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 Synopsis The  taoth  number  ofsexcoinbs  was  examained,  using  many  populalions
of Drosophila sfnutlans.  The  tooth  number  of American populations was  fewer
than that of  other  populations. The  crosses  between high aRd  low  tooth  number

stratns suggested  that this niorphoiogical  character  was  cont}'olled  by many  ge4es
(polygen:c system)  ofi  autosomes  withoLtt  maternal  effects  or  significant  doniinance.
Jn addition,  the tootli number  o £ sexcotnbs  wfts  not  significantly  correlated  with  winsr

length or  mating  abi]tty.  1'he origin  of  Japanese sint:ttans  is diseusseci.

    The  sudden  i'nvasioR  of  Drosopkila simttlans  into Japan  was  reported  by WATA-
NABE  and  KAwANism  (1976). [I]his species  had  never  been found in the mainiand  of

Japan  until  a  few reports  (I<IKKAwA &  PENG, 1938; OKADA, 1956, 1971). One  of

o"r  interests is to determine from which  country  this species  has come  to Japan.
There are  several  ways  to selve  this problem.  One is to compare  some  genetic chara-
cters  of  Japanese simt{lans  with  ones  from other  countries.  We  focused on  the tooth
number  in sexcombs  of  maies,  since  the variation  of  that character  seemed  to be

genetically controlled.  BocK  and  WHEELER  (1972) showed  that the mean  tooth
number  of  sexcombs  firom an  Australian population ofD.  sime{lans  was  9.28 with  the

range  of  7-11, whereas  that  of  D. melanogaster  from the same  population was  9.68
with  the range  of 7-12, Recently, CooK  (1977), using  the technique  ofainputatjng

the sexcombs  from forelegs, suggested  that the sexcombs  of  Drosophila were  related

to sexttal behavior, particularly the grasping of  females by males.

    We  report  here geographical varjati'on  in the teoth number  of  sexcombs  in popu-
lations of  D. siimtlans and  data su.egestin.cr that this morphologicai  character  is
controlledbymanygeneswithoutsignificantdominance.  Therelationshipsbetween

this character  and  wing  length or  mating  ability are  also  investigated from the view-

point ofadaptation.  Finally, the origin  ofJapailese  simttlans  is discussed.
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Materials and  Methods

    Drosophila simulans:  Many  populations of  D. simulans  which  have been
sampled  in difierent times from different countries  of  the world  and  from various

localities in Japan were  used  in this study  (see Table 2a and  2b). Samples 
'from

 some

populations have been maintained  in the laboratory as isofeinale lines, while  samples
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from otExers were  fi:om wild  fiies which  have been recently  coilected  from natural

populatiens.
    Measurement of the tooth  nttnthei'  qf"sexcosnbs: In order  to estimate  the mean

tooth nu[nber  of sexcombs  fbr eaeh  population, 20 to 100 males  were  sampled  from

each  population sQurce.  The tooth nurnber  of  sexcombs  was  measured  under  a

microscope  (400X), using  either  one  of the two  forelegs. The genetic control  of  tooth

number  was  analyzed  by the fbllowing crosses: (1) Ten  females sampled  randomly

from a  high tooth number  strain  (TaRanarive, mean  teoth number  (3()=12.26) were

crossed  to teR males  sampled  randomly  from a  low tooth number  strain (USA of
unknown  origin, X==9.02). The reciprocal  cross  was  also carried  out  Ten pairs

ofthe  Fi fiies were  cressed  to each  other  to obtain  F2 offspring.  (2) The USA  and

Tananarive strains  mentioned  above  were  crossed  to two  marker  strains  bvv (2-not
located); st  (3-4e), ff==11.23 andpm  (2-103); simA  (3-not located), X=12.13. The

marker  strains with  a  recessive  marker  on  each  chromosome  were  also  crossed

to each  other,

    >Vlng length : Thirty two  isofemale lines from each  populatien ofMishima  and

Kokura  were  used  fbr the measurement  ef  wing  length and  tooth nuinber.  Five

pairs of two  days old  females and  males  were  kept in a  vtal.  Vials having 50-leO Fi

pupae weye  chosen  to standardize  density effects,  Five females and  five males  were

sampled  from each  isofemale line, The right wing  of  females was  removed  and  put

 on  a  slide  glass with  a drop of water  and  a  cover  slip. The length of  the wing  frorn

the  outer  margin  of the anterior  crossvein  to the tip of  the wing  along  the third longi-

 tudinal vein  was  measured,  The right  legs ofmales  (brothers) were  taken to rneasure

 the tooth number  of  sexcombs.

    Mating ability:  The mating  abilities of a  high tooth  number  strain  (Naze,
 x---11.70)  and  a  low tooth number  strain  (Chapel Hill, x-=9.92)  were  tested as  fbl-

 lows : Ten pairs (two days old)  of  fies were  crossed  within  each  strain. The  number

 ofpairs  which  were  mating  in the vial  was  directly observed  every  five minutes.  The

 examination  was  replicated  ten times  for each  strain.

ResNlts

   (1) Cbmparison in the tooth number  ofsexcombs bet}veen wtld  males  and  labora-

totv males:  As shown  in Table 1, the tooth number  ofUSA  siimtlans (9,80 and  9.92)

was  significantly fewer than  that of  Japanese one  (10,79 and  10.80), However, no

significant differences in the tooth nurnber  of  sexcombs  between wild  caught  males

and  laboratory males  which  had been kept as isofemale lines were  detected for beth

populations. This suggests  tlaat the character  is stable  to environmental  variables.

    (2) Geograg7hicalyariationoftketoothnumberofsexcombs:  Thetoothnumber

of  sexcombs  was  surveyed  for various  populations in the world.  The data are  Usted

in Table 2a. Although the tooth number  of  sexcombs  of  individual values  extends

froM 7 to 15, the mean  tootlt number  of  each  population ranged  from 9.e2 to i2.26,
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Table l, Compatison in the teeth numbers  of  sexcombs  between wild  caught  flies

        and  laboratory fiies maintained  as  isofemale Iines sampled

               in the same  population of  D. sitnttlans

39

Populalion
Wild lsofennale

N* Mean  SE** N- Mean  SE*:e

Chapel Hill CUSA), 1977
Kokura (Japan), l976

5050 g.so,t,o,ls
IO.80±O,17

 50 9.92-LO.l6

32× 5 IO.791i,O.12
*
 Number  of males  tested;**  standard  error,

with  an  average  10,48, The USA  populations carried  generally fewer teeth (9.70 with

the range  of  9.02-10.00) than  the other  populations. The tooth  number  of  the geo-

graphical strains  did not  correlated  with  the latitude of  strain  origin, suggesting  that

this morphological  character  is not  affZ cted  by temperature. The average  tooth

Table 2a. The tooth number  of  sexcombs  in geograpliical populations ofD.  siniukTns

Pepulation LatitndeN* MeanSE ±k*Range

 I. Africa
   Tananarive(Madagascar)"

   Tenerife (Canary Is,)a
   Congo (unknown origin)s
   St. Denis (Reunion I,)a
   Alexandria (Arab)a
   Brazzaville (Congo)a
   Las Palmas (Canary Is.)a

   (Mean)
II. Australia

   Sydneyb  (50)
   Melbourneb (40)
   (Mean)
III, Europc

   Villeurbanne (France)a
   Almeria  (Spain)E
   Toulon (France)a
   London  (England)c
   (Mean)
IV. America
   Brownsville (TX), 1978 (5e)b
   Chapel  Hill (NC), 1977 (50)b
   Hawaiiu

   Chapel Hill (NC), l977e
   Austin (TX), l977b (10)
   USA  (unknown origin)a

   (Mean)

19.28.

?o,31.

 4,28.

5S2N

5SIN2SON

33.)-S37,5S

45,5N36.8N43.INSI.5N

2S,5N35,8N25.IN35.8N30,5N

5050sesesoso50

5040

)-o505050

505050505050

l2,2611,50IO.96IO

 9410.4810.3210,l6(10,95)

IO.80IO.65(le.73)

10.78iO,7610.6410.62ae.7e)

1o,oo

 9,92

 9,86

 9,80
 9.58
 9.02(
 9,70)

O.15O,13O.ISO.14O,BO.l5O.IS

O.24O,16

O,15O.22O,14O.13

O.15O,16O,11O,l5e.l4O,12

10T1510-139,138-139-12

 8-l3

 8-13

9-139-l3

9-139"l39-･137-12

7-l38-138r138-137-128-11
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*  Number  ofmales  tested; **
 standard  error;  

a
 onelaboratory  stock  keptinmass  culture;

 ts isofemale lines CIrhe number  in parenthesis represents  the number  of  isofemale); 
e

 wild

 caught  males.
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2b, The  tooth number  ef  sexconibs  in Japanese  poptLlations of  D. simttlans

l'opulation N* Mean SE** Range

 I, Eastern:
    Pv{ishima, 1976b (32)
    Mishima, l975b (20)
    Mishinna, 1977b (50)
    FLv'inomiad
    "J[aebashiC
    Omiyac

    Tokyoe

    Omiyad

    Utsunomiya(t

    Sagamiilarae

    Naoetsud

    Shimodad
    Tomizawad
    (Mean)
II. Osasasvara:
    Ogasawaraa
    Ogasawara, 1973e
    (Mean)
III, Western:

    Saikid

    Masakie

    Tosuc
    Saikic
    Kumamotea

    Izumid

    Kokurac

    Kolcura, 1976b (32)
    Kagosh{maa

    Kechie

    Miyazakic

    Masakid
    Shimonesekic

    Kagoshimae
    Hiroshimad
    Sukurnod

    Miyazakia

    (Mean)

32 :･< 52050202e202020202･O202020

50100

2020202020205032x52e2020202020202020

 io,

 10,
 10,10.10,10,

 10,
 10.10.IO,

 9.

 9.

 9.(IO.

10,10.(10.

IL]l,11,10.10.10.]o,10.IO.10.10,10.10,10,IO.10.IO.(10.

6555453,-3030201510o)-80801014)

465249)

6010eo908080se797S7e55S5504540353073)-

o,"O,20O,25O.27O,26O.24O,27O.27O.21O,26O.2tO.i7O,19

O.15o.io

ooeooooeoooo'oioooo2532252329191712222617182620261718

8-139-l29-148-129-128-128-l38-128-118--128-119-lr8-11

9-138-13

IO-149-159-t49-139-139-128-138-149m129-l39-129-129-129-129-149-119-i2

*-
 

t:*
 a  b and ::)

a;
 see the footnotes of  Table 2a;d  $eyeral  females origim.

number  of  Japanese simttlans  was  10.47, including IO.49 ,fbr an  Ogasawara popula-
tion (see Table 2b). The  tooth numbers  were,  oll average,  fewer in eastern  popula-
tions ofJapan  (IO.14) than  in western  ones  (10.73), which  were  more  similar  to those

of  European (10,70), Australian (iO.73) and  African (10.95) populations than  to
those of American ones  (9.70).
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   (3) (]enetgc ana(>'sis  qf'the tooth number  ofsesccofnbs: The  results  of  genetlc

analysls  of  the tooth number  of  sexcornbs  are shewn  in Table 3, Reciprocal crosses

did not  show  any  differences in the tootli ttumber  (see Crosses [ and  [I in Table 3).

The rnean  scores  of  F, (11,04 and  11.12) and  FL･ (tO,76 and  10,86) were  close  to the

mldparent  value  (10.64) calculated  firom each  parentai scoi;e. The simirar  situatien

was  observed  in the other  crosses. The  variances  of  FL in Crosses I and  II were

smaller  than those of  F2 in these  crosses,  respectively,  This suggests  that the  tooth

number  is controlled  by many  genes (polygenic system)  on  autosomes  witheut  mater-

nal effect  or  significant  dominance,

        Table 3. Means  CI) and  their standard  ef/ro['s (SE) of  the tooth number  of

           sexcombs  in Fi and  F2 obtained  from the crosses of four strains

･//1･t'ie

g

N* x'  SE

Parental strains

 USA  strain  (Low)
 Tananarive  strain  (High)
 biv; st  strain

 pJn;siniA straEn

F,

 Low  9? × High  8o' (Cross I)

 High  ?9･ × Lew  S8 (Cross II>
 b,v; st  99 × Low  g8  (Cross III)

 biv; st  ?9 xHigh  a8  (Cross IV)

 pm  ; simA  9 9･ × Low  
(S

 ff (Cross V)
 pm;  simA  99. × High  80  (Cross VI)

 pm;  simA  Q, 9. ×. b"T; st o"o" (Cross VII)

 bw; st 9･ 9 ><pm;  simA  cle (Cross VIII)
F,

 Cross I
 Cross II

50503030

5050303030303030

5050

9,0212,:6l1,2312

 13

11.e411.1210.5011.7710,93l2,5311,7011.73

10,7610,86

O.12O,15O.20O,14

O.14O.12O,l4O,17O,14O,t4O,16O.16

O,L6O.17

' Numbec  ofmales  tested,

   (4) Cori'elation betyveen the tooth n,uinber  qfsesccomb  and  wing  length: Using

32 isofemale lines from each  of  two  Japanese populations, the tooth number  of  sex-

combs  was  compared  with  the wing  length in each  population. As  shown  in Tabie

4, the correlations  between these two  characters  were  not  significant (r ==O.027,  d.C=

      Table 4, Cofrelation between tooth  number  of  sexcomb  and  wing  length in 32

             isofemale lines of  two Japanese pepulations in D, siinttlans

Population Wing  lengtha Tooth number r"  (d,f. =::  30>

Mishima, l976
Kokura, 1976

Mean  SEe
l220.22± 5.ll

1220,28+.4.29

Mean  SEe
10.65 i, O,11
10.79te,12

O,027nsO.e77ns

two  characters;  
e
 standard  error;
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 not  significant.b

 coeMcient  ofcorrelationbetween
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3e ,for Mishima; r=O.077,  d.ft =  30 for Kokura). Analysis of  variance  was  carried

out  for each  character,  The analysis  showed  that there were  no  significant  difierences

in both characters  between the two  populations, although  there were  significant

differences between isofemale lines of  each  population.
   (5) Mating abigity  ofhigh and  lovv tooth number  strains:  Mating ability  of

high (Naze) and  low (Chapel Hill) tooth number  strains was  examined.  The results

are  illustrated in Fig. 1. The curve  of  rnating  ability  on  time (every five miRutes)

for a  high tooth  number  strain was  siniilar  to that  for a  low tooth number  strain.

It means  that the variation  ofthe  tootk number  of  sexcomb  did not  affect  tlae copual-

tion of  flies.

Fig.

9

8

R7RxRgi6zaMx-2k52eL9,tt4{!:3:
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1. Matlngability

simulans.

5 10 15

TIME AFTER PUT-rlFms THE FLIES

of  high (Naze) and  low

   20  25  30
INTO IHE  V!AL (MINUTE)

(Chapel Hi}1) ,tooth number  strains  in D,
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    The tooth number  and  the arrangement  in Drosqpkila sexcomb  have been used
as a  key character  for the classification of  the species, The present results clearly
showed  that the variation  of  the tooth number  among  geographical populations of  D.
simulans  is genetically controlled.  The character  seems  to be controlled  by many

genes (polygenic system)  on  autosornes  without  maternal  effects  and  significant  domi-
nance.  The geographical variation  of  this morphological  character  was  not  as-

sociated  with  latitude where  the  fiies were  collected.  This suggests  that tooth number
is not  easily  modified  by temperature  conditions,  The stabie penetrance of  this

character  was  confirmed,  using  wild  caught  flies and  laboratory cultures  from the
same  natural  populations. In addition,  we  could  not  detect any  correlations  between
tooth number  and  other  traits (wing length and  mating  ability)  in this study. This
seemstobe  no  pleiotropic eflects  of  genes centrolling  the tooth number  on  such  traits.
Though  CooK  C1977) reported  that mating  behavior was  affected  by no  teeth in sex-
combs,  the tooth number  variation  for individuals (fbr instance 7 to 15) seems  to have
nQ  associations  with  mating  ability estimated  by our  method,  In ether  words,

though  mating  ofmales  having the teeth in sexcornbs  would  be normal,  males  without

teeth fa11s the  grasping in mating.

    From  the studies  on  the tooth number  of  sexcembs,  we  showed  that a western

population in Japan might  be different from an  eastern  one  in Japan, suggesting  that
the origin  efthe  two  populations ofJapan  may  be different. The two  populations of
Japan were  not  similar  to American ones,  but a  western  population was  similar  to

European, African and  Australian ones.  Although there  is apossibility  that Japanese

simulans  came  from  Europe,  Africa or  Australia but not  from America, we  do not

have  any  evidence,  supposing  no  fbunder effects  at invading of  fiies, that Japanese
simulans  came  from any  of  the  fbrmer three regions.  In addition,  the data of  the

sexcombs  demonstrated that an  island population of  Ogasawara, in which  D. simu-

lans has been found since  1936 (KoMAI, 1937), seemed  to be slightly  different from
mainland  (eastern and  western)  populations of  Japan, WATADA  et al. (1978) re-

ported that the Ogasawara population was  diffbrent from mainland  population of

Japan based on  a  comparison  of  gene  frequencies at  several  allozyme  loci (Eyt-6,
Egt-C and  Aeph-1) of  this species.  Thus, the  origin  ofD.  simulans  in the mainland
of  Japan seems  to be neither  America nor  Ogasawara Island, but we  do  not  know  its
origin  in mere  detail at present.
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