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Protein secondary structure prediction Server PSRSM

HAN Xinyi, LIU Yihui*
(School of Computer Science and Technology, Qilu University of Technology (Shandong Academy of Sciences) ,
Jinan 250300, China)

Abstract ; Protein secondary structure prediction is an important part of protein structure research. When a large
number of new prediction methods are proposed, new protein secondary structure prediction servers emerge. This
paper selects seven commonly used protein secondary structure prediction servers; PSRSM, SPOT-1D, MUFOLD,
Spider3, RaptorX, Psipred, and Jpred4 to evaluate their instructions and predicted effects. The evaluation data set
is the 180 proteins released by the randomly selected PDB from August to November in 2018. The evaluation
parameters are Q3, Sov, boundary recognition rate, internal recognition rate, corner C recognition rate, folding E
recognition rate, and spiral H recognition rate. The Q3 results of the above servers were 89.96%, 88.18%,
86.74% ,85.77% , 83.61% , 79.72% , and 78.29% , which show that the prediction results of PSRSM were the best.
In the 180 test sets, the results of the classification of 30%, 40% , and 70% homology show that the Q3 results of
PSRSM were 89.49% , 90.53% , and 89.87% , respectively, which were superior to other servers. The experimental
results suggest that protein secondary structure prediction could be further studied by combining multiple deep
learning methods and using the big data training model.
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ZFPAELE TR 55 7, 0 PR T -1 b e e 0 Al
5545 : PSRSM , Spider3 .SPOT-1D , RaptorX ,MUFOLD ,
Psipred Fll Jpred4 , - AT BN Z5 SR M Q3 Sov
RGN NFGR B e C PO, 1S E iR
AR TE H U 2B A D5 1 AT T X ITEAG
FIR-E R TN AR S5 A% YR A T & AR TRN Y T
757 : PSRSM R FH 56 T 2538 4 43 Fn > Bl AL 2 (1]
AR 535 s Spider3 i FH K S ke AZ 90 45 A1 XL T
BBIAMIZ 4 AR AR SPOT-1D 454 T A6
TR RO 28 R i) 326 U 1l 28 ) 45 ) RaptorX. i 17 VR
HRM 235 ;MUFOLD R T —Fh 4% R W iR -
NER—BIA I 457 5 Tpred4 T8 it TNet!™ 22 g2 fIL 75
W, A {5 FH i i 28 D0 485 1) Psiprediﬂ o FHTH B
() PSRSM 1 SPOT-1D 341 T X K EH 4L i (i

AHEGFSCHRL 10, 340 T X 508 & A 19 SPOT-
1D IR 55 Z A G RNVTAS X T R 55 i 0 it FH e R4
T U RN T X B C P& ECFIERE H
DAY RIS 11370 S A 16 T 00 9 R S R 5T o Bt
WEMSH% M, Hrh, #5548 Q3 45 M s %
%4> %] & PSRSM: 89. 96%; SPOT-1: 88. 18%;
MUFOLD: 86. 74%; SPIDER3: 85. 77%; RaptorX:
83.61% ; Psipred : 79.72% ; Jpred4 . 78.29% . 4% F: 3
] PSRSM TN 25 R P8 T oA Al 55 4% .

1 PSRSM-Server

PSRSM-Server J& H 55 & Tl K225 ik {5 B Ak
TR AT & B 25 10— 2 435 4 T IR 55 2% | IR 55

QlluBlO Protein Secondary Structure Prediction- PSRSM Qilu University of Technology

s /

Example: Sequences Input

Sequence for Prediction:

b Introduction E-Mail(optional)

» Sequence
I Sequences(muM
+ Predicted result 1

> by JobID

b by Sequence

b by E-Mail Amino Acid Sequence(?)
~ Comparison

¥ by JobID

¥ by Sequence

> by E-Mail
# Rankl paper

Example: Fasta File

b .
A New Server:Panda Sequence File(@)

| R | R

S”“"\AL

Completion statistics:
pending: 0

Last 24 hours: 0
Last 30 days: 329
Total: 18794

i B T B il o3 02 Bl BL T 25 1] (Partition and
semi-random subspace, PSRSM) J7 & #t 17 fiit 1y B
Jr i EEOR A E SR IR R B A B4 R R
YILREERN 53 6 Tl 182, SR 5 IR BE AL 725 8] J5 ik
A TS 8] R SVM AR BEA G e, 7125 ] v
YIGRBEAR TP A ; I Jm 1 5 22 5 S A 7 4R o
WY EEA P R AR EE G, A U B 3 e Al . 48 A
1 PSI-BLAST F2 /54 B I%) 20XL ) PSSM [ , Hirp
20 AL L NEH K E, AR E 5
P o\ 2 R e 5 1 0 2R AR B AT U, b
IR 55 b T 5 /AR “ H G 1 ¥ H” ,“B E %%
S E” L HAWEE IR C RS B 2 1) 3 A8
W ZJ7TEEAE ASTRAL Al CullPDB 45 e H T
15 69655 < BR ¥ AR BLBE A BcHi k4791 2k, 76 DU
4 CASP10, CASP11,CASP12 CB513,25PDB #l
T100(2018 4F 2 H i 100 4%) F Q3 55 Hilik
Fl| 85.51% . 85.89% . 85.55% . 84.53% , 86. 38% FlI
85.00% ¥ K 4f ¥ i€, PSRSM-Server [ i Jy;
http;//210. 44. 144. 20 . 82/protein _ PSRSM/ default.
aspx,

IZ WAt T B SR T A £ 5 SR A
Uife, i “Sequence” | FE IR 1 frR S ARBAS , {8
AT RS SE AL . BT SRR BT L LR
10~800,

$E 52 LI P 3 25 53 BE— 4> Job 1D, {8 & W]
HAE e Job ID | J3 1) 35 35 T30 B8 R 4 AE 9 s 2 )
“Predicted result” HARHEAN ] 0 77 A 745 SR A1)
a2 R,

A new prediction server:Panda

TIACPHEGCTKMFRDNSANRKHLHTHG

™~

3

Upload

B 1 PSRSM fR&E = ELHIENIKRISR
Fig.1 Single data test submission step of PSRSM-Server
e H P ARG B AR 1 ik Sequence” SRS ARTHIRBAS , ZERR I 3 Ab%i A$RZEIFH , S fa s ihibmid 4 AL A9 submit™ 58 BER S B $ 52 .
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QIIUBIO Protein Secondary Structure Prediction- PSRSM Qilu University of Technology

Please input E-Mail |

Predicted It:
b Introduction brkitesii

JodID Time
& Segiente 12179 2019-03-24_13-19-20
¥ Sequences(multiple) 12178 2019-03-24_13-04-11
% Pradictadivasiit 12177 2019-03-24_13-00-30
- 11128 2019-02-28_11-37-23
vi-lolH) 11128 2019-02-28 11-37-23
b by Sequence 11128 2019-02-28 11-37-23
» by E-Mail 11128 2019-02-28 11-37-23
A 11128 2019-02-28_11-37-23

¥ Comparison 5
11128 2019-02-28 11-37-23
b by JobID 11128 2019-02-28_11-37-23

> by Sequence
b by E-Mail

394
124
241
225
352
378
7ii

A new prediction server:Panda

[ -Searchh3

Download

2

@ag.com

Remark
GSVDVPVTDAYWQIL
TIACPHKGCTKMFRD

TIACPHKGCTKMFRDN
EQ60
EQ59
EQ58
EQ57
EQ56
EQ55
EQ54

Status
finish
finish
finish
finish
finish
finish
finish
finish
finish
finish

Download
Download

Download

Download

Download

Download

Download

Download

Download

Download

» Rankl paper

» A New Server:Panda

Sequences

Completion statistics:
Pending: 0

Last 24 hours: 0
Last 30 days: 329
Total: 18794

B 2 PSRSM RS =FIRIET B L REN

Fig.2

P B JE TR Predicted result” 255 “ by E-Mail” , SR J5 FEFRIE 2 A0 A 1.2 i A 7500 R4 R

PP AT AR 5 2, e i Download” T 445
RECH R Select” TE M DU & B 25, T 4945 R
HE LA ixt 48 ORAF . 3l the [F)BE S2 RE A% Fasta A% 2K
SCPFHEAT IR, AR 25 R Oy R K 2, e, 1% M
PEAE T A Tk B R 8 ThoRE, 7E A M
“Comparison” H , & H JIr 75 A 1) A4 45 SR i A EL S HY
DSSP ] B4 A A Q3 Fl Sov HERHZ,

2 HAhIrn4
2.1 Spider3

AT BRI 27 >0 O VA A T 2 1 ot — 45 ) B
I E RO T 10 2] 20 2 R 5% 3L K/ N T B
i R B b PR B 0y s B A AR, iy
EFEFRKMEIC1Z ( Long short-term memory, LSTM)
XLJa] 26 U3 #4228 ( Bidirectional recurrent neural
network , BRNNs) " ZEA B W S0 10 45 00 F 4
i N L3 R S S - = e & B
MR . 205 BB T PN S ECh 256 13T
[i] 38 DT A 26 I 245 22 ( BRNIN) | 22 J R TR 245 2543 31y
1 02471 512 HIEEJZ . 78 BRNN JZ R T LSTM
AN A 27 > I B RS AP 5 3 51 N IO AR o 1Y) 24
AL HE & FE R 7 Fh 4G 3R 7 32 Ak P BT ( Physio-
chemical properties, PP) ,PSI-BLAST %] 20 4k ¥ 4F
SPEVE SRR (PSSM) |, L) KK [ HHBlits 19 30 2B

Query results based on email address in PSRSM-Server

K, B )5 AR TE 3 ALK Search BIVAT A iA) 42

LhIR AT RMEBURRAE . 1207 B AL 5 780 N
FIBT, P A AR AT 25% , X S0 BERR T
2.0 4 A, T s BERLEESE4 S90F R 1 BT/
AYNZRLE (TR4590) , Hodx 1199 FAE b <z I i 4
(TS1199) , SCHk[ 4] Hr 48 42k 7 51 0 4 B 3 A0 |
VEFIAT LAE =25 Z 9045 F O HEAf 35k 84%

Spider3 $R L 1 4% 2 11 BT AL £ 2 1 5T 4
I DIRE , IR o sl o S A 1 000 AP 2 Zh A
TELAR AT H b FE b, ik 55 4 B2 A B [+
—A~ 1P FHEA T 2551 SO AT 100 2%, i
BT R I B AT, Spider3 MhEH
http ://sparks-lab. org/server/SPIDER3/, #% 3¢ %t
WNIE 3 s, $RSSIN IR, ] A AR A B A A 2
R BCE LN TR T AR
2.2 SPOT-1D

SPOT-1D J& H i35 i — AP 8 1 BT R A5 T
M55, YER Spider3 W ekt 53, SPOT-1D 7Eff
FHY 0L 366 VA it 28 99 24 19 < e I 98 12 40 Y ( Long-
Short-term memory Cells in Bidirectional recurrent
neural networks, LSTM-BRNNs) FEfili [ 456 T 74
# M 4% ( Residual Convolutional Networks,
ResNets) ), IR 51 A 4% 3% 5 A~ J 1) o i1 e 390
I | PRI 45 SRl A5 2 1 W] R AY ST,
P £ RS AR ) AR TE SCHR [ 5 ] A AR 880 3 TE 40 i Ui
B, IZAER RS A T 2 BER Y 7 AR HEA L
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P J5T, SPOT-Contact F 51U 42 fjl 5117 2., PSSM. Al &t
S RBHRAR AV IR AL, 3L 57 B4R fER A . HH LT
Spider3, SPOT-1D Ft 7l I B i o, B 17 454 289 (19 i
i ,SPOT-1D M PISCES Al 45 #i s Bt T 5 2 40 iy

10 029435 F BTEAT U kol 1 5% 1 A48 T 04 [
Spider3 , (H &K & 22 ¥ HIAN AT 3 5 4%, SPOT-1D
B 31k A < http ./ /sparks — lab. org/jack/server/SPOT-
1D/,

| SPIDER2 : Improved Sequence-based Prediction of
Local and Nonlocal Structural Features for Proteins by LSTM

(ACADEMIC USE ONLY)

1

Check the current Queue to prevent DUPLICATE subV
E-mail address

(Mandatory if submitting mutliple sequences):
Target ID (optional):

Input your Protein Sequences:

>3EQL

com

-—)

G SEMIDRTDADDLDLQRVG ARL AARAQ TRD IRLL RTQAAVHRAPKP 490G LTYDLEFEP AVD ADPAT I SAFVVRISCHLR [QNQAADDDVKEGD TEDE TADVATADFE 3

FALLFD VHLOBEGEDDE TEEEL TATAAT TGRFALYFY IREYVYDLTGRLALPFL
JLEILSREMEVSECAQYE ATRGTE:
2

SVAMEHLTSFERELGTL IDAVHERGRRGNER

JEQ2
AMAD TG SMTKKPGGPGENRATNML KRG LPRVFPL W VERVVISLL DGRG PYRFVLAL T TFFKF TALAPTR ALLGRWEAVE
ESTA RGEE

>5EQ3
SMEMGL TPFLILLEK TLEQLQEKD TGN IFSEFVPLSEVPDYLDHIKKPNDFF TMEQNLEAYRVLIFDDFEEDFIL IVSHC i

¥ i

Use SPIDER3-Single method. See relevant paper for details.

You might want to use this optionﬁ/ou need results quickly or if your input sequences have very limited evolutionary information.

‘ubmit | Clear

B 3 Spider3 IR3ZMiXF 5

Fig.3 Submission test sequence in Spider3

T 5, PR R bR 1 A A TR WRAR , CEARTE 2 A A AR PR SRS AE T ITARTE 3 AR I R Bl U A P9, fe e il b 4 &b

B4 Submit” 5E BT 58

2.3 RaptorX

RaptorX R H T £ R IR B & B #2423 ( Deep
convolutional neural fields, deepCNF)'*"" {) F il J5
2 2T R R A B 28 I 45 ( Deep convolutional
neural networks, DCNN) Fll 514 # 4 3 ( Conditional
neural fields, CNF) fHZ5& B RE L2 J2 19 07 2%
SLZR T B A R 5 R R AT AR, T LT LUAR 4R AH 48
FRFE Z 18] 1 A O PE E BL. FE DeepCNF H fifi F
DCNN #ffe CNF FR IR JZ P22 [ 2%, DL 30 A
2 B AN 1 bR 48 2 1) Y S 2R OC R R = X T
PDB 5 Ay 5 %% (W] U5 1 5 A i 97 1% 1 2R
B HA ARSI IR S0 ZEELE 1 BT 81 19 1
I, RaptorX 7 M Z5 i i 17 ROC il 26T 1 fl i K
fk.( Area under the ROC Curve , AUC) J7 =I5
ZLE I RRIER AR 21 4E PSSM FILEAT 21 Ao
() i ) (R HE 1 MLE ERYEIER ) A,
I 42 2 RaptorX il T CullPDB H1 5 600 2525 1
BEAWEN S, Wk S At 1t i 0 i DO RE , $2 52
T anE 4 Frzs . 75 My Jobs” B AN 2 52
FRTHIRRE , S5 T4 R B2 . TR RS MR . hup.//

raptorx.uchicago.edu/StructurePrediction/predict/ ,
2.4 MUFOLD

MUFOLD & H 4 & Deep3l 1 [ 4 ( Deep
inception-inside-inception networks, Deep31)'” #F 17
BER HEE T, Deep 31 B A £ 1Y 1l i
TR RIIR B b 5 BLLL K 5¢ 42 W 1Y 20
R, A ROAL PR T 2 B 2 18] 1Y JR B A4 Ry A
HAEH ., MUFOLD Xl 245 48 iy A HRAE A 3E 4 2
BT, VI ZRAE R = MR BRAL P B, PSI-BLAST 4%
fIEFT HHBlits 45 fiF 41 5 B9 48 B2 0 58 #Y 5AE 1] 1
BEHLIEHR T CullPDB H1HJ 9 000 4% 8 H BT /EIZR
A o IZ A BN TRT ISt A1) A0 4 e 4 00 246 ) 8 B of 2 4
%% (Inception capsule networks ) 2035 £ T y-5% ff1 il
TR AR AR S R AR A E 45 FR
J& ,E N /A% “Secondary Structure (3-states and 8-
states) " SR JE &5 4 F1 B 91, AN Fuv/F e 91 A 4 W
TrEAT , HiZ R4 52 10 s, 4 257 51 i)
KEEVE Ry 30 2] 700, % MR 55 4% 4k 4 < hup://
mufold.org/mufold-ss-angle/ ,
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RaptorX property

Protein Structure Property Prediction

RaptorX Property is a web server predicting structure property of a protein sequence without using any
template information. It outperforms other servers especially for proteins without close homologs in the
Protein Data Bank (PDB) or with very sparse sequence profile. This server employs an emerging machine
learning model called DeepCNF (Deep Convolutional Neural Fields) to predict secondary structure (S8),
solvent accessibility (ACC). and disorder regions (DISO) simultaneously. DeepCNF not only models
complex sequence-structure relationship by a deep hierarchical architecture, but also interdependency
between adjacent property labels. Our experimental results show that this server can obtain ~84% Q3
accuracy for 3-state 35, ~72% QB accuracy for 8-state 55, ~66% Q3 accuracy for 3-state solvent
accessibility, and ~0.89 Area Under the ROC Curve (AUC) for disorder prediction. Raptorx-Property was
ranked 1stin 3-/8-state secondary structure prediction in a third-party evaluation work published in Briefings
in Bioinformatics. Software is available here.

~
s ¢

Job ldentification

Jobname: (01

| Email:| @aqg.com |

Sequences for Prediction  (example)

Sequences:

=seqi
ENIEVHMLNKGAEGAMVFEPAYIKANPGDTVTFIPVDKGHNVESIKDMIPEGAEKFKSKINENYVLTVTQPGAYLVKC
TPHYAMGMIALIAVGDSPANLDQIVSAKKPKIVQERLEKVIASAK

Sequence file: | JEFSZ‘P-# 'xﬁ%‘l’iﬂxi’# |#| Use Sequence Profile ! 3

- Submit b—q

4 RaptorX #tER T MK FF 5

Fig.4 Batch submission test sequence in RaptorX

TE e JUPRTEE PARTE 1 AL AT AR , TEARTE 2 A A TARZ R, AR TE R J5ARTE 3 ALARIE I thon ilas U5 AP 91, docf s e T 4 b

B9 “ Submit” 5& W7 51 #2 52

MUFOLD Servers

MUFOLD SS and Supersecondary Structure Prediction

Protein structure prediction is very heated research area in computational bicinformatics field. A Faster and more
accurate protein secondary structure prediction tool can provide important support for ab initio and homology
modelling protein 3D structure prediction. The protein secondary structure is acting as a bridge that link the

Software sequence and 3D structure.
Download

My Job Status

Email address (Optional, later you can use either your email or job ID to track your j
Documentation

Enter email
Contact

Job Name (Optional)

Ater target name

Job Type

Secondary Structure (3-states and B—slates)*-— 3
[0 Psi-phi Angles

[ Beta Tumn
0 Gamma Turn

Input Sequence (up to 10 sequences, must be in FASTA format) [paste example] [See example results]

>test
A DDDTGYLPPSQAIQDALKKLYPNATAIKWEQKGVYYVADCQADGREKEVWFDANANWLMTETELNSINNLPPAVLTAFMESSYNNWVVDDVVILEYPN
EPSTEFVVTVEQGKKVDLYFSEGGGLLHEKDVTNGDDTHWPRY

Em "

5 MUFOLD 123 llik B 51
Fig.5 Submission test sequence in MUFOLD

FE S, P TEE P RRTE | A4S A TR MRAS , 2EAn i 2 Abfi A TAEABR, SRIG7E T ksl 3 Abik 4% “ Secondary Structure (3-states and 8-states) ™,

SRIGTERRTE 4 AL B SCARE iy ABR 5279, 15wl T 07 Submit” 58 UT 51 $252.



55 2 1]

HhOMR 5 R I AR TN AR 55 4% PSRSM 121

2.5 Psipred

Psipred &% F 10— Fp &5 1 5 — 20 45 #4 1 0 Ak
S RS wEE T ZMEARTER TR 245
PrOmEVE R TR 8, land@ft 1 F s Fas th vk
Ji ¥ Psipred, GenTHREADER, pGENTHREADER
8 FEMZEZERY 5T, Psipred SR FH T W2 BT A 42
W25 B 2R | 4858 SUBRTIE X I 28 PE REEA T IPA . I

Input Sequence Filter

#| pSIPRED v3.3 (Predict Secondary Structure)
pGenTHREADER (Profile Based Fold Recognitiol

BioSerf v2.0 (Automated Homology Modelling)

! FFPred 3 (Eukaryotic Function Prediction)

MEMPACK {SVM Prediction of TM Topology and Helix Packing)

DomSerf v2.0 {Automated Domain Modelling by Homology)
Help...

AAHSGTYRCYSFSSRDPYLWSAPSDPLELVVTGTSAAA

Help...

Email Address for job completion alert tional)
Y .com 3
Help...

Password (only required for licenced commercial e-mail addresses)
Help...
Shaort identifier for sulymission

Help...

i A — 5

25 AR [ PSI-BLAST #Y 20 4EHFAEH 4, Tl
IR 5T — R R A D R - R B BT A
RAGFT R S5, SR A P30 | [R5 2 0 3 97
FARFERANEARAT | e S5 T8 i A DY HBAE 2l g R
w6 fras, 1ZMRSS WL R < hitp . //bioinf.cs. ucl. ac.
uk/psipred/

Choose Prediction Methods

| DISOPRED3 (Disorder Prediction)
MEMSAT3 & MEMSAT-SVM {Membrane Helix Prediction)

DomPred (Protein Domain Prediction)
nTHREADER (Rapid Fold Recognition)
ADER (Fold Domain Recognition)

Input Sequence (Single sequence or Multiple Sequence alignments; as raw sequence or fasta format)

GSQSGPLPKPSLOALPSSLVPLEKPVTLRCQGPPGY DLYRLEKLSSSRYQDQAVLFIPAMKRSLAGRYRCSY

QNGSLWSLPSDQLELVATGYFAKPSLSAQPGSGGDVTLQCQTRYGFDQFALYKEGDPERWYRASFPII i 2
4

If you wish to test these services follow this link to retrieve a test fasta sequence.

Submission Details

B 6 Psipred #tER MWK

Fig.6 Batch submission test sequence in Psipred

L E e, PR bR 1 A EFEIR S5« PSIPRED V3.3”  YEFRTE 2 A SCARE i ASRSE TS, FEARIE 3 A1 4 b4y 54 A T ES A A TAE 4

Bk, B J mi i B U7 predict” SEIRUTFI AL

2.6 Jpred4

Jpredd st JNet® B HRALTON , 76 LA RAR
JPred3™™ i fdi ] INet2.0 X 25 1 50 21 R A7 F000
INet2.0 Al FHAS R SO, DL PSSM B By JR B 5 Ay
TEVE Rt A, (o FH W 22K [ SNNS B 28 I 28 40 /g A
T2 2% R 2 BT A 9 I E] 100, Jpred4
UL INet2.0 Fir 2 W 25 (1) 00 g E AT 1 ST I 25
W1 3581 SCOPe/ASTRAL v.2.04 # 5% it b5}
JEH BT S — R IEAT 7 A5 38 LBk
HilfE INet2.3.1, i 13 # & UniRef90v.2014 _07 A= 1§,
PSI-BLAST #5 & T &P 9 0 2 & X, bR T X
INet2.0 I 2 41, INet 19 HMM F e 20 BB E
HHT A~ HMMer3, Jpredd Fx 278 150 K H F )l 25

AR 15 e 81 B R DU P A T HE R M, Q3 kA ]
KE 82%,

Z P R T O A TR, an 2R HE R A
AN FF B N ELAE “ Advanced options” H ) “ Select type
of input” £ H1 | % H' “ Single Sequence” ¥ “ Raw/
Fasta” B2 ; A0SR 24t 578 W 0 by A G 1 BUF 9,
N 752 7E “ Single Sequence” T 1 H1“ Batch Mode” £
2, AR5 iy AWt R BRAR LA R 30T H 44 (b i 44
i T DUE th B A 7 AT ) o i
PEAS I RN 7 BRI A B0 23 ik B R AR
T DUTE R 0T S R A R, Jpredd 2t I 55 1Y
M4k 4 hitp ://www. compbio. dundee. ac. uk/jpred4/

index.html .
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Input sequence(?

.

Skip searching PDB before prediction (7
Email address (optional) ()

Query name (optional) @

5SS Pl = e | .

-~

=5EQ1
GSHMTDRTDADDLDLORVGARLAARAQIRDIRLLRTOQAAVHRAPKPAQGLTYDLEFEPAVDADPATISAFVVRISCHLRIQ l
NQAADDDVKEGDTKDETQDVATADFEFAALFODYHLOEGEDDPTEEELTAYAATTGRFALYPYIREYVYDLTGRLALPPL
TLEILSRPMPVSPGAQWPATRGTP

~3EQ2

AMADIGSMTKKPGGPGKNRAINMLKRGLPRVFPLYGVKRVVMSLLDGRGPVRFVLALITFFKF TALAPTEALLGRWEAY

E

KSVAMKHLTSFKRELGTLIDAVNKRGRKQNKR

~SEQ3
SMEMQLTPFLILLRKTLEQLQEKDTGNIFSEPVPLSEVPDYLDHIKKPMDFFTMKQNLEAYRYLMNFDODFEEDFNLIVSNC
LKYNAKDTIFYRAAVRLREQGGAVLRQARROQAEKMG

~SEQ4
SMNPPPPETSNPNKPKRQTNQLQYLLRVVLKTLWKHQFAWPFQQPVDAVKLMNLPDYYKIIKTPMDMGTIKKRLENNYY

WH

AQECIODENTMFETNCYIYNKPGDDIVLMAEALEKLFLOKINELPTEE

~3EQS

FKVIYGDSIMDTEIEVIENGIKKKEKL SDLFNKYYAGFQIGEKHYAFPPDLYVYDGERWVKVYSIIKHETETDLYEINGI
TLSANHLVLSKGNWVKAKEYENKNMN

=5EQB

EPGLPPGPLENSSAKLVNDEAHPWKPLRPGDIRGPCPGLNTLASHGYLPRNGVATPAQIINAVQEGFNFDNQAAIFATYA  +

Advanced options (click to show/hide)

SR (" 2

Single Sequence (click to select format). © Raw/Fasta @ Batch Mode
Multiple Alignment (click to select format):
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Table 1 180 data set

Homology/ %

Protein name

5Y3S_A 5Y4U_A 5XZ4_A SYAV_A SMTW_C ST2Q_A S5V85_A SYCT_A SYPS_A 5Y3S_A

5Y42_A 5Y53_A 5Y24_A S5YBC_C S50W2_A  5VWH_A S5VY2_A SYDV_A S5YPV_A 5Y42_A

5Y4M_A 5YS57_A 5Y6Y_B SYBX_A SOWM_A SW2J_A SWST_A SYDW_A S5YQ4_A 5Y4M_A

30 SY4N_A S5Y6L_A SYOR_A S5YCD_A 50XZ_A SWOA_A SXLN_A 5YO2_A SYRN_A SY4N_A
5Y4Q_A 5Y6U_A S5Y9Z_A S5YCE_A S50YI_A S50GR_A S5XYS_A SYOX_A SYRY_A 5Y4Q_A

SYAT_A 5Y7D_A SYAM_A SYCL_A SQGF_A SUXY_A SYCA_A SYPD_A 5YS4_A SY4AT_A

SX2I_A SXWX_A 5Y2I_B SY6I_A 5YD7_A SYGI_A S5YPP_A SOWE_A SY8X_A S5Z51_A

S50LD_A 5XX0_A 5Y2P_A S5Y7P_A S5YDD_A S5YI6_A S5YQS8_A SWH9_A SYLB_A SZCM_A

SXNC_A SXXJ_A 5Y2Q_D SY7X_A SYED_A SYIG_A SYQP_A SWIJI_A SYLN_A SZHR_A

40 SXNE_A SXXQ_A 5Y5B_A 50L3_A SYEJ_A SYKA_A S5YSC_A SWPH_A 6ASY_A SZIH_A
5X0B_Z S5XYB_A 5Y5C_A 5Y9B_A SYFY_A SYKR_A SYSN_A SXPJ_A 50D7_A SZL6_A

5XQZ_A 6DR7_A SYSM_A S5YCP_A S5YGG_A SYL9_A S5YU2_A SXTU_A 520Q_C SZLV_F
SWOE_F 50K2_A S50U7_A SULB_A SYEZ_A SYIO_A SYKJ_A 6ATV_A SWTZ_A S5YUQ_A
SWOV_A SONQ_A 50UC_A SVIV_A S5YGP_A SYJA_A SYKP_A 6A42_A SYLW_A SYUS_A
SWOW_A  50ME_A SOUF_A SYAA_A SYH4_A SYJC_A SYKU_A 6AGQ_A SYTI_A SYVK_A

70 SWP1_A 50S89_A SOUR_A SYBY_A SYHK_A S5YJD_A SYKZ_A 6Al4_A SYT3_A SYVN_A
SWYN_A S50SR_A SWFV_A SYBZ_A SYHV_A 5YJO_A 6A4R_A 6AIX_A SYTA_A SYW3_A

5003_A SOTN_A SWFY_A 5YC6_C SYII_A 6BUB_A 6ATH_A 6DKO_A S5YTQ_A S5YX6_A

3.3 BRIRHIEMAFBIR A=
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MR A B[R] IR 23 2 B A IR 95 4% Q3 \Sov
R WERR R AN ERUER UL 3R 2~ K 4,180 474EH
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M 2 AT LR Y, [REE 30% 1Y 8 (A B 5 s 46
Hi, PSRSM 7£ Q3 321 A5 551 5 R0 i 31 % 1 A
THIF M EE R, s T 89.49%, 84.25% Fil
90.91% , 71 B4 C AT E AU R 2 fe s
B, B R 2 3k B T 87.19% K1 90. 27%, i
SPOT-1D £ Sov FIZjiE H Ay B F |45 R 2 1
PSRSM 4f—2& 7352k 83.16% F11 91.36% .,
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Table 2 30% homology data set %0

Servers 03 SOV Boundary accuracy Internal accuracy Qc Q Qn
PSRSM 89.49 82.73 84.25 90.91 87.19 90.27 91.11
SPOT-1 87.58 83.16 79.27 89.68 84.80 84.91 91.36
MUFOLD 86.11 79.95 78.41 88.17 82.86 82.41 89.22
SPIDER3 84.94 80.55 74.28 87.89 84.52 75.50 85.79
RaptorX 82.95 78.11 71.82 86.30 85.38 76.70 79.08
Psipred 79.02 72.08 66.12 82.72 86.43 56.67 75.16
Jpred4 78.17 72.65 64.52 81.80 82.64 67.56 75.02

% 3 B 40% [F1 VR S T, PSRSM 45 3 45 A
YR B 050 Q3:90.53% 5 Sov: 84.71%
PFRGIR . 85.24% ; IR %, 91.25% ; ¥4 41 C.

87.34% ;375 E.88.46% ; 12JiE H.92.91% ., SPOT-1D
EHH S, Q3 4 88.52% , 42 2.01% ,1H Sov 1) F
IFAR H1 25, bt PSRSM %24 0.5% .,
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83.65% ;1 C.89.08% , 9% E.88.34% FIIZJiE H.
89.64% ., SPOT-1D [N EUNE A 91.46% , HoAb g
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25 NATBHEENIPAE 255 PSRSM 45 1 45
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Table 3 40% homology data set %
Servers Q3 SOV Boundary accuracy Internal accuracy Q¢ Qp Qn
PSRSM 90.53 84.71 85.24 91.25 87.34 88.46 92.91
SPOT-1 88.52 84.27 78.70 90.65 84.22 83.86 90.52
MUFOLD 87.75 82.93 78.50 89.90 83.64 84.58 90.35
SPIDER3 85.90 81.97 74.34 88.78 83.65 76.36 88.31
RaptorX 84.09 79.53 71.38 87.62 84.57 77.69 78.74
Psipred 80.76 75.42 66.58 84.58 86.50 62.20 73.75
Jpred4 78.66 73.67 63.78 82.29 82.91 64.18 73.12
R4 T0%EFREHIESE
Table 4 70% homology data set %
Servers Q3 SOV Boundary accuracy Internal accuracy Q¢ Qr Qy
PSRSM 89.87 86.12 83.65 91.40 89.08 88.34 89.64
SPOT-1 88.44 85.12 78.36 91.46 87.09 85.70 86.74
MUFOLD 86.38 83.32 77.19 89.23 84.35 82.74 86.43
SPIDER3 86.47 82.81 74.85 90.54 86.78 79.36 84.13
RaptorX 83.78 80.05 70.76 88.14 86.23 79.81 72.13
Psipred 79.40 74.94 65.31 84.38 87.70 65.42 68.15
Jpred4 78.06 74.57 62.74 82.70 84.30 69.80 66.52
x5 180 £HIEE
Table 5 180 data set %
Servers 03 SOV Boundary accuracy Internal accuracy Q¢ Q5 Qn
PSRSM 89.96 84.52 84.37 91.18 87.88 88.98 91.25
SPOT-1 88.18 84.19 78.78 90.60 85.37 84.85 89.59
MUFOLD 86.74 82.05 78.03 89.09 83.61 83.23 88.72
SPIDER3 85.77 81.78 74.49 89.07 84.99 77.18 86.14
RaptorX 83.61 79.23 71.32 87.35 85.39 78.14 76.78
Psipred 79.72 74.12 66.01 83.88 86.86 61.59 72.51
Jpred4 78.29 73.62 63.68 82.26 83.29 67.33 71.65
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Table 6 Summary of methods for each server
Servers PSRSM Spider3 SPOT-1D RaptorX MUFOLD Psipred Jpred4
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