
BOXER from 
EMAN suite

Segmentation of 
virus (do not 

rotate)

coordinate 
file

box2spi.py/
box2spieach.csh

converts coordinate 
file to spider 

readable format

BOXER writes out 
SPIDER stack file with 

all viruses

1. Generation of 
image stack file

2. CTF-correction
ctffind.amy/ctffind.csh

CTFFIND determines DF1, 
DF2, astigmatism

readmrc.py writes out 
SPIDER documentation file

calc-ctftilt.amy
calculate individual defocus 
for each segment according 

to coordinates

ctftilt-prep-master.amy/
ctftilt-prep.amy
mkdefgrps.csh

(A) convolutes each 
segment of image stack 

with determined CTF
(B) generates average 
3D CTF2 for final CTF 

correction 

 SPIDER stack file
CTF-convoluted 

 used for reconstruction 

3. Refinement cycle

project.src
calculates projections

prj-algn-rec-master.src/
mk-refgrps.sh/spider.com
sets parameters, launches 

subscripts and selects 
alignment parameters

align.src
aligns images to 

projections

reconstr.src/
slice-symmetry.amy

symmetrization according 
to symdoc.dat and 

reconstruction
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ctf3.amy
3D CTF 

correction

7

polarity.src
applies whole-integer 

shifts and flips 
images according to 

polarity

ctftilt.amy/ctftilt.csh
CTFTILT determines 

DF1, DF2, astigmatism, 
tiltangle

readtilt.py writes out 
SPIDER documentation 

file

CTFFIND 
defocus file per 

micrograph

CTFTILT 
defocus file per 

segment

Micrographs 
in SPIDER 

format

CTFTILT 
defocus file per 

micrograph

CTFTILT 
defocus file per 
virus of data set

doc-angle-ctftilt.amy
generates documentation file 
that defines start and end of 
virus on the stack and rough 
in-plane rotation angle and 

CTFTILT parameters

Shift- and 
rotation 

record file

center-shift-apply.amy
applies averaged x-shift 

and rotation to CTF-
corrected data set

add-up-apply.amy
adds up shift and 

rotation record from 
multiple cycles

center-avg.amy
averages x-shift +/-5 

segments

Shift- and rotation 
record file for 

multiple cycles

smoothed Shift- 
and rotation 
record file for 

multiple cycles

mask-wi.amy
(A) mask segments according 

to rough in-plane rotation angle
(B) windows smaller segments 

for alignment


