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Fig. 1. Mainstream model quality assessment methods in CASP.
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Fig. 2. Schematic diagram of three methods of model quality assessment.
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Table 1.  Protein structure dataset (Decoys) for model quality assessment.

Data sets URLs
CASP https://predictioncenter.org/download area/
CAMEO https://www.cameo3d.org/
Zhanglab https://zhanglab.ccmb.med.umich.edu/decoys/
AlphaFoldDB https://alphafold.ebi.ac.uk/

ESM Metagenomic Atlas

https://esmatlas.com/resources?action=search _structure

DeepAccNet https://github.com/hiranumn/DeepAccNet
GNNRefine http://raptorx.uchicago.edu/download/
DeepUMQA https://academic.oup.com/bioinformatics/article/38/7/1895 /6520805 ?login=true
DeepUMQA3 https://www.biorxiv.org/content/10.1101/2023.04.24.538194v1.full.pdf+html
GraphCPLMQA https://www.biorxiv.org/content/10.1101/2023.05.16.540981v1.full.pdf+html
GraphGPSM https://academic.oup.com/bib/advance-

article/doi/10.1093 /bib/bbad219/71977347searchresult=1#supplementary-data
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T
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4.6 DeepUMQA Z&7I

Tk IR FE R LA IF & T DeepUMQA
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R A RO TR R AR R, (HE
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FE 3 St B e 80 s SR IR SOREAR A S5 R R AIE, XA
B PIEAE SR PEE T R AE. DeepUMQA2 1 SGHR #
iy AR B PP B304 T 22 P 8 EE R (MISAL) R[] YA
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Herfr) Fi AR A s FIRAERFAE A KT 8 1 5
S5K0 5 e Z (R SN DG 2R . Ry T 3SR R ER A A N
BRI N ISR, it T — e AR IE
FE I P RRAE . Horh = 8 {7 3£ T DeepUMQA
) USR 51 A TR Z 77 m {5 B, v LI
Fo 47 Mgl IR AR 5T R A Bl A S5 . 2T (con-
tact order)[00 F T4 iR BARIHFMIY B e, I

1.0

Pearson for each target (IDDT)
e N e e
o o IS > g
1 " 1 " 1 " 1 " 1
*
@

5 & ) <
o ¥ &, A A & o8
oafzfc’ ¥ @9 q;»& & wgy Ry \§) Qv"p
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S¥FFE
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K 3 (a) IDDT, CAD, PatchDockQ il PatchQS #9-F-3 Z 53-8 Fl, CASP15 B 5 /A A 2 A/ N A5 S T 5% A e BE Al 1 HE 24 (B
P % H https://predictioncenter.org/casp15). CASP15 H1 DeepUMQAS3 [ 41 45 FR A “GuijunLab-RocketX”; (b) £ Xf CASP15, 44~
A5 E bR LA B Y IDDT i 5 592 IDDT i & 1Y Pearson ARG, Horp, (a5 HE R HI(E, b o) B 42 2 vh 4 5

Fig. 3. (a) The sum of average Z-scores of IDDT, CAD, PatchDockQ and PatchQS, CASP15 officially announces the ranking of
each group in the interface residue accuracy estimation (data from https://predictioncenter.org/casp15). The group name of Dee-
pUMQAS3 in CASP15 is “GuijunLab-RocketX”. (b) Pearson correlation of predicted and true IDDT quality on each protein target.

The white box is the mean and the middle horizontal line is the median.
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% 2 CAMEO-QE: BEIFT PG HERE (SR B 'E W 2022-6-24—2023-6-17)

Table 2. CAMEO-QE: Model Quality Evaluation Performance (Data from official website 2022-6-24-2023-6-17).

) ROCrormalized PRucrmalized Models

Predictor Name AUCo., AUCY, , AUCy., AUCH Received
ZJUT-GraphCPLMQA 0.82 0.73 0.79 0.54 5143
DeepUMQA2 0.72 0.62 0.68 0.47 4468
DeepUMQA 0.73 0.60 0.67 0.45 4611
ModFOLD9 0.63 0.52 0.59 0.36 4309
QMEANDisCo3 0.9 0.66 0.79 0.49 6348
ProQ3D_LDDT 0.74 0.55 0.67 0.43 5171
QMEAN3 0.88 0.65 0.77 0.43 6348
ProQ3 0.72 0.53 0.66 0.39 5126
VoroMQA _v2 0.89 0.64 0.77 0.45 6350
ProQ2 0.86 0.59 0.74 0.39 6337
ProQ3D 0.70 0.47 0.61 0.35 5119
ModFOLD7_1DDT 0.84 0.53 0.69 0.41 6191
ModFOLDS8 0.79 0.50 0.65 0.38 5802
Baseline Potential 0.80 0.51 0.66 0.32 6350
VoroMQA _swb 0.82 0.50 0.65 0.36 6349
ModFOLD6 0.73 0.42 0.57 0.35 5380

Ji& B 3R FE N FFAE LA Ry R A5 1 =2 1] 9 52 e k.
IXSEHFAEA B T4 AR B A ) Ry B A A T R
H& R Z RROCR . @il 45 G K ik
FEE TR 4 ) A R AT BRAB VTAS 28 1 A Y
5% L 4% 1 T & . GraphCPLMQA #2220 17
—4E) CAEMO (https://www.cameo3d.org), 4%
AR 2 A

AN, AR AT & T 4 s T Al B
A GraphGPSM, 1A R | FH i 50743 1) Fi pR A000) i
TGN F B R AR AT g5, 3T DeepUMQA
) USR, Rosetta A& i, 2 A1 77 1] | J5 41 4 7
TRERAL LA BB 1) 07 iR AR IR B 1 B4 4. 31X
SEREIE B I BTG A sURa b, O 5 AR bR
AMGEE, T EGNNIO 40 iH 5840 . 18 i HE
T EGNN B IE W T — A~ B S 10T B AL 1B I 2% .
e, it Z 2N (FH Dropout JZ . TG PRER
FLNEZLH L) LR A AR ) 42 SRy P43 e il i,
GraphGPSM(GuijunLab-Threader) FECASP15 4
REWNZE 3 g,

TR BE 27 2] 75 8 1 B A Jo i DA 45 315 3
N, RO BRI, PG R R
T [UBTEAY Br P PAG v, FTDMS HPAUT LR gsie:

1) I =AERTT At 1 B RL )5 1 R 2 ik
TR ). U, 5200 CASP Hie i By

U S CASP Wi fEry 288 kM L, CASP14
iR 7% (DeepAccNet Fl1 DeepAccNet-
MSA) TE 42 J 25 8 1 0 e DA% T A I8 5 1) 4
Ft. AR, 78 CASP15 4 e s PPl Fndsz 11 AL i oF
Aili v SR A B PR 5 143 51 & MULTICOM _ga il
ModFOLDdock iX Wi Fp i 3. (B2, 76 R
Sl S5 T ) O DA 5 1 B IR B 2% 2 1) DeepUM-
QA3 HHEL FHER 5 R R B B r sy,
BRI VMR R AR R SR .
%3 EPTHEEATHS CASP15 4 fRitk

fELbE (B H GraphGPSM)
Table 3.
ver on all protein targets (data from GraphGPSM).

Performance comparison with CASP15 ser-

Method ﬁ\\f::(ffe g:z::i? Average bias
GraphGPSM 0.730 0.633 0.126
MULTICOM _qa 0.485 0.715 0.258
ModFOLDdock 0.515 0.636 0.241
ModFOLDdockR 0.666 0.635 0.165
Venclovas 0.449 0.494 0.339
Manifold 0.582 0.541 0.179
Bhattacharya 0.387 0.474 0.361
*Real value 0.716 None None

7 *Real value XFECASP15H 1A 2 5 B br A BAL Y
A TM-score 734X

Note: *Real value represents the real average T-score of
all targets in CASP15.
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2) M\ CASP13—CASP15 8 i 5 1Ak (1 2
FEA AT LIE H: 78 CASP13 thp5i4 51 ANF1 29 4
SFRHEAS T 2R MR FAE AT #E CASP14
H oA 72 A F 38 NS IR IR AL T R4 R AR
PORS RE Al 7E CASP15 th4R S 224, 13 4N F
17 S FRARESE T 25, Ja B R4 fk A v G Ay
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e 28 BT, B2 M CASP14 &
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% . AngularQA 1) LSTM M %% . GraphQA 1 & #
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5 WAREFETENHRER G LR
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B SR T AR B I, EAORS FEATO AR S BR
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T2 1 5T 00 1 5 AL A8 PR HEASE i K, 4 Alpha-
Fold Protein Structure Database (~212) fil ESM
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MR ZREE. 158, B AWl
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8. TR AR AT AL & 26, 1A 1
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FDIRERRE, JHILHE B P2 T s g ik — 25
K.
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Ry B A JBATTAHT R T AR AR, A,
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Recent advances in estimating protein structure
model accuracy”
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Abstract

The quality assessment of protein models is a key technology in protein structure prediction and has
become a prominent research focus in the field of structural bioinformatics since advent of CASP7. Model
quality assessment method not only guides the refinement of protein structure model but also plays a crucial
role in selecting the best model from multiple candidate conformations, offering significant value in biological
research and practical applications. This study begins with reviewing the critical assessment of protein structure
prediction (CASP) and continuous automated model evaluation (CAMEO), and model evaluation metrics for
monomeric and complex proteins. It primarily summarizes the development of model quality assessment
methods in the last five years, including consensus methods (multi-model methods), single-model methods, and
quasi-single-model methods, and also introduces the evaluation methods for protein complex models in CASP15.
Given the remarkable progress of deep learning in protein prediction, the article focuses on the in-depth
application of deep learning in single-model methods, including data set generation, protein feature extraction,
and network architecture construction. Additionally, it presents the recent efforts of our research group in the
field of model quality assessment. Finally, the article analyzes the limitations and challenges of current protein

model quality assessment technology, and also looks forward to future development trends.
Keywords: protein model quality assessment, deep learning, single-model methods, complex model evaluation

PACS: 87.10.Vg, 87.14.E—, 87.16.A—, 87.55.de DOI: 10.7498 /aps.72.20231071

* Project supported by the Scientific and Technological Innovation 2030— “New Generation Artificial Intelligence”, China
(Grant No. 2022ZD0115103), the National Nature Science Foundation of China (Grant No. 62173304), and the Key Project
of Zhejiang Provincial Natural Science Foundation of China (Grant No. LZ20F030002).

1 Corresponding author. E-mail: zgj@zjut.edu.cn

248702-16


http://doi.org/10.7498/aps.72.20231071
mailto:zgj@zjut.edu.cn
mailto:zgj@zjut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

| R SRR R B 5 iksRR
M A EEA KKE

Recent advances in estimating protein structure model accuracy

Liu Dong Cui Xin-Yue = Wang Hao-Dong  Zhang Gui-Jun

5] Fi{& B Citation: Acta Physica Sinica, 72, 248702 (2023)  DOI: 10.7498/aps.72.20231071
TEZE[R]1E View online: https:/doi.org/10.7498/aps.72.20231071
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FRFT BRI AR I HA SCEE
Articles you may be interested in
TR 2 I T A AR F S U Y
Flow feature extraction models based on deep learning

WIBEAEA. 2022, 71(7): 074701 hitps://doi.org/10.7498/aps.71.20211373

FLT IR > BAR L AT L P AR e X R I 2R G i 1%
Attacking asymmetric cryptosystem based on phase truncated Fourier fransform by deep learning

YIFREH. 2021, 70(14): 144202 hitps://doi.org/10.7498/aps.70.20202075

ST O )RR S 2 A IR R G H R s 3k
General image encryption algorithm based on deep learning compressed sensing and compound chaotic system

PIFEEEAR. 2020, 69(24): 240502 hitps:/doi.ore/10.7498/aps.69.20201019

SETOREE 7 ] BB A AR S AL IR BN R L LM 0Tk
In depth learning based method of denoising joint transform correlator optical image encryption system

PB4 2020, 69(24): 244204 hitps://doi.org/10.7498/aps.69.20200805

EAR - MBS E kb e

Theoretical and computational methods of protein liquid—liquid phase separation

YIBR2A4R. 2020, 69(13): 138701  hitps:/doi.org/10.7498/aps.69.20200438

195 73R H) A /5 S 2 1 B AR A B
Modeling study of adsorption/desorption of proteins by polymer mixed brush

YIBR2A 4. 2021, 70(22): 224701  hitps://doi.org/10.7498/aps.70.20211219


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20231071
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20211373
https://doi.org/10.7498/aps.70.20202075
https://doi.org/10.7498/aps.69.20201019
https://doi.org/10.7498/aps.69.20200805
https://doi.org/10.7498/aps.69.20200438
https://doi.org/10.7498/aps.70.20211219

	1 引　言
	2 国际蛋白质结构预测的关键评估竞赛(CASP)和全球连续自动模型评估竞赛(CAMEO)
	3 蛋白质模型质量的评估指标
	3.1 单体结构质量评估指标
	3.2 复合物结构质量评估指标
	3.3 评估结构精度估计的指标

	4 蛋白质模型质量方法
	4.1 数据集
	4.2 共识方法
	4.3 准单模型方法
	4.4 单模型方法
	4.5 复合物结构模型评估方法
	4.6 DeepUMQA系列

	5 模型质量评估方法的挑战与发展趋势
	参考文献

