
,
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activity ant! composition are influenced by temperature" re lat tve

humidity and raf nfa l l , There. are many pt~imar.lI and secondary

al cohols present in fruit: long chain primar'ies such as hexannl

and octane! ere present in' app'las , bananas and oranges, which

also contatn many secondary alcohols (Hulme 1970; McKechnie

and Morgan 1982). These 'include Isoproeanol (in apples) 2-Butanol

{in apples and oranges} .~ 2-pentanoll1 2-hexarlO~ and 2-heptanol
"

(in apples and bananas) (Hulme J970) .. The il'Z "'1>1;'('0 act'ivity

of ADII has been found to be ~Jl'eatel~ with secondary a.J~hOl s

than with primary Q'lcohols)c.s substrates (Safer and Hatkoff
II

1972; Vigue and ,Johnson 1973i' Day et: at. 1974; f4f)!~gan 1975;

aai<eshott 1976; Chamtl~~ 1981; Oaggard 1981).
j ))

/(c;
,-/,:';_'/

Thus, in "ivo, AW e l Iozymes are presomably good catalysts for'
(,/

the oxidation of secondary alcohols. This appears to be an

evolutionary quirk e- AlthoUgh primary alcohols can be used by

lJ'('()80ptp:Za as food. secondary alcohols cannot (van Het~rewege
D

et: ale 1980; Sanchez-Cafiete eti at. 1.986). However secondary'

alcohols are mor~ toxic than the corresponding primary ones (David

a

CJ

and Bocquet 1976). (Ot:ner evidence however , s~,owed that
, .-'\
the pr~s~!' ce of AOH in non-mutant fl ies increased the short

term (1-3 days) physiological tolerance to isopropanol (David
\e t at, 1981).) /J

c

A~ with primary atcono l s , the in v~tt'o activity of the .4dil'
o

homotygote was '.. found to be cons iderabl y greater 0 than that of

the AdhS homozygote when the substrate was isopropanol and this

difference 'in activity between the two Adll genotypes was found

to be greater than the difference in thet r respecttve activities
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wi~.n ethancl (Day et: a(~. 1974; Lewis and Gibson 1978; Winberg

et aZ. 1985). Further, ,1dhF homozygotes showed significantly

greater -in 1)ivo maximum oxidation rates with isopropanol as

a substrate than did AdhS hOll1ozygotes (Heinstra et: at; 1987).

It therefore seems 1ikely that, in the presence of secondary

alconcl s the fast arlele would be selected against due to the

high activity of the corresponding al10zyme and the resultant

build up of toxic products

An explanation for the toxicity of secondary alcohols is that,

whereas primary alcohols are oxidized to aldehydes and can be

further oxidized to acids, secondary a lcohol s are oxidized to

ketones which cannot easily take an extra atom of oxygen and

thus the process of oxidation is terminated. This results in

a build up of toxic ketones. Experimental in vivo evidence of

this was "obtained when exposure of both Adh positive and Adh

negative {null homozygous} flies to the vapours of the secondary

alcohols, I-pentene-3-o1 (Sofer and Hatkoff 1972) and pentyne-3 ..o1

and hhexene-3-o1 (O'Donnell et al., 1975) resulted in the death

of the Adh positive flies lea\!jng negative mutants unaffected.

As re~ards the ~iffer~nt aneles, Morgan (1975) found that ex-

posure of flies to pentene-3-cl (which is reported to be oxidized

by ADti to give a lethal ~~etone product , ethyl-v;nyl",ketone (Sofer

and Hatkoff. 1972», selectively favoured the AdhS ~l1ele. Morgan

(1975) also showed that , fur primary alcchcls the ratio of ADHF
.:~\

to AOHSactivities in i)'itro was related to the· degree to which
'\)
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the .4dfl homozygote was selected for in the presence of that

a1coho1. Thi s was not the '\:)ase for isopropanol (a secondary

alcohol \'ihit)l is broken down into acetone by ADH}. Despite

an extremely high {ADHF:ADHSjactivity ratio~ a 5IJrprisi~~gly

1arqe prcpor ttcn of .4dhS homozygous fHe:; survt ved.

It is possfb le , however, that different secondary alcohols are

metabolically handled 'ill diffefent ways. Gin"rico ei: ala (1988)

suggested .,that pentene-3-o1 (an unsaturated secondary alcohol )

and isopropanol (0 satnrated secondary a1c~hol 'J may be ci,;;toxified

by sl ightl.y different (AI)H-activity ...dependent) processes. They

also sUggested that ethyl-vinyl ..ketone is further tran~formed

(by means of son~ ADH-independent mechanism) into some other

compound, and conse-..jIH?ntly does not accumulate tn the fly.

Finally, a difference in the number of cal!:"I_onatoms' in longer

chain alcohols al so changes the toxicity of the alcohol. David

and Bocquet (1976) found that the higher ~hp. number of carbon

atoms, the more toxic the alcoho1. lfJey suggested that this

toxicity could be due to either i,the slow metabo1 ization of these
c;

alcohols 0\" to their metabol fzat}on into even more toxic products.

1.1.1.3 latitudinal clines and teMperatures

Many of the Adh invest.igation!. have revealed a latitudinal clinat

pattern with the frequency of AdhS increasing with decreasing

distance from the equator. This was found in the Eastern United
;1

/)

States {Vigue and Johnson 1973; Smith et: at. 1918), in France
\

(Charles-Palat>ost et: at; 1985), in Japan (Watada et: at. 1986) t in
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the Peoples ' Republic of Ct,.ina (Jiang et al; 1989) and in
\

Australasia (Oakeshot.t ei: at. 1982a). Further , clines in North

Amerjca and Europe/Asia {Oakeshott et: ai; 1982a)) in North i\mer"ic~~'

and France and West Afdca (Singh eff aZ. 1982) and bet\'i€en Europe

and equatorial I'frica (David et: al., 1986) hava. been shown to

exist (see e lso Section 6.:·1,6.1 for a description )0'. \he t'lOr'hk-lide

geographic distribution of the Adh elIe les ). Yh~ irri't'ial t'eSpDrtSe

, II
to these cI 'ines was that they were causeo by temperatu~ 1: ~hal1ges

and this has at times proved to be correct, For example Pipkin

et: aZ •.. (1973) found the regl'ession of AdhS (.4dh II) frequency
".-;'

r) . "'

on erltrcme ~!1!..aimumtGmperature to be .statistict111y significant

and Oakeshott 6:1. at. {1982a} found a positive corrale tton between

AdhS frequency and maximum temperature in North America - but
D

f!Clt .. in Asia or ,6.ustrajas~ia. Furtr.~r, an altitudinal cline in
il

rr-equencies of D., ,meZanogaA~tel' popul at iens uf Southeastern Yolxico

was ..bel ieved to be temperature lnduced (Pipkil'1 et: aZ. 1976j.

' .•c~,' I·'.~,
laboratory elJid~nce suggests that. '"~'\tne ADHS aK, .,:.Yrne is more

thermostable than the AONF a l lozyme in vitr'(} (Gibson 1970; Day

et: at. 1974; van Oeldeo and Kamping 1980). Several exceptions

have been reported, howe'ler; Oakeshott (1976) fourtc that extracts.: \

(If the Adfl homozygote and the Adil; AdhS heterozygote were more

stable at 40QC than those of the AdhS hcmazygote. FU~Ather,

OaKeshctt {1979} .found ttHt t'he frequency of the AdhS al Iese de-

crease,; ir:: laboratory populations exposed to high temperatures

{29QC). Van Delden and Kamping (1980) found that adul t mOl~tality

at 'high temperatures (35°C) 1("5 not assoctated with tr.~ differing
.,

heat stabi1 ity of the allozymes. In natural populations Singh

(\
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at d. (1982) found a $urpr"isingly high frequency of AdhF in

populatitms in Taiwan and Vietnam, which are at, 11'-' Nand 25Cl N

respectively. Places this close to the equator are expected
Ii

to have a r.lgh fit8quem::y (if AithS in theh' populet+cns . For

O~971 in Texas {is,s" Ii} and West l~fr'jca (6,3'_' N) respect+vety. /
I;

Thus H is ooss tble tnat temperature ts net the chief causative,

agent of the Adh latitudinal clines.
~ ~

Another envtrdhmenta 1 variable which has: teen investigated as

a ptJssibie causal agent for variation in Adh allele frequency

is r.~infal1. Ander~on (1981) found thet the: latitudinal cl tne

in the fvecuency of Adil in Australia coutd bt'" expl ained largely

by variation in reinfal The author found a pDsithe correlation.

between ArlhS frequency and the amount of annual rainfall. A

negative correl~tion between AdhF f~aquen~y and rainfall for

populations from EUl'"ope and Equatorial and Southern Africa was
II \,

,found by David et: at. (f986}. Oakeshott et: al , (l982a) found

the !iarr4 to be true for populations from Australasia~ North

J\t~ri d.a and As ia .
( "

On the. other nand, it mOre recent study by
Ji ,Ii

Anderspn et: a..}/I. (1987) found no, such correlation to exist. How-

ever, Ilit does ap¢!tr~~tl1atmoisture in th" atmosphere.;, has some

SE;l~t>t,j\ve, effect since AdhS hotllo;;ygotes/\survived b~\tte~ at high

humidiji~Y in laboratory populations {B~;;3~m~;'t1€t!les al~d~~n Delden
ilL ~- I

1974; 2~,...1rq;~~lQ\~net: ax' 1978}. j1 .,) . I
(r Ii (; c) ~L, II

,I

II

]1

II
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between the Adh 10(:U5 and chaetee-contrnl l inq loci. Fut'thermore,

they suggested that Individuals \,/ith intermediate sternopteural

chaetae numbers had an advarrtaae ill mati nq, Theonr;"j ca11s,
haterozyqous intermediacy can lead to ~, balanced po1ymorphism

in highly variable envtronmants what'e the selective advantage

of one al lele over the Qthm' changes frequently (13il1espie and

Lanfl1ey 1974).

7.2. ,~ii3~~tt~I~;_~.!!!!.JletiIDd~
The electrophoretic data obtained as descr ibed in r, C~lapter 6

were used to test for carrel atiol1s wi th two geog:"aph'j c vari ab les

and three environmental variables as folh)ws:
"

The Spearman' rank .r;ot"relation statist;ic was used on the common

al le le of the, f'ive most polymorphic foci (Adh. IIi/frA, tte«.. l,

Eie:J~2. and Zdh$NAOP) to test for esscctattons with (I) iatit!lde~

(2) Ionqt tude, {3} extreme minimum temperattlres, (4) extreme

ma..~imum temperatuies a.~)i , 5}
'. prectpttet+cn. The tempeti,1'ture

and ra1nfa'11 data were "averaged over the last fOIA~ months of

the year in 'which the ccl Iecttons were made. All saaples wet'£!

collected in october-, No..'ember· or "December. 'Only 1.; of the 17

Iocatfons cou'[d be used for correiatio!'1 with temperature and

rainfal'l as there was no wf,!"lthe}' data for the three remaining
( )

Iocat.tons , "jl.9atha~ M(I,clear and Swakopmund. Cl imatir; data were

obtained from th~ weather bureaux at Pretoria (SOtJth Africa),

W'lndhoek (Namibia) and Harare (Zimba!;)we).
c

('

()
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1.4.1
,

The frequency of Dip ..AHHI deci~et;sed with increasing 'longitude.

Because of the 1ack of any erivi ronrnenh 1 g;"adien'!: running from

ficance for this dine. The s trength of this correlation was

weak (O,Ol<P.:O,05) ir:dicating th)(t this cline may be ?-;l art t-
,I;

factual lJy-product of stochastic effects.

1.4.2
The frequency of Idh-NADpl0l1 varied significantly {P<O,Ol} with

extreme minimum temperature. As the temperature increased,

sci' the freq~!(~ncy of Idh-NADplOO decreasec. Oakeshott (1979)

noted a correlatidh of IdJz...N~OPSSwith temperature, its frequency

To my knowledge

\\

o ~

no other var+at tons in Idh~(~AOP allele frE}quency (in D. uelano-

;.,ga8ter) with temper-ature have been reported. There are numerous

reasons as to why an enzyme could vary wi th temperature in a

selective Sense. A ~iochemical property which may be relevant

is enzymiltic activity. Isocitrate dehYdrogenase is involved

in the third step of t.he citric acid cycle. This l\inzymecatalyzes
,.

the oxidative decarboxy]ation of tsoc+trate to ').~ketogiutanate

and CO2 (Lehningtr 1982):. Conseqt4entlYt 'iariou$" al le les may

be f'avoured at var.10us times depending on the--. level 1.' the food
( ..t:

o

Sup~}y ot; the major organic fuel molecules. of' the ce l I i .e ,
()

carbOhydrates. fat~ .~cid:; ~nd amino acids. The'se in turn will
'rc" \\

c. J) ',' \ [1 •

be partly determ1ueJrby the environmenUl temperatureC.~

0"

~J

('I

V,)
(/
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has been observed in in vitJ'o experiments, H; has often been

under conditions. of extremety high temperature such as 3!5f"C

{e.g. van Delden and Ka!'l1pir.g 19E0), temperatures which were

not attained in the Southern African 'sftes tnvest tgated,

The correlation bett'leerl the frequency of the "slow" alleie an,\!

rainfall which has been observed in this and several ather studies

{see Section 7.1.1.4} may not be universal. If rainfall does

have a selective effect~ then the following model may explain

why this is so. Fi.rstly\ the Adh~ allele has been shown to

be advantageous in labo)ftory populat tons where humidity is
IJ·

high (Bijlsma-Meeles and van DeldEm 1974; van Oelden et at:
II
/,i

1978). Thus, the concomitant increaife in humidity with rainfall

apparently confers som~ (unknown) ~~nefit on AdhS ::~omozygotes.

seconet y. co. "g"; in Ii'"1stu re ava\l ab il1ty res" 1tin change.

in the microenvir'onment of Dl'~08oPh~\ta egc; and larvae. I do

not KitOW what the direct effe,ct /ot~) increased rainfall on the
, I

v~riety and concentret ton of. alfohols produced by ripening and
II

fermenting fruits would be. It seems, 1ikely however that tncreased
',':.

moisture results in lower evaporation rates of alcoho'1s and,

also possibly in an inc~ease in the activity, abundance and

diversity of fe ..... ntatfe microorgAnisms. Oifferent strain,

of yeasts dre responsib1 for the production of, different alcohol s

depending on available! substrates (CavaZlO eb at, 1989). Thus

an 'increase in, for f!¥ample. the production of ~econdary alcohols
1\

end their subsequent efficient oxtdat ion by the mo\"~ active

AOHFallolyme cOuld lead to. the accumulation of .toiic ketones

()

.~ .
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Apay·t fY'(Ii11 environmental factors, several other g<=metic factors

may be re~)p:c{nsihle fm' the /~dh po'lymcrphtsm, These tnclude

Hnkage d'i;:;l~quilHwium and heterosis.

an,,~le has fn:iQucntiy been observed to be in linkage

\

\\

but unidentified locus.
{\
v.:

The worldwide polymorphtc nature of the t1dh locus suggests that

s(;me kind of balancing selection may be operating. £vide.Ylce

of heterozygote superiority has been obt :~1nedin normal labl)f'ilt~n"y
\ I

populations (Bij1sm~-Meeles antl VaI1 Delden ].974; van De'ld.en

-r lC'''J)"I(; at.. ..,j I.} , in laboratory populat'il"Jls kept \)11 \;ethanoll-

supplemented media (OakesbGtt et: al: l~84) and in wild populations

() (Franklin 1981; McK{;i1&:ieand McKechnie 1981). AA indirect reason

for the maintenance of the J4dh poly".~rphism /j!as been proffered

by Sherief and Sldbinsld (1938) who fGtm(.i, a Significant

associ atlorr between hete.rozygosity at the kih loci and

steracpleura l chaetae numbers. lr.dividuals heten:izy~oUS for

the IJ
a91~eles had chaeta! numbers that were close

to the population mean or mode. ".ese authors suggeste ..i that
~ ( j

,the assoctet.ion was due to the pleiotropic effect of 11ah alleles

on cha('tae r.umbey· or sas due -te strong linka.ge disequiHbf'ium
\\
II
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7.3 ~esults
An examination of the cOf'relation between the most common allele

of the 5 polymorphic loci (fldh!' lJi'!rA, lle:c-l, He[c-2 and Idh-NAOP)

and the plrameters Iatf tude , longitude, extl'eme minimum and

maximum temperature and precip'itil'tion us in9 Spearmanis rank

correlation test revealed the following:

1. The frequency of Diz:H~.l.{IO \/a\'ied inverse]y with longitude

~.e, as the longitude increased and the environment chang,ed

from r..ore temperate cl tnes in the west to more tropical

ciines \?n the east the frequency of Dip~AIOO decreased

(O,Ol<P<O,05; rs : -0,494) Fig. 7.1.

"
,,'

2. Idh ..NADPHlt! varied inversety in frequency with extreme nrint-

mum temperature. As the tempe~'ature increased, "so the

f\~eque!icy of this allele decreased. (O,005<P<O,ll1; rs~;

-0,114). So this allele was present in greater propor-

tions whetl extremely 10l¥ temperatti~es were attained,

Fig. 7.2.

3.. Adh-10(J showed no latitudinal or longitudinal ct tne, Further

extrenes of tempe;rf':ture did not appear to C' affect the fre-

quency of this al lele although there w~s a \Ileal< correlation

with extreme mlnimum temperatt:lre (O,1<P<O~2; i"s ;: O,4t~5)~

as toe minimum t~mp?rature increased so the freqv~ncy of
"

Adh-H10 increased. However, there was a highly sign'lfic;ant
,.:;;::-~"':;.,"~ .

correlatioh between \\~he frequency of .4.111-,101) and recent
\\

rainfall (O,005<P<O,Ol;\rs ::: O,6f.{)} Fig. 7.'3.
\'
\\
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7 ~!4 P'i sC~.!!~
The assumption that a latitudil1111 2, tnal pattern paralleled

on different (;. nt insnts , is strong evidence of adaptive r~.\\:;r;,nses

to cltmatic cfk. nes is not always realistic. The are

""versuas ive when ccnt inents under sct'utiny have em; tH1twusly

II varying north to S;y j,n erwiror.mentai gradients which are in

turn, mtrrored between the.m. However, this may often not be
! "

the case. In the Southern 'African subcontfnent , where 1'1

collections .+' this I,py w~rt~ made, there 'is 110 z'lilipleOt ,
!

cl tmatic g'radient" This subcont inental \"4~gion'latit:.Jdinal
consists of three separate and relatively homogeneous areas:

a western arid area, a centra.) dry plateau and tropical and

subtropical eastern lowlands. On ,~he north west coast lies

the Namib desert t unit '!} the world's deserts in that it is

located next to the 'Beng,uela current and its·· assoctated
II

cold watef' upwell int" system. The latter is influenced by t~
, "I'.' \,\

, , 1\
'anticyclonic winds and is dH'ectly responsible fOT the maintenance'
, J .
of cool water, near the coast, the fog, the high humidity and

the ,steep climatic 'gradient from the coast to the eastern

escarpment (Seely 1987). The province of Natal on the eastern

coast , .washed by the warm waters of the Indian ocean, has a

5ubtrl)pic'l1 climate. Between the west and east coast, cnl lect tcns

were made\\in thea temperate climes of ttm Cape and the Transvaal

end in th,~ tllOre trop ical Zimbabwe. furth~r, there is a great

de~:~ of" variation in th~ a'tiltit,'~de of which collections were". 'C\" -i • •

.made - ranging from 0 to 2000 meters above 'sea h..~,jr::i In "h~w

of this geog":'~f,ihic heterogeneity it was not surpr'i sing that
• / • 'r

"': .. "'~,,~-:""~t ': ;,,:. " ,-c2..'-. ,~-'." '" I.·")

!'to laf;'i:1jo'Jnif~ .·~"iTiil~s were found. 'The th~le€~ sd~lnificant
\

cOl'relat'[(;Y1s ()btaine~ in t!'iis ~tudy are dt5clIsseci b~lQ\v.
\. ,1
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An interesting aspect is that Fox ( )71) noted that, in Di'OSO~

'~phiZ.a, Idh. ..NADP has the same developmental profile as many other

DT'o.sophiZa enzymes" in th~t, enzyme activ'ity was found to increase

throughout larval development, to decrease during the !':wral

per+od and then to increase again in anticipation of adult emer- .

gence. Amongst these similar enzymes are Adh, Gpdh and G6pd

- an of which iJave exhibited some corre'lat lon with temperature

and/or latitude (e.g. Anden.lOn, 1981j Singh ei: al. 1982).

Environmental conditions which are better suited to different

stages (such as egg, ldPrdl, pupal or adult sta'ae) in tt:e

development of the fiy rr.ay be tnstrunenta l in preducinq Ii

pressure on enzymek,\which va.t'Y in their ld.net'lc
\
... ~~,~e.,

~\

/") \
Y:1I:-3 fA1coho 1Deh,ydrJ&!nase .... \

Un1i~e 'l):~yof" the previous studies \ 1atitudi~'~1 c1 tnes were
n \\ \

observed in the allele frequency variat.~on of Ad'h. In a study
\

whii~h involved populations from EUrOpe~\ and troptca l Africa

as well as four vSouthern African POPulation\\(One from Swaziland

and three from South Africa), a latitudin~~ cl ine in the AdtL
\\ ( I

anele freqv.ency between Europe and equat{)rial '\zrica was found,

and the authors (David .:;t at. 1986) suggested tha~ a symnetrical
\

c1 ine in the southern hemisphere from the equator t~,South Africa

may exist. AlthQ,1Jgh the frequencies in this stUdY, ,~esimilar

to those of Oavid et-cl., (1985) fer eol lect.tons fron~\ the same
" . \

.ie. (frequencigs of AdhF in Joha"nesburgo and Cape t03 were

respect ive ly 0,337 and 0,519" for" David et: al-: (1986) .~ci12S0
and 0,440 in this study), nonetheless. no clear latltud\\nal

\\
1\

cline emerged. (I am assuming that the tl.dh-100 arId ,4dho allel'~s
\\

5electiv~
.~~

prope;:ties durin!] developmental
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in this study correspond to the common AdhS and JldhF alleles

that occur wOl~ldwide - see section 6.3.1.1}. If enviromnental

selection of some sort is responstbte for the /idh c1 ine then,

the lack of such a pattern in Southern Africa ';s not surprising

since the geogY'aphic heterogeneity of the area~ from which

collections we~'e taken 'm this study precludes any kind of

latitudiM! climat.ic gradient as previously mentioned.

There was a significant correlation of the IIs10w" al Ie le (Adh-JOO)
()

with recent rainfall anti a1so a weak correlation with extreme
._'"

minimum temperature , The temperature correlatlon indicated a

deerease in the frequency of the ~fc,st ,allele with increasing
,j .

minirrrumtemp~ri:r~uf'<:. Now, as pointed out by Pipkin et at. (l973)!

enzyme activity is generally higher in cold acclimated (Vir)} than

'\in warm adapted poi ktlotherms such as D. meZa.1logaptel'';,\ Since,

the fast ai1ele is the more act tve of the two common alleles
;)

(see Section 7.1.1.l) it therefore seems logical that this anel\~

would be selected for in cooler areas.

~C,.=~
The corre lat ton observed was not very :~trong, but this can also

:)

b(ll eccounted for by 'the lack of extrem!!ly cold temperatures

in Southern Africa. (The average minimum temperature in the
I';;:

(i summ~H1 months was not lower than HOC.) '''his lack of extreme

,;lI,4riation fn t~mperature could a1;0 explain the absence of corra-
".!J ~

'iation with maximum temperature sfnce the average maximumtempera-

ture fer' the sunwner mont~ in t~a collection sites analysed
'I

d~d riot exceed 31ac. When increased thermos'tability of AOHS

1\

(\

II.
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"

for \l/h'lch there j>'i"~ no known metabolic outlets. ' Consequently
II

'~~l.:ies flOrl,\OZyg;US/?for IldhF would be seiected ~~ainst and a sub-

~equent incre~se in the f'requency of tha AdhS allele would resul t ,
u

u
In conctusjcn, the high1y poJYlti(lrpnic nature of the flak locus

n
/1

is li1\)st prooably due to a complex interaction of both envtron-
6

menta] selective forces sucil as temperature and alcohol as weH

as some fr.rm of superimposed balancing selecticm wh'ich has been

,.shown to be present in some !aboratory ar.J wild populations

(see SeLtion 7.1~1.5).
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8~ I SUfM!cl_r..l ]:lEd ~,..!Igral ConclusioES

TheaII~enetic diffef'eflces within and between certain species hav~

been extensheiy investigated. These 'Investigations have led

to ;t1lf'J'formul ;tiOll of many theor-ies and to ttf~ understanding

of m,=\ny phenomena regarding the mechanisms ef t:hange and 'its

Genetic vi'l~iation can
be stud ied on many le~:~1s. Up to about 25 'yeat~ a99 the study

)" \ 'I /, // 1/.

of\', pnenotyp~~ d'jversH:f was the onlY ai~iiabh~ met~~d of gaining
" ie,11 If

., If /-, , "MI
ir.s'ight int;o populaticn dtfferences , /; H(lWe!i~r, l\'§th the adVi;~t

of mcfiecular techniques geneticists'! irt.('e now able to look mere

The

'~~

( .,. C'-"j 'iI .~
'\r!,ji I,

~\ (~ 'II,

u1timatec f::'!'ourcc of ~enetic'~~'lil:i~t~ti()n is at the level !'ot

SeQuences.(\lthOt:gh ambitious ~r;je(ff:such a~\ s~p,t.tmcing C\

\)

DNA
~, ,)

the human genome are being" undes-taken , for the most 'P;;'~ DNA
o tI'

sequ~,ncin9 is time consuming ana Iebour mtens tve and a great

deal of knowledge can be ga'ined by working at a less refined
o
;~le\~el.

'.:.'

Two techniques that hdVfl been util izet:i ~ery successfully to
1\,;;

investig'llte hi<iden variation at the gene, a.,d at the gene product
co ,i

levels at'e restriction enzyme analyst;; Of 'DNA and protein electro-
.,

\ph\)resis. T~~ 'former has been used to detect ri~-l;rir.tionfragment
/I I_ \ ,..-'; "

len~th polyri'lor;lhisms (RFlPs). i.e. POlymorPhisms"i{loNA (9~nomic)
~ ,

I1fit,f.hOndrial or" jc~loroplastic) whith occur due to the absence
_', ,'.' j) 'Ior presenc~ of restriction Sits,. The( latter h~s been used

-. ,.!

to detect t1ifferences in the electrophoretic mobil Hies of al

lymes, A tr.ird arl}a of study which c'!et"laps. thqse previously



296

mentioned is that \>/hich deals with sections of DNA which are

ab1e to move about from one location to another within the genome.

These segments of DNA are capable of bringing about tremendous

ch'Hges wHi1in the Ol"ganism and may prove to be the ult tmate

mutat.iona', event. In thts study I have examined the var+atfcn

in Scmthet'tl African populattons of L)J?()80pfIUa melonaqaste» in

tNO different t'esp ts, mobile P alements and proteins.

8.1

8.141
!ele~~

.GD,_§~!,!H!Land G,eo.[raphjc rli1!:ri~l!tion.

Two hu: "ed and six (206) isofcmale lines cor Iecteu from Namibia,.,.~)
South Af ~a ar!!' ';_';'nbabwe wer~o~.tJ~ted for thelr abi1itJ both

to induce anJ withstand P factor Jctivity. ,I{J, system of

chssifica;t;ion was introduced us ing c, joint confidence regions

whic'l, as wen as retaining the system of clrtssi'fying flies

as P, Q or M {Ki,dwel1 !.983}, also introduced intermediate {P-Q,

Q,.p" Q-M dJ;d M~Q} and indefin;tl~ {P?, Q? and M?} catt'gories.

Whel~ thi's system was used, only t\'lO out of 206 strains were

~~ompietelY0unclassifiable.

'I
All ce l lect.tcn sHr.:s where more than five tso+emale lines were

es tahl ished showec' a ffcentral tendency towards either P, Q, M,

P/Q or Q/M type strains. Collect ions f'rom the western side
-

of the continent ((in Namibia WF!t'e of type QfM. Collections from

Southern Namibia and the Southern Cape were mainly of type M.

On the eastern side of the cont inent il'1 datal, Q type popul at tons

predominated. whi le further north hi the Tral1svaa 1, P type

\)
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populations started to appear' and the northernmost collection

site (Harare), in Zimbabwe cons tsted of 89% P type nes ,

Stat·jstical tests' (,~geal"man's rank correlation) :",.Qv~~ that
/ -,

P factor activity ana regulatory abil ity decreased" ,
\ ; A·,tly

and highly significantly (respectave ly) in a c;cir'~i'" ,1\ terly
I ' \-

(i'lrection. Hris cl inal rlattern~ together r: oth&i>' ciina!

patterns in if e'lernent distr'ibution which h~~e been describ~f
\\

elsewhere in the world, can be explained by invol~ing the stepping
Ii

stone model Of Anxolabeher~ et. (l986) and the invasion theory

of Kidwell (19n), :19S3j.

8.1.2 o

Seve~ty eight (78) Southern African isofemale lines were assayed

for P factor activity using the snw mutability test. The statis-
tH:a1 ccrre lation ~tween fJnw mutabil ity. and cross A GO steri 1ity

was examined 1.I))1ngKendall's "L. A highly signHicant correlation

was obtained between an"W mutability rates and ,frequencies of
induced GO sterility, thus confirming the corman origin of these

two effects.

,,8,,1.3 !~.:I.!Cul.rAnalysis

rhe 2,4 kb A"c 1 fragment of the plasmid p1i25.1 was usc'! to

"Fobe for P elements in 31 wild South African strains of D.

Two control stratns were routinely employed,

Canton-S as an exalllplc of M type strain and "z as an example

of a P type strain. The 1fz" strain gave a very strong signal

on each blot. The C&nton-S strain consistently emitted a very
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weak signal. This latter signal may have been due to non-specific

hybridization or i.t may have been due to the presence of

P elements in this stratn, I interpreted it as being the latter

i~ view of the pbservation of Woodruff et at. (1987a) that
P elements were present in the Canton-S stratn used by these

researchers. An the wild strstns tested gave a positive signal

when probed with the Aoct l. fragment.

Overall, the signal intensity was greater for P stratns , less
(1 for M strains and intermed1a:te for Q strains. OnTy three P

1ifjes werle tested, but an of those tested, gave either a stt'Of\g

or a medium hybf'id1zation signal.
1.(

8.L4

The ttrain rrmtJh (constructed by N ven schatk) is homozygous

for the l1rwh gene and is a moderatE:lly strong P strain. This

..strain was used to test for somatic P p.lement activity in dysgenic

hybrids by crossing ma'!es o,f this str(l in wif;h females of the

Wings of the trans ..heteroZygous m:u.lhlfh;jM strain ftrYSel'.
'\

progeny from this cross were, scored for mutant clones. All

crosses wel'e perfo~d at both 2snc and 29°C thd the -:rmwh strain

w. s used as both male lind fe ... l e paren t' ilt "rde" \< to produce

dysgenic and nondysgenic progeny_ As a ftii~~het~c<thtro1, the
/1

s.tandat~d mwh Hne (without P elements) war, crossee to the f~!,'3/Sel'

'ifn! a~d wings of the progeny were ana1ysed.

/:

No significant heterogeneity was obtained between the experiments

pel'fortm':d at 2SQC thus revealing that P activity was probably

nut tak'iitg place somatic<llly at that temperature. At 29<>C;t

no significant heterogeneity was perceived in the male progeny

of the var+ous tests.
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However~ the frequency of mutant clones was s;grdficant'ly higher

in females derived from crosses between M strain females and

P Si\rain males than in females der+ved from the rectprocal cresses

or f\om crosses where P elements were entirely absent at 29°(:.

It ti~erefOJ·e seems p'laus tb'le to suggest that P elem;'nt activity

may be t!:lkfng place in t'ring imaginal disc tissue in female

dysgenic n ies reared at 29°C.

II

/~. 2 .~~lClz,mlC!s

Popul at.tons collected from < 'iferent areas were geographically

(\8.2.1

subdivided as naturally as possible into six different regions.

A hie_rar-chica'} '/population structure was then obtatned by further

subdividing regions into areas, the areas into districts
1/

and the districts into subpopul at tons , Using this hierarchical

population model, allele frequency differences among samples

were compared using a nested contingency-table analysf s , The II
c

c<;statistic (Sokal and Rohlf 1981) for six of the eight loci

was computed and used to test for significant. differences between

the various units of subdivision.

/.
Thel"e was a si9njfican~ amount ef t)eterogeneity ~1the lower'

levels whi~h prec1udec ~ooling in orde~ to make co~parisons
';,.\ \~ ,

at higher Ieve ls , Co*~equent1Y an approximate F ratio' was

obtained by summing the G-statistics over loci t di viding the

s.um by its assoc iated degrees of freedom and cO'11paring this
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. standardized measure with the standardized measure at the next

1m·ter level (Smouse and KO,jima 1972). These tests showed that,
.,

although til~ il'TIDunt of heterogeneity between districts was not

significarltly greater than that between collection sites withirt,

a city, the amount of heterogeneity among areas \'!as. significanti,jI'.
greater than that among distt'icts. There was not, however,

ii greatf.H~ degree of heterQgen"lity in the regions to areas com-

parisol'l"

The saroll! mode1 of hierarchical population structure was usad

to estimate gene divers'ities. The gene diversity analysis showed

that the average sample heterozygosity llS (for all eight loci

combined) was 0,18 and thi s t~~presel1ted 87,75% of th~e total

variation. Tht.\ remaining 12,25% of the variation was therefore
h

due to population subdivision because of c.9Ej/)graphic' seperat tcn.
u {( ""'; i)

The degree of.. diver'sity increased with increasing distance I;?etween

samples ,

In order to estimata';ge~e flow, the' conditional average fraquen ..

etas of alleles (Slatkin 1981) in the 17 samples examined in

this (study were plotted as a function (If the proportion of the

poputattons in which they were found. A comparison of the shape

of this curve with those for other species (Slatkin 1981) point~·d

to a comparatively high level of gene f10w for Southern African

populations of D. meZanogastel'. Further, two other rough measures

of gene flow estimated the migraticen of tJ. mel.anoqaete» across

the Southern African subcontinent to range from 1,8 to 6t9 indi-

viduals per generation. This high rate of gene now is theoret i-
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cal ly suff·icient to prevent differentiation among populations

due to genetic drift (Spieth 1974). The significant degree of

hetlY;'oger.ei ty observed in the present study is apparently at

odds with thi:5 high rate of gene now. Howevers it is possible

'that h,~terogeneity may have I:HH::11 overestfnated due to the <~namics

of uroeopbila populations and the sampl iog techniques employed.

Also:! it is possible that estimates o" gene flow are based 011

mode/,is which do not appropriately reflect the natural history

of uxoeophi.la,

Finally, I was -flble to use this study in conjunction with the

works of other r~saarchers in this field to obtatn information

on the origin of Southern African populations of D. me lanoqaetev;

A comparison of the allele frequenc ies anci the number of different

a Tlales found ill this study with thpt found in other parts of

ft.frica and the world indicated that Southern African popul at lcns

form a single genetic entity which shows a close affinity to

other sub-Saharan African populations.

8~2.2 Clines an~~Correlations
The Speannan rank correlation statistic was used 011 the most

'.'

conmon allele of each of the five pol.Y1T1orphicloci (.4d11.tD'tp-A,

Hex-i, Rex-Z and rdh..N.AO!?)to test for associations with latitude

/:lnd longitude as well as with extreme minimum and maximum tempera-

ture and precipitation. Three results were significant:

Thee'frequency of Dip-AlUO varied inversely with longitude;

The frequency of Idh-NADplOO val'ied inversely with extreme

minimum temperature;
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\\
The frequency of .4dh..100 tncreaseo \\Hh tncraastnq ra1jtf~11•

The longitudinal variation in JJi.p-A10Q is difficult to explain

in view of the lack of any west to east environmental gradient.

The variation in the frequency of Idh ..NAOpIOO with temperature

licculd be accounted 'for in terms of enzymatic activity. However,
'\

the most 'intet'e~ting of the three resul es is the var'~,ation in

freq~ency of Adh-l~O with rainfall. T~is could be explained

by the following {selective} hypothesis: ~Cl1'anges in moisture

avat Iabt l ity affect the microenvironment of the DrosophiZa eggs

and larvae. It is not clear what the direct effect of increased
J

rainfall is on the concentration of alcohols pr~.,.ent in, .ripening

and fermel1ting fruits and vegetables. However it is possible

that an increase in, say, the production of secondary alcohols,

may result in the more active ADHF alJozyme being selected

againstl< due to the accumulation of toxtc rr1tones produced in

the fly by the efficient oxidation of th;# alcohols. Conse-

quently flies hO""l,zygous for AdhS mayIt. selected for under

these circumstances. (I am assuming t~at the Adh-100 and Adho

a11e les in thi 5 study correspond to the comron AdhS and .AdhF

alleles that occur/jwor-1dwide).
/?

8. 3. f.~fll'l!!...!!$SandAllo:z_s

In this S1;udy I examined genetic variation in Southern Afr"ican
("/

popul"'tit..'ln1~ of 1>. melanoqaete» in both a MendelJ~n and a non-

Mendelian :system.. There are various ways in which the two systems

could be 'intel'related. firstly, if any of the enzymes examtned

were targ~lt sites f(lf the P elelTlt!nts then one might expect to
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perceive an alj;ered gene product. This could manifest itself

in the appearance of a 'r-are allele at ~laces ..';!~dcn had higher

f'requenctes of P e'lements and not elsewhere. i'r_,()nsf\~uefltly I

looked for the exctustve appearance or the higher frequency
s-

of rare alleles in places like Harare, Thchoyandou, Nelsprlli!t

and Johannesburg wnere the incidence of P elements was r,;;lat'iviJly

high, but found no evidence for thts. In this study: only eight

enzymes were investigated and it 'is likely that none of them

were "h~~-spots" fOT P element insfj1rtions. The ,Adh locus apparent ...
Ii

':'Y does ,,)t attract P elements. Engels (1983) ment+cns that

in the .Adh locus "no P insertions were detected in a screen

of more thi:(ll ten mt 11 ion gametes from dysgenic parents II. A1though

in this connection it has been suggested by Mukai ei: al., (1984)
F;'

thai;f)t.nmsposon ..l ike e1ements _, possibly P elements - are rel ated
\} "

_ Ii

to the indudiion of changes in the specific activith:!s in alcohol
II

rlehydrogemi~~~. These mutational eV'etlts which control this act i-

vity are thought to occur in regions d'ifferent from the alcohol

dehydrogenase Iecus itself ~:r'l!{1ainly1n the non~coding DNAregion.
/... -'~'.)

Further defective P elements have been" shown be present 'in

the G6pd lccus (Eanes et a,!-. 1938; Itoh et at. 1988).

A second area where one might look for connections between the

two systems is tn geographic d'istl"ibutions. For example, it

latitud~nal pattern in an allele "Frequency could be paral Ie'led
\

by a clinal distribution iJf P elements. Although P eloment

distributions in this study correlated well with ••both latitude

and lon9itude~ the only such parallel in the e~z.ymes was for
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Dip··A1UO which exhibited a 1<.;1 _'_'''~dilial va}~<iation. However,
,

an examination of the allele fj'dtrbJl..Itioi1 of lJirrA reveals no

obvicus reason \'lhy this shoM1rl be so and the two patterns are
:,

probably coincidental. Many other rcJsearci1ers have dct~cted
clines (m~inly latitudinal) in allele f~equenci8s~(sae Chapter 7).
In Australia, Boussy (1987) noted that the P-M cline found there

wa~' the third such latitudifitJ cl trre , the other two wel'e a Iatf tu-

dtnal cline in the frJ~uencies of the ecnmon cosmopol itim tnver-

s ions (Knibb et: al; 1981) and many 'lat'itudinal cl ines in allozyme

frequencies for several enzymes particularly J1dhS (see Chapter

7 for deta iis) • Despi te the comnonness of these ~1ines , BOIJssy

{1987} concluded that the P,.M hybrid dYSgeneSisl! cosmopol itan
':'1, 'I

inversian frequencies and AdhS frequencies seemed ~~obe mdepen-

dent systems.

In this. study the latitudinal and longitudinal clinal distribution
!}f P elements can be accounted for,by the high gene flow observed
in Southern African populations of D. melanaqaetie» (Chapter 6)

tn conjunction with thl[~ rapidi'"Y with which P elements are able

to spread through populations {see Kidwell at al.• (1981, 1988);
\'

Kiyasu and Ki~el1 (1984); DaniEls" ee al; (1987a); and Good

et at. (1989) for examples of ttle rapidity of this spread in

bot~ laboratory populations and transformed t tnas. Theorett;f:al
" ' '\\

sinvJla~~m studies a lso indicdte that, provided the effitiency
'"o

of transpoSition is highs transposab~e elerr.ent contamination

in a population of Y'andomly mating sexual diploid organisms·;

will take plate rapidly (Hickey 1932).
\~

II
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Thi rdty, the presence of P clements at a cot tectton site might

influence the genetic variabil ity in that site in the form of

polymorphic loci ~ heterozygosity, or beth. A s tat ist tca l analysis

USi.19 the Spearman rank corral at.tcri test on cross A and cross

A* GD sterility and the percentage of polymorphic loci on both

the 95% and 99% cr+ter+a, at each col Iect ton site revealed no

corre~ation between t~e two.

USit!g the prorcrt ion of polymorphic loci to measure genetic

vttriabH ity is not precise (highly polymorphic loci and those

with low levels of pal,ymorphism ar~ grouped into the same ctass) ,
/'

anq is influenced by sample size (a small sample may not detect

the presence of a pol ytIlQtphi sm) as wei 1 as samp1ifig methods.

A better meas'tire is that of average heterozygos'hy. In this

study eight loci were examined and this number of loci is statis-

tically too small to be able to det~'~ ~ differences in average

heterozygosities between ,samples unless these differences are

very large (Arcf:tie 1985).

In a s'imilar invest'igation tl!this one about 120 stratns from

the Languedoc~Roussil\on area of France were tested for pwM
\

charecter-tst tcs as ~n as <for eni}lillatic pOlymorphism
"{AnxolaMMre at al. 1988a). In that study an attempt was made

to compare levels of heterozygosity within a three zone system
1,')

which was found to parthian statistically the P activity of

the French strains. The aut,hors foune no significant difference

(tJet~een' the three areas for either thdiv1dua.l loci or combined
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loci neterozygosity. They further found no stati sticat

correspondence between the ...gradient observed in the P-M system

and the al1ele frequencies of the enzymes examined. It therefore

appears r1'om this study and those of: Anxolabehere et: at. (1988a)

;"'IId Boussy (1987) that -the two systems (P e lements and enzymes)
I!

are separate ent ities , having vef'y 1itt Ie interaction between

them.

The spread of. P elements can be likened t(\ a ripple··1ike process

which rediates outy/uti rapidly from a central infeA:tinus source"

The size and structure of the infecting P e lements are ..determined

by the transpositional activities which took place previously

" wi thi n the carder genol)les. On the other "har.~J the geographic

patt~rns of allelic variants amol"lg different popula'tions at">a
a

'influenced by such factors as enviroflmental selection. gene

~low, mutation and stochastic effects.

(r

(J
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j'If

APPENDIX A
Estimated GD stern ities {p;\ and PA*} obtatned ii1 crosses A and

A* together with 95% confidence regions (PA:t SA, PA* ± SA*'

SA = 21235 (FA (l-PA}inA)~; SA* = 2,235 (PA*(l-PA*)/nA*)~
\!IA and nA* are the numbers of ovaries examined in

A and ,A* respectively.

Cross A: snW(M)~ x U d

Cross A*; U ~ x '!T2 <:f n

U is the unkflown strain; enW{M) and '!T,2 are described in section
'_.c z>

2.2.3.

The P..Q-Mclassification system., is descr,~bei' in Table 2.2

o

C\
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I
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Gob 19 0 0 q~~' I 150 I 0.493 0,514' 0,655 ; 188 ,M i

l
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Q~' A1s is 0 0.013 0,(134, 150, I 0.3,41 0.4251 O,~03 200 M
II ,.'"" " '\ Ais 20 0 0.014 0.036 146 0.497 0,581 • 0.665= 172 j M II:'c'''',r~ .,,',',. ::':1: : : :=' I :,121 :.197f:.267 ,"l:~

" ' CT ZOO () 1M • O.Ml3 0.488 C.5i3 1 ua ~'I
H i ~Ci~~g g t g:~; ~:~~iJ g:,:Mrl~ : II CT 5 0 I ) 0 0 86, 0.370 0,454 O,~38 176 M

l ct ~ i'0:';':,)' ,0 Q 90 U 10 . 0 150 I Q I
I CT ,'7 0 ' 0 0 144 0.l'5 J).351 0,,431 154" M Ii c

CT 9 0 0 0 l,~ 0,264 0.,3..5 G.4ZS 174 ,.J. fit

I C1 10 I 0 0 0 , 150 C,351 1°,441 0.537 152 '[" ft •
GeT 11 0 I) 0 150, 0,425 0,512 10.599; 164 M I

i 'T 12 JJC () 0 c. 150 f' tl 0.OZ5I0,053 160 Q

I CT ).3 Q " 0 ' lEO ,.I 0.004 O,038liO,071 158 Q
o (;T rs 0 0 0 "0 142:J} 0.461 U,541 0.62'1 'I' 196 I M

1.., .;;......,.._____ ~~". I}~ll.. _ I 0 1,~_~:1110.039 0,091 O.1;':"~:_54 I ~·M
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r-w--Loc~ti~~ I S;~----;-~ TI' Cl"OSS A'~ ",- P-~j

I I -_j~ l- Ifil:a3tSi~~r---"'-_-, "--1-- ~PA·~.,rPA,bG ~.SA~~~:r. "A~1=:-=:=1
! 5. Gdrdons BIlY i G13 1 !I o 1 0,0111 &.Q28 I 182 III 0,137 I 0.2551 0,323 I 204! M -ilfiGS 2 0 I 0 0 I UsO I 0,1'16 0.260 0,323 238 M
I Iee 3 '! 0 I 0 • u iso I 0,5751°.650 0.725 I zoo I to! iI . ,__. (is 1\ __ 0 ..L_:_.+~_~~I 0,12':" ~.~~~.O.21~.! ~.60 I _ ~_ I
I 6. PleWmti~rg I Plet 6 : G ! 0,0331 0,069 I WI if 0.406 I ti.4,851 l),b64 r ?OOI M l
! Bay !~i~~~o I g.205 I ~.283 g,361 I ~i~fS I 8.0101 ~.026 I ~~~I ~ !
l--------~ I...:.:~ I~o~51~":::~..'·'..I~3 J O:'::'i..'!.:'"' l~,_!:_j
! 7. Port EhzabF,t.h ; SS 1 i 0 -r Q 0 I 86 I Q ; u 0 t:26 I Q I
I (S,ml1lerstrand}!!iS 3 I 0.005 I 1).049 0.093' 1221'1 o,0.82 I 0.179 0.276 . 7B. M-G I

I'.SS 4 ! 0 I Ot029 1 0.l"4 68 0.620 O.72U C 1',20 10'\1 I M I

I, 55 SOl e 1 n as 0,621. 0;12.7 U ',3 '" .!l.8! M I
S5 I) QI I) to 92 I 0,859 i 0.925 0 :11' 80 M I

I i 55 1.0 n . (} I0 114 I il,743 I 0.842. 0,936 r 16 I Mi 155 12 0 ,I ,0 0 64 0.716 O.8~51 0.914 I 1~6 \\M I
i i S5 U l} 1 0 0 66 1 0.364 1 (1.4.54 0.544 I' 1:12! )'"

I !~~t.'~ g I g.021! g,054 ~~ g:.~~~.~:gi~ ~:j~~'~(~l"':~ II
I 55 ~6 o lOt 0 14 1),,124 atHOll 0.»'30 l~~ M

" S5 i7 0 'j 0 i i) uo G.504 0,5251 0,146 80 H I
o n.oia 0.047 lOS Q I

I 0,693 0,795 0.891 78 1'1 •
0,253 I 0,360 0.467 10(1 H I
0,525 0.510 0.695 164 M 1I I 0.258 0.361 0,416 98 H r

I 0.'01 O.~761 0.8S1 15~ M I
~3 0,/59 0.849 11.. ~ \~!

\ II ~.~~~ 0.973 1,000 150 M

I 0.315 0.4051 0.495 148 H
. 1 000 1,00°11.000 150 H

0:219 0.300 a.3tH 160 H II 0,853 I 0.904 0.955 166 H
!J.G41 0.103 0.159 146 M'-Q

0.077 0.1301 c~i83""I" 200 -;;n
f'1l9 _. g,l801 g'241 1m . .u

_.... I (i:U~7 '0.044' I 11S" - Q~P I

1'1 i),Zid 'I
i g.3&8 g.49S I l~~" :

j 0 0,026 0,067 I 16. P
I 0 0 0 B;! tH)

lOt) 0 110 Q*I'
o 0 0 I 150 Q

;1.088....10.142. 136.. 0.009 0.073 0.137 82. l Q?
0.10,4 0.16] 13. I 0 Q 0 H Ii F-Qo 0 'l28~ 0 0 0 104· 0
0.119 0.181 134 I 0 J J~I I 0 108'1 P.'Q
0.131 0.189 168 0 '[ b 0 104 I P-Q
0,104 0.161 .\ 144 0 ,0 ,0 74 I P-Q
O.O~9 0,111 . 10Z 0 lOt' 0 60 I Q.,p
0.118 0.18' 102 (i I 0 0 134 Pdl
o 0 150 I I)}~ 0.023 0.059 1:18 q----~,'.----,--..__

55 18 0 0- o 1,20
j SS ~9 I I) 0 0 80
, S5 20 0 I (.l 0 I 16
Iss 21 I u 0 0 60
! SS 23

I
0 I o 0 112

55 24 0 I a 0 72
5S 25 0 I 0 0 70
t--':'
Wal 1 0

I
1) I) lSliWal 2 0 0<025 0.053 158Wal J 0 Q 0 150W&l 4 o 0 0 150

- W.l 6 0 .I "g 0 150IWal 7 O. 0 ! ss
I
I o;o,o'I·JOOIMoe 1 C O.OlQMac :3 {I 0 o 200

Mac: 4 0 0 o 204Hac s 0 -- I) 0 216
1---- --r" ~
He", 4 0,002 ~l.061 IO.1:~Z 74Ber 5 0.111 O.233!tj.355 60
Bel" 6 0 (} 0 116Rer 3 Q,H)9 1 O.ll! 0.245 158
Bel' 9 0,006

1
0,054 0,102 110I iter 10 O.OC' 0.075 0.141 80

16er 12 0 I 0 0 54

8. Port El1labtth
(lia lme~')

1--------19. ~c1""

"

10. Durban
. , (Be, .... )

I
I,

I, IL _

.~.i,_ ')_

l'i:ler 14
Bel' 15
I Ber 18

\

"ael' ]9
Ser 20
Bel' Z;!eel' 23
8e-'I' 24

.~.r 2~

0,034
0,045
o
0.056
0.013
'0.047
0,007
0.047
o

(_)
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A~t:!!ndix It icontinood p~3}

I ,.cat-;;~;-rtrll. I ---0;.; A ~-li'cress';" !ci;~;~-I
I~~---I--l~A PA+SAI_~ I P'~SIf' P.:_JPA.4SA: I:n~~f-~'OJ
111. Dutban! AS 2 I 0 f 0 0 1150 I 0 0 II !j. ! 140 Q I
I (Addington Beach) AS 3 ,(l ! 0,013 0.')34. v; " 0 0 0 ! 151)! Q I
", I 1\8 SIP I 0 I) 1SU I 0 0 (I I 120 I Q,.\' ! AS 6 0 '0 (l 106 I 0 I 0 I 0 I 140 Q I

lAS i I 0 I 0 'I Q 150' I o I 0 0 113•1 Q II,' AS 9 I 0 I) 11 I 150 ' {I I o 0 70, Q I"

AS 10 I (I e I I) 1144 I 0 0 0 120, Q
I ilB 11 0 I 0 0 '150, 0 s 0 0, 1130 I Q 1IAS 12 I) I () o I 150 I 1) I I.) 0 150 Q !
I liB 13 I G ',' 0 U 1150 II 0 I IJ I 0 114 I Q I
I ns 15 I I} ! 0 0 1124 l' 0 I 0 0 100, Q
'I AS 16 0.036 i o.on~ 0.120 2M I, 0 I 0 10 I, 641' Q-P !
AS 17 ! lJ I 0 I 0 v.150 I) , 0, 0 ISU Q I

I,' I ~~ ~g I g I' g f g i~g II gig g i i~g I .~ I'
L..___.,~__ ~_!AS 23 1..10)f",-_' 0,0261 Q.~6 l~~_ I~lO t1.,86 I ~_-I
112. ,Johannesburg 'JHB 1 I 0 .IC]' 0 ' lEO u~um I, ,0,1251 O.l32 481- M·Q II

"

(Northern sUburbs'l JHB 4 . 0 " '0 n 1151J jj r n • 0 150, Q
{l988) JHB 5 I O.L I 0,16910,234 166 0 i 0.024,0,051 ,164 P iI i .iHS 7 I c.eis . ().{)59 , 0,102 1152 .~ 0 'II0 1

1
0 I 150 I Q.p !!

, JH8 12 I 0 1 I) I' (t 150 "I 0 0 0 . 150 Q .', ~~n~I ~ l~" Igll~ ,~.005 I ~.O'!J Ig"0131 }I :i~I g I
__ " ' JHB 20 I ~~,~ 176 II I 0 0 , i 1St} I. Q ~

1
13. JO, hl!llneshurg --=1 Rut 1 1).231 I O,310lof3H3Guo 0,015 0,Cl6611,.\,lll I 120, I P? I

{Northe~n SUburbS~1 Rut 2 0,059 I 0,108 0,151 1204 I 0,073 0.131 ! 0.201 I 146 I ?
(1984/1981) Rut 3 I o.m ! 0.110 10,229 1200 0.,030", 0.070 0,110 . 200 I I'? I

!R'J,t 4 0..289 C.SO,5 " 0,441 2QO 0.056 0,083 0,139 120 P? I
sri' 0,0\.11 0.038 1'0,075 130 0.063 1),140 0,217 100. f4..Q-jr 14. JOhannesbu"r-g--+--ae";;-l'_' 0 -0:03310.069 120 0,005 O.{)SO Il)r'~4 I )'20 r-q II (Sout.hal"'n st,i:'l,lrbs) Oe~ l, 0 0,008 Ii 0,026 120 I) 0 I) 1120 Q

·1 Den 3 U. 0 0 120 0.039 O~lOO O,liH 120 O"H !

!,_~:_ ,n _ "'" ~i 0.008 0,025 120 0.039 ll,lOO ~161 "12~ I Q-M I
115. PretorliJ Pta 1 0 f.j 0 120 0 0.016 0.042 1120, Q jlI I Pta 2 e 0 0 120 I) 0.(116 i 0.042 1120! Q

1,__ '" ,',!i:: g . g,OI. to.2 l~gr08• g:~~t~g:~~~J~~AJ
t,16' HalllMn$kru l -t Ii' II: 1 0 "°19 140 IJ I} o--r 180 I Q II H'" 2 0,027 0,083 0.139 120 0 0 0 L;l20 Q-P

I H't( 3 0,0(" 0,050 0.094 121) 0 D 0 r litO I 0 IIH' K 4 0 0.016 0,042 I 120 0 ! 0 I0 i\~80 ~ Q I

t~lj. -;;';l'5prU~-;"-~Ne;-~ -;;.ou.t 0.052 C,086 ';;:;-j:1 0.;)15 ·1~;'-4--10.115 "~~'I Q:-;;--!
I Nel 1 0.051 0 103 0 154 174 11 0 0 ss p..Q I

• ~l 4 0.089 O:14~ 10:191 228 I o 0 j I} 0 12U I P~Q
, , I He,l 5 0 0.lJ18 I0.0381220 J 0 0,'009 0.023 I! 214 I Q Ii Nel 8 0.003 0,026 0,049 ·234 0 . I) . 0 80 Q I
I , He1 9 U 0 0 214 • 0 0 0 • 54 Q I
I I' IN"t!O 0.121 0.116 0.231 238 0 I 0 0 I 2115 P
,I I·, M,e I 11 u 0.010 0.026 I202 0 II 0'.004 0,.013 232 Q I) j'

(> ,:~~, llel 12 {I,2tl4 0.345 0.406 J04 0 I) ~) 146! P
"\~ \~1 13 0.102 0.159 0.21S 208 0 1 0 0 136 P, 'jI ~:el IS 1).006 tJ.OZ9 I 0,052 212 teo 0 8~ Q

I 1
ft!l ,16 I) 1.l.098 0,020 262 0.00&, tM)29 3.{l53 , 242 Q J.
N,,~ 17 0.019 0.04S 0,071 1310 0 0 0 I) 230' Q

L ~__:., ~l~ l ~:~ _ -'b~i:~~.'~ g,m1~'~:Jj'393iili~_
I) ))
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//
percelita~{~ GO sterf l ities obtained in crosses Band 13* and
in intra ~train crosses.

I

Cross B IJ ~ x snW(M) tJ

Cross B* 'l12':XUtJ
~

. 1/
U; is unknown strain, snW{M) and 11'2; are '(fescrib~ift in Section
2.2.3.

o
o



(j

;' /

o

I')

w.....
w



Part 2 Intrastrain GOstern ity

r---~-'--'''-'-----~~------'l"Q'_' l
, t'- 1-1'1 I

Strain I .rntra~t:rain" IC.1ass.i- i
I n- ,I % Gu ,flcatl0n I'

~_.___ i-----.-.l--- !$teri'I~L __ --l

I Swakopmund Swak. 1 I 70 I 01', Q !
i Swak 3 I' 7fJ I 0 ,Q I
I Swak 4 I 70 II. fOU '1 H II'

1 S\':ak 5 . 64 'I' I Q '! $wak 7 I 70 0 1 Q <, II Swak 8 I 70 I 0 I Q...M I
I Swak 9 i 70 " 0 I Q I'.

i Swak 10 I 70 II 0 " !i M .
i Swak 12 1,58 5,1 Y g I,
I Swak 14 1 70 Lz, I~
jG-Obl\oeb .- ..- ------+~--G-f..",.h-!-l, +-;6-,1, 33,,00-;1 Q ',I

I Gob ;_ I ~~ '0 Q

i ~~~.~ II ~g I g I Q~/I !I Gob 7 • 68 1 5,9 'Q I
I, Gob 10 I 94 8,5 M I

Gob 11 80 i 0 MQQ I
r Gob 13 I 60 I 3,3 W !

I Gob 14 "I 60 I 0 Q-P I
Gob 15 I 70 0 i Q I

I Gob 16 70 0 J Q i

, :: ~ II' ~ I g II g ,I

It" Gob 20, 70 0 {)i Q
Gob 21 60 3,3 M i

I Gob 22 ,5°'1 0 M-~~Gob 24 aft 0 Q

'Gob 25 /0 O~~Q ,
Ais 6 IUO :~. I 2
Ais 7 I' 84 11, S I ~i I
:~~ ~"I l~ri ~'41 MHQ I

I I Ai s 12 I 50 0 MI '11' Ais 34 I 82 14,6 ?

I Ais 16 I" 50 8,6 M
, Ai s (~~ j 54 0 M?

rc~p./:~. 'I'll ~ ~
]" ~~ 0 ~
L._, ---lo_ . 17_-,--_~?_ _L_?_ Q~~t

Location

Ai Ais
o

1n lS th~ number of ova~ies examined

Ir=
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r--=jO:~ !ntras::ain-1i;~;~-l
I," .!,.. I!. nl I % GO [f'icat.tcn ;~ ,_ __,: !s:.~l"~tYl . _j
I Pert £1 iz.abeth SS 1 I 70 l' I) I _ .
! ('3umrne)rstrand) SS 3 I' 66 0 i M~Q I
1 ;~ i I ~~ ! ~,l I ~ I!
I 55 10 I 74 I 2,7 j M ,! 55 12 I 86 I 0 ! ~t i

55 1'.( , 7" 10 ! L\_ '\ "

5S 14 I 52 I,' 00 II ~,~o< I
55 15 ! 62 n

~~i~ I ~~ I g I ~
H i~I 1~: I g ! =
SS 21 l 100 10M
S5 23 70 I' 0 M
55 24 60 o M
55 25 64 0 M~~Ti- ig~-r-~,5 Q;P
Ber f/ 128 21,9 M
Ber 1,:6 96 4,2 i,I P

,Her ~ 90 0 Q-P
6er 10 100 0 Q-P
Ber 12 ' I 100 !,O Q
Ber 14 so 0 Q?
Ber 15 I 96 4,2 p._Q
Ber 18 ! 100 2,0 Q
Ber 19 . 100 2,0 P-Q
Ber 20 I'. 100 0 P-Q
Ber 22 80 0 P-Q
~rr 2243 "f' I}°000 0 Q.-P
~ 0 .P-Q:r 2: II 1;: :__ j :
ftB 3 . 40 0, Q
AS 5 50 O· Q

~: ~ }gg, i g II· g
AS 10 50 I 0 i Q

L
AS 11- 70 0 Q

A8 12 50 0 Q
~ :: ~~ ··I .. :g ~ ~

AB 23 50 I 0 I Q
'-~~--"'r-_r 1 1 -L_ .-.

In H the number of ovaries exa~jined

I
I
!

I
I
I
I
I
!
~'
I Durban
I (Berea)
I
I

I
1

I

l.-
t OUf'banI {Addington. Beach}
•,

Part 2 [continued p.2)

))
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j\~ Part 2 {::~tinued ?:.::;
r-'~'--'----'---"---!- ----.
!. ,\ I ! I P-Q-f1 II LJ~iition I Strain I Intrastrain II' ctssst- I
~!. \\ I II nl ! % GO f icat ton 1

I \\ ; ! Ister-tl itv I I
! --~L-.+~ -,~_ ' -+-__11

I .Johannesburg !!.. JH~t~.1:2:=.:" ~ ! 50 C I Q
I (Nm'thern suburbs) ! JHff 15 I 50 ! 0 1 Q l! 09S8} \ JHB 18 I 50 ' I) ! Q !
~_ .], __ JHB 20 ! 50 ~ III {) ~~

I Nelspruit i Nel I 100 o I Q-·M I
\\ ~~~~ i~~i ~,o t ~:~ I

1(1,1, 1 5 1 0 Q( Ne 00 I, 1 I
Ne1 a 100 0 Q ,!

Mel 9 100 {) Q ~
Nel 10 100 0 P
Nel 11 100 0 Q
Nel 12 100 (I P
Ne1 13 100 lOP
Nel 15 100 III 0 Q
Nel 16 100 0 Q
Nel 17 100 0 QJ ::! U I ~~~I r ?~Q. I

ihOhOY.;;;r.;;- I '-rh";;:-lTIzo !. 0 I' p -"1
1 '. 'Tho 2 40 0 I Q-P I

! } ..I~~ ~ i :ri Ii I g PpQ ,,1

I Ii ThQ'~ 50 0 Q i
I

I Tho 20 50 0 Q~P I

r-iiarare- .'I Har 2 50 0- 1_ P? i,\ I' Mar 3 50 0 P- Q •
I Har 5 50 0 P j
i I! ~!~~ I ~ g P~Q I

Hir 9 ·1 80 0 r
I Har 10 50 0 P II Har 11 'j 30 0 P!

II
Har 12 8t) 0 P~-Q Iii

Har 13 50 0
I Har 14 42 0

I' ~:~ ~~ ~g l'~ g P~Q I
" Bar 18 50 0 p~ I

I, I '~Har 19 42 1 0
. 'I Har 20 SO· 0

I r Har 22 60 0 ~ I
. .- !Lt-"~~:_~_~:L~~".J_J--...._-P-..Q_~ _ _;l

I .

In is the i:n!Jmber of ovaries examined
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,APPENDIX C

The snw mutation rate of 78 wild iouthenl African stratns,
Crosses were performed as desert bed in Section 3.2.
r-- - w-'----1
1 iL NlImbel' of maIes I 8n\'i 'I GO I

r '----, I ---+ mutation sterility I
: Line I s"w I on· ene I Total I rate I Cross A ,

rGob st 295 1-1 l-r-2971-o,007 I 0 i
'I· Gob 10 I 244 I I: Q 3.· I 247 0,012; n 1
f Gob 15 I.. 192 I 3 2 197 0,0251 O~037 II'.,I Gob 20 f 306 I. 2 2 I 310 tl,013 I)
f Gob 25 '204 0 0 204,' ,,'. II 0
Ais 5 I 453 'I! 0 2 455· 0,004 °
CT 1 I 187 0 O,! 187 ·1' 0 0 I

I CT 2 I, 265 i 0 0 265 0 0
I CT 3 241 0 (I ::'41 0 o I
IGB f,':: 631 0 0 631 I 0 0,011

I~ ~ ~~~ g g ~~~ III· g ~
f GB .. 4 11\ 806 0 0 306 0 0I Ppl1eett\i86 666 2 2 670 0,006 0~033

483 9 7 \ 499 0,032 0

I Plet 10 443 37 33 I 513 0,136 0,283
Plet 12 526 1 0 521 0,002 0,085
i SS 5 476 0 ° I 4·76 0 °I S5 10 311 0 0 I 311 0 0
'I'5S 15 378 0 0 I'" 378 0 0,021
,S5 20 365 0 ° 365 0 0
S5 25 419 0 1 420 (}'002 0
Wa1 1 473 0 ° I 473 0 o
wal 3 298 0 1 299 0,(.103 0
W;ll 4 271 1 2 274 0,011 0
Mac 1 930 0 0 930 0 0,010
Mac 3 466 2 2 470 0,008 0
Mac 4 477 16 12 505 0,055 °
Mac 5 555 9 5 569 0,.025 0
Ber 5 223 14 10 247 0,097 0,233

I Ber 10 534 14 6 554 0,,035 0,075
Ber 15 355 16 1 378 0,061 0,104
Ber 20 145 0 1 146 0,007 0,133
Bey' 25 273 3 1 277 0,014 0
ASII 5 453 6 5 464 0,024 0
AS 10 38i 6 5 399 0,030 0
AS 15 529 2 3 534 0,009 0
AS 20 339 5 4 348 0,026 0
,JHB 5 220 9 4 233 0,056 0,169
JHB 15 189 0 1 190 0,005 °
JHB 20 333 15 14 362. 0,080 0
Rut 1 495 I 28 24 547 I 0~095 0,310
Rut 2 533 7 9 549 0,029 0,108 ~
Rut 3 532 I 14 16 56? 0,053 o, 170IRut 4 450 L 27 17 I 494 ! 0,089 0,365

I Br 6:~ ~_L-..:: __~:._L_o~o 0,038 .-J

(I
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Appendix C (continued p.,2)

i Number of rna'res I snw , GO
j '~ I "-I! mutation ,!sterility I
! l • I w~··" + e,' t 1 I t i' A 'II "1M 1 sn . .. 817. !,. sn I .0 a I ra e I ...ross .
i ,.---+~ ,'_ I --r-- r- --~-~!--~I Den } I 489 i 10 I·· 10 ! 50~ I O,O~9 I O~033 i
! Den 2 I 491 ! 17 I 10 i 5lS! O~Oo2 i 0,008 I

l!Den :; I 407 I 16 ! 14 I 431 I 0,069 I 0 I
I Den 4 I 656 I 25 ! 17 i 698, 0,060 ! 0,008 ,.
! Pta 1 I 523 I 24 ! 24 I 571 I 0,084 I 0
I Pta 2 I 612 ! 13 j 17 ! 642 I Q,047 I 0 I
!,Pta 3 1\ 567 I 33 I 28 628 I 0,097 I 0 "
IPta 6 ' 647 ! 19 I 30 ! 696! Os070 0,,016 I

IH.i K 1 . 569 I. 17 '. 20 606 I 0,061 o
,n< K 2. 632 25 I 13 670 I 0~057 0,083
jH'K 3 332 I 6 I 4 342 0)029 0,050
INel 9-_, 412 16 I 8 436! 0,055 0,018
INe1 nr 532 I 34 I 15 581 11 0,084 0,176
INel 15 589 I 16 ! 15 620 0,050 0,029INp':! 20 Mol 19 I 18 547 '0,068 0,528
! L.l 1 347 12 I 12 371 0,065 0,432 ~
I,Pp:BS 3 602 I 10 6 618 0,026 0,063

4 I 381 12 t 9 402 0,.052 0,203
IplB 5 421 I 11 13 445 0,054 O!086
.IA9 1., c· 390 I "J I 1 404 O,OZ5 0,058
Ag .2 390 i 6 7 403 0,032 0,009
lAg 3 600 I 17 1 19 636 0,057 0,018lAg 5 543 ~ 22 19 584 0,070 0,009

IT
ThhoO 105 488 13 1152 45

9
193 0,049 0,076

467 11 I 0,064 O~161
ITho 11 4S4 ~O 13 517 0,044 0,054
Tho 20 185 I '\~ 6 199 0,070 O~076Har S 20 I 4 2 26 0,231 0,216
HaY' tv 120 10 I 7 137 0,124 0,253
Har 15 "\\ 5~ 11 In, 81 O~272 0,283l;oar 20 91~ 4 2 I ~6' 0 ..062 0,210tar 25 94 1 "J,.-~-t_l07 O'12_:j_,!~,1l9

Ilea,.ntrols I ~~
tmW{H) 471 0 I Q ." 471 0 I °

L'If:...._ 142 137 I 125 I llJ04 I Os2E1 I 1,000

I
I~j
I

_.,~. ._~ .,.~....Jd__~ _, .__.. . ____i___ .._. . . _



APPENDIX D

This Appendix re ..e:Yaluat~s the hetet'{1)gc:YjcG"ity statistics

and gene diversi;~y analysis with He:x:~~:
!

as a sex ..linkec
IIlocus. l

f
Table D.1 sh~WS the al e ft'equencies of iiex-2 when each

sample is taken to represent three ,g~ho!iles.

Table 0.2 compares the likelihood ratlos that would
,:;:_]

be obtained by the two different methods and

Tab"le D.3 compares the heterbtygosity and gene differentia-

tion coefficients.

It 'is obvious from Tab}es 0.2 and 0.3 that the two methods

of scoring gi ve very, simi] ar resul cs,
I:.'

\,

!,
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Allele frequencies of a sex-linked He::r:-2. for 16
Southern Atlf'ican populations of D. metano9-a~ter

------ ..--__......'-- I r-:--
Location ! N I... Al1eh~s .

,

- 1 r-:-
,. I !

~_ --J_-L~ 90~"
~ ; f ~! 1. SWdKopmUrl I }5_~?I 1,000 'I -
I 2~ Sob~beb :\\ i \}-rJ/~;' I 1,000 i
1 3. Ai Ai. i 12 I, 0.972 ! O,OH'! 4. caee To,," I 63 ! 0.968 I 0,016

I 5. Pl etten berg Bay I 12 0.667 L O.!67

1 33

'!I 1.0'. Ad~ington Beach

11. Johannesburg
" \1

112. pre.toria/'
f ~atm1anskraa 1I~3. ~~1spruit
!l4. Pietersb6t'g
I '0-

115.~tha

117. Harar\~L _

f
!
¥

6. Summerst!'and 1,000
7. Walmer 24 0,958

12 0,667
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Table D.2 Comparison of log likelihood ratio stat.tst lcs (G statistics) ii ,L" llex-'l scored as autosomal
and as sex-linked

Source of
V<:Jriation

"* P<Ot05/6P<O,Ol/6
h P",O,OOl/6
a P-:;O,05
b P<O.01
c P<O,OOl

-------r'-'---r---~--~.
Case I 1 I Case II
llex-2 Hex 2

sp.x-l inked df autosoma 1

29)15***

0,;6
0,13

14.61***
0,02

12t46*r \

_',_'-- _--.._ ....-
5 38,47***

1 0,26
1 0,1.3

1 11,35**
1 O~O7

1 19,32**:'
1 0)02

I
),
i 2 19~43~'**I

L

1 21,47b 6 24,65c
1 26,84t..: 6 26,86c

1 23>50c 6 28~22C
1 38,5:3c I 6 38~53c

2 179,79r. I 17 186,i6C

i)

I.

Among :egions
Namibia
Among areas
Between districts

Southeaster~ Cape
Between districts
Between suburbs

f E~stel"n Cape/Natal
Between districts
Between suburbs

Tri&nsvaal
Among areas
Between districts
5* Transvaal L.51 1 h 48 1
N. "transvaal 0,02 1 I (},OO i 1 5~51 6 5s49

"'''._.,_--.._ ......._,_~ ~L,,,__ . __:......_..__ ~_~, __ .=_""'--~,~ .. -~_..\'"" , .. --··-"·""'''''--·-----·--'-~'''·· __ -~''~· '' ~__ ''' 7'---

;/

15,.76fl 6

17

6
6

6

6
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Ace 1
Agar
f~garo~e Seakem
Agarose Sea Plaque
Antibiotics

Citric Acid
CO:!esC!
Deoxycitidine 5'_[a-32PT
DEP
O-Oianisidine

'",

EDTAEt Br
Ethanol
ficol1 (mw 400 000)
,Glucose'i
G1ucose-s- P-dehyctrogena'ie
Glucose-I-phosphate
Glycerol-3-pbosphate
HCt"
HZP04
DL~Isocitrate
Isopropanol

Lambda molecular weight marker
Leur.y1 Tyrosine
Liquid NitrogenLysotyme .
MTT

NaC!
NAD
NADP
NazHPO,+NaOH
Peroxidase
6-Phcsphflfluconate gluconic acidPHS
P<:'tato starch

Boehringer
Sloma
fMC Bioproducts
fMC Bioproducts
Boehringer
Saarch~m
Boehrir.;;jer
Sigma
Afrox
Boehri nger

Amersham
Sigma
$igma
Boehr'ingerBoehringer
Boehringer
Sigma
Sigma
Sigma
Sigma
Sigma
Saarchem
Saarcnem
Sigma
Saarchem
BtJehri l1ger
Sigma
Afrox
Boehringer

Sigma
Saarchem
SigmaSigma
Saarchem
Saarchem

Sigma
('.<JlgmaSigma
Sigma
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Salmon Sperm DNASOS
Snake venom
Sqdiun citrat~
SpermidineSpermine
Sucrose
Trichloracetic acid
lris
Tri ton- X-lOO
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SiglT'!3SaarchemSigma .
SaarchemSigma
Sigma
Saarchem

;1

Saarchem
Sigma
Sigma

~/'=-.~I I'

tThe source of n~ majOr~~mir;als u~:ed is l tstec, Chemicals
which have not heln' 1isted~~l~a~··~i1abl~!. from a number of sources
and a:'re standar~ in form.,.; Irrh~ r source will not in any. way
affect the outco~of 'Y1~--~ iment !:in which they ate used.
(This a1so app11.s to~,liV'Or(of tile Ciler ca1s 1istsd above] ,
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PHOTOGRAPHY

1 _~cann"in9.Electron Hi.go_sca]!!
g!~ries and Bristles {Fig. 2.lA; Fig. 3.1A}

(!

Specimens, were fixed for 24 hours at 4"C in 2,5%
glutaraldehyde 'in a phosphate buffer (28,0 mg of O~2 M
monobasic sodium phosphate, 72)0 mt of 0:;2 M dinasic sodium
phosphate) (pH 7,2); r-insed briefly three times in the
buffer and dehydrated in a graded etbanol series, 10 mtn
per solution.
Specimens \t-ere critically pOint dried in\., CO2 in a
Hitachi Hep;! critical polnt dryer; then mounted onto stubs:
and sputter coated with gold/palladium in a Polaron Sputter
Coater.

Specimens were observed in a JEOl JSM 840 scanning electron
microscope us,ingan accelerating voltage of 20 kV,

,WingHairs (Fig. 5.3)

Scanning electron micrographs of wing hatrs were obtained
from Or. H. JUGn and Prof. F.E. WUrgler from the Institute
of Toxicology, Swi.ss F~def'al Institute of Technology and
Univet'sity of Zurich, Schwerzenbach.

2 !l1s~ectirnJ,"crosc~ Phot2Snph~(Figs 2.18,C; fig. 3.18)

PhOtographs of ovaries and bristles wera taken with a Nik{Jn
Fx35 camara using a Hfke" mtcroscope. ihe fi1m used was
Fujlcolor super liRlOO. Ovaries and 'whole flies were mounted
.cn slides in faure'~ solution (as described in Section
5.2.1. Z).

3 ..§!.!_f_hC:rt:ograJN a~ Autcr~~~!9raphP.hoto_gra[!h.f

Photographs of agarose gels and autoradtoqrapns (Fig_ 4.1;
Fig. 4.2; Fig. 4.4; Figs 4.6 A-f) were taken .with a pl,jbrcid
CU-5 land ccune...a. Type 665 black and white polari)id fiJm
was used.

/)

Photographs of starch gels (Fig. 6.4Bj were " tab:m \'1ith
a Hi kon FM2 camera -and Kodak pl us x ASA 120 fi'im was used.
These photogrllphs were taken by one of my supervisors (S.
Grant) .

\::)
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