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Imaging systems  and  detector types 
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Detector types 
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Software  for  

image processing  and  analysis 
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Imaging  Basics � bit  depth 
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Basics  -  common  file  formats 
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Guidelines  for  

image acquisition  and  processing 
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1)� Treating  images  as  data 
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2) Saving  the  original 
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3) Making  simple  adjustments 
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CCoolloorr  aaddjjuussttmmeennttss 
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4) Cropping  is  usually  ok 
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5) Comparing  images  under 
identical  conditions 
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6) Only  manipulate  the  entire  image  
NEVER  just  an  area ! 
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7) Filters  degrade  data 
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�3 �/"�3/&<�2 �$,4 23�4/�)-02/; �)-�' �1:�,)4>�)3�
:3:�,,>�./4�2 �/-- .� ��"/2��)/,/')��,�)-�' 3F�
�� �/-- 2�)�,��)')4�,�)-�' �-�.)0:,�5/.�3/&<�2 �02)-�2),>�<2)7 .�"/2�

� 3)'.��.��02).4�).�:342) 3C�./4�"/2�3�) .5343F���

�� �/&<�2 �$,4 23�4>0)��,,>��(�.' �4( �.:- 2)��,�).4 .3)4>�;�,: �/"� ; 2>�0)= ,�
).�4( �)-�' �
&� �/.;/,:5/.�+ 2. ,3�0 2"/2-�4( )2�-�4( -�5��,�":.�5/.3�:3).'�4( �.:- 2)��,�

).4 .3)4>�;�,: 3�).�3-�,,�2 ')/.3�/"�4( �)-�' �N4>0)��,,>�X=XC�Z=ZC�\=\�0)= ,��2 �3OF�
&� �()3�- �.3�4(�4�4( ��-/:.4�/"��(�.' �4/�4( �).4 .3)4>�/"��.�).�);)�:�,�0)= ,�4(�4�

)3���:3 ���>�4( ��/.;/,:5/.�+ 2. ,���.�� ��)# 2 .4�).��)# 2 .4�0�243�/"�4( �
)-�' F�

�� 
"�3/&<�2 �$,4 23�-:34�� �:3 ��/.�3�) .5$��)-�' ���4�C�4( �$,4 23�3(/:,��
� �./4 ��).��.��25�, H3�$':2 �, ' .�3�/2�- 4(/�3�3 �5/.F��



8) Cloning  degrades  data 
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�,/.).'�/2��/0>).'�/�* �43�).4/����)')4�,�)-�' C�
"2/-�/4( 2�0�243�/"�4( �3�- �)-�' �/2�"2/-����)# 2 .4�)-�' C�)3�; 2>�
1: 35/.��, F�
�� �3 23��2 �/& .�4 -04 ��4/�:3 �4//,3�,)+ ��(/4/3(/0H3��,/. �34�-0�4//,�4/�

I�, �.�:0J����)24>�02 0�2�5/.F��/.H4��/�4(�4BBB�

�� �( �:3 �/"��,/.).'�/2��/0>).'�4 �(.)1: 3�4/�30 �)$��,,>��2 �4 �/�* �43�).��.�
)-�' �4(�4��)��./4� =)34�4( 2 �/2)').�,,>�)3�2 3 �2�(�-)3�/.�:�4�
N"�,3)$��5/.C�"��2)��5/.OBBB��

�� 
.�3/- �).34�.� 3�4( ��/-�).�5/.�/"�4</�)-�' 3�).4/���3).', �0:�,)��5/.�
$':2 �)3��002/02)�4 F��
&� �( �$':2 �.  �3�4/�-�+ �)4�/�;)/:3�4/�4( � �)4/2C�2 ;) < 23C��.��*/:2.�,�2 �� 23�

4(�4�4( �4</�0�243���- �"2/-�3 0�2�4 �)-�' 3F��
&� �=�-0, E��,)'.).'�,�. 3�"2/-�4</�/2�-/2 �' ,3�).4/�/. �$':2 F���

N���������������
����
������
����������
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��

����
�������
	����

�����
��
��� �������������
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�()5��'��-+�',��+���,�&)%��(��
)"4�%,��+(&�('���+���(���'�
"&� ��-(��'(-!�+�

�� �%('"' ��'�(�#��-�"'-(��'�"&� ��
"'�3!"�!�"-��"��'(-�)+�2"(1,%5�
�4",-�",��%3�5,�!" !%5�
*1�,.('��%�;�
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9) Intensity  measurements  only  on  
uniformly  processed  image  data 
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.4 .3)4>�- �3:2 - .43�3(/:,��� �0 2"/2- ��/.�:.)"/2-,>�
02/� 33 ��)-�' ���4�C��.��4( ���4��3(/:,��� ���,)�2�4 ��4/���+./<.�34�.��2�F�

�� ��.>�;�2)��, 3�-:34�� ��/.3)� 2 ���.���/.42/,, ��"/2C�� "/2 �4( ���4����.�
� �2 '�2� ���3�- �.).'":,��
&� :.)"/2-)4>�/"�3�-0, �02 0�2�5/.�4 �(.)1: 3��
&� :.)"/2-)4>�/"�/05��,��� 22�5/.3��.�� , �42/.)��./)3 C� 4�F�

�� 
.4 .3)4>�- �3:2 - .43�).�,:� �4( ��.�,>3)3�/"��/,/��,)?�5/.���4��
N�/-0�2)3/.�/"�).4 .3)4>���4��"2/-�4</��)# 2 .4�<�; , .'4(3O�

�� 
.�' . 2�,C�).4 .3)4>�- �3:2 - .43�3(/:,��� �0 2"/2- ��/.�2�<���4��4/�
�;/)��0/4 .5�,��25"��43F��

�� 
"�./2-�,)?�5/.C���,)�2�5/.C�/2��.>�/4( 2�)-�' �02/� 33).'�)3�0 2"/2- ��/.�
4( ���4�C�)4�3(/:,��� �0 2"/2- ��:.)"/2-,>���2/33��,,�4( ���4�B�
��
�����
	��
�������	��
����
���� �	
�����
	������
��
���	���
����������
�
����������#�



10) Lossy  compression  degrades  data 
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�;/)��4( �:3 �/"�,/33>��/-02 33)/.F�

-�' �$, ��/-02 33)/.��/- 3�).�4</���3)��4>0 3�
VO� 
/33L, 33�$, ��/-02 33)/.�2 �:� 3�4( �3)? �/"�4( �)-�' �$, ��

<(), �-�).4�).).'�4( �).4 '2)4>�/"�4( �)-�' ���4���
N F'F��
��
����/-02 33)/.O�

WO� 
/33>�$, ��/-02 33)/.�)3�02/;)� ���>�4( ��0 '�$, �"/2-�4F���0 '�:3 3�
4( ��)3�2 4 ��/3). �42�.3"/2-�<()�(��(�.' 3�4( �30�5�,�N��O�2 3/,:5/.�
/"�4( �)-�' ��.��4( �).4 .3)4>�;�,: �/"��.>�'); .�0)= ,F��

&� �3).'��.>�"/2-�/"�,/33>��/-02 33)/.�"/2�)-�' 3�-�>��2 �4 �02/�, -3F�
�( �)."/2-�5/.�4(2/<.��<�>��:2).'�,/33>��/-02 33)/.�)3�' . 2�,,>�4(�4�
)."/2-�5/.�4(�4�)3�)-0 2� 05�, �4/���(:-�.� > �L�./4�. � 33�2),>�
3(/<).'�4( �3�- ��(�2��4 2)35�3��3��/-0:4 2�)-�' �02/� 33).'�
3/&<�2 JF�



What jpeg does to your images... 
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original 
low 

compression 

medium 

compression 

strong 

compression 

difference: 

What has been 

deleted from your 

image� 

generated on:   http://micro.magnet.fsu.edu/primer/java/digitalimaging/processing/jpegcompression/ 



11) Issues  with  magnification 
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��) .5$���)')4�,�)-�' 3��2 ���4��4(�4���.�� ��/-02/-)3 ���
�>�).�002/02)�4 �-�.)0:,�5/.3F�

�� ���(�0)= ,�).�4( �)-�' �(�3���3��, �N�4 .4(3�/"�-)�2/.3�0 2�0)= ,O�

�� 
� �,,>C�4( �3��, �)3�4( �3�- �).��/4(�4( ����.�����)- .3)/.3D�(/< ; 2C�4()3�
)3�./4��,<�>3�4( ���3 F��

�� 
.��/."/��,�-)�2/3�/0>��.��/4( 2�3 �5/.).'�4 �(.)1: 3C�4( ����0)= ,��,3/�
2 02 3 .43���;/,:- C�� ��:3 �4( �)-�' �).�,:� 3������)- .3)/.�

�� 
-0/24�.4�)33: �<)4(�3�-0,).'�3-�,,�/�* �43�:3).'��)')4�,�)-�' ���04:2 �)3�
4( �.  ��4/��/22 �4,>�/; 23�-0, �4( �/�* �4F��
&� �( ��>1:)34�3�-0,).'�4( /2 -�3:'' 343�4(�4���0/).4�/�* �4�3(/:,��� �

/; 23�-0, ���4�, �34�4</�5- 3F�
&� �.� 23�-0,).'��.�)-�' ���.�>) ,���25"��43�4(�4�-�31: 2�� ��3�2 �,�

342:�4:2 3C�<()�(���.�, ���4/�-)3).4 202 4�5/.�/"�4( �)-�' ���4��
&� �; 23�-0,).'��/ 3�./4�, ���4/��25"��43D�(/< ; 2C�)4��/ 3�./4�).�2 �3 �4( �

�)#2��5/.L,)-)4 ��30�5�,�2 3/,:5/.���4��4/�4( �)-�' F�



12) Issues  with  pixels 
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� ���2 ":,�<( .��(�.').'�4( �3)? �N).�0)= ,3O�/"����)')4�,�)-�' FF�
�(�.').'�4( �3)? �/"��.�)-�' �N4( �.:-� 2�/"�0)= ,3�).����.���O��
��.�).42/�:� ��,)�3).'�
�� � �2 �3).'�4( �)-�' �3)? �).�0)= ,3�2 �:� 3�4( �30�5�,�N��O�2 3/,:5/.�).��.�

)-�' F�
&� 
"�4( �3)? �2 �:�5/.�)3�./4��>���0/< 2�/"�4</C�4( �3/&<�2 �02/'2�-�0 2"/2-3��.�

).4 20/,�5/.�4/��2 �4 ��/4(���. <����2 3/,:5/.��3�< ,,��3�4( �).4 .3)4>�;�,: 3�
/"� ��(�0)= ,F�

&� 
"�4( �)-�' �(�3�2 ':,�2C�2 0 �5.'�342:�4:2 3C�3)? �2 �:�5/.3���.��2 �4 �-/)2!�
�25"��43F�

�� 
.�2 �3).'�4( �)-�' �3)? ���:3 3�4( �3/&<�2 �02/'2�-�4/�).4 20/,�4 �4( �
. <����2 3/,:5/.��.��0)= ,L).4 .3)4>�;�,: 3�
&� �/�).�2 �3 �).�30�5�,�2 3/,:5/.C��:4E�30 �)$��" �4:2 3�� �/- �-/2 ��)%�:,4�4/�

2 3/,; �� ��:3 ��,)�3).'��25"��43�4 .��4/�-�+ �4( � �' 3�/"�" �4:2 3�, 33�
�)35.�4F�

�� 
"�>/:��(�.' �4( �3)? E�
.3 24���-�'.)$��5/.�3��, ���2�02)/2�4/�4( ��(�.' 3�
�� �.,>�2 3)? �/.� �



Resizing 
�</��)# 2 .4�"��4/23���.���:3 �)-�' �
��4��4/�� '2�� ��:2).'�2 3)?).'E�
�

VF� �( ��30 �4�2�5/C�<()�(�)"�
).��; 24 .4,>��(�.' �C��(�.' 3�
4( �3(�0 3�/"�4( �/�* �43�).�4( �
)-�' F��

WF� �.� 2L3�-0,).'C�<()�(�� '2�� 3�
�.�)-�' ��.����.�2 3:,4�).�
0)=),�5/.C���,, ��I�.5L�,)�3).'CJ�
<()�(��)34/243�4( �� 4�),3��.��
�/2� 23�/"�/�* �43F�
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/2)').�,�0)�4:2 �



Resizing 
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/2)').�,�0)�4:2 � 2 3)? ��0)�4:2 �



Caution  with  ADOBE Photoshop 
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The Office of Research Integrity (ORI) promotes integrity in 
biomedical and behavioral research supported by the U.S. 
Public Health Service (PHS) at about 4,000 institutions 
worldwide.  
ORI monitors institutional investigations of research 
misconduct and facilitates the responsible conduct of 
research (RCR) through educational, preventive, and 
regulatory activities.  

Office 

of  Research  Integrity  (ORI) 
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Case 1  
��,��+�!�+,�+�)+"&�'�����(+��%��'"' �1)�� 1+�,�

�� ��02/-). .4�� 2-�.�. :2/3�) .534��.�����<)33��/,, �': �< 2 �
2 02)-�.� ���>�4( �� 2-�.�":.�).'��' .�>������
"/2��,4 2).'�4</�$':2 3�).���0�0 2�0:�,)3( ��).�V^^]�).�4( �
�/:2.�,�/"�� :2/�( -)342>C����/2�).'�4/���) .� �NXUWE\[XOF�

&� 	 ).?��2  2C��.); 23)4>�/"�	/( .( )-C��
�.���/(�.. 3��/ C��.); 23)4>�/"��:2)�(C��
"/:.��':),4>�/"�2 3 �2�(�-)3�/.�:�4��>��������/--)7  �4(�4�
).; 35'�4 ���.��,, '�5/.�-�� ��>���"/2- 2�0/34�/��).��2  2H3�,��F��

&� �( ��/--)7  ��/.�,:� ��4(�4�4( �2 3 �2�( 23��/--)7 ��
-)3�/.�:�4�� ��:3 �4( >�"�), ��4/��)3�,/3 �4(�4�4( >�!����%��'���
1)�-!��)+"&�+���'�3�).�4( ��/:4( 2.��,/43�4/�-�+ �4( -�,//+�
-/2 ��2�-�5�F��( ��,4 2�5/.3��)��./4��# �4�4( �0�0 2H3�
�/.�,:3)/.3��.��4( �2 3 �2�( 23�2 -�).� ,)')�, �"/2�����":.�).'F�
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Case 2 

���+&�'��'"2�+,"-5�
'2�,. �.' ��%%� �.('�� �"',-�
��'��+���,��+�!�+,�

�� �( ��.); 23)4>�/"��/8.' .�).�� 2-�.>�)3�).; 35'�5.'��.��,, '�5/.�
/"�2 3 �2�(�-)3�/.�:�4��'�).34���2 3 �2�( 2��4�4(�4�).354:5/.��.��
�./4( 2��4�4( ��.); 23)4>�/"��:�).' .�<(/C����/2�).'�4/�02 33�
2 0/243C��2 ��7 -05.'�4/�02/�:� �����.� 2�P;���). FJ�

�� �( ��,).)��,�2 3 �2�(�).;/,; 3�42 �5.'�+)�. >���.� 2�0�5 .43�<)4(���
;���). ��/-0/3 ��/"�4:-/2�� ,,3�":3 ��<)4(�)--:. �� ,,3F�� '2 33)/.�
/"�3 �/.��2>�4:-/23�<�3�2 0/24 ��).��.��25�, �,�34�> �2F�

�� �( ��,, '�5/.3��33 24�4(�4���0(/4/�).��./4( 2�0�0 2�3:�-)7 ��"/2�
0:�,)��5/.�0:20/24 �,>�3(/<).'�4( �":3 ��4:-/2�� ,,3�(����  .�
�(3'%(������+(&�-!��
'-�+'�-F�
.����)5/.C�4( �).; 35'�5/.�)3�
,//+).'�).4/��(�2' 3�/"�0�5 .4� .��.' 2- .4F�� �2:)4- .4�).4/�4( �
34:�>�(�3��  .�3:30 .� �F�

CSI - cell biology / O. Biehlmaier 33 



Case 3 

	3�' ��((?�1$��?�3�,���)+(��,,(+�(��-!�+"( �'(%( 5��'��
�"(-��!'(%( 5��-���(1%���.('�%��'"2�+,"-5�@�",&",,���('�
�+�!�GE9�
GEEKA��

�� �(,��-(���&�����+��%�"&"' ���,�+"�,�(��+�&�+$��%���+��$-!+(1 !,�"'�
-!����%��(��,-�&���%%�+�,��+�!;��'.%��(2�&��+�GEEJ9�!��3�,�
�(',"��+���('��(��-!��)"('��+"' ��4)�+-,�"'�-!����%��(��,-�&���%%�
+�,��+�!;��

�� ��,-�$'(3'��(+�-3(��+.�%�,�)1�%",!���"'�-!��#(1+'�%���"�'���"'�GEEI�
�'��GEEJ�3!�+��!���+�1�1%�'-%5�+�)(+-���-(�!�2��,1��������"'�
�+��.' �!1&�'��&�+5('"��,-�&���%%,��5��%('"' ;��

�� �(-!�)�)�+,�3�+��%�-�+���"-(+"�%%5�+�-+��-������+�-!�5�3�+���(1'��-(�
�('-�"'���%�+ ���&(1'-�(�����+"��-�����-�;��

�� ��&"0���-(�2�+"(1,�%"�,��'���+�1�,;�

CSI - cell biology / O. Biehlmaier 34 



Hwang case  example 
�� �( �)-�' �).�4( �4/0�2/<�)3�"2/-�

4( �4()2��2/<�/"��:00, - .4�,�
�)':2 ��V��).�4(�4�0�0 2F��

�� 
4�0:20/243�4/�3(/<�. '�5; �34�).L�
).'�"/2���0�25�:,�2�� ,,�3:2"�� �
-�2+ 2�).�"/:2��)# 2 .4�� ,,�,). 3F��

�� ��3)-0, ���*:34- .4�/"�4/.�,�
2�.' �).��(/4/3(/0��, �2,>�3(/<3�
4(�4�-!��-3(�&"��%��"&� �,��+��
"��'.��%F��

�� �)./2��)# 2 .� 3�).�0)= ,�
342:�4:2 ��2 ��: �4/�)-�' �
�/-02 33)/.F��

�� � 4 �5.'�4()3��:0,)��5/.�3(/:,��
(�; �, ��4/�2 1: 34�4( �/2)').�,�
��4��"2/-�4( ��:4(/23F��
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Tools for CSI-cell biology: 

Plagiarism Detection Resources 

 �� �( ��,�')�2)3-�� 3/:2� �� .4 2��4�4( ��.); 23)4>�/"�
�)2').)��L��)4 �02/;)� 3�"2  �3/&<�2 �4/�� 4 �4�
0,�')�2)3-F�

��  ��
����L���4 =4�3)-),�2)4>� .'). C�<()�(���� 043���
1: 2>��.��4( .��/-0�2 3�)4�4/����/,, �5/.�/"�/4( 2�
4 =4C� 30 �)�,,>�� �,). F���;�2) 4>�/"�0/34L02/� 33/23�
�.�,>? �4( �P()43P�4/�02/;)� ���� ��;�,: �4/�4( �:3 2F�
�00,)��5/.3�).�,:� �2 " 2 .� �3 �2�( 3C�./; ,4>�
�33 33- .4��.��0:�,)��5/.� 4()�3F�

�� � *��;:�L�����4���3 �/"�()'(,>�3)-),�2��)4�5/.3�
)� .5$ ���>� ��
���F��( ���4���3 �).�,:� 3�/; 2�
\UCUUU�0�)23�/"��)4�5/.3��.��./4 3�"2/-�-�.:�,�
).30 �5/.�/"�3/- �":,,�4 =4��25�, �0�)23F��
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Tools for CSI-cell biology: 

Forensic �actions� for Photoshop 

 F;� ��+$�(+��" !-��+��,��",�('.'1".�,:�	)34/'2�-� 1:�,)?�5/.C�<()�(�-�>�2 ; �,��2 �3�
/"� 2�3:2 �).���2+��2 �3C�/2��2 �3�/"�<()4 .).'�).��2)'(4��2 �3F��( �02/� 33�)3�-/34�
 # �5; �)"��.>�3:22/:.�).'��/.42�35.'��/2� 2�)3�$234��2/00 ��"2/-�4( �2 ')/.�/"�
).4 2 34F��

G;� �",1�%"6�����$ +(1'�:��()3���5/.�3 4� .(�.� 3����+'2/:.���>� -�/33).'�
N3(��/<).'O�� 4�),3��.��0 2-)43�"�,3 ��/,/2).'�/"�4( �2 3:,43F�

H;� �(%(+"6���!�)�,�B���-�"%,:�� 4�),3�).�4( �:.)1: �$. �342:�4:2 �3:22/:.�).'�" �4:2 3�
).�1: 35/.�-�>�3 2; �4/�4 34�<( 4( 2�4</�" �4:2 3��2 �4( �3�- F���,3 ��/,/2).'��.��
3,)�).'�4( �	: �3 8.'�"��),)4�4 3�� 4 �5/.�/"�3-�,,��)# 2 .� 3�).�'2�>�3(�� 3�4(�4�
</:,��� �/4( 2<)3 �)-0 2� 05�, F��

I;� �(%�+"6��
�+ "',�B��� �,:��()3���5/.�3 4�:3 3���./.L,). �2��/.42�34���*:34�4/�
�-0,)">��)# 2 .� 3�).�4( �-)�2�.' ��.��4( ���2+� .��/"�4( �()34/'2�-F��( �/05/.�
 =)343�4/��,3/�"�,3 ��/,/2)? �4( �2 3:,43F��

J;� �(%(+��2�+%�5��3(�
&� �,:��()3���5/.�/; 2,�>3�4</�)-�' 3C��.���/,/2��/� 3� ��(�3/�
4(�4�).�);)�:�,�" �4:2 3�).�4( �/; 2,�0���.�� �,).+ �����+�4/�4( )2�2 30 �5; �)-�' F�
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Links  @  http://www.biozentrum.unibas.ch/imcf 
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manipulated photography 
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manipulated photography 
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Thank you! 
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