Databases and Web services

.I:

Kawabata, Takeshi;

PDBj

Protein Data Bank Japan

for Electron

Microscopy

Suzuki, Hirofumi; Kurisu, Genji

Institute for Protein Research, Osaka University

Depostt your data In EMPIAR to share it with the structural biology community.

Browse and download EMPLAR datasets using the table below

Show|[50
Datasel y Title ¢ Authors
EMPLAR Cryo-EM Reconstruction of apo Zhang €, Lyumkis D
10229 b EsCast3d [multiple data sets in [Pubmed: 02416071
MIRCS format] DOI: 10.1016/.ccl.2018,09.001]
EMPIAR- A collection of yeast cell
10227 ok data {1 6t series
5 tomograms (.rec files) in MRC
format]
EMPIAR Crya-elects scopy dataof  Fay IF
10219 i thermostabilized avion CFTR [2 1975]

micrographs in MRCS format]
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L e

Search

Related
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entries
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EMD-7793,
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Electron Microscopy Public Image Archive, Is a public resource for raw, 20 electron microscopy images. Here, y
dovinload and reprocess the thousands of raw, 2D images used to bulld a 3D structure. More
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Local/Partial fitting : masked segfit gmfit

Superimpose an atomic model on a density map by gmfir
using masked segmentation fitting algorithm.
Local/partial fitting can be performed one given atomic model versus a given density map.

input form

‘map or atomic model other options

&, Density map

(fixed)

EMDB-ID: or upload map file: B

cutoff level:|0.0224

i)' Atomic model

PDB_ID:{1f4h or upload PDB file: BH

assemblyID: I:I

(to be

d
)
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Data processing for EM Single Particle Analysis

Beta-galactosidase

e DR A Y Ol
Rl U e A
y "',,’7 . “). 4 b

3D reconstruction Atomic modeling

2D images  —> 3Dimage —> Atomic model

32878 atoms

509 DM4 movies (7420 x 7676 x 38; 32 bit) 340 x 340 x 340 voxels
EMPIAR-10013 emd_5995.map pdb3j7h.ent
402.2GB 150 MB 3.2A 2.6 MB

EMPIAR EMDB wwPDB



Data processing for EM Single Particle Analysis

Beta-galactosidase

3D reconstruction Atomic modeling

2D images  —> 3Dimage —> Atomic model
509 DM4 movies (7420 x 7676 x 38; 32 bit) 340 x 340 x 340 voxels 32878 atoms
EMPIAR-10013 emd_5995.map . pdb3j7h.ent
402.2GB 150 MB 3.24 PDB]j 2.6 MB
EMPIAR EMDB rd wwPDB

EM Navigator

Omokage search
gmfit

EMPIAR-PDB;



~ EMPIAR : Archive of raw 2D images of EM

= Established by Ardan
N Patwardhan (EBI)

2D images for published 3D
maps (most are in EMDB)

Purposes

q) Validation of 3D density maps in EMDB A
2) Enhancing developments of new software
\3) Training and education y,

Data size is huge ! (110 TB in total, 187 entries)
We are building the mirror site in Japan (EMPIAR-PDB;j).



Mirror site of EMPIAR in PDB;

Cambridge(UK)

& European Bioir stitute [GB www.ebi.ac.uk

2 EMPIAR

EMPIAR home Deposition ‘ REST API ‘ FAQ ’ About EMPIAR * Feedback < Share
EMPIAR, the Electron Microscopy Public Image Archive, is a public resource for raw, 2D electron microscopy images. Here, you Quid
can browse, upload and download the raw images used to build a 3D structure. More ...
Deposit your data in EMPIAR to share it with the structural biology community. &l
Browse and download EMPIAR datasets using the table below. &
| &
Show| 25 ¥ |entries Search =
Related
Dataset Title s Authors ¢ EMDB/PDB$ Size4 Resolution$ EMH
entries
Deep
e Cryo-EM Reconstruction . based
¥, ofapo EsCas13d anang G Lyumide D 66.9 cryo-g|
8 -
ﬁa b [muﬁ\ple ey [Pubmed: 30241607 EMD-9015 b 65 S;Inch
DOI: 10.1016/j.cell.2018.09.001
MRCS format] L 102 ] D, Cal
The st
h bi k/pdbe/emdb/empi
.
ttps://www.ebi.ac.uk/pdbe/emdb/empiar/
| MRC format] aT, S‘l

Osaka(Japan)

Time to transfer 1TB
Osaka -> Tokyo : 6-7 hours

UK ->Japan : 15 hours
(using Aspera)

EMPIAR, the Electron Microscopy Public Image Archive, Is a public resource for raw, 2D electron microscopy images. Here, you can browse,
upload, and download and reprocess the thousands of raw, 2D images used to build a 3D structure. Mor

Deposit your data in EMPIAR to share it with the structural biology community

Browse and do!

Show [50 V] entries Search
Related sl
Dataset y Title 4 Authors § EMDB/PDBS Size$  Resolution §
entries
EMPIAR- Cryo-EM Reconstruction of apo Zhang C, Lyumkis D EMD-9015 66.9 6.5 EMP!
10229 ..L EsCas13d [multiple data sets in [Pubmed: 30241607] GB
MRCS format] [DOI: 10.1016/).cell.2018.09.001] Deep

A appr
electr

EMPIAR-
1022

EMPI
1021

L

a empiar pdbj.org

ctron Microscopy Publit
REST

EMPIARPDBj Ele
FAQ About EMPIAR

nload EMPIAR datasets using the table below

Sanc
CaraZz

A collection of veast call cruo-FT Gan 1. Cai S. Na C. Chen C. Xin N FMD-R157 1RTR

ttps://empiar.pdbj.org

MICrograpns In MKLS Tormat)
noda

DUL: 1U.1U21/3CS.DIOCNEM. BDUU/D3 |

EMPIAR-PDBj provides a faster access for Asia and Oceania.

We also plan to open the data-deposition site in Japan.



File size distribution of EMPIAR

120 . . . .
Total file size: 110 TB
100
Number of entries in total : 187
2 80 Number of entries (< 100 GB) : 105
% Number of entries (> 1TB) : 26
5 60 Number of entries (>10TB) : 3
O
€
2 40
20 )
Note: EMDB has 7141 entries
0 hm = sm ml = 1 lm ml m |
0 2000 4000 6000 8000 10000 12000

Smallest: 220 MB File size (GB) Largest : 12 TB



EMPIAR-10127 Images for Picked Particles (84.4 GB)
69 MRCs (320 x 320 x ~100; 32 bit)

Human TRPM4 ion channel in a Iipig' nanodisc in a calcium-boun
Publication: Structure of the human TRPM4 ion channel in a lipid nanodisc Contains:

Autzen HE (@), Cheng Y ()

— 3 picked particles

Science 359 228-232 (2017)

PMID: 29217581 22 A
DOI: 10.1126/science.aar4510
Related PDB entry: 6bgv
Related EMDB entry: EMD-7133
Deposited: 2017-11-30 84 . 4 G B
Released: 2018-01-22
Last modified: 2018-01-22

Dataset size: EBI

84.4 GB PE” $
' Rl il

Dataset DOI: 10.6019/EMPIAR-10127  MlANY small 2D images

== Image set

== particle stacks of TRPM4 particles post 2D clean-up

Category: picked particles - multiframe - pro [

Image format: MRCS

No. of images or tilt series: 221100

Frames per image: 169 > ; : .

Image size: (320, 320) 169 MRCs (320 X 320 x ~100, 32 blt)

Pixel type: 32 BIT FLOAT

Details: Particle positions in the corresponding .star files. Files have variable number of frames with maximum

number being 169.

FOWeesi Necessary to validate resolution of 3D map by FSC.




EMPIAR-1006T - Multi-frame images (movies) (12.4 TB)

2.2 A resolution cryo-EM structure of beta-

with a cell-permeant inhibitor (7676 X 7420 X 38 X 1539; 32 b|t)

Publication: 2.2 A resolution cryo-EM sti
with a cell-permeant inhibitor .
Bartesaghi A, Merk A, Banerjee S, Matthies D, Wu X, Milne JL, scagiapts
Subramaniam S o
Science 348 1147-1151 (2015) 2 2 A
PMID: 25953817 .
DOI: 10.1126/science.aab1576

Related PDB entry: 5ala
Related EMDB entry: EMD-2984
Deposited: 2016-04-11 1 2 . 4 T B
Released: 2016-04-15
Last modified: 2016-05-13
Dataset size: PDBj EBI
12.47TB li. I..'..l
Dataset DOI: 10.6019/EMPIAR-10061
Version history: 1 2016-05-13 Added the particle cd

2984 _boxes.tbz arc

== Averages of aligned movie frames

Category: micrographs - single frame

Image format: MRC

No. of images or tilt series: 1539

Image size: (7676, 7420)

Pixel type: 32 BIT FLOAT

Details: Micrographs are the average of frame

EMD-2984_boxes.tbz archive. There i
in EMAN's box format.

+ |:| [ Micrographs 326.5 GB Uncompressed ZIP archive stre
+rawmoieamed 539 MRC movies (7676 x 7420 x 38; 32 bit)
mes perimoge: %0 Real raw data (too raw ?)
Pixel type: 32 BIT FLOAT

alhe 1 B MAviee 19 1 TR




EMPIAR-1020 .

The first reconstruction of beta-galactosidase sol

Publication: First data of beta-galactosidase for validation of the state-of-the-art- Contains:
cryo EM, named CRYOARM200 -
Kato T, Terahara N, Namba K o U E
Related EMDB entry: EMD-6840 2.6 A
Deposited: 2018-08-01
Released: 2018-08-15
Last modified: 2018-08-17

Dataset size:

Dataset DOI: 10.6019/EMPIAR-10204

321.4@32: g 3214 GB

Multi-frame images (movies) (321 GB)
(3710 x 3838 x 1338; 16 bit)

Bl

=+ Image set

== Unaligned multi-frame micrographs of beta-galactosidase recorded

Category:

Image format:

No. of images or tilt series:
Frames per image:

Image size:

Pixel type:

Details:

o (] [@data 321.4 GB

micrographs - multiframe
TIFF

1338

49

(3710, 3838)

UNSIGNED 16 BIT INTEGER
Raw, non aligned micrograph moves in compressed TIFF format. The gain r
the same directory in MRC format.

A part of this data was used as a tutorial data for Relion3.0.

Uncompressed ZIP archive streamed via HTTP




Multi-frame images (movie) (442 GB)
(7420x 7676 x 38; 32 bit)

EMPIAR-10013

Structure of B-galactosidase at 3.2-A resolution ok

electron microscopy
Publication: Structure of beta-galactosidase at 3.2-A resolution obtained by cryo- Contains: E

electron microscopy ] :
Bartesaghi A, Matthies D, Banerjee S, Merk A, Subramaniam 532A ticronEphG

Proc. Nat. Acad. Sci. Usa 111 11709-11714 (2014)
PMID: 25071206

DOL: 10.1073/pnas. 14028091111 19 § (5B

Related PDB entry: 3j7h
Related EMDB entry: EMD-5995
Deposited: 2014-07-23
Released: 2014-08-07
Last modified: 2014-08-07
Dataset size: PDBj EBI
442.5 GB - ILI
Dataset DOI: 10.6019/EMPIAR-10013
Version history: 1 2015-07-01 Directory structure reorganized. Entry has

now full set of micrographs including frame
alignment shifts, particle locations and
defoci.

Fimagesets 509 MRC images (7420 x 7676 x 38; 32 bit)

== Full set of multi-frame micrographs

Category: micrographs - multiframe

Image format: MRC

No. of images or tilt series: 509

Frames per image: 38

Image size: (7420, 7676)

Pixel type: 32 BIT FLOAT

Details: Full set of multiframe micrographs related to the dataset:10012. Related PDB: 3]7H.

Please note that the number of frames varies between [5, 10, 25 and 38]!




_ Single-frame Images (Still image) (108 GB)
S (7420 7676 x 1; 32 bit)

Structure of B-galactosidase at 3.2-A resolution oL «uivw vy wiyw
electron microscopy (frame-averaged micrographs)

Publication: Structure of beta-galactosidase at 3.2-A resolution obtained by cryo- Contains:
electron microscopy 3 ZA s
Bartesaghi A, Matthies D, Banerjee S, Merk A, Subramaniam S : micrographs

Proc. Nat. Acad. Sci. Usa 111 11709-11714 (2014)
PMID: 25071206

DOI: 10.1073/pnas.1402809111108_O G B

Related PDB entry: 3j7h

Related EMDB entry: EMD-5995

Deposited: 2014-07-22 AT WS
Released: 2014-08-07 1 - 1 BH i
e I 10 [\otion-corrected still images
Dataset size: PDBj EBI

A
108.0 GB
ITE N

Dataset DOI: 10.6019/EMPIAR-10012
Version history: 1 2015-10-28 Restructured the entry directory to have
"data" and ".private".

Fimageset 509 MRC images (7420 x 7676 x 1; 32 bit)

== Beta Galactosidase micrographs

Category: micrographs - single frame

Image format: MRC

No. of images or tilt series: 509

Image size: (7420, 7676)

Pixel type: 32 BIT FLOAT

Details: These images were generated by aligning and then averaging multiframe images. All frames (1-38)

from the unprocessed data were used. Related PDB: 3]7H.

+ O [@ydata 108.0 GB Uncompressed ZIP archive streamed via HTTP




Various Types of data in EMPIAR
/1) Micro,cﬁphs or Particle images

2) Multiple-frame or Single-frame
(Movie) (Still image)

\3) Gray scale depth: 32 bit or 16 bit /

Different opinions about what is raw data

We accept everything you can provide.



Various Types of data in EMPIAR
/1) Micro,cﬁphs or Particle images
ﬂ “

2) Multiple-frame or Single-frame
(Movie) (Still image)

\3) Gray scale depth: 32 bit or 16 bit /

Different opinions about what is raw data

We accept everything you can provide.

Let’s submit your 2D images to EMPIAR !!



EM NaVigatOr :lovely EMDB server, user-friendly interface

m EM Na Vig ALOT - 3D electron microscopy data navigator -

- Browse 3DEM data

» Keywords / EMDB-ID / PDB-ID

* [@]Advanced search, table view. etc.

. Omokage search - shape similarity search

* W, Yorodumi - integration of EMDB/PDB metadata & structure viewer
* [B2]Gallery [F]Statistics (5 3DEM papers %® Species

MR Recnty e tas o otest released data are shown in the top page.

i Nov 28, 2018 (EMDB: 43, PDB.___,
‘ 9a 9zb ‘
R4 24

9000, 2% = 900 . 6e7n.
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=4

6me8

N




Omokage Search
Fast shape similarity search against EMDB and PDB

ﬁ Omolka ge search - Shape similarity search of macromolecules -

_ Search query

Registered data

Upload

Query structure data: | structure in databanks || your original/modified data

ID of EMDB, PDB or SASBDB: (2190

| Search g

=0 A
—

Database: EMDB ID: 2190/ pMovie | M Structure viewer
@ human RNA polymerase II in complex with AluRA RNAm

Samples: | Recommended || EMDB || PDB || SASBDB

EMDB ID / PDB ID can be used
for the query shape.



Omokage Search
Fast shape similarity search against EMDB and PDB

ﬁ Omolka ge search - Shape similarity search of macromolecules -

Database: EMDB | ID: 21905' » Movie MMStructure viewer |
@ human RNA polymerase II in complex with AluRA RNA

— Within a minute, similar-shape maps and
- Search result

= , : atomic models are shown.
| Summary || Display | Filter | [ Refine |

Showing 1 - 100 of 2,000 items found from all 280,812 structures




Map vs Map Map vs Atomic model

& Pairwise fitting of target emdb 2191 on reference emdb 2190 by gm/fif(PID:18906). 60 Pairwise fitting of target pdb_Sc44 on reference emdb 2190 by gmfif(PID:18951).

RANKI[1] Corr.Coeff:0.972_|[ISmol] [Jmol S] [Molmil] [RANK[1] Corr.Coeff:0.896 |[JSmol] [Jmol_S] [Molmil]

g |
Fitted by gmfit

Visualized by MolMil
WebGL-based viewer

human RNA polymerase II in complex with B2 RNA [Ngauss:20]

1
k=d[Download superimposed target map (CCP4) (emdb 2191)
| human RNA polymerase II in complex with AluRA RNA [Ngauss:20]

g TARGET(emdb_2191)

CRYSTAL STRUCTURE OF A TRANSCRIBING RNA POLYMH

ﬂ- TARGET(pdb_5c44)

1
g REFERENCE(emdb 2190 keed [ Download superimposed target atoms (PDB)(pdb 5c44)]

d[Download the reference ma t REFERENCE(emdb 2150) human RNA polymerase II in complex with AluRA RNA [Ngauss:]
nk 1 2 3 4 5 6 7 8 9 10 & emab;. 210N L
Other Transformations 2 = = = = = = ”‘ — - L. A[Download the reference map
Corr.Coeff][0.972][0.972][0.750][0.712][0.704][0.704][0.702][0.700][0.639][0.666 = Lk T 7 S It
I 2
Other Transformations = = i

Corr.Coeff. [0.896 Jlo.sos o714 0.707 |o.ss Ilq

S —
| Summary |

play | [ Filter | [ Refine |

If you click icons, superimposed structure is showr

)

L

& W
& % B

&

—

20 A
-
: i



Gmfit :rigid-body fitting using GMM

GMM : Gaussian mixture model

Subunitl S;  Subunit2 Sx

Atomic

model Atomic

model

\/

@bunitl S, Subunit2 s,

%

GMM \ l MM

< 3D map
Complex C (fixed) /

GMM

\ Complex C (fixed)

Subunitl: CyclinA (1finB) ,Subunit2:Cyclin-dependent kinase(1finA)

Kawabata (2008), Biophys. J.

Atomic model
Complex

t

N GMM
Complex



Resolution Revolution of EMDB

1200 S —————
EMDB:2018/11/28 u 1:3 /1
3A EMDB:2017/10/25u 1:3 ——
1000 £ [ EMDB:2015/09/30 u 1:3 =1 ]
800 | ; _
2A 2.2A
P
2 600 | 2018/11/28 . _
= e SN
400 |- 2017/10/25 T Gad _
TR EMD-8751
T 4.4A EMD-1209
200 | V N 2015/09/305 0 _
20 __ &—&E‘H‘ ;Eii
0

0 5 10 15 20 25 30 35 40 45 50
Resolution(angstrom)



Resolution
revolution !

3D density map GMM

2003 voxels Ngauss=10
Resolution:4.1A EM algorithm

EMD-8623 Kawabata (2008), Biophys. J.



Resolution
revolution !

3D density map GMM GMM
2003 voxels Ngauss=10 Ngauss=546
Resolution:4.1A EM algorithm Down-sampling Gaussians

EMD-8623 Kawabata (2008), Biophys. J. Kawabata (2018), J. Str. Biol.



yvpes of rigid fitting problem

global local

-

Density map

Atomic model

single Density map
subunit
mUItipIe Subunit 2 e Subunit 2

subunits



yvpes of rigid fitting problem

Old gmfit
/ \‘. local
(iWEB service ‘h
I
Diensity map i m

i

. : Atomic model E

$lngle : : Density map
subunit \: J)

i

i I

: i

: i

: i

: i

: i

: i

= |

multiple | &
.1 I
subunits | [




Old gmfit

global

WEB service

Dénsity map

Atomic model

single
subunit

multiple Subunit 3

subunits

Subunit 2

New gmfit

yvpes of rigid fitting problem

-

Density map

&S

Subunit 2

S S B B B B B S e

\~______________(___________j__,/



Masked Segmentation & Fitting (MaskSegFit)

’~\

e’
%%
\
\ I
\ V]
K¢ D @E>Q D
Case for “partial” fitting. segmentation fitting

& apitg

Introduce “mask” regions. segmentation



Example of rigid fittings

Global-Single Local-Single

Y (o oy
~ARK

Global-Multiple

X . o R A
.-,,,

4l6r AT 3sn6 ABGN




Gmfit WEB : 1-to-1 global fitting

Pairwise gmfit

Superimpose two density maps or atomic models by gmfit

|[DENSITY MAP |laToMIC MODEL

Input ID Upload Map File Input ID Upload Pdb File

emdb id "level pdb_id ”chain_id“assembly_id pdb file upload
TARGET |:| —f—e e [ ¢ —™— ——
(be superimposed) s l oR.. “l I"ﬁ‘ L lA_l "l_] L 2R |
REFERENCE | =
(ixed Al [ew oo J|%e—— 1| su_ |

& Pairwise fitting of target emdb 2191 on reference emdb 2190 by gm/fif(PID:18906).

[RANK[1] Corr.Coeff:0.972 |[JSmol] [Jmol_S] [Molmil]

AAA

human RNA polymerase II in complex with B2 RNA [Ngauss:20]

&, TARGET(emdb 2191) 3
ed[Download superimposed target map (CCP4) (emdb 2191)]

human RNA polymerase II in complex with AluRA RNA [Ngauss:20]
2

&, REFERENCE(emdb 2190)
l=d[Download the reference map

fank o o J5 s J5 Jo Jz Js Jo Juo |

Other Transformations

| =) s remen | e, s || T IS Cme D

6‘ Pairwise fitting of target pdb_Sc44 on reference emdb 2190 by gm/if(PID:18951).

RANK(1] Corr.Coeff:0.896 |[JSmol] [Jmol_S] [Molmil]

ICRYSTAL STRUCTURE OF A TRANSCRIBING RNA POLYMJ

“ TARGET(pdb_5c44) 3
led[Download superimposed target atoms (PDB)(pdb _5c44)

. human RNA polymerase II in complex with AluRA RNA [Ngauss:]
&, REFERENCE(emdb 2190)|| §

l=d[Download the reference map

o sy 115 11, e 1]




Gmfit WEB : bad for 1-to-1 local fitting..

Pairwise gmfit

Superimpose two density maps or atomic models by gmfit

|[DENSITY MAP |laToMIC MODEL |

Input ID Upload Map File Input ID Upload Pdb File

emdb id ||level pdb_id ”chain_id"assembly_id pdb file upload
e [ ] | | | ] Csm. |
(be superimposed) ‘ l e ‘”l |"%" i 2 " | R l
REFERENCE ' ==l
(e T em ooz ]| [em |

Failed ...

Fit one subunit on the map of homo tetramer

* i

Ngauss=20 Na us‘20




New Gmfit WEB : 1-to-1 local fitting

Local/Partial fitting : masked segfit gmfit

Superimpose an atomic model on a density map by gmfit
using masked segmentation fitting algorithm.
Local/partial fitting can be performed one given atomic model versus a given density map.

— This new Web service will be available soon !

i.llpllt form Map v alwLUL LIVUTL [|[YuISL VPUVLS
D 1tv z —= 2
u W~ EMDB-ID:|5995 or upload map file: - 28 | cutoff level:|0.0224
(fixed) ‘
Atomi del A
&' T — PDB_ID: or upload PDB file: { 2B chamID: assemblyID:
(to be superimposed) o '

. . Success |
Fit one subunit on the map of homo tetramer '

F s

Ngauss=20 NauleO
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