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Fig.1 Selected EMDB database released high resolution
density map and corresponding automatically searched
mask map
Density map in gray color is selected EMDB released high resolution
density map displayed at recommended contour gray level. Density

maps shown in pink grid shape are corresponding soft mask map,

generated by auto-mask method reported in this paper. (a) EMD-
4116 3D density map and soft mask map generated by our auto-mask
method; (b) EMD-4243 3D density map and soft mask map
generated by our auto-mask method; (c) EMD-7039 3D density
map and soft mask map generated by our auto-mask method; (d)
EMD-8743 3D density map and soft mask map generated by our auto-

mask method.
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Fig. 2 Half sets reconstructed density map FSC curves of different three—dimensional reconstruction methods from original

particles dataset

(a) Half sets reconstructed density map FSC curves of GroEL original particles dataset after auto-refine process; (b) Half sets reconstructed

density map FSC curves of Smeg ribosome original particels dataset after auto-refine process. FSC curves in green color are from auto-refine

reconstruction process using auto-mask method of original particles dataset; FSC curves in red color are from auto-refine reconstruction process

using ordinary spherical mask method of original particles dataset; FSC curves in dark blue color are from auto-refine reconstruction process using

solvent mask, generated by our auto-discovering method, when RELION auto-refine process entered in local refine.
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Fig.3 FSC curves of PDB model vs reconstructed density map by different auto-refine methods

(a) Atomic model against density map FSC curves after different auto-refine method of original GroEL particles dataset; (b) Atomic model

against density map FSC curves after different auto-refine method of original Smeg ribosome particles dataset. FSC curves in green color are from

auto-refine reconstruction process using auto-mask method of original particles dataset; FSC curves in red color are from auto-refine

reconstruction process using ordinary spherical mask method of original particles dataset; FSC curves in dark blue color are from auto-refine

reconstruction process using solvent mask, generated by our auto-discovering method, when RELION auto-refine process entered in local refine.
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Fig.4 FSC curves of half sets reconstructed density maps generated by different auto—refine methods of simulated dataset

(a) Half sets reconstructed density map FSC curves after process of different auto-refine methods of GroEL simulated particles dataset; (b) Half

sets reconstructed density map FSC curves after process of different auto-refine methods of Smeg ribosome simulated particles dataset. FSC curves in

green color are from auto-refine reconstruction process using auto-mask method of simulated projected particles dataset; FSC curves in red color are

from auto-refine reconstruction process using ordinary spherical mask method of simulated projected particles dataset.
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Fig. 5 Scatter plots of Euler angular errors of computed optimal reconstructed angles from true projected angles of

simulated projected particles dataset

(a) Scatter plot of Euler angular errors after different auto-refine methods of GroEL simulated particles dataset; (b) Scatter plot of Euler

angular errors after different auto-refine methods of Smeg ribosome simulated particles dataset. One of the coordinate of each scatter point is

Euler angular error from true projection angle by auto-refine process using auto-mask method in solvent flattening operation, the other

coordinate of each scatter point is Euler angular error from true projection angle by auto-refine process using ordinary spherical mask in

solvent flattening operation.
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(a)

(®)

Fig. 6 Reconstructed three—dimensional density maps from RELION auto—refine process when given wrong initial model ,
by different auto—refine methods
(a) Reconstructed density map of RELION auto-refine process using auto mask method when initial model is wrong; (b) The same reconstructed
density map as in subfigure (a), with fitted in corresponding PDB atomic model; (c) Reconstructed density map of RELION auto-refine
process,

without using any solvent mask during the reconstruction process, when initial model is wrong; (d) The same reconstructed density
map as in subfigure (c), with fitted in corresponding PDB atomic model.
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Fig. 7 Half sets reconstructed density map FSC curves and PDB model vs reconstructed density map FSC curves of

different three—dimensional reconstruction methods of RELION auto-refine process from original particles dataset, when
initial model is wrong
(a) Half sets reconstructed density map FSC curves of PSI-3Lher original particles dataset after auto-refine process; (b) Atomic model against
density map FSC curves after different auto-refine method of original PSI-3Lhcr particles dataset. For subfigure (a), FSC curve in green color is
from auto-refine reconstruction process using auto-mask method, FSC curve in red color is from auto-refine reconstruction process using ordinary
spherical mask method of original particles dataset; For subfigure (b), FSC curve in red color is from auto-refine reconstruction process using

auto-mask method, FSC curve in green color is from auto-refine reconstruction process using ordinary spherical mask method of original particles
dataset.



+1028- EMUEEEYEER

Prog. Biochem. Biophys. 2019; 46 (10D

FHT9A.

M7 BRI FSC TZE IR LLE Y, FE4R4ILAY
WIHABIRVE RSO0 T, R A 8 53-8 mask %
BT A SR =S, A AR A
Bl -4k mask % B KW A Sk & = 4EE IR, e
W3 by dnb 2 M AR THI A3 23 28 5 o B X ) = 4
TGRS BE DL S — AE A TS E o HER, IF
A RBAEH y b 2 M B T A 1A R R E A T 1
=Y W) SR

25 IR A UR B AE SR A G AR R R 1 1
LT, Z3d RELION 2% H g8 =4 A T 2 1Y
2508, ATLVEN, 7E A e =i i iR
F 25 34k mask 2 FE R 7k, ARG T35 0 [ 3h
Fits = Ep AR, iR B —a . gk
by S Ml T = A AR 2 o3 P R X R
B BRI =L R R AR R R, R
20 ZRENE R F IR A
VIR F IR A BRN EE A BT A 2% B R W & R
B A B e S R TR R A
3

AT FRIURLVS VR B S S BR B AR 1 A Sk
& = AR P AR R R T T, Kk
& T 1 A A G = 4 A Y Rk ARE B T AR
YEH B ) T8 mask =482 5 B0 7k 2T IR RES
1 H Sk 16 =g mA R B, e A
I FRBN A ER TR, W T
OF 5 XIR Y mask 2 B 1&], IF P = 4% B K
Gy FEERAE S X322 AN I Xl

AMIFSE T A SR HITE A SR8 = 4e Ry b B
Bl -4k mask = 4% BRI ik, A TAE A S
1& =4t T s FE R SR A 348 mask 1975,
RERE MK HER M5 5 IR E S 0 HER 55 X, 2
TR R AE — 2 T A R P M R T RS B, B
IR R EMIBKPLA IR 2%, e R,
PET$E 5 [ S 1 R A A — 2 1 9 43 B
R, R 205t R A B A — A i P A
RIS INVCHEL, H Xt =4 E 2 5 A Ko T4544
(R F RIS A A B B, DA A SORS b i B
Tk BUORE V2 VR HL - R BRI AT AR ) K o
(RILEF SR SC A Wy 2Fhbe,  RIVEAR XS T JRioas 15
AN & AE mask % K = 4E A 1L, BB
K& AR R A 1 85448 mask %5 54 B 75
X =HEEAGRRE R . [ SRS S A R E AL TS =

A 55 155 [ 1 53 B3R L i~ A R B A JUT 7558 B R
VCHCFREE, A me AT i .

Ak, B HRAEZS RELION H 36 =4k i)
AR IPIABRE R R, A5 & i | 2h =
& mask = 4R A 7 i, L EE08 HE A A 2 AN
PDB H X Iz 9 44 8 1 SR TR AL W) A 1) = 4
HIEE, I BRSO e = 4R E A RS B DL R
FaI A% B I B 4y R, Bl D B A P AR A, LA
AN R AR S B

AR RSB = et R b, R
BAE T H 8 348 mask = 4855 5 K 00 7 R RE S 4R
1o AR A o R SO BRI R RS By, (R
H 20 34k mask % B2 B 09 5 45 H AT A AE — Se 7T 2
MR T - B R RN T — e B PR
SR AE RIS B, — A A T R R P X X 3
BONBOIANT, Rk, AshF KA
mask % B K] JC VA AR 4 b i 55 X 2655 A K B 3%
F L2 EBOIANE R R X, X R ek
DL KRR ) = AEF A Ao HE R TS i 225 T
H ., AWEIE £ 0 550 W B Ve & R B 3h 34k
mask — 4% FE B H BTN T H 2§ 18 =4 iy i
B, OJF R K 0 gy ik o H B = 485 25 (3D
classification) iIFEH.

AR TR T 8T+ B 3 54K mask %5 B 6T
TEERCE . RN AR TR v bE ;. FRATTIE
P A )-8 mask — 4R %% B B 7 H T =4
7125 (3D classification) Hf e, AT
W RE IS, AATARRMEARE, BIAFEZE]
(class) M) =4e%ER, 78 —5 0K R
mask = 4B FEE], SRR3R = 4R S0 HER T
PR

T H 3 53k mask = 4E% K BFIE, Kk
R 2= 0k, RIEBdIEEh e gk
) =R, VI ZRRe 08 RS 54K ) = 2 mask %
FE B TREE 22 IR, S AE A S I =4 2
P AR, B E AR = AERR A4 SR
DA R e FE AL A — R o HER SR T 2 5 B

2 £ X W

[1]  ChengY. Single-particle cryo-EM—How did it get here and where
willitgo. Science, 2018, 361(6405): 876-880

[2]  Kiihlbrandt W. The resolution revolution. Science, 2014,
343(6178): 1443-1444

[3]  Fernandez-Leiro R, Scheres S H W. Unravelling biological

macromolecules with cryo-electron microscopy. Nature, 2016,



2019; 46 (100

B, F: RFRRANN - SENTERENEERTERR

<1029

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

537(7620): 339-346

Sigworth F J. A maximum-likelihood approach to single-particle
image refinement. Journal of Structural Biology, 1998, 122(3):
328-339

Sigworth F J, Doerschuk P C, Carazo J-M, et al. Chapter ten - an
introduction to maximum-likelihood methods in Cryo-EM [M]//
JENSEN G J. Methods in Enzymology. Academic Press. 2010:
263-294
Scheres S H. A Bayesian view on cryo-EM structure
determination. ] Mol Biol, 2012, 415(2): 406-418

Scheres S H W. Classification of structural heterogeneity by
maximum-likelihood methods. Methods in Enzymology, 2010,
482:295-320

Elmlund H, Elmlund D, Bengio S. PRIME: probabilistic initial 3D
model generation for single-particle cryo-electron microscopy.
Structure, 2013, 21(8): 1299-1306

Scheres S HW. RELION: Implementation of a Bayesian approach
to cryo-EM structure determination. Journal of Structural Biology,
2012,180(3):519-530

Patwardhan A. Trends in the electron microscopy data bank
(EMDB). Acta Crystallographica Section D, 2017, 73(6): 503-508
Terwilliger
Crystallographica Section D, 1999,55(11): 1863-1871

Abrahams J P, Leslie A G W. Methods used in the structure
Acta

T. Reciprocal-space solvent flattening. Acta

determination of bovine mitochondrial F1 ATPase.
Crystallographica Section D, 1996, 52(1): 30-42

Giacovazzo C, Siligi D. Improving direct-methods phases by
solvent Acta

heavy-atom information and

Crystallographica Section A, 1997,53(6): 789-798

flattening.

Cowtan K D, Main P. Phase combination and cross validation in
iterated density-modification calculations. Acta Crystallographica
Section D, 1996, 52(1): 43-48

Zhang K'Y, Cowtan K, Main P. Combining constraints for electron-
density modification. Methods in Enzymology. Academic Press.
1997,277:53-64

Podjarny A D, Rees B, Urzhumtsev A G. Density modification in
X-ray crystallography [M]//Jones C, Mulloy B, Sanderson M R.
Crystallographic Methods and Protocols. Totowa, NJ; Humana
Press. 1996:205-226

Hudson B P, Berman H M, Westbrook J D, ef a/. EMDataBank
unified data resource for 3DEM. Nucleic Acids Research, 2015,
44(D1): D396-D403

Herzik M A, Wu M, Lander G C. Achieving better-than-3- A
resolution by single-particle cryo-EM at 200 keV. Nat Methods,

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

2017,14(11):1075-1078

Natchiar S K, Myasnikov A G, Kratzat H, et al. Visualization of
chemical modifications in the human 80S ribosome structure.
Nature,2017,551(7681):472-477

Kimanius D, Forsberg B O, Scheres SHW, ez al. Accelerated cryo-
EM structure determination with parallelisation using GPUs in
RELION-2. Elife, 2016, 5: ¢18722

Liang Y-L, Khoshouei M, Glukhova A, et al. Phase-plate cryo-EM
structure of a biased agonist-bound human GLP-1 receptor-Gs
complex. Nature, 2018,555(7694): 121-125

Tang G, Peng L, Baldwin PR, ef al. EMAN2: An extensible image
processing suite for electron microscopy. Journal of Structural
Biology,2007,157(1): 38-46

LiZ, Ge X, Zhang Y, et al. Cryo-EM structure of Mycobacterium
smegmatis ribosome reveals two unidentified ribosomal proteins
close to the functional centers. Protein & Cell, 2018, 9(4): 384-388
Pi X, Tian L, Dai H-E, et al. Unique organization of photosystem I
- light-harvesting supercomplex revealed by cryo-EM from a red
alga. Proc Natil Acad Sci USA, 2018, 115(17): 4423-4428
Ackerman M J, Yoo T S. The Visible human data sets (VHD) and
insight toolkit (ITk): experiments in open source software. AMIA
Annual Symposium Proceedings AMIA Symposium, 2003,
2003:773

Kittler J, Tllingworth J. Minimum error thresholding. Pattern
Recognition, 1986,19(1): 41-47

Otsu N. A Threshold selection method from gray-level histograms.
IEEE Transactions on Systems, Man, and Cybernetics, 1979, 9(1):
62-66

Canny J. A computational approach to edge detection. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 1986,
PAMI-8(6): 679-698

Cousty J, Bertrand G, Najman L, ef al. Watershed cuts: minimum
spanning forests and the drop of water principle. IEEE
Transactions on Pattern Analysis and Machine Intelligence, 2009,
31(8): 1362-1374

Berman H M, Westbrook J, Feng Z, et al. The protein data bank.
Nucleic Acids Research, 2000, 28(1): 235-242

Bartolucci C, Lamba D, Grazulis S, et al. Crystal structure of wild-
type chaperonin GroEL. Journal of Molecular Biology, 2005,
354(4): 940-951

Li Z, Guo Q, Zheng L, et al. Cryo-EM structures of the 80S
ribosomes from human parasites Trichomonas vaginalis and

Toxoplasma gondii. Cell Research, 2017,27(10): 1275-1288



1030+ EMUZESEYYIERRE  Prog. Biochem. Biophys. 2019; 46 (10D

Automatically Generating Mask for Mapping Out The Density Map in cryoEM
Single—particle Reconstruction”

SU Rui™™", ZHANG Shu-Yang~, WANG Jia-Wei™

(School for Life Sciences, Tsinghua University, Beijing 100084, China)

Abstract CryoEM single particle reconstruction technique is a widely used method for solving macromolecular
structures in structural biology. However, there are still some shortcomings in the current processes of single
particle three-dimensional reconstruction. None of the current single particle reconstruction software has
implemented the function of automatically finding soft mask for binary mapping out the reconstructed map, which
can import bias in the computation of statistical model of noise, influencing effectiveness of three-dimensional
reconstruction. To solve this problem and to improve the solvent flattening operation in single particle
reconstruction, here, we report a new method for automatically finding soft mask for mapping out the
reconstructed map in single particle reconstruction, by using Gaussian filtering, Canny edge detection, minimum
error thresholding efc., for processing reconstructed map. This new method is derived from the solvent flattening
method, which is widely used in X-ray crystallography for solving and improving macromolecular phases. In the
experiment, we implemented FSC between reconstructed maps, Euler angular error scatter plot efc. methods to
assess effect of auto-mask method. It was shown that mask map generated by auto-mask method can soundly
cover molecular signal region of reconstructed map, and our new auto-mask method in three-dimensional

reconstruction can help to improve resolution of three-dimensional reconstruction.
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