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Abstract; Chemical risk assessment is important for chemical regulation and pollution prevention, the key step for
risk assessment is to obtain the environmental exposure and hazard parameters of chemicals. Traditional experi-

ments are time-consuming and costly to obtain these parameters, thus are impractical to assess the risks of a large
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number of chemicals. The quantitative structure-activity relationship (QSAR) model has drawn growing attention
because it is a high-throughput computational toxicology method to predict such parameters. Recently, a set of
computational toxicology software which integrate chemical parameters and computational model resources has
been developed to predict environmental exposure and hazard parameters of chemicals, playing an important role in
chemical management. This study collected 25 computational toxicology software and compared their development
background, predicted endpoints, prediction methods, comprehensiveness of the information and functions, predic-
tion accuracy through literature review and software trial. Results showed that the support of chemical management
regulations, the multi-field cooperation and data sharing are important for development of computational toxicology
software. Current software is generally limited in endpoint coverage, prediction reliability, software practicability
and expansibility. To further develop such software for practical use in comprehensive chemical risk prediction and

decision analysis, it is necessary to increase their predictive performance and expand their applicability via adopting

advanced modeling techniques such as deep learning.

Keywords: chemicals; risk assessment; computational toxicology; software
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Fig.l Prediction endpoints covered by the software

Note: Al-Water solubility; A2-Octanol-water partition coefficient (K, ); A3-Boiling point; A4-Vapor pressure; AS-Melting point; A6-Octanol-air
partition coefficient (K, ); A7-Dissociation constant; A8-Henry’s Law constant; A9-Organic carbon-sorption partition coefficient (K, );
Al0-Density; All-Surface tension; Al2-Particle-gas partition (K,); Al3-Viscosity; Al4-Flashpoint; Al5-Air-water partition coefficient (Kyy,);
A16-Self-ignition point; Al7-Polarizability; A18-Thermal conductivity; A19-Explosive properties; A20-Oxidizing properties; A21-Flammability;
A22-Fat solubility; B1-Biodegradation; B2-Bioconcentration factor (BCF); B3-Hydrolysis; B4-Atmospheric oxidation; B5-Biotransformation;
B6-Distribution between environmental compartments; B7-Bioaccumulation factor (BAF); B8-Half life in each medium; B9-Photodegradation;
B10-Biomagnification factor (BMF); Cl-Aquatic toxicity; C2-Terrestrial toxicity; C3-Microbial inhibition; C4-Sediment toxicity; D1-Mutagenicity;
D2-Carcinogenicity; D3-Skin/respiratory sensitization; D4-Acute toxicity; D5-Skin irritation/corrosion; D6-Genotoxicity; D7-Eye damage/irritation;
D8-Developmental toxicity; D9-Toxicological signal pathways; D10-Hepatotoxicity; D11-Reproductive toxicity; D12-Cardiotoxicity;
DI13-Repeated dose toxicity; D14-Neurotoxicity; D15-Immunotoxicity; D16-Photoinduced toxicity; E1-Metabolism; E2-DNA/protein binding;

E3-Blood-brain barrier penetration; E4-Skin penetration; ES-Gastrointestinal absorption; E6-Excretion.



LA U

FSRTEAE ; THT ) A it DU, TN 1) 5 R B2 R L AT S 331

fe2E R SR K, AR S,
SiREE pH (HSEIEE FMAROC . 280 Rl
IR R TS EUE . TR ACD/
Percepta % J& T pH {H X 7] fif 2 k22 i K, (EHI0
Mo, o F500 b 2% A pH A 1 B 9 BF Y K, fH.
CPTP A AT A P 5 1 FR B IR T, F 4k 2
i 5 PR PR i B AR S N R R A
2.3 AR DT

B T TI0I J5 3% | 43 R IR A RIS AL 4 1
FHBERAE T3 1 L (R SRR 0 7 AR 2R S5 e L
ToIN AL ] B A2 SR T SR R &R
2.3.1 TIN5

BT T RE B AE B R 3 ) B BT 4y
HAE X2 B8 (read-across, RA) . QSAR Fl L ZH R4 3
h(ER 2), BT e s weEd i a
AR P B AR L Dt B (1 FH T Al 2 o 45 S
FETEA R DL AT R BR

RA KAk 42 A U PE 43 21, #5810 AR Uk A
Py R0 S 50 A5 A I 5 B 0T 1L ) B s i, 45
RATEEPEAR R AR BE I T4 20 20 BR A AR LM
WA, et b L RA J7 58 F M8 PF Toxmatch
# OECD QSAR Toolbox #B i, & 22 AR Bl 1 1t 5
%, Toxmatch T 5 T 2 T IRFF Y AHLLBE 4845
U Euclidean i 5 45 % . Tanimoto 11 Hodgkin-Rich-
ards FREL, [ OSP4 5 7 2 T 45 04 1 AR DL BE 48 b,
Tanimoto $5 %% Hellinger {5 55 48 £ 1 i K> S 145
F4(maximum common substructure, MCS), UL & 24~
BB PR T ) FiE 5328 J7 %8, OECD QSAR
Toolbox A 345 HI P AR 500 22 i 6 FHAS [] e A1k
FE SR BT 0 21, A48 T 1) L 45 4 (R o 25 A 1
R TSR A HLE BE B Bk 0T R) BRI
(PEBT S logK,,, o1t B AE 1 ) A AL
(CE TR B B B2 OV (5 AE Y K A EAE Y
K/NFER | RA R AN TG BP0 S A AR A (H
SR P 52 A AL — 2 1R, s A
BALH ML,

QSAR A B TR 1Y 4 B s A (N 2548 ), i
S B S5 H8) 55 JH BA RSB/ BR A A T SRy BN
SR G R TR S B R s ) T
LN P ST, QSAR FEAIH E| T
Z I IRIE e/ 3 15 | Bl AL AR AR 322 48 0]
=Nl -RS IS X LA L E- &I L E G 3w e o
DRIBLAR 2 2] A R (3R 3), IR T fE

SERY AR AL L %) 25 53 7T RE S M QSAR HEH (1)
FPERE . R 1 RERTIX— [l Lazar S04 k 20
5 2] G CRpmALAS & 7R B0 B 3 2057 AR Lk
BVERINGEE L R B S  TE.S. T8 rh
WAL & — P 2R JR 3 £ o0 £ 1 Il T T AR
UL’ s Cheminformatics Tool Kit %X {f{# F ) RASAR
AR T FHARARLEE AR R R 1) 2 4] A B AT L AR MRS 8
LI T AR TR 45 5 1 A

LG8 ZR G0 R IU B 4 o 3 1 e i —
JBEH B T« 2R 45 K4 (structure alerts, SAs)” FHE
SAs 5 S5W B REMEA A IL A 5P BB R

®2 HEHTNFER
Table 2  Prediction approaches of software

o Bt
Egls Prediction approaches
Software LREG

Expert system

QSAR RA

OECD QSAR Toolbox vV vV
Danish QSAR Database/Models
VEGA
EPI Suite
ACD/Percepta
CASE Ultra
ADMET Predictor
OPERA
TES.T.

BIOVIA

LA AL <LKL
<

ChemTunes/ToxGPS
Toxtree Vv

<

Molcode Toolbox
Hazard Expert vV
Derek Vv

Lazar vV

UL’ s Cheminformatics Tool Kit \

Leadscope Model Applier VvV vV
OncoLogic Vv
ProTox Il vV

AdmetSAR 2 \
Toxmatch v VvV
KATE vV
PBT Profiler 2
CPTP vV

T : QSAR /i HIRE R RA KRN S,
Note: QSAR is quantitative structure-activity relationship; RA is read-

across.
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FR G AR M SCHR TR B & 22 F13H (OncoLogic,
Hazard Expert, Derek Nexus, Toxtree, Leadscope)a¥ X}
JR IR EHEEE I BE 1T 43 M (Case Ultra), #4) 48 [#] B SAs
SRR BINEIAY, JeT 5] &G PR SAs 2
B FERE L K RGMELAP S ARG LG, 45
Sy B BAPE TN | PR A 7 A 2 o JRURS: DF- T AN
FHT 25 A5 1R 0 B P F50I0 , A A] 78 Ak 27 it KUK 1Y
SRRV A TP T 0 ARV ) W O e
7 in vitro MIXMLE WP, BRILZ AN, LR ARGk
AT RA BT 2R PEAE LGS T4 B2 43 2 5 7T
5 QSAR RV A (i, 147 8 () ML B SR SR AIE
BIX — I RETE ST R A A AR B H
2.3.2 S FARATEA
O3 FHERRF & OCHR 73 1 5 4 55 3 P ) B S
I, & QSAR HALHIAZ.O o GETHAY B 3k i 5
TR A 2T PE BT AL S MR R 2
2 (1 B (1 €S W = A L o i 9 5 )
AL SHL, I IEE R OK 50 BE R A KIS EE o3 F it
85 il i S AR T AR 2H R AR AT S S
TR PR Y AT 1 B PR R A A R By B
S s MR AT I T 3RAE 501 R R HE BT3RS S

5 2 JE T HEF A0 3 M A5 B2 o e s
3 2P R A R SR TR ) R T 4 A B AR
FEES B a5 R RE 7 X, A& WA
PR RAERREY ) ML Z T 3T r ik
T R ST, an LT AR AT AR AT, T
WM IR A A AR TR R N b,
H JUATEARFE AT RAE T =AM 245 B BEE IR 2
VR H RS 3 25 R RRAE P 5 S AR A AR AT 2 A 1Y
ML FEE R SRt (E B, W B SO, v fi Rk
ST UM R A AR SR S R M 3 &
(1R 28 Bt (A TR Y | A AR AT R ) I I
2.3.3 NIRRTk

QSAR FlI'E Z R GMERIHAUAE — 5E (k2725 [
P3G 128 R R O o 3 3 Bk e 45 Hh
TN AS T B B 5275, LARE Bl T 74 55 0
P NOTETY

Gt e S A R SR FH R T R A A )9
(R 541 B AR SIS E Y ) 45K A L)
PEEERE ) 19 s R AE A A N 3 Hod, 5k
SR FH 3R S ERAE 5138 3l SR 25 S8 IR A BB
[l ,OPERA il CPTP {4 H T 2 FALATEITA H

R34 QSAR HEE AR EE T %
Table 3 Modeling techniques used by QSAR models in software

Wl et Ur kel g A ) Bk
Software Statistical methods or machine learning algorithms
(M)LR LogisR PLS NN NBC RF LDA SVM NN
EPI Suite vV vV
ACD/Percepta VvV
Danish QSAR Models Vv Vv
OPERA vV
BIOVIA vV vV
ProTox Il v Vv vV
AdmetSAR 2 vV vV vV vV
Lazar v VvV
UL’ s Cheminformatics Tool Kit Vv
ChemTunes/ToxGPS vV Vv
TES.T. vV vV
KATE vV
Leadscope Model Applier 2
CPTP vV vV vV vV

1 :(M)LR F/R(ZI0) 2k 715 ; LogisR /R 2 55 M5, PLS Fnfifie/ 37k ; NN FoR k L4022 5% s NBC FoRAME DU 4328 RF R
FEHLARAR ; LDA R AMFN 5387 s SVM FR SCRF ) AL s NN R B & W 4%
Note: (M)LR is (Multiple) Liner Regression; LogisR is Logistic Regression; PLS is Partial Least Squares; kNN is k-Nearest Neighbor; NBC is Naive

Bayesian Classifier; RF is Random Forest; LDA is Linear Discriminative Analysis; SVM is Support Vector Machine; NN is Neural Network.
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P55 YN S5 S 1 AR A 4 1) v ) B 8 ) O vk
BRA 0 235 K el R A 7 v B T A G A A AL PR ER
B, 4l Tanimoto % %%, EPI Suite ,BIOVIA Fll VEGA
KT T e 258 5 B bR 450 R R 1Y 5 vk
1 HAnrrb N SR B R B 4G 1 F S5 A i H W
TEBITRIZE RSO R 5) XTF 2 MBEERLN, 70T 45
Fa 2R A A8 Akt ] i 5 | A TR 1 1) 28 AR P Sl i 2
o PR AE J7 25 TG 2 Ok 50 %) ] §E . ACD/
Percepta \ T.E.S.T.Fll VEGA W] il i % £ 451 74 X AH {2
W) FREI A B TR 3 B D0, B T R AR AR AL 3
(1) 7% &P

RINH & R RGN K Z Lh5] & SAs AF R il
DUFE S FH I TR B . (R RS540 A 7EdR
JE ACSF S5 R0 25 [0 N A 280, 5 SO 25 Hh PR
PERY T . Derek ,OECD QSAR Toolbox Al Case Ul-
tra 4 r s Ak A BT 7 3 R iy P S i 3
5y 1 ALY (4 N R RO

2.4 BRAFSEBRRAE
2.4.1 BA{FYIRE

GRS e 2 i AE X AR CAS
SR - T R 48 R ARy 1 v e AR
( simplified molecular input line entry system,
SMILES)HJIIfE ., 0 HA fu i LA [R) B 3R SO
TEm LSS, Hd, OECD QSAR Toolbox HE/E A
FEE MO A2 45 38R (ECHA) B 7 2R i 4518 4i
& HARHTYI B, AR Re S AL G Wit
AL PR ST, S 1R HIRCR (R 6),

R T EEA R T DI RESN , B A AL TR
GRINBE , D4R TR 25 SRR 2k P ACHF
B R P 2 5 752K . Danish QSAR Database/
Models F1 AdmetSAR 2 & fIt T $ 4 P2 75 i ) fig,
AdmetSAR 2 i GERT B 7 04T 3 A4 R T
HARACE MW R RN . B T E RS L R &
LA Toxtree SCAF P X B4 rh O R SRR 12047 A5

x4 BEERNSFRIRF
Table 4 Molecular descriptors used in the software

IrTARAT 2T

Types of molecular descriptors

A
Software

Sy TR
AR

Molecular properties

Eiv
TRRF

descriptors descriptors

Constitutional

#ifh RE)
WIRFF Eiiipuyify

Topologic Geometric

el
EiLY

Quantum chemistry

TR
Molecular

fingerprints

descriptors descriptors descriptors

EPI Suite
PBT Profiler
ACD/Percepta
Danish QSAR Models
OPERA
BIOVIA
ProTox Il
AdmetSAR 2

<L <L

<

Lazar
ChemTunes/ToxGPS
Toxmatch
T.ES.T.

VEGA
KATE
UL’ s Cheminformatics Tool Kit
OECD QSAR Toolbox

LA L LKL

LA <L

Leadscope Model Applier
CASE Ultra
Molcode Toolbox

CPTP vV vV

<< <L
<<

<L <L

< <L <L
<
< <
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Table 5 Methods used to characterize the applicability domain
PR ARAE J7 122
Applicability domain characterization methods
B . AR 12 1) LR ARLE SE R ES L7
ARG o g " e
Software i iEREE =g STl i it 14 e
Descriptor ) o o
Descriptor space Structure similarity Structure feature Analogue prediction
ranges
¢ distance matrix matrix screening performance
EPI Suite Y vV
ACD/Percepta %
Danish QSAR Models vV
OPERA v vV
BIOVIA % %
ProTox Il Vv
AdmetSAR 2 Y
Lazar Vv
UL’ s Cheminformatics Tool Kit vV
TES.T. Y
VEGA Y Y vV vV
KATE %
CPTP v v
F6 WEIhEELLR
Table 6 Comparison of software functions
Z 2 [ B
FRTHIEK it TR
A AR - Simultaneous
Result download Batch
Software Input forms . predictions of
format predictions ) )
multiple endpoints
EPI Suite CAS, SMILES PDF vV %
OECD QSAR Toolbox CAS,SMILES PDF
CAS, 545
TES.T. N/A vV
CAS, molecule drawing
SMILES, 5+ T4
Toxtree N/A Vv
SMILES, molecule drawing
SMILES, 7+ F4: &
Lazar N/A Vv
SMILES, molecule drawing
) CAS b2
OncoLogic RTF
CAS, chemical name
VEGA SMILES PDF, CSV v vV
SMILES, 7+ 723, fk.2% £ Bk ,MOL/SDF {4
Danish QSAR Models PDF %
SMILES, molecule drawing, chemical name, MOL/SDF file
SMI/MOL/SDF/TXT 3L
OPERA CSV, TXT Y
SMI/MOL/SDF/TXT file
SMILES, 5+ T4 [, fh2E £ FK
ProTox Il . ) N/A v
SMILES, molecule drawing, chemical name
SMILES, 7+ F#%:
AdmetSAR 2 ) Csv v %
SMILES, molecule drawing
CAS,SMILES, fb2 £k, 73 T4
CPTP N/A vV vV

CAS, SMILES, chemical name, molecule drawing
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WAMER, I H o LSRR D g, Al A RA
HEATII Y OECD QSAR Toolbox {4, i ¥ 5 7
S AT B 2E BRI I AN S R
AR T —E W gL P A E8AE N TEREE, 1t
VERLP A 2850 e AR R S0 0 4l Fn s S 58
B SR N R i A X g L AR & B
A LT S P AR AL A IR S5

2.4.2 NGRS

T[] A 25 i JRUBS: PR B4 58 2 R 2 R A
PR PSR SRR T A 00 X 87 %) AR 7R R 5
SEUURH E PR TR A A 05 2., LAHS B F P X 58
AR TIOI 25 R AT SE M AT PRAL . 12 3R] e gk
ARBUR AP E B TER ansR 7 iR .

55 LA OECD K QSAR il S U Ay i 4 , % %%
A RRAE Be BT, AR S I ] T RS
BN QSAR ALY (1 EER, B i % HAH HTHY QSAR
AR ] A (4L W A S S0 T 2 IR A ks A
RU PR AR 1Y) B i DA R T R (AR AR 1y
MLEERR RN i Ak, 25 18 B AR I et A 45t
TP R R 52 0 B0 2 15 B A1 A s 50 A e 0
A% 5 Fl, 44t v, EPI Suite, VEGA . OECD
QSAR Toolbox i & BRI B ACA 5E & (053 #1F
FETEAR BB | AT R BRI AE A B b i S BR i
QLI BGE R VA RE R R NI R TN/ S M R (E WX ()
W B B P PP TN S R B ASE e M, Gt
/1 OECD QSAR Toolbox . T.E.S.T. Lazar , VEGA I
OPERA [6]iH45 H 13X 3 Fh{5 B, EPI Suite , Toxtree .
OncoLogic ,AdmetSAR 2 Fl CPTP #4245 th AH X A7
B WA F 5 B T SR T R R E R A
FERRPF RIS DR 8 B2 U P TR0 sl A A
PR A 07 AR T P B0 B A%, 1G5 1 SRR X 3R
L P AR
2.4.3  QSAR H{F 1500 iR 3 b4

T8 Gt T 7 WA B AT RN QSAR F
RUR TR0 P REFE A, A [l R TR v 25 3 1) AE =
/7K 3 TE 22 BRI A= ) e 2 DR A5 U 6t 36 i 2 R )
RAEM R ¥4 08 Zcdy , B B ) W0 &g g , SR i
MR 2MEREMARTNN R AL 0.7 LN, T e AR X
B, &5 A YR S e RN B AR 1 2 Fh o A
AU HERA BESATE 08 Zody , HAA A1 88808

BT BRI 3 A2 a5 (endpoint) (1) M 45
I AL (FR 9), & A XF LCy, Y T 45 2R
2250 K H I8 5 SCHRE A 3R 228, B R 3 %F

IR A A R R T BE A R . IE SRR A
F B (logK,,,) F1A4: ) & 4 K 1 (1logBCF) 1 i I {H 5
SCEE AT, Hodp CPTP X logK,,, (4 7N {E Fl EPI
Suite \VEGA %} logBCF 7l 5 Sl Fc 42230
2.5 LA

LA P R AT G A B A A
BAFINRE XS SEBRERAE 0 12 AR AT AN M H
HI7E Ak 2% o 4 3 v A fiff ] EPI Suite, VEGA Fll
OECD QSAR Toolbox ¥, % 3 FEAF#F 2 A4
PRSI Fm A hr B &SRR L ARG R4
Tl A4 05 . Hod EPI Suite H1 VEGA K44 AT s34t
S TN R 22 28 [ B T 3 A il B A A LA T
KAk B XS PEMY ; OECD QSAR Toolbox H A
e B AE Al B, PTRR AR AN i TN 1 38 A B
AV Ak 2 B S TR A B R

3 112 ( Discussion)
3.1 R AR 2D A5 ]

WRYEGETT T, B4 42 0% R A T ¢ o5 3 25
R RS T I D Rr s v i o | RE p
TATAEAE SR BR o A X 38 A (B4 DG 1 I 28 A, g
Bt a i i b AR R Rk 0 530 AN
M e e 22 5, H K Z K ie % 1B E
FAFXIE TS E 52 GETH Ao =40 14
IRPF B S FAR A, | QTR B P 28 I £ i 0 FH A D
KR AT 4 AR ARTE KBRS B ATl v g 2
FH5 R RS S04 R BB W 7R A (9 75
T2 i, B 3R v ot i ) 0 9 A Sy A I s Al
PR XS = A AR AT 132 A D AR, IR IR
JE ot 22 D 24 46 Se it g 1k o7 P T SRR B B A s, LA
PEFHRA BN PERE  IE Y R ILN SR, b iR
o PRUERIAE R P A 0 B N B 8 3 B, LA g1
IR 35w Ll P RS O, LSRRk
mn PR

TEDIREDTTH , B3 A AT S P & 8 H s SCRY il
DABIAY A AT PR e AR AR R DR, LA H
ZJHMNF R, AR 2 BLAEE AR w3 1%
BRI R G A ) P A S AN R B ARLA R | 45
B AR S EEN D R, SE IR 2 i N 2 7R 2]
e TR LA FR B . SN, BR T AEN
PR RO TEL  AR R B A R O P A B A
FEZR RN A3 A7 T T AL T 3FASG Fn ke s 43 #r
TR R SR R GE, TE AR 1 2 i A 3
1% g AR PR
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Table 9 Comparison of experimental and predicted values of the representative endpoints of chlorothalonil

BRAFIE
TR 22 55, S E Software prediction values
Endpoint Experimental value EPI Danish
. Vega TES.T. Lazar CPTP OPERE
Suite QSAR DB
IEV KM RE R BOSEUE (logK,,,,)
Logarithmic value of octanol-water 305 3.66 424 N/A N/A 3.66 3.1* 3.66
partition coefficient (logK,,)
FREBCH L (LCs,)
/(mg-L"")
) 0.023 N/A 022* 08 946 036 135 N/A
Lethal concentration 50% (LCsy,)
Amg-L™")
A=) SR AL X R { (logBCF)
[log(L-kg™
og(L.-ke™) 125 1.68%* 1.68* 1.74 N/A 1.68 2.14 18

Logarithmic value of BCF
/(log(L+kg™"))

TE :N/A FORERIFBOA N ; * 3278 5 S I I O TU A ; K, 9 IEFEEK A3 HC R HEG LG, AR BB L ; BCF AW s 4R A+,

Note: N/A represents the software has no corresponding models; * represents the predicted value closest to the experimental value; K, is the octanol-wa-

ow

ter partition coefficient; LCy, is the lethal concentration 50% ; BCF is the bioconcentration factor.

3.2 FRIE Bl it XU I R AF T R

Wi [ B T I AL S By T R AL
sty RS A7 B AP AR R P, 7k B2 TR R A2
i KU AN A7 s 1A 2R, O Jd A 2 25 S VR S8R
fle it 75 BILEMZ 2R R &, i H 3w B 2 4K
PRETT R B T RAFR AT, Sk S AR A SO IRSE [
FE AL BRIt 715 BALEOR SCRe . S ESMA
L, 3 FE A TR B A AR ST AL TR AP B B, AR L
AR IR B B 0 A48, IEAFR, R
P A A BN W R, Al bl A AT 55 H 4R
FL, PR T 5 2 5 [ R B ) L Eh 2 e, T3
RS WT SN T BB I RN T, LU B A2
an KU P AV B TAR RO IT I . 258 FR I By SEBR
O, S LA L il

(Dfd 23 FE A7 A SR AL, T O B A )
JERANTH 35 BRAT A2 i 9 2 T XURS: 87 B, 38 4k = i
R TR R B A ROR TR OK

QR A7 it RS T 5 AR 7 VR R 5 ]
5 S I B0 TR & S

GBS EE R AA R IR I 222 BRSSP
GRS eSS AT AR A 5 R

@A R S BUR AL S, BUF 8
BRI <5 07 T A S A, S0l e A S BT ML T )
[ A B AR S Ak R AT A 2 Al B O

REOBTAET R A X RGP T A A
SERTTE ARSI TR

(G)nam AL 23 2% A KAl 2 i A BEATLAL 22 8] A9 15
S RGBS A A SRRIT K 0B L
AL , SSETRIBIE T AL £ A DA 2 f A 250 A A 20 o
AL, S BRAFIT R AR S R B B U

BIEER N A E58(1989—), B 4+, 2R @ AR
B A5 4 My 0 AR A AT S R R FE R R AR B TR
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