Hans Journal of Biomedicine Z=#JBE22, 2022, 12(2), 109-115 Hans i
Published Online April 2022 in Hans. http://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2022.122014

91
B
A

ETHBYINER

= &
TR ENL S B TR, 1T #1h

AL = T3 Y

Woks H . 20224F3 170 FHER: 20224F4H8H: KA HM: 202244 15H

G2

EREFMFERIES, RNARESREBHKIAR. E5N1E, HRAARBLRILT —HLZMRNAKE
i, TUBRREWRS MR, HERE AR ZHN—FRNABH . EHER, BEERIBRELE
IR, RTBRE TR S . BREEMX TS MAENBEREREEY, B
ISR 0 B R AE B A AR MR 3)  BUR B RUAL R » B T SER A 22 7 SR IR AR R AL AR FE77
HTHLEE S IR BB R AL R R 4 B f 3 . ASCEE T 2 THLE8 2 S R BUR B AL
PRI AIBTSTBUR, WE T BTN BAEAL R B 6 BRSSP T 5, A3 T RREALS F
BT R « A SRR R MR TLAMLES 2 TR BGEAT R ML, JE3F H BT R PR e ) — B

X 5in
RNABH, RERE, AT, HLEs¥ES

Research Progress of Pseudouridine Site
Prediction Based on Machine Learning

Rui Meng

School of Computer Science and Software Engineering, University of Science and Technology Liaoning, Anshan
Liaoning

Received: Mar. 17, 2022; accepted: Apr. 8", 2022; published: Apr. 15", 2022

Abstract

RNA is easily modified in the process of gene transcription. To date, researchers have found more
than a hundred RNA modifications, and pseudouridine () was the first to be discovered and is the
most widely available type of RNA modification. In recent years, with the development of epige-
netics, more and more studies on pseudouridine have been conducted. Pseudouridine modifica-
tion is essential for various cellular biological and physiological processes, and the key step of the
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study is to accurately identify pseudouridine sites in the transcriptome. Since it is time-consuming
and labor-intensive to identify pseudouridine sites by experimental chemical methods, the com-
putational method based on machine learning is the best choice to identify pseudouridine sites
today. This paper reviews the research status of pseudouridine site prediction based on machine
learning, investigates the data sets and evaluation methods used by researchers in the process of
site prediction, and gets the latest progress on pseudouridine site prediction. In this paper, sever-
al representative machine learning models are selected to give a brief overview and provide some
suggestions on the current limitations.
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Figure 1. Pseudouridine modified site structure
1. BREEIR A =L

JSE RNA R E B LR K 1, AkEE T — AN P EARKRE KR, B afgd
RNA B JR E &M Bk B3 2014 A4 K £ . Carlile [7]% AJF & T PseudoU-seq %A, AbATAI % ALE
B REAN N RN 52 U 4% mRNA 48 T 200 2 /MR AL A, [R14FE, Schwartz [915 AR FH AL 7
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£ 2016 4, Chen [11]5 NJET- RMBase #37. [ 5—MEAESE S, 7 hldr 48 H_990 (\2K). S_628
(BRI BE) R M_944 (/N B TR I s DA 3 21 NS R B 48 5 44 9 H_200 (A 2K) AT S_200
(R RERE), T RS A R IGAE A EL iR . 7F 2019 4F, Liu [12]%5 AT RMBase v2.0 537 1 il
GRS, IR A RIS EE NH_990 (A 2K). NM_944 (/MZ ) A NS_627 (BRIEEEEE), 2l tk
JRUEBREF NS, BERERAVNR R Z 26, 10 f1 1 MFEAS, HFIX AN A BERE 258N, A
AR BTG A S K F Chen 28 NIEHE 4R, DRHEXT Chen %5 NG S AOHUE AR AT U W] . FEHESR
b NN BIREE S 495 MEJR L 57 51 495 MR E AL ST 51 BRIEEE SR R 50E 208
314 MESREAL s 75U F 314 DNRBIR AL ST A DR BRINGEIREM T 944 D75, HAp—F 4
PEFEA . AR EHE S N SR BRI I BE Y 545 100 ANBHPERE SRT 100 SRR . A RRVNR REGRE+
1) RNA FPHIE 5 21 MEZHIR, BRI R BEEE S 1) RNA 81 ELE 31 MZH IR B 1 R

Table 1. Base dataset
=1 EEYRE

YyFp 2 X IEAIE Ph 70 K JZ (bp)
. 495 [ 100 A
N 900 200 21
495 B 100 B
314 FHM: 100 BH
MifEas 628 200 31
R £ 314 [ 100 FA
KR " 472 FHE ) ) ’1
EN 472 BHE

3. IRE MBI EIRE
FEA YIS B2 R (R 9 U, DA bt P SR PR T R 7 A B e AT 1A 5 P (SP), Bk
HE(SN), R TE(ACC) R i 5 RE(MCC). AR
sNo_ TP
TP+FN
sp__ TN
TN +FP
_ TP+TN
- TP+FP+FN+TN
TP*FN—FP*FN
J(TP+FN)(TP+FP)(TN +FP)(TN+FN)

ACC

MCC =
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G BT ([FFEE, XFEMH T LOO 38 XKHEA 10 47528 SCGIE P F A8 XIGIE ik, 19 5/ 4
FRIAGIIGRTL . RF-PseU FIMRALEFACE T, R T —AEE S5 TEH I web iR552%, LME
TAHICH P AE AT AT

7 2021 4F, Li [15]Z N2 T —/~4 1Y Porpoise [HE S RN A2 STHESE, B 7EHGE RNA RRFF
AL R . Porpoise X 18 FlRFESmAS I 221 9 Fhi FA ML 5 1 L i VERRIEAT T A T A B AEM i, X
FREFPHLES 22 2 Bk, ARV AR RIRRAE 2B 25 18 N 2Kas, IFARME DA ¢ REU(MCC) ik £ 14 B i i
(R —AME e R 4> 25 8% . {8 ] Python H 1 scikit-learn £1, it 10 ¥ 10 55958 XBAEMIR, H AL
T TR 2588 AR AENS, MRS 9 BN MINLES S I BEIRAS T 9 MBI L/ 288 . T 94
FeO RIAR I TMPE A 2 R R, RIUR B0 skms g 7R IR, B i@ — Mol RUf4R
B SIS, A T S MG R, MRS S — N R i TR . X RS £ 2 R Th N
T B 1) — RS B AE R FAE Y E AT AT . S RIS S A RBP4 A
PR NI RBERICIr 2K88 . 55— 0 B BT — I A/ 2K 8%, B8 D DI AR/ K B8 i i M N
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FERMHE I, ¢ ={cl, c2, ¢3, ¢4, ¢5, ¢6, ¢7, ¢8, c9}, HH ¢l FR1F T IR AFHI MCC, M ¢ SRHUGEA K2
R\ FEA N K28 4, Horh Ensemblel f35{c1, c2}, Ensemble 2 fu$f{c1, c2, c3}, LAMEHE, HFI
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PEREMIAH G B AR
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Bl #% Porpoise [HE SRR,

E 2021 4, Wang [16]55 A$&H T —FoBi MR- IERL & TN 4%, Ay %4 PsoEL-PseU, Fl-T Tl R
Pl B2, AR RGATHHIRER TAF R MRHERIS TS, #E T BA ARV 7S FREE g i
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Figure 2. Flow chart of the BPSO algorithm
& 2. BPSO &£ RiZE

5. S5REEE

12 =LA IR TR PR AL S TE VI ZRAE BRI . = FELRLZE =AM F o ACC #A
FT7 60%LA I, AEAERAHL TN JRF 7 2, ELYE R R REAN /N R rb o e 5 5 v o 7 VA T A5 S5 T
P I, Porpoise I tF, HLHABPIRBEA EH 22.21%, 3.01%, 4.73%LL E. Porpoise [t} MCC 7 %A
AN REA B Pk B T e, AHRTE/NK R, PsoEL-PseU ¥ MCC 4 #sc 4t -

Table 2. Comparison of training set performance
2. NEERMELR

LyEis it ACC (%) Sn (%) Sp (%) MccC
Porpoise 78.53 89.11 67.94 0.585

K PsoEL-PseU 70.8 66.9 74.7 0.42
(H_990) RF-PseU(10 Fold) 64.3 66.1 62.6 0.29
RF-PseU (LOO) 64 65.9 62.6 0.29
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Porpoise 81.69 81.21 82.17 0.634
) PsoEL-PseU 80.3 69.1 91.4 0.62
PR T RE(S_628)
RF-PseU(10 Fold) 74.8 77.2 72.4 0.49
RF-PseU (LOO) 75.8 78.2 73.4 0.52
Porpoise 71.75 77.83 77.67 0.556
PsoEL-PseU 76.5 53 82.2 0.708
MK (M_944)
RF-PseU(10 Fold) 74.8 73.1 76.5 0.5
RF-PseU (LOO) 74.5 72.7 75.2 0.48

# 3 N =FHLRE 2 SRR RIS R s AR o RS, BRI . EMNREE L, BT Sp IME,
Porpoise 1570 #52& B P IF), 7E H_200 _ERIvERGTEly 77.35%, MCC N 0.551, SillZEUEEM 4 RS
W, TMAE S_200 FRIVERAYE A 83.5%, MCC 4 0.673, &= T I ZRE0E 4 I HEmf %,

Table 3. Comparison of test set performance

= 3. MIXERIMELEK

LyEes it ACC (%) Sn (%) Sp (%) MccC

Porpoise 77.35 82.3 724 0.551

K PsoEL-PseU 75.5 76 75 0.51
(H_200) RF-PseU (10 Fold) 75 78 72 0.5
RF-PseU (LOO) 74 74 74 0.48

Porpoise 83.5 88 79 0.673

i P ) PsoEL-PseU 82 83 81 0.64
(S_200) RF-PseU (10 Fold) 77 75 79 0.54
RF-PseU (LOO) 745 70 79 0.49

6. Zit5RE

RNA BT TSR AT REERTE, BOYE#R 7 RNA SRR T 55 KR E MG AL
PR . B RO S AN B G N, SE 2 RNA B ERR SR AR A5 T o foeils K7 A 42
AT A DA S B RE B &% 2% STE TS A 2 07 T AU B BE 2D 2 e Tz QUi 7t . Bk, RESHR R
2 7 RA TN RNA B A )5 8 U B A TR T RNA M b o IR R B i, FLAE S5 # D RE
AE AR 2] T EERIE, RIHERS R BRI AL SO s A R A R B R R B, T
TSEIAL TR BRI B 0, TR TR 27 21 BT S5 2R BB PR L R AR A6 L

ARSI T T LA A 2T B PR AL n TN B dme it e, RS T SR — ELAE SEORRAR, (ER H T
WAL IRAT — SEER WA . O 73T RERBRYE, SRS S AF ARG B, ASSCo P sl S AN 2 v 10 2
W

1) WLES 2 IR 2RI FE AU S B I ATUAS SBR[ 53, JF HRoR 7 HAlRr AL 98 . (HA2
FEAWFFH U0 DNA FP31, RNA 3514675 TH R Le b, 5 SR AR W] DLRANBI I8 2% =3 S 1 4 04
Ji, AT DA CSCEE A S 4 R LASE N A e B 7 T R s B AT LU R TG RE AR P 9 () 2 2T ik
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