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Subboxing: extraction of boxes out of subtomograms



What is “subboxing?”

We call “subboxing” the extraction of smaller subvolumes from inside the subtomograms,
using the information about their location and orienation gained in previous alignment
steps.

The set of extracted subbvolumes can be treated as a new data set, potentially showing
some advantages, mainly:

1) Computational speed

When patrticles are extracted from tomograms, they are typically cropped out with conservative
criteria, as it is not always clear which are the actual extents of the particle.
This might lead to unnecessary increases of the computational burden.

2) Extraction of assymetric subunits

While symmetry imposition is useful during the first steps of an alignment, the capacity of working
with the indenpendent subunits might lead to fine improvements in the resolution, and also to
the obtention of information that might ease the analysis of possible hetereogeneities in the data.



In this first tutorial we will use subboxing just to reduce size of the data

>> dtutorial tsub

As we know, this creates (among other elements):

* A template
* A data set with randomly rotated versions of the template

* A table that codify the alignment parameter of that data set



>> dslices tsub/original_template.em |-click a;

Let us choose the Mouse buttons:
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And now we create a “subboxing folder”:

sidelength of the template

(if it differs from the table required to locate in each
subbox center as seen (or clicked) on the template sidelength particle the homologous position
of the data boxes) to the one defined on the template
(the one passed with flag “~r”
sidelength of the subbox |
;; aﬂ;uhﬁﬁxéﬁé-féﬁbfdata 24| -r |[22,10,27]] -st |40 |-t | tsub/real.th] |-o |subtest

[data_subboxing] Data contains & particles with sideTength &4.

Subboxing summary:

r : 23 10 27

sidelength 1 24

symmetrical repeats :cl

subbox tabhle ! subtest/subbox_table.th]
subbox data folder : subtest/data

created subboxes 1 B

skipped subboxes : 0

original data folder : tsub/data

original table 1 tsub/real.th]

[ok] data_subboxing

An output folder will be created with different elements for later reference



>>» lrm -rf subtest
>> ddsubboxing tsub/data 24 -r [23,10,27] -st 40 -t tsub/real.th]l -o subtest
[data_subboxing] Data contains 8 particles with sidelength 64.

Subboxing summary :

r : 23 10 27

sidelength 1 24

symmetrical repeats : cl In the folder subtest, you have thus a
subbox table : subtest/subbox_table.thl new description of your data in terms of
subbox data folder : subtest/data ~— adata set (with cropped subparticles) and
created subboxes : 8 a table (that expresses the old table
skipped subboxes : 0 adapted to the recentering of the particles)
original data folder : tsub/data

original tahle : tsub/real.th

[ok] data_subboxing

— just for bookkeeping on how the subboxing folder was constructed



Note that the subboxing is one of the items registered by dsummary
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. (i) MNew to MATLAB? Watch this Video, see Demos, or read Getting Started,

1 particles read and processed 1n J.1 seconds.
J >> dsummary

Cathering a summary of Dynamo contents in folder "."

projects
- multireference
- ccmatrix

subboxing folders :

bundles

compaction folders
sequence folders
tutorial folders
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[ok] summary

— Jx >> dsummary

»
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(a higher verbosity would reveal the actual names)



we check now the contents of this subboxing directory

dslices subtest/data z -j c0 -t subtest/subbox table.tbl -align on

We use the table generated by Dynamo referred to the cropped subboxes

The patrticles are now smaller
and centered on the spot we
clicked.

They don't look exactly equal
as each one has a different
missing wedge.
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uur['e: subtest/data
Stored particles: 8, tags ranging from 6 to 65. Keeping 3d maps: YES
Sidelength: 24 voxels. Memaory: 0.11Mb each, 0.84 whole set. Binning: 0

data set stored in memaory has been updated
ou may need to press =refresh plot> to view it

dgallery -d subtest/data -t subtest/subbox_table.tbl -load on;



Now that we know how (simple) subboxing works, we can go further and sketch a further step, where
we see how “subboxing” interacts with

>> dtutorial t2 -p pt2

This project will be used to create a coarse approximative solution to the problem in the dataset,
which will be later refined by subboxing.

Already in this project, before doing any subboxing operation, we

As it is a minor modification of the project, we do it with the light tool dvput, instead of opening
dynamo_project_manager



1 — modify ite in round 2 (lite_r2")to O

2 — check, save, unfold

round 1 round 2 round 3 rounc 4 round 5 round & rou
ite 1 0 0 0 0 0 0
it nref 1 1 1 1 1 1 1
cone_ranga 360 &0 360 360 360 360 360
cone_sampling &0 20 45 45 45 45 45
inplane_range &0 20 360 360 360 360 360
inplane_sampling 20 5 45 45 45 45 45
high 0 0 2 2 2 2 2
low 21 32 32 32 32 32 32
Sy cl c8 cl cl cl cl cl
- dim 32 64 0 0 0 0 0
cTTomTTTmTmm T T refine [ 6 6 [ [ [ 6 |
loading settings of project *pt2’ refine_factor 2 2 1.80 1.80 1.80 1.80 1.8(
project loaded area_search 111 111 444 444 444 444 444
area_search_mocdus 0 0 0 0 0 0 0
use_(CC 1 1 1 1 1 1 1
hd localnc 1 1 1 1 1 1 1
threshold 0.20 0.20 0.20 0,20 0,20 0.20 0.2
1 threshold_mocus 0 0 0 0 0 0 0
Tile template_nfial 12 /template.em = threshold2 0.20 0.20 0.20 0,20 0,20 0.20 0.2
file_table_initial t2/initial.thl NER TR SRR E e e e e E E
IREEFARIR t2/data ccr;i::ii:r:fpe boin 0; sy s?/m cB8 a[IJign a?ign a?ign atljign atljign
file_mask t2/mask.em | —= Lo
file_mask_classification t2/mask_classifica ccmatrlx_?atch 4 4 128 128 128 128 128
file_frask_initial t2/fmask.em )(I'.'HEIFI! e e e £ £ e e
destination system_omp ¥matrix_maxMb 100 100 100 100 100 100 100
how_many_processors 1 PCA, e i i e e e e
cluster_header cluster_header.sh PCA neigs 4 4 4 4 4 4 4
cluster_walltime 00:10:00 krmeans 5 i i e e 5 5
ubmit_order <batch kmeans_ncluster 2 2 2 2 2 2 2
E iden;ifier = 0 3 kmeans_ncoefficients 3 3 3 3 3 3 3
- - i - nrlass ‘1 1 S 1 ] 1 S

Note that this is equivalent to simply typing on the command line:

>> dvput pt2 unfold -ite r2 0;



We are just computing a
coarse orientation using one
single iteration.

It will thus end very soon, and
we can quickly check that the
average that we get is decent
enough as first approximation:

ddb pt2:a -v




And we now will set a new project on this by creating a “subboxing” folder as we just saw:

>> dslices pt2:a -click r

coordinates 11,17,28
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And we create a subboxing directory based on the data and table of the “coarse” project,
centering the particles on the point that we just clicked:

ddsubboxing pt2:data 24 -r [11,17,28]| -st 40 -t pt2:t:ite=1| -0 subunits;

|

just a database query for the data folder

Note that we need to pass the size of the template,
T st e oo scmeropom " and alsoa database query 0 access diecly
9 9 the last (and in this case unique) table in the folder

Now we enter the subboxing folder we just created and we will proceed from there:
cd subunits;

Perhaps a check that everythinh is as we expected it:

dslices data z -proj * -t subbox table.tbl -align on -labels tags



— —
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looks good...

SO, wWe can now create a project
that refines the alignment on this data. -IE|

You can do that with the tools that you
already know (project_manager,dvput),
but let us see how to do it from the
command line and using some tools
foreseen for this subboxing technique: @

We can, for instance, create a project ab initio, using the table and the data that we have

dv subboxproject -d data -hint refine|-s d|-t subbox_table.tbl
|

\
generates numerical settings for refinement saves the project in disk, but does not unfold it [this is actually the default]



Of course, the rest of the files (template, masks,...) are missing, and if we check the project we will
get a full list of complaints:

[#] What's Mew

Command Window s 0O x w02 X
» (i) New to MATLAB? Watch this Video, see Demos, or read Getting Started. X TE @Sel...
J [vpr:ok] dynamo_vpr finished successfully. = |Name £
2] Buttonl =
»»> dvcheck subboxproject HHa P
ATTENTION on parameter "file_template_initial” . [Elanalysis
file/folder with the 1niti1al template does not seem to ex1st. Hans
Apparent current value in project: "my_template_initial.em". A
ATTENTION on parameter "file_fmask_initial" s destinag. .
file/folder that defines the initial count of fourier components does n 1 f =
Apparent current value 1in project: "my_fmask.em". 03] files d
ATTENTION on parameter “"file_mask" =h -P
file with the mask does not seem to exist. m
Apparent current value in project: "my_mask.em". [0l m .
ATTENTION on parameter "file_mask_classification” [ next_ite
file with the mask for classification does not seem To exist. [ order
Apparent current value 1in project: "my_mask.em". Hp
Mask has size NaMN, reference has size NaN. Please check || lat] releases
fmask has size NaMN, reference has size NaN. Flease check = HH v
R s
4| i |

To populate them, we define this project as refinement projet of the original source project... what actually is!

dvsource ../pt2 subboxproject -modus update -import volumes;



This order populates the new project subboxproject with the adequate entries of the source project

L UMATE AR ITIM LMD WREALA L LI ¥ DR, e L i EA S, Rl § A AR R LU I SR ELE LS
= e =Sy

Target project needs 1 multireference channel(s).
Inporting "mask" from source to be used as "mask" in target
source: "mask" ite:l ref:l --» target: "mask" ref:1
. copied
Inporting "mask_classification" from source to be used as "mask_classification” in target
source: "mask_classification” Jte:l ref:1 --» target: "mask_classification" ref:l
. copied
Inporting “average" from source to be used as "template_initial" 1in target
source: "average" dte:l ref:l --> target: "template_initial" ref:l
. copied
Inporting “fmask_average" from source to be used as "fmask_initial" in target
source: "fmask_average" dte:l ref:l --» target: "fmask_initial"  ref:l
. copied
SUMMARY : Project parameters that will change in the target project to point to the new files.
file_mask: './subboxproject/settings/mask.en’
file_mask_classification: './subboxproject/settings/mask_classification.en’
file_template_initial: './subboxproject/settings/tenplate_initial_ref_001.en'
file_fmask_initial: './subboxproject/settings/fnask_initial_ref 001.en'
[ok] wpr_source finished for target project "subboxproject” |

X =
[4] P [»]

Note that dvsource is not only applicable in the subboxing settings, but it is a very general tool



We are coming closer to a project that we can execute!
But still we cannot:

forces to run a check before unfolding the project

~—than particle size 24. Please check
%%% ERROR 1n intended project "subboxproject". Faulty wirtual project %
[vunfold] Fatal error found. Aborting the unfold of this project.

We have cropped the data, and now the template inherited from the coarse project is too big!

This is just because we used a generic tool for the “sourcing” of the old project... but it's not a problem,
we just inform the project subboxproject that it is a project in a subboxing directory:



we can actually go for a project for very local refinement

saving settings into project 'su

oxproject -

done
‘ e ’
1
file_template_initial [ subboxproject/se
file_table_initial [subboxproject/sg
folder_cata data
file_mask J[subboxproject/sq..
file_maslk_classification ./subboxproject/se
file_fmask _initial fsubboxproject/ss
destination matlab
how_mamy_processors 1
cluster_header cluster_header.sh
cluster_walltime 00:10:00
submit_orcer shatch
gpu_identifier_set 0
1 e ’

-

with just one round

round 1 round 2 round 2 round) 4 round 5 round € rou
ite 4 0 0 0 0 0 0
nref 1 1 1 1 1 1 1
cone_range 6 20 10 5 1 360 360
cone_sampling 2 1D 5 2 0.50 45 45
i - =3 20 10 5 1 360 360
inplane_sampling 1p 5 2 0.50 45 45
high 1 1 1 1 1 1 1
low & 8 g 12 12 12 12
SYIT cl cl cl cl cl cl cl
dim 24 24 24 24 24 24 24
refine & & [ 2] 2] 2] =) o
refine_factar 1.80 1.80 1.80 1.80 1.80 1.80 180
area_search 222 222 222 222 222 222 44 4
area_search_modus 1 1 1 2 2 2 2
use_CC 1 1 1 1 1 1 1
localne 1 1 1 1 1 1 1
threshaold 0.20 0.20 0.20 0.20 0.20 0.20 0.2
threshaold _modus 0 0 0 0 0 0 0
threshold2 0.20 0.20 0.20 0.20 0.20 0.20 0.2
threshold2 _modus 0 0 0 0 0 0 0
comatrix 0 0 0 0 0 0 0
ccmatrix_type align align align align align align align
ccmatrix_batch 128 128 128 128 128 128 128
Xmatrix 0 0 0 0 0 0 0
¥matrix_maxMb 100 100 100 100 100 100 100
PCA 0 0 0 0 0 0 0
FPCA_neigs 4 4 4 4 4 4 4
kmeans 0 0 0 0 0 0 0
kmeans_ncluster 2 2 2 2 2 2 2
kmeans_ncoefficients 3 3 3 3 3 3 3
nriass ;I 1 1 1 1 1 1




now, the project will run very radpidly, as it is defined as a local refinement,
and the boxes are small (24 pixels).

As expected, it refines the structure around the assymetric unit.

«
{

>>ddb subboxproject:average:ite=[0:4] -jz *



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

