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by Kojima, Gitlespie and Tobari (1970), M.
kai, Mctlcr and Chigusa (1971), Charlecsworth
and Clharlesworth (1973), Mukai, Watanabe and
Yamaguchi (1974), LLangley, Tobari aid Koji-
ma (1974). aiid Mukai and VoelKer (1977); on D). psen-
doobscura and D, persimilis by Prakash and Lewon .
tin (1971, Irakash (1974 and 1976), Prakash and
Merrit (1972); on D. robustaby Yrakaah and Lcvi-
tan (1973 aiid 1974); on D. pavani by Nair and Brnci.:
1971); and on D. subobscura by Zouros riid Krim-
bas (1073); Zouros, Krimhas, Tsakas and Lou-
kas (974); Loukas aiid Krimbas (1976); Pins.
krr, Lankinen arid Sperlich (1978); Charles-
wortli, Charlesworth, LLoukas riid Morgan
{1979); Loukas, Krimbas aiid Vergini (1479) aiid
Pinsker aiid Sperlich (1973)).

D. subobscura is an autochthonous european specics, whosc
-geographical distribution does not secem to havc been much
affectcd by man, al least until recently. It has a rich polymor-
phism in all tlie cliromosomes and many arrangements show
latitudinal clines, which in general are thought to he adaptive.
Al this, makes of D, subobscura an ideal material for tlie analysis
of tlic association between chromosomal arrangements aiid
allozyme allcles or clectromorphs, [for this reason, since 1974
we began an analysis of tliis subject iii natural populations nf this
species.  In this paper WC present the results obtained on tlie 0
<hromosome, the niost polymorphic in tlie species. Three allozy-
me systenis controlled by genes of this cliroinosonie. also highty
polymorphic, have been analysed. According to Gillespie
aiid Langtey (1974) tlic allozymes can he separated into two
<ategories, tliose traiisformiiig siibstrates external to tlie organism
and tliose acting on intracellular siibstrates. Usually, enzymes of
tlic first groiip are active on a variety of external substrates and
this scems to be correlated with a higher polymorphism in these
enzymes. Tlie allozymes studied in tliis papcr are included iii this

groiip.
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were backcrossed with ¢l ¢x females, with th
ing in each backcross one single 0 chromoso
used in the first cross.

€ purpose of extract-
mes of the wild male

The cheu is homozygous for the o
arrangement and for one allele of e

systems ; it is also homozygous for
of the 0 chromosome cherry (ch)
markers for this chromosome.,

N

ach of the studied allozyme
the recessive visible mutants
and enrled (cu), serving as

Three allozyme systems controlled by genes of the 0 chromo-
some have heen analysed : Leucincaminopeptidase (Lapy and Pep-
tidase-1 (Pept-1) hoth located in the region of the 0y system
of inversions and Fsterase- (Est-5) located in the region of the
inversion 0,. I,oukas ctoal. (1979 a) give

for these peuces
positions 2135, 181.8 and 3.5 respectively

, in the 0 chromosome.
.

The analysis of the chromosomal arrangements has heen per-
formed in third instar larvac obtained in the progeny of hack.
crosses between I, males (obtained by crossing males trapped in
the wild with ch cn females) with ¢k cn females. The squash
technique and staining with lactoacetic orcein have been used to
prepare the chromosomes.  Seven larv

ac of the progenics of the
backcrosses were analysed, in

order to have a low probability
(0,67 = 0,0078) of not detecting the chromosome that the 17

, male
did receive from its wild father.

In the progeny of the above mentioned  backcrosses, the
individuals with the wild phenotype are carriers of one chromosome
coming from a wild male, whose alicles for the allozyme systems
can be identificd. Adults have been used in the an

alysis of the
Pept-1 and Est-5 systems and pupac for the Lap,

since the activity
of this system is greater in this developmental stage. The iden-
tification of the nild type individu

by observing the eye colour visibl

The alleles of the

als is possible in advanced pupac
¢ thronghout the pupal envelope.,
allozyme systems studied in this paper are
named according to the terminology of l.oukas ¢f af. (1979),

The analysis of the Lap allozymes has heen carried out with
starch gel electrophoresis according to Poulick (1957) and
incubating according to Beckman and Jolhnson (1964)
with the modification introduced by Sakai ¢ al (1969); for

the Fst-5 the method of Zour
and for the Pept-1 that of

poymc alleles in Drosophila su hohscura 166
¥

as o al. (1974) has been usedl
LLoukas ¢f al. (in press, persona

Assaciatian bettecen alle

communication).

RESULTS
ClHTROMUSOMAL POLYMOREPHISM
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f Mediterranean area (Kunze-Mu Lt and Speriich, 1062
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Association betwcen ollosyme alleles... in Drosoplila subohscura

The resuits obtained for tlic three allnzyme systems agree
with those of Zouros ¢t al. (1974), Charlesworth
et al. (1979) and LLoukas et nl. (1979) in several Greek aiid
British populations and iii one Spanish population; there is also
agreement witli tlic results of Martinez Cabrera (1950
in populations {rom the Canary Islands,

It is difficult to compare tlir results of l.akovaarta aiid
Sanra (1%1), Saura et al. (1973) and Pinsker et
al. (1978) for the Lap systriii witli our data hecausc of the different

techniques and terminology used,

ASSOCIATION BETWEEN ALLOZYMES AND ( HROMOSOMAL ARRANGEMENTS

¥ tosts have been performed for cvery population ajid allozyme
system, iii order to prove whether the different alleles are ran-
domly distributed among tiie diffcrent chromosomal arrangements,
The association has not heen tested in the popiilations from tlic
Canary {slands and Madcira, practically moneomorphic for the @,

artangement,  The association hetween the alleles of the st

system and the chromosomal arrangements has been studied only
in the populations where 0, «,,,1s present, hecause tlic locus for

this esterase is Incated in tlir rogion of tir 0, inversion,

Association bekweeen [ap alleles and 0 chromosome arrangemenls

The arrangements of tlir 0 chromosome have heen sorted into
{wo classes, 0, and 0,,,. In the 0, ., class are included all the
arrangements of the 0, «aphylad; in the 0, class the nrrangement
0, plus all the arrangements being standard in the extreme of
the chromosome, where tlir inversions @,+ , are located.

The alleles of the Lap systriii have also been grouped into
two classes, Lap'® aiid Lap' "', the main alicles in the populations,
Into the Lap'" class arc included tlir Lap'" and Lap"* alleles.
The 1ast onc has low frequencies in most popiilations and it is
associated Witli 0, like Lap™''. The Lap"** class includes the
Lap'® allcles and those witli lower movilities, Lap** aiid Lap**".
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»a¢ has low frequencies in the analysed populations and Lap®*”

160 Maria del Pj,
———— 220 T¥ar Garcla and Antoniy DPrevosti
2 I o ©wo o Lap
~85wo very low. Lap'** and both slower afleles are associated with
g I e 0,,, Table 3 presents the distribution of alleles and arran-
- © o Al SN gements.
- The y* values calculated in order to prove the assaciation in
the 134 populations analysed are given in table 7. A signilicative
Lap'*® and 0,,, and between

and strong association between
. is detected in all the populations, with the exception

However, in this population there is a ten-

Lap*' and 0
although it is not statistically

of Picos de-Europa.
dency to the same association,

Fa
13
10
13

0
0
1
17
7
-
0

TE
136

significant.

Association betweeen Pept-1 aileles and arrangements of the 0

chromosome
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- e e——
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1
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2

136 196
5

4

The gene controlling Pept-1, as for the Lap, is located in the
For this reason, the 0 chro-

region of the 0 chromosome.
ts have been distributed into 27 classes, 04
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w l Nw > o o _ mosome arrangemen
C®mw® o 3 all the sstandards arrangements '
2 in the 0,,, region.
& ’ = cw o < 5 arrangements of its phylad.  However, as can be scen in table 4,
« °© ] in the populations from Valencia and Terceira, 0,, (4, shows a
$ I R RN E different association. Al the arrangements of the 0,,, phylad
T g 3 comain in excess Pept-1°42, heing deficient in Pept-1'**.  However,
= - 7 in the ahove said populations 0, 4u.4 has an excess of Pept-1'**.
- I THE 8o - %o~ o o As 0, is averlapping ‘with 0,5 o the recomhination between 0, .,
€ £ and 0,,,,, is possibly restricted.  For this reason, in the above
] [ © g0 0w . f mentioned populations, 0y, 4 has been considerated as a separate
oo & cl s
2 [ ’ o o o g The alicles have been ;?roinpcd into two r,la'sscs, Pept-1** a'nd
- e © == <o ’“,.5 Pept-1'**. The last class includes l‘ept:]"“. since from (l.u- point
o'§ of view of the association it hehaves like Pept-11** and it has @
R very low frequency (table }).
0 - &3 Seven among the eight populations analysed show a strong
l o o 3 ,8,, § 3 238 g2 ;7 association between Pept-144¢ and the 0,., phylad and hetweemn
3 ° I I AP Pept-11** and 0, This can he seen in the y* values of table 7.
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A tendency to the same

associations is observed in the other
population, but the y* v

alue is not significant.

Table . Association betx

rcen 0 chromosome mrrangements and
Pept-1 alleles
LO Vi MO VA TE FA o RO
Oun
Lopt 1
1.60 6 4 8 4 2 1 2
1.00 28 Sl 103 22 12 9
0.40 18 27 7u 20 b 15 5
nl‘ L]
1.60 0 0 4 1 9 0] 9 1
1.00 4 10 46 48 18 16 22 15
0.40 6 i4 R7 148 96 3] 68 69
Osyaan
1.20 1 1 ] 1 0 0 0
1.00 3 1 65 11 12 3 H [}
0.40 7 40 86 9 27 12 3 0
(% 0,. 0', 0")
0, . (with exception of 0, ... 0
Association between Est-5 alleles and chiromosome 0 arrangenients

The locus of Fst-f
Two classes have been

tion, 8, and 0,. In the class 0, are included the arrangements
0, and 0,, ..,. All the remaining arrangements are standard in
the region of the 0, inversion and are inctuded in the 0, class.

The Est-b alleles are also grouped into two classes, Fst-f'o
and Est-6*.  This last class comprises the alleles with movilities
0.90 and 0.86. The frequency of Est5oer 5 low, or this allcle
is lacking in some popnlations (Table 5).

Looking at table 7, it is seen th

is located in the region of the 0

, inversion.
considered in arder (o

analyse the associa-

al ouly in 2 pepulations, Uz-

i i ra
1 iation between ollogyme allcies... in Drosophila subobscu 163
Assoch 3

tegui and Ronda, there is a significant deviation froiii a ran:(l)tr:ﬁ
combination of Est-h alleles and‘cll}romosomc o‘a\l'r:'rjfcmd O,
These popiilatioiis show an assgcmhon I)etnt/.cen F\:“-) Opgﬂ\(ioﬁ
and between Fst-B'** and 0, With lh'c exception 'o cp "
from Cérdoba, in tlir other populahopsl there is ‘af‘ terr::jen?[/ it
the same association, but it is not statistically signi ;cal ‘ Ve
add the x* values of tlie association tests of a\I’l:le (g](:)pmu aglioyiﬁg :
obtain a value of y* = 26,642 for 7 degrees oi hrc Asaix-m;on :
significant association at ilir level of 0,001 .T en, iation
present in this case too, biit less strong than in the previou

. $
~able 5. Association between O chromaosomes arrangement
Fable 3. A and Est-5 alleles

ST PR vz SA VA co RO
T T o 0,
ATEN 3
hl 00 13 40 15 18 86 58 ::
'0.90 13 32 113 18 65 a7 .n
0'86 0 0 4 3 i 7
. o
1.00 22 28 B4 a1 109 b1 I::
0. 90 17 11 17 1] 60 2;
0.86 0 0 0 Q 0
"v ((I', 0' +an 7)

i f i { the chromosome
1) I"l!"":"' region o
0, @l the arrangements 0, in the p
o

are included)

Our resnlts on the association. between the Lap ::‘i?h Ptchp:)l;le
alleles and the 0 chromosome nrmngcmcn‘l’i“ngr':'; il hose
obtained by Charlesworth el rfl. (1979) a d Loukas

9 b). These authors did not find an associa peen

(f "Ir; UI?ZIN and chromosome 0 arrangements hecause l:lc.mo(;c
:;:):1"0? is lacking in the populda‘ti:;n; tl;cyo::u;(lzs:d.” fjnayrcmmcse
i arcelona studied by L L - a :
g:ﬂ::::;::::r:rimt, but they only proved the association het

WAt ot -1
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- e a * a4l Lasesiasw alilneum R
ween Est-hoand 0,,,. Gonzalez-Duarte e ol (1973) .
did find the same association hetween 0, and Fst-5o, .
Linkage disequilibrium between alleles of different allozyme loci
~ 1... P~ oy -
The linkage disequilibrium (1) between the alleles of the Lap, m. o LR b m m W g m o
o Qe - i
Pept-1 and Est-h allozyme systems has also been tested. The <
Table 6. Linkage disequilibriton betwween alleles Nu ‘..m..ur m W m m M w w m
] B
Lo Vi MO VA TE FA cO RO TFr GO <
- T stetmmraie | mme e mme e b e et e e o am e ot e ‘.
2 8
Lap 1.1 u..m. me l.o.o.w.:. M
Pept - 1 —m._ ™
1.00 no26 60 20 1 9 7 18 2 } ki
0.40 10 19 60 30 10 14 4 11 4§ 8 b o H
< 2 =~
Lap 100 -~ 5 S Y 4o g W =
Pept—1 ~ g ¢ R S 4 .
1.00 2 9 129 66 30 13 22 18 16 . ] S m
n.40 B9 185 142 106 @5 64 57 6 8 o ©
2 o
Fat—5 1.00 < 2 . +
Pept—1 RN E w + b4 w
1.00 16 ¢ 786 47 10 % 13 & — — - 128 gkl dh RS
y - €%
40 16 8 8% 109 I 68 30 W — — o & E <5l I
- =
Est- h0.90 n O
Nept—1t o
1.00 1o |} 46 36 14 L] 18 18 — - e ]
~40 K . S B Hm# memw~n
& 6 A7 44 20 49 MW — _ s 32 w Sizs e nadie
o - 2 > > iaq =™
1 ptau .um “EfgErs 5 I n R
Est—-b % R o
1.00 no7 31 e 1 1e 3 _ - : 858
0.90 o0 2 & 4 610 U o~ - g AV
fus OO
Est -5 Lap fo0 b 2 -y 4
whl S v < e "e . o o" +
1.00 24 B 114 136 81 69 40 28 . S9.% E, 23 §f _25i9 3
0.90 9 80 79 19 49 20 64 8 o €345 88 25T EE 8o
fS5= da DArrdoOoERO

(1) Here we prefer ta apeak of linkage dis ium instead ol association_
hecause the association is due to the presence ol inversions.
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Assaciotion betiween allosyme alleles...
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