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Electrophoretic variability in natural popuiations of Drosophila melanogaster and 
Drosophila simulans 

V .  M .  Cabrera. .4. M. Gonzalez. J. .M. Larruga & A.  Gullón 
Deparrmenr o/' Generics. Facu1r.v o/' Biolog\.. L:niversiry o/' La Laguna. Teneriye. Canar.v isiands. Spain 

.A bstract 

Genetic variation at 59 gene loci coding for enzymes ( 5 0 )  and larval proteins 19) has been studied in 
sympatric populations o f  Drosopltilo nielonogasrer and D. sitndans from insular and continental origin. The 
average nurnber ofaileles per locus. the rnean proportion o i  polymorphic loci and the mean heterozygosity 
are similar both within and between species. There are however sorne significant difierences betueen D. 
Jir?iuluns populations in  the genotypic frequencies ior  four polymorphic loci. 

Introduction 

The sibling species Drosophila nrrianogasrer and 
Drosopiiila wttuiuns are extended uorldu.ide. The 
iormer is more common in  colder regions uhiie the 
latter is more abundant in warmer areas (Bock & 
Wheeier. 1972). but it seerns that both are o i t rop i -  
cal African origin(Tsacas& Lachaise. 1974). How- 
ever it is not known if both species utilized equival- 
ent adaptive mechanisrns ior  their uorldwide 
expansion. On one hand. sirnilar rnorphological 
clines have been found íor sorne oitheir characters 
(David & Bocquet. i975a. b: Tantauy er ui.. 1964); 
on the other. while D. nielano.qasrer shows a rich 
chromosomal polymorphisrn with different cos- 
rnopoiitan inversions. some of  them endemic 
(Stalker. 1976: Langley el al.. 1974: hshburner & 
Lemeunier. 1976). D. simiilans seerns to be nearly 
rnonomorphic (Carson. 1965: Ashburner & Le- 
meunier. 1976). 

There are observations that point to a positive 
correlation between chromosomal and enzyrnatic 
polyrnorphisms. the D. nielanogusrer populations 
being according to this view also moleculariy more 
polymorphic than those ot  U. si/iiii/utis(0'Bricn & 
Macintyre. 1969; Berger, 1970; Triantaphyllidis er 

Ccneiica 59. 191 -201 í19R2) 
o Dr W. Junk Publishects. 1 he Hayue. Yrinttd in i h e  Neiherlandi 
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d. 1980). but Kojima er al. í 1970) find that molec- 
uiarly O. roniiíans is  at l e a s  as polrmorphic as D. 
riicdanoqasrer. 

Lewontin f 1974) suggests that this apparent dis- 
agreement may be due to the small size of the sam- 
ple o i  loci utilized to compare the enzymatic po- 
Iyrnorphism of both species. 

I r  would be interesting to clarify uhether or not 
these species have comparable enzymatic poly- 
rnorphisms when a greater number of loci are stud- 
ied than have been up to now. With this aim in mind 
me haie analyzed the molecular polymorphism at 
59 gene loc i ( j0  enzyrne and Y larval protein loci) in 
iympatric populations 0 1  D. melonogosrer and D. 
vimulans from the isiand o f  Tenerife (Canary Is- 
1ands)and i rom the ProbinceofCordoba(South of 
the lberian Peninsula). 

3laterial and methods 

Al1 the samples were gathered throughout 1978. 
Those from Teneriie were collected at a large fruit 
yarden neara wine press in Güimar. a localitv in the 
south oíthe isiand. L). sirnuluns(sG) beingcaptured 
in March and D. melanoqosrer(mG in Table 1) in 
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Scpternber. The sarnples of D. rnelonogosier frorn 
the Province of C6rdoba were collected in October 
at  a wine press in the locality of Fernán-Nuñez 
(rnFN) and those of D. siniulons in Septernber in a 
ncighbouring pinc and oak forest at Villares (sv). 
Every sarnple was cornposed of at lcast 80 wild 
fernales. Each fernale was placed in an individual 
culture for five days and then iransferrcd into fresh 
vials three consecutive times in order 10 obtain 
abundan1 offspring. One F, larva. pupa or adult 
frorneach fernale was latcrassaycd. A sarnple of the 
'Oregon' strain of D. nielonogasrer. hornozygous 
for the standard polytene chrornosorne band ar- 
rangernent of this species. obtained frorn the De- 
partrnent of Genetics of Bowling(0hio). and rnain- 
tained at our laboratory since 1973. was also 
a nalyzed. 

For each locus an average number of I Z O  ge- 
nornes (with a rninirnurn of 601 for natural popu- 
lations and of 20 genornes for the 'Oregon' strain 
were tested. 

The nornenclature for the gene loci coding for 
enzyrnes and their alleles are those used by Con- 
zalez er ul. (1982). 

Preparation of sarnples. clectrophoretic techni- 
ques and the preparation of the starch gel folloued 
Ayala ei  01. (1972). The preparation of the poly- 
acrylamide gel is as indicated in González er al. 
(1982). The following loci have been analyzed: Acid 
phosphataseíA cph); Alcohol dehydrogenaseíAdh): 
Adenylate kinase (AA--2 and -3): Aldolase (AId): 
Arnylase (Aui~) :  Aldehyde oxidase 1.40): Alkaline 
phosphatase. fAph.3. 4 .  7. and 8): Catalase r Coi): 
Diaphorase. four loci (Dio-l. 2.3 and 4) :  Esrerases. 
nine loci rEsr-l.  4. 6 .  8. 10. 11. 12. 13 and 15): 
Furnarase 1Fiim): Glurarnaie osaloaceiate transa- 
minase. two loci íGor-1 and 7): a-Gljerophosphate 
dehydrogenase (a-Gpdh): Clucosed-phosphate 
dehydrogenase 1Gópdh); Hydrox! butyrate dehy- 
drogenase (Hhdh): Hesokinase. three loci íHk-1. 3 
and 5 ) :  lsocirrare dehydropenase íldhj: Lrucine 
aminopeptidase. two loci 1Lap-2 and 3,: Alalate 
dehydrogenase (.\lúh): Malic enz! me /.\le): Octan- 
01 dehydrogenase (Odh): Peptidase. rhree loci 
(Pepr - l .  2 andj):&Phosphogluconate dehydrogen- 
ase í6Pgdh): Phosphoglucornutase ~ P , c ~ > i j :  Phob- 
phohexose isornerase (Phi): Pyranosidase / f i . r ) :  
Tetrazoliurn oxidase (To): Tyrosinase íTi,r): Xan- 
thine dehydrogenase f.Ydhl: Lana1 proteins. ninc 
loci í P i - l .  2. 4 .  6. 7 .  8. 10. 12 and 15). Ths stage in 

which these enzyrnes have been rtudied. togethcr 
with the buffers. gels and dyes used have becn cited 
in González ei  01. (1982) cxcept for Aph-8 and 
€.SI-1 which were analyzed in the adult stape and 
h p - 3  in :he pupa stage. 

Statistical cornparisons between populations 
uithin species to determine if significant differences 
of phenotype frequencies existed between sarnples 
uere rnade usinp a standard row X colurnn t !  con- 
tingency test (Snedecor & Cochran. 1969). 

Results 

Table 1 gives allelic frequencies. observed pro- 
portion of heterozygous individuals and that ex- 
pected in the Hardy-Weinberg equilibriurn hy- 
pothesis. for each gene locus found 10 be 
polyrnorphic in at least one of the sarnpled popula- 
tions of D. nirlonogosrer and D. siniulons. At the 
end of the sarne table the nurnber of gene loci ana- 
fyzed. t he average expected heterozygosity, the 
proportion of polymorphic lociat the95 and 99 per 
cent letels. and the average nurnber of alleles per 
locus are given for each population. 

Neither of these two species were found 10 be 
polyrnorphic for any of the following 23 gene loci 
at the 99 per cent level: Ak-3. Coi. Dio-l and 2: 
Es!-1. 4. 13 and 1-5: Gol-l. Hbdh. Hk-3 and 5: Idh. 
.\le, Pepi-1 and 2: Phi. Prr.  .Ydh. and Pr-1. 4 .6  and 
12. 

I 'ariarion in D. meiotiogaJier 

Besides rhe above rnentioned 23 gene ioci. varia- 
iion u a s  also lacking for the following Íour loci in 
:hisspecies: . - l<ph. .4X-2. AIJand Ao. tuoofwhich 
/-lcph and Ao) are very polyrnorphic in D. siniu- 
icns. 

Table 2 lists the ~2 \alues for these gene loci 
u hich shosved significant differences between o b  
served genotypic frequencies and those expected ir, 
H H '  equilibriurn. ln the population frorn Güirnar 
rbe loci u i th  signiiicanc difierences were .4dh.  Esr-5 
and Pr-8. and in the one frorn Fernan Suñez the! 
H e r e  .4pli-7 and Tir .  In al1 cases ihesigniiicance 1 5  

due 10 an ewess oí hornozygotes save Pr-8 which 
c h o w  excess of heterozygotes. 

The obsened  phenotypic frequencies d o  nor 
show significan< differences betueen the t u 0  popu- 

.. .- . __ . . . 
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T d d r  1. AllClic írcquenrics and oiucrwd and cxwcicd proporiions oi hctcrongoies ior  pol!morpnic gcnc loci. For each populaiion 
nurnber oí loci inalyrcd. rnean cxpecicd heicror!posii! u i i h  standard error. pcrccniroc o1 polymorpnic loci a! ihc 99 and 95 per ccni 
Icvcl. i n d  avcriec number of i k l e s  per locus u i t h  standard error arc p c n .  Abbrcviaiions cí i c x i  p 192. 
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:diions ar any iocus. 
7-he sarne aiisle is found in boih populaiions a: 

c\ery rnonornorphic gene locus. In [he polymorphic 
I O C I .  [he rnosi frequenr aliele isalways ihesarne. ana 
has u similar frequency in the iwo  populaiions. 
aiihough in rnany of thern (Table 1 )  ihere are sorne 
rarealleiesesciusi\e io oni! one ofihe popuiations. 

The 'Oregon' strain is rnonornorphic for nearl! 
di1 [he loci uirh the escepiions o¡ Aplt-7. To ana 
P:-b'. bur nor aiways is the h e d  aliele of'Oregon' 
:he mosi cornrnon iri ihe natural popuiarions sru- 
aied. as  is [he case for .4ph-3 (0.96). 6fgdl i  (0.96) 
and fdliíI.l-~). 

. 
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1 'oriaiion in D..tiniirlans 

In addition to the 23 monomorphic gene Ioci 
comnion to both species. the follouing shoued no 
\ariation in D. sitiiulans: Adh.  Dia-3 and 4;  €ir-8. 
Furn. Goi-2.  o -Gpdh.  Gópdli. H k - l .  Lap-3. .\fdh. 
Odh. 70. and P i - / C .  from which four í .4dh.  a- 
GpdIi. H A - /  and Tu) are ver! polymorphic i n  D. 
nielanogasier. 

N'hen observed and expected genotypic fre- 
quencies in Hardy-Weinberg equilibrium uere 
compared. significant differences were found for 
the loci .4fiij' and Pr-10 in the popuiation fr0m 
Güirnar and íor the loci .4ph-X. Lup-2 and Pr-8 in 
the population from Villares. Table 2 shous  [he 
respective levels of significanee. in al1 cases the 
significant differenees may be attributed to a 
smaller frequency of heterozygotes. 

Only fou r  gene loci showed significant diífer- 
ences between populations ui th respect to pheno- 
typic freauences: €si-6 ( ~ 2  = 11.54. P < 0.05). € ~ r -  
10 ( x :  = 7.31. P < 0.05). Lap-2 ( x :  = 18.69. P < 
0.001)and P i - 8 ( x 2 =  11.13. P<O.O5). 

The rnostcornmonallelcis thesarne ineachofthe 
1\10 populations studied. although. just as in  D. 
ine/unopusrer. alleles with frequencies srnaller than 
0.05 can be found in only one of them.'It is uor th  
rnentioningthat the rareallelesfor .4dhand . \fd/i  in 
\'¡llares uere only found in ihe offspring of a single 
fernale. 

Genetic distances resulting frorn o u r  data be- 
tween sibling species D. iiir/unopasier and D. j i i j ! t i -  

h i i s  as uell as betueen each ofthern and D. mouri- 
I IU I IU  ha\ e becn treated in another paper (Gonzaiez 
e! u/.. 1952. 

Diseussion 

We find similar Ietels oigeneiic wriation i n  b o t h  
species. L>. m<4anii,~c.rrr.r and D. siiiiuiiliis. u hsn 
cornparing the populat!onh irorn Tenerife and thore 
frorn the Iberian Peninsuia. uhether measurd  b! 
niean hettrorygosities. b! the percenr o1 poi! mor- 
phic loci. or b! aterape nurnoer ot alleles per locus 
(Table 1 1 .  Sreiner CI  o¡. I 1976). hot\e\er. t ind, that 
[he mean neterozygosit! i n  D. sriiiuiuw frorn Ha-  
waii (0.077) is only about halfthat found in contin- 
ental populations frorn Texas i0.162). A possible 
euplanation could be that the Canar! .Archipelago 

is much older and nearer to IheContinent ihan the 
Hawaiian Archipelago. and repeated migralion oí 
new founder individuals. wiih subsequeni recoloni- 
zations. could therefore have been more frequent in 
the íormer. which would ha te  maintained or pro- 
duced levels of variation similar lo those of the 
continental populations. 

Our values of mean heterozygosities. pereentages 
of polymorphic gene loci. and average number of 
alleles per locus are among the smailest found by 
different authors in both species (Tables 3 and 5 ) .  
This is largely because we have analyzed a higher 
number of gene loci: our values become interme- 
diate when only the gene loci in comrnon with other 
srudies are taken into account (Tables 4 and 6). In 
spite of this. when we center our attention on those 
gene loci cornrnon to al1 studies. clear differences o¡ 
the mean heterozygosities per locus among popula- 
tions can be observed. Thus u e  find that our popu- 
lations. rogether with the one from Corfu (Trianta- 
phyllidis e /  al.. 1980). are less polymorphicfor .4dh 
and more ior a -G d p h  [han the others compared 
(Table4). u hile for the Pgiii locus of D.  riielanogar- 
I P ~ .  u hich d isp lay  a striking variation between 
populations. our vaiues are intermediate (Table 4). 
In addition. our populations are less polymorphic 
at the A o  and Odli loci than are those from other 
geographical regions (Band. 1975; Kojima e! al.. 
1970: Langley P I  a / . .  1974). Severtheless. ihediffer- 
ences at the .40 locus may be imputed to differences 
in enzyrne assay techniques Langley e( u/.. 1974). 

Also in D. si,iiirluns polymorphic gene loci shou 
tariation arnong regions. Thus. if the gene loci 
iornrnon t o  al1 studiesare reconsidered. the hetero- 
z>gosity a t  [he Pgni locus is higher in our popula- 
tions [han i n  the rernainder. u hile the .4db locus is 
more polynorphic i n  the samples frorn Texas: 
iiieuise in nur insular population the €51-6 locus is 

itss polymorphic than in the continental one from 
\'illares. \\ nich for this enzyme shows a heteroz!- 
posir! similar to the other regions (Tabie 6) .  

Sorne gene loci appear to deviate from Hardy- 
ii'einberg equilibrium in our insular as well as our 
continental populations frorn D. siniulum and D. 
vit~iaiiogus/er cTable 2 ) .  Houeter .  these gene loci 
cid not coincide in both geographical areas. nor 
ui th those found out of equilibrium by other au- 
Ihors. hloreo\er. uhen  they d o  coincide. the sur- 
plus phenotype may be different. as is the case for 
€.TI-6 in D. fiieluno,yasrrr uhere we find excess of 

. 
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Tnhlt-5 \umberofpcncloci inal \ red.  meancxpecicd hctcroi\go<ii\ u iih riandard error. pcrccniaec ni pohrnorphic lociaiihc99and 
VJ pcr ccni Ic\cl\ and awrage nurnbcr o1 alleles per locur tor 1) siniuiaiis from differcni rcpons 

Tcra í '  Greecc- Hauaii. Odhu' Cdnarie\ 1 hcrian 
Pcninrulr 

Total loci. I B  II I! 15 5 -  _. s 5  

Standard error. O O S l  0.007 3 04.2 I J  0.86 o ni5 K017 

5 Polymorphic loci (951. 0.389 o 455 o 26- o 333 l! 228 0.25s 
2 Oh 2.18 1'3 I 40 I 46 145  

Vean hcieroiygosity: 0.156 0.174 O o95 o 096 O 067 O 074 

'< Polymorphic lOCi (901. 0.61 I 0.455 0.4w 0.333 0.351 0.327 

\ o  Allelcs locus 

' kowna PI u / .  (1970) 
Triantaph!Ilidis CI al. Il9küi 
Sttinc: 61 u/. (1976) 

Tuhlt. r )  hlean cxpccted hctcroi~gorities a1 gene loci o¡ il rrniuhm anal!rcd tn  a i l  ihe rrpionz conmered CI Table 5 

LOCi 
~- 

Texarl Grcccc: Hauaii, í-anarics 1 berian 
Peninsula 

0.415 o 296 o 422 U . 3 1 1  0.4s: 
0.210 0.OOO o 0.16 U.000 O O l b  
o 5411 o 177 0.340 0 195 o 420 
0.027 0.012 0.066 Li.M)O 0.000 

oooo O 000 0.019 0.000 0.0uo 
O 064 O 119 0.152 0.313 0.25: 
0.053 o 000 0.Ww) o O00 0OOo 

O.üOb 0.OOO U O O O  O O00 O O l k  

0 40h T O 025 
O 059 2 O WI 
O 396 f 0 OS4 
0021 2 0 0 1 1  
0005~0003 
uooJ'000.3 
o 181 = o W l  
0011 '0009 

% 8 8 b 8 8 Total loci: 

%!can heicroz!gosiiy 0 169 O 126 O 129 0 102 o 150 0 1'5 z o 010 

c; Polymorphic loci 1991. 0.750 0.375 O '50 U.375 0.3-5 
o 375 o 500  O : - 5  o 375 

\ o  Alleles locus: 2 25 1 .63 1 b5 ! -5 I - 5  

Standard error  o O69 0.065 o 054 LO4h O.0bh 

'i Pol!morphic loci 195): 0.375 

hoiirna tval (19701 

Sieiner P I  a /  I 1976) 
. 1 rianiaph! Ilidis cI a/. l IYhOl 

hornoz!gores. as d o  Johnson and Shafier I 1974). 
Sur Hand ( 1975) finds a surpius oi heterozygotes. 
Cirnerally. however. significani differences are due 
ro escess oi [he forrner. perhaps imputable to lack 
o i  representativeness of sonie sarnpies. because oi 
rheir small size. or to the penetic srrucrure o¡ ths  
popuiations (Wahlund. 1928). 

When uz compare genor!pic frequencies per io- 
i us  hetneen insular and conrineniai popuiaiions 
frorn each species. both D. >>ic/otiopasrer sarnpies 
rppear 10 be\er!-similar(noneot38 gene iocishou 
significani differencesi. u hile those frorn D. siniu- 
/ u m  shou grealer variarion ( 4  gene loci among 53 
show significant differencesi. A possible explana- 

. .- 

lion unuld be thar local popuiation5 uithin D. sim- 
uiatis are more isolaied frorn each oiher [han are 
those frorn U. mc/utiogasrc.r. Perhaps this is so 
because ar remperaie latitudes ir i s  easier fo find D. 
r>ic.iatiopo.trer indoors [han in  fields and forests. 
u hich rnighr lavour their migration by rnan. whiie 
!he con:rary i s  rhe case tor i). ~ i w u i a m .  

I r  uould be inreresring to i n o u  i t  rhe rare alleles 
t'xed in the'Oregon'strainaretrequeniornorinthe 
riarural .-\merican populaiions irorn unich rhis 
>irain procreds. 

Sorneaurhors have found lower rnolecular varia- 
[ion in  D. Aiuiu/atis [han in U. ttieíunopsrer re- 
lraled az rnean hererozygosit!. or as percentage o¡ 
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polymorphic gene loci at the 99 per cent leve1 
(O'Brien & Maclntyre. 1969; Berper. 1970). Trian- 
taphyllidis erul. í 1980) in turn find similar values of 
heterozygosity and oinurnber ofalleles per locus in 
both species. but confirrn a smaller number of pol- 
ymorphic gene loci at the 99 per cent leve1 in D. 
simulans. H'hilc these differences between species 
could be atiributed to a srnaller size of the D. .TII>IU- 

lunssamples analyzed íBerger. 1970). they may also 
be correlaied with the known differences in chrorn- 
osomal and biomeiricai polymorphism between 
both species (Triantaphyllidis P I  al.. 1980). O n  the 
contrary. Kojirna cr u/. (1970) observe similar levels 
of polymorphisrn in populations oí both species. 
And we find that mean heterozygosit?. as  well as 
perceniage of pol!rnorphic loci. and average nurn- 
ber of alleles per locus in the pooled populations of 
D. melunogusrrr (0.081. 0.464 í99q).  0.264 (95G). 
I .61) aresiightly higher. bu! not significantly differ- 
ent from the values found in D. siinulam (0.060. 
0.359 i99cO. 0.226 (955). 1.41). I t  could be that 
theseslight differences weredue. as has been menti- 
oned above. l o  a larger migration flow among local 
populations of D. n7elunogusrer. which in turn 
would give this species a larger population size. In 
any case. differences in rnolecular polymorphism 
between both species d o  not seern to be nearly as 
great as  their differences in chromosomal polyrnor- 
phism. since u hile D. t? i~lui iogusr~r is chrornosorn- 
ally highly polyrnorphic al1 ober the \Vorld. D. 
sirnuluns is nearl! rnonornorphic (.4shburner 8: 
Lemeunier. 1976). 

In spite of this resemblance in rnean molecular 
polymorphisrn. it should be pointed O U I  that D. 
nieluitoeosifr i j  more successful in cold regions and 
in highly alcoholic subsirates (David 6: Bocquet. 
1975). as ueil as i n  laboratori conaitions I \loore. 
1952). On theoiher hand. D. siniulans issuperior i n  

nature to  D. tiieíatiopasrer in ternperare re:!ons 
(Wallace. 19661. Perhaps the slight differences i n  

polymorphisrn in  certain gene loci are sometimes 
enoueh to give one or another species a higher 
adaptive \alue. 
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