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Comparison of Deep Learning Models Using Protein Sequence Data

Jeung Min Lee' - Hyun Lee™
ABSTRACT

Proteins are the basic unit of all life activities, and understanding them is essential for studying life phenomena. Since the emergence
of the machine learning methodology using artificial neural networks, many researchers have tried to predict the function of proteins
using only protein sequences. Many combinations of deep learning models have been reported to academia, but the methods are different
and there is no formal methodology, and they are tailored to different data, so there has never been a direct comparative analysis of
which algorithms are more suitable for handling protein data. In this paper, the single model performance of each algorithm was compared
and evaluated based on accuracy and speed by applying the same data to CNN, LSTM, and GRU models, which are the most frequently
used representative algorithms in the convergence research field of predicting protein functions, and the final evaluation scale is presented
as Micro Precision, Recall, and F1-score. The combined models CNN-LSTM and CNN-GRU models also were evaluated in the same way.
Through this study, it was confirmed that the performance of LSTM as a single model is good in simple classification problems, overlapping
CNN was suitable as a single model in complex classification problems, and the CNN-LSTM was relatively better as a combination model.
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Table 1. Imbalanced Class Distribution after Random-sampling

1** Train 2" Train Valid Test
EC il 0.056% 0.056% 0.032% 0.032%
3 53 2 1 - -
3.1 2,314,776 77.461 77.695 14,779 14,812
3.2 702,941 23,352 23.443 4,537 4527
3.3 39,329 1313 1,292 245 261
3.4 895,324 30,243 30,080 5,763 5,725
3.5 1,124,187 37.793 37.976 7.192 7,280
3.6 826,589 27.780 27,790 5,387 5,263
3.7 33,282 1,170 1,103 214 226
3.8 7,965 214 269 53 53
3.9 374 16 12 1 3
3.10 53 - - - -
3.11 5,962 216 196 38 36
3.12 5 - - - -
3.13 638 24 20 1 2
7 2 - - - -
7.1 3,140,836 105,976 105,701 20,050 20,019
7.2 134,104 4,400 4,481 818 832
7.3 74,573 2,507 2,521 480 471
7.4 24,618 833 823 144 164
7.5 39,121 1,306 1,366 251 249
7.6 82,949 2,871 2,708 512 522
Total \ 9,447,681 \ 317,477 \ 317,477 | 60,465 \ 60,445

o] Z+z} Z8(train), HAA(valid), Al (test) AL FA3H
o} o]% 84 ¥ A|EoA fFsHA Hot Blad T Al
EQ] glo]g 74t FUsHA w5o] Hetstla, HA, Al
NEEX 77 22 S AR Adol AFE F TlolH 9
= 5U 52 9Hs] sUstH HE HolE AlZ =¥ o]
H 24,83971, AI@ dlolg 8,5787H, HA dl°olg 8,5787H

ofth, BE A|@A9] 7ol 50 o4+ 1,000 olstolc}. o] €]
olg Al 1¥ol2kn A Y5t

2) 4 WS (EC number) 3T} 79

BRENDA®IA A|33t @& Tlo|8& mH4Jsto] AHESHL
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o= 7H 237t £9kd 2d gt 2853l o]F CNN
¥ 554 5127 L EE VA= F 79 2Yzog BE

29 259t

3.4 Learning Rate(3+5E)2} Batchsize(HiX|Z7])

AA ;2 7 BR A2 19 doly Al gk5E2 0.01
8 0.00017kA1gt a3 =ly, e F3f AdEstiet. A
A BE 7 AN F2 28 N EQ SEES SHA B
Fota 7 SYAE HE = 25| 1H AERHS H2 4
7t Wol Hdlo] EXsidsE B o] dojur] #fich
mehA ShEES ofF A A& oY RNNAYE ZdojA
19 dolg Ao HEPA TFEE= FESHA Fot
0.00000171A] A5t} AHS A4 3Tt

Wiz 27]& 322 IF FUoHA A5t D. Masters
and C. Luschi”} 32 27] o]&9] A= 235]8 &S A
Sfgttts BalE 3k Zo] Qlof[23] 1% Tlo]E Aloj thsf 16,
32, 4R ZH7ZF A2 § B4 shg 55 8ot 3282
HZ AAs9r}t. 27]ZE(Early Stopping)S ZHL35471 &}
oL 7]E epoch: BT 3008 AA=0iql}

AE

=

_4

35 g& T
HE APE 5YsHAl 9= 10014 Python 3.8.8, RAM

8GB, GPU NVIDIA GeForce GTX 1660 SUPER, Tensorflow 2.5
+ Keras-Ir + Jupter notebook(Chrome) Z3ollA S2F51ict.

IHRtE w7] oA BHE R iR A4f3KBatch
Normalization)?} %7€ =& (Early Stopping)s Z-&3}%
t}. 27| 8= #HE £4(Validation loss)S 7]&0 2
oot B2 A gt vlaste] $F 53] 459 ol B
o|x] & Al 58] HIZ FTFSIEE Aot

4, & Z2a U "It
4.1 RNN AZ {R(Unit) MH &S
Table 2= A% Z3ott. = RNN AE9] o] 8=

582 0.00012 AA5IFTE. HA) CNNoflA| 12 =9l 8}
4E 0.01, 0.001> RNN Ag9] gl #8312 1 epoch
S Foll U5 wkE 2pAgo] dojut LSTMI GRU #4173
Aol A AQEct. LSTMI} GRU 25 AMREHE §4 471
WSS Forrt A Sk FAIE B9k LSTMS 2
o7} 3& ZIolE ¢HRH A=t "olx)7] AlAFou
GRUE 25 &3} sh= 7HtE st 9ojx)7] Altgict.
71 Aot =9kE AL 83.4%2 9Y 502 33 AL
LSTMO]%3L GRUNAE 59 50 23] %2 Zlo] oF 82.5%
9] Fgr = tt2 279 GRU ®rt 11 A 29t
Y fR 71 50 dol7tHARE 2o Zlo|7t 3]

Table 2. The First Dataset Accuracy of The LSTM and GRU
Model according to The Depth with Each Unit

Learning Rate 0.0001
units depth LSTM GRU
1 0.8210 0.7908
2 0.8140 0.7878
3 0.8172 0.7700
%0 4 0.6225 0.6797
5 0.8107 N/A
1 0.8214 0.8080
2 0.8260 0.8256
> 3 0.8341 0.8233
%0 1 0.8205 0.8112
2 0.8309 0.8162
100 1 0.8309 0.8083

of A&} jl]- St 28] HAAZR HIH5]| Ado] A 2REE
= Jotoict. Mze] R Jees 1sthd 50 &
e 28] EL 33 4 Zo] % mdo] SUsH 48]
o 7 B3I Hek BT AVEAS ot Ad F2 9

3]
=}
i Z'IH%SO%

¥

23] #7112 ZAAsH

4.2 1D CNN ZE 37| MY AY

Table 3= 191 Hlojg| A9 Zg 7|0 ©& 7} mdo] 4
ot B/l Yein 9lck Table 3WolA S8 (Learning
rate) Lr, A8 (Accuracy)= ACCE, £4(Loss)= Loss
E #7510

sk&Eo0] Zold4E Aotr = 1 A skEEo veA Ay

o] Holx|= BEg Hlor, 0.019 W 7P 34tk B3 2

Table 3. Accuracy of Single 1D CNN according to Filter Size

Lr 0.01 0.001 0.0001

FS‘IIZr ACC | Loss | ACC | Loss | ACC | Loss
2 | 07971 | 0.4685 | 0.7842 | 0.5835 | 0.7747 | 0.5269
3 | 08279 | 0.4357 | 0.8016 | 0.5843 | 0.7917 | 0.5078
4 | 08201 | 0.4269 | 0.8157 | 0.5461 | 0.7743 | 0.5750
5 | 0.8244 | 0.4736 | 0.8118 | 0.5944 | 0.7757 | 0.5735
6 | 0.8208 | 0.4989 | 0.8039 | 0.5967 | 0.7789 | 0.6284
7 | 08129 | 0.5213 | 0.8171 | 0.5756 | 0.7731 | 0.5933
8 | 0.8157 | 0.5906 | 0.8161 | 0.6279 | 0.7750 | 0.6488
9 | 0.8250 | 0.5469 | 0.8222 | 0.5770 | 0.7807 | 0.6365




Table 4. Accuracy of Complex 1D CNN according to Filter Size
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Table 5. Experimental Result about Dataset 1

Lr 0.01 0.001 0.0001
Filter size | ACC Loss ACC Loss ACC Loss
3, 4,5 |0.8268 | 0.5528 | 0.8307 | 0.5973 | 0.8016 | 0.6155
4, 8,16 |0.8030 | 0.6231 | 0.8327 | 0.6318 | 0.7971 | 0.8453
3,5, 9 |0.8335 | 0.6340 | 0.8254 | 0.5892 | 0.8027 | 0.7469
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Single Complex
Model CNN CNN LSTM GRU
Lr 0.01 0.00001
ACC 0.8263 0.8202 0.8258 0.8049
Loss 0.5607 0.5867 0.4798 0.5631
Training
) 16s 21s 50s 47s
Time
Test
. 11s 14s 139s 134s
Time
Recall 0.826 0.820 0.826 0.806
Precision 0.826 0.820 0.826 0.806
F1_score 0.826 0.820 0.826 0.806
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Table 6. Experimental Result about Dataset 2

Single Complex
Model CNN CNN LSTM GRU
Lr 0.00001 0.000001
ACC 0.8928 0.9079 0.9166 0.8942
Loss 0.3386 0.2973 0.2888 0.3825
Training | ) 2505 604s 561s
Time
Test 71s 95s 982s 962s
Time
Recall 0.892 0.907 0.916 0.894
Precision 0.892 0.907 0.916 0.894
F1_score 0.892 0.907 0.916 0.894
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Table 7. Ensemble Models Results

Dataset 1 Dataset 2
Model | CNN-LSTM | CNN-GRU | CNN-LSTM | CNN-GRU
Lr 0.00001 0.000001
ACC 0.8130 0.7927 0.9146 0.9000
Loss 0.6263 0.7249 0.2919 0.3402
Training 525 47s 607s 590s
Time
Test 139 134s 9935 970s
Time
Recall 0.81 0.79 0.91 0.90
Precision 0.81 0.79 0.91 0.90
F1_score 0.81 0.79 0.91 0.90
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