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Ploidy identification of doubled chromosome number plants
in Viola × wittrockiana Gams. M 1-generation
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ABSTRACT: The aim of this study was to develop a protocol for production of polyploid M1-generation plants of Viola
× wittrockiana Gams. Two variants of colchicine treatment were compared for their efficiency. Early detection of novel
ploidy levels was achieved by screening of stomata size, leaf index value (leaf blade length/width), and other morphological
characteristics of the M1-generation. Secondary screening for novel ploidy levels was performed by flow cytometry (FCM).
Hexadecaploid, aneuploid, and mixoploid plants were successfully identified by FCM.

Keywords: flow cytometry; polyploidisation; colchicine; hexadecaploids; polyploidisation efficiency; morphological char-
acteristics; Viola × wittrockiana Gams.
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Table 1. The effect of colchicine treatment of the apex on the leaf index value in Viola × wittrockiana Gams. (November 10, 2000)
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Fig. 1. Stomatal sizes for a sample of selected plants (presumably with higher ploidy level) of Viola × wittrockiana M1-generation,
which were selected on the basis of leaf index value that was close to 1

Fig. 2. The effect of colchicine treatment of swollen seeds on the hypocotyl length (mm) in Viola × wittrockiana Gams. – cv. Pure
White

Table 2. Induced polyploidisation in Viola × wittrockiana Gams. through colchicine treatment of swollen seeds. Primary selection
efficiency

��
���
�� ���������	�����

�
��
�������
 �����
�����	�
�����I%G @� ("�-	�����& '�	B�C	BSC

.��	��� ? / ? / ? /

B� ;b8�����
 B B B B

B� ;b 2��� B B B B

B� ;bC ��� B B B B

B�:;b8��� B B B B

B�:;b 2��� C B C B  BB

B�:;bC ��� C C  C <B  BB

B�<;b8��� B B B B

B�<;b 2��� < C : B "B B

B�<;bC ���  ! !  B 2 <: 22

�����(��
������ C=  :  " " TT HU

W: cv. Pure White   B: cv. Light Blue
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Figs. 3, 4. Ploidy analysis of M1-generation with Viola × wittrockiana Gams. by flow cytometry (FCM). The signal gain of the
instrument was adjusted so that the peak of corresponding G1-phase nuclei isolated from the leaf-stalk tissue of the control plant was
located on channel 100. To estimate ploidy level, the position of G1 peak of the sample on a histogram was compared to that of
reference plant with known ploidy
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Table 4. Induced polyploidisation in Viola × wittrockiana Gams. through colchicine treatment of  swollen seeds. Polyploidisation
efficiency (E)

��
���
�� ���+	+������
��;# �����
�����	�
�����I%G �������	�	
��	�����#��;#

.��	��� ? / ? / ? /

B� ;b8�����
 !< =< B B B�BB B�BB

B� ;b 2��� =C 8C B B B�BB B�BB

B� ;bC ��� 8= =B B B B�BB B�BB

B�:;b8��� !B 8! B B B�BB B�BB

B�:;b 2��� =: "2 C B B� = B�BB

B�:;bC ��� 8< 2<  C B�B= B� B

B�<;b8��� !8 8= B B B�BB B�BB

B�<;b 2��� == < : B B�C! B�BB

B�<;bC ��� "" :!  B 2 B�8: B� 8

���������  " "

?K� �+�� ���
�?�	�
� � � �/K� �+���	����/��


Table 5. Induced polyploidisation in Viola × wittrockiana Gams. through colchicine treatment of the apex. Polyploidisation effi-
ciency (E)

��
���
�� ���+	+������
��;# �����
�����	�
�����I%G �������	�	
��	�����#��;#

.��	��� ? / ? / ? /

 ;b:����
 C2  = C8 CC C� "  �:C

 ;b2����
  2 =  < ! B�8B B�C2

 ;b<����
 8 : = 8 B� ! B�B8

 �<;b:����
 =   ! = B�C2 B�C!

 �<;b2����
 = " ! " B�C2 B� C

 �<;b<����
 " : 8 < B� 2 B�B<

C;b:����
 ! " : < B�B! B� B

C;b2����
 < : : < B�B< B�B<

C;b<����
 : C  : B�B B�BC

��������� =C 8B

?K� �+�� ���
�?�	�
� � � �/K� �+���	����/��


Table 3. Induced polyploidisation in Viola × wittrockiana Gams. through colchicine treatment of the apex. Primary selection effi-
ciency

��
���
�� ���������	�����

�
��
�������
 �����
�����	�
�����I%G
��	�����

�
��	�����#

�����������������������������;#

.��	��� ? / ? / ? /

 ;b:����
 :" C" C8 CC 8< =<

 ;b2����
 C<  C  < ! "B 8<

 ;b<����
 ! 8 = 8 =!  BB

 �<;b:����
  C ! ! = 8< =!

 �<;b2����
  B  B ! " !B "B

 �<;b<����
 8 < 8 <  BB  BB

C;b:����
 : < : <  BB  BB

C;b2����
 2 8 : < 8< 8 

C;b<����
  :  :  BB  BB

�����(��
������  B8 =2 =C 8B UI UV

?K� �+�� ���
�?�	�
� � � /K� �+�� �	����/��
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