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Abstract 

The diagnosis of drowning is one of the most difficult issues in forensic practice. We have 
developed a sensitive and specific PCR and DGGE method for identifying the 16S rDNA of 
plankton, which exists ubiquitously in all types of water. In order to evaluate the usefulness of 
this method for diagnosis of drowning, we used this method for detection of plankton 16S rDNA 
in drowned rabbits and non-drowned rabbits submerged after death, as well as two human 
drowning cases. Plankton DNAwas identified from lung, liver, kidney, blood and brain of the 
drowned victims, and the DGGE patterns were helpful in indicating the site of drowning. 
Plankton DNA was also identified from two lung samples obtained from nondrowned rabbits. 
The results show that the new PCRxDGGE-based method is a potentially useful tool for 
diagnosing drowning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



D#��� 

 "
�����
�$3�����$	
4��K#,�:�()9%�
0�,$������!��:K�4
	�$��
4�� /%�:E4
Q�

0��C0��
	��$D	(��77�NK#,���$	
4���8,�#�9�� .-8
 ���.��%y#,�()�!$	!� 
�E#���, 1M,0	/�z,:#, C0D	(
�#��%K#,��D%!L()/��,�
�#% .�5
��
 ���
����:$	
4���()1!�:�	(���.
8� 
�E#1!��8#��0�� 
	��$D���"
������
�$3�����$	
4��.�5
9�9%��8#
K��,��� .
E)#,	�$����.
�M�()�8���77�NK#,���
$	
4��
�4
9%�1!����0��9� C	��8� �����
�$3��	��$D
��	"-�����%�#�9%#D�#	 L�),��,	(K�#/��C��, 
C�8 !�-��
�7���"
��D��
����M��+��	 ��,�,.0P,.
P
���	
8�.-E)#9%�K#,9%#D�#	.	E)#.��(��.�(��
���#�8�,#E)
 C0D.�5
.��E)#,	E#�����
�$3���().�5
��D/�-
�"
��D��
����M��+��	 
 ��+(����%�#�/%�"-�9%#D�#		(��D��
���
0���()"-���
/%���)�9�#�!8 3 ��+( �E# 
disorganization %�����%C�8, ���"-�.#
9L	��8#�%��� proteinase K, C0D ������0D0��%��� soluene-
350  ��D��
����8#�%�����%C�8
�4
1!�"-�#�8�,����,K��,"
��D.��$(
 #�8�,9��P��	 #�$$D9	8
:�9%#D�#	$�� !��()$	
4�� #�
	(��.
�M	�$�� (1) #�$$D9	8:�"
����0�,���$	
4�� ("
����0�,
.#,, ���.�0()�
C�0,K#,���:#����, 	0:��, }0}) (2) 9%#D�#	9	8��	��1�D0M 8�
.K��9�"

1M,0	9%� 
�E# (3) 9%#D�#	��,�8�
 
�E#��4,
	% 1!����0��9��D
�8�,��D��
���.��(�	���#�8�, 
%�,
�4
 ��.
�M.
08�
(4$�,.�5
��.
�M�����7"
���:�;
���+(����()
8�.-E)#1E# "
���$��C
�9%#D�#	 
C0D��),	(-(���K
�%.0P�-
�%#E)
�()#����#�!8"

4�� L�),#�$$D��	�1 8�
.K��9�"
#����DK#, !��()$	
4��
9%�  ��,	(��+(���#E)
~�()9%�:����	"
���$��C
�C:0,���#
�8�,~ 	����8����"-�9%#D�#	 "
 !��()
$	
4�� 
 %������:�;
���,%��
#N!-(������ 	(���"-���D��
�����, DNA 	���D�M���"-� 
/%�.3:�D#�8�,��),������$
����1#%�
��K#, 16s rDNA .�5
���$�%.��(�	$M%	M8,
	���()	(
���	
��,"
������$
�C:0,���#
"
.
E4#.�E)# C0D�����
�$3�����$	
4�� Kane et al.  9%�##�C�� 
primer $��.:�DK�4
	� 2 �!8 �().
	�D���sequence information K#, picoplankton �()	(#�!8"
�D.0��� 
Biwa ��D.��7()�Mz
 C0D��D�� 0���.�P$.�5
#�8�,��),"
���"-� primer "
���K����8#
��� 16s 
rDNA K#, picoplankton $��.
E4#.�E)#K#, !��()$	
4�� %�����D��
����()	(���	9� C0D���	$��.:�D
(4 
���$��C
�C:0,���#
�P9	8��#,K�4
#�!8������"-�0���ND.3:�D��,��NQ�
#(��8#9� Nübel et al. 
9%�##�C��-M% primer �()$��.:�D��� phylum .:E)#��%.0E#����K����8#
��� 16s rDNA K#, 
��
�8���(.K(��C�	
4��.,�
 C0D 9%#D�#	 $��C
08,+��	-����8�,~ C0D���"
���D�� 0���.�P$"

���$��C
����:�
+M��8�,~ %�����+(���denaturing gradient gel electrophoresis (DGGE)  
 "
,�
��$��
(4C�%,"
�.
P
1�,  !���$��9%�:�;
���+(��� PCR �()	(���	9� C0D$��.:�D C0D
��D��
��� DGGE .:E)#"-�"
�����.���D
� 16s rDNA K#,C:0,���#
 C0D��D��
���
(49%�

��9�.�5
��
C��"-�"
����%0#, C0D ��N(������
$	
4��#(� 2 ��N( 
 



�HI��J� �KL�������#�K�� 

F0���#�K�� 

 ��D�8���(K�� 9	8C��.:� $��
�
 30 ��� C�80D���	(
4��

����D	�N 2.4-3.4 ��/0���	 9%�
���	�$�� �!
��������%0#,, �����0�����C:��� Tongji, 	
������0�������������C0D.��/
/0�( 
Huazhong, ��D�8��$D1!��M8	C��.�5
 3 �0M8	 �E# �0M8	$	
4�� (n=12), �0M8	�()���"
�.��%���
.�0()�
C�0,
0�,$�������� (n=12), C0D�0M8	����M	 (n=6), ���%!C0������%0#,$D.�5
9���	
�D.�(����+(��� C0DC
���,K#,�����0�����C:��� Tongji, 	
������0�������������C0D
.��/
/0�( Huazhong, ��D.��$(
 
 
��LD������!�&�� �KL���.����!.�%&�.�%$� 

 ����%0#,
(49%�.0E#��1�
�()���
����%0#,���$	
4��9�� 2 �() �E# �D.0��� Moshi C0D
�D.0��� Donghu .:E)#�()$D�%0#,���$	
4��K#,��D�8���0M8	$	
4����� ��D�8�� 12 ��� (6 ��� 
�%0#,����D.0��� Moshi C0D#(� 6 ��� �%0#,����D.0��� Donghu) $D1!�K�,9��"
��, C0D$M8	
��,�()K�,��D�8��9��0,"
�D.0��� �()���	0�� 30 .L
��.	�� .�5
.�0� 1 
��( 
0�,$��
�4
 ����,
��D�8��K�4
	�$��
4��:��9��.�5
.�0� 30 ��
��( $�,
��0,9�$M8	
4���()���	0��.�8�.%�	 $
��D��),C
8"$
�8���D�8���()1!�K�,#�!8"
��,
�4
�����4,
	% �8�
��D�8���0M8	�()$D���"
�.��%���.�0()�
C�0,
0�,
������
�4
 ��D�8����4,
	% 12 ��� (6 ��� �%0#,����D.0��� Moshi C0D#(� 6 ��� �%0#,���
�D.0��� Donghu) $D1!��8�����8#
%������"-���#

M�	%��� �����0(�M����.�N"�0��	#, $
��� 
C0��$�,
����D�8���()1!��8�C0��0,$M8	"
�D.0��� �()���	0��.%(����
�����D�8���0M8	�()$	
4�����.�5

.�0� 6 -�)�/	, C0D��D�8���0M8	����M	
�4
$D1!��8�"
����%�����+(.%(����
����0M8	�()���"
�.��%���
.�0()�
C�0,
0�,������C�89	8���"
�.��%���.�0()�
C�0,
0�,������%������$M8	
4�� 
 
0�,$���()9%��:��D�8���%0#,	���4,
	%C0�� ������0��,%���
4����D�� C0D�����:
��D�8��9���,/��D�%0#,�()����$��.-E4#.:E)#������ 8��:��D�8�� 
0�,$����� 8����.�N-8#,#� 
C0D-8#,��#,K#,�:��D�8�� $D������.�P����#�8�,.0E#%$��
��"$��D�8��
�#,08�,L���/%�"-�
��D�#�3(% C0��.�P�9��"

0#%�%0#,/%�9	8	(���.��	���.�	("%~  $��
�4
.�P����#�8�, �#%, 
���, C0D9� /%�	(���0��,#����D.
08�
(4%���
4���0�)
 
��
4���()0��,#����D�8�,~	��8#,���$%����0�#,
$M0����
� /%�9	8	(�����#	�( "
���.��	���, .
E4#.�E)#�	#,$D1!�
��##�$���D/
0��(��D 
��
.
E4#.�E)#C�80D-
�% -
�%0D 2 ���	 	��%"
�0D.#(�% C0D$��
�4
.��	
4���0�)
C0��
��9�.K��.��E)#, 
homogenizer   
 C
08,
4���()�������%��D�8��0,9�$D1!�.�P����#�8�,
4��C�80DC
08,���	�N 2 	�00�0��� 
 
 



�����������������.�%&�.�%$����������� Percoll 

 Percoll .�5
���#��,#�,"
����6�
.
�()�,�8�
 �	�()	(���	18�,$��.:�DK#,.L00� $D1!�

��	�"-�"
���$��C
�C:0���#
���:�
+M��8�,~ $��.
E)#.�E)#K#,��D�8�� 
�E#.
E4#.�E)#K#,	
M��� 

�E#.0E#% /%���+(����8�,~#+����/%� Terazawa  C0D Takatori  L�),/%���M� "-� Percoll 
(Amersham Biosciences, Sweden) 8 ml C0D .
E4#.�E)#�()������ homogenized C0�� 2 ml 
�E#.0E#%
$��
��"$  �	"
�.K����
%(%���.��E)#, vortex 
0�,$��
�4
.�0,"

0#%�6�
.
�()�, (���	��� 10 ml, 
NALGENE, American) 
0�,$���������6�
.
�()�, �() 17000 rpm .�5
.�0� 65 
��( �() 12°C C0��"-���
.��%!%K#, �	�()#�!8-�4
�
�M%�()��D�#�9�%���.L00�##� ����().
0E#.�5
����()	(���	18�,$��.:�D
�!,��8� $D1!�0��,.:E)#
����� Percoll ##� /%�.��	
4���0�)
 C0���
"
�.K����
%���.��E)#, �	 $�,
��9�
�6�
.
�()�,�() 6000 rpm .�5
.�0� 15 
��( 9%�����()C��-�4
��
%!%K#,.
0�-�4
�
##� C0��������0��,
��� Percoll %���
4���0�)
#(����4, �6�
.
�()�,�() 12000 rpm .�5
.�0� 15 
��( 9%�����()C��-�4
��
 %!%
K#,.
0�-�4
�
##�#(����4, �D�#
�()9%�$D1!�
��9����% DNA  
 
4�����#�8�, 2 ml $��C
08,
4���()��D�8��1!�$M8	0,9� $D1!�
��	��6�
.
�()�,�() 12000 rpm 
.�
.�0� 15 
��( C0D0��,�D�#
�()9%�%���
4���0�)
 �#,���4, �D�#
�()9%��M%����
0�,$�����0��,$D
1!�
��9����% DNA 
 
���F�0� DNA �����K������ 

 �D�#
K#,���#�8�,$��.
E4#.�E)#, .0E#%, C0D���#�8�,C
08,
4�� $D1!�.��	%��� 5% Chelex-
100 ���	�N 150 µl "

0#%���	��� 0.5 ml 
��9��8	�()#MN
�!	� -80 °C .�5
.�0� 30 
��( 
0�,$��

�4
.K�8�%���.��E)#, vortex .�5
.�0� 5 ��
��( "
����
�4
0D0�� �P$D9%� DNA �()9%�$��������%$��
��� Chelex-100  
 

�����#�$ 1      
the primer sequences for amplification of the 16S rDNA of plankon 
primer   sequence       
CYA-F   5'-GGGGAATY6TTCCGCAATGGG-3' 
CYA-R (a)  5'-GACTACTGGGGTATCTAATCCCATT-3' 
CYA-R (b)   5'-GACTACAGGGGTATCTAATCCCTTT-3' 

Note: Y denotes a C/T nucleotide degeneracy. The reverse primer CYA-R was an equimolar 
mixture of CYA-R (a) and CYA (b) 
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