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Fig. 1:  IMAGIC file 
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Fig. 2:  IMAGIC 2-D co-ordinate system 
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Fig. 3:  IMAGIC 3-D co-ordinate system 
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IMAGIC-COMMAND: import-ex 
 
**  EM2EM welcomes you **  
 
Data format of the input to be converted  : tiff 
Export to which data format               : imagic 
Input = set of 2D sections of a 3D volume : no 
Import a SET of input image files [NO]    : no 
Input image file                          : my_micr ograph_1 

            You select  

Output image file (NO EXT.) [?]           : my_micr ograph_1 

            You select  

Pixel spacing in Angstroem (X,Y,Z)        : 2.0 
         You have to know 
Micrograph identification number [0]      : 
            If wanted you can 
            can specify a number  
            which stored in the 
            in the header  
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IMAGIC-COMMAND: coarse 
 
**  COARSE welcomes you **  
 
Input file, image loc#s                 : my_microg raph_1 

Output file, image loc#s                : my_coarse _1 
            You select  
Summing parameter                       : 2    You select  
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IMAGIC-COMMAND: cut-im 
 
**  SUBFILE welcomes you **  
 
Input file, image loc#s                 : my_coarse _0l 
Output file, image loc#s                : my_patche s_01 
                                                        You select  
Mode of operation: 
... 
Please specify option                   : checkers 

Output image dimensions X,Y (integers)  : 2000,2000  
Overlap between neighbouring fields     : 100 
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IMAGIC-COMMAND: copy-im 
 
**  COPYIM welcomes you **  
 
Input file, image loc#s                     : my_pa tches_01 
Output file, image loc#s                    : my_pa tches 
                                                        You select  
IMAGIC-COMMAND: append 
 
**  APPEND welcomes you **  
 
Input file, image loc#s                     : my_pa tches_02 
Output file, image loc#s                    : my_pa tches 
 
   etc.  
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IMAGIC-COMMAND: IMPORT-EXP 
 
**  EM2EM welcomes you **  
 
Data format of the input to be converted 
... 
Please specify option                     : tiff 

Export to which data format 
... 
Please specify option                     : imagic 

Input = set of 2D sections of a 3D volume : no 
Import a SET of input image files [NO]    : yes 
Import file names INTERACTIVE or from FILE: inter 

           The names can be specified  
           interactively or in an input  
           “plt” file  

Input rootname (NO EXT),first#,last#      : my_tif_ ,2,100 

           You select 
Length of string for image numbers        :  

        Type  ?  to get help  
        0: rootname5, …,  rootname100  
        3: rootname002, …,rootname100 

Extension of the input files [.tif]       : 
Output image file (NO EXT.)               : my_boxe d_1 
           You select 

Pixel spacing in Angstroem (X,Y,Z)        : 4.0 
          You have to know  
Micrograph identification number [0]      : 
            If wanted you can 
            can specify a number  
            which stored in the 
            in the header  
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IMAGIC-COMMAND: COPY-IM 
 
**  COPYIM welcomes you **  
 
Input file, image loc#s                   : my_boxe d_1 

Output file, image loc#s                  : my_boxe d 
           You select  
 
 
IMAGIC-COMMAND: APPEND 
 
**  APPEND welcomes you **  
 
**Images of the input are appended to the end the o utput file 
   
Input file, image loc#s                   : my_boxe d_2 
Output file, NO loc#s                     : my_boxe d 

            Same as before  
 
 
IMAGIC-COMMAND: APPEND 
 
**  APPEND welcomes you **  
 
 ... 
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IMAGIC-COMMAND: amplitude 
 
**  SPECFUNC welcomes you **  
 
Input file, image loc#s                     : my_pa tches 
Output file, image loc#s                    : my_am p 
                                                        You select  

Option used for current IMAGIC command      : AMPLI TUDE_SPECTRUM 
 
 
IMAGIC-COMMAND: coarse 
 
**  COARSE welcomes you **  
 
Input file, image loc#s                     : my_am p 
Output file, image loc#s                    : my_am p_coarse 
                                                        You select  
Summing parameter                           : 8 
                                                        You select  
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IMAGIC-COMMAND: inc-band 
 
**  INCBAND welcomes you **  
 
Input file, image loc#s              : my_amp_coars e 
Output file, image loc#s             : my_amp_band 
              You select,  
         no more mentioned  
         in  the following  
The image will be band-pass filtered  
Please specify: 

Low frequency cut off                : 0.1     You 
Remaining low-freq. transm.          : 0     select  
High frequency cut off               : 0.8 

ASQ filter the images too            : no 
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IMAGIC-COMMAND: a-w-i 
 
**  ARITHM welcomes you **  
 
Input file, image loc#s              : my_amp_band 
Output file, image loc#s [           : my_amp_maske d 

Mode of operation: 
... 
Please specify option                : center_remov e 

Circle radius                        : 0.05 
 
 
IMAGIC-COMMAND: norm-var 
 
**  INCNORVAR welcomes you **  
 
Type of variance mask: 
... 
Please specify option                : whole 

Input file, image loc#s              : my_amp_maske d 
Output file, image loc#s             : my_amp_norm 
Desired new sigma                    : 1 
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IMAGIC-COMMAND: test-im 
 
**  TESTIM welcomes you **  
 
Output filename, image loc#s         : my_amp_msama sk 
Image dimensions X,Y                 : 250,250 
                                                 Size of the patches  

IMAGIC data formats you can choose: 
... 
Please specify option                : REAL 

Currently, you can choose: 
... 
Please specify option                : SEMI_RING 

Inner and outer radius of the ring   : 0.1,0.8 
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IMAGIC-COMMAND: msa-run 
 
**  MSA welcomes you **  
 
Choose mode of operation 
... 
Please specify option                    : fresh 
 
MSA distances: 
... 
Please specify option                    : modulati on 
                        Always use  
                   modulation distance  

Input (= output) file (aligned "images") : my_amp_n orm 
Input MSA mask file                      : my_amp_m samask 
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Eigenimages output file, NO loc#s        : my_amp_e igen 
Pixel coordinates output file            : my_amp_p c 
Eigenpixel vectors output file           : my_amp_e p 
Number of iterations (<65)               : 64 
Number of eigenimages (< 70)             : 15 
Overcorrection factor [0.8]              :  
Rootname for results file, NO ext.       : my_amp_m sa 
 
 
IMAGIC-COMMAND: msa-classify 
 
**  CLASSIFY welcomes you **  
 
Input to be classified: 
... 
Please specify option [IMAGES/VOLUMES]   : images 
Input (=output) file (treated by MSA)    : my_amp_n orm 
Percentage of images to be ignored       : 0 
Active eigenimages for classification    : 15 
Use default classification options [YES] :         yes 
What number of classes do you wish       : 30       You select  

Name of output results files             : my_amp_c lasses 
 
 
IMAGIC-COMMAND: msa-sum 
 
**  CLASSUM welcomes you **  
 
Input images to be summed                : my_amp_n orm 
Rootname of input classification files   : my_amp_c lasses 
Output class averages                    : my_amp_c ls_sum2 
Downweight small classes [YES]           : no 

Mode of summing statistics: 
... 
Please specify option                    : none 
Fraction of worst to ignore [0]          : 
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IMAGIC-COMMAND: msa-sum 
 
**  CLASSUM welcomes you **  
 
Input images to be summed                : my_amp_c oarse 

              The orginal, non-  
                 pre-treated amplitude stack  

Rootname of input classification files   : my_amp_c lasses 
Output class averages                    : my_amp_c ls_sum 
Downweight small classes [YES]           : no 

Mode of summing statistics: 
... 
Please specify option                    : none 
Fraction of worst to ignore [0]          : 
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IMAGIC-COMMAND: ctf2d-find 
 
**  CTF2D_FIND welcomes you **  
 
Input amplitude spectra, image loc#s   : my_amp_cls _sum 
Eigen filtered ampl. spectra           : no 
Output "found" CTF, image loc#s        : my_amp_ctf  
Plt output file to store CTF values    : my_amp_cls _ctf 

Microscope acceleration voltage (kV)   : 200    You  
Spherical Aberation (mm)               : 2.2    must  
Pixel size of original images (Ang)    : 2.6    know  

Search for large astigmatism [NO]      :     no 

Use default settings [YES]             : no      You can  
             also try yes  
Inner and outer correlation radii      : 0.15,0.4 
                  You select,  
                  centre and periphery  
                  are not needed  

Brute force search parameters          : 3000,40000 ,1000 
              You select,  
              range and increment 
              of defocus to be tested  
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Pre-process amplitude spectra [YES]    : yes        yes 
Allow coarsening of amplitude spectra  : no        no 
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Use CTF2D-FLIP to correct for the CTF using the values estimated (note that the 
input images are the original patches): 
 

 
IMAGIC-COMMAND: ctf2d-flip 
 
**  CTF2D_FLIP welcomes you **  
 
Original images, NO loc#s              : my_patches  
                   The original patches  

Input classification (.cls) file       : my_amp_cla sses 

                Output from MSA-CLASSIFY  

All classes wanted [YES]               : no       You specify  

Where to get the wanted classes: 
  PLT_FILE  INTERACTIVE 

Please specify option                  : plt 
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Plt file containing class numbers      : my_best_pa tch_cls 
Output file name, NO loc#s             : my_patches _flip 
Plt file containing CTF parameters     : my_amp_cls _ctf 

           Output from CTF2D-FIND  

Microscope acceleration voltage (kV)   : 200    Same 
Spherical aberation (mm)               : 2.2    as 
Pixel size of amplitude spectra        : 2.6    before  

�
�
����0
	���"�
��������
����	����
��
���5
'��
���
�	� �'����	��0
�	��!��0�������
"�
��"������������
0	���- � .3�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

��
���
�
�������������������������
�

�
�����
����������

���������
������ �

�



 
 
 
 

��������	��
��������
���
����

 
 

� ���� � �

�
�

-�3�.������,��*���,+�,��6,?*(�����*��
�
D���
��
	����
$$����	
������
����	�
��	��"�"	
���
& �	���
�
!5"�"3�
�
6'	� �&�5
'��
�	�	
��
�"
�5
'��
�� '"���
$$
��� CTF2D-OPERATIONS 	
��"	�$
	��
	�������0
�
$�	��"�
���	
�&!�0�0�
"�"����	����
 ��� �$
��"3�
�
�
�7*��*�+,�*��

����"�L��
&�	����$
��"��
�	
������	����
 ���0
�	��! �"�"�
'!�����
�
'���	�����	���
"�L�� 
&� 	��� 0
�	��!�"3� ���"� �"� 4��5� �$0
�	
�	� ���
' "�� 	��� ���� 
&� 	��� �!��	�
��
$���
"�
0���
"�"0��
��	���0
�	��!�"M���&
�$
	�
��
� 
'	�
�!
�����$
���
��
3�

;
4���� ���� �
����	��� 	��� !
���� �
 ��� �$
��"� 5
'� �
� � ���'��� 	����� "�L�� 	
� 
�
�
�$
!� 4
!'�� -'"'
!!5� 	��� "�L�� 
&� 	��� 0
�	��!�"� �"� 
�
'	� �>�� �� �>�� 
&� 	��� �$
���
"�L�.3�B"���
$$
��� CUT-IMAGE ��	��
0	�
���*+�*�3�
�
�
�
�	��'����	����
0	���- #.3�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

��
���
�
�������������������������
�

�
�����
��������� �

�
�
 



 
 
 
 

 
 
 
 

HANDS-ON 
 

 

 
 
 

�����������G�+��������7*��
�

���	���&
!!
�����5
'���!!�&����
��
!�		!����	�
�'�	�
����	
�������M"��


'	
$
	���0
�	��!��0�������0�
���'��  

 
 

All rights reserved 
 

© Image Science Software GmbH 
Berlin, Germany 

 



 
 
 
 

��������	��
��������
���
����

 
 

� ���� � �

�

-�.����G��+(�6,?�������7*��
�

.� �&�5
'� 
��� �
������ ��	��
�"	
���
&�$���
��
0�"�
 "�"�
������	��"�$
�'
!�5
'�

��!!�'"'
!!5��
�&
��
'	
$
	���0
�	��!��0�������-��
 0	��� �3� .3�
�
�.� �������"�
!"
�
�0�
���'���
���
��	
�0����0
�	��! �"�$
�'
!!5�-��
0	�� ��3� .3�

� +
	�� 	�
	� 	��"� �"� 
�4��5� �
��� 
��� 	�$���
�"'$����0 �
���'��%������� ����"� 
�
!
	�
&�0
	������ � 3�

�
�
�

-�3�.��B�,������77=����G��+(�6,?�������7*��
�
�&	��� ���� �
����	�
�� ��� 
��� ��
�5� 	
� "�!��	� 	���0
� 	��!�"�&�
$� 	��� "	
��� 
&� ����
�
����	��� 0
	���"� '"���� ������� �
$$
��� PICK-PARTICLES3� �
�	��!�� "�!��	�
��
�
�� ��� �
������ 
'	� ��� "�4��
!� �
5"%� '"���� 	��� ��&�� ����� &���� 
0	�
��
N����+�*>�,(B7���,+� 
�� '"���� ���>���� �
���!
	�
�� 	
 � 
� ��4��� -"�	� 
&.�
��&������-".3�
�
�
�	��!��"�!��	�
��'"����
0	�
���,(B7���,+�-
��N��� �+�*.��
�����4��5�'"�&'!��&�
	������"��
-	�$'��.�
�0��
�����
�!�����
&�	���0
�	� �!�"�5
'�
���	�5����	
�"�!��	%�
��
�&� 5
'� �
�	� 	
� 
4
��� ��	�
�'����� ��
"� �5� 	�$0!
	�� $ 
	������ 	
� ��&������"� -�3�3�
'"�������>���.3��
�
B"���� �,��*7���,+%� 5
'� �
�� '"�� ��&������-".� ������ 5 
'� �
�$
!!5� �����
	��
&�
$�
��� �"	����$
��!�
��
�0��4�
'"���(����
�"	�'� 	�
�3�
�
��� 	��"� �
��"�
�%� 5
'� ��!!� �
��� ��	�� 	��� ���� �
���! 
	�
�� 
0	�
�� 
��� '"�� 
�
��&��������������"�
���"��!����
�<��	�
&�	���"
$��" �L��
"�	���0
�	��!�3�
�
�
6'	� &��"	!5%� 0���	��
	� 	��� �����
����	��� 0
	���"� '" ���� 	��� �
$$
��� INCORE-
PREPARE��



 
 
 
 

��������	��
��������
���
����

 
 

� ���� � �

�
 
IMAGIC-COMMAND: INC-PREPARE 
 
**  INCPREP welcomes you **  
 
Use MPI parallelisation              :       Only asked if the 
Number of processors to be used      :       "parallel" program 
                                             version is implemented.  
                                             In this case use: YES  

Input file, loc#s                    : my_patches_f lip 
Output file, loc#s                   : my_patches_f ilt 

The image will be band-pass filtered  

Please specify: 
Low frequency cut off                : 0.05 
Remaining low-freq. transm.          : 0 
High frequency cut off               : 0.8 

 The image will be masked by a circle. Please speci fy 
 the mask radius (pixels or fraction of inner radiu s) 
 If you specify a drop-off it will be a soft mask. 

Mask radius,drop-off                 : 0.999     Large  
Desired new sigma                    : 1 
Invert the image densities           :         You select  

                                         Please note: IMAGIC expects  
                                         protein density to be WHITE  
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IMAGIC-COMMAND: cut-im 
 
**  SUBFILE welcomes you **  
 
Input file, image loc#s               : my_patches_ filt 
Output file, image loc#s              : my_scratch 
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Mode of operation: 
... 
Please specify option                 : aperiodic 

Output image dimensions X,Y           : 200,200        You select  
Coordinates (plt) file                : my_scratch 
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IMAGIC-COMMAND: inc-prep 
 
**  INCPREP welcomes you **  
 
Input file, loc#s                    : my_scratch 
Output file, loc#s                   : my_scratch_f ilt 

The image will be band-pass filtered  

Please specify: 
Low frequency cut off                : 0.05 
Remaining low-freq. transm.          : 0 
High frequency cut off               : 0.8 

... 

Mask radius,drop-off                 : 0.8 
Desired new sigma                    : 1 
Invert the image densities?          : NO 
 
 
IMAGIC-COMMAND: inc-sum 
 
**  SUMMER welcomes you **  
 
Mode of summing: 
  CONDITIONAL_SUM  SOME_SUM  TOTAL_SUM 
Please specify option                : total 
Input file, NO loc#s                 : my_scratch_f ilt 
Output file, loc#s                   : my_scratch_s um 
Variance file                        : none 
 
 
IMAGIC-COMMAND: average-rot 
 
**  ROTATRIM welcomes you **  
 
Input file, image loc#s               : my_scratch_ sum 

Mode of output: 
  IMAGE  PLT  BOTH 
Please specify option [BOTH]          : image 
Output file, image loc#s              : my_pick_ref  

�



 
 
 
 

��������	��
��������
���
����

 
 

� ���� � �

�
�'�� PICK-PARTICLE� 
0	�
�� ���K����;�+�� 	
�0����0
�	��!�"� '"���� 	��� �
 	
	�
�
!�

4��
����	
	
!�"'$�- my_pick_ref .�
"�
���&������3��
�
�
�7*��*�+,�*��

��5� &��"	� 0������� 
�!5� 
��� 0
	��� 
��� 
���� 	��� 0
�
$ �	��"� �
4�� ����� 
0	�$�L���
0����&�
$�	�����
!��"	
��3��
!!� PICK-PARTICLE��
�

 
IMAGIC-COMMAND: pick 
 
**  PICK_M_ALL welcomes you **  
 
Mode of particle detection: 
... 
Please specify option                 : ccf 

Input raw images file, loc#s          : my_patches_ flip,1,2 
Store the peaks functions to file     : yes 
Output cross-correlation file         : my_patches_ ccf 
Output (plt) file with peaks          : my_patches_ peaks 
Extract boxed particles               : yes 
Output boxed particles file, NO loc#s : my_boxed 
Output particle image size            : 200,200   You select  
           (see below)  
           Type ? to  
          get "good" values  

Input reference file, loc#s           : my_pick_ref  
Reference(s) already rot. symmetric   : yes 
Max. number of particles per location : 100   You select  
Max. overall number expected          : 0 
Minimum distance between peaks        : 100   You select  
Minimum distance X,Y from edges       : 0,50   You select  
Full output of all peak parameters    : yes 
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IMAGIC-COMMAND: cut-im 
 
**  SUBFILE welcomes you **  
 
Input file, image loc#s               : my_patches_ flip 
Output file, image loc#s              : my_boxed    You select  
 
Mode of operation: 
... 
Give mode of operation                : aperiodic 

Output image dimensions X,Y           : 100,100   You select  
           (see below)  
           Type ? to  
          get "good" values  

Coordinates (plt) file                : my_patches_ flip.plt 

             Output  from  
             DISPLAY 
             (option COOS)  
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IMAGIC-COMMAND : rename-image 
 
  ** IM_RENAME welcomes you ** 
 
Name of image file to be renamed      : my_boxed 
NEW Name of image file                : my_boxed_ba d 
 
 
IMAGIC-COMMAND: EX-COPY 
 
**  EXCOPY welcomes you **  
 
What should be copied: 
  2D_IMAGES/SECTIONS  3D_VOLUME  
Please specify option                 : 2D 

Mode of copy operation: 
... 
Please specify option                 : exclude 

Input file, image loc#s               : my_boxed_ba d  You 
Output file, image loc#s              : my_boxed   select  

Get image loc#s from: 
  PLT_FILE  INTERACTIVE 
Please specify option [INTERACTIVE]   : plt 

Plt file containing image loc#s       : my_boxed_ba d 

          Output  from  
          DISPLAY 
           (option SELECT)  
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IMAGIC-COMMAND: HEADER 
 
**  HEADERS welcomes you **  
 
Input file, image loc#s                   : my_boxe d 

Options available: 
READ/LOOK  WRITE/SET  PLT_OUT  MEANINGS 

Please specify option:                    : howmany  
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IMAGIC-COMMAND: PRET-BOXED 
 
**  INCPREP welcomes you **  
 
Use MPI parallelisation         :            Only asked if the 
Number of processors to be used :            "parallel" program 
                                             version is implemented.  
                                             In this case use: YES 

Input file, loc#s              : my_boxed 
Output file, loc#s             : my_filt        You select  

                                                No more mentioned  
                                                in the following  
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The image will be band-pass filtered  
Please specify: 

Low frequency cut off           : 0.04          Have to be adapted  
Remaining low-freq. transm.     : 0.005         to the particle's  
High frequency cut off          : 0.8           size and expected  
                                                resolution. To get  
                                                started the default  
                                                values can help you  
                                                (see below)  

 The image will be masked by a circle. Please speci fy 
 the mask radius (pixels or fraction of inner radiu s) 
 If you specify a drop-off it will be a soft mask. 

Mask radius, drop-off           : 0.9,0.2       You select  
Invert the image densities?     :               You select  

                                         Please note: IMAGIC expects  
                                         protein density to be WHITE  
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Fig. 4:  Band-pass filter 
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Fig. 5:  Upper two rows: Extracted (“boxed”) molecular images from a typical EM micrograph 

of worm hemoglobin particles. 

Lower two rows: Same molecular images band-pass filtered, normalised and 
masked. 
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IMAGIC-COMMAND: coarse 
 
**  COARSE welcomes you **  
 
Input file, image loc#s                     : my_fi lt 
Output file, image loc#s                    : my_fi lt_coarse 

Summing parameter                           : 2   You select  
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IMAGIC-COMMAND: center-image 
 
**  ALIMASS welcomes you **  
 
Use MPI parallelisation              :       Only asked if the 
Number of processors to be used      :       "parallel" program 
                                             version is implemented.  
                                             In this case use: YES 

Input file, image loc#s              : my_filt         You select  
Output file, image loc#s             : my_cent         You select  

Options for centering: 
... 
Please specify option                : totsum 

Correlation functions available 
  CCF  MCF 
Please specify option                : CCF             Use CCF 

Max shift (pixels or as fraction)    : 0.2             You select 
Number of centering iterations       : 6               You select  

Options to filter the total sum: 
  NO_FILTER  LOWPASS 
Please specify option [NO_FILTER]    : no 
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Fig. 6 :  Left: Typical total sum. Right: Corresponding rotational average. 
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IMAGIC-COMMAND: test-image 
 
**  TESTIM welcomes you **  
 
Output filename, image loc#s              : my_msam ask_1 
Image dimensions X,Y                      : 100,100  
                                                     Size of the 
                                                     boxed images  
IMAGIC data formats you can choose: 
... 
Please specify option                     : REAL 
                                                     Always REAL  
Currently, you can choose: 
... 
Please specify option                     : disc 

Disc radius as fraction of file size      : .85      You select  
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IMAGIC-COMMAND: inc-sum 
 
**  SUMMER welcomes you **  
 
Mode of summing: 
... 
Please specify option                : total 

Input file, NO loc#s                 : my_cent 
Output file, image loc#s             : my_totsum_1 
Standard deviation images            : none  
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IMAGIC-COMMAND: disp 
 
**  DISPLAY welcomes you **  
 
Input image file, image loc#s        : my_totsum_1 
 
Image name: my_totsum_1 
Size: 240,240 Loc: 1 Type: REAL Cre.Date: 8/30/93 1 9.50.11 
DIGITISE, INPREP, ALIDIR, INCSUM 
 
   ·  
   ·  
   ·  
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IMAGIC-COMMAND: msa-mask 
 
**  MSAMASK welcomes you **  
 
Input file, image loc#s                    : my_tot sum_1 
Input contour coos (plt) file              : my_tot sum_1.plt 
Output file, image loc#s                   : my_msa mask_1 
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Fig. 7:   Typical circular MSA mask 
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IMAGIC-COMMAND: msa-run 
 
**  MSA welcomes you **  
 
Use MPI parallelisation              :       Only asked if the 
Number of processors to be used      :       "parallel" program 
                                             version is implemented.  
                                             In this case use: YES 
Choose mode of operation: 
... 
Please specify option                   : fresh 

MSA distance: 
... 
Please specify option                   : modulatio n 

                                            Use modulation distance  
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Input (= output) aligned "images"        : my_cent 
Are there any inactive images? [NO]      : no 

                                              If wanted some images  
                                              can be excluded  

Input MSA mask file [none]               : my_msama sk_1 

                                              You can give "none" 
                                              if no mask is wanted  

Eigenimages output file                  : my_eigen _1 
Pixel coordinates output file            : my_pc_1 
Eigenpixel vectors output file           : my_ep_1 

Number of iterations (<65)               : 64 
                                              Use a large number  

Number of eigenimages (<70)              : 69 

                                              You select  

Overcorrection factor (0< ocf< 0.9)      : 0.8 

Rootname for results files, no ext.      : my_msa_1  

                                              No extension please!  
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Fig. 8 :  First eigen-images of the (rotational) unaligned worm hemoglobin data-set. 

          (Note that worm hemoglobin has D6 symmetry) 
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IMAGIC-COMMAND: msa-classify 
 
**  CLASSIFY welcomes you **  
 
Input to be classified: 
... 
Please specify option                    : images 

Input (= output) file (treated by MSA)   : my_cent 
Percentage of images to be ignored [0]   : 0 

                                If wanted some images can be excluded  

Active eigenimages for classification    : 69 

                                The number must be less/equal the one 
                                used in MSA-RUN  

Use default classification options       : yes 

                                ”No” means you have to/can specify  
                                 a lot of classification options  

What number of classes do you wish       : 500     You select! Use  
                                                   a large number  

Name of output results files             : my_class es_1 
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IMAGIC-COMMAND: msa-sum 
 
**  CLASSUM welcomes you **  
 
Input images to be summed                   : my_ce nt 
Rootname of input classification files      : my_cl asses_1 
Output class averages                       : my_cl sum_1 
Downweight small classes? [YES]             : yes 

Mode of summing statistics: 
  NONE  VARIANCE  S-IMAGE  I-IMAGE  FT 
Please specify option                       : none 
Fraction of worst class members to ignore   : 5        You select  
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Fig. 9 :  Some class-sum images of the worm hemoglobin data-set 
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IMAGIC-COMMAND: ex-copy 
 
**  EXCOPY welcomes you **  
 
What should be copied: 
  2D_IMAGES/SECTIONS  3D_VOLUME 
Please specify option                    : 2d 

Mode of copy operation: 
... 
Please specify option                    : extract 

Input file, NO loc#s                     : my_clsum _1 
Output file, image loc#s                 : my_clsum _best_1 

Get image loc#s from: 
... 
Please specify option                    : plt 

Plt file (*.plt) containing image loc#s  : my_best_ classes_1 
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IMAGIC-COMMAND: norm-var 
 
**  INCNORVAR welcomes you **  
 
Type of variance mask: 
... 
Please specify option                : whole 

Input file, image loc#s              : my_clsum_bes t_1 
Output file, image loc#s             : my_clsum_nor m_1 
Desired new sigma                    : 10 
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IMAGIC-COMMAND: prep-mra-ref 
 
**  ALIREFS welcomes you **  
 
Alignment modes available: 
... 
Please specify option                : all 

Correlation functions available 
... 
Please specify option                : ccf               Use CCF 

Reference input file                 : my_clsum_nor m_1 

Use contours on the references       : yes        YES: use the  
                                                  created  contours  
                                                  NO: use a  
                                                  circular mask 

  **NOTE: Input and output file must be different 

MRA references output file           : my_ref_1 
Density for thresholding [-999.]     : -999.         You select,  
                                                     -999. means  
                                                    no threshold  

Max shift (pixels or as fraction)    : 0.1 
Min, max rotation angle              : 180,180 
Create mirrors of references         : yes 
Max. number of alignment iterations  : 5 
Full output of all parameters [NO]   : 
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IMAGIC-COMMAND: m-r-a 
 
**  MRALIGN welcomes you **  
 
Use MPI parallelisation                 :       Only asked if the 
Number of processors to be used         :       "parallel" program 
                                            version is implemented. 
                                            In this case use: YES 
MRA options: 
  FRESH  ADD_NEW_REFS  LOCAL_SEARCH 
Please specify option                   : fresh          FRESH !!  

4D options: 
  ALL_REFERENCES  OWN_REF3D_REFERENCES 
Please specify option [ALL_REFERENCES]  : all            ALL !!  
 
Methods available: 
  ALIGNMENT  CORRELATION_ONLY 
Please specify option                   : align 

Alignment modes available: 
  HORIZONTAL            VERTICAL 
  TRANSLATIONAL         ROTATIONAL 
  BOTH (ROT AND TRANS)  BRUTE_FORCE 
Please specify option                   : both      If the alignment  
                                                    results are not  
                                                    satisfying use  
                                              option BRUTE_FORCE  
Options available: 
  ROTATION_FIRST  TRANSLATION_FIRST 
Please specify option [ROTATION_FIRST]  : rot 

                                           Carefully check the results  
                                       if using TRANSLATION_FIRST!!  
Correlation functions available 
  CCF  MCF 
Please specify option                   : ccf        At the 
                                                     beginning of 
                                                     the analysis 
                                                     use CCF 

Input file, loc#s                       : my_filt 

                                           In this first MRA input are  
                                           the unaligned filtered 
                                           images. Later the input file  
                                           is the file with the last 
                                           aligned images  

Output file, loc#s                      : my_ali_1 

                                           Input  and output file must  
                                           be different  
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Original (pretreated) file, loc#s       : my_filt 

                                           This file is important for  
                                           EQUIVALENT-ROTATION 

                                           The UNALIGNED filtered 
                                           images!!   

 **WARNING: Input and original file are the same 

Reference file, loc#s                   : my_ref_1 

Options to filter the reference(s): 
  NO_FILTER  LOWPASS 
Please specify option [LOWPASS]         :       At the beginning  
                                                you can use a  
                                                low-pass filter  

Halfwidth value for low-pass filter     : 0.2   Start with a strong  
                                                low-pass filter, later  
                                                reduce or use no  
                                                filter  
Also mirror alignment                   : no          Always NO!!  

Max shift (compared to original images) : 0.2   No refinement, so  
Max shift (during this alignment)       : 0.2   both values are the  
                                                same 
Min,max rot. angle  

(compared to originals)               : -180,180 
Min,max rot. angle                                   See Max shift  

(for this alignment)                  : -180,180 
Precision for rotational alignment: 
... 
Please specify option                   : med 

Min,max radius for rot alignment        : 0,0.9      You select  
Number of alignment iterations          : 5          You select  
Full output of all parameters           : no 
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IMAGIC-COMMAND: m-r-a 
 
**  MRALIGN welcomes you **  

... 

MRA options: 
  FRESH  ADD_NEW_REFS  LOCAL_SEARCH 
Please specify option                   : add_new_r efs 

... 

Input file, loc#s                       : my_ali_1 
Output file, loc#s                      : my_ali_1_ new 

 
Original (pretreated) file, loc#s       : my_filt 

                                                 The UNALIGNED  
                                                 filtered images!!   

Reference file, loc#s                   : my_ref_1_ add 

(MRA) reference # of the first new ref. :        Number of old  
                                                 references plus 1  
... 

�



 
 
 
 

��������	��
��������
���
����

 
 

� ��	� � �

�

Fig. 10:  Upper two rows: Band pass filtered, normalised and masked images. 
�  Lower two rows: Corresponding (multi-reference) aligned images.�
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Fig. 11:  Some eigen-images of the worm hemoglobin data-set 
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IMAGIC-COMMAND: pret-boxed 
 
**  INCPREP welcomes you **  
 
Use MPI parallelisation         : no         Only asked if the 
                                             "parallel" program 
                                             version is implemented.  
                                             Usually not needed for 
                                             class-sum images 

Input file, loc#s               : my_cls_select_1 
Output file, loc#s              : my_cls_filt_1 

The image will be band-pass filtered  
Please specify: 
Low frequency cut off           : 0.05                 You select  
Remaining low-freq. transm.     : 0.005                You select  
High frequency cut off          : 0.8                  You select  

The image will be masked by a circle. Please specif y 
 the mask radius (pixels or fraction of inner radiu s) 
 If you specify a drop-off it will be a soft mask. 
Mask radius, drop-off           : 0.9,0.2              You select  

Invert the image densities      : no                   NO !!  
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IMAGIC-COMMAND: angular 
 
**  EULER welcomes you **  
 
Point-group symmetry 
 ... 
Please specify option                  : c1 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  C1_STARTUP              SELF_SEARCH 
  SINOGRAM                SINE_CORRELATION 
  PREDICT_SINECORR_PEAKS 
Please specify option                  : c1_start 

Input (classum) images, NO loc#s       : my_cls_fil t_1 

                                             Loc#s can be specified 
                                             later 

Loc#s of THREE (classum) images        : 5;7-8 

                                             Loc#s you have chosen 

Output (ordered) image file            : my_order_1  

                                                  Output file name  
                                                  You select  

Output sinogram file, NO loc#s         : my_sino_1 

                                                  Output file name  
                                                  You select  

ASQ filter the sinogram lines          : yes 
Linear mask radius for sinograms       : 0.75 



 
 
 
 

��������	��
��������
���
����

 
 

� ���� � �

�
 
Output sinecorr file, NO locations     : my_sine_1 

                                                  Output file name  
                                                  You select  

Wanted angular increment in search     : 2.0      You select, also  
                                                  depends on the  
                                                  symmetry used  

Minimum inter-euler stay away angle    : 30.0 
Full output of the results             : NO 
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 =================================== 
 Results of C1_STARTUP Euler search: 
 =================================== 
 
 Euler angle alpha #1 :   -aaa.aaa 
 Euler angle beta  #1 :    90.00000 
 Euler angle gamma #1 :   0.0000000E+00 
 
 Euler angle alpha #2 :    aa.aaaa 
 Euler angle beta  #2 :    90.00000 
 Euler angle gamma #2 :    gg.ggggg 
 
 Euler angle alpha #3 :   -a.aaaaaa 
 Euler angle beta  #3 :    bb.bbbbb 
 Euler angle gamma #3 :    gg.ggggg 
 
 Angular distance between direction 1 <--> 2:    nn .nnnnn 
 Angular distance between direction 2 <--> 3:    nn .nnnnn 
 Angular distance between direction 3 <--> 1:    nn .nnnnn 
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IMAGIC-COMMAND: angular 
 
**  EULER welcomes you **  
 
Point-group symmetry 
 ... 
Please specify option                  : c1 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  C1_STARTUP              SELF_SEARCH 
  SINOGRAM                SINE_CORRELATION 
  PREDICT_SINECORR_PEAKS 
Please specify option                  : new               NEW !! 
 
Option of NEW: 
  FRESH  ADD  REMOVE_PROJ 
Please specify option                  : add               ADD !!  

Input (classum) images, NO loc#s       : my_cls_fil t_1 

Location number(s) wanted              : 12;17;28;4 1-80 

                                                 Loc#s to be added 

Output (ordered) image file            : my_order_1       Same as 
Output sinogram file, NO loc#s         : my_sino_1       before  
ASQ filter the sinogram lines          : yes 
Linear mask radius for sinograms       : 0.75            Same 
Output sinecorr file, NO locations     : my_sine_1       as 
Wanted angular increment in search     : 2.0             before  
Full output of the results             : NO  
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IMAGIC-COMMAND: ang-rec 
 
**  EULER welcomes you **  
 
Point-group symmetry 
 ... 
Point-group symmetry                    : d6            You have  
                                                        to know  

Minimal stay-away from equator          : 15 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  C1_STARTUP              SELF_SEARCH 
  SINOGRAM                SINE_CORRELATION 
  PREDICT_SINECORR_PEAKS 
Please specify option                   : self 

Mode of output: 
  PRINT_ONLY  UPDATE_HEADER 
Please specify option                   : update 

Input (classum) images, image loc#s     : my_cls_fi lt_1 

Sinogram file, image loc#s              : none        You select,  
Output sinecorr file, NO loc#s          : none       "none" means  
      :                                            no output stored  
ASQ filter the sinogram lines           : yes 
Linear mask radius for sinograms        : 0.75 
Wanted angular increment in search      : 2.0         You select  
Full output of the results              : no 
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** Calculating Euler angles of input image #1 
 
                     Results of unrestricted Euler search: 

                     Maximal height of peak :   0.h hhhh 
                     Standard deviation     :   0.d dddd 
                     Error criterion (%)    :   e.e eeee 
                     Alpha angle NEW        :   aaa .aaa 
                     Beta  angle NEW        :   bbb .bbb 
                     Gamma angle NEW        :   ggg .ggg 
 
** Calculating Euler angles of input image #2 
... 
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   ====================================== 
   SELF_SEARCH Euler angles (sorted list) 
   ====================================== 
 
 
           ERROR    LOC 
   #        (%)       #     ALPHA      BETA       G AMMA 
 
   1 :>   e.eeee     nn    aaa.aaa    bbb.bbb    gg g.ggg 
   2 :>   e.eeee     nn   -aaa.aaa    bbb.bbb    gg g.ggg 
   3 :>   e.eeee     nn   -aaa.aaa    bbb.bbb    gg g.ggg 

   ...  

          Average error of the set = e.eeeee % 
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IMAGIC-COMMAND: angular 
 
**  Euler welcomes you **  
 
Point-group symmetry 
 ... 
Please specify option               : d6         Same as before.  
                                                 You have  to know  

Minimal stay-away from equator      : 15 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  ... 
  PREDICT_SINECORR_PEAKS 
Please specify option               : new 

Option of NEW: 
  FRESH  ADD  REMOVE_PROJ 
Please specify option               : fresh      To start the whole  
                                                 procedure use 
                                        FRESH. Later new projections  
                                        can be introduced with ADD  
                                        or bad projections can be re- 
                                        moved with REMOVE  

Input (classum) images, NO loc#s    : my_cls_filt_1  

                                           Loc#s can be specified 
                                           later 

Loc#s of projection(s) wanted       : 54;38-39 

                                           Specify the location  
                                           numbers of the selected  
                                           good class-sums  

Output (ordered) image file         : my_order_1 

                                           The ouput file will contain  
                                           all selected images  
                                           with Euler angles stored  
                                           in their headers  

Output sinogram file, NO loc#s      : my_sino_1 
ASQ filter the sinogram lines [YES] : no 
Linear mask radius for sinograms    : 0.8 
Output sinecorr file, NO loc#s      : my_sine_1 
Wanted angular increment in search  : 2.0         Same as before  
Full output of the results          : no 
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Working on input image # xxx 
 
... 
                     Results of unrestricted Euler search: 
 
                     Maximal height of peak :   0.h hhhh 
                     Standard deviation     :   0.d dddd 
                     Error criterion (%)    :   e.e eeee 
                     Alpha angle PREVIOUS   :   aaa .aaa 
                     Alpha angle NEW        :   aaa .aaa 
                     Beta  angle PREVIOUS   :   bbb .bbb 
                     Beta  angle NEW        :   bbb .bbb 
                     Gamma angle PREVIOUS   :   ggg .ggg 
                     Gamma angle NEW        :   ggg .ggg 
                     Angular orient. CHANGE :   cc. cccc 
... 
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             ====================================== === 
             Euler angles (loc#s as in "ordered" fi le) 
             ====================================== === 
 
              Error     PROJ     CLS 
      #        (%)       #       #       ALPHA       BETA        GAMMA 

      1 :>  12.2307%     1       54    -92.0000     83.0000      5.0300 
      2 :>  23.0460%     2       38     68.0000     49.0000      1.0000 
      3 :>  12.1463%     3       39     99.0000      1.0000      1.0000 
 
 
             ====================================== ======= 
             Euler angles (sorted loc#s of "ordered " file) 
             ====================================== ======= 
 
              ERROR    PROJ     CLS 
      #        (%)       #       #       ALPHA       BETA        GAMMA 

      1 :>  12.1463%     3       39    99.0000      1.0000      1.0000 
      2 :>  12.2307%     1       54   -92.0000     83.0000      5.0300 
      3 :>  23.0460%     2       38    68.0000     49.0000      1.0000 
 
             Average error of the set = 15.8076649 % 
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Continue with option NEW                 : yes         NO to stop 

Option of NEW: 
  FRESH  ADD  REMOVE_PROJ 
Please specify option [ADD]              : add 

Location number(s) wanted                : 132;78 
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IMAGIC-COMMAND: ang-rec 
 
**  Euler welcomes you **  
 
Point-group symmetry 
 ... 
Please specify option               : d6            Same as before  

Minimal stay-away from equator      : 15 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  C1_STARTUP              SELF_SEARCH 
  SINOGRAM                SINE_CORRELATION 
  PREDICT_SINECORR_PEAKS 
Please specify option               : new 

Option of NEW: 
  FRESH  ADD  REMOVE_PROJ 
Please specify option               : remove 

Re-calculate Euler angles           : yes           You select  

Input (ordered) images, NO loc#s    : my_order_1 

                                                    Same as before  

Loc#s of image(s) to be removed     : 2             Loc#s in the 
                                                    ordered (!) file.  
                                                    You specify 

Corresponding sinograms, NO loc#s   : my_sino_1     Same as before  
 
ASQ filter the sinogram lines [YES] : no 

Linear mask radius for sinograms    : 0.8 
Output sinecorr file, NO loc#s      : my_sine_1 
Wanted angular increment in search  : 2.0         Same as before  
Full output of the results          : no 
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IMAGIC-COMMAND: ang-rec 
 
**  EULER welcomes you **  
 
Point-group symmetry 
 ... 
Please specify option                  : c1 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  C1_STARTUP              SELF_SEARCH 
  SINOGRAM                SINE_CORRELATION 
  PREDICT_SINECORR_PEAKS 
Please specify option                  : refine 

How are the (ordered) input images available: 
... 
Please specify option                  : sinogram 

Input sinograms, image loc#s           : my_sino_1 
Input (=output) ordered images file    : my_order_1  
Wanted angular increment in search     : 2.0 
Number of iteration steps              : 5             You select  
Full output of the results             : no 
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IMAGIC-COMMAND: th-reconst 
 
**  TRUE3D welcomes you **  
 
MPI parallelisation: 
  ONLY_3D  BOTH  NO_MPI 
Please specify option                   :  Only asked if the"parallel" 
Number of processors to be used         :  program  version is imple-  
                                           mented. In “parallel” case 
                                           use: ONLY_3D 
Mode of 4D operation: 
  ALL_IN_ONE_3D            3D_MEMBERSHIP_IN_HEADER 
  RANDOM_3D_MEMBERSHIP     SEQUENTIAL_ASSIGNMENT 
  MULTIPLE_RAND_ASSIGN     HEADER_3D_MEMBERSHIP 
  SPLIT_3D_MEMBERSHIP 
Please specify option                   : all     ALL !!  

Point-group symmetry 
 ... 
Please specify option                   :         Same as before  

Use default 3D reconstruction options   : yes 

                                         You can avoid a lot of 
                                         questions by answering YES  

Input 2D (classum) images, loc#s        : my_order_ 1 

                                         The ordered file (output 
                                         from ANGULAR-RECONST)  
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Source of Euler angles: 
  ANGREC_HEADER        MRA_HEADER 
  RANDOM_EULER_ANGLES 
Please specify option                   : angrec 

                                               The results are from  
                                               ANGULAR-RECONST  

Output 3D rec. filename, loc#s            : my_3d_1  
Output file for reprojections, NO loc#s   : my_repr o_1 
Output file for error projections, NO loc#: none 

                                                 "none" means: no  
                                                 file will be created 

Spherially mask the reconstruction        : no 
Use Hamming window factor [0.75]          : 0.5         See below  
Object size as fraction of image size     : 0.8  
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   Error in input images (sorted list) 
  ===================================== 
 
          Loc    class   alpha   beta    gamma    e rror 
           #       #                              i n 3-D 
 
   1:>    nn      cc     aa.aa   bb.bb   gg.gg   x. xx % 
   2:>    nn      cc     aa.aa   bb.bb   gg.gg   x. xx % 
   3:>    nn      cc     aa.aa   bb.bb   gg.gg   x. xx % 
 
     • 
     • 
     • 
 
   Average error in the set of input images:  e.ee % 
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Fig. 12:  3-D sections along the z-axis of a worm hemoglobin reconstruction 
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IMAGIC-COMMAND: head 
 
**  HEADERS welcomes you **  
 
Input file, image loc#s         : my_order_1       Input file used 
                                                   in TH-RECONST 
Options available: 
... 
Please specify option            : read 

Read options available           : 
  ... 
Please specify option:           : threed 
 
Image  Alpha   Beta    Gamma    AR Error   3D Error    3D ref 
 
  1    aa.aa   bb.bb   gg.gg      x.xxx      z.zzz         0 
  2    aa.aa   bb.bb   gg.gg      x.xxx      z.zzz         0 
  3    aa.aa   bb.bb   gg.gg      x.xxx      z.zzz         0 
 
                       ...  
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IMAGIC-COMMAND: rename-im 
 
Image file to be renamed              : my_order_1 
New image file name                   : my_order_1_ old 
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IMAGIC-COMMAND: ex-copy 
 
**  EXCOPY welcomes you **  
 
What should be copied: 
  2D_IMAGES/SECTIONS  3D_VOLUME 
Please specify option                    : 2d 

Mode of copy operation: 
  EXTRACT  EXCLUDE  SELECT  SORT  REVERSE  RANDEX 
Please specify option                    : exclude 

Input file, NO loc#s                     : my_order _1_old 
Output file, image loc#s                 : my_order _1 

Get image loc#s from: 
  PLT_FILE  INTERACTIVE 
Please specify option                    : inter 
Location number(s) of image(s) wanted    : 38-40;23 ;14;60;66 

                                           Your selected bad images  
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IMAGIC-COMMAND: rename-im 
 
Image file to be renamed                 : my_order _1 
New image file name                      : my_order _1_old 
IMAGIC-COMMAND: ex-copy 
 
 
**  EXCOPY welcomes you **  
 
What should be copied: 
  2D_IMAGES/SECTIONS  3D_VOLUME 
Please specify option                    : 2d 

Mode of copy operation: 
  EXTRACT  EXCLUDE  SELECT  SORT  REVERSE  RANDEX 
Please specify option                    : select 

Input file, NO loc#s                     : my_order _1_old 
Output file, image loc#s                 : my_order _1 

Criteria for SORT / SELECT: 
... 
Please specify option                    : threed 
Range for header value                   : 0,0.5       you select  
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IMAGIC-COMMAND : ali-para 
 
  ** ALIPARA welcomes you ** 
 
Alignment modes available: 
  TRANSLATIONAL  ROTATIONAL     HORIZONTAL     VERT ICAL 
  ALL 
Please specify option [ALL]              : all 

Correlation functions available: 
... 
Please specify option [CCF]              : ccf 

Input file, image loc#s                  : my_order  
Output file, image loc#s                 : my_order _1_ali 
Reference file, image loc#s              : my_repro _1 
Max shift                                : 0.1 
Min, max rotation angle [-180,180]       : 
Precision for rotational alignment: 

  LOW  MEDIUM  HIGH  INTERACTIVE 

Please specify option                    : med 
Min,max radius for rotational alignment  : 0,0.9 
Maximum number of alignment iterations   : 5 
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IMAGIC-COMMAND: th-auto 
 
**  AUTOMASK3D welcomes you **  
 
Automasking options: 
  DO_IT_ALL  REFINE_THRESHOLD 
Please specify option                      : do_it_ all 

Input 3D volume file                       : my_3d_ 1 

Output modulation/variance volume          : my_mod _1 
Masking based on local MODULATION          : yes 
Band-pass parameters                       : 0.12,0 .9   See below  
Low-pass parameter                         : 0.1        See below  

Threshold options: 
  MANUAL  AUTOMATIC 
Please specify option                      : auto 

Auto-threshold percentage                  : 10 
3D mask output file                        : my_3d_ mask_1 
Masked 3D map output file                  : my_3d_ 1_masked 
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IMAGIC-COMMAND: th-surf 
 
**  SEXY3D welcomes you **  
 
Input 3D file, loc#s                    : my_3d_1 
Threshold 3D density value              : 0.2       You select, 
                                                    very important!  
                                                    (see below)  

Output file 
for 2D surface view(s), start loc       : my_surfac e_1 

Choose projection option: 
  FILE           ANOTHER        INTERACTIVE    ORTH OGONAL 
  SPIRAL         TETRAHEDRON    TOMOGRAPHY     STER EO 
  UNIFORM        ICOSAHEDRON    ASYM_TRIANGLE  RAND OM 
Please specify option                   : spiral       You select  

Number of projections wanted            : 10           You select  
Number of turns of the spiral           : 1            You select  
Blow-up 3D volume before 3D rendering   : yes          You select  
3D blow-up dimension                    :              You select  

How many Angstroem per voxel in input 3D:        You have  to know  
Default rendering parameters            : yes 
Full output                             : no 
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Threshold value used for depicting 3D volume    :       0.250 
Number of voxels with density > threshold       :        7962 
With a scale (Angstrom per pixel) of            :      10.500 
this corresponds to cubic Angstrom  > threshold : 9 217010.000 
Assuming a protein density (Dalton/cub.Angstrom):       0.844 
this corresponds to a protein mass (kDalton) of :    7779.157 
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Fig. 13:  Low resolution 3-D surface views of the worm hemoglobin reconstruction. 
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IMAGIC-COMMAND: th-center 
 
  ** INC3DMENU welcomes you ** 
 
Option used for current IMAGIC command     : MASS_C ENTER 

Input file, image loc#s                    : my_3d_ 1_filt 
Output file, image loc#s                   : my_3d_ 1_filt_cent 

Radius of circle for mass calculation      : 0.8           You 
Density threshold for mass calculation     : 0.0           select  
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IMAGIC-COMMAND: threed-forward 
 
**  FORWARD welcomes you **  
 
Option used for current IMAGIC command  : FORWARD 

Input 3D image file                     : my_3d_1_f ilt_cent 
Output file for forward projections     : my_forw_1  
Threshold 3D density value [-99999]     :  

Choose projection option: 
  FILE           ANOTHER        INTERACTIVE    ORTH OGONAL 
  SPIRAL         TETRAHEDRON    TOMOGRAPHY     STER EO 
  UNIFORM        ICOSAHEDRON    ASYM_TRIANGLE  RAND OM 
Please specify option                   : asymmetri c 

Point-group symmetry to be used: 
... 
Please specify option                   :           Same as before  

Option to chose Euler angles: 
  EQUIDIST  RANDOM 
Please specify option                   : equidist 

Option for Euler angle alpha: 
  ZERO  ROTATE 
Please specify option                   : zero 

Wanted angular increment                : 15 

                                 You select (depends on the symmetry, 
                                 for C1 use “30” at the beginning) 

Full output of all parameters           : no  
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IMAGIC-COMMAND: norm-var 
 
**  INCNORVAR welcomes you **  
 
Type of variance mask: 
... 
Please specify option                       : whole  

Input file, image loc#s                     : my_fo rw_1 
Output file, image loc#s                    : my_ar set_1 
Desired new sigma                           : 10 
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Fig. 14:  Typical (low resolution) first anchor set for the worm hemoglobin data-set.  
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IMAGIC-COMMAND: ANGULAR 
 
**  Euler welcomes you **  
 
Point-group symmetry 
 ... 
Please specify option               :              Same as before  

Minimal stay-away from equator      : 0 

Option for angular reconstitution: 
  NEW                     ANCHOR_SET 
  ... 
Please specify option               : anchor_set 

Mode of ANCHOR_SET: 
  FRESH  REFINE 
Please specify option               : fresh 

Number of anchor sets available: 
  ONE_ANCHOR_SET           OWN_ANCHOR_SET 
  EACH_TO_BEST_ANCHOR_SET  ALL_TO_BEST_ANCHOR_SET 
Please specify option               : one 

How are the input (classum) images available: 
  IMAGES  SINOGRAMS 
Please specify option               : images 

Input(=output) (classum) images     : my_cls_filt_1  

                              The images to which Euler  angles should 
                              be assigned = ALL class-sum images  

Sinogram file, image loc#s          : my_sine 
ASQ filter the sinogram lines       : yes 
Linear mask radius for sinograms    : 0.8               You select  

How is the anchor set available: 
  IMAGES  SINOGRAMS 
Please specify option               : images 

Input anchor set IMAGES             : my_arset_1    The anchor-set  
                                                    images  
Output anchor set sinograms         : my_arsino_1 
Output sinecorr file, NO loc#s      : my_sine       NO locations!!  
Delete output sinecorr file(s) [YES]:  
Wanted angular increment in search  : 2     You select (also depends  
                                            on the symmetry used)  
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Use "peak-over-stdv" criterion [YES]:  
Use MPI parallelization             :      Only asked if the "parallel"  
Number of processors to be used     :      version is implemented. In  
                                           this case use: YES 

Full output of the results          : no 
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           ==================================== 
               EULER results (sorted list) 
           ==================================== 
 
           ERROR     LOC 
   #        (%)       #     ALPHA      BETA       G AMMA 
 
   1 :>   e.eeee     nn    aaa.aaa    bbb.bbb    gg g.ggg 
   2 :>   e.eeee     nn   -aaa.aaa    bbb.bbb    gg g.ggg 
   3 :>   e.eeee     nn   -aaa.aaa    bbb.bbb    gg g.ggg 

   ...  

          Average error of the set = e.eeeee % 
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IMAGIC-COMMAND: norm-var 
 
**  INCNORVAR welcomes you **  
 
Type of variance mask: 
... 
Please specify option                : soft 

Input file, image loc#s              : my_forw_X 
Output file, image loc#s             : my_ref_X 
Mask radius, drop-off                : .9,.2 
Desired new sigma                    : 10 
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IMAGIC-COMMAND: threed-contour 
 
**  CONT3D welcomes you **  
 
Input file, image loc#s              : my_ref_X 
Contour file name                    : my_ref_X.plt  
Output file, image loc#s             : my_ref_X_con t 
Float to average of edge pixels      : no 

 

IMAGIC-COMMAND: copy-im 

 
**  COPYIM welcomes you **  
 

Input file, image loc#s              : my_ref_X_con t 
Output file, image loc#s             : my_ref_X 
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IMAGIC-COMMAND: MULTI-REF-ALIGN 
 
**  MRALIGN welcomes you **  

... 

MRA options: 
  FRESH  ADD_NEW_REFS  LOCAL_SEARCH 
Please specify option                    : LOCAL 

... 

Pointgroup symmetry to be used:  
... 
Please specify option                    :          Same as before  

Angular increment for local search       : 10       You specify  

Max shift (compared to original images)  : 0.2      Large value!  
Max shift (during this alignment)        : 0.05     Small value!  

Min, max rot. angle 
  (compared to originals) [-180,180]     :          Large values  
Min, max rot. angle (for this alignment) : -10,10   Small values  

... 
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In this case, you can use command MULTI-REF-ALIGNMENT for projection mapping. ���
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IMAGIC-COMMAND: th-reconst 
 
**  TRUE3D welcomes you **  
 
... 

Input 2D (classum) images, loc#s : my_ali_X 

                                        NO classum images/averages 
                                        The aligned images!! 
... 

 
Source of Euler angles: 
... 
Please specify option            : mra         Results are from MRA  

... 
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IMAGIC-COMMAND: ex-copy 
 
**  EXCOPY welcomes you **  
 
What should be copied: 
... 
Please specify option                   : 2d 

Mode of copy operation: 
... 
Please specify option                   : extract 

Input file, NO loc#s                    : my_cls_su m_X 
Output file, image loc#s                : my_sub_1 

Get image loc#s from: 
  PLT_FILE  INTERACTIVE 
Please specify option                   : inter 

Location number(s) of image(s) wanted   : 1,5000       Specify all!!  

Numbers wanted: 
  ALL  ODD  EVEN  INCREMENT 
Please specify option                   : odd          Odd!!  
 
 
IMAGIC-COMMAND: ex-copy 
 
Mode of copy operation: 
... 
Please specify option                   : extract 

Input file, NO loc#s                    : my_cls_su m_X 
Output file, image loc#s                : my_sub_2 

... 

Location number(s) of image(s) wanted   : 1,5000       Specify all!!  
Numbers wanted: 
  ALL  ODD  EVEN  INCREMENT 
Please specify option                   : even         Even!!  
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IMAGIC-COMMAND: th-reconst 
 
**  TRUE3D welcomes you **  
 
... 

Input 2D (classum) images, loc#s   : my_sub_1 

... 

Output 3D rec. filename, loc#s     : my_fsc_3d_1 

... 

 
IMAGIC-COMMAND: th-reconst 
 
 
**  TRUE3D welcomes you **  
 
... 

Input 2D (classum) images, loc#s   : my_sub_2 

... 

Output 3D rec. filename, loc#s     : my_fsc_3d_2 

... 
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IMAGIC-COMMAND: f-s-c 
 
**  FOURIER_SHELL welcomes you **  
 
Option used for current IMAGIC command: FSC 

Mode of operation: 
  ONE_REFERENCE  COMPARE_PARALLEL 
Please specify option                 : one 

Input 3D file, 3D loc#s               : my_fsc_3d_1  
3D reference file, ONE 3D loc         : my_fsc_3d_2  
Output (plt) filename                 : my_fsc 
Create additional CSV output file     : no            You specify  
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Threshold for FSC curve (sigma)       : 3                 Use 3!!  

Pointgroup symmetry to be used        :                 Important!  
                                         The 3-sigma will be corrected  
                                         for the real number of 
                                         independent pixels (if there is  
                                         a point group symmetry > C1)  

Filling degree [.66]               : .66       Important! See below  

Voxel size measured in Angstroms   : 5         You have to know 

Full output                        : no 
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IMAGIC-COMMAND: PLOT 
 
**  PLOTALL welcomes you **  
 
Input file (image or plot)       : my_fsc        Output from F-S-C  

... 
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Fig. 15:  Image Processing Scheme 
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