esenc€ of a large number of P homologoul~ elements

in these strains. in this study the Q strains gave si9na~s ranging
I I

from strong to very weakt~ ~ut most M' them were in the medium

to weak range. While the P factor activity in causing" GO
:\ ':'

sterility is suppressed ill Q ltnes, other P factor activities
t',

.Isuch as MR and Bnw mutability) is not (Sinmons et: al., 1987i~.

Consequently the signal intensity obtained for the s tratns was
:,\

compared with the percentage snW;,mutability induced by them.
\( <:"

No corre lat ton was' .obtatned between the two results and thts
\-1

lack of corre latton between the rmmber of P homologous elements

(as evidenced by the intensity of the signal) and the amount
(\

of P .trenspos tt.ibna l ;activity (as evidenced by the percentage

of enw mutabil Hy) cOl,ll~ be accounted for in terms of the

transpcsass titr~tionJ)!~h!or':l:\Of Simmons and Bucholz (l985'} (see

section 2.~.3.1). ,I
iC' i Ii
'-j /1

f j
If Jl/

IV!

()

) I,
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If transposase is in 1imited supply due to a small complement

of fun ...si,fed P elements , then '~ompetition for transposase by
I,

defecti\fi;~4and intact} P elements could lead to a shortage of

transposase which in turn wOuld lead to a reduction of P
transpos+ttcnal events. (Experimental evidence for this \liaS

obtained by Kio\'Jel1 {l985}, \l/ho found that the presence of
'i<, fIZ'::"

P elenents ''-~~'" strains suppressed P f~H::tor tnduced hybrid

stern ity to a certain dE.~gree.) Thus, a reduced :mw mutability

does not necessarily imply the presence of fe~1er P elements.

It could be that the smal1 amount of transp1)l;;a~a bt::ing p:,aduced

by the complete P e lementf s ) is being competed for by a larger

number of defect':.~~ P elements and thus \~reating a shortage
II
I)

of trensposase in the vicinity of the elem~nts responsible for

the snw mutabi l lty effects {Roiha ej; at. 1988}.

A reasonable hypothesis is that. for JbrJ;~rail~, the ilumber of

complete P elements is smel l and the number anli kind of defective

P elements i~. variable.' The strength of the hybridization signal

is proportional to the total number of 'intact and defect'ive
"

P elements present. but the 3tr.ount of mutability displayed is

dependent on, a delicate balance bt;tween the amount of transposase

being produ,ed by the complete P elements and the number of

all P elel!Y.!nts complete and defective c.ompeting for this

tran§posase. As a result 8nlt: mutability WQuld not necessarily

be proportional to the number of P e'lements p-rec;ent in the genome.

1\

(_)

(~
1\
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5. f 't!Jement somatic A-=~!'!!!y,

5.1 lm:rodaction

P element hybdd dysgerrfr. traits have been hypot~ v= to be

restricted to the germline (Engels and Preston 1979)-~i~The lack
( ,

of phenotyptc ev idence of somatic eff~cts t:.;gethel' witl) the
('i:1

indications of germl tne spec'ifh::itymolatular and cyto1ogical

seem to bear out this claim.

rstly,O Bingham et: al.D (1982) crossed dysgenic hybrid males

carrying an M type X t'i1romos(1me but heterozygous for t4 and P

eutosomes to attached X fema 1as and ana lysed the Ina if-! F1 and

Fz proqeny by in situ hybridization of the sa1'ivary gland

chromosomes with I" P e lement containing probe. 1"he authors

detected no cop+es of the P element ,tn the salivary gland X

chromosome squashes of 15 Fl males.(" c:~_)he other/'Q~na~ in a

total of 22 Fz ma1e * chromosomes, Bingfi~m et: at. (19~~JJ observed

~'18copies of the P element:' lhese results indicat2d the rare
/-;:-:.:..:':_=--';:;

or non...existent transposition of P elements onto M type X

chromosomes in the somatic cell precursors of the salhiary siands

as opposed to the transpos it+on of P .;dements at the rate of

0,8 copies per X chromosome in the ger-mline c~11s .

.
S~condly. whereas transcription of P elements takes place in

..-:)

both s?rnatic ~-ct qerml tne cells. splicing of the third iotton

does not appear to take place °in sonet tc tissue (Laski et: at,

1986 ). As regards translation~ Ria et at. (1986), using
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immunochemicai techniques, identified tvJO proteins encoded by

P transposab le eltTmer.ts expressed in transformed l):r.IC:h~ophiZa

tissue culture ce l l s. One, an 87 000 dalton polypeptide was
(,'

encoded by a ,) element mRNA der'lved from the eng'tneered DN!~

precisely exc ised}. The other was a 66 000 da l ton pOlypeptidE,!
\ ~ );

which was encoded by 'I' element mRNA that retained the 'third

intl'on. Thus, it is not entirely clear whether 'in vivo

of inc~mpletely spliced mRNAtakes rJlace~ although

the 66 000 dal ton protein was prectsety the size polypeptide

tha t wou1d be encoded by the fi rs t three IJRFs of the comp1ete

P alenent (translation of the mRNA being termtnated due to the

presence of stop cedens introduced by the non-exct sion of the

third intron).

Finally, transposition of P elements in somatic tissue cz:nvivo

was observed in the progeny of fl tes transfot'lrcrl with the a2-3

P element (Lask! et: al:•. ~19gG; Engels et: al ; 1987; Rcbertson
\1 ,~.

e~. al., 1988). The above facts have led tel the conjecture that

t\,SPl'iCing of the third tnt-on (;oCC.~:sonly in the germlioe

ceJ"rJ leading to the production of the 87 000 dalton protein
~ / j

which effects mobf l izatton of P e lements in these cells

et al~ 1986; Rio et at. 1986):

5.1.1
"Motivation an~\Background _,'

Although rr:-OS\:::~JenotYPiCtests to date point -03 the tissue \,spe-

cific movement of P e lements , ana the mOlecular research (men-

tfoned above), is strong e\.~~en'.:e" ot th\i~, nonetheless somatic
" \1

mobil izat'ion of P elements cannot be totally ruled out. Previous
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Fig. 5.1

.'J

Geftetic develC1PEftt 'ttfl1cb eould Ie. to funation
of $pOts. Each d1ag'l'<"J illustrates the ltlft
ani I)f cbrcaoSOllJll!3 in a tran$ ..hetet'OzygiMI~

I!!!!ilflw:l r.ell prior to llltosis arid the left
a1'll of these ctif'OlllOS'*!$ ia the Wo cens
fonlll!d subsoqueftt 'to III1;051$.

A: ~"'1 Ctil1$
8: A .. n dtaletlon gives rise to • .!!!l

s1191e spot.

e: n point lIIta~fOft produces Ii !!!!! 51&"le
spot.

D: A • l'.Oblgle !pOt is produced by recGlbfnat10n
betwlltt ~ __ &lid nr3 .ricers~- -
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J'I

first two rows consisting of 'i{iogs :from ifemale flies and the
:;:;.:;:;;,-,._'."o:':~~.:-_.'/

second two rows ct;?nsisting of male fly wings. The wings were
\\

al lowed to dry on 'the s1ide in a dust ..free atmosphere. for at

least 24 hours. A droplet of Falweis solution was put on a

coverslip which was pl aced on top of the wings. The covers l tp

was charqed for at least 24 hours with several metal cubes (about

40 9 each) while the preparation was drying an(l hardening.

The wings were analysed for the presence of spots under a compound

microscope at 400 x magnificntion. Both dorsal and vcntra l

surfaces r;wer~ analysed simultaneously. the pC'Isitiop of the

spots were noted according to the s~tor of the wing--,{Graf et: al: ..

o 1984}. Only the distal wing compartment" (Garcia-Bel1ido et: al-,
II

i·(~~-\

~>!1976) wa<,; scored f~ clones' (Fig. 5.2). The size and type of

,~ach spot was recorded. Scanning electron micrographs of Mu.,lh
o

and fl'(l~{ tr+cnomes are shown in Fig. 5.3.

5.2~3.~1 Scor'ing of w~ngs

Large clones" norma 11y extend para 11e1 to the 1ongHudi na 1 axes

of the wing (Garcia-Bell ida and Merriam 1971). Marked clones

,-,,=_J the wing blade generall)~ appear a~ cont iquous non-interrupted

~~pots. Howeve:w-,sometimes'/1he spots are split into two or more, ,,)

~e~ groups '0separated by one or' severai rows of normal cells

due to .. internal t tssue pressure on independent cell movementsc

during development
o

(Garcia-8e11idO. and Merriam 1971) •

Consequently, spots sepal'ated, by one or two wild-type cell rows
.,

were scored as a single, entity. I fol1owed Graf ei: at. (1984)

for techniquezoand rules rega~din9 s~~t classification.
I, II

"

"_ ~ .. ·~_.C'--' .•_. ~._~ ...... ,_ ...._~_._~_""" •.• ~._. __....... _, __ .,." ... ,·.·l.!.,_ ....>_ .•,<.~·· . "" .•~.",.,,_ •. Co._'-
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research studies designed to detect somatic effects of P alaments

in the wings (Thompson et 191'8; McEhlo.in 1986), in the eyes

(Thomp:'w!l ct. • 1918) and in the ahdosen ~(McElwa'in 1986) of

dyzgrH'iic hybrids have proved to be negative. These expeI"iments

} play an important paet

[lctiv'ity '1n somatic tissue,

Induced mutatiomll activity 'iT1 the kfing,~ of hybtia fl ies , Because

(I
of a iTdt(Jtlcally induced temperature semi.it'lve event. firstly,

investigati';ms 01) the dysgenic .. phenomenon of male crossing oven,

have revealed that a considerable purtion (if not an) of this

event occurs in the mf tot tcal ly dividing pre-me'iot ie germ cell

lines (Hi ra izumt et: o:l. 1973; Kidwe'l1 and Kid\'/ell 1976~ Woodruff

and nW;1lpson 1977; Hiraizumi 1'179; Isackson of: al. 1981; Sinclair-

and. Grigl iatti 1985). Fur:.tht~r the GO ster-i l itv temperature sen-

si ':;'iV~l period begins in the late embryonic. stages and continues
"

throHgh the first and se(7ond tns ters. It thus appears that

(m sterility is caused by the failure in t.he earlY"dev\:'!opment

of germ cells which may be f:a.king place at the (Inset of mttosts

(Enqe l s and Preston ' /9; Kidwell and Navy 1979; Nikf and. Chigusa
1\

~986) , Thus, somatic movement of l' '~lements, if 'it ex+sts ,

may be l11itot iCOl11y induced ~

/"., I:,~::\

,,I seCOl1dly\t apart from the wen dOCWll'enti~d fact that a high develop ..

menl.. i ·t~~,,'l,perature of 29"C inoreasas the occurrence of en s tar t-"
co ,,II

1ity (f<rr \eMr..ple Kfdwel1 and NOt~ 19/9). high temoeratare h~s
1:( .,~·i

:1150 been S'~:lu\"n to enndnce male ret(iwbination (Yann(;po!llos and

162
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Pelecanos 1977) and to reduce male mating competitiveness in

dysgeni'-, hybr'ids {t;ol gao ')982}. Further Hi tiara {1987} ObSCfV€d

that female lethality es a result of a developmental ratardatfon

in dysgenic fem,:(les tncreased with increasing developmental

temperat, re , So it h'igh developmental temperature may be operative
(. -

itl~ indudflg somati(;. mobilization of ~i e'iements.

II scored the freGtL:'.ll~y (If marked clones in the win'J~' of dysyeni(;
',- ,I ,..! " \\. JI .... ,,__ _ /)

and non-oysgentc tlyin"ld f1 tes of the genotype mv);;.If'~'J'~\ reared"

at temperatures of ~i,5°C and 29('C. 'j" ordervt.o test for somat tc
I

p .element mo1:,.n'lzatio'h.
c 1)

I'

!,1

li~,r~
1).2 Materials and Melthod~

Tr" .~,-, ,_, ~--=-r-'-''''
5 •2. 1 !!.!"Osl!2,hf!?'';1. ~f!(JCks.
'Genetic symvols not II, otherwt se expla'ined are in ~indsley and
C~ Ii
Grell (1968). The multatiCli1 naN; is descrtbed by Garcia-Bellido- .. \\

\1

and fiapena \ 1974}.
o

-2 see section 2.2.3.
y 811W(M)/y+Y; I bw; st {8nlll(M}i see section 2.2.3.

fl tes homozygous for the )marker

uinq /U)il'$ on clwomosome~t '\
thn~e,

mu'ltiplyTM3 in"e~:t;ed
( /

is

balancer a

dotrinant marker and
tt.r·:! (an at ls le of flar:e (rlr,))

'\ q
il

ar~: both homfJzygolis lethal.

)1
,!

(';
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This stratn will heraafter be

referred to as ftp3/Ser.

wen; obtatned f}'om the Institute

of Toxicnloqy, Swiss Federal

Institute of Technology and

Un·jversity of luricnl+ Schwerzenbech,

The fi rs t and second chromosomes

are deri ved from the 1i'2 1iOE!

and) so have a number of P e1ements

present. Chromosomes tltrei1:

and Y are derived from the

s tanda rd rmih 1ine • Cnromosome

four is uncontrcl led. This

strain was cons tructed by one

of my supervisors (N. van Schatk)

'in 1985.

5.2.2
GD sterility tests IJsing cross Au and cross A* (Section 2.2.4)

W€:i'e performed on t.he stocks moh, f'/·1'3/.':3ef' and 1rm/;)h in order
~ . 0

to measure their potential for P factN' activity and their" ,"\~gula-

tory abil Hy. In addition, nhc:n testing 1Tmufh, in order to ensure

that the results obtained h'OIfl the dis£2Cti()ft of females in

-;~;'o',ses A and p,.' were net d,ie to spontaneous background or

}t.:w:perature induced gonadal dy$genes'i~, I performed reel procal

crosses tB and 8*) on this'sU'a'jn (Sf:'cti!J1l 2.2.4). Verifit:ation

1)
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of the statu~, (dysgenic or rlim-dysgenic) of the hybrid flies

whose wings we:re to be examined for mutant clones was obtained

by d'lssecting the ovaries of samples of the progeny obtained

from each of the relevant crosses. All crosses were per+ormed

at 29°C~ Finally the l~ factor activity of the stratn -rrrrMfl was

also l'llei\sured using t~} snw mutabilHy test e ,

Testiu!t_J!'.t. __§.~ti£_!.~ eme.!lJ:2~J.iYity__j).'. Dys.9~ni£

fl~!.
This assay system ma1r~s use of the two wing cell markers mlJh

5.2.3.

(3~O,O) and fl.!'?' (3-39,0). The wings of both dysgenic and f!on-

dysgenic flies t.rans-heterozyqous for lJl/i)h and fZr't were scored

fOt' mutant clcnes. These flies were obtained from the following

crosses, all of which were performed at both 25~' and 29°C:

. \\

II

Cross I fZl?3/Sel' s X 1tml1Jh d'

Cross II Tr11l1iJh ~ X fl.l?:' !Sd~'J d'

Cross IU fl,r:J/Ser 9 X mil-in. d'

I Cross IV ') mwh flr·;l/Ser d'l: X

))
~ "

CI~OSg I is the dysgenic cross , crosses 1I~ 111 and IV are the
"I '-,

controls. (.Y'O$SE:!S Hand lY are the rectprcca ls of crosses r
and III respectively. Progeny from cross ,III have the same

maternal genetic background as well as the same paternal thi,rd

chromosoee as those from,,\cross I"
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5.2.3~1 Clone formation

During lay-val development, any change in the, wing imag·jnal disc

cal ls resul t inq in a change in the genotype of the marker's will,
/1

after metamcrphosas , be observed as ma~'ked crones derived from

thes(~ ce 115 he. phenotyp! CClHy mutant spots wi l l be apparent

on an otherw'i se \'In d type wi ng surf'aca, Changes in genotype

can be brought about in a number of \'lays (Fig. 5.1). Somatic

recombination in the chromosome t'egion between the centromere

(at pcst tton 47,7) end f'l1;3 leads to tuin spots (,m,Jh//rZt·3).

Somatic recombination between the markers, IrtI..Jh and fZr3v leads

to ntl.<)h single spots. Single spots for rmtYh and for fZl,3 may

a lso arfse from mutation or deletion of the respective wild

type alleles in the double heterozygote. Also, the extreme ly

rare event of a double crossover between m1JJh and fl.p:; and between

rZr3 and the centromere could lead i.€) single rl.'l·3 spots. Single

spots could also arise if one of the cell 1ineages in an,odginal
• 'iJtwin spot is damaged in such a way that 1t becomes 'lethal.

I?id
)}

5..2.3;.2 Preparatiori and JI1i(:r'iY~rGpic analysis of wings

For the preparation and analysis of ttiH wings I have followed

the methods of GI~af et: al-, (1984), Bel' flies were discarded,

The remiiining f1 tes Here stored in 7U% alcohol until .needed ,

a.t which'time they were washed in disti ned water and then trans-
D (

ferred ito a drop of Faure's solutiQ~ (gum arabic 30 g, g'lycerol.
20 mt, chloral hydrpte 50 g, H~~O50 mt} in a well slide. The

'.J

dear' slide, g:~neran,y iii rows of ten,
\1\, . ':'II 0

~ndi..:jdual were 10.id ~idl~ by side and completed sl ides usually

"'wings were" separated from the body and then placed flat on a

The two wing5 of each

"
contajnee 4() wlog$ made up of, four rows of ten \'lings each. The
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5..2..3.4 Statistical procedures
After ascertaining the PO.issoTi nature of the data distribution,

x2 tests on males and females WiH~e pe!'fo.rmed separately at each~ , , \

temperature (25Q and 29"Cj. If Significant resul ts were obtained

I went en to test for a .~·i9nificaJlt difference between the Poisson

in each of the three

contrcc crcss.,s , using the z statistic,

1 =

whic" ;s"";10,,1) \.inder the null hypothesis (i; .. Poisson mean;

IIi :: number' of wings tested, i=~,2). 1 used the Bonferron!

Ievel of sjgnificance; that is, to. obtain an overall 5ignif'ica',lCe

1evel of Ci, each of the three controls had to be sigv.ific!)nt1y

different frolli the dysgenic CY'OSS at a level of (.:1./3.

5.3.1
I·

r':;;!V
Using the classification system of Kidwell.: (1983) «10% GO s:teri-,.

lity 'itl cross A and >10% in cross A* indk,ates an N type sifreifl
wMrecas the converse indicates a P typt~ $trf},in) I 'lias ab lie to'

classify all the strains UnambigUOUSi;. ," GO steriiity Ilests
II c-,

(Tab1() 5,1) rhssified the stocks J1TlJh and fZ:rJ/3e1" as M IItnes .

and )~e 'ltmtJh Shtk as a strong P line. The trong P f~\\ctor

t iv 1ty Of nmJ.1h was conf irme~ by the 8nw m.tabili ty test "then
4~ trn+ and 49 811e out of a tnte l of 324 lildividua1s was obta.\~ned

, ~
yj e 1d irig ~ 30% anw mutab1,l ity r'a teo. f~rther l the Pt'ogeny\~ of

the cross, flr·'J/Ser;,? x "Ifl'l1Wh t:f were c:lysgeQic and 96,7% of ~t!1~
II

ovaries of tl'Je hybrirt females were,atroptricd; the progeny fI\\om

the. three cnntrul crosses were not dY$genic (Table 5.!),
f/

,~f
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A ~Sl; s of GO stef"iHty tests per-fonned on
the stocss t't.:r3/Sel'!1 l/1II}hand 1fmh (Settion 2.2.4).

j~

V".f)fication of the (dysgenic or nondysgenic)
.. "-t,pe hybr'id flies whose wings were examined
",+:":' clones ..

B

rj-f.....·e_m_,a_le__
c

_'....j.O._.s_s__ m.le-
1

n' l%-G~ sterility I State -1
fh·:jISel~ 1f111'.Jh 12'0 --;:;-- t dy~gefl:fC-~

'ffl'17tJh f'l'l''J/Sef' 120 1 0 i nonrlysger.ic !I fZ.:p~/Se; mwh 120(' 0,8 It' Mndysgenic I
l'.'17ti_:h ....,;,--:.... ftX'~/se;(* __l__120'_1_ 1.] ~nondysgenic I

1 Cross A :
Cross A*:

,8~lW{M} ~ x T if

T ~ X 11" ~ d' '-=c""""
T o x BnW(M) (/':0

~r2~xT<I

Cross B ;

Cross B*:
T is the strain being t~stec.!;sr.W(M) and 11'2 are described
in Sec t i0tI 2. 2. 3. \ ",

2 n 1s the number of ovaries.

IJ
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5.3.2 ItMtallt Clones
The wings of fl tes having. the genotype ftl,3/rm()h were scored

for mutant clones', The results are presented in Tab~e 5.2 fat

fiies reared at 25°C) and Table 5.3 (for flies reared at 29°C).

R€'sutts are ~riven for mflies and fR-nales soparate ly.

The first entries fn Tables 5.2 and 5.3 give the resul ts of

entries 1ist the results obta ined; from the contro l crosses.
,\-,

In all the series analysed the roost frequent type of spot found

was the single <')pot expressing the irt'.,;7z phenotype. Less frequent

were twi n spots with both ;:1 nrbih end a fl..1'3 sub-cl one. I found

no evidence pf sin!]le spots with a fl1'::; phenotype. At 29°C
'f

I

I)

the frequency of spots in genera1 was much high~r than that

at 2§cC, snowing that the expresston of rtrcJh spots is effected

by high temperatures.

All data sets were vetified to be Poisson distributed. The

x2 analysis of the 25QC data set revealed no significant hetero-

geneity in the frequency of spots an,,/i9 :the +our crosses for

either males or females separately or together. I have thus

cOl'1'fill;'lled the results of Thompson et: a~. (1978) and Mcflwain
(I

(l9S6). 80th of these authors Reformed sill1'ilar experiments

to (~hi s one and found no evidence of somatic P element activity

at 25°C.

The XL analysis of ,the data obtained for the fl ies reared at

29°C was highly significant (P'O,005; x~ ::: 19,8), Subsequent tests

showed that this high degree of he ternqene t ty was due to the



Table 5.2 Nuaber of wings of flies reared at 25°C having 0., Is 2 or ~3 spots per wjng~
CJ

/)

1-- . -Fema1e Progeny ----r---r~~: 1p. proa;~:"·-·-··--~--·--·1
I- '-.:0.

5 OTlJ_' 2-,1 !! 'Nt A2 _1.0 ~ 2L:;rv_-~
'I I flr·s/Sel' s . r I I ! . f >c_~,,! r
I x 'P.flIfJ)h'd 25 t 8! 1 _, 34 0.294! 35 .t 9 - 1 ~ T 44 I O~204 I

I I 1 1tmtJh !? x' i I
0,400 J j. 33 I 7 I - I - i 40 I 0~U 5 t

I ! I • I II I i III 0.425 I I 31 I 7 ! 2 .., i 40 I 0.275
I I I I I I I 'I
f I i I I
I 0) 300 1 32 I 8 I - ! - ! 40 I 0 ..200 II

__ . ._ __ ,_ 1·. iii ~ ""..,_'_';-__ "'.
~

x~ = 1,38 for the females {P>Os05}
x~ : 1,11 for the roales (P>O~05) '-:;'"': ..:-::;

IN l%Ahe total number ofi: wings scored

2: A is the mean number of spots per wing.

o

\\" (_;; /?\\__ /_;;/~ -~--....../-.._~

c>

:::1 (I

"('

I-'-....:
00



I-::_'

o

'} ,
X3 :;: 1.3B for the fe.males (P>O,05)

l~:::;l~ll for the males (P>O,05)
~ 0- 0 c;,

1N is ~~I total number of wings scoredw
:2 A is the Jllepn humb£or of spots per wing.

\\

C (I



Table 5.3 Humberof wln9~-,if fl ies reared at 29°C having 0, Is 2 or ~3 spots per ~~ng.

,"

Xb ~, 18,86 for the females (p<n~005)
,~'>

;{fj :: 1l~92 for ~he males (P>Ol05)

,IN is the total number of wings scored

2A is the mean number of spots per wing.
o

~I

()
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contributit\fI of the ¥emales

males (P>O,05; x~ = 11.9).
{p<r'-"'\; xi :: 18;,}

, \

" I
Th,~!./61$,;:,on mean for

but not the

d ~:genic cross was s ignificant1y highe,r (P< O,OG5) than that

of each of the three Z9°C controls ~'Z '::: 2~62, z ~ 4,18; z ;::

3~22 for crosses II~ III and IV t'esp:ctive1y'h Thus, for flies

reared at 29DG there is a sigr.ificar.tly higher (P13onfGl'2~~l'li
: . ,

v::~,.,02) frequency of spots (. the wings of female dysgenic flies

than on the wings of ¥emaie flies obtained from the ccrrespondtnq
\\
',\

i1OfI-dysgenjc cro~ses. 1 postulate t!r~t this increase in frequency

may be due to P element mobH ization in the wing cells.

II

5.3.3 PropQrtion_of J!tfferent Spgt Sizes for ,~~r.91eSpots
\1

In theory, the size of a m~ltant spot indicates the ntlmber of
)\

cell divi~,ions tnat have taken place since the induction of

the genetic change in the precursor cell from which the clone

originated. Thus assuming a r:o!'!st{!nt rate of cen dtvis icn,

a spot size of 2" would result fvom n cell divisions. Although

this relation is usually not maintained and clones of 3, 5,

6 and 7 cells (Garcia-Be'llido and Merriam 1971; Graf et: at.

1984) have been found, I nonethe less felt it was worthwhile

to classify the spots acccrdtnq to size classes (1, 2, 3-4 and

;:;5) and investigate the distribution of these classes.

If ~ element activity is induced by mitosis then one would expect

to obtain a high percentage of cells man'ifes.ting P element induced

events at times of high mitotic tndex, Stumpf (1956) detected

a very high mitotic index in the wings at the time of puparium
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formation (PF) or later. which reached a maximum at PF + J.7

hom's. Further" these mitoses. which take place after FF. pro-

bably represent the last ones cccurr'!ng ill the wing disc (Gafc'ia-

BeHicla and Me~'riam 1971). Thus. if single ce l l spots indicate

mutations "widen have arisen in the final mitotic division of

a ce ll ·Iineage. then P element functioning might be expected

to tndece a high percsntaqe of one cell spots. Fig 5+4 shows

the size distribution of clones at 29°C. For the males. there

was no Significant differ~r!ce in dts tr-ibut ton but 73% of the

sing"le spots in the females of the dysgenic {29QC} cross consisted

a single cell and there was significant heterogeneity (x~:::: 8,5;

P <;; 0»05) in the spot size distributiort' at 29';C for the females.

Howe~}era compilrison of the proportions of one cell spots revealed

no Significant difference between the proportion of this

distribution and two of the three (female. 29°C) controls. The,

only control which had a significq"1:J;ly different proport ton

of one cell spots from the dysgenic cross (P<OQ05) was Cross

III (jLl,3/Se1' ~' x m'..Jh 0') v/he.Y'e 53% of the single spots conststed

of one ce l l only. No conclusions could therefore be drawl1

regarding the timing of P elemeJlt activity.

5..4 _Discus!ion.

These experiments have examined the frequency of mutant clones

in the wings of fl tss trans-heterozygous for the wing markers
I,)

lTr.Jh and fZj·3. At Mvelopfuental temperatures of 29°C, the fre-

quency of these clones was found t.o be significantiy higher

in females derived from crosses between M strain femaies and
(J

P stl',;1in males than in females derived from the rectproca l crosses
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or from crosses where P elements were entirely absent. I there-

fore suggest that P element activity may be taking place in
('\

wing cetl sonat.te tist~ as we'n as in the germHne,

'I "

5.4.1
1 perfo~'med two paral ier ssts of expedlT!ents~ at developmental

temperatures of 25°C and 29()C respectlvely, If! the ~xpel'iments

conducted at 25°C I found no significant increase in the fre~uency
of the mutant clones in the wings of dysgenic flies. Since

thi s contfrms the findings of previous researchers (Thompson

ef. at. 1978; McElwain 1986), it appears that if somatic movement
is to take place it must be temperature induced.

At a deve 1opmenta 1 temperature of 29"C, a1though the frequency

of mutant spots increased dramatically in all data sets, the

significantly higher frequency of spots' in the f€l!ldle progeny

of the dysgenk cross indi.r.ates the possible somatic activity
,

of P elements. A great body of research has demonstrated the

tmportance ef tle~~lopmenta I temperature and the functioning

of P elerr.entc. S!) sterility is hiQhly temperature sensitive.
,~; -

For exampie Kidwell et al., (1977b) found certain Fl dysgenk

famales to be completely fertile when raised at 18°C and coa-

pietely stert le when raised at 28QC.

A1thougn male' recombinatioii was found to be most frequent at

25"C by some authors" (Kidwe'll et: al . 1977b; Kidwel1 and Novy

.--------------------------.-----
+ ' ,
'K'ft.Ii;,l1 et: aZ, (l977b) cautioned however that their results
should be interpreted wHIT care since dessication had occurred
in some of their tests.
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1979; Engel s 1919c) ~ oth~!'" r~5ea't'ch~r$ (Yammpoulos and PeVacanos

1977) showed that male r.seDlllo·ination was enhanced at elevated

temperatures of 29PC. Rai)r:;!l'tsO!1ei: a2.. (1988) found, using ['2-3

(the modified P e lement 13c!dng the third intron) transn1r-med
II

'\ stacks, that germ1'ine hypet'ihi:itabil ity of snw increased ",with

As well as the abovementioned gel'ml1'4e events, evidence of the

temperature dependence of non"'r:-r::rmHnE1and (possH)'ty) P induced

,c;;=.' events has also been obta jned. Hihare (~~a7) fOlind that dave 1:op-

mental retardat ion and the degre(~ of' lethal ity O~¥'!"'.vt'rid females
\,. \ '

tncrsased at elevated development;;.l temperatures. Col~afl (1982)
}~,/

found that male mating compet+ttveness was significantly reduced

in dysgenic hybrid~ reared at 29<1(;. Finally, Engels et: al-; {19B?}

found that non-autonomous P eH~.;';Jl!lts caused lethality when mobt-

l rzed in somatlc cel ls by t.2-3 and that the lethality showed

a. strong dependence on developmental temperature (the frequency

increased ,at elevuted temperatures). The authors postulated
(::;

u

that this tempErature sensitivity was due to the less efficient

repair of P element induced chrqti1nsomebreaks at elevated tempera-
tures or that the production, a6d/or activity of transposase

may be temperature dependent.

Another \3Ussibility is" that RNA splicing may be a temperature

sensitive process, in \ that the P element primary transcript
( , I

has t~e third intron<,t,:dferentially spliced at higher tempera-

tures , !-fowevi':Y'. if anything, the oPPQ,site could 'ba thE:! case,
()

since work on heat shock prcte ins ha~ shown that the sp] icing
Ii " c,

of mRNAprecursors is bll)c!<edi;in Droeophi/la cells at temperatures

of 37°C-39QC (Yost ana Lindquist 1986).

c.:)
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Only the fema'le pl'ogeny of the dysgenic c 'oss s~~owedan 'increase

in the frequency of mutant spots. I do rlO~; knc!Wwhy ttl,! sine reese

i'laS l"estt'icted to the females. However, evidence that P element

act'ivity may affect f\~males more than males was obtained by

Hthara (1937) who found that developmental retardat ron occurred

only 'irl hybr'id females (arising from dysgenic crosses). Also

the incidence of GD sterility tends to be slightly qreater in

females than in ma'!j:>s see, for example, Kidwell and Kidwell

1975a).

5.~.2
~t1'i'le recombination is thought to be, if not initiated, then,

at least decelerated by the premeiotic mitosis in the germHne

cells. Analogously if the fnduct ion of wing hair spots ',is due

to the mCfvement of P elements then it is 1ikely that one of

the triggering mechanisms is mitosis. How"'ver, the frequency

of mutant cell clones per total number of ~1sin the dysqenic

female hybrid was 4 i! 10"'5 (1,03/24 400), where 24 400 is the

number of cells in th~ distal por ttcn of the wing (Garcia ..Bel l tdo
,"<,, .,,;

and fo'~t"riam 1971). On" the other hand the frequenctes obtained
\

in male recombination experiments nave been found to be to the
....

order of 10-2 to 10-1;1 (Hiraizumi 1971; Hiraizumi ei. al..• 1973;

Kid\'Jell and Kidwell 1975b; Yannolloulos and Pelecenos 1977;

Woodruff ilild Thompsor. 1977;,,$i~c1ah and Gr'lgliatti 1965) •
......__ .:~ .~ _~ '""'\ ._.....J""""'-_ ~__• ,

tTlle groat variation observed ill thes€; male recombinat'ion fre-
quenc ies is due to measuiJertlents being made on differel'\lt chromo-
somes and alsl) due to diffet~~nt methoos of evaluating the recom-
bination frequ~nc.; i.e. either as the total number of recombinants
dj'lfided by total number of progeny or a5 estimated number of
recomornet.Ion ~vents divided by tota'l nUl!.OE'r-of progeny {K'idwell
and KidwC!l1 1975b}. The 14tter method of measurement is closer
to the method of measurin(! the freqUerlcy' of wing hair' spots
in that , a clone ,,~·ith mQre than one cell corresponds to a clusterof identical Hrel'lotypic 'Progeny_

~, I.: '

I ,
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One reason for th~/ discrepemy in the frequency of mutational
1/

events may be due fh ciH'ly cal l death of affected cells in somatic

tissue. Simpson and Morata (1981) found that slf)t'l'ly dividing

cells of Minute mutations were progressive'l.}' e1imitv:ted from

heterozygous nos ~ic wi ng cospartments due to ce 11 c(1TI!petitioFl
\\

which 'is the result of a 10c.:1'1 tnteractton between slow and

fast grm;ing cells (the [vl'inul;e cells were invi5ib'i~3 only when

they were growing next t~ !lon-Minute cells). The authors potnt

out. tta~t" other mutat.tons may be subject to a simi'jar effect.

Thus if P element mobilization takes place in certain wing cal ls

then it is possible that the mutat'!onal events would Dring ab:):r;:

eal'l.y cell death tu these cal Is due to the[r physical tnteract ton

with juxtaposed healthy cells. In particular, since ttl':; is

homozygous 1etha 1tel ones of these ce11s might not Qe vi ab1e.

This situation may not occur in ge:rm1ine cells which tend to

be more particulate iii nature.

Another reason for the df5Crepi1~cy could be due to the physical

dissimilarity in the dist;ributi(h1 "hotspots". These are

r~ghJr.s on the chr(lmtlSOlllt~ which are highly sensitive to P element

~ctivity. The existence of the P sensitive "hotspots" is evidenced

by facts such as the. dissimilarity in distributim'i of male recom-,~
c,

bination events When compared to that of female r-ecombhiatiim
o

events (Hira1zumi et aZ. 1973; Voelker 1974; Woodruff and rhompsGin
1977). Also most breakpoints of dysgenesis induced chromo-

somal, rearrangll!Ments '\\1~cUr at a few Mghly specific locations
'~= '

.and are non-random (Berg et. (,ll. 1980; En;el~ 1981a. Engels and

Pres ton 1981}.

'n
I(

(i
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It 'is 'possible that the )l'/lJh region 01, '~hrom(lsome three is not

ser;sitive to P element activity. In this regard Kidwe1~ and
':.:'

Kidwell (1975b) roticed a particularly low frequency of male
t~ecombir1at.ion in the left arm of chromosome tin"r':2 although female

recombination was norfila1there.

i" '~, '"

L .l! 1.1 the cell cycle perina and the age of the cell lineage

may also directly or indirect'!y affect the mobility of P elements.

In the wings the cell cycle is estimated to be approxiillate1y

eight and a half hOUI'S (Garcia-BeHida and Merriam 1971} \)Ilhereas

the stem cel ls in the germariu!'rl divide every 24 hours to give

rise to a germarial cystcb las t and a stem ceil (King 1970).

The stem cells in the testis have a cell cycle time of approxt-
I,'

mately ten hours (Lindsley and Tokuyas« 1980}. Furth~r the

last division in the wing cans oCC'.'-; at approximately P F +

21 hours (Garcia-Bell ida and Merr'iam 1971) wltereas in the male

testis stem cell proUferation continues weli into H life

"O(lindsley and Tokuyasu 1980) and so spermatagonia with fl.ll(ctiona1

P elements may have been der'ived from cell 1ineaqes mach olde~

~han those produc;.ng the f~nal cells in the wing.
~\

';

5.4.3
The results indicate that P element activity may be taking place

in somat tc tissue. This is appat'ently in contradiction with

resul t:; obtained by Laski Ei.t at (1986) ~'hi) found no evidence.

of third intron spliced mRNAin somatic tf ssue , There is howev~¥'

the possfb il ity that this mRNA in somatic tissue is producerl
C' - \ I,

I.]

in =ch small quantities that it was not detected just as the

spl 'iced mRNAin germll!;e t.issue was not detected.
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It is possible that the splicing of the thtrd tntron in D. melanc-

gaster' may be a relatively inef.'(icier.t process t.;hich deeends

fin factors such as the cell environment and external temperature.

Thl$ WO«ld Explain why th~ rates of germ1 ine ~mw mutabi1Hy

ODServ.'eJ for the \,l'tifkia1'iy spliced ",2-3 P element were _md

by Robertson et: al., {ISl8S} to be considerab ly higher' than those

caused by strohg P strains such as Ti~~ (Ehgels 198·1-). FurthGr,

it would explain the exceptionally high level of transposese

activity produced by ti2 ..3 when measured in" terms of somatic

mosaicism (litSld et:at. 1986; 'Robertson etat; 1988).

" \\

(.i
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CHAPTER SIX

\..~ ,Ii D

rr

Because of its conmense i nature,

orig'ir;al1y conside?~u to be of not much value for ecologir,al

genetic studies. It was felt that because of the transport
of this species \,.lit:l man, there wovid be very little genetic

dHferentiation worldwide. In fact, thr. oppos i te ·~prolJed to
\,1

be true. field studies aV!H' the past two decades have revea';

a 1arqe .lame' of genetic variation amongst natural pop!.~~ations

of U. mel.anoqaete», This 5,tudy is COtlcerned wi th the oenetic. ...

differences among POP{lt~!tiOn$ of u. mel.anooaetev in the southern

part of Africa.

6.1.1. ~l_ect!(in and Neutralhi!

"There is one point conneczed with indi vi<h.lit'f di fferences
'.1 ...> Ii

II which is extremely perp lextnq: I refer to those t:~enera which

have been cat led 'protean I or 'polymorphic' i>l which the
(I i\

~/

/1 spec tes present an inordinate amount Of variation.¥< These

D

'I

facts are (~ery perp lextnq, for J:heyyseem to show that' this

kind of va~~bi1ity is' independent of the ccndt trons of life.
IJ

I am inulined to suspect that we se- at "least in some of

these polymorphic genera t variation!> which are of no service

or 01sservi ce to the species, and ''1hich consequently have

not been seized on (l);'!d rendered def f n ite by natural se lect ion,
II

as he reaf ter to bei:expla"ined :.. C Ddrwion (185S).

1\
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\~,P.lthOU9h Oarwir.1s concerns were aimed at the merpho lcqtcal
,!
(I rather than the molecul ar level. he was obvtously lY, p:led

i~)Ivariation that was neutral, in :the sense that it was not

acted upon by sone selective force. Twenty years of scientific
"

lnves t iqat ion has faileq to s~tt1e the "ne'.ltraiist-selectirmist"

forrmd ly introduced by Kimura (1968) and subsequently (;:iabnrated

on by King and Jukes {l969} , pustulates that most a l lozyme

oolymorphisms result from, select.ively neutral alleles being
II

maintained in a balance- bp.tween mutation and rand(l'li genetic

drift. This does f!ot rule out.: natural selection, but the
II

neut re l-tneory ,..r~-'»rs from neo-Derwtntsm in both a quantitat.ive
,I ~
'>",,~

ane conceptual sense. The orthodox vi ew 1,\ he1d that the momentum

and df rect ton of evolution is maintained pY'imari ly by positive

natural select.ton which operates at all
c-

levels ihcluding
the molecular level. Mutation dnd stochastic processes ~lay

only ca' minor rote. It is now gen~ral1y accepted that the

amount of genetic tariation (the "stufft! of evolution) between

subpopulat tens and within them is determined by the combination

of the mitro-ev~?utionary forces .of selection. migration,
\(\., "/\

drift and mutatforf; (~heir relative, strengths and the period

-of time these forces have been ect inc , An ana Jysis (If the

patterns and magnitudes of al1ot,yme variation within and

be,tween subpopu lat icns must help to reveal, the relative importance

,.\

"

"
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of these different precesses. In an effort to determine

the mtcre-evo'lut tonary forces \vhich + • •are ac ....we H! Southern
Af1"ican populations of D. mel anoqas te», ! have concerned

myself in this study with investiguting pattr:n'ns of gene

frequency in i'ciation to, gene flow and spatial structure.

6.1.1.1 Gene flow
If a group of populations, were completely isolated, genet'i~

drift would tend to fix different se lectf vely neutral alleles

, in different populations thus causing 'large amounts of geographic

heterogeneity in a l lozyme fr!"'1uencies to ocsur , Gene flow

is the cohesive force which can prevent this from happening.

The meas.urement and effectiv,eness of gene flow in the face
of sel.ction and ~enetic drift is one of the most CQntr9ve~sial

\',\ and problematic areas in population biology.
(~

6.1.1.1.1 Effectiveness l)f gene flow
o

Early mathematica'l formulae for balancing migration against
\) 0

drift and migration agpinst selection were obtatned by Wright

(l931) and Haldane Cl930j' respectively. Wright's island
n~del essentially showed that, if a fraction m of the N
individuals of an island are replatelJ by migrants each generation
from ~ sou~Fe popuJation with fixed get1e frequencies, then
the concf t ton, Nm> 1, will ensure non-dtverqence of the

--~

island (\pap~ioi1 from that of the source. Haldane showed
., --.::.-~~__ \) 'I·· "

tbat if, .tn the sa~~uation~ natural selection is operating

'""with strength s. then the"';-~ndi tion~ ro/s > 1. wi lI ensure
-..~~

f\
l,J
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that immig\~aticn will overcome ';:ha effect of natural selection.

These two simple inequalities state that the forces of natural

selection and df'ift can be easily counterba lanced by the

oPPosing force of migt-ation.

Tile concept of migration as a potent force has been echoed

by authors such as Mayr (1954, 1963) and Stanley (1979) who

claim that gene flow is commonplace and effective if) urrji)ing
) . i;

a species. On the other hand Ehrlich and Raven (l969) hold

that gene flow is a relatively unimportant and ineffectual

evo'l utionary force. Al so Endler (1973) produced experimental

evidence suggesting that gene flow is far from being a powerfu1

force .in tile maintenance of a balanced polymorphism between

pcpulat ions , (See also Mayr (1970}t Eldredge and Gould (1972)
\\

and Endler (l977) for other \~deas regarding the pri-rnar'y source
Ii/,
f!of species stabi 1ity. )

6..1.1..1.2 Measurement of gene flow !

Gene flow can be brought about in insects by directional migra-
(>

t ion , actrve dispersal " or passive transport (Dcbznensky 1973).

There is no evidence of, such migratiou++ in any drosophtl tds,

However~ active diffusion-like dt sper'saI and passive transport

---------- .../~~--,----..~-.....-" -.-......~------
t IIActive dt snersal tnvol vas movements usually uncorre lated
in dir~ctlon i'n different h.dividuals .QJ a given insect species,
between ~I~iaces where tr.~se individuals are born and where
they find \ nel ter , food, water and oviposition sites". (Oobzhansky
1973). \ -

tt Migrat;l here is used as defined by Dobzhansky (1973)
as the mofement " ••• of many individuals 1.11 more or less the
same dirac Ion'"

I
i
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by wind.: Of' aaimal!j occurs frequently in species of Vl'osor.ihiZl1.

Severa 1 attempts, such as the studies by Dcbznansky (loa Wl'ignt

(1943, 1947) on n, peeudoobeeura ; were made to estimate the

amount of genel! flow in natural populations by measuring dispersal
II

distances of i~dividuals.
\\
\~\\\
\~'~\

A1thc.ugh these ear'!y \'lorks suggested that migt'atiOt:t was limited

to a few kilometres, later rasul ts of Jones et: al., {l981}

for I). :o\~eudoobsau1'a and at Coyne et: at. (1982j for 1).
, ))

"9seudcobscui>a" D. G1.:rmAJa'l1.8 and D. melanoqaete» suggested that

individual flies wert;: capable of trlavelHlig lar-ge distances

under both favourable and un'favoul"able conditions. Jones
et: at. (1981) found that flies could meV\!at least ten kilometres

within a twenty fOUl' hOUl\) per-ted over ,~ desert and that isolated
(} II

populations separated by fifteen kilome1~res from other populati9t'l,~

received "r numbersof illJlligra~:ts.
! "I,

!I /1

Indirect methods of mt!asuril'!,9 gene ,~low make use of all~le
iI

frequency differences between subpopulat.tens to estimate

levels of gene flow. One indirect luethod uses Wright's (1943)

fixation index, PST- stati!t.tic which is the ratio of the

observed variance in a l leIe frequency to the maximum theoretical

variance upoputatlons f'ixed alleles, and

makes use of the island model Of migration. For small migration

rates the fixation index is approximately

';;'

I/
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where n is the population size and m is the propor rton

of sxchanqes among subpopulet tons each generation. This
mod~l is especial1y convenient to use because no estimates
of population size are required. l~}n is simply the number
of migrant individuals. Another indirect method of estimating

gene f1q~\! from at le le frequency data was proposed hy Slatkin

(1981) who" derived a graphical method base~ pn the conditional

average frequency of an allell:;;) that is tl,e mean frequency

alleles averaged over
~ltnose populations in which th~y

appeared. Siatkin (1985) extended this method and showed

that the log of the average frequency of private alleles
" \'\

varied in an approximate1y linear fashion with the iog of
the number of immigral1t..:~:; Nm, This relationship could then

be used to estimate gene flow. Sillce (ilirect methods measure

ongoing rates of gene flow and since indi rect methods measure

the effects of past population events, these two approaches

may yield different results (Slatkin 19a7).

The goal of this alloifyme study as outlined in Section 1.2.1,
II

-
\lIaS to examine the genetic structure of D. me Lanoqae tel'

populations tn Southern Africa using. electrophoret tcal ly

detectable population markers., I examined geographic variation
"for eight polymorphic enzymes to measure the degree of

dHfert'ntiatf"On at several hierarchical levels of populatiofi

structure and used these results indirectly to estimate the
,)

amount of gen~ flo~ b~tween populations.
"1\
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6..2

6.2..1
~~terj~ls andJtethods

,f1eographjs_m str1b[~ti'!'~_9fSa!!!l£!
(~

F'! 'ies were collected and isofama le 1ines estab 11shed as. descr+beo

in Section 2«2.1. For this electrophoretic study certain

collect ions were ~wouped together and the resultant sample

distribution is shown in Fig. 6.1 and Table 6.1.

Collections were established from a number' of diverse geographical

areas. Sample t , is from the edge of the Namib desert on

the Aii'antic coast, whereas Sample 2 is 50 km inland right

inside the Namib desert. Sample 3 was (Imade in the heart

of the Fish River Canyon Park. Samples 4, 5:t 6 and 7 were

taken in the southern coastal region of South Africa; Sample 8

was taken fn the Cape mountains and Samples 9 and 10 were

collected in a semitropical region of the east coast of South

ATrica. The r<-:maining samples, 1l~17, were coiiected at locations

in the inteorior highlands of Soutllertl Africa. The collection

from Zimbabwe (Sample 17) is the most northerly in origin
(17,83°S). Samples 6 and 1 originate from the southerml1(.1st

collection Site, Port Elizabeth (33,96QS).

6..2.2 Electro!horetic Analysis
Hori zonta 1 starr.hC gel

/1
e lectrophoret tc methods followed fo'.ay

et: at., (1919). two different buffer systems were used, to

resol",e Dl"080phiZa enzymes on sta~'~h gels. viz:
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fig. 6.r ~p of Southern Africa showing locatiorls
of ~.!..~S!.ster collectior. 5;teS.

Colours indicate the dffferent ~t(ms u used
in the statistical ar.al1Sits(f'ig. 6.2).

" ... itit ..

• ScutIMstera Cape

• Soctheasblna C&pe

• £aste"' tope/kt.al
» • T",~s"...l

• Ii......



Locations of sari~'ies, collection dates and
numbers of isofl.!inale lines of D. melmwga~te,_..
fQr each location.

i-------'--~-'---;-,"----'....._.r_'-'---"---·~..,-------,I IV£atio~'r':i Number of
I Locatton! 1 tiumb,~r;.; "',' Date ! iS9fem;;le !
t ~'i i 1 " ,t-7-----~~-'"·+----_t_----'----.-+-1!f!f.---i!Namibia ! I 1 !
1 Nm·tl'lern area ! I · I

Swakcpmunr~ "._L;! 1 I Oct. 1988 15!
Gohaueb il <:,"'fi' 2: Oct. 1988 25 i

t Soutimrn ar'\<;>a 'I Ai Ais I
I South Africa !
1 Southwestern Cape I

! Cape Town Ii

! Southeastern Cape 'I:
Plettenberg Bay ,
Port Elizabeth
Summerstrand
Walmer ""

Eastern Cape/Nata 1 i
Maclear ;'1 8 r Dec. 1987
Ourb~n !

i Berea ,I 9 I,. Dec. 1988

Ii Addington Beach 10 Oct. 1988
Trensvaa 1 I.J

I Southern Transvaa'j lr·Johannesburg l1)i r'~.198711988
I Pft+,, ad a/Hanmanskrea 1

1

• ~,2 r t ,}.1987
I" E<t:stern Transvaal'
\ Nelspruit·' I 13 I,. Nov. 1988
f Northern ~~ansvaai I I

I _ Pietersburg '14 I Dec. 1987
I '~~~atha 15 II Dec. 1987I N~theastern Transvaal
I Thohoyandou, Venda 16 I Oct. 1988 25

I~:= 1---.,1_7 _,lb' ....1 _o_c_t_. '_N,_OV_"_1..:..;,98_8, ! ,__ 25_·_-'

24

4 Gct. 1988 21
5 Dec. 1987 4

6
7

Oct. 1~88
Oct./Nov. 19~~

27
8

4

27
22

33
8

25
4
4

lNested geographic sub9iviston used in the' anaiysis of.

allele ;requencies •
~Location numbers.tn Fig_ E.l

(I

I)
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(i) Mt:_ . 'i'.ert and Faulhaber (1965)

electrode solution
0,1 M boric acid
o ,004 ~1Na EIHA

gel SOlution 1: 4 dt lution of electrode Duffer

(1) If. (Whitt (19?O»)

electrode solution

{(pH 6,9) 0,05 M citf1c acid
gt'.l sol uti on 1:14 dilutioH of elect.rode bu, ler.

6.2.2~1 Sample Preparation
Twenty five (25) adult flies from each isofemale line were

homogenized by hand using a glass rod in 0,5 mt of extraction

buffer (0,,1 M Tl'is-iic! pH 8,O) and the homogenate centrifuged

at 10 000 9 for 5 minutes. The clear supernatant was absorbed
Ii

Into fi'lt(H" pctper wicl<s and inserted along slots made 3 em

into the l~e1. ElectrophoY'esis \ias" either performed immediately

or, if that was not possible, hOlrr.Ogenized samples were stored

at .....25"C for 24 hours or less before being analysed. (Samples

stored for long'.:!t' than that did not give good resul titian

and $0, were not used).

;

Twelve per cent (l2l) wI\! starch ge~s were used in this study

am! were individually presared wgh 42 9 of otato starch

in 350 ITiit of the appropriatr.{ buffet'. All geL~ measured

22 em .X l~ em x 1 em. Gels \vere placed on i
\

packs while
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(1) MF (r4ark~rt and Faulhaber (l965))

electrode solution ~. 0,18 14 Tris

(pH 8,7.) 0,1 M boric acid
0,004 M Nil EDTA
1:4 d'l1ution of e'lectrode buffer

(ii) Je (Whitt (1970»)

electrod, solution
(pH 6~9) o M citric acid

gel sctut+cn 1:14 dilution of electrode buffer.

6.2.2.1 Sample Preparation
Twenty fiva (25) adult flies from each isofemale line were

homogenized by hand lIsir!~ a glass rod in O~5 mt of extraction

buffer (0,.1 M Tr'is-Hct pH 8,0) and the homogenate centrifuged

at 10 000 9 for 5 minutes. The clear supernatant was absorbed

into filter paper wick.s and inserted L(tong slots made 3 em
into the gel. Electrophoresis was e'itner performed ilTlnediateiy

or, 'if that was not possible, homogenized samples were stored

at -25°C for 24 hours or less before being analysed. (Samples

stored for longer than that did not give good resolution
and so, were nct used).

iJ 6.2.2.2 Gel prepa~~tionll loading and running
'"

Twelve per cent (l2~1w/v starch ge'ls were used tn this study

and were individually prEfi2ared with 42 9 , of potato starch

in 350 mt of thra ':tppr(liJ~'iate buffer. All gels measured

22 em x 15 em x 1 em. Gflls ~'lere placed on ice packs whi'te
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being 'loaded. J"pp,'oximately 40 samples per gel were loaded.

Three samples of Canton-S were nm 011 each I 'to be used

as a standard marker strain. OV9t'night e lectrophores+s took

place in a cold ~oom at 4DC.

b. 2~2. 3 Cutting and staining oJ: gel5

slabs. Specific enzyme stains (Harr'is and Hopkinson 1976)

w~re appl ied to each slab of the gel using an agar overlay,

and the slabs incubated at 37"C in the dark. Seven enzyme
systems were examined in an (If the samples (Table 6.2).

6.2.2.4. Genetic interpretation of banding patterns
I was unable to obtain resulta f'rom 5'ingle f1 tes and was

I

forced to use a homogenate composed of several individual

flies from 'the same isofemale line. Other workers who have

used multiple-fly homogenates from isofernale lines for
/1

electrophoresis (e.g. Singh and Coulthart (l962)) interpreted

their band~rlg patterns as reflecting only two genomes. 1,

however, have concluded that foy' an autosomal locus the progeny

from a single inseminated female used to start an isofem;fle

1foe represent at least fOllfr ger,ome~, two from each parent ,

and three genomes for a sex-Hnked locus (see O'Hrisn and

MacIntyre 1969). Since mu11i::.. ti \ril1seminations do take place

tMH kman and Zeitler 1974) t this \1 interpretation may not be

stdctly accurate. I, however, detected no evidence of multiple

p,~ternity in the banding patterns.

If
Ii
!i

\l ,_; I)



Enzymes electrophoreticaHy eXi\",ined" cOll>j)Os'it1on
of staining soll1tions and buffer systelllS used ..
The enZl'me staining II'lethods were adapted frollS ,.
Shaw ~r.A1 Prasad (1970) and Harris and Hopkinson
(l916)

~n'~;~=fN.~~e:r-=-St'~~.'i:i;'- l~~:l
. Alcohol I 110 mf Tr+s-B, 0,). M I f~r I! dehydrogenilsel 1.1.1.1 t.,(i,5 rt:! i.soprOpal'lI}l ! I
I (!leV,) I 120 mg N.L'!D.. II.I i !20mgMT! !
j ! I 5 mg PM!'J I, +r . .10 mt 2~ Allal' 1lr;;p;t~~-A-, 3.~11o m~ l~iS:;'O:S;-'---MF-
I I 120 mg leucyl-tyros;ne (LT)I (Dip-A) I !10 !TIt! snake venom I
I 1

10 rug peroxidase
. . I• 30 I'il9 Q-dianisidine I II

1------- -,~.-lY...mU'; agar --- i "1'"
I Glycerol- 1.1.1.8 ' 10 mt Trh',·8~ 0.1 M TC
3:"pltosphate 30 mg glycer-ul-3-phosphate I"
dehydrogenase 20 mg NAD j'
(G~~li') or " 20 mg Mlr ,

. (GP.dh) . !i. mg PHS I I
L- 10 mt 2% agar ----f.----i
I Hexokinase 110 mt 'TriS~8.. , Od. 101 '.) I rc I'
(Hex 1,2) 2.7.1.1 30 mg 9tuco~e !

110 mg ATP I I
10 mg NAO I
20 units glucose-6·P

deh:/drogenase
20 mg HTT
5 my PHS

I.~ -- J!l:;...:.:.:m;::..t...:2;~....:a;:.olg~a:..r-,--------..f---
jlsocitrate 1.1.1.42 10 mt Trill-B. 0,1. M TC

I
dehydrogenase 30 IT1g Dl-isocitratA
NAP? 10 m9 NADP
{Idh- flADIJ) 2Q mg fffT. --. I 5 111(1 PHS L I

r6-;;;;:-r1.1.1 .•4:;-:: i;j!::0.1-;-'---1 HF~
gluconate I 30 rug 6~phcsphogluconate I II

dehydrag~n~se IlO mg NADP
1{Pgdl ',20 mg M.TT I..". L 5 mg PHS ,

'P;;=-r"?i.5.1 II~~~-~;!:::O':1M "'~-*-MTC
cOlOOtase 20 mg glucose"l-p~.o$phate I

~) ~1th trace amounts of G~1.6-P i I
10 mg HAD I20 units glucose-6·P dahydrosenul' I

I 20mgMTT I
I
I 5 mg PMS '.'

10 mt ~.t_!2ar -'- __ ~

*Buffer systems Mf and rc as described in Section 6.2.2

200
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Since most of the 1+nas Were e lectropboresed within one month

of establishment of the iSllfemale line, there "was probalJly

1ittlf: allelic loss due to random drift in the cultures and

an parental al letes w.!re taken to be present; The correctness

of this representat lon WM 'in1ida'ted by ~he following two

observations. \(
\'

(i) Asymmetric banding patterns representing a 3: 1, 2: 1: 1

or 2:1 allelic ratio wer'(' r;eneral1y found to b~ present.

(ii) Lines segryegating for three or four alleles were not
I'

uncommon. Since it was not possible to d'istinguish batween

hetero?ygous and superimposed var-iant homozygous phenotypes
l,t

at the same Ioct , I could not test the samples for fit to

Hardy-Weinberg proportiuns.

6.2.2.5 lsozYJlle/aHozyme rtOIIenclature and hOlQlogy
Loci encoding functionally simi"far isozyme!:; apt,'leat'ing on

the :.~me gel were desig4lat~d numerically beginning at the
['

cathodal end of the g:el. Synonomies with other nomenclatures

using letter designations were also il.iuicated. Alleles were

designated by heir electrophoretic mobilities relative to

th~, mobility ,of the most connon alle1e which was designated
() I'·

10C. Allel tc variants migy'aMng cath,',)dal1y from the o-.rigin
ri 1/

~re prefixed with a minus sign.
i_)

,)

Homology with aliozyme:~~iSOZymes in t~le litel"&t1lre was snmetimes
'''\'"

obvious. but at other ti1~Sit Wi;\$ (Hfficult if not impossible

to ~stabHSh. Since the ~bject of this study Wi'l$ to examine
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genetic diversity w'ithir. and between geographically separ-ated
i(

populations this f'ai lure at times to identify hOmologous

alleles was not of paramount 'impot'tance.

6.2.3 ~~~lliti~{lL~~j~

6~2..3.1 Hierartnic~lpopulation rodel
~J lela f;'equencies were organized for statf st tcat purposes

according to a hterarchtcal populatton model" (Fi~J. 6.2). At

the lowest level} comparisons were made between samples col laded

at diffe~"ent sit~s within the same town or district. Districts,

the next Ievel up, were then nested together within .~reas

and finally areas (; clustered into regions, of which there
!~

were six namely "-"Namibia, Southwestern Cape, Southeastern

Cape, Eastern Cape and Natai. Transvaal and Zimbabwe. As

far as posSi!<>le, an effort was made (ito collect flies with,(
t:\

thi$ hierarchical in I.,,:

oftenstructure mirit!. However} very

practical constraints such as vast dtstances to be travelled"

problems in attracting anc col1ectiing a suff ic tent number

cof fi ies If! a limited period of time and finally transporting

the flies ..back to Johannesburg, prohibited the establishment
j of a balanced statistical desicglL

\l
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.--.....------t".-----__,.------ -- ---..,..--------
{ REGION _ .....I A_RE_A_.--+._~I_S_'m_I_C_T __ r_ COLLECTIONSIT:. ~

I
I 1 NAMIB[A "f-North;~~ // f Swa~.opmund :';wakopmunrl I'! Namibla Gobilbeh I Gobabeb

L·I S UTH I ~:~;~!:i Ai Ais I Ai Ais I---+._-------+---------+- ..- ---1
I 0

I f IWESTERN Cape Town Cape TO'l'lnCAPE
1*5. __ ..-.......... _, ......"""'

III soufu Plp.ttenberg Bay Plettenberg Bay
fEASTERN Port Elizabeth SumnerstrandCAPE Wa.lmer II... ~ ._ .. w; .......... ...I

IV EASTERN Maclear MaclearCAPEl
t "urban ~ Addington BeachNATAL II

Berea .

V TRANSVA'AL Southern J~lhannesburg JOhanneSl)Urn
t

f

Transvaal Pr.~torial Pretoria I
u " Hc:l~~nskraal Hal'llllanskraal

" (.\

I) Eastern \\

Transvae,l Ne~~pruit Nelspruit
'1

Northern Pie'{~rSbUrg Pietersburg
Transvaal Agatl\\ a Agath~i
North Eastern 'l ThOho+ndOUTransvaal Thoh~~andou C)

\\

I rVi ZIMBABWE Harar1\ !i Harare -
(l

;,'
;~l

111........ "", ...... ,,~ Of6. 1

i
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6.2.3.2 Allele frequency differP.nces
The nul l hypothesis, Ho~ that an the samples were drawn

from the same pamr.ictic population and so would show no

signi\ficant difference in alle"fe frequencies was tested by

us in9 \\~he 1ikeIihood r.atio test statistic (G stat; st ic ) for
\'

lllultinol11hl di1ta (Sokal and Rohlf 1969}. For each cempar iscn

made (se~ bedow) G statistics and their correspcndtnq degrees
\\

of fl'eed~1l1 were calculated separate ly at each locus using
\ \

the fb~iowi~g compute tions :

Given n sam, •• and m alleles let

fij :: Ob~erved number of "J" al leles in the "t th" samp1e

C(,t 1". qm; j ;:;1 ."qrl).

ri ::: tot~' rwmber of e l le les in the "ithll sample.

c· ~ total\nt~mber of "J" al1fles.
J '\ '." \N ::: total ii. (11berClf alleles \\in the contingency table.

\1~~ 1\
\ ''i;J .. \,
\ ..\ "
1'\

ftl \
I, (\~\\.i(tl1fij) w

J= J. i
'
• -\\~ -

i~ an asjmptet tce 1;\\ distributed cht-square \\statist;c {under
~ ~

\
Ho> \'{:th (n-l)(m-l) dey lees of frtl'edom_

: \ .
Alleh~ frequency diffe~t!nce,-s bet\tI~eni sites within districts,

between ctistricts witMn\:,reas and between areas within regions

wel~e te.$terl in this way. \\
\ :.

\
.~

\
~
\\

\
I_ \\

n
Then G ;1< 2LI

\..~1

o II 1/
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An advent age of t~ 1ikel i hood rat to- tes t ovei' the chi -squa >'0

test is that, i# a cat-square test expected values if! a
, " j

contingency =: should not be Tess than fivf:. In practice #

this restr;ctio1 can often cause difficulties. The likel1flood
c(

rat'io test is Ithus" mere pract.ica'l since an occas tona l value
!

as low as on~ may be used. With loci having more than two
/i

el le les, «u' of the rarer alleles were pooled so that no

sample had al lele frequencies of zere, Some loci w,~n? fixed

at certain locations. If this did not occur in too many

samples tl~en a value of one was substituted

second aileliC class of the analysis of the G

for zero in the

statistic (Smouse

1974), to facilitate computation. This procedure can be justified

by assuming that the zeros resul ted from flrrite sampling.

However,) t'/ith two loci, Pgd and Pgm, the number of Iocat tons

with fixed loci was too great to justify such an ~ltera-

t ton and so thes~,\ltwo loci had to be- excluded froID the statistical

analysis. Thus, altogether six polymorphic loci were analysed.

tor each comparison made. G stat+sctes were then s\illJred

ever loci and divided by the total degrees of freedom, assuming

linkage equilibrium and statistical independence, to yield

a su;mary statistic f,or that ht~rarchical level. 'ih~ ~i9nificance
.-

level of each test was modified to account for the i'nr.rease

in type 1 error (rejecting the nul l hypotheSiS when it is

true) when multiple test:i are Pl'rformed on the same)' sa:r;ple

(Cooper 1968).
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;,\ Thus if the required overal l level of significance is 5%

and if the numb:',~ of simultaneous tests (which is equivalent

to the number of polymorphic loci) is n then, the modHied

significance level fOt" individual tests! 0'., must satisfy

0,95
0,95 (expanding and nSDlecting

il
terms of order' ,;2 j

/.1 i .e, a

Thus in this study using six pO'lymorphic loci tN~ al lele

frequency differences for a particular compar+son were considered

s';;;rdficant' at the O~05 (O,O!, 0,001) level only if the total
v

(summed over loci) G-statistic was signif'icant at the 0,05

(0,,01, O~O(1) level and if at least one locus w~s also sigr.ifkant

at the O.05/t O,01/6~ O~OOl/6) level.

6.2.3.3 Gene diversity analysis
The same ;inodel of hierarchical population structure was used

to estimate gene diversities {Fig. B.3} (Nei 1973, 1975;

r.aborty 1980; Chakraborty et: al., 1982) . The total

estimated heterozygosity for each locus was first partitioned

.1 into within regions and between regions components such that

HT = HR + DiU where

HT is the total Hardy Weinberg expected heterozygosity

for all samp1l:O.populations assuming pii{lmixia.
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fi, ••§.} Hilr4lrch1cal grouping IS used ift the
fieft:t D"iversny AM11511

'\
.... 1'$ refer to 10c&i:fOl1 ..... lI"'$ IS indicated
1ft Table 6.1

y
-v:,.--l

)/
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)
d,verage gene diversity '(lith in regions i.e. the

)J

.
average over regions (~f ;:;~k whe~e rJ!Rk is the Ha~'dy-W~inberg

exp§Cred ne'ferozygosity of region k.

absolute (or absolute decrease
/i

gene diversity

itt average:~'/ lieterozygosity) result.ing from population

subdivision at the between regions level.

Continuing in this way, the within
.J '~'

t'egions heterOZygOsity"'<
\\

heterozygosity component ;/
;(

(HR) WdS partitioned into a within areas
{HAl and a between areas diversity component (DAR)' Further,

the within areas heterozygosity (HAl was partitioned into

within districts (lin) and between districts (DnA) components.

Final1~i HO was par-titiQned into the two components between
p
/'

c'ist)dicts gene divErsity (DOS) and within col lect ion sites

heterozygosity (HS)'

c

=

The relative gene diversity component {or prou'ortional decrease"
II

in h.eterGl:ygosity}, :dueri tQ variation bet~en subpopulet tons ,

GXY was obtained by dividing the absolute \,'gene div!jrsity

component between subpopulations DXYby the total heterozygosity

ill'

1/



2u9

lite gene diversities and reiativl;:
'0:;, " c,"g~ne (i'ivel"sit'i,:,:s ~ef;'~ -initially calculated foY each\! of the
,/ "

Ioct $epan,t~:ly, The i~'itH'age r(~lative ggr.e -diversities over

an eight PO'IY1l1orphic loci was calculated by ,'fvalu;,ting the

rat~~1S of averf~le tJX'( (l\~ytto average tot(:~'1 11f.·terozY90sity.

The componNlt of gene rliver'sity due to var+at ion !;}eb'eefl

populations at cot lectton sites within the total pupul at iun,
(,'c'

9ST' is giv~n by vST = HT -HS' Thus, the relative gene diversity,
GSp is:

GST :::PH/ilT :::(HT "~$)/lfT ::;1 - HSIHT

which is the, same as <fl\,ight! s f'ixation index FST when deaHng

with (} "

a locus with For comparat t ve·· purposes

GsY-! ant: FSr can ~ssantial1.v be regarded as the same -stat ist ic ,
(:I

"'1'\' i

j

6.3. Resulttz'

6.3.1. tiochelai(;al Genetic..._!ariatici!

Descriptions of·' 'the enzymes examined and their e lectrouhoret+c

condtt+ons follow,

\\

."?
(:)



(I

210

Fig. 6.4 shows band'ing pattet'n~~ obta ined fflr (111 tmzyme systems

and Idh-N,I\DP.

'80UfH1Cic5, structures and genetk map f}(}sitions are given

in Table s.s,

enzyme, The most common "l1ozyme was a ca~,hoaijTly migntting

an, anodally migrat'ing

to be present at Ai Ais, Be~'ea (OUl~han)

end Harar{? at a CD::~h)site f'eequency nf 0,007 (Table 6. 3),

Each band was acccmpa, fed by a faint sate'l l ita band which

is "band 011 of Chamber& ct: at. (1978) and is tYP'j,ca'l of the

r.1uit'ii1a:lotld pat.tern of the single Adh gene product.

The presence of satel l He bands together with ttt~'! observed
"cathodal migration for two of these bands and a survey of

the 1iterature {Johnson and Denniston 196'4; GF..i1 3'{; al.,

1965; Vigue a!'ld JtlhnsOf! 1973; Day in al., 1914; Chambers et: al..•

19l},: David et; ai , 1980) suggests t,hat the two common alleles

are the $ame a'S those presented in the current literature

as Adh$ (Adh"'lOU) aM AdhF (A<Jhll), i.e. the slow and the

fast allele. further the alleie Adh-12U could wen be the

ultra sOlow allele (.4dhus,) of Adh which was found in the Congo

(Uavid 1978; David e' at. 1980).

/1

/J
(i
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Fig. 6.,1 shows bandlflS\\lutterns obtatned for al l enzyme systems

us well as photographs of the ge1s of Adh, apdh and Idh-NADP.

The alle les for each locus as "/ell as their composite l'e'lat'hm

ge-netic map tions are given
in Table 6.3.

enzyme. The most COllln1011 allot::ym~ was a cathocal'ly migt'at'ing

I.me (/ldhu UO) followed in frequency by an ilnoda1'ly mi.gtatlng

allozyme (Adhll). In addition a rare cathods l Iy migrating

band {Adh-12U} was found to be present at Ai Ais, Ber'ea (nurban)

and Harare at d composite frequency of 0,007 (Table 6.3).

Each band was accompanied by a faint satellite band which
is "band 011 of Ch~mbers et: al; (1978) and is typicai of the

multibartded pattern of the single Adh gene product.

The presence of sate 11'1te bands together wi th thf~ observed

cathodal migration for two of these bands and a survey of
the Irterature {Johnsun and Denniston 1964; GI'ell eti al.,

1965; Vigue and Johnson 1913; Day ef;; 1974; Chambers et: al.,

1918; David et; al., 1980) suggests that the two ';,ofii1ilOn alleles

are the same as th03f! presented 'in the current literature

as Adh$ (,ldh-UiU) and Adhf (AdhU), i.e. the slow and the

fast allele. Further the al Ie le Adh-l2.Q could well be the

ultra slclW allele (Adhus.) of Adh which was found ill the Congo

(David 1978; David et al., 1~80j.

n
U I'
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Table 6.3------ Alleles (fbserved at all loci, their' composite
relative frequencies, structures and geneticmap positions

[Locu~--·--I Al1e!e~1 compositel~;ru~ture . !-Ge~~~-;l
, t observed I relative I I map IL~~---.J_:~--..- I ~~qt!.~ '-I-__._ill)_?J t'i'i1Li
r ~ ~ I '
1Adh I -100 I 0,678 i r"imer I'. 2- 50.1 i
I I 0 It 0,315 I I,' II
j ! ..,120 I O~007 I I I
, • ft :1' 1nO' n c 14 In· !" 2 k - ? II Ihp l1 v I \I,!;' I ",lmet~ I ~,,,;:.;t .... '

! 92 I 0,054 I I' l
I' \ 108 O~032! '., I I I' I

I Gpdh I 100 0~906 t DinleY' 2- 20. ~.iII 75 0,094! I
lliex-l I 100 \0,889 I ~1onomet· I
1.1 II 115 O~050

130 0,033 !

90 0".1)28 II

100 0,948 Monomer
90 Ot041
110 0,011 I'

100 0,812 Oimer
85 0,150
107 05035
110 0,002
120 0,001

Monomer

I !Je:c-2*
Jdh-NAOP

Dimer

2~ 73.5 !
I

I
I

not mapped I
I
I
I

3- 27.1 I

1- 0.63

3~ 43.4 !.~--__~. ~ J
* Scored as autosomal
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5.3.1.2 O~peptidase-A {Dip-A}

When starch gels are stained for dtpept idase act+v+ty, the

isozyme bands which appear' are dependent upon the par-t icular

dipeptide subs trate used. LeLlcyl-t,Yros'ine {which was used

in this study} i~ specific for two dtpept tdases , [lip-A and

lI'lp ..n (Laurie-Ahlberg 198.2), the gene products of Dip-A being

the more anodal of these two systems (Voelker and langley

1978). lh>p-B appeared to be monomorphic, but Dip-A was sometimes

polymorphtc with tl: ," var+ant phenotypes. This 'is in accordance

\"ith, reports of Voelker and Langley (1978) and Ohnish; and

Voelker (1981). Fur-ther 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 wor-ld

(e.g. by Langley et: at. (1977) in North Carolina and Gonzalez

et al., (1982) in Tenerife and the Iberian Peninsula), indicating

the possible homology of the three Southern African, Dip-A alleles

with those of the northern hemisphere.

6.3.1~3 sn-glycerol-3-phosphate dehydrogenase (Gpdh)

The activity of two anodal ly migl'ating a l Iozymes was observed

for this locus. There was a very conmon fast allele (GpdhlOG)

and "a slow allele (Gpdh75) having composite relative frequency

0.094 (Table 6.3). The dimeric nature of this enzyme was

indicated by heteroiygous individuals which displayed a

three-banded phenotype. The more' rapidly migrating enzyme

was found to be 1,resent in the Canton-S strain in two doses.

In view of the ubtqui ty of a fast and a slow allele for apdh.
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it appears that GpdhlOO and Gpdh·/5 are homologous with Gpithf

and GpdhS - the two widespcaad fast and slow alleles cited

in the Hterature (Grell 1967; Berger 1971; Sing et: al., 1973;

Langley ei: al., 1974; David 1982; Singh ei: at. 1982; Oakeshott

et d. 1982a; CabreY'g .tit at, 1982; Kusakabe and Mukai 1984;

Watada et at. 1986; Anxolabehere at aZ. 1988a}.

6.3.1.4 Hexokinase{H~-l, B~-2}

Nomenclatur'e
Three separate loci coding for Hexokilwse were observed.

I have faHowed the procedures of Ayala at al: {1972} and

Singh ei: at: (B'82) "'in j~aferring to the enzyme with the least

anodal mig:"ation as HEX-l, the next fastest as HEX-2 and

the most anodal as H~X-3. lhis nomenclature is identical

to that employed by Choudhary and Singh (l98Y). There i~1
a certain amount of confusion regardin~\ the nomenclature

of the hexokinase enzymes and thei r loci. Treat-Clemons

and Doane (1984) refer to the locus Hex-I. as being the same

as g1ucose ox; dase (<io) and as FAD·· 91ucose dehydrogenase

(GZd). 'This locus however codes fOl~ a dimeric enzyme \'lhich

is not a hexokinase but was. originally ident.ified as such

by Murray and Ball (1967) due to the non-specificity of the

hexokinase electrophoretic assay. Gavener (l980) identH1ed

a slucose Oxidase (GO) in the ejaculatory ducts of male D.

mel.anoqaetie» as being the enzyme prevtous ly misidentified

as H£X··l. Fut'thp.r'more, Cawmer (ISDU) located the sh'uctliril'l

gene for this enzyme on the third chromosome. The iso:~yme

HEX-l referred to in this study is a monemer-, It is lp.,CCl ted)/
/

1\
(,
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on chromosome two and has

scudy] has vari ousIy been

been functianally ~clDssified as
This iOCt;~ (Hex:;'l in the presln')t"

It, "
named Hex-3 Si'hg ei: 1973;;

a fruktoktnase {.Jelnes 1971}.

Hex-G (Mukai andDVoelket' 1977; Moser {';i; czZ.•" 1980) and liex-3~

Fk and i/ex-C (Treat ..C1emol"isand Doane 1984). ) 'lgh and Rhomberg
\, \

._~ I

(1987b) have givefi He,'::~l and Hex··3 (nomencla~~re as in tIlE

present study} the genetic map designati<ms~ Jpr.d flex-!',
" -,v..

respectively. Hex-2 has not ,been mapped.

Electrophoret'ic Description

HeiJ·J was monomorplilc in all samples.

Ee~-l is autosomal (as discussed above) and was scored as

such. This monom~dc enzyme exhibited activity for four differe~t

al leles , the nest common baing the second slowe~'t. This

number of al le les is higher than that observed 'in other parts

of the world where three or f~." ; ~leles ha,(-a"been reported.
" i \

For "example I'\n North America ....'(Singh and 'l<flbmberg, 1987a),
,-)

in Japan (Kusakabe and Mukai 1984) and elsewhere in the world

(Chaudhary and Sirigh 1987). P.1i, four of these al lales were

geographica lly widespread wi th five out of seventeel'l samples

having all four al Ie'les present.

.... ~
)

o



lie;t-2 - I was unable to establ ish the chrom()'soma~l Iocatfon

of tn'ls enzyme from a search of the 1iter ..ture. flex-A and

Jiex ..B {He:t:,:,c3and !ic;c··2 in my notation} (Ire reported by 50mf;l,\
(J

auti1Ol'ities to .t1r3ve been mapped onto the same structural

gene on the,. X:i-chromos{,1,'1€' (Moser et: al-, {1980} ~c. and references

therein). On ~hl';;! other hand Chaudhary and Singh 1981) a~d
8

Singii and Rhnmb2rg {1987b) ref~r' to iiex-A (Hex-3 in t~eh~

notation) as bei!!1] on chrososone 1, but (their notation
~ 0again) as being unm:appeti.

llex-2. exhibited activity for thfee different alleles. lhe

most common al Ie'le , lJ,,1:x:-211HJ accounted for practically 94%

of the composit~ frequency. secause of the prenonderence

of this al le'le , it was possible to sco-e H.e~r~,,2in two different
.:»

ways ; .e, as an eutosoaal gene or as a sex-l inked ge!1e~ The

compcstte rt.11ative frequencies of the three alleles ,llex-2~ouJ

Here~290 and llex-2!lG scored as sex-linked are 0,941, 0,045
and 0,014 re5pec~iv21y; whereas scored as autosomal they

1\ ~.

are 0,948, 0,041 and 0,011 respectively. Thus there is very
~~I

1ittle di fference in the conpost te frequencies due to different
( \

//,...\~coring methods.·· Conse~uently I· have assumed that Hex-2

is im autosomal locus in the statistical alialys:ls. In Appendix

D I nave recalculat£G the relevant +st tcs as~~,~ming that

It r\
>,
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No co l lectton site had all eight loci pe.lymorphtc on the

95% criterion for polymorphism. However Nelspruit had seven

and Pretor:ia/Hamrnanskraal had six polymorphic loci. These

co'l lect icn sites are both in the Transvaal and have moderate

cl imates with no extremes of temperature.

i'retoY'ia and Hammanskr'aal have a great deal of human traff tc ,

and so a high rate of polymorphism here is rot surprising.

However the high rate of po'lymor'phism at Nel sprui t is remarkab le

since the collection was actl~ally made on a f'irm a few kilometres

from the town.

6. 3..~;.1 Allele frequency ranges and dinal patterns

Fig.s 6.5 A - H show al lete frequencies and approximate 95%

confidence tntervats for the most common allele of each of

th~ eight enzymes. Tile figures have been arranged in such
;9, vn.y that the frequenctes of geograplli-cally ad,jacent collection

sites are in juxtapo'sHion to reach other. This was done

if! order to highl ight any cl inal pattern which might have

emerged due to proxtmal migration. A few such patterns \1ere

apparent. Yhe cl tne: which covered the largest geographic

area was from Gobabeb to Ihohoyandcu for Adii-1oO which varied

from O,4S0 at Gobabeb to 1,000 ~,t Thohoyando(J (Fig. 6.5A).
(,

Smaller cl tna patterns were exhib'ited in the Transvaal in

a ncrtnern direction f.~om Johannesburg to Pietersburg for

.)both Hex-liOO and Rea: .. Z100. liex..l100 varied from 0,947 to

0,'563 while llc.r.-2101.) varied f'rem 0,962 'to O~750 (Figs 6.50, E).

li
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6~:L1. 5 lsoc;itrilte ~hydrogena;?e '" HAOP (Idh-NADP'f
:£ Observed a s'inqle locus with f'ive different alleles produc'ing

,'; .

enzvme, This number of e lle les is greater than that repor-ted

in populations of
(1982) reported tvo al1e'!es

in a

'.(.-", ,
J.:;J/~) four 7dh-N,'\DP alleles in

population in South Amherst, Mass.

Tl10 of the: alleles, l'dh ..NM1P ill and Idh·~NADP120. had very

'low cemnosita frequencies (0,002 and 0,001 respectively

(Table b.3)} end each was found in only one locatt 0 Zdh-NADpl!l)

was fOWld in the PretOt'ia/Hillllmanskraal district and L:?h··-NADp120

in Nelspruit. The most ccmmon of the other three alleles

was til!?- inte~\nediate allele Idf.:'~NADPH)t)with eompcsl te relative

fr'equency of (J$81(; (Table 6.3), This was fol Iowod in frf.:quency

by the slow allela Idh-NAOpB5" w'i composite r~lative /~reql,jenc'y

of a.lbO and finally the fastest of these three Ci l Ie les

Idh~NAD~IU1 had composite relative frequency of 0,035 {Table 6.3}.
(I

These f'requenc are in T Ine wi th the frequencies of the

alleles Jdh-NADpF.
(I

a u. mel.anoqaet.es: tind type population i~) p,delQ~de (OilKeshott

1919) •
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6.3.1.6 6-Phospaogluconate dehydrogenase (Pgd)

The activities of the products of three different alleles

were observed for' this dimeric sex-Linked enzyme. 1\11 three

al Iozymes were anodally m'igrating. On the 95%- PQ1YI1101":)hism

c~,iteri()n, was monomorphic for the intet'mediate all r.::1e

Po-dlUll 10 an col lect ton sites. / ,'3, 'JI~ry rare fast allele

{composite
'I,

(Table f:i.3})

is 'Iil<ely the same as the rare Pg,:iUF ::(u1tra fast) allele

found to be present in Austral ian populations {(lakeshott

of; al. 1983a). The slow allele was also 'fairly rare with

composite relat'ive frequency > 0,007 (Table 6.3). It seems

likeiy that the intermediate allele F'gd100 is" hom(l,logolls

with that referred to as the allele "311 or the fast al le le

by Singh et: al., (1982), Oekeshott ')1; at; (1983a) and Singh

and Rhomberg0987~) ..il

6.3,,1.7 PhosphaylucomutaSie (P@Il)

Thrtle of t.hti' seven known ~11~1es n;r Ippa eii al., 1978 t Q«keshott

ef; at. 1981) f()l" this 'monomer;(~ anodally m;~grating enzy!tt;!

a~peared to be present in South~rn African populations. In

view of the extenslve world wide repay'tage of the preponderance

of three P(I/11 at le les cf which the intet'mediate one "'is present
,"

in high f,l'equenc ies' (Trippa aZ. ()970; Sing et at. 1973;

Langley 1981; Singh f'at a",.•

1982; And~rson ('nd Oakeshott 1984; Si'ngh und Rhomberg 19B/a)

and since just sucn" it c case eX'l,)'sts in this ~tudy, it would
'1\ .. o

appear th~~: the So~tnern African al le les Pgml 00 ~I P£i1t1i 2U and
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.Pgm~,O are homologous to those present in other geogt'aph'ic

areas such as Austr-alasia, North America and Europe/Asia

(Oakeshott et: al., (1981), and references therein).

6.3.t~ !!!el£..I ..r'S.!i!encies

Alleie frequencies of the eight Ioct examined d"'e presented

in Appendix E. Iabtes 6.4 and 6.5. susmar-ize the number

of alleles for each locus, the number of cor1ect'iot1 sites

at which the locus was polymorphic as \'mll as the number

of polymorphic loci for each callect iun site. The number
of alleles per Iocus varied from two fen' Gpdh. to five for

Idh-NADP (Tabl~ 6.4). Br.HiGH'.i Oft the 95% cri tari on for

po'lynorphtsm, it can be seen that Adh was polymorphic in

16 out of the 11 collection sites whereas Pya. was monomorphtc

throuyhout (Table 6.4).

jl FU,'f'ther,
;/

j/ collection
;/
)'
,I

based on the '15% cri tat'; on for polymorphism, the

loci were Swakopmund and Gobabeb (Table 6.5).

sites exhibiting the least number of polymorphic

80th Swakopmund
and Gobabeb are fairly inaccessible. The latter is an Isolated

community in the middle of the Namib desert and the lack

of polymorplli3l:1 in this case is easfly explained by the foui1der

effec,~. This could also account for the lack I)T polymorphic

loci at $wakopmund which is a coastal town on the border
of the Namib desert and consequently can be reached only

by sea or via ,the desert. Thus, inho$p'ftabl~ terre in, which

must be" crossed in order to reach this tOWIl would pr(lvide

a natura] barrier to migration.



Number of alleles and number of samples poly-
IOOrphic for each of eight teet examined inSouthern African populations ..

r------'-'.MT-' N~;be;-~-T-··~;'ber·(~~~~e~·t;;)Of~---"l
!.. locus I of I polymorphic samples I
! Alleles r- ., ----r-~- I
! I _l 9ti% criterion I 99% cr+ter+on I
~--- -------,- --j-·----·l
I Adh I! 3 I 16 (94%) I 16 (94%) .

I Vi,,-A i 3 I 7 (41%) I 12 (70S)

lOrd!: 2 7 (41%) I 9 (53l)

IHex-I" 4 13 (76%) 15 (88%}

lliex-z ~ilr 6*( 37~) 11*(69%)I
I Jd/Z-NADP If 5 15 \88%) L16 (94%)

Fgd . 3 I 0 ( 1)%) 4 (23%)

I Pgm__ ,__ -'-- __ ~ 1_~~~%!___ 9 (53%)

*Ar! ~otal of 17 salnples was examined for seven of the
enzymes. As 88:1) .. 2 was not scored in Thohoyandou, there
was a total of 16 samples surveyed for this lcclIs.

i)
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NUIllber of loci polymorphi~ in each of theSouthern African safl1l1es
r" I,-'COl1ection Site 1

1
,.N~~~er (~~rcentag(~ of' 'loci .1

I I polymor'phic) r,

I__ .L ~_.[~~-;iliri'?n19~~~~~·i~;.·
I 1 I S'.iiakupmund ill 2 {25%} I 3 {37%} I
I 2 I Gobabeb 2 (.25%) I 2 (25%) I
I 3 I' A'i Ais I .~ (50%) I 8 (100%) .1'
I 4 Cape Town 4 (50%) 7 (87%)
.I, 5 I Plettenberg Bay Ll (50% 4 (50%) I
I I Port ,EHzabeth I
I 6 Summerstrt\Od 5 (62%) '7 {B7%) !

j 7 I Walmer 5 (62%) 6 (75%)
8 Maclear 3 (37%) 3 (37%)

Durban
9 Berea 4 {50%} 7 (87%)
10 AddingtunBeach ! 4 (50%) 5 (62%)
11 Jol'lannesburg i 4 (50%) 7 (B7%)
12 Pretoria/HalilTlanskraal I.. 6 (75%) 7 (87%)

, 13 Ne'Lmruit 7 (87%) I 8 (100%)
14 Pi ett:H~sbur9 ,'4 (50%) 4 (50%)
15 Ag~tha 5 (62~O S (62%)
16 Thohoyandou 3* {43%>_I 4* ( 57.%_) _I111 Harare 1 4 (50%) 6 (75%)

*As He:x:-2 was "-riiot scored ; n Thohoj'andou, there was
total of seven loci examin~d at thi s t;ol1ection. site.

At alt other collection sites, 8 loci Mere analysed.

~(
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Allele 'frequencies approx'IMlte 951
confiu4i!ftCe intervals tut' the .O$t ta-on
.1lele of eatb of the eight eHl)'llle aoei!

A: ~B: .Q.te:-Ac: §(td~'
D: .!:!.It-1
E: ~-2
1:' • .!s!.!l.-NADP..
*i: MH: Pgrn

Location numbers .are:
! Swak9pmund
2 Gobabeb
3 Ai Ab
4 Cape 'Town
5 ?1~ttenber9Bay
6 Surnrnerstrand {Port Eli~abe~h
1 Wal~l~r (Port Elizabeth)
8 ~c1e(!r
9 e:::r-ea (Durban)
10 Add1n~ton Beaen (Durban)
11 Johannesburg
l2 PretQriaiHamm«nskraal
13 Mehpruit
14 P1etersburg
15 I\gatha
16 Thohoyan:i()u
17· Harare
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Finally Tdn-NAD? (Fig. 6.5F) exhibited several small cl inal

patterns. This allele increased in; frequency from 0~738

in Cape Town to 0)926 in Port El tzabeth, The d'lrecti(m of

this cl tne was reversed in the Transvaal , Frequenctes of

Idh-NADPlIJC decreased t:tmn c.ssi in Johannesburg to 0:.760

in Ne1spruH and from 0,917 if! Agatha to O~54n in Ihohoyandou,

Al Ie le frequencies were general '1\,'( confined to relatively

narrow ranges. The frequency of Adh'-lOO was the most variable

ranging from a low of 0,480 in Gobabeb to a high of l!tOOO

'in Ihchoyandou (Fig. 6. 5A). Idh",NADplOO had a s l ightly narrower

frequency ra~ge than Adh~'lfJiI~ varying from 0,540 in Thoyohandou

to l~OOO in Maclear' {fig e 6. 5f'}. The narrowest, range was

that of Pgd100 from 0,951 in Summerstrand to 1,000 in most

other places (Fig. 6.5G).

6..3..3 Hested_~,!)ntingencl Tabl~ Ana1ysis. (G-~~~sl
Tite total heterogenaity in al le l ic frequenctes of six pol.YJOOrphic
1 •
•OC"" .4dh.~ Gpdh, 11e::c-l, and rdh-NAOP, was
partH:ioned in the manner described in 6.2.3.1 and allele

frequercy gifferences amot'lg samples were rompared using a,

nested contingency t.able analysis. This ana.lys.is of val'iation

of these 5.1)( loci is given in Table 6.6. Sectiol1s 6.3.3.1
i\ ~

- 6.3.3.4 refer to values obtained in this table.
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.sled contingeftC1'~table INlysis of .nele frequef.cies tn Southern African populations of D. _~tsl"~ \Jbe G..test
(log Hkc1ihood r.Uo test) .. 5 used to detect significant frequency differenccs. '.\

o

I~------------~l~-----'------------------------------I tocus

l~u~e~f~ria~o_n_~:~==A=d=h====:====:D_~-A==::.-d_f~~J~_-_-_-·~-~·-h~~I-d-f-~·-~~==:===:==M:e=~-_--2-l.·.~.:~~MW+MIAmng Re~i;;--- 93,43"'** 70.06"''Ilf* 5 41.00-••-"'-+-54-- 38.41*"'* 1~ 68.83**'" 5
Namibia 11 l 1
Between areas 0.54 1.06 t: 38.10*** 1 0.26 i/l O~18 1
Between districts 39.32*** 0.13 1 0.13 1 0.13 ,'i,l 5.41 1

Southenterrl Cape f I:
Betweendistricts 0.02 O.l6 1 3.61 ill' 9.05* 1 ll.35** I III 0.36 1
Between .1j:es 3.56 11.06**w 1 2.09 3»93 11 0.07 .!i 1 C.13 1

Eastern Cape/Natal I I .. I ,I
Betweendis.tricts O.lO 0.25 1 0.28 1. 0.60 1 . 19.32*t'''' ill 7.57* i
Between 11i"5 I' 18.86**'" 1 0.44' 1 8,23* 1 I 6.46 1 0.02 ,i 1 4.53 I) 1

Transvaa 1 , \I "

AIoong aren I 52.89**" 3 18.23*'" 3 I 9184*J 3 24.01*** 3 19.43*** "12 62.36*** 3 186,76C:III

~

8etwe~n d1strfcts I I
5<;. Transvaal 0.13 1, 0.04 1. I 1.5::1 I, 9.611t 1 1.48 ,,! I 2.9$ 1 ls,nili6
No. Transvaal I 3.53 __J_:_j_ 1.19 1 f 0,00 1, 0.13 1 0.00 -L'LL 0.64 L 5,49 6LTOW- _~,~_I21!~:J_~.2o.u~~*~- IS I -l~_L ttl121.Sl";; 1~~__~53:*ti ! ~~j.i52.9·~:·~~_J!.:5.&f):~__!5--~

He:c-l dt'

61.09*** 5

&..31 1
0.13 1

. * P"Q.05/6 '*. P<O.Ql/6
y,.** P<O,OOI/b
a .."0.05
b P<I).Ol
c p<:o.OO,t.f"

= Total df
378.95C 130
I 46.44c i 6

I 45,25C/ 6 I

24,¥i6c 6 n 1"
26.86c. 6 i

I26.22'
38,53c
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6.3.3.1 Heterogeneity ~tween sites within distl'icts

Overall alle le fi'equeney differences between sites withrn

districts wet';3 nigtdy signif';cant in both the Southeastern

Cape (Port Elizabeth) and Natal (Durban}. In Por-t E1"lzatethl

a S ';1191 e locus, Dip-A '"17,06; P<Q,OOl/6J was responsible

P..:;O,i)Ol/6} and G'f"lh U;::: 8~23; P<O,05/6) were the main

contributor's to this lack of homogeneity. These allele frequency

differences appeared between samples 10·,20 kilometres apart ,

6,3.3.2 Heterogeneity between rlistricts within areas

Significant aneh:~ frequency differences were found arr.ong
districts in northern Namibia f(.lr Adh (0;;: 39,32; P<OtOOi/6),

in th~ Southeastern Cape for Be» .. l (G:::: 9,05; P<O,05/6),

Hex-2 (0:::: 11;35; f~O$Ol/6)t in the Ea~tern Cape/Natal for
Re:.c-2 (G::; 19,32; P<O,OOl/6) and .ldh-NADP (0:: 7 ,57; P<O,05/6)~

and in the Southern Transvaal for Rea!-l (0:= 9,61; P<O,05/6).

These among/bet!:rcinT='lli stri ct comparisons represented geograph'lc
heterogeneity in alle'le frequencies on the order of 50 to
200 ki1ometf'~s.

6.3e3.l Het2~ene1ty betWeer. areas within regions

Between the northern and southern parts of Namibia a single
locus Gpdil.

~G = 38tlO;

had significantly different allele f'requencfes
I,

P<O,001/6) . The hi9h degree of heterogeftei ty

ex~dbited in the allele frequencies within the Transvaal

was present to a greater or lesser extent in all six ·Ioci
analysed,
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6.3.3.4 Heterogeneity tietween regions
The total frequency diffel'ences as \'iel1 as thL' frequency

diff(~rences at individueL loci were an highly significant

far ths c!Jmp~:'f'ison betwet;!!1 reg; ons ,

6.3.3.5 Comparison of heterogeneity between levels
The above results indicated a significant amount {If allf;le

frequency heterogeneity betweer. population samples within

Southern Africa. This genetic difference increased with

increasing distance between snmple popu1ati~s as is evidenced
\_~\

by .the increase in the sta!lr1ll,rdised measure which reached
\i1 ' __ 1 J J

a maximum value of 12,63 at t'r.J between ..regions level. These

differences ~ in at le le frequencies betwef:'l st tes , districts,, '

areas and Yegions could not be ascribed to any particular

enzyme. There appeared to be it random assortment of loci

respons ible for' this genetic ~friat;OI1.
/;

Bee,use of the lack of t..,genelty manifested at the lowest

leve'l» the obs~rvations Io~'~Significant heterogene ity at hi ghar'

levels Must be viewed with caution. This is because it is

stat; st ica lly unsound to PM1 hE!t~roger,~ous a Tlel e frequency

<lata f(ir higher level testing since an indication of higher

level heterog~j.~ity could simply be due to low level variation

being eassed along. For this reascn, epprcxtmate ·,P ratios

Were com~uted ~y summing the likelihood (G) statistics Qver
\-;

Ioct t dl\/iding this sum by its asso~iated" degrees of freedom

and comparing this standardised measure wah the standardf sed

measure at tne next lowet level (SlOO'JSe and KOjima, 1972).,;'_.
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The 1! statistic tests th~ nun hypothesis that the degree

of allele frequency heterogeneity at the upper level is no
I' .!

g;'eatef than that at the next 'jovier' level. These resvlts

are presented in Table 6.7 which shows that the amount of

heterogeneity between districts was not significantiy greater;

than the heterogeneity present betw€en 5ites wi th'j n dis tri cts,

At ll'ighE':r levels, there was a Significantly g~"eater degree

of heterogeneity among areas than among d'jstricts (FZ3,30 ::: 2,55;

P<.O,01) • There was not, howevar , a greater degree of

1<) heterogeneity in the regions to areas comparison. When the

standardized measure of h~tercgeneity among districts is

used as an error term, there was a highly significant degree

of heterogeneity among regions {1;"30t~O ::: 3,17;=)P<O,005}.

These F statistics are unbalanced, that is the distl'ibution
t ,

of samples did not allow fm" a nested set of comparisons

for each "area, and I had to assume, that the degree of

c",}J~terogeneity over a given, distance in OM area would be

similar to that in another rea. Since Southern Africa is

unevenly populated, suitable habitats for Drosophila are

probably not evenly distributed 'iand my assumption may not

be valid. I therefore made another set of ccmpar+sons using
u

only those areas with a more complete set of nested samples.,

Neither of the t~ districts/5i tes F rat+os we~ significant~

as was the case for the unbalanced tests. At the next higher

nested level) the areas/dtstr+cts ratio was sigr;4ificant for

the samples from" the Transvaal (Fi r, 12 "'" 6.21; P<O\t005),

but not for the Namibian samp'!es. Ttto.Jsit appears that there
··n

di fferenti at ion among areas in some regions than
in other regions.

',I \1



A Unbalanced F ratios: the tot~l standardized measure of
one ievl;ll is c:nf!pare.1 with that of a lower level.

S Balanced F ra""~fJ\'l~ Ine standardtzed measure obtatned between
particular ge aphtc areas or districts is compared w'ith
the sta~1ardizej measure obtained between geogv'aphic districts
or col Isct.ton 51 tes (at a 'lower level) that are, physically
contained within the (higher level) areas or districts.

f I _(

A
uk- -Tu"b.l anced 0,;;.-i-90---,

IR~~!~~' -1ia;t~~· 1,25 I
1 ;:;: :Areas 'II 10;I.~L= 2,55*
I1iHtri crs • a.ss 30

I&istric ~ I ~,9~30 '" 0,73
lites wiithin Districts: ~t4512

I ;aegiQ!!iL I 12,,6331) :: 3,17**01stricts 3t9:B3UL_-_____ .__w --"

'..) -

~~ '~_F~'~-B-a~~io-e-S-i9-n----~
II Namlbl. - 7.74., 1,03 'N.Namibla 7,546 .

I
I

Trans~a~lS.fvl+N.Tvl
, S.E.Cape _ 4.111:6 ;:: 0,92

Port E1izilbeth 411 48fl
\)

!_. Ca~+Natal ~~10& '" 0,73Durban 6,486
I ....l.~._

* P<O,Ol
-kit P<O,OO&

241



242

summation~ the fol1owing three facts eme...g~d from the

likelihood analysis!

1.. There was, a significant amount of heterog~n(~ity between

locations. Even 100J.lly, within the same ctty, two col1ec~{)r.

sites ten kilometres epart produced significantly dif'ierent

allele f'requenctes,

2. in; s heterogenei ty i"creased as the fH stance between

collection sites tncreased,

3. The dlfference in ~11ele frequencies between col1ectio~s

increased dramatically when progressing from the bet~.een

distr'ict ievel to the betweet'¥f areas level. He~erogeneity

continued to tncrease to reach a max~m\lmat the between

regions level.,·

The F'-statis~,ics obtained in, this study' tended to compare

t~ amount tF~'g~netic heterogeneity between samples taken

from "CQlleetrlon/Si'tes furthet' apart to that bet'lleer. samples

taken from collection sites nearer together. Unfortunateiy
\~

the geo~aphiC dist~jbution ~t the samples precluded a belanced

n~sted set of comparis()Os for each district, area and region.

Thus unbalanced statistics were obtained. However, when

these (jresults are viewed in conjunction with the gene diversity

analysis '. (Section 6.3.4) a clear picture of the Southern

African population structure leading to genetic differentiation

amer;es.

.>
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6..3.4 Genel)iYersitl~naly~i.!

Heterozygosity estimates revealed that an average of 87,75%

of the total genetic variation observed in the Southern African

populations could be ascribed to vaf'iation between individuals

witl'lin the same collection site WSlPT ::: 0,8775, Table 6A3}. ~DPU-

accountee . for 12,25% Of the total genetic divers t ty in the

"D. melancqaete» populations ':sdlnpled in this stI.H.!Y.

The proportional decrease in total ~eterozygosity rerou1ting

from al ie le frequency differences between sites within districts '

ranged from 0.04% (Hex..2) to 2,87% (Dip-A) and averaged

1,1% (Tabl~'6.8). When measured as a perc~ntage of the total
(!

\\

genetic diversity among population samples. gene diversity

estimates for collectiun site differences ranged from 0,32%
(Dsn ;;!' 0,00008) at the Hex-2 locus to 32,61% (LJSD ::: 0,00015)
.at the Pgd locus, and averaged 9,.26% \DSD ::: 0,00228} fot' all loci

~-
"

combined (Table 6.9).

o



Table 6.8 Estimtes ,of heterozygosity and gene differentiation coefficients for Southern African
populations of D.. melanogafJte,~

- ---Heterozygosity! -+ Relative gene div
components (x.-

HR R ~D ES CRT GARA
74 0,4043 0,3949 0,3789 0,3123 0,5403 I 0,2197
a4 0,1486 0,1454 0,1409 0,1363 0,6196 O,20H. (

49 O~1397 0,1330 0,1277 0,1257 I{il,3579 0,4614
94 iO~2847 O~2773 0,2686 0,2662

t
0,4927 I 0,2455

08 0,1619 r 0,1561.H 0,1561 {/'
0,1728 , 0,4425 0,2712<1

08 O,2d09 6,.2700 0,25721 tl~2550 I 0,3383 0,3180\\I
020138 0,0131 'I 0,,0136 I

.,

40 0,0139 0.,0471 O~O658 i\

12 U,0876 0"OB61 I 0,0850 O~O838 0,,3944 0,1618
I09 0,1916 O~1861 0,1781) 0,1763 O~4629 0,2738

,I)

[:0:.' HT
I---~--l-' •

Adh
Vip-A,

'ersity
10)2

u,1089

~I 1~:~!~:
I I. -L~_l ~_.~.~.

lNT estimates the total heterozygosity present under the assumption of pannnxra among sampled
.populations. HR, HA, HO' and HS are the average heterozygllzit.ies within reqtons , areas,
districtS and col lect ion sites, respectively

0,3739
),2876
0,3647
0,2919
0,.6472
0,4366

Gso HS/HT ~

0,1550 0,8711
0,2875 O,861J4
0,1394 0,8676
0,0786 0,8891
0,0044 0,8634
0,0429 0,8804
0,1049 0,9673

I 0,1360 0,9190
0,1095 0,8175

J

2GRP ,GAR' GOAand GSO measure the p\"oportional decrease in total heterozygosity due to populat'zon
sub-division and genetic differentiation among r-egions, areas within regions, districts witrrh~
areas, and sites within districts, respect.tve'ly, GXYis the relative gene diversity component
g;ver1i by GXY ;:; (Ny.' HX1/HT where XV::: RT, AR, OA or SU. ilS!l!T measures the proportion
of tbe tgtal variation that is present within sample sites.



Absolute gene diversity estimltes at the region, ~rea~ distritt and co]l~ction site levels~

0,1415
O,~800
0,0984
0,0007

Idh..NADP
Pgd

Absolute decrease 10 heterozygosity!
------_. ----"--------"'~,---

0,0490
e.1.099 .0,1270 .0,0125 .0,34:/8 28,29
.0,.0.0.09 .0,0015 O,0G15 /' .0,0.04,",,6, I' 15,22 19,56 32,61 32,61

'am .0•.036.0 .0,0147 .0...0107 .0,.0124 0,07:; 48,69 19,97 14,54 16,80I~:r.g~_~.O:lO..~o:_ __ .o_'_O._7~{2a ._!_.~·:J137_'t7_9__,__2~39_:j__:_

DOAxlO DSOxl.o
..-,,,,,,,,,,,",-

0,1598 .0,.0663
.0,0456 .o~0456
0,.0528 0,.0202

1 0,0874- .0,0235
0,117.0 .0,.00.08

Proport.tonat decrease in
hete rczyqos ity (%)-r------~------~-------------~------~

til" %D 'lfr)
»u fIR DA /I)(. SD%uRT

0,,0939
Ot0319
.0,0669
.0,0735

.o~5509 41,92

.0,2213 44,39

.0,1918 27,06

.0,3319 44,45

.0,2468 32,41

l'i ,.04 29,.01 12,03
14,41 20~60 20,60
34,88 27,53 10,53
22,14 26,$2 7,09
19,86 47,41 0,32
31..61 36,51 3,59

"tVRT. !JAR, DOA ar~d LJSDmeasure the ebsalute decrease in heterozygosiit,r i~esu1ting from popqlatid II
subdivision cUHl genetic differentiation at the region" area, district and collection sit\ /level'~
respectively. The corresponding proportional decreases in genetic diversity are shown as percentages
t ,e, %DXV ;: (DXY x 100)/(Dl\l + DAR + DCA + lJ~ll), for XV "" RT, AR, J)A or so.

. /1 "

Cl

\\

\1,
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6~3.4.2 Betweca districts within areas
The aver'age gene diversity between dist\'icts within areas

(DDA) accounted "fot' 30,56% of the total gene diversity amcmg

population samptes (Teb le 6.9}. ThE: eontr-tbut ton of this

between distt~icts component vaded from a fOW of 14,54% (DDA

00107) for P{jrrrJ. to a high of 47,41% (DnA:;: 0,01170) for

liex-Z (Tab le 6.9}. ApprcX'imately 3~78% (GDA :: 0,03783) of

the proportional decrease 'in heterozygosity was due to rllele

frequency differences between districts within areas (Table

6.8). Compa.rison of the two ave!~age absulute gene d'ivet"sities

t .s. between ccl lect ton sites within dts tr+cts and betwe~m

dtstr+cts within areas (OSOand DDA) showed that the latter

was more than three times that of the former (Table 6.9),

thus indicating the relative importance of spatial differences

at these levels. Two of the eight ,.;;nzymes showed a maximal

decrease in heter,nygosity due to subdivision into districts

"flIithin areas. They were l!ex-2 and l"dh...NAOP.

,6.3.4.3 Between areas within regions
1\

P~~ulati()n structuring and genetic differentiation at the

between areas 'level accounted for 2,]4% of the proport.tonal

decrease in total heterozygosity (Table 6.8). nds propay'tional

decrease ranged from 0.66% for Pgcl to 4,6J.% or Gpdh (Table 6.8).

The proport.ion of total genet';(~ dtversf ty among population

samples Clue to differences between areas (DAR) averaged 2?,39%

(.DAR:: O~0055l) with a low of 14~41% WAR = 0,(0319) for

lJlp~A arid a, high of 34,88% (lJAR '" O,006S9) for Gpdh (Table 6.9)0

The only locus which showed a maximumdecrease in heteroz,yg6~{ty
\i.
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6.3. 4 3etween regions

01fferences in heterozygosity between the six regions~ Namibia,
, ;\
southl':!aS~ltn cape , Sauth\'lestern Cape , Eastern Cape/Natal,

Transvaar) and Zimbabwe, accounted fer the s'ingle greatest
_",_;;c---,-~~

contribution to both th~ rela'tt~<f! and absolute gene diversity

ccsponents due to var+arton between subpopul at.tons , Half

of the loci exhibited a maximal decrease in heterozygosity
due to regich1al subdivision, ~vi~:: Adh, !J·£l.1~A, liex~l and Pqm,

The contribution to absolute ~ene diversity due to reg'iotlal sub-

division was greater than 1,5 times that due to area subdivtsron

The decrease in h~terozygosity due to regional subdivision

averaged 4~63%. The minimum value was 0,47% for Fgd and

the maximum value was 6,20% for Dip-A (Table 6.8). When

measured as d propcirtiC)n of the total gel'letic diversity among
"

population sample~, gene diversfty estimate$ for regional

d iffer\!ilces rarlged fro/It 15,22% (lJRT = 0, 00007) at the ?gd
a

1~_~us_to 48.69% (DRT = Of0036) ,pt the I>gm locus, and averaged
-~<~-,./;/-~-::.

37.79% (Din = 0,00930) for an loci combined (Table 6.9).

'.\
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6.3 ..4.5 Compar'is;on of gem~diversity among population levels

The relative decreases in heterozygosity are illl!st~'atcd

graphically in the pii diagram (Fig. 6.6) which indicates
the proportional contribution to total gene diversity due to
population subdivision. Since 87,75~~(HSiHT :.: O~8775) of the total

heterozyqos ity was due to di fferences between indi vi dua 1s

t,!'!tirin population semples, there remamed 12,25% \'ihich was
apportioned to the tjiffer~nt 1evels as follow (Tab'le 6.8):

4,63% to separation of 500..3000 l~m

2,74% due tel separation of 400,,,,800 km
1/

3,78% due to separat tcn of 50-300/) km

1,10% due to separat ion of ilpj1foximately 10 km

The major ~decr~\sein heterozygosity was due to regional
\i

subdivtatcn and the second most important contribution to

the decrease in hijterozygosity was due to district subdivision

within areea. Thus O!'1e would expect a c>ignificant difference
II

in al le le I\frequency distribution due to (jist.ric'!; subdivision

Ii within areas and this is exactly what was obtained in the

heterogeneity results, i.e. the heterogeneity in samples

between, areas was fuund to be significantly greater than

that between districts (Section 6.3.3.5;.

(I
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6.('\. 5 Estimation _of.Jiene_.fl2!!

Slatkin {l98l}, using the assumptions of the infinite al le les

model for a ,c.dmulation" study. showen thnt tha conditional ever-

age frequency of an allele (see below for' definition) was

approxtmate ly -independent of selection intensity and mutation

rate, but depended strongly on tile cveral l level of gene

flow. The condit-iona'i average frequency of an a l le le is

obtained as fiJi lows:

For' any allele, the occupancy number, 1, is defined as the number

of demes in which the allele is present. If n is the number

of al le les having occupancy number' i, and if Pr(i) (r :: l, . .,n) is

the frequency (averaged over i) of each of these 11 alleles,

then the conditional average frequency mf, is defined by:

n
p( i r;:: I Pr(i }/nr"'l .'

Unfortunately" as Slatkin (1981) con1f.ented, his resul ts do

not furnis:, one with an analytic theory that would anow

the estimation of the true or effective migrat·ior. rate using

a statistic derived from PT1J, ,Further, 'it is not clear

!l
(I
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why P(i) should depend only on ttle migration rate, although

it is intuitively cleat' that the occupancy number, i \t should

vary with rate of migration.

For any population an, incoming mignmt \'j'ith an a l Ie le not

already in that population would increase the value of i.
'.Further, for rare a l Ie les par-ttcular-Iy, migration out could

remove that aHale entirely from the deme and thus decn~i\~""..' 1.

The re lat'lonshtp betwesn condi t'iona'l average frequency and

migration rate is en inverse one in that, the highet~ the

migration rate, the lower the values of P{i}.

Fig- 0.1 shews the conditional average frequencies of a l Ie'les

in the 17 popul attcns cons tdered in this study as a function
II

of the propor-t ton of populalt'ions in which they were found.
)/ \,1

If the results of Slatkin :(1981) for other species are used

;:l.S a standard measure" the graph in Fig. 6.7 indicates that

the Southern African o, meianoqaete» races would be characterized

as having high gene flo~/.

S'!atkin (1985) obtained a method for estimating Nm {the average

number of migrant exchanges between populations ) by means

of private alleles, {i,e. al1eles appearing in only a single

population}. Use of this method and correct tnq for sample
~!

size gave a value of Nm. of 6~9. However, as only eight loci
,,::;

were eval~ated "in this study, an~(as oniy three private alleles

were obtained~ this estimate of Nfl! must be viewed with caution"
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Migration can al so be estimated from allele frequency data

using an estimate of the fixation index PST and the island

model of migration (Wright 1943).

Z;'ST -- 1I(1 + 4NNIJ
i)

': \

in an popul attons , and m is the\)proportion of migrants betwe~anc r,f

each subpopulation.
PST since GST is an extension of, PST for loci with more than

two \1,]lcles. Using an estimate of 0,1225 for GST (Table 6.8)

and solvirlg for Urn gives a migration rate, of 1,8 tndtviduels

per generation.

Both of these methods of estimating gene flow suggest that
,!i

gene flow among Southern African populatiof1s is reiati'vely

hight and this is tn accordance with estimates obtained by

Singh and Rhomberg (1987a) who estimated aver'age migration

rates of 1-2 indiv<iduals for populations of D. mel-anaqaete»
J -::'1 ...

worldwide.
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6..3.6 .£!.l1!..ari~ of" Souther'!_ African Distributiq_ns with

T:X;$e in Other Parts of the World
----r~~

Table 6.10 1tsts some comparisons between (]ST values obtained
+in Southern :\ft'ican poputat+ons and PST values of other authors" •

6e3.6.1 Alcohol dehydrDgenase (Adh)

.The) (1ST va1ue of 0,1289 for k.i1z in Southern Afrj can was

similar to thilt observed for this locus in tropical Africa

and in c, the tropical parts of Austr'al ia
c;:.._:_

(David et at. 1989)
~/

...here values of 0,134 and O~123 respectively were obtained.
;JOn the othe¥' hand, a value of 0,5 was generally observed

for global comparisons between regions {Singh et: al: 1982;

Choudhary and Singh 1987; David et aZ. 1989). This is not

surprising in view of the large degree of differet'tiatlon

in the frequency of the AdhF allele worldwide (David ei: aZ.

1989) which 'is in keeping with the putative adaptive properties

of the ADH enzyme and its consequent latitudinal variation,

particularly in the northern hemisphere.

---------------~~--------- ---_._-_._-
i'Wright's fixation index, FSTt is given in terms of a two
a l le l tc ,system for a single locus whereas the evaluation
of GST incorporated more than one locus with more than two
alleles. So, strictly speaking, a comparison af CST with
b'ST (even for ac single' locus) is mathen~~icQl1y. incorrect,
unless the weighted average PST is used (Wright 1978) cr
unless the ghen locus is dial1elit. }Jowever Table 6.10
uses results from Singh et: at. {l982} and from Chaudhary
and Singh (1981). Their method of computing average
hetef'ozygosity is that of leWGiltin and Hubby (1966) in which
the formu~a

(p.~ is the frequency of the ith al le le ; n~l) is used. 111 ;;.:aseFST and (]ST are identical.
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COqlarison between GST valm'::; (]btained
in Southern African popul:,'::,ntims of D.
lfKiLanogar:teX' and PST vah:~j;_) obtained for
u, 11lf3lanog6:tlt~l" populatioT!t. other parts
of the world ..

! L~cus-- "._! ----O-sr- (1) -1·~:"~,x"2)'--1' PST \:~!-l
r-:-::...- ....'~'- - ""'--- ..----'''''''-!'~'','-''' .....~.'""''.-'''"'''''''''--- J --~.-.--.- 4-'i
i Adh. ! ~1289 Q,49l';6 i {}C:03i lJip-A I 0.1396 I O:~64

f,GPdh O~13~~3 »G,,1080 I 11,107

! Hex ..l 0, n09 '{ I 0,242

I:::~:ADP I ::~::: I
I' II
I

I Pgm I 0.0810

L_j_....___....
0,0327 t

I
i

__ ~ ~i~1 ~l ~ __j

O~052
Pgd 0,2479 0,249

0,077

(1) Southtn'n Africa, ,this study (GST = l-liSiHT).
(2) FST ValU1!5 for populations in Canada, US}".

Ft'ance~ West ~frfca, Talwal'li Vietnam and Austral'ia
I) (Singh et: at. 1982)

(3) FST values' for populatjons in Canada" Arqentina,
Sweden; .. Ul<rtline" :7 USSR, france, West Africa,
Central ~friCat;' Korea. Taiw~! Vietnam and
Australia \Choudhary and Singh 198~1).

" \__
\ ~-, .--<

\

(\
D \\

,.
o

c::,

f
I';
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::,

','\'
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The ScnltheY:{1 Afri{;ar! populations were d,'a\-JI1 from a relatively

narrow geograph'ic range as opposed to those used 'in t.he ccmpill'ison

studies (Table G.lD}. Singh' <91; ai: (1962) have taken allele

frequency stat ist tcs from pl aces" as diverse as Weat Afdca

(6,3°N}f to Fn~ce (46,1 CN). and Choudhat'Y' and Singhd1987)

obtained al lale frequencies from populations in 15 d"1fferent

ereas from a1h over th('/~~ld.
, _/""'1]

Examination of the distribution of the kih al Ietes n various

of the wode!
,'"

reveals, the predominancein general,
of a 51091e aiiple over a continent or over a continuous
ge()gr~phic range within a conttnent, The fast allele. of

Adh is the predominant al le le in ,l\ljstr~'lia (pakeshott cf;,.a'{,..

1982a; (!Singh et: al-; 1982) " in <cllrop~ (Oavid 1982; Charles-

Palabost et: al; 1985; P.nxolabehere et: a'[,. 1988(1), in .Japan

00 the main islands (Watada ei: at: 1986), in the Peoples!

Republ tc of' China (Jian!{ et: a; 1989) t in Vietnam and Taiwan
I' -,

«(Sin~tPet: al., 1982) and if! North L.)rica (Capy et: al-, 1983). (

On ,the other hand, this studyt together with those of David

n982)~ Singh ~t al: (l982)" and David ei: al; (1986), suggest
................ - -;

~---..:.

th~~)~,he predolilinant Adh allele ion the African continent~

south of the Sahara, is the s10w allele. The slow allele

also ;predomina~es in the french west Indies (Cap>, eb al.,

1,986).
(~)No clear cut patten'! of it predominant allele has

emerged in North America. Although the slow Ail;' allele dominates
)\

--------------,----
;,>

tl ~m assuming tha.t thli: Adh-100 and Adh{i ,,,faHeles tn this
study correspond to the common AdhS and AdhF aiie1.es that
occur worldwide.,
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in east coast populattons (Vlgue and .Johnson 1973) f this

has {ki~D (is :~et proved to be the case on the west coast whet'e

l),wid et at. (19B, found t u~:ing ttata fl'om var+ous parts

frequency wf,th increaSIng iatitude. Til i s wac however' not

ill ltnear incr~~ase.

ThE: authors dividea sample populations into three iat'itudinal

groups: trap; ce 1 "Mediterrane.anu and cool temperate. Whereas,

tropical populations (i.e. between 30;:!Nand 30"5) were generally

s imt l ar-, having a low frequency of AdhF (avereqe 15%) and
n

a smooth increase with latitude, t\e IIMedltet~raneanll collections
\0

(from between 30~ and 420 jatit~~e) were four.d to have a
I'

much hig •• r av.r.g. frequency of ~hF (70%) and a broader

range of variability for (£1 given \atitude. Fur·ther north
\

(from 42"N to 49"N) Adll increased ("p an overall frequency
\1

,'I of 95% and a ~reatef homogeneity ovel: a broad geogriiphic
\
1\

area was observed, These authors plotted'l\ a graph of latitude
" ,,' \

versus AdhF pe;'C0ntage and, by;,! joining t~e peripheral points
o II,

\\ ..a\ regl011 containingwith straight line segnlent-, demarcated
an of their sample potnts, (Fig. 1 ~ their pa~er).
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The Southern ~:;rican populattons fail into two of t!1e latitudinal

regions cd'!lsidered by David et at: (19891 to be the tropical
'\

and the IIf'1editerraneanl
,1 ~d?l1ections were taken from 17 ,82°5

to 33~96~S). Although most of these populations had Adlzt'

frequencies !',llli fig within the region delineated by d

fen outside this area. '1'"o of these populat tons , Gobabeb

and Harare, had frequencies of Adfl which lay above the demarcated
If

region (0,520 and 0,460 resp. .tively) and four of these

popul at tcns , $wakopmund, Nelspruit, J\gatha and Thohoyandcu

had fn .ncies nf Adfl ',<lr.ich lay belQw the demarcated region

(0,061. 0,060i'O~b63 and 0,0 respectively).

6.3.6.2 6-Phosphoglf.i..:l?natedehydrogenase (Pgd)

Table 5.10 gives an PST value of 0,25 for Pgd in the two

studies covering populations throughout the \Jorld (S'ingh

et: al: 1982; Cnoudhary and S'iflgh 1987). The value of 0ST

for Pgd in Southern .Aft'ita is 090327. Out of the 11 populations

in¥estig ...ated , 13 were monomorphic for thE'! intermediate alie1e
"

Pgd1 no on the 99% ,'}riterlon and all 11 were monomorphic on

the 95~ cr+ter ton (Table 6.4),

/,
//
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This locus al so general'iy showed a lower ievel of polymorphism

in Central and West African. popul atlons (Singh and RI':(imbl~f'g

1987a). On the other hand S'ingr. and Rhomberg (l9S7a) found

this locus to be highlY poI ymo rph ic in North AmericiL hi

the same vein OakeSil!Jtt ei: (/.2. ( '~>983a) found frequenc ies.

(if the fast allele of t'ii]d to range from 0,012 to 1,000 i!1

Austr~alasia. So Pgd Is interestirl~l in that 1t appears to

be ~Hher vi rtual Iy menomorpntc or highly p(;lymorphic over

Possible selective action ('H1 igd

has been noted by Oakeshot t of; d. (1983a) in t1nat these

authors found the )'egn~ssjorr of the frequency of the fast

aHe Ie on latitude to be highly significant. Furth~r Singh
fJ

and Rhomberg (l987a) '·)found that Fild allele f'reqcenctes showed

a Significant correlation
~_!

w'ith maximum precipitation but

not with Iat+tuce or tempet'ature<ll in west coast populations

tn NOl-'th Amel·ica. (Due to the llbnomorphism of Pgd at most
c

collection sites , I could not test thts enzyme for correlation

wi tti any
':\
IIenvironmental variable

D

in Southern Afr; ca. )
I.,

This

$.1;udy has revealed that Pgd

southern ti p of the A(rri can
c 1\

its lack of ,PQlymot'Phi~m ;0

is virtualiy monomorphic in the

continent. This. together with
1')

eq~atorial Africa. suggests that

one allele might ~r-edomlnatp. throughout' sub-Sahararl Aft·i~a.

This monomorphism of Pgd in Afl"'lcan as wen as in European

popu] at+ons ..was comme!Jteci';~~.h~i Davia and Capy (l988~.
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6.3.6*3 sn-S'iycerol-3-phosphate dehydrogenase (Gpdh)

The CST value obtained for Gpdh in this study was 0)1323

which is close t;;: O,l1t the I/-T value obtained for thi enzyme::;.

in (rthf~r parts of the world (Table 6.10). These 10\'1 values

indicate that this is not a higJ1'ly differentiated enzyme,

and that this pattern of differentiation 'is s tmil ar in southern

Afr'lca to that in other par-ts of the world. Ttm interes,ting
II
I'

aspect in this case is that the high preponderance of 'the
fast allele (assuming homology of Gpdh10f) in this study w'ith

Gpdhf (If other researchers) in Southern Africa,;; pcpulet.ton

(trequeney « O,9tl6)" is once, more repeated ~n tropical ,\frica
{\
-;,1\ ':J

whe~~e frequencies of this allele are even higher (eg 0,988

and 1,000 as obtidned by David (l982) an,; SinfJh e» 0.1.. (1982)

respectively). Although h-;gh frequenciN~O!)f the fast allele
"

"

have been repqrted in other parts of the world, the}' are

~ut as high as those in Africa and have been found to be

as low as 0,380 and 0,474 {Charlps-Paiabost et: at; i985;

Singh et aZ. 1982) in France.

Ii
The s;ow allele (assuming homology of apdh'/':) with (JpdhS of

"
othel~ researchers} was found to be totally absent in a high

cropor t ton of African populations (8 out of 17 'in this study,

one out of one in West Africa (Singh e t: al., 1982) and ~wo

out of si)t in tropical Africa'" (David 1982)}. However~ a

tti gh degree of pOI j'lllQrphism for Gpdh has been 7oun,d elsewhere

in the world, e.g, in Australia, France, Europe, Canade ,
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USA, Taiwan, Vietnam and Japan, (information for above gathered

from Oakeshott et: aZ. 1982a. Git'ard et: at. 1977 t [)av'id 1982.

Singh ei: al; 1982. Charles-Palabost et: al.; blB5 and Watada

rhus this study has confirmed that the African continent
(I

is charecter-tzed \~y high frequencies of the fast a'l le le of

Gpdh and a large proportion of monomor'pnic populations.

6.3.6.4 Other' enzymes

Idh-Nf\DP and Dip-A were found to have higher aST values in

Southern African populations than elsewhere in the world. (I'ST

va1ues of these two enzymes were more than twi ce as high as the
\\

FSi values obtained b;l( Choudhary and Singh (1987) in populations

from around the globe,l(Tab~e 6,10). This suggests that Southern
II <,
,I \1

African populations 'i~re mibre highly dHferent'iated at tbsse
I

two 10ei than are other populations.
II
'I
;1

Pno', liST value of ~~b-l was approximately half the PST value
, ! II

ObJ iined for' "this 1IJ:\Cl!S in the world-wide survey (Choudhar'Y
\' I, I

3nd Singh 198i), w1111l1e the GST value fr,}!,' Pgm was vh·tually

tdent+ce l in all thl1ee studies (Table 6.10). The i'gm locus

is interesting in thbt a. survey of the literature ,indicates

that \'1orltt~wide mostl populations are polymorph'il.: for three

aHeles: slow. inter't~~ iate and fast. Moreover, the intermediate

allele is presef:_~ fl~1very ~ligh frequencies. from 70% to 90%
-\ i! i ;

{Kojima eb at. 1970~\, Oakeshott 1979; Capy et at. 1983, 1986;
ir\'

Singh and RhOm~ergl,\0:~987a). In part tcuter , the frequency

OfCthe intermedi1~e p~m~llele in Africa had been given variously

II "
!I
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as 0,893 (Capy et: al., 1986), O~709 (Si.l'1gh ei: al., 1982) and

0,944 (Cap'y et.; at. 1983). In this study, the 'intermediate

Pgm all e1e had a frequency of 0,942 and the Pgm locus was

polymorphic in 9 out of 17 samples on the 99% criterion and

'in 6 out of 17 on the 95% cr+ter-ion.

6.4' Discussion

I have made use of al iele frequency stat+st.tcs to investigate

-~I"~

the degree of heterogeneity and the gene diversity pattern

'within Southern Aftican popuTations of D. melonoqaete»; The

resu1ts have also been analysed in retatton to gene flow

and seat.; a1 structure and a clear picture of the Southern

Africarl populations of », melanoqaete» has emerged. The

findings and conc'lustcns reached are discussed in detar!

below.

6.4.1 Mic~o9raphic Varfatio~
Significantly different allele fr~~quencies were detected

in two sets of ~amples that were col!1ected in coastal cities,

In each of these cities one of the ~~air of samples was taken

on the beach front and ,the other ap'proximately 10 km inla~d.

The inland sites were 70 metres !(Walmel~, Port Elizabeth)

and 170 meters (Berea, UUt'ban) above sea level and may represent
I

quite. different environments from d~e sea level sites. It
!I ~'!-

is not clear whether there is a h~gh degree of gene flow
I

over these distances
i

and the obse~lyed differences are due

to differential seiection in the diff~irent habit~.ts, or whether

the di fferences are due to tandom dri "Ft in the face of 1imit~~d

gene flow.
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The two 10(:; which are mainly responstble for this significant

heterogeneity (Dip-A in Port Elizabeth and I.dh M Durban) both

showed some var'iation ..ri th an envt ronnenta l factor (Section 7.:n
indicating that scme form of se lect'ton is poss ibly 'in operation.

There was no consistent difference however" batween inland and

coastal ~amp!es a'S might !,be expected if for example ;1Umidity from

the sea were acting as a selective agent on these lOci over' this

geographic scale. On the other hand, strong a l le le frequency

differences may appear over a few kt lometres because of a high

rate of Iocal extinction and recolonization. Any allele f're ...

quent:y differences may be due to founder effects preceding annual

population exp1osions during the summer.

A signifi,~ant degree of hete)'ogeneity was also detf:!cted over loci

among/hetween districts separated by 50 to 300 km 'in each of the

five areas except Northern Transvaal. Small sample sizes may

have been responsible for failing to .detect any allele frequency

heterogeneity in thfs Iat.ter area. The habitats in each of these

areas appeared to be re1atively homogeneous, except f(H" northern

Nami,pia in which one sample was collected near the sea at

Swakopmund and the other about 50 ki lomet res inland in the

Nal11ib Desert at GObabeb. Swakopmund is cooled by the cole!

upsvel led waters of the Benguela CUl"rent which produces a

fog bank along the coast, especially in summer. Gobabebt

in contrast , ltes in the Namib Desert and experiences extreme

diurnal fluctuations in temperature.



264

The only 'locus which showed strong differences betwee:1 the

tecat+ons was /Jdh. This locus is a~~pat·:!!ntlY under se lectlen

in ma!1~ areas (see revtevs by van Oelden 1983 arid Chambers

19S8). and exhibits a high degree of polymo:'phism worldwide.

Apart from .4dh, the samples from bOth Swakepmund and Gobabeb

showed reduced levels of genetic variation 'in comparison

with other locations and this may be the result of frequent

bottle necks in population size in response to the harsh

envi roneent.

6.4.2 MaCf'Ogeographic Yariatio!,!.

Ort a macrogeographic Ievel the e lectrophcrat.ic results obtained

in this study were analysed for patterns of gen~} flow and

selection gradients as well
if
Ilas for heterogeneity and gene

diveNity. A pronounced increase in genetic heterogeneity

betwetm' locations separated by distances greater than 50

ki10fl)et"'?s was observed, Both the LJ);y statistics of the 9~me

diversity analysis and the standardize~~ measures of heterogeneity

of the contingency-table analyses were roughly similar am:l

indicated that the gr~ate$t divergenc(~ occurred between regions

on a geographic scale of 500 tal 3000, kilometres. The degrees

of divergence among areas or. a seale Oi' 40Q to 800 ki lometres
"

were only \\ slightly less than that among regions. I shall

examine thi~\ pattern of differentiation in terms of various

models of ge,;J flow and population structure.



265,'

{)" '!'. 2.1 Gene flow measurements

Measllf'ements of gene flow in many of the })1'osophUa species

have been ccnst stent ly high. S'iatldn (1985) estimated values

of !vir: based or: the research of Aya1a et: al; (197'~) for D.

and 1,0 respec+ivaly. S'irlgh and Rhomberg (1987a) estimated

Nm values of D. meianoqaete» populations in the USp.., East

Asia and globaHy to vary between 1~1 and 2,7. Migration

estfmates ."anged 'Itom 1,5 to 6~9 indiv:iduals per generation

and the graphic gene-flow analysis of Slatkin (1981) also
"indicated a high rate ,of migration.

6.4.2.2 Sampling techniques

The high rate of gene flm~ obt,ained does not prevent a significant

amount of heterogeneity arising between subpoputat tons (exemples
.\(t

are David 1982, Singh at at. 1982t Kusakabe and Mukai 1984~

Char-les-Pa lebos t et: al., 198'5, iiatada et: d. 1986, Chaudhary

and Singh 1987; Singh and ~~homber9 1987a,b and this study).

Yet "it is generally noted that migration between pcpul at icns
,

of the order of one indi vidus l per generation is sufficient

gene How to ensure that only a minima I amount of dHferentiat jon

exists between populations. Spietry (l974J showed that, if

Nm :;:' 1, then the genetic identity of two genes hi diffl~f'ent

populations l'li11 be similar to that (If two genes in the same

population 'unless u.mt.itation is so o large as t.o produce substent tal

differentiation within the individual populations",
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Many authors (e.g.' Wt'ight 1969) ate aware of this apparent

dichotomy KJ. s tat+s ttcal ly s'ign'ificant patterns of dtverqence

and yet low FST values and hi~Jh migration rates. The prob lem

of inferi'ing rates of genetic exchange among subpopul at ions

on the bas-is of allele frequency data has been addressed

by Al1endorf and Phelps (1981). They noted, using simulation
studies, that significant diverqence among subpopul at lons

"was detef.ied ill populations with an mN value of 25. They
.j showed that this effect (of significant hetel'ogeneity with

very little Or' no isolation) was pat'ticu'larly exaggerated

when the progeny of a small number of (non-isolated) reproducing
adults was sampled. In their study, Allendorf and Phelps
(l9S1) were r'eferring to fish populations where the samples

are gener'al1y fry which may have bean spawned tn a streqr,1
separated from the parental mating area such as a lake.

N(.meth~: ess, the observations made can be appl ied to lJro30ph·Ua

populat tons in that these populations have a dynamic

metaeopulatfcn structure that is characterized by a large

potf!ntiai for high rates of pcpul atton growth, high rates
of local population extinction and frequent recolonization.
Thus fl ies sampled may l'/ell emanate from a few transient

progenitors in much the same way as the fry which are samp'led ,

are the progeny of a few spawning adults. These founder

populations may be quite different from ancestral populations

a~ welt as from adjacent populations arising from the sawe

ancestra l population. This would lead to a genetic mosaic

of popul aticns on a Y'ela(yelt) small spatial stale.
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In this study I showed that col lectlon sites ten kilometres

apart displayed cons tderab'le heteroqenet ty. The results

of other &tudies have Sf1O\'JD that significant differences

can appear over distances of only a fe\'I hundred metres {David

and Capy (19it8), and references therein},

The usual inference upon finding significantly difftH"ent

allele frequencies is reproductive isolation. In this case,
the differ'ences may arise as a consequence of metapopulation

structure and not because of divergence following reproduct lve

isolation. The general prob'lem in studying genet·~\c structu~e

of l):t>orwphiZa populations ar-ises 'in choosing the appropr-iate

spatial scale f!Jr sampling. The sampl ing of D'I'osop1ziZa populations

for genetic analysis ts labour intensive and usually only

a few sampJes) are collected which are then taken to be

representat ive of the populations in an area.

In order to prevent erroneous conc luatons being made about

the dynamics of a constantly changing .system, I suggest tha~
"

the best way to sample L':t>osophUa populations 'is to use a

fine scate level of sampling i ,e. to collect samples of Dr'osophiZa

at fi'!~,~to ten kilometre intet'vals over the 1\1ql..\ir~J area,

and to repeat these collections over a period of tlme in

order to stabi1iz~ spatial and temporal differences.

6.4.2.3 Modelling considerations

The: estimates of Nm obtained using either Wright's fixation

'index (it' the private s l le'les model of Slatk-in, both assume

Wdght's island model condt ttons i .e , that immigrants arrive
1/

randomly from the rest of the population and that the rate
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of gene flow is uniform throughout the a~~e(.lunder cons+derat ten.

This is biologically) unrealistic particularly 1n places such

as f\frica where human pOIJulations tend to be distributed

in patcnes with lar~:iJ distt.lnces between them. In view of
the commensa1 nature of ii. melonoqaetier ; and of the accompany-ing

assumption 'that the greater the human traffic the gt'eate~~

the movement of D. metanoqaeter, one would nat e~:3'2ct an

even 1J1igration flow between sampres which are behlg t,,,!(en
j -,

J

from so large a geographic areas as in this study.
"immigrants are mort: 1ike ly to come from subpoputat tons clq~e

J

by, a better model to use would be the stepping stone model

of Kimura and ~4eiss (l964). Slatkin (1985) found that, when

simulating a one dimensional stepping stone model of migr'ation,

a higher i!~.Iue of' Pfil (the conditional average frequency

of private al leles ) was obtained p(i) ::: 0.109 for the stepping

stone model as opposed to 0,054 for the island model - all

other conditions were constant I, This iMplies that the stepping

storm model would produce a lower estimate of gene flow than

the island !!IDdel.

An ass'umption used in many theoretical models is that the

sample popufatiof.";5 are In a st~feof equ~¥1:lrium both genetically

and demographicallj:l. The tl'coretical effect on gene flow

of demographically unstable popuJat·ions has been in'restigated

by Slatkin (i977) who used a limetapopulation" inf1nite alleles

model in which migrant'S come. not from a single external

source but from within the collection of populations. He
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in +act showed, that ext inct ten and recolontzafton serve

to p,uglitent tht~ level of gene fiow in that the amount {if

ciiffe1"fmttaiton 'in Iocal populations was reduced.: ~'~j15 appears

teo c·];jaditt the findings (if Allendorf and Phelps (ISH:!)

(although the latter did not concern themselves with extinctions
and raco'ionizations .per s6). Data obtained by means of a

fina scale 'level of sampling could be .used to test a

metapcpul et ion model +n which extinctions due to demographic

and environmental stcchast+s tty together with catastrophe
d /\.. 'I . f.' •an ~~AseqlJent reco omzacron are an ong..r;nng process.

Qrigi,!!__of __§~uthern Afr,ican :t1!Rulation~,. of iJ.

Me l.aryJflpate,x:

The origin of D. melanoqaete» -;n Southern AfY'ica is not

certa in. The me Zancgastep-EdllluZans evol utionary spl it ,,-j s

t~ought to have occurred about 2-3 mil I ion years ago {Stephel~~

and Ne'i :-19135; Cariou \';1987; _;~achaise et: al., 19871 tn equator-tal

Africa [1(y the timE; of maj{lf tectonic activity in the Rift
" i

enc', :rie of Afdca (lachaisearidi f'ication
'i\

et al.. worl d popui'ations of D.19(7).

have prohably dispersed from these ancestral populatU.ms

in West arrd Central Africa. It is hyoothes ized (e.9. Larna'lse
<-, (\':,

et: cat. ~,98n that, dll'ring the late 'Pleistocene or Holocene

per iodv , o, melanoaaete» was abh: sprr;t,1:d northward across

the Sahara due to the filVdJrahie wet cl imatic conditions

which occurred repeatedly during this period.

\\
\) I"
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It ..has been sU9ge~5ted by navid and Capy (l~Je3) t,hat due to

po~tulat:lcns m'!ght also be 'im:::lw:!t"ld (with these ancestral

only he

po~sibln along the eastern
I

Nallrib and Ktflahai'''i

Afl~i
I

inl l'imth Aft'iea.

3o~he migration south~Jard through t.he
i' I:'

ddlr:: part of thfi Zambezi

Va!lle;, I appears ttl h,1 taken ,place at some time during the
II '

Pl1~i5tor.ene (van Zindm'!,)1'\ Bakker 196'1). Consequently, Lacha ise

atl! al., (19S7) hyoothes L.:ed that "a southward m'i9'~'at'ion of
jl

II I

'D.I'melcmogcwtcl' populations from equator-tal flfrica tm'l'lras
Ii

S~~th Africa might have occurre« dur}rtg t.emporal w;ndOlfiS
II

(i~1 the H,c~ Pleistocene)'. Alternatively pres:eflt·"day \'r'P, pul ations
II

m~iY have originated at a later time by dispersa'l '"from l~est
I!

iiar1!d f;entrai Af.rit:CI Ot possibly by colonization from Europe
Ii

a~id Asia tl1rOu~Jh human immi9ration,
Ii

v (

T~a first cDnc~usion is that So~thern African populations
!i

"oif D. mel anoqae tor represent a sing'le taxonomic unit. There
,!
i~

d 11d not appear to' be 1. r~~ ,.~OPU 1.tion d iff. ranees among South. rn

,A~\ncah populations th~t \'t~V1d suggest tim existence of,f,' ins tance, bothE wop.an .~d Cent ra 1 Af ri can s toe ks jn

So~\thern Africa. Since the survey included ordy eight loci
\1
1\

\
\\

\ '" ~
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and :..;ince I was llncerta'in about the homologies of al le les

with other studtes , 1 ,,!as not abte to calculate genetic distances

with other popal ations , The ccncluston is based, therefore,
n

.-:>'

on alle le-f'requency simi'iarities Mid t:ompariS0!15 of levels

of pol ymorphi sm wTth other g€!ograplrh;. areas. Nevertheless ~

cmd the values ,

populations.
FGlll'ld amm1i~ popul attcns within other' areas 'in Africa and

elsewhere in the world and I do not interpret it as rhlflect'lng

differences among populations \>lith different oY'igins.

The second couc lus ton is that Southern African populat tons

are l':1osel;I,*/rE·lated to .West and Central African populations.
,-" '

Although there tends to be ,:<t. preponderance of a single allele

foY' some Ioc i worldwide there are several loci whicil show

diffetEmtiation between continents. In section 6..3.6.1 mention

is ma~e "of the fact that fOT' alcohol dehydrogenase the "slow"

a l Ie le {Adh"llll1) was found to be the most common in sub-Saharan

the world. Further
JI

"fi\st" al1ele predominates els~where in
I.

(I

Adh-12() appears to be,' homolcgoHs with

Africa whe~'eas the'

the rare ultra slow AdhU.s allele found if·. the Congo (David

1978). The S {,"ilart ty octween the Southern African populations

and those vf tropical Afd·:::a insofar as the high frequency

of the "fast" Cpdh allele is concerned w~s tioted in section
Ii

6.3.6.3.0 The closeness Of these allele frp.quencie\~ and levels
Ii

of genetic variati~.f\ of Southern African popu\ation wHh

'those in the rest of sub-Saharan Mrit':a indica~~ a close
II
\\historical affinity between the two. , :\

I'
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1" 1. In.!,rodlAH1f!'!
A strong atyument in favour of adaptiw.i: se lectton is the occur-

'i\
renee I)f ina1 var iat ion HI genetic treits such as cl tozyme

I • • \ .(! •• l' h t' t',or Hwer~-,:wn! rrequenc I€:S or rn more comp ex c arac ens lCS

such as quantitative morphological variations or behaviounfi
c:

When these clines occur they are often latit{'dinal,pa<t,terns.
<)

stnce envtronmental 9fadients which may act as a f!H"Ci~~ lI1echan-

ism 1/
at'€' assoctated, with 'f decreas inq pol~ ...ward so'!ar/iinsolati.Q~

Ji

casses varil/icn in parameters such as t8m~'!21"ature, ~"a·in..

1ength of daY etc. The arguli'f'nt tha I; se 1ect~o!~ is I'est)on~ I

which
fall t

s tbte fm these Iatttudtne l cl tnes 'is strengthened wheH the
"J

same va ;ation with latitude is noted on d,fferent cont\ \nts!
\. I

in popu?,,!,tions with different evolutionary htstor+as ,

!I

Worldwide laHtudinal cl tnes . in allele frequencies ha.ve II been
,..

reported for various met.abolic enzymes in Drosoph.ila melanaqaete»,

For instance. clines have been found for Adh, Aldehyde oxidase

{AO}, Carbonic anhydrase (Ca-Z)" E'8t:~C~ Est-6, Leucine aminopep ..

t tdase (Lap ..:D)~ Gpdh. rctonal dehydrog'!nase (OdhL Glucose,·6··
I." "

pho ,Jbate dehydrogenase {~)paland PgddJohnsQn and Schaffel' 1973,""

"Vigue iind \1Qhnson 1973; Smith et: at. 1978; Oakeshott et al., 1981,,;

19.82a, 1983a,b; Singh 6:£ ,,1. 1982; Singh snd Rh!,mberg 1987a)

{;J to n~me it, few e~am~les;: Other etlViron~ntal gr1!ldtents essoctated ,

with longitude. althudei rainfall, temlltH'atul'e ~rd food avail-
o

ability,have a l so been 'correlated with al1o:r.yme var+at ton,

\
\i
I

II

c.



\\

o

274

1.1.1 Alco~J Dehydroge~~
1"1 tt'ying to detect some correlation between environmental

variables and allelic patterns 'in indiviclual genes, it makes

sense to examine those enzymes which act directly on an external

Sijb5tlaL~ allll whcsj:) e l lozynes differ b+ochemtcal ly. The var'i-

able being tested is then the svbstrete.

Further.~ enzymes WhiCh use substrates originating from the en-

1firomnerd: appear to be more ver+able =because of oual t tatfve

(1M quantitative var+at ion of t:~\tural subs trates , than enzymes

which USE! substrates arising as products of enzymes tr. a metabolic

pathway (Gillespie al1d Kojima 1963; Koj'jrna et: at. 1970). In
/'

'.this respect Alcohol dehydrogenase has been one of the most

extensively investigated er1zymes.

!)
r.t.r.i " Ethanol tolerance

JJl~o80pltila me~cfnofJastel" is nutritionally dependent on yeasts and
/~)..,i\.

bacteria \J(~(,,(:)ang1956) and breeds in wineries as well as in

orchards and' "rubbish dumps,. where microf1ota are present i
"

decaying fruits \"~nd vegetables. Since ethanol occurs naturally
\

",10 fruits and is Ii'\so a product of fet'me!itation~ this primary
- ,
o '

alcohol is fOlJnd (oft~,.. c,in hfgh concentrat tons ) in !J~f'soph:aa
/) \'

breedin~' and feeding e.nv't,,\onments. ADHcatallyzes the oxidation
Q! \

of a1co1101s to aldehydes at.~ ketones, anij so it has gene~'ally
1) ;: ;_:\., '. c c

been as:~umed that its main i'h~fctiQn l'n D. mel.anoqas ter is to
, '. \ ..

ail~ in the detoxificlJtion of envihx/lments1 a1lcohols, particularly
(\ II <) "

etnsnol , Direct evidence for t~'ls ~iolo9ical function was obtatned

('j

o
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when f'ltes homozygous for Adh nurl alleles (i .e, lacking ADH

activity) died within a few hours on media containing 8X ethanol

(Grel1 et al; 1968). The association between the polymorphic

k.1h gene ami ethanol to levance has consequent 1y been extens ive1y

investigated.

HomOZY90tesof the AdhF el Ie'le have gl"eat€'r {,Yi, v·a!'O ADH activity
I'

than>onlozygotes of AdhS .. the other conmon alle'le , whYle het-aro ..

zygotes often show" intermediate levels of activity (Gibson 1970;

Vigue i;nd Johnson 1973; Day ei al., 1974; Lewis and Gibson 1978;

McDonald .et: al., 1980; Anderson and Gibson 1985; Ba.-bi.lncho ai.•
'!

;?

1987). These results S'eemed to indicate that the fast allele

woulq be selected for in a high eth~nol environment ant! that

Adhr homozY90tes would have an aQvantage 11] the datoxtf icat ton

of alcohols.

v,

Indee;::l, ,'~'in ~ome experiments an tncrease in the f'requency of

the ..AdhF allele was observed wnen polymorphic lablJratory popula-

t tcns were maintained on 6)~ :~,~%ethanol-supplemented media
C " "

for severl11 generations {G~son 1910; Bij1sma-Meeles and van
.' 'Il

Delden "1974; Briscoe et: al , 1975. van [}elden et: 0.1.. 1978;

Cavene{ ~nd Clegg 1918; Vigue et al., 1982}. Other researchers ,

however t found no evidence of an increase in the fast a l le le

withl} an" increase in a lc 0ho1 concentration (Gibson ~It: «t; 11~!l9;
\\ . .,;

','
Oakeshatt .et: al., 1984). Barbancho E3t 0,1.. (lsa7) examined ethanol'

tolerance ~ laporatory populations and cOflclu~led that the adap ...
,; (,

t('tion (If D. mel-ant')gastel', to ethaMl"'f:Ontai~ilng food could be

accomplished without significant changes of \\the AOH aCt)iVity
I'"

o

in ad\!1t fl ; es',
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Conflicting results have also been obtatned in compar-isons of

winery and non-winery popu;ations. Higher rreqtlencies of the

fast al Ie Ie were present in wine\"ies in Spain (Briscoe at al ,

1975; Mtmoz-Ser'rano at al., 1985) and in Canada (Hickey and McLean

1980). On the other hand, the frequencles of the Adlz'F allele

in poputct+ons inside wineries in Cal ifornia (Marks ei: at. 1980),

and in Austral h (McKen.de and Pal'S,H15 1974; McKenzie and

MtKechnie 1978; Gibson et, az.. 1981; Gibson and Wilks 1988) were

not signi ficant'ly different from those 'iii samples taken from

outside of the wine cellars. Comparisons were made on populations

fl'om inside and outside wineries because of the assumptmn
\!

(lrnpl tc+t or expl ieit) that the ethanol content inside was higher

than that outside. However Gibson et: at. (1981) found that

ethanol levels in uJ:'o8ophila breeding sites in seepages of

}mfortH1ed wine inside wineries were 'similar to those in other

breeding pleces , such as decaying" fruits and vegetables. ObsC:l'ved
J

fr~qLlency differences inside and outside (If \<tinerie.s could'

therefore be due to some factor other than variation in ethanol

concentration.

Th{:; difference between the in 'l,;litPo results and those obtained

for wild flie delOOnstrates the faHf1cy of extending the results

of" ,in t'ftt'o experiments to laboratory or natural poputat tons.

Middle:ton and Ki,iCSer {'1983) showed that the differ-encsQ:in ethanol
'\

flux between fast and sl,O~t Adh ho!~bzygQtes was not significant.
il ii' \\

They cone I uded tha't con't~fol of ethanol fl ux is shared among

all af the relevant enzyfues in fila metabol,~c pathway and they

warned against predicting in vivo consequen~es Of genotypic

); ,



u

{,

277

change on the basis of in vitl'O enzymatic activities. (On theiF

other hand, Heinstra et: al , (1937) showed that differences Ii(
ADH activity in larvae subjected to different feeding conditions
could cause flux changes.)

Anothm" point is that. }aboratofY studies t'lhich lise Ieve ls of

ethanol greater' than about 5% may not have any relevance to

natura! populations. There was no difference observed in the

morta 1ity rates of fl ies 'homozygous for the AdhS and Adll all e 1es

maintained on m.edja tontail1ing 3% ethanol (Ainsiey and K'it:to

1975). Thi~ is thE:' probable level of ethanol present in the

environment of non-winery flies. The ethanol concentration in

fermenting bananas varies from 0,03 to 'l% ,!Ainsley and Kitto

1975; Gibson at at. (>'J8l) and it is probable that J). mel-ana-
\\ .

BC!stel' .encounters a maximum of 4% ethanol at its breeding sites

(McKechnie and Morgan 1982; Oakeshl>tt et: at: Ura2bj. These

studies which showed an" increase in the freque~cy of the AdhF

allele in\ laboratory populations, were looking at unnatural.ly

hi~h ethanol levels in the range. of
I'

:;J unhkely that the concentration of

6 to 201,~ is therefore
",~

enviromaental"~anol acts
~ "<.as a strong selective force in natural populations.

7.1.1.2 u Other Aleo, ",'s

AJthough ethanol is ttt!r \pred'Jmi(~ant ahwM1 tn habitats f'requented
,,',

by D. melanoaaete», r--""is "not the only one. The kinds and
"'. '~·~,l

concentrat tons of alcohols in nature vary with the type of

decomposing matef'iais and with the native microfhr;"a whose

1'1


