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Struktur Protein
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Struktur Protein

Symbol Abbreviation Name
A Ala Alanina
C Cys Cysteine
D Asp Aspartic Acid
E Glu Glutamic Acid
F Phe Phenylalanine
G Gly Glycine
H His Histidine
I Ile Isoleucine
K Lys Lysine
L Leu Leucine
M Met Methionine
N Asn Asparagine
P Pro Proline
Q Gln Glutamine
R Arg Arginine
S Ser Serine
T Thr Threonine
Vv Val Valine
W Trp Tryptophan
Y Tyr Tyrosine

Primary Structure

Secondary Structure
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Mengapa Memprediksi Struktur Protein?
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X-Ray Crystallography dan Nuclear Magnetic Resonance
Spectroscopy (NMR) -> waktu yang sangat banyak dan
biaya yang mahal

(Metfessel dan Saurugger (1993), Long dan Tian (2019)).

Solusi : Menggunakan pendekatan komputasi.

e —
S —— —
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Number of entries in UniProtKB/TrEMBL
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Gambar 1.2 Jumlah Struktur Protein di PDB tahun 2021 (PDB, 2021) Gambar 1.3 Jumlah Sekuens Protein di UniProt Database tahun 2021 (UniProt, 2021)

LOCALLY ROOTED, GLOBALLY RESPECTED ugm.ac.id



Prediksi Struktur Sekunder Protein
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Pendekatan Komputasi: Sequence Labelling
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3 Kelas dan 8 Kelas
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Kelas DSSP Simbol § Kelas Simbol 3 Kelas Nama Kelas . . q-
— ~_— Tingkat akurasi diukur dengan persamaan
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Publikasi PSSP berbasis NN dan DL
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Jumlah Publikasi PSSP Berbasis Neural Network dan
Deep Learning
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Publikasi PSSP dengan Neural Network dan Deep Learning pada Tahun 2016-2021 (Ismi, 2021)
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PSSP Model Architecture
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Akurasi tertinggi pada PSSP saat ini diperoleh dari arsitektur
Deep Learning.

Beberapa model deep learning yang digunakan pada PSSP saat
Ini:

1. CNN v

2. RNN-LSTM ~

3.GRU

4. Inception Network/ Capsule Network v

(Ismi, 2027)
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Fish Bone Diagram (PSSP & PSFP)
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\\ . Kaleel et al, RSA prediction BRNN-CNN

UNIVERSITAS
™ . Torrisi et al, Porter5.0, Cascased RCNN GADJAH MADA
.+ Hasicetal PSSP with Multiple ANN AN . Klausen et al, NetSurfP2.0, BRNN-LSTM '

. Li et al, PSSF PCA SVM \‘\
A . Hanson et al, SPOT1D, Ensemble BRNN-LSTM,

%,
*,
™,

\\ . Wang et al, PSSP with Recurrent Enc-Dec Networks ,
\ RestNet
™, . Fang et al, PSSP with Deep-NRN \\

L Li et al, Torsion Angles Prediction, DNN, DRBN, DENN, DReRBM\\
N ™,
A . Liu et al, PSSP with 2D-CNN \\ . Shi et al, DNN-Dom, CNN-BGRU-RandomForest
\\\ . Heffernan et al, SPIDER3, BENN-LSTM \\
\ \

*

e

/ . Fang et al, MuFold-SS, Deep Inception Network // . Shapovalov et al, ensemble CNNs, new dataset

/ . Zhang et al, CRRNN-BGRU YA

. Gao et al, RaptorX-Angle, Clustering-CNN-RestNet I
/ S . Uddin et al self attention + Deep Inception

Guo et al, DeepACLSTM

Krieger et al, hybrid template and non template

s

. Micsonai et al, BeStSel, FoldPrediction i
/ . Zhou et al, CNNH-PSS, Multiscale CNN with Highway s . Ge et al, double layer SVM, Improvement Helix/Sheet accuracy

o
/ . Hanson et al, Predicted Contact Maps for PSSP (SPOT1 D_Copéct} . Kotowski et al, ProteinUnet, Unet Architecture

e
/ . Fang et al, TorsionAnglesPrediction-DeeplnceptionNetworks -
e
. G tal, RNN- 2D CNN s
/ uoetal, . Oliveira et al, BRNN-Random Forest
/ . Haffernan et al, SPIDER3-Single, LSTM-BRNN /

g
2018

. Juan et al, Speeding Up PSSP by dataset reduction

. Y.Ma et al, Data Partition and Semi Random Subspace (PSﬁSM}

2020
(Ismi, 2027)

LOCALLY ROOTED, GLOBALLY RESPECTED ugm:.ac.id




UNIVERSITAS
GADJAH MADA

Predicting Secondary Structure of Protein Using Hybrid of
Convolutional Neural Network and Support Vector Machine

International Journal of Intelligent Engineering & Systems
Vol.14, No.1, 2021
(Scopus Q3)

Vincent Michael Sutanto?, Zaki Indra Sukma?, Afiahayati”

Department of Computer Science and Electronics, Universitas Gadjah Mada, Indonesia
2Business Intelligence Data Engineering Division, Gojek, Indonesia

Corresponding author : afia@ugm.ac.id

(http://www.inass.org/2021/2021022823.pdf )

ugm.ac.id

LOCALLY ROOTED, GLOBALLY RESPECTED



mailto:afia@ugm.ac.id
http://www.inass.org/2021/2021022823.pdf

Dataset
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CullPDB (Zhou dan Troyanskaya, 2014)

- 5365 sekuens asam amino yang tersimpan dalam
bentuk array berukuran 5365 x 700 x 57

- digunakan sebagai data latih

CB513

- 514 sekuens asam amino yang tersimpan dalam
bentuk array berukuran 514 x 700 x 57

- digunakan sebagai data uiji
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Dataset
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mm

Orthogonal Fitur
Input Profile
22-30 9 Label struktur Label Ya
sekunder (8
kelas)
31 1 N - Terminal - Tidak
32 1 C - Terminal - Tidak
33-34 2 Solvent - Tidak
Accessibility
35-56 22/ PSSM Profile Fitur Ya
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Position Specific Scoring Matrix
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e PSSM digunakan untuk mengetahui peluang atau skor kemunculan
suatu asam amino pada suatu posisi dalam sekuens asam amino.

* PSSM juga menunjukkan seberapa besar kemungkinan suatu asam
amino pada suatu posisi berubah menjadi asam amino lain tanpa
mengubah fungsi dari protein.

e Skor PSSM yang tinggi mengindikasikan suatu asam amino akan
berubah menjadi asam amino lainnya.
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Metode: Kombinasi CNN + SVM
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1-Dimensional CNN akan digunakan dalam menangkap
fitur spasial dan memperkaya fitur dari sekuens asam

amino

SVM akan digunakan memprediksi struktur sekunder

protein berdasarkan fitur dari CNN
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Metode: Kombinasi CNN + SVM
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Shift-and-Stitch CNN
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Shift and stitch adalah cara yang digunakan oleh Lin, et al. (2016) untuk

mengatasi permasalahan berkurangnya panjang sekuens yang
disebabkan oleh operasi konvolusi dan operasi pooling.

Dibagi kedalam 2 tahapan: shift dan stitch
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Shift-and-Stitch CNN
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Shift-and-Stitch CNN

CONVSIZE =5 )
MAXPOOL SIZE = 2 NI TIATAIN RID C|E|E Panjang Awal = 10
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Shift-and-Stitch CNN

CONVSIZE =5 NI T A

MAXPOOL SIZE = 2
NI TIAJAIN|R|D|C|E|E
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E Panjang Awal = 10

DIC|E
N

gandakan sekuens awal

sebanyak maxpool size

TIAJAIN|IR/D|C|E|E
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Shift-and-Stitch CNN
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CONVSIZE =5

MAXPOOL SIZE = 2 NITIAJAINIRIDJCIETE Panjang Awal = 10
/ \ Panjang Hasil Padding = 14
BAN|TIA[AINIRID|[ClE e [ FEGEI N T[A[A[NIR[D|C|E|E R

beri padding sebanyak:
(convsize -1/ 2) -1 di depan
(convsize - 1) - ((convsize - 1 / 2)- 1) di belakang
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Shift-and-Stitch CNN

CONVSIZE =5
MAXPOOL SIZE = 2 NITTA DICIE

/ \ Panjang Hasil Padding = 14
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E Panjang Awal = 10

1 Panjang Hasil Konvolusi = 10
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Shift-and-Stitch CNN
E Panjang Awal = 10
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MAXPOOL SIZE = 2
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Shift-and-Stitch CNN

CONVSIZE=5
NI T/IA DIC|E
/ \ Panjang Hasil Padding = 14

MAXPOOL SIZE = 2
‘ﬂNTAAiNRDCEEM‘MNTFANRDCEEE
> >
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Shift-and-Stitch CNN
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CNN Parameter Tuning
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Nilai parameter yang tidak berubah Nilai parameter yang berubah
Parameter l Value Parameter | Value
Dense Layers 1 Convolution Layers 12,3, 4}
Dense Layer Neurons 512 Convolution Size 16,7,8,9,10}

Input Dropout 0.2 Feature maps {512,1024}
Dropout 0.5
Activation Function { ReLU, Softmax }
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CNN Parameter Tuning
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Nilai parameter yang tidak berubah Nilai parameter yang berubah
Parameter l Value Parameter | Value
Dense Layers 1 Convolution Layers 12,3, 4}
Dense Layer Neurons 512 Convolution Size 16,7,8,9,10}

Input Dropout 0.2 Feature maps {512, 1024}
Dropout 0.5
Activation Function { ReLU, Softmax }

Convolutional Meural Network. Pada penelitian ini kombinasi arsitektur Convolutional Neural Metwork dan
Support Vector Machine mampu menghasilkan tingkat akurasi yang lebih tinggi dibandingkan dengan
arsitektur Convolutional Neural Network sederhana. Arsitektur kombinasi menghasilkan tingkat akurasi data uji
CullPDE Q3 sebesar 80.75% dan Q& sebesar 58.84% (03 meningkat 1.4% dan Q8 meningkat 0.71%).
sementara itu pada data uji CB513 menghasilkan tingkat akurasi (13 sebesar 75 51% |dan| (18 sebesar 64 /6%
{Q3 meningkat 1.37% dan Q8 meningkat 0.67%).

http.//etd.repository.ugm.ac.id/penelitian/detail/186888
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CNN Parameter Tuning

Convolution

Convolution

Convolution Feature | Accuracy
Layers Size map (%)
2 6 512 67.701
2 7 512 67.509
2 8 512 67.990
2 9 512 68.012
2 10 512 68.097
3 6 512 68.521
3 7 512 68.329
3 8 512 68.387
3 9 512 68.442
3 10 512 68.291
4 6 512 68.467
4 7 512 68.711
4 8 512 68.535
4 9 512 68.594
4 10 512 68.344

Convolution Feature | Accuracy
Layers Size map (%)
2 6 1024 67.918
2 7 1024 67,799
2 8 1024 67.731
2 9 1024 67.890
2 10 1024 67.750
3 3 T02% 65445 |
3 i o4 | se266 |
3 8 1024 68.450
3 9 1024 68.468
3 10 1024 68.341
4 [ 1044 08.480
4 -~ ‘lﬁk%
4 8 1024 68.434
4 9 1024 68.223
4 10 1024 68.174
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CNN-SVM
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Data
Input Dataset CNN Transformation SVM
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SVM Parameter Tuning
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Nilai parameter yang berubah

Parameter - Value
C 10.01,0.1, 1, 10 }
¥ {0.001,0.01,0.1, 1
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SVM Parameter Tuning

. UNIVERSITAS
Parameters GADJAH MADA
Accuracy (%)
C Y .
0.01 0.001 0.035
0.01 0.01 57.048
0.01 0.1 68.353
0.01 1 67.549 Accuracy by Cand i
0.1 0.001 55.826 0.69
0.1 0.01 63.299
0.1 0.1 68.548
0.1 1 68.626 0.68
1 0.001 68.284
1 0.01 68.48 g t 0.001
1 0.1 68.636 5 0.67 -
1 0.5 68.689 L €00
1 0.75 68.682 ®0,1
1 1 68.721 0.66 ®
1 1.25 68.735
1 15 63.734 )
10 0.001 68.46 SRR 01 : 10
10 0.01 68.527 C
10 0.1 68.665
10 1 68.085
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SVM Parameter Tuning
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Parameters
- Accuracy (%)
C Y :
0.01 0.001 0.035 Accuracy by Cand ¥
0.01 0.01 57.048 0.69
0.01 0.1 68.353
0.01 1 67.549
0.1 0.001 55.826 0.68
0.1 0.01 68.299
0.1 0.1 68.548 - Y
0.1 I 68.626 B ® (0,001
| 0.001 68.284 3 067 ©001
1 0.01 68.48 = '
] 0] 68 (36 0,1
| 0.5 68.689 0.66 ®
1 0.75 68.682
1 1 68.721
1 1.25 68.735 J 0.65
1 15 68.734 0,01 0,1 1 10
I PRIV wl C
10 0.01 68.527
10 0.1 68.665
10 1 68.085
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Perbandingan Performa

CNN (68.711%)

Hybrid CNN+SVM (68.735%) J

~————r""
Label Total True Precisi Recall
Label | Positive on
H 26,157 24,045 (0.8378 0.9193
E 18.016 14,525 0.7574 0.8062
L 17,920 11,576 0.5527 0.646
T 10,013 5.325 0.53 0.5318
5 8,316 1.909 0.4792 0.2296
G 3,132 834 0.454 0.2663
B 1,181 29 0.3867 0.0246
I 30 0 0 0
Total 84,765 58,243

Label Total True Precision Re;: all
Label Positive
H 26,157 23,739 0.8534 0.9076
E 18,016 14412 0.7629 0.8
L 17,920 11,845 0.5480 0.661
T 10,013 5.339 0.5291 0.5332
S 8,316 1,986 0.4907 0.2388
G 3,132 896 0.4075 0.2861
B 1,181 46 0.4259 0.039
I 30 0 0 0
Total 84,765 58.263

LOCALLY ROOTED, GLOBALLY RESPECTED

UNIVERSITAS
GADJAH MADA

ugm:.ac.id



Perbandingan dengan Penelitian Lain
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Accuracy (Q8) by Model and Model

a0 * Bi-RNN Single Model (Johansen et al., 2017)

« MUST-CNN (Lin et al., 2016)

]

=

E« . * Multi-scale CNN One-hot Encoded (Zhou et

C al., 2018)

L2

< 2 * DeepProf+SeqVec, DeepSeqVec (Heinzinger
et al., 2019)

5 r

Model
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Perbandingan dengan Penelitian Lain
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Accurac}f (Q3) by Model and Model

Tﬂ.ﬁ * DeepProf+SeqVec, DeepSeqVec (Heinzinger et al.,
2019)
* SVM-SF (Wang et al., 2016)
* SVM-GA (Chen et al., 2016)

"|E1:I.." d DespPro

l.'.i

Accuracy{ﬂ!ﬂil

l_-_l

Despl :=:| Ve S'-r"-.
] i:En B

C:l.Jr'r
\’

—

Model
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Kesimpulan
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* Hybrid CNN-SVM untuk Sequence Labelling, spesifiknya untuk

memprediksi struktur sekunder protein
* Hybrid CNN-SVM mampu meningkatkan kemampuan prediksi CNN biasa

* Menghasilkan skor Q3 81.49% dan Q8 68.735% pada data test CB513
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Predicting Secondary Structure of Protein Using Hybrid of Convolutional Neural Network and

Support Vector Machine
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International Journal of Intelligent Engineering & Systems
Vol.14, No.1, 2021

Terima Kasih!

LOCALLY ROOTED, GLOBALLY RESPECTED ugm.ac.id



