iz ERtable/star/.em/.tbl...

R Ik



.emszMotive List(motl): #{1FEE N particleAYEA [T

g b p B2 PP =]
motl: 2017, FlIEFEi2particleii=2(Hcoos keep TEIXTS) -round(500*n(i,1)) XTIFEME

e ¥write '*'«:ti.f;llst .(/-th rk 111); and run normalvec. motl will need to be modified to include tomogram number particle numbers etc. % n(i,:) T:E X HﬁtL{EF 500 /I\
57 motl=zeros(2@,size(coos_keep | 3 /8

58 motl(8:10,:)=transpose(coos_keep); COOS kee . ':k Eé&t S = artiCIQE’\]éIé ]_i ELL-IXE’ FEE. RISAUT

59 motl_ni[]; o p %1 *¥ ' 1;, 500&E%L/ﬁﬁ%’inL1$é§t
iEHmotliy 8 —5I(B—Tparticle) ,, v - i — 1 B E E B AT RATAATX

61 for i=1:size(motl,2)

_ 62 motl_i=normalvec(motl(:,i), [coos_keep(i,1)-round(508%n(i,1)),coos_keep(i,2)-round(500*n(i,2)),coos_keep(i,3)-round(500*n(i,3))]);
dist_p_to_centﬁm 63 dist_p_to_cent=(motl(8,1i)-cent(1)).*2+(motl(9,1)-cent(2)).”2+(motl(10,1)-cent(3))."2;

particIeEUEIE\E’\]i’tE% 64 dist_ison_to_cent=((coos_keep(i,1)-round(508*n(1,1)))-cent(1l)).*2+((coos_keep(1,2)-round(500*xn(1i,2)))-cent(2)).*2+((coo
dist_ison_to_cent®ix dislp—:‘%?fg;’f’?sz—is"”—“’—ce”t centic R =4EFIREEEX. v

66 motl_i ' 1)=1; _
X,Y’,2)RIE R E end MRXEZEELD, classiI1 Mz7 @ LRSI FR,

68 1f dist _p_to_cent<dist_ison_to_cent

69 motl_1(20,1)=2;

70 end MRXBELEI, classH2 ]

71 :

72 motl n=cat(2,motl n,motl 1i);

7 end

74 motl n(8:10,:)=transpose([coos_keep(:,1)-round(500%n(:,1)),coos_keep(:,2)-round(500%n(:,2)),coos_keep(:,3)-round(5600*xn(:,3))]1);

ICRX’, Y, Z’HJS4R

%write out your motivelist
motlname=[surface _filename '.em'];
8 tom_emwrite_mod(motlname,motl_n);

9 end

81 if size(surf.vertices)==(9,0]

82 motl n=[];
motlname=[surface_filename '.em'];

84  tom_emwrite(motlname,motl_n);

85 end
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.emsE=Motive List(motl)

1. .emiIFIZL G ZparticlesBIE = ;

2. emiYITEIEZSZMS I

function motl

normalvec(motl, cent)

% NORMALVEC determines Euler angles of particles on a sphere

%

X XN X X XXX XXX XX

motl = normalvec(motl, cent)

assume particles are on sphere with center

theta are calculated and stored in motl.

PARAMETERS
INPUT
motl

cent

OQUTPUT
MOTL

motivelist

center (3D vector)

motivelist with new angles

cent. Euler angles psi and



.emi=Motive List(motl): #l{ai@ I @ =it EE R A

1. .emiIFIZL G ZparticlesBIE = ;
2. .emIITEISEMZSL

[ =X,y,z

5SmSR EEE

18
19
20
21
22
23
24
25
26
27
28
29
30

disp(['x= ' num2str(cent(1)) 'y= ' num2str(cent(2)) 'z= ' num2str(cent(3))1])
npart = size(motl,?2): em¥FIEFEi2particles#=

tmp(1:npart)

cent (1) ;3R1FALTF5000E H AR = R [MFEHLE_ERY—NEE I E IR RIEIRX, ioR Ecent(1)F

tmp(1:npart)
y = motl(9,:)-tmp;

cent(2);

tmp(1l:npart) = cent(3);

z = motl(19, :)—-tmp;
tmp(:) = 90;

theta=| 180)pikatan2(sqrt(x.”2+y."2),z); %theta
psi = 90+180/pikatan2(y,x); %psi

motl(18, :)=ps1i;
motl(19, : )=theta;

XTEZEAITENIE? psigflRSixH. thetaBNRS524H157?
IREEXEZEM T REIE? BAEEALRRNIE? AT ApsiZIN0EIE? ...



MAPR B Zav3iit& A5 E].em

normalvec.m Pull requests  Check out

Collection of matlab functions for processing (cryo) electron tomographic data. For example, Template matching, subtomogram averaging and classification are supported.

Source v 1_9 master v ¢ 8e290c2 v Full commit

[} av3 / utils / normalvec.m [[]
6 % assume particles are on sphere with center = cent. Euler angles psi and
7 %  theta are calculated and stored in motl.
8 %
9 % PARAMETERS

10 % INPUT

11 % motl : motivelist

12 % cent : center (3D vector)

13 %

14 % OUTPUT

15 %  MOTL motivelist with new angles

16 %

17 % last change ©3/31/05 FF - docu updated

18 %

19 % Copyright (c) 2005-2010

20 %  Max-Planck-Institute for Biochemistry

21 % Dept. Molecular Structural Biology

22 % 82152 Martinsried, Germany

23 % http:

24 %

25 disp(['x= ' num2str(cent(1l)) 'y= ' num2str(cent(2)) 'z= ' num2str(cent(3))])
26 npart = size(motl,2);

27  tmp(l:npart) = cent(1);

28 x = motl(8,:)=tmp;

29  tmp(l:npart) = cent(2);

30 y = motl(9,:)=tmp;

31 tmp(l:npart) = cent(3);

32 z = motl(10,:)-tmp;

33 _tmp(:) = 906;

34 theta= 180/pixatan2(sqrt(x.”2+y.”2),z); %theta

e [motian, ormpats HitH rthetafllpsi, phiEX0

37 motl(19, : )=theta;
38




AV3f#motivelist (.em) to dynamofd.tbl

list=dir('TS_x object _*.em'); % This line tells MatlLab to look inside all files with this r

000/ A
oo

o o0

—
-
[,

N\D OF USER INPUT S

m

CTION

list names={list.name}; % This extracts the file names

for 1 = 1:1ength(list names) % This loops through all the files

tomon=1ist_names{1l,1i};
tomon=char(extractBetween(tomon, 'TS_"','_object')); % THis extracts the tomogram number
tuben=1ist_names{1l,1i};

tuben=char(extractBetween(tuben,'_object_','.em')); % THis extracts the object number

motl=dread(list_names{1,1}); % Reading motl file

table=dynamo__motl2table(motl); % Converting to table

table(:,20)=str2num(tomon); *%Entering tomogram number into table

table(:,21)=str2num(tuben); %Entering object number into table

1f pick _particle=="y'

table(:,24:26)=(table(:,24:26)./pixel size);

end

dwrite(table,['TS_*' tomon ' _object ' tuben '.tbl']); %Saving as .tbl
end



AV3f#motivelist (.em) to dynamofd.tbl

% full conversion of AV3-style motl to Dynamo-style table

o/
0

% INPUT

% motl AV3 as command line variable
% wedgelist as command line variable
%

% OUTPUT

% table: as command line variable

o/
0

% Note: this function uses the following AV3 convention:

+3 dynamo2motl.m motl2dynamo.m dynamo__mot|2table.m +

18 % 5 : running number of tomogram - used for wedgelist

19 % 6 : 1ndex of feature in tomogram (optional)

20 % 8 : X-coordinate in full tomogram

21 % 9 : y-coordinate in full tomogram

22 % 10 : z-coordinate 1in full tomogram

23 % 11 : X-shaift in subvolume - AFTER rotation of template
24 % 12 : y-shaift in subvolume - AFTER rotation of template
25 % 13 : z-shaft in subvolume - AFTER rotation of template
26 % ( 14 : X-shaift in subvolume - BEFORE rotation of template
27 % ( 15 : y-shift in subvolume - BEFORE rotation of template
28 % ( 16 : Z-shift in subvolume - BEFORE rotation of template
29 % 17 : Ph1 (1n deqg)

30 18 . Psi O+ & T thetaflpsi, phiBY0

31 : 19 : Theta

32 % 20 : class no




.em to .tbl: E1ERIIIZ Epsi, theta, phi

f£EdynamoA B K £1: dynamo__motl2table.m/:

) % NOTE:
reads trom motl % convention previous to dynamo 0.8
% narot=ph1i’;

1dentait leS:mOtl(ii, . ) " % tilt=theta';

phl:n]Otl( 17’ . ) ; % tdrot=psi’;
psi=motl(18, :);

N ) ) tdrot=-psi’;
theta=mot1(19, :); tletheta's | TRIREIHIERERA, BA-T'RRIRAN LS

% convention after dynamo 0.8

narot=-ph1’;

xshift=motl(11, :); % NOTE

% A sanity check for the angular convention:

VS h lf t=mot l ( 12 ., ) X % [tdrot,tilt,narot]=dynamo_angles_random;dynamo_slices({dynamo_rot(a, [tdrot,tilt,narot]),rot(a, -|

’ % % rotation syntax in TOM: phi,psi, theta
— » .

zshift=motl(13, :);

% It 1s apparently working correctly.

tH3 T he¥etdrot, BiEtilt, narotEX0 (X J9phiEY 7T 0)



tdrot, tilt, narot7] & EfJzxz

dynamotable/constants.py

/
38
9
10
11
12
13
14

‘aligned_value': 2,

‘averaged_value': 3,

'dx': 4,
'dy': b,
'dz': 6,
'tdrot': 7,
'ti1lt': 8,
'narot': 9,

DA R=TEXI A zxz

# extract and convert eulerangles

eulers _dynamo = table[['tdrot',

'tilt',

'narot']].to_numpy()

eulers_warp = convert eulers(eulers_dynamo,

source_meta='dynamo',

target_meta='warp')

data
data
data

[ 'rlnAngleRot ']
[ 'rlnAngleTilt']

[ 'rlnAnglePsi']

eulers _warpl:,
eulers _warpl:,
eulers _warpl:,

0]
1]
2]




dynamo& MiEzxz

euler_angle _metadata = {
'relion': ConversionMeta(name='relion',
axes='zyz',
intrinsic=True, AlE, SEHil
right _handed _rotation=True,

active=False),

‘dynamo': ConversionMeta(name='dynamo',
axes='zxz',
intrinsic=False Mk, SETEH

right _handed _rotation=True,

active=False),



dynamosz9MiEzxz: IR 0= /9 Z4%H

Z’ /1\ 2”
/»\9
6
$>%“

disp(['x= ' num2str(cent(1l)) 'y= ' num2str(cent|
npart = size(motl, 2);
tmp(l:npart) = cent(1); »\2},h0¢ |
x = motl(8,:)=tmp; 5! 9 _

tmp(l:npart) = cent(2); -—Yf(\ A “\\,ﬁ>
y = motl(9,:)=tmp; :

T U N S, |
tmp(l:npart) = cent(3); \\ 4%??::§x g = RS &'
z = motl(10@,:)-tmp; -

tmp(:) = 96 ~‘V

| o

theta= 186/pi*atan2(sqrt(x.”2+y.n2),z); %theta s

psi = 90+180/pi*xatan2(y,x); %psi -2" AkPam+hjtiMUzﬁ0nuuuL

motl(18, :)=psi;

motl(19,:)=theta; ﬁ’“\ﬁh%’\bs@?- |
2 RARRIFTER G .
Y )

ool dala-r e

reterence B 2 aeis .

SolfTtthiedepsi, BIRAETEhEfstheta, phiBlOES T4, EEHEESEEMIEY:. ELLrTHEROSEHNZH,




dynamosz9MiEzxz: IR 0= /9 Z4%H

£ .em> R (4 av3iidmotive list) : F—INphin0, SfMNpsifithetalEis

27 theta= 180/pixatan2(sqrt(x.”2+y.”2),z);: %theta
28 ps1 = 90+180/pikatan2(y,x); %psi

29 motl(18,:)=psi;

30 motl(19, :)=theta;

A RIS AR (Rdynamolitable) : BifiIntdrotfitilthe¥s, smfg—Winarot A0 (EIEAYIMEZXZ)

make full table.m GCBtest 001 object 2.tbl dynamo2motl.m motl2dyt

0 1 0000 QM- TEENGINULE O O 0O 0O OO OO0 0O01 210 253 126 86
O 1000O016.699 -143.29 -0 00O OOOO0OO0OO0O0O0O0O0O1210 280 156 94

O 1000045 -168.58 -0 0 00O 00000001210 249 122 95
010000 -74.745 -90 -0 00O 000000001210 270 151 81

0O 10000 -81.254 -132.38 -0 000 0D0D0D0D0DO0ODO0OD1210 237 124 94
010000 -8.1301 -159.59 -0 000 00000001210 259 133 103
0O 1000065.225 -132.24 -0 00 0000C0C0C0O0OC1210 210 70 98

F Htdrot¥lpsizH miHK, tiltflthetaFZ [@HEK



reliong A liEzyz

Orientations

Orientations ( rlnAngleRot, rlnAngleTilt, rlnAnglePsi) in a STAR file| rotate the reference into

observations  (i.e.  particle @ image), while translations (rlnOriginXAngstrom and

rin0OriginYAngstrom ) shifts observations into the reference projection. For developers, a good starting

nate system with orthogonal axes X, Y and Z, where right-handed rotations are called positive, and Euler an-

gles are defined as:

o The first rotation is called rlnAngleRot and is around the Z-axis.

o The second rotation is called rlnAngleTilt and is around the new Y-axis.

o The third rotation is called rlnAnglePsi and is around the new Z axis

As such, RELION uses the same Euler angles as XMIPP, SPIDER and FREALIGN.



relionERNligzyz: #)igcl=Ez4H

Fig. 1. Definitions of orientation convention about right-handed Cartesian axes X, y, z (yellow) with the origin corresponding to the image origin
(origin of the imaged object). (A) Euler angles. The position of any vector beginning at the origin can be described by the angles ¢ and 6 (in this
example, ¢ = 0 = 45°) The angle ¢ is the angle measured in the anti-clockwise direction between a projection of the vector r onto the x—y plane and
the positive x-axis. (¢ 1s analogous to longitude.) The angle 6 is the angle between the vector and the positive z-axis. (6 is analogous to latitude.)
Rotation about the vector is described by the angle s (analogous to compass heading). (B) View vector and angle. The vector r is the same as the
corresponding vector in panel (A) r is described by coordinates {x, y, z} (labeled in black) in each of the three Cartesian axes x, y, z. The view angle
() 1s a rotation about r. (C) Rotation matrices for Euler angles. A model of a human left hand is used to demonstrate the three angles. As applied in
rotation matrices, the convention involves three right-handed rotations about successive orthogonal axes: first, rotation about z by ¢; second,
rotation about y’ by 6; and third, rotation about z” by . The standard axes {x,y,z} are shown in yellow in each frame. The prime, double-prime, and
triple-prime axes are shown in green, red, and magenta, respectively. Note, when the axis of rotation is pointing at the viewer, the coordinate system
is rotated anti-clockwise and the object clockwise. The program POV-Ray was used in making this figure (http://www.povray.org).



particle to referenceifEreference to particle

# Created by the starfile Python package (version 0.4.11) at 19:23:18 on 02/04/2023

data_

loop_
_rinTomoName #1
_rlnTomoParticleld #2
_rlnTomoManifoldIndex #3
_rlnCoordinateX #4
_rlnCoordinateY #5
_rlnCoordinateZ #6
_rlnOriginXAngst #7
_rin0riginYAngst #8
_rln0riginZAngst #9
_rinAngleRot #10
_rlnAngleTilt #11
_rinAnglePsi #12
_rinClassNumber #13
_rlnRandomSubset #14
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004
GCB_004

R OO~NODULEAEWNERE

)
R R R R RRRE R R R R

1620.000000
1578.000000
978.000000

1146.000000
1074.000000
1140.000000
1116.000000
1092.000000
2124.000000
936.000000

1902.000000

774.
756.
504.
576.
540.
480.
582.
516.
930.
516.
888.

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

378.
396.
444,
444,
468.
468.
480.
510.
534.
378.
474.

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
000000

(SSRGS S BRGSO IO BSOS BSOS

(SSRGS S OSRGOS BSOS BSOS

SIS IS IO IO IO I S IS B OSBGOS

RELIONEreferenceitZlparticle

0.000000 146.050000 —158.199000
0.000000 143.760000 82.875000

0.000000 161.570000 180.000000
0.000000 139.860000 -161.565000
0.000000 146.350000 108.435000
0.000000 155.790000 —20.560000
0.000000 157.860000 —-159.444000
0.000000 164.500000 33.690000

0.000000 178.090000 0.000000

0.000000 105.020000 116.565000
0.000000 167.760000 -104.036000

Al

NRRREPBNRRNNRS R



particle to referenceifEreference to particle

JN8 [‘)M‘h\dt Zr|Freterenek
LopemAtiel
RRRIFTERS .
P=ofBZTFEL .

AN RGBT

reterence B 2 adis .

DYNAMOZEparticle¥:Zllreference



relionzEreference to particle
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HEIFIEENZE, MHFrelionis, BEIETtomogramBJ#inRE
x”y”z”  TparticlefVEi@ 2z, FHLt#EiTEeuler anglefd, SEfF
particle R FRETEX"Y"2” LR R THY, Mparticle§imZEz,



