et ol, 1981}).)
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activity and composition are_' influenced by temperature. relative
fumidity and vainfall, There are many primary and secondary
aleohots presenf. in fruit: Jong chain primaries such as hexanal
and octano] ars present in” app]és,_ bananas and oranges, which
also contain many secondary .alcohols {Hulme 1970; McKechnie
and Morgan 1982). These inciude isoprepanc] {in apples) 2-Butanol
{in apples and oranges). E-Ipentan.n!, 2-hexano! and 2-heptanol
{in agip?es and bananas) (Hulme 1970).\ The in vitro activity

of ADH has been found to be "-i:;reatgr with secordary ig}:_c?'\hb'ls_

" than with primary a'lcaholsl‘_;}as substrates (Sofer end Hatkoff

1972; Vigue and Johnsqn 19?3}* Dey et gi. 1974; Morgan .1976;
Gakeshott 1976; thamt_a_eﬁ 1981; Daggard 1981). ,,
Thus, in v?:_vé;- J}}/;;Hozymes- "aré presumably good catalysts foi:'l__
the oxfdatinn of secondary .aic'oho‘ls. ‘This. appears to be an
evolutionary quﬂi'rk, Aithough primary alcohols can be used by
Dmkapggif.a as food, secoradary. alcohols canr;Ot {van lfé‘%*rewegé
et ai. 1980; Sdnchez-Caliete et at. ‘%986). However sgcondarf

alcohols are move toxic than the corresponding primary ones (David

‘and . Bocquet 1976},  (Other -e;i.qpnce however, showed  that

ti‘ie prﬁps&me of ADH in nfnnf-mutant flies increased the short
term {1-3 days) 'phjysi‘olug-ica} tolerance to {isopropanol (Ba\'n"d

o . fj . \\

. F

_As with- prinary alcohols, the in witro activity of the AdiF

homoZygote was. found to be- éOnsjder;BU greater, thaht that of
the a_!dks homozygote when the substrate was isopropanol and this
difference in activity between the two Adh genoiypes was found

to be greater than the difference In their respective activities
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wiin ethano? {Day ez «f. 1974; Llewis and Gibson 1978; Winbery
ot al. 1985), Further, adiF homozygotes showed significantly

greater in vive maximum oxidation rates with isopropanol  as

- a substréte than did 24n° homozygotes (Heinstra e al. 1987},

1t therefore scems 1ikely that, in- the presence of secondary

alcohols the fast allele would be selected against due to the

© high activity of the corresponding allozyme and the resultant

build up of toxic producks.

An explanation for the foxicity of secondary a!coho]s. is that,
whereas primary alcohols are oxidized to aldehydes and can bhe
further oxidized to acids, secondary alcohols are uxidized to
kétones which cannc:t easily take an extra atom of oxygen and
thus the process of oxidation {is terminated. This results 1in ]

a8 build up of " toxic ketones. Experimental Zn vive evidence of

"this was Jobtained when 'expasure._ of both adh positive and Adh

negative (t;uﬂ hamozyqus) flies to the vapours of the secondary
alcohols, l-pentene-3-o1 (Sofer and Hatkoff 1972) and pentyne-3-ol
and i-hexene-3-01 (0'Donnell et al. 1975) resulted in the death

of the Adh pesitive fligs leaving négat‘ive mutants unaffected.

As reyards _'ghe éiffergf;t aileie‘&.ﬁurgaﬁ {1975) found that ex-
posure of flies to peritene-3-c1 {which is reported to be oxidized
by ADH-to give a lathal dietone product, ethyl-vinyl-ketone {Sofer
and Hatkeff .1972)), 'seiactﬁive_'ly Tavcuﬁd the AdhS allele. Morgan
(1975) also showedﬁ that, for primary alcohels ‘the ratio of ADHF

to ADHS activities in witre uas\\ related to the degree to which
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the adnf homozygote was selected for in the presence of that
alcohol, This was ;ot the Case for isopropandl {(a secondary
aleokol which 1s broken down into acetone by ADH]. i’Jesp'Ete
an axtremely high {ADHF:ADMS} activity vatio, a surprisisgly

large proporiion of 243 hcniozygcus flies survived,

It is possibfé, however, tihat different secbndar*y atechols are
metaboliically handled in differeﬁt ways. Garrido ef Z. (1988)
suggested that peniene-3-o1 (an unsaturated secondary alcohol)
_and isopmpan_o‘i '.:{a sattrated secondary aicaﬁaﬁh‘méy be dotoxified
by slightly. different (ADH-activity-dependent) processes. They
also suggested _thatd eth.\ﬁ-\riny'l«ketoﬁg is fu}'t}}er tragsfnmed
{by means -t;'f" some AilH-independent mechani sm)} into somé other

compound, and consequenﬂy does not accumulate in the fly.

Fma‘ily, a differen::e in the number of caﬁnn atomd’ in Zonger
chain a?cohols alsu thanges the toxicity of the alcoho), David
and Bace;uet {1976) found that the higher thi' number of carbon
; atams, the mora toxic the alcoho!. They suggested that this
toxicity cou'ld be due to either ..he slow mtahﬁlization of these
alcohols or to their metaboifzation into even more toxic products.
7.1.3.3  Latitudinsl clines and tweﬁtures _

Hany of the Adn investigations have revealed a 1;t1tudiﬁh;§ clina.l
pattern with the frequency of AdS ineréasi.nq with decreasing
distance from the equator. This wes found 1in the Eastern Urited
atates A{¥igue and Jahnson 1973‘ Smith et al. 19%8), in France
(Cbar‘es-Palamst et az. 1985) in Japan (Hatada et al. 1986). in

-3
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- the Peoples’ Repashc of Chma {diang et al. 1939) and in
Australasia (Dakeshott o «l. 1982a). Further, chnes in North

Amer:a‘cé-‘and Eurépe/ﬁsia {Oakeshott et «Z. 19823}, in North Amemc&.*-é-;"

and France and West Africa {Singh 37 ai, 1982} and betwaen Eurtpe

and . equatorw‘! Africa {David eo% gl. 1Y86) havg been shown to

exist {sea alsu Section &. 3.6.1 for a description cv \i"he woridwide

gecgraphic d:stﬂhut:on of the adnh alleles). The in‘it'zal response

to these clines was that zhey were caused by temperatu‘i.e*mhanges

and t}ns hag at times proved to be correct. For example Pipkin

gt {19?3) found the regression of AdAS {adh 1I) freguency

on eptrome {{rzmimum tamperature © to be ,statist"ica"ﬂy_ mgmf:tcant :

and Oskeshott ey of. ;{1932&_} fnggné,a positive correlation between

AdRS ff'eqtiehcy ‘and maxivum temperature in ‘North America - but

~not, in Asia or Australasfa. - Further, an altitudinal clire in
| frequencies of a.{]mezanognéter popuiations of Southeasterr_t_lﬂexico

~was believed to be temperature induced (Pipkin &t al. 1976)..

]1 % {‘H_‘T‘—.f'_\\“

-\, 1‘
Laburatory ewdr&hce suqgests that <the ADHS ai’ -)rme is. more
themost_able than the AGHF allozyme in vitre {Gibsen 1870; Day
et al. 1974; van Delden and Kamping 1980). Several exceptions
have been reported, however; Qakeshott (1976} found that extracts

of the adaf hcmozygote and the AdiF/adnS heterozygote were more

stable at "40°C .than those of the AdKS homozygote.  Further,
" Oakeshott {1979) found that the frequency of the 4dk5 aliele de-

creased in laberatory populations exposed to high temperatures

£29°C). .. Van Delden anc Kamping (1980) ‘found that adult mortality
at 'high temperatures (35°C} was not assotiated with the E:h'r’fering
neat st:ub'ility_of the allozymes, | In natural populations '!S;lngh

-

e

o
oot
&
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O

al. {1982) found a surprising?y high frequeﬁcy of aanf j_n

pawlatﬂzns m Tawan and Vietnam.whmh are at .11 N and 25° H

pectwew Places this close: t¢ the equator are expected -

to have a2’ r.igh frequency of .adws in theiv pophilatiors. For
ax.:mpze, the. -samé authors found Adky fr-equenc*ies -of 0,861 and

3,971 .in Texas (45;8" R} and MWest Africa (6,3° H) respectwe!y./

.Thus 11'. is possm!e ‘i:.hat temperai;ure is not the chief causative

agent of the Adh latitudinal clines,
b _ Y -

7.1.1.8 Rainfall

“Another envivdnmental variable whick has been in#esti'gated as
_'a po’ssxb;e causal agent for variation in 4dh allele frequency
: is ramfaH Anderﬁnn {1981} found that the latitudinal cline

in t;he f.*equency of “adnf in Rustraha collld b explamed largely

‘\

by variatwn in rainfal: The ‘author found & pusituﬁ correlation
betweer Adh® frequency and the amount of anraual rainfall, A

negative correlation between AdiF frequenc;y and rainfaﬂ for

' popu?atianb from Eurr:pe and Equatorml and Southern Afr"ma was
foimd by David et az. {1986) ﬂakeshott et al. (1983:1} found

the swrm to he true for populati:ms from ﬁustrahsia. Nortﬁ'

(\

‘%ﬁrma and Asia, - Gn the. other hand, 3 mire recent study by
, Andersbn at qif (1“87‘ found no_such correlation to exist.:How~

- ever, ‘l‘lt does ;;.\?E”a\mthat moistur‘e in ths atmospi'ara\‘ has some

seh@tn};e effect since Adhs humo;,ygotes;ssurvwvd btﬁtter at hlgh-.-'
humidiﬂ{vy laboratory pOpulatmns (B‘dsm{: Hee}es atid \‘(ﬁn ﬁe!den

Eel
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_an& thres eaviyenmental variables as follows: |

l\\_ \ 264 ] '

between the Adr locus and'chaetae—contm}_ﬁng Tbci:. Furthermpre,
they suggested that individuals with intermediate sternopleural

chaetae numbers had an advantage fin matihg, Thenres::?cany;

“heterozygous intermediacy can Tead %o a balanced polymerphism

in highly variable environments where the selective advantage
of ome alleie over the other changes frequently (Giltespie ‘and
Langley 1574).

8 . o

1.2, lliatema'is and Methnds

~ The eiactmphorgtic_ data obtained as d@scrihad in-Chapter 6

. were used to test for corraTatiuas with two gesg?aph'ic variables

The Spearman ‘rank -c:orre-!atiun statistic was used on the commen

o _allele of the five most polymorphm ¥nt:1 {adn, mp-ﬁ Hew-1,

il

f:ea:-a and ;&kwhﬂDP) to test far associatians with {1) aatnude,

{(2) longitude, ___(3} extreme minimum temperatures, (4) extreme

magimum  temperatuies and {5) precipitaticn. The temperature

‘and raintall data ware averaged over the last four months of

the year in 'which the coliections wei;e made, A1l samples were

collected in October, November ‘or °December. Only 14 of the 17

locations could be used for correlation with temperature and
rainfall as there was ne weﬂther data fogr the three remaining

3ocat1nnsg ’Pgﬂtha, Mar'iear and Swakopmund, t.lmat'ic data were

obtained from the weather bureaux at Pretoria (Seuth Africa),

. Windhoek (Namibia) and Harare (Zimbabwe).
; K [+ . = ¢
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T The frequency of pip-ALUY der{"ef;sed with increasing longitude. |

W7

290

7.4.1 aiggi_:_gggga-n

Be;..ausn of the lack of amy eﬂv:r’onnent.ﬂ gz"amen“ running from
wast ta_ 2ast it iz urff‘tcmt to puwaate any adaptive sigmi«
ficance for this cline. The strength of this correlation was
weak (0, 01<P<0, G5) wdicating th?t this cline may be P arti-

-Factual by-pmduct of stochastic effects

1.4.2 Isocitrate Dehydrogenase-HADP

The frequency of Idh-NAﬁPWU Qur'led 51gn1f1cantly {P<0,01) with -

extreme mmmum temperature As  the temperature increased,

s0° the frquem:y of Ida-NADPLOO decmased. Dakeshott . {1979).

rsoter.% a corre‘ratw‘h of fdh*HAﬂPSS with temperature, its frequency
was &1gmfimant1y lower at 29“!: than at 25°C. To my knbw‘ledgoe
no othar variations 1n Idk-NADP al'lehzf fr&uency {in ». mmo-—

o gaster) with temperature have- been reported-. There are numersus

7

]

N

reasons as to why an enzyme cou!d vary with temperature in &

se]ective sense. A -Qinchamical property which may be relevant

is .enzmﬁc sctivity. Isocitrate dehyumgenase is involved

o

in the third step of the c1tr~1c acid cyc!e This u'anzyme catalyzas

the oxtdative decarboxyiatibn of 1sacitute to a ketaqmtanate "

and €0, . {Lehninger -1982) Lonsequently. vario”us ‘alleles may
be favoured af varicus times depend?ng it the\» 1eve1 in the food
supp?y of the major- organu. fuel m1ecu1es af the cell 1e

carbﬁhydra%es. fat%acidﬁﬁ and amino actds, These in turn will

ba partiy q_etemiued' by the environmnta! tem;aeratureg

L) .-. - ‘Il'. _,.

[

<
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has been obsér_*ved in in witre expeiﬂimng:s, it has often been '
under conditions. of extremely high temperature such as 35°;
{e.q, van Delden and Xamping 19€C), temperaturas which were

rot attained in the Southern African sites investigated.

The govveiation .betv:eeﬂ the frequency of th.;a_ "stow" allele and
rainfall which has been observed in this and several cther studies
(see Section 7.1.1.4} may not be universal, If rainfaﬂ does
have a selective efFect, then the fol!omng mnde‘t my exp.am
why this is so0. Firstly, the Aaks allele has been shown to
be - advantageous in Iahufgatory popu.ations where humidity s
high (Bi,ﬂsma-—ﬁee!es and vap Beiden 19?4, van Delden et al.
1978}. Thus, the concomitant increa e in humidity with rainfall

apparenﬂy confers’ scm# (unknown) nefit on gdhs homozygotes.

' : S
“ Secondly, changes  in q{.a'isture avajlability® result in changes

"in - the .microenvivonment of Drosops{la egc: and larvae. [ do

nat know what  the direct effact so increaseci rainfall on the
variety xnd concentration of "alfohols pradut:ed by ripening and

fermanting fruits waum be. It s’éems tkely however that increased H

“ misture results in lower évawmtion rates of alcohols and,_

a'lso possibly in an in "ease in the activity, abundance and

“diversity of fermentative microorganisms. Different strains

" of yeasts are responsibld for the productian of different aicohols

depending on available] substrates (Cavazzc et af. 1989). Thus

an_ increase in, for e}tamp'ie. the production o Secondary alcohals
Ly

-and their subsequent effzcient oxidation by the nmore act‘ve
ADHF . ailozyme cduld lead to the accumulation of tokic ketones

53
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7.1.1.5  Non-envirunmental factors
Apart I‘fm:'n environmental factors, several other gemetic factors
MRy be ref-mnsible for the adk polymorphism. These include
Tinkage disequilibrium and heterosis.
Tho 2dkc allele has frequentiy been observed to be in linkage
) dizequilibriom with the chromosomal inversiom, Iwn (84)¢ (Kojim
‘ et al. 15785 Langiey op of. 19743 Vgelker v gf., 1977; van Uelden
and Kamping 1999}, This suvagests that the geographic patterns
in atlels ft‘aqz..;mc,: way reflect Tinkage with a polymorphic chrome-
somal inversion or my veflect solection at a clasely 'ths{d,
but snidenhfieﬁ locus. o __ o \.‘__
. 9 . N

‘The worldwide polymorphic nature of the Adk locus suggests ﬁ?lat

some - kind of ba?ancing selection may be operating,’ Ev'fdéhcev

of heterozygote supermmty has been obiained in aovmal 1ahorat4:ry
" populations (Bi;lsmé-ﬁeeles anc. vap Delden 19?4, van - De‘ldan
2% Al lgfdl,_ in 'Iabaratury populatioﬂs kept of ‘ethanq!-—

supce‘femanted madia {Gakeshaﬁ: et al. 1,,984) and in wild populations

(Franklm 15813 Mcl(ﬂmse and McKechnie 1981). An indirect reason
for the ma1ﬂﬂtenance" of fthe Acz!z__ p‘e}ymrpm_sm Mag been proffered
by Sherief and 'Skibi;:si__r.i _.(1988} who found a Significant
association  between heterozygasity at  the Adh .loc'i and
! sternopleural  chaetae ﬁvmhers. individuals ‘heterozyjous for

the 4.nF and  AdgaS a?deles had chaetal numbers that. were close

to the powlatmn mean or mode. LS8 authors suggested that

tho assocmr.on was due. to the p?é‘tutrapic effeci of Adx aﬂe!es

on chactae r;umber or uas due to stmng Yinkage disequilibrium

PR . . .

oo

o ﬂf

sho B L



S | | | - 285
7.3 l . Results i

An e#ammatwn of the corretation between the most common allele
of the 5 polymorphic loci (4dh, Dip~A, Hex=1, Hewm=2 and I4n-NADP)
and the parameters Jatitude, Tlongitude, exiveme minimum and
maximium tempecature and precipitation using Spearman's ‘rank

corrélat'ian test revealed the following:

i. The . freguency of Dip-R+00 varied inversely with longitude
| i.e, as the longitude increased andg the environment changed "
from wore tem;iarate clines in the west to more tropical
ciines jin the east the Treguency ~of pip=-ALOG decreased

{9,01<P<0,05; r¢ = -D,494) Fiy. 7.1.

2. Idh=NADPLUY _var'iéd'inversely in frequency with extreme mini-
qum temperat{;;e.' As the temperature . increased, so the
fﬁequeﬁcy' of this allele decreased. (0,005<P<0,01; rg =
| -0;?_14) So this a11eie was present 1in greater proper-
tiong’ when extremely low temperatu?es were attained,
Fig. 7.2.. "
3. Adnei00 shewed no Tatitudinal or Tongitudinal cline. Further
: o extremes of temper ture did noi appear ta affect the fre-
- quency of this a'lle'le although there was a weak corvelation
with extreme mimmum temperature {0,1<Pe0,2; rg-= 0,425},
as the minimem tgmp«ratui‘e jnereased so the freqkancy of ~

Adh=i0¢ 1ncreased Homver, there was a !ugh}y significant

[}

'..orreiati& between “the frequency of Adr 9% and regent
rainfall (o, 035-‘?:(} 01 \r's 0 2680} F1g. 7.5.

3 M
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7.4  Discussion

Y . P - .
. The assumption that a !aii_ftudinal c"ﬁina} pattarn parallieied

on different continents, is strong evidence of adaptive rm;g-mases

. ) . o
to climstic chorges is not always realistic. The %.u- are

e ’
persuasive when ths continents under scyuliny have camn_wous}y

varying north to suuih environmental - gradients which are in

turn, mirrvored ‘aetween thfm Howaver, this may ofien rm be
the case. In the Southern African suhcont-ment, where tr 17
ca}!ectiaﬂs of tms\ : .-\Eiy ware made, there i3 ao  sfuple
latitudinal climatic I."yﬁédient.. This subcontinental region

wns‘fsts pof three separate and relatively -homogenecus "areas:

a uestern arid area, a central dry plateau and tropical and

" subtmpicai eastern lowlands. Gn Ahe north. west coast lies

located next ‘to the '

the Na;nib desert, unic e the world's deserts in that it is

. Benguela curvent and its. associated

. cold water upwklling system. The latter is influenced by t‘%\
! _ ! .

(<]

: °-'anticy;:_lonic winds and fs directly responsible for the maintemance

L s | . . :
of coo! water npar the coast, the fog, the high humidity and

the - steep ¢limatic’ ‘gradient from the coast to the gastérn

A @ .
esca“pment (Seely 1987). The proviace of Natal on the eastern
coast, -*..\_ya_shed by the warm waters of the ‘Indian ocean,. has a

subtmﬁ‘iéai climate. Betweer the west and east coast, ebitections

wers ma'def"*"in thé températe climes of the Cape and the Transvaal

'“;or' this geor

L]

and in thJF more tropical Zimbabwe. Further, there is a great

deai. of u variation in the a‘it:tude of which collections were
\‘t'\

made - ranging. fmm G to 20(10 metars abo.«e ‘sea lL\ 1f Tn view

an 1: heterogeneity it was not .:urpnsmg that

m:n 'latuw__xai | Were fnund The thbes swmfkant

cnﬁre‘latwns obtaines: in this study are dﬂ’.cusseﬁ bilow.
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An. interesting aspect is that Fok {*571) noted that, 1r; Droso-
_“’pkizﬂz, Idh~-NADP has the same developmental p;'ofﬂe as many 'otherﬁ
Urosophiia enzymes in tﬁgt. 'en.zyme' activity was found to increase
threughout larval deve?&pment. ta' élecrease during the pupal
per"icd and then to increase again in an'!:icipatfon of .aduit emer- -

gence, -Amon“gst these similar enzywes are .Adh, CGpdh and Gépd

= - a‘! of wh:ch nave exhibited some correlation with temperature
| andfar Tatitude {e.g. Anderson, 1981; Singh e al. 1982).
Envivonmental conditfons which are better suited to different
stages (such as egy, 1&#«&1. oupal or adult stage) in the

- deve!npment of the fly n:ay be instrumental in preducing

5e1ect1ve pressure cu enzyme which vary in their kinetic

propﬁ‘ves durinq developmental tige. . o

Dy I
7.4.3 Alcobo! De Jdrggu_!nase

UnliRe mary of the prekus studies .

'o }atitudinal clines were
observed m the a?lele frequancy vaﬂa on of Adk In a study
'wnmh involved popuiatmns “from Europe,\ and tmpu:a! Afﬁl;:a
as well as four Southern Afmcan pcpu?atmln (ane from Swaziland
and three fr-om Seuth Afnca). a, Iatitudina\ cline in the Adh

aﬂe}e fr‘eq;mncy betwean Eurnpe and equatorial \\frica was found,

and the authars (David et al. 1986) suggested that a symmetrical

cline in the southem hemisphere from the eguater t\South Africa

o v, MY exist. A!thgugh the frequencies in this study re simiiar

o those of l]a\nd et aL._(.{SBG) for collections, ‘fron the same
aréa {Frequencigs pf AdhF in Johanhesburg and Cape Taxg were
respectively 0,337 and 0,519 for, David o al. (1986) and\0,280
. and“ 0,430 1in this study), anonetheleés. no clear !atituina]
~cline erperged. (1 am assurmng that the. ndh"“’“ and Adn® aHei\s

~ A
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if this study correspond to the common AdWS and AdHF alleles
that otcur worldwide - see section 6.3.1.1}. If environmental
selection of some sort is responsible for the idh cline then,
tﬁe fack of such é pattern in Soﬁthem Africa is not surprising

since the geographic heﬁémgeneity of the area§ from which

_collections weve taken in this study preciudes any kind of

Iatitudima! climatic grad%ent as previously menifoned,

‘There was a significant correlation of the "siow” allele (4dn"100)

o

with recent rainfall and alsd a weak correlation with extreme
misimum temperature. The temperature correlation indicated &
decrease in the frequency of the falst allele with 'Increasiﬂg
.minimum temperats Now, as puinted uut by Pipkin et al. (19?3),
enzﬁne activity is genera'ny ‘higher in cold acclimated (Ta) than - |

the fast allele is the more active of the two comwon alleles

" (see Sectfon 7,1.1.1) 1t therefore seems logical that this allele

would be selected for in cooler areas.

=l :
. P

The r_:prre?_ation observed was not very n,si:if;l?&f. ‘but this can also
e accounted - for by the lack of extremely cold temperatures

in %utf.ern Africa. (The average minfmum temperature in the

sumer months was ot 1ower than 11°C.)} Yhis lack of extreme

I-Mriatwn in trmperature could alsé explain the absence of corre-

. Tation with maximum temperature sincg ;thg average maximum tempera-

turc' fm; the summer montks  in- tha collection sites analysed

no

d{@ Aot exceed 31°C.  Hifien {ncreased thermostability of ADHS

=

Since, .

Ja



*

294

E

for whmh there })m no known metabo!ic ouﬂets. £on=equently

\ﬁhes ﬁomzyguus{ for 4dnt would bp se'lectexi a._éamst and & sub-

equent incrsaﬁe in the frequency of the 4255 allels would result,

s
it

, In conc‘a*jon, the hkighly polyurm"pﬁw namre of the Adh locus

is most ;mbab’y doe top 3 cemp!ex interaction of hoth environ-
mental” selective forces such as temperature and algohel as well

as__,_.ﬁsbgre'fprm of superimposed balancing seléét'icn_ which has been

_shawn to be present in some laboratory awnd wild populations

" (see Seétion 7.i.1.5).
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CHAFTER ETGHT

8. ., . Summary and General tenclusions

. The ‘penetic diffevences. within and between certain species have

beern extensively investigated. These investigations have ied

to tf{ﬁﬂ“‘far:m}i;tidn of many theories jand to the understanding

. of mARY plwmmena »egardmg the mrhamsms of change and its

'\maccmtant evsiutmmry cgnsequences Gerzetm var 1at1n'z can

be stud!ed on many levels., {lp o ahout 2.: yeafs _;aga ;:he studv
oft phenntypip dwersﬁf}?‘ was the anly avaﬂab‘te mejé A/d of gaimng

h the adven"
of mo‘iecuIar techmques genehcists" arre now able to Took. mcfre

i

v deeply into the genom:. = v w

I\\ - . "o .
. -- - }
1

<k A
ih_,u }
.
“The u]timatg ffturce of genetic ”Vn*i:‘;twn is at the ‘eve] ‘of

© DNA- sum:;uem:\e.-s:.f‘.w Mthoz.gh ambitious ﬂrojed?ts such a*\ sen:‘encmg

| ___the human genome are bemg- undertak&n, for the most iml*ﬁ DHA

.sequencing 15 time t:onsummg ang 1Qbour mtenswe and 2 great
‘de\al_ of knoﬂedge @_cam “be gained 5 workmg at a Iess refmed

3 1.&{:@1 .

Vet 3
K2

e
> o

" Two techn'lques that have been utilized ‘\rery wccessfuﬁy to
i

investioate hic!den variatwn at the gene and ﬁh the gene aroduct

&«

'ie\fe'ls are restriction enzyme analysiq of Dﬁﬁ and protein electro-

Q%phsm::sis Tf..! former has been used to datect rgr ‘rriction fragmeni;?_

o f
Tength polymrphrsms (RFLPs). { e po]ymorph:sms ig DNA {genomc,
uﬁ’ig/hmdria! or choroplastic) ‘which ﬂccur due to the absence
m" presence of restriction sites. ; The(‘ Jatter hgs been used

to detect Mfferences in the e?ectropharetxc mobﬂities of alm*

i3

zymes. A third ara of study which cuarlapgz thnse tmeuiously )

& &
% u Pt - oo
- - .

gradphid A
AR LE et
RN

woo
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mentionod is that which deals with sections of BKA which are
able to move about from one Tocation to another within the genome.
These segments of D'iﬁ are capable of bringing about tremendous

chiuges mtmn the organism and wmay prove fto be the uitimate
mﬁ*ational event In this study I have exa‘!mned the variaticn
in stuthem African popuiations. of ﬂr@s&bkﬂa rclanogaster in

two differe'nt reseo.ts, mobite P alements and proteins,

8.1 P e!ewnts
8.1.1 G- Steril'lty and Beographw D!strlbut'mn

~ Two hui: ved and six {206) 1sofcma.e Jines couilected fvnm Namibia,
- South Avriza and Limbabwe were idéted for their ability hoth
L %o induce  and withsiand P factor actw1ty “A system of

“classificafion was introduced using” Joint confideace regions

which, as well as retaining the system of c'i.usmfymg fhes _

2 P, Qor M (Kidwell 1983), also introduced intermediate (-,

-7, Q—M arid H—QJ “and 1ndefimtr~ {P?, Q7 and M7} categones._

Nhen th*fs system was used, drﬂy two out of 206 strains were
e comgietel y.,_./;_t__mc! assifiable. :
A1l collection sitﬂs where more than five 1srsfema1e Tines were
‘established showed a (rcentra’l tendency towards either Py Q, M,
P/Q or /M type strnm Collections from the western side
" of the continent Mn _Namibia were of type /M. Collections from
Saﬂ&yérn Namibia and the Southern {ape vere .rnai‘___n'ly uf type M;
) On the eastern -\sz‘dé o7 the continent in Hatal, § type populations

" predominated, wiile further mnorth in the Transvaal, P type

a1
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popuiations started to appea.r and the northernmost - collection
site {Harare) 1in Zimbabwe consisted of 83% P type '"Enes;
&tatxsticai tests” f’iuearman s rank correlation): ﬂm ._ that
P factor activity a;m regulatory ability decr‘eased; -,*-{tiy
and highly significantly (resnecbﬁve;y) in a qm e, l.'t:f" ‘!férly
' "d'irectiﬁn. This clinal ;.a.tte_i‘*n, together (1*?5 uthez : clinat
patterns in f e'iemem; distribution which h«"\\w(e. Been descr'ib(\\d
eisewhere in the world, can be explained by mvol;mg the stepping
stone model of Anxulabéhéra et al. (1986] and the 'invaswn theory
., of Kidwell {197%, 1983}, o
8.2 mmimgy_ - s
Seves}ty eight (78) Southern African isofema!e Hnes were assayed
for P factor activ*ty using the sm¥ mutahiiity test. The statis-
tical correlatwn !fetueen ¥ mutability and crass A @D starxhty
wes examined using Kendall's 1. A highly significant correlation "
| ;na's' obtained betﬁeen an¥ mutabﬂity'. rates and -rfrequenciles of
1ndu;ed 80 sterility, thus confiming the common orfgin af these
effects. . £ o
. +8.13 . Molecular Anelysis
The 2,4 kb Acc 1 fragment of the plaswid pr25.1 was usert to

._probe for P elements in 31 wild South African strains of 0.
mlanbgaat&r fm : contm]‘ strains .were routinely employed,
Tanton-5 as an exmp!e of X type strain and 12 as an example

, of a P type strnin. The =y strain gave a very strong signal

on. a;ch Mot The Canton-s strain consistant‘!y anﬁtted a very

@
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_weak signal., This latter signal }hay have been due to nom-specific

. hybridization or 1t may have been due to the presence of

P elements in this strain. 1 interpreted 1% as being the latter
ig view of the ghservation of Woodruff as aZ. (1987a) that
P elements were :u'esent in the Canton-s straw used by these

resarchers, An the mld strains teste.d gave 2 positive signal

witen probed with the Acd 1 fragment.

Overall, the signal fintensity was greater for P strains, Tess

for M strains and intermediate for Q strains. Only three P

" " 1iges were tested, but all of those tested. gave either a strong

S ora .medwm hybtidization signal. |

8.1.4 wm‘: Activity =
'_ The :trafn maok (constructed by N van Schaik) is homozygous -

for the mh gene and iy & moderate'fy strong “p strain. This

. ;strain was used to test for somatic P element activity in dysgenic

hybrids by crossing males of this strain vm*h 'Fﬁma’les of the

- M strain-fzr"/Ser. Hings af ‘the trans-heterozygous mwh/find

dysgenic and nandysgenic progeny. As a fu

prageny from this cross were, scored for mutaat clones._ All
Crosses were perfun&d at hoth 257C and 29°C éd the xmwh strain

was used as both male. and fema‘ie parent i

( ordeyv to produce

\gher cc))ntma , the

standaud maoh Tine (without P elements) war Crosset to: 4Ahe Fird/Ser

Doy 'Ihe and “"gs of the progeny were zmasysed.

No ‘significant Beﬁ:emgﬁneity 'was obtained between the experiments
pe-jrfoméd at 25°C hthus' fevaaljng that P activity was probably
not ,taﬁ-’iﬁg piai:e somatically at that temperature. At 29°C,
no significant heterogeneity was percefved in the male progeny

of the various tests.
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However, the frequency of mitant clones was significantly higher -

in females derived from crosses between M strain females and

P styain males than in females derfved from the reciprocal cresses

or flom crosses where P elements were entirely absent at 29°C.
-

It thérefore seems plausible to suggest that P element activity
may .be tasking place in wing 'imaginai gise tissue in female

dysgenic flies reared at 29°C. /
//5-2;;' - Alluzymes

8. 2.1 Allozyse Heteroggneiiy

" 8] P

?opuiatmns collected from f f‘?erent areas were geugraphica]!y
@ \r

subdivided as naturany as possih!e mto six different regions.

A hierarchica\ ,population’ structure was then obtained by further

subdwiding - regions mto aregxs, the ar'eas 'into districts
@2 N .

and the districts into subpopulations, i.ising this. hierarchical

populaticn model, allele frequency dif{’grences among samplas

me're-comp'ared using i hested c&jntingency—tab'le analysis. The
"nfstatistic {Sokal and Rohlf 1981} for six of the eight ioci

was t:omputed and used to test for s1gmfn.ant difierences between

the various units of subdiwswn. T

_There was 2 siqnificaut amount of hetemgeneﬂy J the - ‘iower
levels fahich preeluded npohng in ovder teo make co'ﬁparisons
at higher 'Iua!.«*."!:t.n COnsequent‘ly an appraximate F ratie “Was
_obtained by suming the G-statistics over loci, dividing the

~ sum by fts as‘;ociated ,degrees of freedom and comparing .this

#
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" ., standardized measure with the standardized measure at the next

lower 1eve1 {Smouse and Kojima 1972). These tests showed thht

a1thaugh the amount of heterogene1ty between districts was not
significantly greater than that between collection sites within
:a city, the ;muunt of hgterngene1ty among areas waSISIQanicant?y
greater than thaﬁ émeng districts. There was not, ”Eﬁﬁéver,
a greater degree of heteragennity in the regions to areas coﬁ~

parison.

The Sa@e mode? -of hierarchical populatien strusture was usad

' to\estimatefgene diversities. The gene dxvers1ty ana1y51s showed -
that the average sample heterozygosity ‘Hs {for all eight leci
comyined) was 0,18 and this ggpneSented 87,75% of the total"

variation. The, remaining 12, 25i-nf the variation was tﬁerefure

.r

{due to pnpu?ation subd1v1sion because ofugiographic =eparat1on.
The degree of dfvsrsity increased with increasing distance hetween
sampies. L. _ _ éfu )

w -
’ -:i.\-\"l

In order to eStimatawgene flow, the'conditiona!-average'fré@uen-
cies of alieles (Slatkin 1981} in the 17 samples examined fn
this Study were p]otted as a funct1on of the proport1on nf the

popuiations ia whichﬂthey were found. A camparison of the shape

of this curve with those for other species (Slatkin 1981) posntEd -

to & comparativeiy high - Ievei of. gene flow Tor Southern African

populations of p. mepanagaater Further, two othbd rough measures

of gene flow estimated the migration of ﬁ. m@zanogustaé across

the Southerﬁ'Afriéan subzontinent to range from 1,3 ?o'b,g indi-~

 viduals per generation. This high rate of gene low is theoreti~ =
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_ cally suf-Fiéieut to prevent differentiation amorig pepulations
due to genetic drift (Spieth 1974), The significant degree of
hetevqgeneit; observed in the presenf study is apparently at
odds with this high rate of gene flow. However, it is possible
‘ghat heterogeﬁeity may have been overestimated due to the Sinamics
31-‘ Drosophiln populations and the sampling techniques employed.
Also, it is possible that estimates o* ‘gene flow are based on
mode's which do not appropriately reflect the: natural history “

of Jrosophila.

_Finaﬂy'.:: I was a_bie__: to use this study in conjunction with the
;mrks_ of other vésparchers in this field to obtain information
" on the origin of Southern African populations of D. melanogaster.
A .comparis:dn of the allele frequericies and the number of different
alleles found in this study with that found in other parts of
Africa and the world indicated thﬁ Southern African populations
form a single genetic entity which shows a close affinity to

other sub-Ssharan African poputations.

a,z.' Clines and Correlations |

The Speaman rank - corre!atien statistic was used or' _the most
-cm'fmn aitele of each of the Five polymorphic Iocf {Ad?z, Dip-A,s
Hexm-1, Hez-2 and Idh-NADR) to test for associations with latitude
and longitude as well as with extreme minimun and maximum tempera~
ture and precipitatidﬁ.' Three results were sigﬂﬁ’icant:

- The frequency of Dip-AlU0 varied inversely with '1ongitude;'

The frequancy of Idr-NADPLOU varied inversely with axtreme

minimim temperature;
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Callelds in this study corvespond to the comwon AdnS and agnf-

~ against, due to the accumulatfon of texiu

these circumstances. (I am -assuming

kv
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The frequency of Adn~19% increased with increasing rainfall,

The longitudinal varfation in Dip-AlU0 is difficult to explain
in ;r"féw of the lack of any west to east emironmen_tﬂ gradient.
The variation in. the frequency of IdA~NADPLCD with temperature
(\cwld b accounted for in termns of enzymatic acvivity. However,
the most intsresting of the three results is the' variation in

frequency of Adk~99 with rainfall. This could be explained
- - 4

by the follawing {selective) hypothesis: Chinges in moisture

availability affect the microenvironment of the Drosopiila eggs
and larvae. It is not clear what the direct effect of mcreased
rainfall is on the csncentmtmn of alcohals prr— ért in_ripening
and *Fementmg fruits and vegetables. However it is poss1b

that an increase in, 58 the product‘ion of secondary aIcohols.
may resuit in the wore at_;tive ADHF alJozyme being selected

tones produced in

the fly by the efficient oxidation of there alcohols. Conse-

_queﬁ't'!y flies  homgzygous for AdRS  may selected for under

at the Adk~190 and Adnl

alleles that occur worldwide).
4 .
* ” .

8.3. P elenents and ﬁ‘ﬂnyus p

In this si,.udy 1 examined genetic varfation in Southern African
popuiatmns of- .. mezanogaateav in both a Mendelian and a non-
Mendelian ;;ystem. There\hare various ways in which:the two sys_tems
could be fj'pte‘rre‘lated” Firstly, if any of the enzymes examined

were target sites for the P elements then one wight cxpect fo

o
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percewe an’ a.te*'ed gane’ prcduct This cuuld manifest itself.
m -the appearance of a vare allele at blaces'w'iit.n had higher
freguencies of P elemenis and not elsewhere. -‘nﬁﬂSP.QUE!‘!tIy I
Tosked for the exclusive appearance or the higher freguency
of vare alleles in ploges 1ike Harare, Thohoyandou, 'Nelsm-uic{
and Jnhanpesburg wnere the incidence of P elempnts was relatively
high, but found no evidence for this. In this study; only eight
enzymes were investigated and it is likely that none of them
were "hd};-’-spnts_‘i for P element insgriions. The 4dh locus apparent-
“ly doss K3t attract P elements".ﬁ Engels (1983) mentions that
in the Adk locus "no P insertions were detected in a screen
l.c?{f‘.mmbe than ten miliion gamtés from dysgenic parents”. Although

in this connection it has been suggested by Mukai et oZ. (1984)

"t'hattﬁransposun-ﬁke elements ~ possibly P elements —= are related

to the inductiion of changes in the specific activities in alcohol
dehyﬁrogenié\‘&. These mulational evéats which control 'this acti-n
vity are thought to occur in r-egwns different from the aicohoi
dehydrogenase wcus 1tse‘if-,-main}y in the non-coding DNA region.
Further defe..twe P e'iements have beenu shown * be present in

the Gbpd locus (Eanes et al. 1988; Itoh et al. 1988).

A sém_?nd area where one might look for connections beiween the

two systems s in geographic distributions. For example, &

Tatitudinal patta"n in an allele ﬁ‘eqixency could be paraﬂe'!ed

by a cHnal mstnhution of Pelements Mthnugh P eloment
distributions 1in this study correlated well with both }atitude

. and 'inngitude, ‘Lhe orﬂy such paraﬂel in’ the edt!ymﬂs was for

lu

'T
i
1
|
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pip-hilo which exhibited a 1o’ "'V{dina? variation., However,

an examination of the allele _‘:gihw{butiun of Dip-A reveais no

© obvicus veason why this should be so and the two patterns are

probably cbinci_denta'!.w Many otherh rasearchers have detected
tlines (mainly atitudinal) in aliele feequericies.{sae Chapter 7).

In Australia, Boussy (1987) noted that the P-M cline found thers

. wa~ the third suéh latituding cline, the other two were a latitu-

4
dinal c¢tine in the frézquencies of the common cosmopolitan inver-
sions (Knibb et ad. 1981) and many la¥itudinal clines in allozyme
frequencies for several enzymes ﬁartiCuIariy AdnS '(see Chapter

7 for detaifs). Despite the commonness of these Flines, Boussy

{1987) concluded’ that the P-M hybrid dysgenas_jsi cosmopolitan -

_1n'vérsiai1 freguencies and AdK5 frequencies 'séenwéd”{,_o be indepen-.

In”--l_;hfs.. study the latitadinal and lorgitudinal clinal distribution
M'; P elements can be accounted for. by the high gene flow observed
in Southern African populations of D. mszmgamb _{Chapter &)

ir conjunction with the rapidi®y with which P elements are able

to spread through populations (see Kidwell et qf. (1981, 1988);
‘Kiyasu and Kidwell (1984);  Daniels- et al. (1987a); and Good
et al. {1989) for examples of the rapidity of this spread in

bnth' laboratary populations and transformed lines. Theoret}f;fé"l
: ' - £

simula n studies alsy indicate that, provided the effifiency

4]

of 'transpésitiun is high, transpgsahge element contamination

in a population of randomly mating sexual diploid organisms

will take 'p'lace. rapidly (Hickey 1932).

¥



Thirdly, the presence of P clements at a anection site might

influence the gemetic variability in that site in the form of

polymorphic Toci, hete}-ozygosity, er hoth, A statisticé? ana]ysis

'A* GD sterﬁ‘!ty and the percentage of polymorphm toci an both

the 95% and 99% crileria, at each collection site revealed no

corretation betwsen the two.

Msing '%fi?_the prorortion of polymorphic Joci to measure genetic

variability is not precise {highl},y polymarphic loci an& those
with Tow levels of palynﬁrphism are grouped into the same class),
and ?s inﬂuencea by sample size {(a sma'i‘i sample mny not detect
the arefsence qf a potymgrphism) as wen as samp‘lmg methods.,
A better weasure is that of average hetemzygos’flty In this

study eight loci were examined and this number of loci is statis-
- tically too small to be able to deter* differences in average
" neferazygomt*&es batween samples ur?ess these differences are

very large (Anbia 1985)

i)

[

_Iri a similar invesﬁgatién t(/ this ona about 120 strains from
. & .

the Languedoc-koussﬂ\gn-= area of Fra;;ce were tested for P-M
characteristics as “dell  as —for enzymatic  polymorphism
{ﬁnxolahéhére e; al. IQBSa) In that study ar attempt was 'nade

_ to compare levels of heterozygostty within a three zone system,_

- vbich was fuund 1o’ part%tion stat%st:caﬂy the P activity of

the French strains. The authors found no significant difference

petween the' three areas for. elther fhdiv':dual 1oc1 or combined

N

£
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us‘mg t!'e Spearman rank correlation test on cross’ A and cross
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joci ﬁeterczygosity. -'They further'_ found no  statistical -

correspondence between the . gradiert observed in the P-K gystem

and the allele fregoencies of the enzymes examzned "It thergfore

 appears from this study and tbnse of> Anxolabéhire e 2. {1988a)

and Boussy (1987) that - the two systems (P elements and enzymes)

are separgie entities, having very %Yittle interaction Deiwzen

them,

0 \k
-
o -

~ The spread of P elgmehts can be 1ikened tn a:rippie-i{ke process’
?'ﬁqfch raQiétes'outﬁard rapid?y_?}om'a ;entra} ihfmttinus aburce.,
I-Jheﬁsize and structur® of the infecting P elements ar¢ determined
- by. the transpOsitionaI activities which took place prehiausly"
“within the carf{%r genones., On the other “hang, the geogréphic'

patterns of allelic variants amony different populations ave

influenced by such factors as enviropmental selection, 'geﬁé ¥

flow, mutatior and stochastic effects. -

o

..
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| APRENDIX A
“Estimeted 6D sterﬂ-‘mes {Ps and Pge} cbta*rad i crosses A and
A* together with 95% confidence regions (P = SA, Paw + Spé.
Sa = z 235 {rA el-vp}fn,n% Sax = 2,235 {pg*u.-pﬁ*)/nﬁ*), -
NTY and nA* are the numbers of ovaries examned in cmsses& "
A and A* respective'-!y.
" Cross A : (M) 2 x U a. N
Cross A*: U g xn, 0  °
" is the unrmmm strain; an"‘{ﬁ) and u; are described in section
2.2.3. . o )
'The P-Q-M cusszfication system. is descnbe&j in Tame 2 2 | fﬁx
D o e >
' a

[+
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Zppendix A
:f tocation Strain £ress A 1 Lross A* #-G-M
- S ® . $lassi~
N i i' - {Fication:
v Pa-5p Bp e Parha | omp i! Pra~San | Ppx  iPawtQar ! npe
1, Swekopmund s Sk 1 3G ¢ 0 150 § 0 2 g 150 @ -
Swak 2 | D g fo {1e o t v 150 0
£ cw. SW3k 4 | B g A9 15 [ 9,862 [0,73110,800 (8] M
. ‘Swak 5 | G 6 i 158 10 ) G wsl g
' Swek 7 { @ ¢ 10 150 1o . 1o, i@ 267 ¢
Swak 8710 8 <F0 . {150 il €,019 9,062 0,105 | 160 | G-M
Swak 9 ! § & - 9 159, 1 § g 106} G .
Swek 10 | 9 o 10 {150 [ o.30s (0,20000.475 {a6ecl A
Swak 12 .f © ¢ g C{1sg-l e ®  lo 64 g
. Swak 14 | 0 LR ORE R i 0 124 g
2, "babeb Gob, 1 | 9. 3 0.01F 7y Lp004 loowioon' [l g
noz10 0,008 b e oy 4?;;}0,02: 0,057 lue| O
Gab 4 | @ TR L 150§ ¢,0i8 “Laeeiionee ti3z] gom
Gab 5 i 0 o L& 150 § ¢ - 015 0.0 |36 ()
‘g 7 | 0 o fa 1s¢ | o Q011 10,029 176 q
1 Gbh 0 1 O q Se ol 150 ff 04281 {0,308 0,388 1z N
g ufo  Jo 0 liso fjooss lotalozes i8] mo
goh 35 0 0,027 [o,h67 | 150 | 0,070 0,234 {0,207 | 222 ’
Gob 14 &, 0,030 { 9,074 {0,178 | 152§ 0,008 {0,637 {0,070 }160] Q-p
- Gb 1s i C,008 [°o03730.070 ) 162 i © 0,033 | 0,068 | 122 Q.
Gob 13-} 0 0,01210.¢31 { 162 § 0 ] 0 sl Q.
Gokee? | 0 o 001d0,0% | 10 |0 0,026 {0,095 {181 Q
. Gb 19 | O o 53 | 156 [ 0,493 [o,57410,85 G188 ..M.
e Gb 20 {0 [0 12 150 1| 9,004 {0,060 |0,076, | 150 | g
| sk 22 |0 0 o L5 ] 0,351 0,484 10,536 |154 | &
Y - fob 22 | p° 6 {0t {15 [ 6,083 - 0,155[ 0,217 168 }- -0
b 24 1 0 0 ¢ . |1 [l o.012. joos3io.08 j1s21 g
. b 25 | 0 ¢ 6 158 [ 0,107 10,023}0,239 162 M
3. A Als My 1 L 0P 0,01310,033 5 160 [f 0,583 los83]c662 1192 #
" Ms 3 g . 1w 0 2007 i 0,141 }0,220 0,299 L136 M
i oAis ¢ |- 0 0 168 fl 100 [1,00001.000 [isA] m
. As -5 .1 O e i56 §f 0,132 lo.,i9]0.,26¢ 12 m
_ Xs & | 0 0 f0 . 1166 0" 0 0 1661 g
_. Ala 7 10 0,01510,038 | 13 [ 0,213 {0,295{0,377 1156 =™
- - Ais 8718 16 {0 18 fooe 95110212 (2] mq
§ AMs 4 Lo ' (0 0 107 o.90 o581 672 148 M
j Als 12 [0 10 jo |0 o2 [0.988]0,94 |192] #
Afs 14 | 0,087 | 0.100[0,188 7 158 I 0,858 19,51570,972 |[u8 |- 2
Ris 4 | .0 G . f 1% il 0,180 10,265;0,350 (136 " M
AMs 17 | 0 0,084 10,133 | 62 if 0,234 {9,340 0.346 |100 | o W?
° AMs 19 | 0O C,001 10,634 [ 150 f 0,347 l0.426}0.503 j200]| #
4= Ms20 | o 0,014 | 0,036 | 146 a.w 0,563 | 0,665~ | 172 X
u LI Atz 21 1) 9 9 1560 i1 g ] [H b Q
% Cape Town eY L o e o 126 o.m_ 0,197 {0,267 {162 M
: v 2 b0 o 2 g 0,403 | 0,488 {0,573 | 172 "
r €73 0,040 o 40,635 [D.723)0,818 i1 M
R A of 0 0 g 0,289 {0,373:0,45) [1661 #
' 7 5 {.9d o 5 A 0,370 o.m 0,538 (W6 | M -
1 TN G s | solg 50 [ @
£, 9° e o 144 || 0,265 ,,9.351 G437 1541 M
c cr 9 ] 0 0 Lﬁ 0,264 10.35]0.425 |14} M
o 1 10 0 0 ¢ 1 C.357 {0,847 | 0,537 |52 % W
¢ 1. | 6 0 9 159 .} 0,425 [0,51210.599 j1681 M
s LT 12 ¢ 5 e, (%0 59 10,00576.053 160 | @
. (Y43 e 9. o 120 3l 0,008 {O,03;0.072 11| ¢
. CY 15 0 - 0. 10 |i4z-Jlo.eEL [0.541(0.65 11961 W
__ ' IV R 150 LL 0,039 [0,091{0,143 | 156 | . Q-
- - . L 7
Yy
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Appendix A {continued p.2} ~ : 309
Location Straim fross A Cross A* Pt
1 . Classi-
. fication
. Pa-Ep Pa  {Pa*Sa ] mp i Paw-Spe Ppa | PawiSpel nge
; ghe - ¥
5. Gurdens Bay - |68 1 E 0,001 | 6,028 | 182 | 0,187 | 0,255 0,323 | 204 N
: Ga 2 ] o 0 188 4| 0,136 | 0,260 0,323 | 238 M
88 3 {0 0 { 180 )t 0,575 | 0,650} 0,725 | 200 H
6 4 1 a 0 0 180 i 0,129 | 0,200{ 0,271 | 160 M
6. Plattenliprg Plet 6 i § 0,033 G,069 | 120 & 0,406 | 0,485] 0,564 | 200 N
Bay Flat B 0 0 0 120 3 0 a2 Q0 180 |
Plet My | 0,205 | ©,2831@,360 | 166 o @ 0,010 0,826 | 200 p
, _ Flet 12 | 6,036 | 0,085 0,138 1 168 }| 0,253 | 0,237 0,820 | 160 u?
7. Port Elizabeth {SS 1 o 0 [ U 0 126 ]
{Summerstrand ) 5% 3 4,008 0049 { 9.0%93 10,082 D,i79; 0276 78 M-
55 4 0 0,029 4 5,014 0,620 | 0,728 B.020 | 1 M
> 5 5 | @ 0 it 6,621 | 0,721 © 3 43 [
5% 6 ] n g 0,859 | 0,925 G..33 a0 n
55 10 ] p 0 0,248 | 0,842 0,936 76 5
) 55 12 0 0 8 0,776 1 0,845 0,914 | 6 { M
o 55 13 9 0 g 0,364 § 0,4%4] 0,544 | 152
S 1, 0 9 2 0,812 319} 0,426c | 94
5414 g 0,021 : 0,058 0,498 | 0,614) 9,730 B M
5§ 1 ) 0  jo 9,724 1 o407 080 P 121 M
58 17 g ¢ 9 0,594 | 0,525 0,746 80 N
55 18 g & 9 D 10018 0,007 ] W8 g
58§ %9' s g 0 0,693 | 0,795] 0,897 7% H
55 20 ¥ 0. o 0,253 | 0,360] 0,467 | 100 N
§5 21 8 a 0 g,525 | 0,610] §.605 | 164 z-s
5§ 23 ] k] 1] o,258 | 0,387! 0,476 93 M
ss24 | Q e 9 6,700 | 0,7761 0,51 | 156 no
§§ 2§ g 0 0 9,869 | 0,i59] 0,849 | 112 M
B. Port Eifzabeth [Wal I | @ 2 8 0,943 | 0,973} 1,000 | 150 M
{(Yatmer) Wal 2 a 0.025 § 0,053 0,315 | 0,805 0,495 | 148 M
¥ai 3 o 0 0 1,000 1 1,000] 1,000 | 150 8
Wl o4 o g g 4,219 | 0,300 0,381 | 160 N
wal & B 0 0 0,853 1 0,904 0,955 | 166 M
- ¥al 7 0, |0 8 0,087 | 9,103} 0,158 | w6 | mg
9. Maclesr Mac I 2 0.010 t 6,02 0,077 1 0,130{. 0,183 ! 200 ™
T Mac 3 | 0 g Q9,119 - | 0,180} 0,281 | 200 ]
e Ime 4 1O 0 0. 0 ¢ 9 200 0
£ M 5 ‘n g 0 0 0 23 . 200 ¢
0. Durban o {ger & 0,002 | 0,067 {0.13 g Q,0i7] 0,044 | 18| QP
‘1 (Berea) iBer & 0.1k | ¢,233 1,158 0 1o 150 P
‘ ‘ . jser & 0 0 0 T 4.2 | 0.8 0,408 9w S
st yiBer 8 | 0,009 ! 0,170,245 g ¢,026; 0,067 76 P
viger ¢ ¢,006 | 0,054} 9,102 0 U 0 132 1 QP
| Ber 10 0,009 § 0,075 0,143 (i 9 o e f G-p
. Ciger 12 f D -} O 0 0 8 150 Q
| ger 14 i~ 0,036 | 088 10,142 0.00¢ { 0,073] 8,1% 17 L1
- Ber 15 0,045 | 0,104 0,163 9 ¢ ¢ g P
.1Bar 18 ¢ ¢ 10 0 03 |
L8ar 19 0,056 | 0.11% 0,181 2 1o o WE T P
Ber 20 0,073 | ©,131 {0,189 ] o3 8 i0% Pul
Ber 27 D,047 | o,10410,161 9 2 B T4 P
Bar 23 9,007 | 0.0591{0,112 0. 9 0 o0 (P
tor 24 0.047 | 0,118 ]0,189 G 0 g 134 -0
der 26 0 0 ; 5 & | 0,023 0,059 28 '
i a J} .
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Appendix A (continued p.3)

o

togcation? Strain Lross A R Gross A* - Pal-H
.l'f ! C‘aﬁﬁiﬁ
K : , fication
Pa-Sp Pr | Pa®Sa | ong | PanSpa | Pae IPA#¥Sps| nge ]
1i, Durban AB 2 0 ) 9 158 9 i} & 140 4
{Addington Beach} | A8 3 i 0,013 4934 ,{ 142 0 A} 0 150 )
% A2 5 P 0 g 150 40 0 ] 120 9
vy AR & 1] G g 10€ § 0 ] it 14 Q
Ag 7 G ) 8 156 {l 1) Y 134 4
L 9 g b “ 150 1] g L] 7 0
a8 10 g { (1] 144 0 =10 0 120 Q
A 11 0 a ] 1 156 e o )] 136 q
AB 12 ] 1] ] 150 2 U 0 150 @
B 13 0 0 g 180 0 1} ] 114 ]
a8 16 1 i G i24 L ] )] o q
AB 16 0,036 | 0.0r8!0,120 {708 1 o 9 b 6] QP
A8 57 L} 0 0 15¢ g U {1 150 g
A8 18 )] o ¢ i 150 G 1] G 150 Q
AR 20 ¢ ¢ g ] a U 0 s 9
_ Ag 23 0, | oom|o9s 238 e 0 86 { . g
i2, Johanneshurg JitB i 0 g 1] 18¢ [ 9813 £ ,125 | 0,232 43 M-t}
(Northerr suturbs) JHE 3 e 0 [ 150 h D i 0 150 q
{1988} JHB B 8.1 0,169;0,238 | 166 O ¢.0241 0,051 164 P
JHB 7 0,006 | D059 0,102 1152 L O 0 0 15g [+ Q-P p
JHB 12 g b} g 150 I g 0 15¢ q '
o JHB 15 [ Q f 150 0,085 9,083 14,081 140 0
JiB 38 1 D 0 0 150 g o 0 ‘180 4
dHB 20 0 ¢ {0 176 " g ¢ o 15C ]
13, Johaamesburg “{Rut 1 | 0,237 | 0,310 0,343 | 200 f| 0,015 | 0,086{6,007 | 120 P?
{Korihern suburbs) But 2 0,055 0,308 10,157 204 3 0,073 |} 0,1370,20] 146 ?
L198%/1987).  JRut 3 ;113 6,170 9,229 ;200 3 0,030 : 0,0704 0,110 200 2
Rut 4 0,288 | 0,565]0,441 ) 200 §i 0,088 &,083; 0,139 128 P?
o 8r 1 %0u 09,038 0,073 . | 130 4,063 0,140 { 0,217 | 10 M-0
14, Johannesburg beh 1 | O 09,0331 0,069 {120 | 0,008 | 0,050j0,94 {120 ¢
-~ {Sauthern sGdurbs) Den 2 0 0,008 {0,026 1120 # 0 O g ) 120 Q
: - - jDem. ¥ i g 0 120 0,039 0,100 | €,161 126 g-M
Y 0 en 4 ] ©.008 } 0,026 | 120 a,039 0,100 § 0,161 120 0-M
35. Pratoria Pta ) 9 b 0 320 0 0,036 { 0,042 | 126 ¢
R T 4 9 g § g 120 2 0,616 ; 0,042 7! 120 q
- T pta 3 9. . ¢ 120 {1 2 0,008 1 0,646 120 9
_ £ Pt 6 L " b 0,016 0,042 } 120 0,088 | &,158390,232 d.?l"l M}
16, Bapmanskraal  {H'K. ) ¢ ol & 0 1340 4| 0 ¢ 0 180
oo 'K 2 2,027 | 0,08310.139 120 |} 0 48 0 320 g-p
H'K 3 0,00 ¢,08 ;3,04 (129 o © 10 2 4G -
Ky 4 0 €,016 ) 5,042 ! 120 (1] 9 . b }']180 Q
15 Nelspruit “INel 1 0,018 '} 0052 0,086 | 212 i 0,015 i 0,065] 40,115 "{lEZ 0-N.
s Nel 2 0,051 0,103 0,154 (174 § 4 g 1] &6 P-{}
ME TH ] 0,089 0,15 10,19 228 B @ 1] G =1 128 -0
7 Hel & 1 @ 0.518:0,038 (220 |1 O 1 0,009 {0,023 214 q
Nel 8 0,003 1 0,026 0,009 1234 0. 1] g - 80 3
L .ibel % -1 B 0 ¢ a4 L8 ] g 54 "
© Nl 10 | 021 | 0,176{0.231 |2 [ e g {e 206 P,
o, (Mei 121 Q0 0,010 | 9,026 | 202 g 0,004 { 0,013 | 232 i
0 e et 12 [ o288 1 0,35 0,406 fa0e J o 0 | #e6 ;b
" ‘X Yei 13 {0,062 | 0,15% (0,215 | 208 0 4 g 136 F
- +Msl 15 2,006 § 0,02910,052. 1212 I¢. i@ 0 i 1]
Nel 26 0§ o,0m8|0,020 {262 f 0,005 | 00m0 0,053 [ 242] ¢
Nt 17 | o019 ] 0085007 jaoflo - le jo vl @
Ne! 18 0 ¢ X 268 - 0,237 ©,315§ 0,393 18 . .
_ - Nel 19 0,063 0,10210,143 (290 i O g 9 ‘118 =
Nel 20 | 0,466 | 0,526 0,500 3z || ¢ o o M g
. - ; buid
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Appendix A {continued p.43}

Lacation tirain Cross A i Crocs A* - b PQ-M
: : Classi~
fication
. o34 Pa PasSa | nx 3] Pax-Sanxi Pawx (PpetSpxi npe
| 18, Pistersburg ~ [ P'B 1 0,364 2,432 | 0,500 § 254 ;lﬂ _ ¢ g - 260 %
P'g 3 $,030 t 0,063;:0.006 27 ¢ 0 ('] g ;200 i
o IP'B § B,158 ¢ 0,203 4.256 ; J86 I [ I 6o 9 i W0 P
B 5 {,046 G088 i0,126 (284 H O ¢ 4] e 200 -2
19, Sgaths - g 1 0,022 G086 : 0,693 1208 1 O 8,019 § 0,07 206 0
: . A 2 g - 2,909 ] 5,022 4 212 o ] 4 Zn f
Ag 3 i} 0,048 5,900 | 224 l 1 160 i} 200 1
Ay 5 EH 8,00919,023 1216 4 O 18 i me i 0
29. Thehoyandou Tho ) 0,238 8,370} 0,402 {224 '8 i) ) 156 i
. the 2 0,542 .09 | 3,152 | 184 0 -1 0 1] 150 Q-#
The 3 0,651 G,10310,184 1178 [ @ 0 10 &4 F-0}
Tho & 1,031 107673 0,121 1170 B O g a 124 g-F
| The & 0,138 4,213 )G, 290 1188 § O 1] 18 HE1 2 R S
Tho 9 0. - L] . 150 g 9 14 150 9
! Tha 1% 0,301 | 0,161 ]5,221 [ 186 4 B H 1] 58 P
The 11 8,812 G088 10,095 1148 J1 O 1] ] 8] 0
The 17 D _5.080610,020 152 4 0 0 [} 54 g
Tha 19 0 U027 10,097 (150 [f O 9 B . 8 5
. Tho 20 g,032 4,076 { 0,120 | 184 [+ g |0 104 -P
.. Tho 21 e} 0,010 {0,028 1178 HH 9 1] ] 100 g
21, Harare "~ fHar 2 j 4,381 | 0,25314,32% |iBZ2 I} 0.619 § 9.0611C,103 164 e
Har 3 0,099 &,361 1 Dg223 1174 g 0 [+ I 138 -0
Har & G, 19" { D276 {0,362 {114 0. 3 i 150 »
fHar & 0,27, 0 0.3621 0,453 213845 0 1] 0 158 ¢ P
Har B 0,08/ 0,150 { 0,213 [ wil) 0 ] i3 4§ P-g "
" Har 9 4,119 0,707 1 0,295 108 § ¢ 3 .:1¢ 159 P
Hae 10 0,176 5.,&5310,33¢ 1158 K 0 i 0 {0 w2z P
ﬁl!‘ 11 0,223 9;302 0,475 !“ § 9 " ﬂ U" ?4 P
Har 12 L 0.26510.2k3 |i- te 4 0 4" 150 P-g
Har 13 0,169 0,2 9,319 118 3 0 Rt} qo. 126 P
? Har i4 0,221 0.205 ) 0,369 119G )t © 9 ¥ e P
% i Har 18§ #2091 0,830,357 1184 H O Q@ . it 150 L
oo Har 16 0,056 0,311 19,166 -1 262 3} © U] Q 159 Patj’
Har 18 0,143 8,214 90, 68 i 0 i 1] 350 [
far 319 1@ 1 6,00410,0 18 [0 + 8 g - 18] G
. Har 20 0,146 6,210 70,278 | 200 l fl S10 0 150 P
Har 22 9,013 0,050 {0.0830{ 160 i O 4] g 150 q
Har 23 0.216 0,204 0,372 1170 Y| 0 0 1] 194 p
Har 25 0,063 | 0,119 {0,175 (168 O g |9 150 P
Controis ' E 2 .
an"{N) e 0 0 ] 0 3 1,000 1,000 1 1,000 il M
15 1,000 L0001 2,006 200 ) O {Q o {40 P
Y '
" .h o I‘.k!
b
= ! { a
F K e b 1

B LN
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g APPENDIX B
Parcentagk GD sterilities obtained in crosses B and B* and
in intraftrain crosses. o

£3

- Cross B+ Uaex ari""v(m o

_'U

Crogs B* m?er“

Y is unknown - strain,_sn"‘{n) and Ty are descnbé} 1n Section"‘_

0'223-

&

]

4]

Y

| o

\\\




" Appendix B Fart 1 - 6D starility from crosses B'and B*
| : ' A -
ﬁ' "t Location : Strain Tross B Cross B* p--M |
) : classi-
- fication
= - nt 360 sterility %60 storility
Gordons Bay 68 1 T4y G 1] ]
o GB 2 174 13,8 ] N
-G8 3 200 6,06 0 M
. , 6B 3 : 160 L 4 H
Fletienberg Bay Flet 6 128 41 3.5 ]
A Ple & 160 ] 0 ]
. " " Plet a8 180 2 0 L3
Plet 12 186 N6 0 M7
Maclear Kac 1 186 N 8.3 . 0 M-}
[ 1B 20 2:8 0 L
Hac 4 200 ] g 0 g
Mic 5 200 1] B g
Jomanngshurg Rut 1 80 ¢ 1,1 3.3 P?
{Northern suburbs) . Rut 2 180 Y 7.9 | T
" (198271984 ) ~Hut 3 180 4 Q,5 p?
. Rut & 180 .t 0 7
ar 100 0 ) H-0
Jubannesburg Pen. ) 122 2,0 2,8 o @
{Scuthern suburbs} Den 2 120 g 9 i L
- . fen 3 120 L6 o bl lon
: Den-' 4 120 ] 3] =M
Pretoria - Pta 1 120 2,5 0 Q
_ Pta 2 120 ] i,6 G
. Pta 3 120 0 0 G
{ Hesmmpskraal H'K 1 120 1,6 g 0
A e 2 120 g & 0-¢
H'x 3 120 I 13 9
o H'EK 4 120 1] g !
Pieterstiirg S P 1 20 ] 4 P
4 _ g 3 . 4 ¢ qQ
' P'g 4 180 . B 9 P
p'g & Z00 - 1) 1] R ' o
Agatha ! 200 9 0 g
Ag 2 200 . @ -9 0
. _ Ag 3 200 o 0 q -
o @ Ay _".fl_ . 2080 0 0 G
wo in i% the nusber of craries examined. o

£it

Rl

=
"
RS
. -
o
]
i
. 2

[
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Appendix B~ Part 2 Intrastrain GD sterility
: _ Puli=f
Location Strain ~ Intrastrain Llassi-
nt % &5 fication
© dsterility)]
Swakopmund Swak 1 70 0 !
: Swak 3 it g g
Swak 4 70 13 M
Swak 5 64 ] Q
Swak 7 70 G Q"
Swak 8 70 H Q-4
Swak 9§ 70 1] G
- Swak 10 70 0 i M
Swak 12 o 5,1 {' g
Swak 14 0 0 S ¢
Gobabab foh ] 66 3,0 v g
Gob & 50 . 0 Q
Gob & 50 a- Q-m
Gobh & . 50 G ]
Gob 7 68 . 5,9 {
Gob 10 94 8,5 M
Gob 1} 80 G - M-
Gob 13 - 60 3,3 < W
. Gob 14 60 0 q-P
Gob 15 70 0 q
Gob 16 70 ¢ B
Gob 17 . 50 H] Q
Eob 19 60 G M
Gob 20 70 g a Y]
Gob 21 80 3,3 N
Gob 22 5% [H M{)
Gobh P4 8 0 - q
» Gob 25 gﬂ I P .
Ai Ais Ais 6 100 6 0
o Ais - 7 B3 11,% K
Ais 8 i24 6,4 M-0
. #is 9 - 60 -9 M
" Afs 12 50 0 |
Ais 14 82 14,6 ?
o Ais 16 50 8,6 ¥
~ Ais ;gg &4 i . W?
Cape Town €T : - A0 0 M
T 7 {f‘ﬂr 3 | °s0 0 M
£T 10 50 0 "
v €T 11 76 . 0 M
i [ I ¥ 50 0 )
. o T ¥ .t Rt Q-
CT 15 70. Q |
T 17 ;iiﬁ 0 Q-M

‘In is the number of ovaries examined

=

k]



Part 2 {continued p.2}
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Appendix B
: ' 3 Pe-Q~M
- Logation Strain Intrastrain Claszsi-
nl % G0 Ification
sterility
Port Eiizabeth S5 H 7 1] g
{ Summarstrand} 3 3 © 66 U M-0
' : Ss L3 18 5,1 " M
i85 & 84 4 M
4 RN ) 74 2,7 M
55 12 86 0 N
§§ 13 74 4] S
8§ 14 52 4] LR
58 15 62 G 1 I
88 16 S0 [t} M
58 7 &2 g M
$S 18 100 9 ]
8 19 64 0. i
sS 20 64 0 "
S8 21 _106 0 M
55 23 70 0 . M
) S5 - 24 60 (] M
5 25 64 0 ¥
Durban Ber 4 108 6,5 QP
{Bevea) Ber } 100 0 P
o Ber 1 s 21,9 . M
' Ber <€ 96 4,20 p
. Bar. 80 0 Q-P
Ber 10 100 0 {-p
“ Ber 312 100 #) [
Ber 14 80 0 Q7
. Ber 15 95 4,2 P-Q
Ber 18 100 2,0 g
Ber 19 . 100 2,0 P-g-
Ber 20 . 10G 0 P~
Ber 27 | 80 0 P-g
Ber 23 o g Gq-P
Ber 24 100 G, P-0
- e n hr 25 100 0 Q
Durban AB 2 jg 0 Q
{Addington Beach} | 58 3 49 g- Q
g . KB 5 50 0 G
AB 7 100 0 H]
- AB 9 ° 50 -0 q
AB 1D 50 B LH
A8 1F 70 - 0 g
_ AB. 12 50 0 g
s T AB 13 50 0 g
| RB 20 40 0 9
- AB 22 55 0 ]

in i3 "the number of ovaries exam_fmed

!

AN

L
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Appendix B Part 2 {zontinued .27 -
o o P-0-M
L&\ation . Strain Intrastrain Ciassi~
\\' . nl % 60 |fication
Y - sterility
Johannesburg JHB 227 . 50 o q
{Korthern suburbs) JHB 15 50 0 f
{188} JHE 18 50 f q
JHB 20 . 50 4 g
Nelspruit Rel 1 100 g -8
_ ) Nel 2 100 ¢ P~
h Nel 4 100 1,0 P-g
1 Nei 5 100 1,0 Q
- “Hel 8 100 0 Q
Nel 9 100 0 G
CHel 19 g g p
. Nel 11 160 0 9
Nel 12 100 g p
Nel 13 S {+1¢ 4] p
Mel 15 - 130 L Q
el 16 ing G 4]
Nel 17 100. g 1]
. -~ Nel 18 o - i 2,0 M
' Nel 18 100 0. Q.
\  Nel 20 100 g e T
, '{hnhoynn“‘éi)u : Thov 1 20 0 P
. 45, Thoe 2 a0 0 {-P
The 3 KL 0 P-G -
_ ~The * & 50 a P
y The 9 50 g Q
_ The 20 50 Q Q-P
Hararg . Har 2 50 0 P2
: . . Har 3 50 0 P-{ .
~Hae 5 - 50 Q P
© Har 6 80 0 P
Har & 90 0 p-0
_Her 9 80 1 0 P
“ Har 10 . | o P
Har 11 « 30 9 p
Har 12 80 ) Pei}
N Har 13 50 0 - P
Har 14 42 1 .0 P
Har 1% 74 't g
: Har 1o - 60 . 0 P~}
o " Har 18 50 9 p
S L “Har 19 42 0 q
Har 20 - 1 50 0 . P
Har 22 - 60 ¢ . Q
{llar 23 50 g P
/ ar 25 234 0 Pug
f'w is the E'Enumber of ovaries examined
N

i
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=k :

The s»¥ mutation rate of 78 wild Southern African steains.
Crosses were performed as described in Section 3.2. -

Nombay of males spW &b
. mutation | sterility
Line an¥ sn¥ sn® Total rate Cross A
Gob 5§ 285 1 1 297 06,007 g
Gob 10 244 o0 3 247 0,012 g
Geb 15 192 3 2 197 0,025 0,037
Geb 20 | 306 2 2 . 310 8013 ]
- Gob 25 204 ] i 204 1 0
Rie 5§ 453 0 ? 455 0,004 0
cY H 187 1] G, 187 0 0
) 2 265 0 1] Z65 ¢ 0
cT 3 28} 0 9 241 G o
4] I h3i 0 G 631 ¢ 0,011
68 z 782 0 0 782 L+ (H
g;B 3 762 ¢ 0 762 0 0
B .4 |, 806 0 0 306 0 9
Plet“ 6 | 666 2 2 670 0,006 0,033
Plet 8 483 9 . 499 0,032 )]
Plet 10 443 kY] 33 513 0,136 6,283
Plet 12 526 i 0 827 0,002 10,085
55 5 476 0 Y 476 G ]
86 10 311 -0 1] 311 0 C
s 5 15 378 g ] 375 1 I 0,021
’ 8% 20 365 1} 0 365 . (1L H I
$§ 25 419 0 1 420 04002 0
Wal 1 473 0 0 473 1] )
Wai 3 298 ( -1 299 0,003 0
F Hal & 21t 3 2 274 0,011 b
Mac 1 330 1] 0 930 4] 8,010
Mac 3 466 2 2 479 0,008 ]
Mac 4 477 i6 i2 505 0,055 0
Mac 5 555 9 5 569 0,025 g
Ber & 223 14 10 247 0,097 0,235
Ber 10 634 i4 & 554 0,035 3,075
Ber 15 355 16 1 378 0,061 0,104
Beyr 20 145 )] 1 146 0,007 0,133
. ‘Ber 25 273 3 1 277 0,014 0
AB" & 453 8 5 464 0.024 )]
AB 10 387 6 5 399 0,030 0
AR 15 529 2 '3 534 0,009 0
AB 20 339 5 4 348 0,026 Q
JHE & 220 g 4 233 0,056 4,169
JHB 15 189 -0 1 19¢ 0,005 0
JHB 20 333 . 15 F 14 - 362 0,080 |- 0
Rut 1 495 28 28 547 0.048 0,310
FRut 2 b33 1 7 9 549 0,029 0,108
Rut 3 5§32 14 16 he? €.053 0,170 -
Rut 4 450 21 17 494 &,089 0,365
Br 624 o .21 - 671 9_},070 0,038
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Appendix C {continued p.2}

Number of mates sn¥W )]

R - mutation {steritity
Line a1 en™ 1o an® I Total rate | Cress A
Dan 2 431 17 10 hi8 0,052 0,008
e 3 407 16 14 437 ¢.069 o
e 4 656 25 17 698 0,060 0,008 o
Pta 1 523 24 24 573 ,084 0
Pta 2 512 13 17 42 G,047 i
Bta. 2 567 33 28 628 (3,097 il
Bta 6 847 19 30 686 0,070 0.016
H'K 1 569 17 iH 606 0,061 0
H'K 2~ 632 |- 25 13 670 0,057 G,083
H'K 3 332 H 4 342 4,029 - 0,050
Nel &5 | 412 16 8 436 | 0,086 | 0,018 v
Nel Mo 532 34 15 a81 0,084 G,176
Nel 15 589 16 15 620 0,050 G028
Nel 29 510 19 18 547 “0,068 1 49,528
P8 1 347 12 12 37 0,065 3,432 -
p's 3 602 10 8 618 g,026 6,063
P'B & = 12 9 . 802 0,052 0,203
P'B § 421 11 13 445 - 0,054 g,086
Ag 1. 4 390 ) 7 AQ4 §,025 0,058
Ag 2 . 3%0 6 7 4G3 0,032 0,009
Ag 3 600 17 15 836 0,087 0,018
Ag 5 | 543 22 19 584 | 0,670 | 0,009
The & | 488 | 13 | 12 513 | 0,049 | 0,076
The 10 | 467 N 17 15 499 0,064 0,161
The 11 . | 494 NJ0 13 1 517 0,044 3,054
Tho 28 "18% {\ 6 199 0,670 0,076
Har & - 20 4 2 26 0,231 0,276
Har. 15 = 5? ii 1] 81 0,272 3,783 .
Har 20 ol 4 2 9 | 0,062 | 0,210
Har 25 24 7 7] o7 0,121 0,115
Controls 1§ . q . .
#nW{N} aiy 0 ] in G 1]
T 152 137 1 125 1004 0,261 1,000
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L *“  APPENDIX B

This Appendix reﬁa’?éluatﬁs the heterogenaity statistics

and gene di versi;z& analysis with Hex-Z scored as a sex-1linkeg

locus. / Et”
)

J
Table D.1 s“h W5 _thé allele fTrequenciss of fer-2 when each

sample is taken to represent three gehomes.

Table D.2 compares “the likelihood ratios that would
o 9

be cobtained by the two different methods and

Teble D.3 compares the. het'eﬂrb;'zygesity' and gene differentia-

tion caefficients_._-f.

¥

It is obvious from Tables 0.2 and D.3 that the two methods

of scoring give very. sigﬁ}'ar rasylts.

,.
7
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Table 0,1  Allele frequencies of a sex-linked Hez~2 for 16 |
Southern African populations of D. metamguster
Lacation N & Alleles
100 90 110-,
1, .makossmumd 45¢Jrl " _Il,Gﬂﬂ - .
2. Gobabeb b, St 1,000 -
3. Ai Als _‘--—'-‘ 72 0,972 0,013 0,014
4, Caps Town 63 0,968 0,016 016
5. Plettenberg Bay | 12 0,667 | 0,267 0,167
6. Sumerstrand | 33 1,000 | - _—
7. Walmer 24 | 0,98 6,082 -
8. Maclear | 12- | o667 | o250 | 0,088
9. Beréa Lol | o8 - b ooz
10. Addington Beach | 66. | 1,000 - .-
11, Johavmespurg | 99 | 0.9 | o081 | - -
12, Pretoria/ - oy | B
- . Mammanskraal 24 ] 08750 4 0,083 s042
13, ,_ma‘ispruft 72 | . 6,973 0,200 6,027
14. Pistersbify 12 0,750 " 0,250 -

15, ‘Rytha 3 6,778 . | 0,222 -
17. Harare '75 0.973 . | - 9,027
3 . :

) ’
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Yable D.2

K. Transvaal

Comparison of log likelihood ratio statistics (¢ statistics) ...~ Hex-2 scored as autosowal
and as sex-linked . ' ' -
Source of Case I Case 11 Total
-Yartation Hex=2 Box 2 - T
‘sax-1inked df autosomal df Case 1 df Case 1T df
Among regions 29, 15w 5 38,47%%% ) =F2369,64¢. 36 374,95¢ 30
Namibia . _ o
Among areas | 0,76 1 0,26 1 46,44¢ 6 46,44¢ 6
Between districts 0,13 ! 0.13 1 45,26¢ 6 45,25¢ 6
- | Southeastern Cape _ _ . '
1 Between districts 8,17% 11,35%% 1 21,470 6 26,65¢ 6
Between suburbs 0,08 - 0,07 1 26,84¢ 6 26,86% 6
Eastern Cape/Hatal - o |
Between districts 14,514 19, 32wks 1 23,506 6 28,22¢ 6
Between suburbs 0,02 ,0,02 i 38,53¢ 6 38,536 6
Transvaal '
Among areas | 12,46%% 2, | 19,43 2 179,79° 17 | .386,76¢ | 17
Between districts |, o | |
5. Transvaal 1,51 1s 48 i 15,768 6 15,739 6
9,02 0,00 . i 5,51 6 5,49

* PeG,06/6
+ Pe0.01/6
n¥
a P<0.05
b P<0.01
¢ P<3,001

P<0,001/6.

12¢
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Appeadix £ ]] Miple frequencies for 37 Southers Mrican populations of D. swlanogasier
. | _ , j _ , :
: . Adh b - 1 “odh Nex-1
tocation l 'up - a 3 '
A . -0l o j-rzeil i w100 f 9z | ios 100 |75 L300 ) 118 § 130 §
1. Swakopeund 0,933]0,062§ ~ | 0 },m - - 0,983 | 0,417 o0l - § -
2. Sobabetr. 9,83 §0,520{ - ‘| - jrogf'e.m00] - - 1,000 - 1,000 - | -
3. A Mg 0.604 } 0,285 10,010+ | 9sfe.869)0.031) - g} 0,721 | 0.27% 9,9270,073] -
4. Cape Town 0,560 | 04400 - | 840,960,024 - 10,819 { 0,383 09521 - [o,012
8, Plltttnbt!’geﬁay 0,863 g,438 - 163 1,000 - " 1,006 ~ 0’553 03125 D063
Port Elizaboth N ! . : -
6. Susmerstrend 6,500 | 0,500 < W810,963{ -~ 10,08 0,722 [ Quarey 0,917)0,008} -
7. Kalmer  ° 9,688 {0,3f - | wlosee| - o33 0,844 | 0,158 2,781}0,188{0,031
8. gﬂﬁ‘r \ 0,588 | 8,03} - | 18,4801 - . 1,000 - o,8:3] -~ 0,063
" I T C :
9. Becta - [ 108{0.500fo.63}0,00] [i0efosrzio0m] - ). |i0elo,ss2)0.0 0,935)0,088] -
11, Jommesburg ° G720, - . 132 | 0,947 1 0.045 | 0,008 £,909 | 6,091 0,94710,030{ ~
12. Pretoris + . i . . oo o
b~ Hawmansirae) 0,688 10,313] - | 3210,9% | 0.063] - 1,00) - 9,75610,063/0.094
«-Neisprult 0,900 10,060} - ¢ } 100 § 0,820 {0,150 | 0,030 0,500 § 0,108 0,720{0,13{G,07¢
{14, Pletarsdury 0,688 10,3131 - | A613,000F - '} - 1000} - 0,563{0,18840,125
15. Agatha - 0,93 |0.083} - 1. 10io,0n3jo0ml - ° 1,000 - 1,62510,0630, 188
16, Thoboysndeu 1,000 - 100 1 0,780 § 0,050 | 0,570 ) 1,000 - 0.820{ - {0,180
17. Harare . U.ﬂﬂ _Pt'lﬁﬁ 0‘0&'{ 106 BJQ 9.250 - !_(Sm - 0.9901 - 0.019
: |; N
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. Appeadix € " (contireed p2) . ‘o
' Hea~2 | IdneNADP Cpgd Pagn S L
Lycatién - : - = : : : 4
T w10 | % | e ¥ {wo | 85 {107 { w0 | v (Nfdos] ez {10 in]o 2] e
1. Swakopmuind 50{1.000] - - 600,800} 0,183 0,017} ~ - |1asj.000} -~ | - isoii.000f - § - ;
2. Bobabed 1001 1,0001F - - 98 [ 0,327 10,0733 ~ | - 7511000} - jooi1. 0001 - - i
3. A My 95 | §,979 { 0,016 | 0,010 6 1 0,8%0 10,0941 0,010 - - 7210.986(0,0007 - 960,991 -~ {0,010
&, Cape Town - 84| 4,976 { 0,012 | N012 80 1 0,735 1 0,100 | 0,062 - - 5311,000] - - 84j0,893) -~ 0,307 DA
8, Plettenberg Say ! 160,688 { 0,188 [ §,125 16 ] 0,875 ; 0,063 ] 0,063 - - 20,000 » .} =~ 161,000 - - o
Port Eifrabeth : g 1 A : *
- 6. Summdrstrend M4i1.000F - - 108 | 0,926 5,018 ] 4,056 - - 8110,95110,049] - 108|0,92610,028 (6,046
7o Waimer 32§ 0,969 ;0,001 - 321 0,%6 - 4,094 - n - 2411,0001 - - zhL0m| - - 1
a. mciaur "163 0,688 {9,188 } 0,125 613,006 - - - - 12{1,000¢. - - 16 11,007 - - !
rhan 2 : : _ o !
9, Bered 108 { 0,992 - 0.00% w8 0,708 0,291 - - - Bifi. 000 - - 108{0.870{2,130¢{ - .
10. Addington é:ath 88i11.000f -} - 88 | 0,557 [ 0. 432 [ 0,008 | » - T {E6j1.000) - - 88{1,000} - - ?
li. Johaun:s J 132]0,96210,03% - i 128 { 0,961 | 0,039 - - - 9911.,000; - - 132}0.96210,038;) ~ >~
Hampsnsiyaal 32 § 0,905 | 0,063 ] 0,031 Z[0.875{6,03L( ~. G004 - 2410.95810,042] ~ 3210,844{0,125}0,031 " A
13, Nelsproitf 9% {0,781 0,198 { 0,021 106 10,760 { 0,2 - - 0,010! 17570,968; - 10,014 B4]0,8592|0,04810,060 I |
4 1. Petershurg 160,750 | 0,250 - 16 {0,813 1 0,288 - - . 12{1,080] - - 61,0001 .~ F - !
15, Sgath 12| 0,750°{ 0,250) - izjownrioes| - .1 - | - [j12jnow] -5 - |1 sln000 - | - ; N
16. Thoboyandou - - - - 100 | 0,540 ! 0,310 | 0,150 - - 7511,000f » - 15640,990 (0,010{ - : “ ’
1r. Hﬁi\“"! . o0 | 0,990 - 8,020 100 § 6,940 ; 0,060 - - - 7511,0008 - - 10]e,83610,170 - :
\“‘\ r) N -I N \ ) ] y N E
e L ’ : .
. : 1' @
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\% cHEMICALST.

Acc 1
Agar
Agarose Seakem:

Agarpse Sea Plague -

Ant1b1ot1gs

Boric Acxd

BSA ’ "

Citeic Acid
0,
£sCL _

Deexyc1t1d1re 5~ ta*dipr
DEP

O-Q1a5151dine
%

EDTA _ a
Et Br _ %?
Ethanol : ’
Ficoll {mw 40D D0O)

filucose’

GBTucose~6=p dehy&rOQenase

Slucose-1-phosphate

Glycerpl-3-phosphate

Hc‘ £
H,PO,

Di~Isocitrate
Isoprepanot

Lambda moTecular weight marker
Leucyl Tyrosine .,

Liguid Nitragen

Lysozyme

- ﬁTT

NaCL
HAD
NADP

T Na,HPo,

Na(OH

Paroxidase

g-Phosphogiuconaté'gfucahic acid |

- Pntato starch

. Saarchem

324

1

Boehringer
Sigma -

FMC Bioproducts
FMC Bioproducts
Boehringer

Saarchem
Boehrinyer

Sigma
Afrox
Borhringer

- Amersham
‘Sigma
Sigma-

Boehringer
Boehringer
Boehringer

Sigma

Sigma
Sigma
Sigma
Sigma

Saarchem
Saarchem

Sigma . B

Saarchem

Boghringer
Sigma
Afrox
Boehringer

Sigma ?

Saarchem .
Sigma
Sigma
Saarchem

Sigma
Sigma -
Sigma
Sigma



Salmon Sperm DNA
SDS .

Snake venoin

- Spdiun citrate
Spermidine
Spermine
Sucrase

Trichloracetic acid
Tris
Triton~%-i00

 which nave not ben listed apiawyilable
in ' hejr source will noet in any. way

{This also applies to™seve

_ m,%\:@nicais u

) iment

N\

325

Sigma
Saarchem
Sigma
Saarchem
Sigma -
Sigwa
Saarchem

Saa;chem
Sigma
3igma

H I g
jed ts listed. Chemicals
| from a number of sources

in which they are used.

Cthe chafiicals 1isted above).
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] PHOTOGRAPHY

Scanning Electumn Hicrosc
Ovaries ang Bristles (rig. 2.1A; Flg. 3.1A)

Specimens  were fixed for “24 hours &t 4°C in 2,5%
glutaraldshyde in @ phosphate buffer (28,0 m¢ of 6.2 ¥

monobasic sodium phosphate, 72,0 md of 0,2 ¥ dibasic sodium
~ phosphate) {pH 7,2); rinsed briefly three fimes in the

huffer and dehydrated in a graded ethanol series, 10 min
per saiutwn

-Specimens ‘were 'criticaﬂ:; point dried in C0, in a
_ Hitachi HCPZ cwitical point dryer; then mounted onto stubs”

and sputter coated with gold/palladium is a Polaren Sputter
Coater. _

Specimens were observed in & .JEOL JSM 840 sc,anmng eiec*‘rnn

microscope using an acceieratmg voltage of Z0 kY.

Wing Hairs (Fig. 5.3) o o

Scanning electron micro'graphs of wing hairs were obtained:

from Or. H. Juon and Prof, F.E. Wirgler from the Institute
of Toxicology, Swiss Federal Institute of Technology and

Untversity of Zurich, Schwerzanbach.

.‘) =

Dis tiggg Himscqge Phntug_ﬂg_ {F‘igs 2. 13.6, Fig. 3.18)

- Photographs of ovaries and bristies were taken with & Nikon
© Fx35 camera using a Nikon microscope. . The film used was

Fujicolor super HRIDO. Ovaries and: whole flies were mounted

.onz sl?ies in Fimre 5 solutinn {as described in Section
5.2.3 : . :

- a1 Photography snd Autoradiograph Photogranhy

.. Photograbhs of agamse ge'ls and autoraquraph's (Fig. 1, i

. Fig, 4.2; Fig. 4.4; Figs 4.6 A-F) were taken.with a polareid
_ CU-5 Tand camera. Type 665 black and white polareid film.
T was used ' — o

Photographs af starch gels (Fig. 6.?45}' were _ taken with.
a Nikon FM2 camera -and Kodak plus x ASA 120 fiim was used.

Ehese)photographs were taken by one of my superviqors (5.
rant : :

L]

q
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