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Classification method of BRD-like folding type based on design templates

ZHANG Chuncheng, LI Xiaoqin "
(College of Life Science and Bioengineering , Beijing University of Technology ,Beijing 100124, China )

Abstract; The study on principle of protein folding is a cutting-edge topic in life science, and folding type

classification is the basis of protein folding research. In this paper, we constructed a template database of BRD-like

folding type, and established a comprehensive classification method based on multiple templates. Our method is

used for the classification of BRD-like folding. We tested the training set of 12 117 samples, and found that the

sensitivity , specificity and MCC were 0.923,0.997 and 0.72 respectively. Then we tested the 2 260 samples of the

independent test, and found that the sensitivity, specificity and MCC were 0.941,0.998 and 0.86 respectively.

These results indicated that the comprehensive classification method based on multiple templates could be used for

the classification of protein folding.
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Table 1 Template information of BRD-like type

AR 4 Fik il i B BAT B B BAR-TD
Model _1 4 16 11 20 20 a.29.2.0.2.1
Model_2 4 25 18 26 21 a.29.13.1_16. 1
Model_3 4 16 20 20 25 a.29.5.18.2
Model_4 4 18 13 22 18 a.29.7.1.8. 1
12 T EMBITE S s o BB, o, WEBIE, £
T4 PR %L TM-score' ' ( Template Model Score, HEAEL M f, RN
BERRBAT 53 ) 5 LN
IM-score = 1[ 5y } 2 AETESERE
LT 1+d;/d;],.

Hob L ESRE AR EE, L, RBEREN ST 201 EFRERNSEFERERITS
M PSR ECR, 4 REREN SFE 210 TM-score HE LT
S AN R R B, 4, O R R XF Set-1 Je Set-11 ¥ 4fs £ AT EAEA, 4351 5
¥ TM-score FRIfEAL ERFTMES B AT K/NALE Model_1 ~ Model _4 #E17 TM-align X, 3318 T™-
TERRM KR, TM-score FEFEE (0, 17,8 score, 70 5] iC N TM-score, ~ TM-score, , 1 73 25 5 UL
fERR, RUITFIE O SRR AR PE s, K2,

TM-score>0. 5, Il & 1 SR E )R TH—rS FRAEH 2 1) TM-score HiE , 53 7l%F Set-1,Set-11 Jif
B[S N 7= = S R J&H) TM-score tif , MR Ry 7478 1 A TR AR ST
FFHBURYE FE 5P Matthew HOCREC=AHE 70T, Set-1 X TM-score 17320 ELJ7 141 WL 2,
PR 2807 e AT VAl 2 80E LN . Set-11 XF 1 A TM-score F4432H EH 7 WLIE 3, 18] 2 Fil
SR S - b 100% Pl 3 Rl P G R 440 IR E TM-score /NT0.5F1 TM-
T+, ’ score KT 0.5; 2 MEMR IS THHEHR LK 3, H P mean
" L, {RFEIE, confidence interval “HI{E 95% it EAZ X [H]
R % t, +f, X 100% max 183 Set-II 1Y) TM-score iz KAH, min 183 Set-1 1)

FHCREL TM-score fi/IMA..
MCC = (t, xt,) = (, x/.) H22 3 &1 2 81 3 AT, Set-1 H1, Model _1 % 137 9

(t, +f,) x(t, +f) x (@, +f) x(t, +f,) TM-score F/MHE 40.37 nm , ¥J{E }0.66 nm ; Set-11 1,
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Model_1 X} )i B TM-score Fx ] {H 70.61 nm, ¥{H R
0.33 nm, Set-1 F1 Set-I1 [1] TM-score XJ{EAHZEHE K, 5L
(B A DX TR E S AR BN, B 2R R, BRI
BRI TM-score WUHAERT BT ERAIN TR AR BT

Table 2 The TM-score of training set

BITINEREA R RAEE, e P Z A B
ek, 13X 5 gK%jCiﬁa[ 1) LT RARBNR Y TM-score G
A — B, U B BT R AR 5 R SRR AR LA AH ] Y
TM-score BE M

Fz2 LIEEHFEAR TM-score

SLUGAE FEARLFR TM-score, TM-score, TM-score; TM-score,
d3dbyal 0.59 0.82 0.71 0.63
d3d19al 0.58 0.81 0.72 0.61
Set-1
d1v9val 0.50 0.59 0.54 0.42
dlbgca_ 0.53 0.57 0.54 048
d1nfda_ 0.49 0.60 0.54 0.48
Set-I1
d2ciob_ 0.03 0.03 0.04 0.03
80 | Tempate 80 - Tempale
Model_1 [ Model 1
[ Model 2 [ Model 2
[0 Model 3 [0 Model_3
B Model 4 B Model 4
60 |- 60 -
& Wi & 10T
o i
20 - 20
i ~ 48 0 ; \
03 04 05 06 07 08 09 00 01 02 03 0405 06 0.7
TM-score TM-score

2 SEEE Set-I iy TM-score EL75TE
Fig. 2 The TM-score histogram of Set-I

3 SCBEE Set-II B TM-score EL751E
Fig. 3 The TM-score histogram of Set-II

x3 BMEROSEITER
Table 3 The TM-score statistical index of templates

Hnde AR YA (nm) 95% &5 X [] PRifEZE (nm) TR ME H/IMA
Model_1 0.66 [0.61,0.72] 0.10 037
Model 2 0.65 [0.63,0.67] 0.07 0.56

Set- Model_3 0.59 [0.57,0.61] 0.07 042
Model_4 0.54 [0.53,0.56] 0.06 0.37
Model_1 033 [0.32,0.33] 0.07 0.61
Model_2 036 [0.35,0.36] 0.08 0.76

Set-l Model_3 035 [0.34,0.35] 0.07 0.67
Model_4 033 [0.32,0.33] 0.07 0.62

FH ] 2 AR Set-1 ) TM-score Z{EL53 7]
124 TM-score ZUEAE 0.5~0.7 B, PUANMEAR GE SR 5]
APrEIRI R A BRI BA A R4S
KA JEE; 24 TM-score ZUEKRT 0.8 B, B Model _1

REBUUNMREAR B 2, R 30% 224, e =R IR
FEAE 10% LA ,Model _1 1) TM-score 434 5 HE AR
AR, HEE b IIS , Model_2 5 Model_3 F Model
4 1Y) TM-score WE{E A B L ASIH] S Td B ) LA 22 5%
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P, Set-II A7, AN [RIFRAR Y TM-score 4347 FeAs—5, &
M
212 FET R AP REER

HRAEER 2 T HREE R 4 TM-score HUHE 0.5 1E 043
FEHfH , 4 TM-score = 0.5 Bf, RF U 2 11 S5 4R 35 118

R G =i~ si e U 7 N1 7 = 2 L A5 B 1 Ny i =
Model_1~ Model _4 FAEUREME 4R ME & Mattew A2 5
BRI 4, P S FIR BRD-like FraSAREALL
it SFIRTTAME 0.5 LU RIREAS

x4 TEERSRME BRI MCC B
Table 4 Sensitivity ,specificity and MCC of different template

b S() (L) £,(f,) S,(S,)% MCC
Model _1 52(96) 42(12 011) 10(54) 80.77(99.55) 0.59
Model_2 52(446) 52(11 671) 0(394) 100.00(96.73) 0.34
Model_3 52(261) 49(11 853) 3(212) 94.23(98.24) 042
Model_4 52(137) 47(11 975) 5(90) 90.38(99.25) 0.55

12 4 AT, 4 AR R SR 2 e 80% LA L ¢
S 95% A b BB RRA BT T8 288
BACRHIE, B AHIRI 4 B S B Jm v Al i i 5 2
), {H MCC {EXAIA R 0.6, ELAEME R 6 v A4 S 1k
S, RV R S — X P A A

X FHAEH 2 5 TM-score HYBRIE , 47 57 PE S
Py ABBURME S AR, B TM-score 1Y I {EL, BEURRE
SR RS S AR S O
22 ETZERMNEENEFERERTIE

At fdt MCC S B, [P Rr e Ut f
FrGR KV T AR AR T s A TRt
BRI LR 2Tk
22,1 B EAMES T

Ry B AR 2 [R] A ARALLVE 0 22 S AT
EPRAGHAT T™M-align LLXF, RAFAEAR 22 ] (1) RMSD
F1 TM-score, W3 5,

x5 FMEWRZIER RMSD F1 TM-score
Table 5 The RMSD and TM-score between the templates

bR~ RMSD(nm) TM-score
Model_1--Model 2 0.33 0.58
Model_1-—Model_3 0.35 0.52
Model_I——Model_4 036 0.51
Model_2--Model_3 0.22 0.61
Model_2--Model_4 0.2 0.58
Model_3--Model_4 0.25 0.56

AT AR B S B XIS ) RMSD #RAE0.4 nm LA

WL FTAMEERTE 0.5 LU, U &M EAR B T AE R4 &
AU JE N, RSO (B EAT AL . (EABEAR [ %) T™-
score Y/NTF 0.61, UL AR RIAFAE 25 5

15 Set-1 BHa 52 N, % 3% 2 #2461 TM-score, ~
TM-score, 1) 4 255, R SPSS A4 5AT = P 4[]
Pearson FHICFREL, 5 R FK 6,

3 6 Pearson tHXRE

Table 6 The Pearson Correlation

108 TM-score, TM-score, TM-score,
TM-score, -0.48 -0.46 0.32
TM-score, 0.36 0.34
TM-score; 0.45

7% 6 1, Pearson FHOC RELW A XHEIIAE 0.5 I,
Pearson FHICREU NI . AHFIAEAA R AT 4HEZ
() IR RE LU/, AN [RVARAI ) TM-score $UZH RIS AE
SELME )L, AN A AH XS 0575 55 41, Model _1 143
TM-score, 5 Model_2 ~Model_4 ¥T431 TM-score, ~ TM-
score, CH B A TAHSE BRI ARTRIREAS  X5F R 4T 401
FEAEBUE RN ER B AME
222 IR IIEITE R GRS

$E/E TM-score [SJ{H, H- >R FH XU Al 20 & % S 35 4R
Set-I Fl Set-11 #4732 IHEIRLUT FUUHEZR AT REAIL
R L 7 BEFUA Set-1 1 959% A FAEAS ; 43 AR
MEIERT 0.5 HLAES Set-1 r 50% (SUHECH 26) LA
R BRBCH PR BAM: R AR B &, FERT S
RARREAI T2 BRI T,

R7T RRAFHOFREME FFREUR MCC &
Table 7 Sensitivity, specificity and MCC of two templates

p a8 t,(t,) f,(f,) S.(S,)% MCC
TM-score, =0.56, TM-score, =0.51 50(11 994) 2(71) 96.15(99.41) 0.63
TM-score, =0.59, TM-score, =0.50 52(11 91) 0(74) 100.00(99.37) 0.64
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Fig. 4 The dentification number of four templates for
the Set-I database
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Scorey - = ?(Scoremgg + Scorey,, )
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11111
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1 /NERHEY

BT Bk S LR G R OTEE N TR RS
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Tk (1) Score,, =0.60, H Score, . =
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24 HEFEWEBKRESHIIERE
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Table 8 Self check of the classification method
53Tk (L) £.(f,) S.(S,) % McCC
Method_1 49(12 019) 3(46) 94.23(99.26) 0.70
Method_2  48(12 029) 4(36)  92.31(99.70)  0.72

Hi# 8 T MCC {HiA%] T 0.7 LA I, F¢ 5k
1 99.6% LA I, ST 92% L I, H A BHPE A 4L
ZERITE 1 2Z 0,2 Moy O ik a5 R ERIA K, (H LR
Gt MCC W45 R A, ik 2 BUr Tk 1,

X751 2 G5 A 4 AT AR SR AT 43 &
L4 MEBITEREA H d1vOval I d2hgkal % %3t
PRFEA d2hi7b] JF 17 B R A Z A d1w07a2
REEFY TUAR B R EEAS, 4 A BB P AR R X B Y
Score g BIRT 0.6, Score - BUE#BTE 0.565 LA
I BRI EIE 0.6, Pl 3 MEALE A 1Tl
B R BB B R R L Y 25 4 15 BT A
=, ITRE T T R

XFHrk 2 5T 36 AP PEREAS B S B &
A 3 MREAR—d1sj8a2 d1u89al . d2xola_fl i Fh4k
145 BRD-like 1 & 25 RIAHE] , ULIET 5, %5 1 ) SCOPe
IHS N a.216 .a.216 Fl a.184; HE 33 AMEBHE
AT 8 AFEAY 4 R TR ZS A (H AR F MO 2 T
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VLS5 XSO TR T & R AR 2 5 3

(a)dlsj8a2

(b)d1u89al

BRI W] LU T A S IR 432

(¢)d2xola_
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Fig. 5 Partial false positive samples

2.4.2  hAr PR
GRERINE T MR SR Set- I T AF
AR RAIR AR 9,
R9 FEESEFENMIERE
Table 9 Independent test of the classification method

ST t,(t,) f,(f,) S.(8,) % MCC
Method_1  15(2 236) 2(7)  88.24(99.69)  0.77
Method_2  16(2 238) 1(5)  94.12(99.78)  0.86

XA ST B A 43 28 07 T I BURR I 7 88% L)
b FESEETE 99.6% L MCC {H7E 0.75 L b, Hirp
D51 2 BYRSURE Jy 94.12% , MCC {H k5] 0.86, 136 H
LA L B S M T BRD-like $1 5 257!
SYYIERIATHY . XIS R IR Tk 2 WA a R
7 1 A 2885 047, 5 AIG MR I S R & .
ZEA E T MRS G Kok 37 PR A 56 B 45 SR, #f e ik 2
T Z RN BRD-like 373208 (194328071

3 %45
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FElA 0.34 ~ 0.59 ; ] F 2 XSUSTAR A9 5 e 0B 474325
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