
INTRODUCTION

The� ����e������� ��e���e�� ����e������� ��e���e�� ��e���e�� Drosophila subobscura �how� 
���h �nve����on �o�ymo��h��m �n ��� f�ve� ���o�e�n���� 
�h�omo�ome�� of �he� �e��. In �on����� �o ���ozyme��, 
m���o���e�����e��, �nd m�DNA h���o�y�e�� (L��o��e� 
e�� ��., 1992; ����u�� e�� ��., 2001), �h�� �y�e� of �o�y�h�� �y�e� of �o�y�
mo��h��m d�����y� ��e�����u� ge�og���h���� v������on 
(K��mb��, 1993; B���ny� e�� ��., 2003). Te�m�o���Te�m�o��� 
v������on of �h�omo�om�� �o�ymo��h��m w�� ���o 
��ove�n �o e�x��� �n n��u��� �o�u����on� of �h�� ��e��
��e��. The��e� ��ud�e�� �n��ude�d d�u�n�� (de� ��u�o� �nd The��e� ��ud�e�� �n��ude�d d�u�n�� (de� ��u�o� �nd ��ud�e�� �n��ude�d d�u�n�� (de� ��u�o� �nd 
��e�vo���, 1984; Go��e���, 1991), �e���on�� (de� ��u�o� 
�nd ��e�vo���, 1984; Rod��gue�z�T�e���e�� e�� ��., 1996), 
�nd �nnu�� (de� ��u�o� �nd ��e�vo���, 1984; O�e�ngo 
�nd ��e�vo���, 1996; Anđe��kov�ć e�� ��., 2007) mon��
�o��ng of �nve����on �o�ymo��h��m �h�nge�. A�� of 
�he��e� ���e���� of v����b����y �n D. subobscura �nve���
��on �o�ymo��h��m ��e� �o � �e�����n de�g�e�e� ���o���
��e�d w��h �he� v���e��y �nd dyn�m��� of e��o�og���� 
f���o��, bu� ��n�e� ��� h�gh �e�ve�� of v����b����y �� qu��e� 
���b�e� �� �� ������f�e�d �� “�e�m� ��g�d” o� “�e�m� f�e�x�b�e�” 
(S�e�����h �nd �e�ue��b��h, 1966). S�n�e� �nve����on 

�o�ymo��h��m �e���ond� �o ���m���� �h�nge��, bo�h 
��������y �nd �nnu���y, �� �� �e���on�b�e� �o ���ume� �h�� 
e�nv��onme�n��� d�ffe��e�n�e�� �n ne��ghbo��ng h�b����� 
��n �e��d �o �o��� �d������on �nd m���oh�b���� v����
�b����y of �nve����on �o�ymo��h��m. 

The� ���o�����on be��we�e�n ge�ne� ����nge�me�n� f�e��
que�n��e�� �nd e�nv��onme�n��� f���o�� �n d�ffe��e�n� 
m���oh�b����� w�� �hown ��e�v�ou��y (Anđe��kov�ć e�� 
��., 2003). In �dd���on �o �nve����on �o�ymo��h��m, 
mon��o��ng of m���oh�b���� v����b����y �n D. sub-
obcura ��e���e�� �e�ve���e�d d�ffe��e�n�e�� �n qu�n������ve� 
����me��e��� �u�h �� v����b����y �n ov���o�e� numbe�� 
(S�v�ć e�� ��., 2008), �nd ���o �n body ��ze� ����me��e��� 
�u�h �� �ho��x ��ze�, w�ng ��ze�, �nd w�ng �o�d�ng 
(S��me�nkov�ć�R�d�k e�� ��., 2008). Tho�e� ��ud�e�� 
�n��ude�d �om�����on� be��we�e�n �wo ��m��e�� ��ke�n 
f�om on�y �wo e�nv��onme�n����y d�ffe��e�n� h�b����� 
�nd ��w�y� f�om �he� ��me� �o����on (M�. Goč �n 
Ce�n���� Se��b��). S�n�e� �he� B��k�n �e�n�n�u�� �� �h���
���e���ze�d by �ong����nd�ng �nd e�x�e�n��ve� e��o�og���� 
d�ve�����y, �� ��ov�de�� o��o��un���e�� fo� mo�e� de�����e�d 
�e��e����h of w��h�n��o�u����on d�ffe��e�n�����on of D. 
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subobscura f�om �o������e�� �h�� ��e� �om����e�d of e��o�
�og�����y d�ffe��e�n� m���oh�b�����. The��e�fo�e�, �he� ��m 
of �h�� �e��e����h w�� �o de��e��m�ne� �he� �e�ve�� of �o��� 
�d������on �o d�ffe��e�n� e�nv��onme�n��� �ond���on�, 
wh��h �� �on���n��y �oun�e������ng �he� ge�ne� f�ow due� 
�o �he� ��o�e�ne��� of h�b�����. 

MATERIALS AND METHODS

Population samples

Lo����ze�d d�ffe��e�n�����on of D. subobscura w�� ��ud�
�e�d w��h�n �wo �o�u����on�. One� �o�u����on ��ve�� 
�n �he� �ou�he����e��n ���� of �he� De���b���o S�nd�, �he� 
���ge��� ��ndy �e�����n �n Eu�o�e�, ���u��e�d be��we�e�n 44° 
48’ � 45° 12’ N �nd 20° 51’ � 21° 20’ E �n No��he��n 
Se��b�� (�� �n �����ude� of 240 m). S�e���e��fo�e��� mo���
�� h�b����� �nd d�ffe��e�n� �o�� �om�o����on (b���k, 
b�own, �nd ye���ow ��nd) ��e� �h�����e�������� of �h�� 
�e�g�on. ���e�� we��e� �o��e���e�d ��mu���ne�ou��y �n m�d�
June� 2006 u��ng fe��me�n�e�d f�u�� ����� f�om �h�e�e� 
fo�e��� �ommun���e�� �o�og���h�����y �bou� 3 km 
�����: Pine (w��h Pinus nigra �� �he� dom�n�n� ��e�e�), 
Elm (w��h Ulmus laevis �� �he� dom�n�n� ��e�e�), �nd 
Oak (w��h Quercus robur �� �he� dom�n�n� ��e�e�). 
The��e� �h�e�e� fo�e���� h�ve� d����n���ve� m���o���m��e��. 
S����e� ��e�e�� �nd d��e��� �un��gh� ��u�e�� Pine �o be� �he� 
w��me��� �nd mo�� �n�o���e�d h�b����. Oak �� � de�n�e� 
fo�e��� w��h �owe�� �e�m�e����u�e� �nd h�ghe�� hum�d�
��y �h�n Pine. D�u�n�� �h�nge�� of �he� hum�d��y ��e� 
d����e�e�� �n Oak. Elm �� mode����e� �om���e�d �o �he� 
fo�me�� �wo �o������e�� �n �e��m� of e��o�og���� f���o��. 

The� o�he�� �o�u����on of D. subobscura w�� 
��m��e�d on M�. Goč (43° 30’ � 43° 35’ N �nd 20° 31’ 
� 20° 58’ E) �n Ce�n���� Se��b��. ���e�� we��e� �o��e���e�d 
��mu���ne�ou��y �n m�d�June� 2007 u��ng fe��me�n�e�d 
f�u�� ����� f�om �h�e�e� fo�e��� �ommun���e�� �o�o�
g���h�����y �bou� 5 km �����: Beech (w��h Fagus 
sylvatica �� �he� dom�n�n� ��e�e�), Pine (w��h Pinus 
nigra �� �he� dom�n�n� ��e�e�), �nd Oak (w��h Quercus 
petraea �� �he� dom�n�n� ��e�e�), �� �bou� 800 m �bove� 
�e�� �e�ve��. S�n�e� �o��� d�ffe��e�n�e�� �n �o�og���hy �nd 
�o�� �om�o����on, �� we��� �� d�����bu��on of dom�n�n� 
��e�e��, m�ke�� m���o���m��e�� �on��de���b�y d�ffe��e�n� 
(G�j�ć, 1984), �he��e� �h�e�e� fo�e��� �ommun���e�� �e���e��
�e�n� �h�e�e� e��o�og�����y d�ffe��e�n� h�b�����. Beech (875 
m) h�� �he� h�ghe��� hum�d��y w��h g�e��� ve�ge�����on 

�ove���ge�. Oak (787 m) h�� mo�e� �����e� ��e�e�� �nd �� 
���gh��y w��me��. Pine (690 m) h�� �he� �e���� ve�ge����
��on �ove���ge�. I� �� �he� w��me��� h�b����.  

Inversion polymorphism data analysis

An��y��� of �nve����on �o�ymo��h��m w�� �����e�d ou� 
fo� ����u�e�d w��d m��e��. The� m��e�� we��e� �nd�v�du���y 
��o��e�d w��h v��g�n fe�m��e�� f�om �he� Ku�n��h� ��bo�
���o�y ��o�k, wh��h �� homozygou� fo� ���nd��d ge�ne� 
����nge�me�n� �� ��� f�ve� ���ge� �h�omo�ome��. S���v��y 
g��nd� f�om �h��d��n���� ���v�e� we��e� �qu��he�d �nd 
�h�omo�ome�� ����ne�d w��h ��e��o�o��e��n �o�u��on. 
E�gh� ���v�e� we��e� �n��yze�d f�om �he� ��oge�ny of e���h 
of �he� ��o��e�� �e��fo�me�d. �o� �y�o�og���� �n��y��� of 
ge�ne� ����nge�me�n��, �he� �h�omo�ome� m�� of Kunze��
Muh� �nd Mü��e�� (1958) w�� u�e�d. The� de���gn���on 
of ge�ne� ����nge�me�n�� fo��ow� �h�� of Kunze��Muh� 
�nd S�e�����h (1955). The� �n��y��� �n��ude�d � �o��� 
of 100 m��e�� (800 �u�o�ome�� �nd 100 �e�x �h�omo�
�ome��) f�om �he� De���b���o �o�u����on. Th���y�f�ve� 
m��e�� we��e� �n��yze�d f�om Pine (280 �u�o�ome�� �nd 
35 �e�x �h�omo�ome��), 34 f�om Elm (272 �u�o�ome�� 
�nd 34 �e�x �h�omo�ome��), �nd 31 f�om Oak (248 
�u�o�ome�� �nd 31 �e�x �h�omo�ome��). 

A �o��� of 90 m��e�� (720 �u�o�ome�� �nd 90 �e�x 
�h�omo�ome��) we��e� �n��yze�d f�om �he� Goč �o�u���
��on. The� �n��y��� �n��ude�d 30 m��e�� (240 �u�o�ome�� 
�nd 30 �e�x �h�omo�ome��) f�om e���h fo�e��� �om�
mun��y.

Z�S��������� (Z��, 1999) w�� u�e�d �o ���e��� �he� 
d�ffe��e�n�e�� be��we�e�n f�e�que�n��e�� of ge�ne� ����nge��
me�n�� �nd k��yo�y�e�� �nd�v�du���y, be��we�e�n ����� 
of �n��yze�d ��m��e��. The� G��e��� (Sok�� �nd Roh�f, 
1980) w�� u�e�d �o de��e��m�ne� �o�u����on �ubd��
v���on by de��e��m�n�ng �he� homoge�ne���y of ge�ne� 
����nge�me�n� �nd k��yo�y�e� f�e�que�n��e�� be��we�e�n 
����� of ��m��e�� �nd ��� ��m��e�� �oge��he�� f�om d�f�
fe��e�n� fo�e��� �ommun���e�� on ��� �h�omo�ome�� �nd 
�u�o�ome��, �e���e����ve��y. Se�que�n���� Bonffe��on� �o��
�e����on w�� �����e�d �o �dju�� fo� mu�����e� ����w��e� 
�om�����on�.

W��gh�’� ������������ (W��gh�, 1965, 1978) h�� 
��ove�n �o be� � ve��y u�e�fu� �oo� �n e��u��d���ng �he� 
����e��n �nd e�x�e�n� of ge�ne���� v������on �e���d�ng 
w��h�n �nd �mong n��u��� �o�u����on� of d�ffe��e�n� 
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���n� (Agu���e�����n�e�� e�� ��., 2000; Chung e�� ��., 
2004) �nd �n�m�� (A��ngu�e�n�Me�nde�z e�� ��., 2002) 
��e���e��, �n��ud�ng D. subobscura (����u�� e�� ��., 
2001). �o�u����on ���u��u�e� �n ou� ���e�� w�� �n��
�yze�d u��ng We��� �nd Co�ke��h�m’� me��hod� (1984), 
�m��e�me�n�e�d �n �he� �STAT (Goude��, 2001) �om�u��
e�� ��og��m (ve����on 2.9.3.2). S�gn�f���n�e� of �he� �IS, 
�ST, �nd �IT �nd��e�� w�� �e���e�d b��e�d on 1000 �e���
mu����on� of ge�ne� ����nge�me�n�� �mong �nd�v�du��� 
w��h�n ��m��e��, ge�no�y�e�� �mong ��m��e��, �nd ge�ne� 
����nge�me�n�� �mong ��m��e��, �e���e����ve��y. Wh��e� 
�e����ng �he� ��gn�f���n�e� of � �nd��e�� ove�� ��� �u�o�
�ome�� u��ng �e��mu����on, mo�e� we��gh� w�� g�ve�n �o 
�h�omo�ome�� w��h h�ghe�� �o�ymo��h��m. Boo������ 
�onf�de�n�e� �n�e��v��� (95%) we��e� �on���u��e�d �nd �he� 
ove����� �h�omo�ome� � ���������� we��e� �on��de��e�d ��g�
n�f���n� whe�n �onf�de�n�e� �n�e��v��� d�d no� ove����� 
ze��o. S�n�e� �he� boo��������ng ��o�e�du�e� �e�qu��e�� 
mo�e� �h�n fou� �o�� (R�ymond �nd Rou�e��, 1995) 
�nd ��n�e� �he� O �h�omo�ome� ��n be� �ubd�v�de�d �n�o 
�wo �e�gme�n�� w��h no ove�������ng �nve����on� (w��h 
�he� e�x�e����on of �he� ���e� O25), �he� O �h�omo�ome� 
w�� ob�e��ve�d �� �wo �e������e� un��� �n ����u����ng � 
����������. The��e� ����u����on� we��e� ���o m�de� u��ng 
�he� �STAT ��og��m (Goude��, 2001). 

Inve����on �o�ymo��h��m ����me��e��� (de�g�e�e� of 
he��e��ozygo���y, �nve����on de�n���y �nd, �nde�x of f�e�e� 
�e��omb�n���on) we��e� de���ve�d f�om ����nge�me�n� 
f�e�que�n��e�� ���o�d�ng �o �he� de��������on of K��mb�� 
(1993).

RESULTS

The� ob���ne�d f�e�que�n��e�� of ge�ne� ����nge�me�n�� on 
f�ve� ���o�e�n��� �h�omo�ome��, de�g�e�e� of he��e��ozy�
go���y, �nve����on de�n���y, �nd �nde�x of f�e�e� �e��omb��
n���on ��e� ��e��e�n�e�d �n T�b�e� 1. The� ob���ne�d k��yo�
�y�e� f�e�que�n��e�� ��e� ��e��e�n�e�d �n T�b�e� 2. 

Inve����on �o�ymo��h��m ����me��e��� (de�g�e�e� of 
he��e��ozygo���y, �nve����on de�n���y, �nd �nde�x of f�e�e� 
�e��omb�n���on) we��e� ��m���� be��we�e�n ��� ��x ��m�
��e��. The� �nd��e�� of f�e�e� �e��omb�n���on ��e� h�ghe�� 
�h�n v��ue�� �h�����e������� of �he� B��k�n �e�g�on 
(K��mb��, 1993). 

D�ffe��e�n�e�� �n �he� f�e�que�n��e�� of �nd�v�du�� ge�ne� 

����nge�me�n�� �nd k��yo�y�e�� be��we�e�n ��m��e�� f�om 
d�ffe��e�n� fo�e��� �ommun���e�� w��h�n �o�u����on� ��e� 
��e��e�n�e�d �n T�b�e�� 3 �nd 4. 

Com�����on� of ge�ne� ����nge�me�n� f�e�que�n��e�� 
be��we�e�n ��m��e�� f�om �he� De���b���o S�nd� g�ve� 
��gn�f���n� d�ffe��e�n�e�� fo� �he� E8 (z = � 3.70; � < 
0.01) ge�ne� ����nge�me�n� be��we�e�n Elm �nd Oak. No 
��gn�f���n� d�ffe��e�n�e�� we��e� found be��we�e�n �he� o�he�� 
�wo ����w��e� �om�����on�. S�gn�f���n� d�ffe��e�n�e�� �n 
k��yo�y�e� f�e�que�n��e�� we��e� found fo� U1+2/U1+2+6 
(z = � 3.33; � < 0.05) be��we�e�n Pine �nd Elm, U1+2/
U1+2+6 (z = � 3.93; � < 0.001), �nd U1+2+6/U1+2+6 (z = 
3.60; � < 0.05) be��we�e�n Pine �nd Oak.  

In �he� Goč �o�u����on, ��gn�f���n� d�ffe��e�n�e�� of 
ge�ne� ����nge�me�n� f�e�que�n��e�� we��e� found be��we�e�n 
Beech �nd Oak fo� U1+2 (z = 3.63; � < 0.01), �nd E�� 
(z = 3.24; � < 0.05); �nd be��we�e�n Pine �nd Oak fo� 
A�� (z = � 3.66; � < 0.01), A1 (z = 3.38; � < 0.05), �nd 
U1+2 (z = 3.37; � < 0.05). No ��gn�f���n� d�ffe��e�n�e�� 
we��e� found �n k��yo�y�e� f�e�que�n�y �om�����on� fo� 
�he� Goč �o�u����on. 

The� G��e��� d�d no� �e�ve��� ��gn�f���n� d�ffe��e�n�e�� 
�n �he� d�����bu��on of ge�ne� ����nge�me�n�� �nd k��yo�
�y�e�� be��we�e�n ��m��e�� f�om �h�e�e� fo�e��� �ommun��
��e�� fo� e���he�� ��ng�e� o� ��� �h�omo�ome�� �n e���he�� 
�o�u����on. Re��u��� of �he� G��e��� we��e� no� ��gn�f���n� 
fo� e���he�� ����w��e� �om�����on� o� �om�����on� of 
��� �h�e�e� ��m��e�� w��h�n �o�u����on�.

The� �e��u��� of W��gh�’� ������������ ��e� ��e��e�n�e�d 
�n T�b�e� 5. In �he� De���b���o �o�u����on, �he� �oe�ff��
��e�n�� of �nb�e�e�d�ng w��h�n �h�e�e� �n��yze�d ��m��e�� 
(�IS) we��e� ge�ne�����y �o����ve� �nd ��gn�f���n� fo� U 
(�IS = 0.188; � < 0.01), E (�IS = 0.282; � < 0.001) 
�h�omo�ome��, �he� OII �h�omo�ome� �e�gme�n� (�IS = 
0.152; � < 0.05), �nd ove����� �u�o�ome�� (�IS = 0.166; 
� < 0.001). The� �o��� �nb�e�e�d�ng �oe�ff���e�n� (�IT) e�����
m��e�� we��e� ���o ge�ne�����y �o����ve� �nd ��gn�f���n� fo� 
U (�IT = 0.189; � < 0.01), E (�IT = 0.291; � < 0.001) 
�h�omo�ome��, �nd ove����� �u�o�ome�� (�IT = 0.168; � 
< 0.001). In �he� Goč �o�u����on, ��� �IT v��ue�� we��e� 
�o����ve� �nd ��gn�f���n� fo� �he� OII �h�omo�ome� 
�e�gme�n� (�IT = 0.091; � < 0.05). The� Goč �o�u����on 
�how� ��gn�f���n� �IS on�y fo� �he� OII �h�omo�ome� 
�e�gme�n� (�IS = 0.088; � < 0.05). V��ue�� of �ST d�d 
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no� �how ��gn�f���n� de�v����on f�om ze��o fo� e���he�� 
������u��� �h�omo�ome�� o� ove����� �h�omo�ome�� 
w��h�n e���he�� �o�u����on. Boo��������ng g�ve� �e��u��� 
�h�� ��e� �n �g�e�e�me�n� w��h �e��mu����on �e���� e�x�e��� 
fo� �IS �nd �IT v��ue�� fo� ove����� �u�o�ome�� w��h�n 
�he� Goč �o�u����on, whe��e� �he��e� �nd��e�� d�d no� 
ove����� ze��o.

DISCUSSION

In ge�ne����, �he� ����e��n of �nve����on �o�ymo��h��m of 
D. subobscura �o�u����on� f�om �he� De���b���o S�nd� 
�nd M�. Goč �� �on����e�n� w��h h��he���o ob�e��ve�d 
�nve����on �o�ymo��h��m fo� �he� ��e�� of �he� �ou�h�
e����e��n m��g�n of �he� Ce�n���� Eu�o�e��n ��nge� of 
�he� ��e���e�� (K��mb��, 1993), e�x�e��� fo� �he� O3+4+2 

����nge�me�n�, wh��h w�� found �n �e�����ve��y h�gh 
f�e�que�n��e�� �n f�ve� �n��yze�d ��m��e��. Th�� ����nge��
me�n�, wh��h �� �h�����e������� of �o�u����on� f�om 
Sou�he��n Eu�o�e� (K��mb��, 1993), w�� �e�g���e��e�d 
fo� �he� f���� ��me� �n �he� Goč �o�u����on �n 2003 
�n f�e�que�n��e�� of �e��� �h�n 4% (Anđe��kov�ć e�� ��., 
2007; R�š�ć e�� ��., 2008). The� g�ve�n ����nge�me�n� �� 
���o �e�g���e��e�d �n �he� De���b���o S�nd�, wh��h ��e� �� 
� h�ghe�� �����ude� �h�n M�. Goč. The��e� d��� �u��o�� 
�he� “�ou�he��n e�ffe���” hy�o�he����, wh��h �ugge���� �h�� 
�h�omo�om�� �nve����on �o�ymo��h��m of D. subob-
scura �e���ond� �o ���m���� �h�nge� (Rod��gue�z�T�e���e�� 
e�� ��., 1996; B���ny� e�� ��., 2006; S��me�nkov�ć�R�d�k 
e�� ��., 2008).

M�ny ob�e��v���on� �ub���he�d �o f�� ���ong�y 

Table 1. Gene arrangement frequency (%) and inversion polymorphism parameters in six D. subobscura samples from different for-
est communities; degree of heterozygosity (HZ); index of free recombination (IFR); inversion density (ID); number of males in the 
analysis (n).

  De���b���o S�nd�  Gočč

Ge�ne� ����nge�me�n� (%)  Pine  (n=35) Elm  (n=34) Oak  (n=31) Beech (n=30) Pine  
(n=30)

Oak  
(n=30)

A�� 31.43 26.47 32.26 43.33 36.67 70.00

A1 57.14 58.82 54.84 50.00 53.33 23.33

A2 11.43 14.71 12.90 6.67 10.00 6.67

J�� 14.29 25.00 25.81 18.33 21.67 20.00

J1 85.71 75.00 74.19 81.67 78.33 80.00

U�� 22.86 26.47 20.97 3.33 6.67 11.67

U1+2 41.43 36.76 54.84 66.67 65.00 43.33

U1+2+6 35.71 36.76 24.19 30.00 28.33 45.00

E�� 28.57 42.65 27.42 35.00 21.67 16.67

E8 32.86 22.06 43.55 16.67 33.33 31.67

E1+2+9 38.57 35.29 27.42 48.33 45.00 51.67

E1+2+9+12 0.00 0.00 1.61 0.00 0.00 0.00

O�� 21.43 14.71 24.20 10.00 13.33 15.00

O6 0.00 0.00 0.00 0.00 0.00 1.67

O3+4 47.14 50.00 43.55 43.33 51.67 50.00

O3+4+1 27.14 33.82 25.81 40.00 35.00 26.67

O3+4+2  4.29 1.47 6.45  6.67 0.00 6.67
I�R (%) 84.16 83.08 82.41 85.13 83.78 83.13

ID 5.94 5.56 5.70 6.66 6.73 6.73
HZ  0.44 0.49 0.54  0.47 0.52 0.52



INTRA-S�ECIES DI��ERENTIATION AMONG DROSOPhIlA SUBOBSCURA 517

�ugge��� �h�� d�ffe��e�n� �nve����on ����nge�me�n�� ����y 
v���ou� ���e��e�� �h�� ��e� d�ffe��e�n��y f�vo�e�d �n d�ve���e� 
e�nv��onme�n��� �ond���on� �nd ��ove� �n mo�� ���e�� 
�o be� �he� m�jo� f���o�� de��e��m�n�ng �he� f�e�que�n��e�� 
of �nve����on ����nge�me�n�� �n n��u��� �o�u����on� of 
D. subobscura (Anđe��kov�ć e�� ��., 2003). Te�m�o��� 
�nd ������� v������on of �nve����on �o�ymo��h��m 
h�� ���o be�e�n ��ud�e�d �n n��u��� �o�u����on� of 

Drosophila buzzatii �nd �e�ve���e�d �oe�x���e�n�e� of d�f�
fe��e�n� k��yo�y�e�� �n d�ffe��e�n� e�nv��onme�n��� �ond��
��on� (�e��n�nde�z I�����e� e�� ��., 1999). The��e� �� ���o 
e�v�de�n�e� of m���o�ge�og���h�� v������on of �nve����on 
�o�ymo��h��m �n n��u��� �o�u����on� of Drosophila 
pseudoobscura (S���e�d� �nd E���noz��Ve���zque�z, 
2006). The� �e��u��� ��e��e�n�e�d he��e� fu��he�� e�m�h��
��ze� �he� �e�����on�h�� be��we�e�n ge�ne� ����nge�me�n� 

Table 2. Karyotype frequency (%) in six D. subobscura samples from different forest communities; number of males in the analysis (n).

  De���b���o S�nd�  Gočč

K��yo�y�e� (%)  Pine  (n=35) Elm  (n=34) Oak  (n=31) Beech (n=30) Pine  
(n=30)

Oak  
(n=30)

J��/J�� 0.00 5.88 3.23 3.33 6.67 3.33

J��/J1 28.57 38.24 45.16 30.00 30.00 33.33

J1/J1 71.43 55.88 51.61 66.67 63.33 63.33

U��/U�� 5.71 8.82 9.68 0.00 0.00 3.33

U��/U1+2 20.00 11.76 16.13 3.33 10.00 3.33

U��/U1+2+6 14.29 23.53 9.68 3.33 3.33 13.33

U1+2/U1+2 28.57 17.65 29.03 46.67 40.00 20.00

U1+2/U1+2+6 5.71 26.47 32.26 36.67 40.00 43.33

U1+2+6/U1+2+6 25.71 11.76 3.23 10.00 6.67 16.67

E��/E�� 17.14 26.47 12.90 13.33 3.33 3.33

E��/E8 5.71 11.76 19.35 10.00 23.33 6.67

E��/E1+2+9 17.14 20.59 9.68 33.33 13.33 20.00

E8/E8 17.14 11.76 22.58 0.00 6.67 13.33

E8/E1+2+9 25.71 8.82 22.58 23.33 30.00 30.00

E1+2+9/E1+2+9 17.14 20.59 9.68 20.00 23.33 26.67

E1+2+9/E1+2+9+12 0.00 0.00 3.23 0.00 0.00 0.00

O��/O�� 8.57 2.94 9.68 3.33 3.33 6.67

O��/O3+4 22.86 11.76 25.81 3.33 13.33 3.33

O��/O3+4+1 2.86 11.76 3.23 3.33 6.67 10.00
O��/O3+4+2 0.00 0.00 0.00 6.67 0.00 3.33
O6/O3+4+2 0.00 0.00 0.00 0.00 0.00 3.33

O3+4/O3+4 20.00 29.41 9.68 26.67 26.67 30.00

O3+4/O3+4+1 25.71 29.41 32.26 26.67 36.67 30.00

O3+4/O3+4+2 5.71 0.00 6.45 3.33 0.00 6.67

O3+4+1/O3+4+1 11.43 11.76 9.68 23.33 13.33 6.67

O3+4+1/O3+4+2 2.86 2.94 0.00 3.33 0.00 0.00

O3+4+2/O3+4+2  0.00 0.00 3.23  0.00 0.00 0.00
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Table 3. Differences in the frequencies of individual gene arrangements of D. subobscura between samples from different forest com-
munities before (in parentheses) and after Bonferroni multiple test correction; Z-test values are given only for significant compari-
sons; all comparisons that were significant after correction had p < 0.001 before correction.

  De���b���o S�nd�  Goč

Ge�ne� ����nge�me�n�  Pine/Elm  Pine/Oak Elm/Oak Beech/Pine Beech/Oak Pine/Oak 

A�� (� 2.95**) � 3.66**

A1 (3.03**) 3.38*

A2

J�� (� 2.24*) (� 2.35*)

J1 (2.24*) (2.35*)

U�� (� 2.45*)

U1+2 (� 2.18*) (� 2.93**) 3.63** 3.37*

U1+2+6 (2.04*) (2.20*) (� 2.40*) (� 2.68**)

E�� (� 2.44*) (2.57*) (2.29*) 3.24*

E8 (2.01*) � 3.70** (� 2.98**) (� 2.71**)

E1+2+9

E1+2+9+12

O��

O6

O3+4

O3+4+1 (2.19*)

O3+4+2    (� 2.09*)  (2.88**)  (� 2.88**)

*� < 0.05, **� < 0.01, ***� < 0.001

f�e�que�n��e�� �nd �o��� �d������on �o e��o�og�����y d�f�
fe��e�n� m���oh�b����� �n Drosophila ��e���e��. Howe�ve��, 
ge�ne���� d��f� ��n ���o ge�ne����e� ge�ne� ����nge�me�n� 
f�e�que�n�y d�ffe��e�n�e�� be��we�e�n �o��� �o�u����on� 
of �e�������e�d ��ze�. S�udy of �o�u����on� f�om �he� 
Goč �o�����y ove�� � numbe�� of ye���� (S��me�nkov�ć�
R�d�k e�� ��., 2008) �howe�d � ��gn�f���n� de���e���e� �n 
�o�u����on ��ze� �n �ome� ye����. Bu�, ��n�e� �nve����on 
�o�ymo��h��m �e���ond� �o ���m���� v������on, bo�h 
�nnu���y (de� ��u�o� �nd ��e�vo���, 1984; O�e�ngo �nd 
��e�vo���, 1996; Anđe��kov�ć e�� ��., 2007) �nd ����
�����y (K��mb��, 1993), �� �� ��ke��y �h�� m���o���m���� 
�ond���on� �n � g�ve�n e��o�og���� n��he� d�ffe��e�n�����y 
�e��e��� �ome� ge�ne� ����nge�me�n�� due� �o �he��� �d���
��ve� ��gn�f���n�e�. A �e�����n de�g�e�e� of ���o�����on 
of �h�� k�nd of �o�ymo��h��m w��h e�nv��onme�n��� 
v����b����y �o��e���ond� �o �he� f�e�x�b�e� �n �on����� 

�o �he� ��g�d (Dobzh�n�ky, 1962) �y�e� of �o�ymo��
�h��m. Re�g��d�e��� of wh��h f���o�� �on���bu�e� �o �he� 
ob�e��ve�d d�ffe��e�n�e��, ��o�e�ne��� of h�b����� d���u��� 
�o����ze�d d�ffe��e�n�����on due� �o �he� h�gh d���e���
��on �������y of �h�� ��e���e�� (Se���� e�� ��., 1987). 
The� ob���ne�d G��e��� �om�����on� �nd ������������ 
we��e� �n �g�e�e�me�n�. V��ue�� of �ST d�d no� �how d�f�
fe��e�n�����on w��h�n �o�u����on�. The� ob�e��ve�d �IS 
�nd �IT v��ue��, wh��h we��e� ��gn�f���n� fo� ������u��� 
�h�omo�ome��, m�y �nd����e� � �o�e� fo� non���ndom 
m���ng �n �e�du��ng �he� ob�e��ve�d he��e��ozygo���y. 

A��hough �he� ob�e��ve�d d�ffe��e�n�e�� �n ge�ne� 
����nge�me�n� f�e�que�n��e�� ��e� ���gh�, �he�y ��e� no� 
ne�g��g�b�e�, ��n�e� mo�e� ge�ne���� d�ffe��e�n�e��, wh��h ��e� 
�d����ve�, �ou�d e�x��� w��h�n �nve����on�. R�š�ć e�� ��. 
(2008) �howe�d �h�� d�ffe��e�n�e�� �n ge�ne� ����nge�me�n� 
f�e�que�n��e�� be��we�e�n D. subobscura �o��e���e�d f�om 
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�wo d�ffe��e�n� h�b����� we��e� h�ghe�� �f�e�� �e�ve���� ge�n�
e�����on� of �nb�e�e�d�ng �n ��bo���o�y �ond���on� �h�n 
h�d be�e�n �e�g���e��e�d be�fo�e� �nb�e�e�d�ng. The� ge�ne���� 
�y��e�m� d�ffe��e�d �n ���u��u�e� �nd �n�e�g���y of �he� 
ge�nome� �n �he� �e�n�e� �h�� �he� e�ffe��� of homoz�go���y 
���e���e�d �o be� h�b����� �nd �h�omo�ome����e���f��. 

The� �e��u��� of �h�� ���e�� �how �h�� �h�e�e� fo�e��� 
�ommun���e�� �n bo�h �n��yze�d �o�u����on� ��nno� 
be� �on��de��e�d �� �ub�o�u����on� of D. subobscura, 
���hough �he� �nve����on �o�ymo��h��m �n D. subob-
scura, w��h ��� m���oh�b���� v����b����y, �ou�d be� � 
�o�e�n���� ge�ne���� m��ke�� of �o�u����on f��gme�n���

Table 4. Differences in the frequencies of individual karyotypes of D. subobscura between samples from different forest communi-
ties before (in parentheses) and after Bonferroni multiple test correction; Z-test values are given only for significant comparisons; all 
comparisons that were significant after correction had p < 0.001 before correction.

  De���b���o S�nd�  Goč
K��yo�y�e�  Pine/Elm  Pine/Oak Elm/Oak Beech/Pine Beech/Oak Pine/Oak 

J��/J�� (� 2.06*)

J��/J1 (� 1.98*)

J1/J1 (2.34*)

U��/U��

U��/U1+2

U��/U1+2+6 (2.11*) (� 1.98*) (� 1.98*)

U1+2/U1+2 (2.70**) (2.03*)

U1+2/U1+2+6 � 3.33* � 3.93***

U1+2+6/U1+2+6 (2.09*) 3.60*

E��/E�� (1.98*) (1.98*)

E��/E8 (� 2.40*)

E��/E1+2+9 (2.59**)

E8/E8 (� 2.13*) (� 3.06**)

E8/E1+2+9 (2.61**) (� 2.17*)

E1+2+9/E1+2+9

E1+2+9/E1+2+9+12

O��/O��

O��/O3+4 (� 2.06*) (� 1.98*) (1.98*)

O��/O3+4+1 (� 2.02*)

O��/O3+4+2 (2.03*)

O6/O3+4+2

O3+4/O3+4

O3+4/O3+4+1

O3+4/O3+4+2 (2.00*) (� 2.13*) (� 2.03*)

O3+4+1/O3+4+1 (2.56*)

O3+4+1/O3+4+2

O3+4+2/O3+4+2         

*� < 0.05, **� < 0.01, ***� < 0.001
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��on due� �o e�nv��onme�n��� �h�nge�. The� ob�e��ve�d 
�o����ze�d d�ffe��e�n�����on ne�e�d� �o be� fu��he�� �n��
�yze�d w��h d�ffe��e�n� ge�ne���� m��ke���.
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Адаптација на различите срединске услове 
може утицати на диференцијацију у оквиру попу�
лација. У овом раду анализирана је генетичка 
диференцијација по инверзионом полиморфи�
зму у оквиру популација D. subobscura сакупље�
них у три еколошки различита станишта. Утврђе�
не су значајне разлике у учесталости појединих 

хромозомских аранжмана A, U и E хромозома, 
и учесталости појединих комбинација кариоти�
пова U хромозома, али није утврђена диферен�
цијација у оквиру популација. Разматрани су 
еволутивни фактори који би могли да буду одго�
ворни за уочену варијабилност у инверзионом 
полиморфизму.


