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Abstract: In-frame InDel is a common type of insertion and deletion mutations in coding regions, which are
closely associated with the occurrence and development of cancer. However, there is currently a lack of clear
consensus on the efficacy of computation methods for predicting cancer driver in-frame InDels. In this paper, eight
computational methods are comprehensively and systematically compared and evaluated, confirming their
applicability and reliability of these methods in identifying cancer driver in-frame InDels. Then, four computational
methods with outstanding performance are selected to mine potential driver in-frame InDels in the cancer genome
and explore the rationality of these mutations as cancer driver InDels. Finally, a user-friendly online database
dbCCID that integrates multiple prediction methods and annotation information is constructed to create
convenience for researchers. It is expected this work will provide a theoretical support for the selection and
development of in-frame InDel prediction methods for cancer.
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2,12 —HMB#H Jei iE 3 ] b B G B HE P AR I, LT &5 R

H T MT2021 3% A $2 it B A4 1 80 4 3
I 2,11 ANTFRBR BT R R Bz e N T R
X — ), R BN RO 5%, JCHOR MT2021
T 25 R B AT SEVE, ARSCME S T OCHR [26] B9 TAE
g, HAARCKRUL, AR T A, R o0
FRac 77 20, K T A B 3l 98 A% 1) 45 SR bR e N 0,
TR AR RAR 45 WArid ol 1, FfEEFixEe =g
SRR IAT T & IR — S

Kl 3 J@aR 1 1E B2 B T 77 v 800 /A8 1 4L
WIS EAF LR —8. Hik5HSE—
BHEREERION 1, EEENAL EAMERER. 4553
78, VEST-15 CAPICE. VEST-I1 5 FATHMM-I,
CAPICE 5 FATHMM-I iX 3 41 J5 % 8] () — 80t &
BN 0.843, 0.812 F110.786, IXLEREEI &
1z R B AR mKP ) — 80 . MT2021. VEST-1.
CAPICE [a]— £ &%) 7 9 0.528. 0.616, ik
AT R AR, XU T MT2021 X E IK B HE
P SRS TN 25 B T SR SR G . AR,
MT2021 5 CADD. MutPred-I. MetaRNN-I [a]f{]—
KB, AR R EAr AN 0790, 0.856 Fi
0.852, IXRIALEL H AN k45 &R, MT2021
RERS IRt —E M EAME B . Wk, AT REE Ik
WRRIWT R EE R, HEE MT2021 5 HoAth J7 72 1 T
g g HRREE. A, AR VEST-I.
CAPICE #l FATHMM-I g X} #5445 1S H i KB40
HE A RASAE AR R TI0I,  IX — 25 SRR BX 2L 7 VA7
ToUIN e AE X B HE PN A8 T THI i o] SEME R, 6 RAR
VB M PPAG B A B

N1 R AR O 7 A A R AR
() — B, 43006 70 A 7E JehE 5 R b 1 25040 4R 1S-
D A B2 45 T 3bp B4 & 1S-L3 b 77 vk A ) —
HMEREOEAT . SRS IS AHEL, CAPICE.
VEST-I 1 FATHMM-I 7£ ${#5 4E 1S-D F % 4f £E 1S-
L3 B —8EA prdd e, X3 BIIX L 7 v 78 Tl

AR R — BT . AR, MT2021 5 ik
7R — SUE A B R %, IX R B VA LR AR
) 2% A1 T T0I 45 SR 0 AT 58 AT e T s — 0
BEo BB, 7 iirE X e s 4L 5 CAPICE
A VEST-T () — FtE R E A /Mg RS, X ik
TR IEE R E R ) AR TR AT Re R
Zth . HET XN R, AR SCEWTEN R
AR T 7 VR, R RS AR (1) R o A K B R
TSR e R 2, DASRAR B ] 52 (1) Tl 45

1.00
coo- [N
0.75
cance s |
0.50
e [
0.25
VEST.I -0.642 0.8430.721 ....
0
MT2021 -0.790 0.828 0.4850.616 ...
025
FATHMM-I -0.620 0.7860.7070.812.0.504 .-
0,50
MutPred- 0.812 0.4540.4450.533 0.856 0.537 .
--075
MetaRNN-I -0.834 0.5810.528.0.6590.852 0.655 0.830
e T T 00
N s U N
P F &P PSS
Y RS v S
T T TES S S

K3 Hdladk 1S BRIy vk m p — Bk

2.1.3  BURBMADAT

T RE 2 R 2 AH SR 7E o, T R A A2 ) Bk 5%
AR e I NI A RA [ — A EEARE . IR T
HOw A TR R 2y R RE T, KRR SR
1B _E AN [R] J5 2 500 o0 B i) o3 A 57 B AT 1 oy
Hr. Gl 4 Fros . BT BB AR AR 22 A 9 i 20
N EAR 2 A 73 X 38 . AT RAE i, CAPICE
PR GRERAE) Mo EEENE W
T, X7 AR X O O AR AIEFEA (B 5 5
AR 5 T B E R . VEST-T 19 43 #0i% Wi 1) 43 A7
£ 2 X AUR SR 2 A2 Ak 0 X AN QR i



Eol

K H, S5 SRR I ME N RAR D REERE St Ok R B 317

IR E X, BaEREH SRR
FATHMM-I ¥ B0 4 20t 2 90 H SR BL 25 A i
P, SR, HF M7V MetaRNN-T £ 43 20
IYAN TR BB, B B AR 4 BT 0.2 [
i, HOEESERAMI S . F7lH, CADD fl
MutPred-1 f] 7 43 2070 A O IREL, 24N X (A
BUREE, XAREREIX 2 AN TIEEHRE LR
— MR R 2 —

= ERE 40 = EREA
g 20 RN g S A
= 10 & 20
0

0
0 10 20 30 0 02 04 06 08 1.0

HopinrE HopirE
a. CADD b. CAPICE
e 0 = A
- ok A . oA
10
0 1 L m L 0
06 0.7 08 09 0 02 04 06 08 1.0
Hopior i Hopior i
c. SIFT-I d. VEST-I

20 = R 30 =R
. = g kA = 20 SfEA
= 20 = 10

0 0

0 02 04 06 08 1.0 02 04 06 08
oW ME HowME
e. FATHMM-I f. MutPred-1I

30 = AR
1 20 SRR
=& 10

0
0 02 04 06 08 1.0
Bowisr

g. MetaRNN-I

B4 AN[E TN T VR B0 7 B A 57 1

BB, %0k [27) TR R, BT
K iE £ 1B AN [F) F50I 75 92 T B3 HE 2 10 B0 B A
FHARFEA RO R N T iERE AR 3 2K R8T A2 1k
iR EoN, SIFT-1 FHEFEBIE A 0.842. FEFTHES
MIBIE &, SIFT-1 18U (sensitivity, SEN) #§
A TR, XEIZEAE— e RE ERS T
SIFT-1 X IEREAR R AIRE 1. BAR, WX —RESE
N SIFT-1 7EHAR AR 1B A T s R AE Py 2 74 35005 1k
FIHIT R AN EIE R . BRAh, FTE iR e
B N SEN A AR, X EREHER
R0 T T VAR A 7y SRR AR AE — E R . [E A
R, HEFE BB M BT i B Tl 45 21,
BAEBEEAF B E T2 E s Fik, 75
AEER 2 AN B AERT, SR G — W HERE BUE AR R hE

IXFHZRAE CIEFREAS) S 7 Fg ok — 41 mT B AN 2 e 1
%

ZE R, AT B R AR TN 7V 1 e
177Vl B9, BRIt . BEPR oy A AR AR
KRS AT 7 T PPAL 1 P Tk e s HIREE T2
AN JE R S B0 AT 5 R A ) T — B s B
JEIRFT T I LT VEAE TN BIAE T FIREA Sy KAE ).
XL Z A PR PEAS TARUESE T LM ELA T 75 1%,
K559 & VEST-1 Al CAPICE 7£ iR i) i BR B HE Py 28
A5 THT RIS F e A AT SR . X S8 5 VR AN AE TR
Btk BRI 6, T HLAEAS RS S A 264 T R
TR — B 2R T
2.2 FRAEIRFNHE ISR TN K 53 4

I8 55 98 i 36 IR AW 7 AR IR N, B T DA
COSMIC NAREHIKRERWEMITHENRE. £
SCHZAR T X S AE P R AR o s LE (1 TR RE SR Bl AR
HRRHLFEERERENKR . BIERRER,
TR T TR 8 Fh VA B AR MO 6142 %%
RS IATEOR AR . )5, 2T CAPICE.
VEST-I. FATHMM-I 1 MetaRNN-I 1] 45 5 57 % H!
— O T 9 B B HE P O AR I A . S 548
%, 1C/EZ#E4E MP (Pathogenic) . IEFFIXLL Ty
E R R R 7E 2.1 M REVE AL B, CAPICE
A VEST-I 75 $5 K 1 AL 4 45 1S B 1Y) AUC 4%
T 0.900, BT 7E R Fil g AE K AR Py 9 AR Jy T
A e PRI T SE . FATHMM-I ZE 0B 45 1S B/
AUC B4 0.840, BXRTRIPIE, PERERIKIATT
Mo MetaRNN-I ff] AUC $5% KF 0.730, KILH
R PERE . N8, 7T DUIR s 57
PETRVERM A, 5 SR B AN, AT 3R
MBEATPERRSGER. &, NREBKE. Wi
R Z54Y@E k07 i 7 BE S MP 5 5
HEBHE 52 TR A 203 25 IE AR A (e o $ 8 45 1P
P[] PR ARLABA T

Bl s PRl R T U 4 MP R 5 R 48 TP A
WRAR K A BB ALFR R T 0 IEARER T
FEANRBPIHE N RAKE, Wi/ T 0 BB 4%
M FIRE BT PHE N RABKE ., aTRLEH, *T
HAREIP TS, REKESEPDA 3bp FX I, X
FISCHR [28] 78 N 23 R L0 70 AR W 52 31 1) 45
BREHN. FFEH, FEH¥EE MP R, Bt
60% [FI9KFEWAERTE 3 bp, XM/ FEHIHE
P RASTE SR R AR K R TTR A DR BEVE A . ot



318

HL TR KA AR

54 3

4k, HHESE MP A IP £ 5 — K HE N R R
AR R B R N T e > A S, XA G
SEREE_EFHA T DNA 2 S HLHI R ™, it

— Hfa sk MP

40 + s 1P

w2
(=]
T

FE A%
S

10

K s

P B B TR (2 T 30 H 2 A i — L SR B AE Y
RAK A 1) — A Bk . Ik, ARG T
P 48 TP A MP 1) 25 R 20 A 1 0 0 s 4= 1P T
5, HRTHEIRA MR o1 MR E, K
A 58 NMERERER . WMEIEEMPITE, 52
MRS R A 70 AN RESRE R . HL 269848 b]
REVS e Z AR, A B o 4 2 AN B0Hs 4 SR 4
H A7y R 52 m, e85 b T H AP o A 7
JE 2 R b i AR DL R R R AR B (i . Aok
E, BUERSEIP T 168 4HE N 5EARA /0 A 78 6 i
FN, XU RARSL L T S8 AMRIESE N . R
P MP H IR B H W%, 1A 134 % RABH
Y w AL T RE L N b, JF HoOxX s A i) K i
IR B H SHEIEE P — . AR R,
K4 45 MP FIECHE 55 TP 78 9 i 32 D] F 8 &% 7 T B
A RENMBNE, X EWEHESE MP 1T
UK zh 98 A5 E FE [N J2 T 5 E %0 10 B s o gl e AR 3k =2
FEABL I ARFAE

itk — B R R B S MP FILEUE 48 1P R AE N

44.83

-3

XPEX 2 MRS, A SRR R MP ISR
YR RAZ 5 CLRA K FL S AR EHE P RAAE R FE oA -
BRI o

34.49

3

KSR ST
K4 MP AL IP Hp 5RA2 (1 K S5 5y A1

RASAEY R, FT X2 MR LT T KEGG
TP E Y, 4 8 B A £ Boferroni A% 1E V2
RIEJE I PAEINEE 3 fios. T RAMEE R, #4E4E
MP Hp RAR BT 78 R D] i 2 75 B A AR R 2 hsa05200:
Pathways in cancer. hsa05200 J& —~5# & 2 Fs
I 0 PR )RR R AR, 3K U WX B A 1 SR B HE R
W R ) HE N S AR R AR R VIM G . R
hsa05200 #b, K445 MP b 5 A A4 43 % 3 RES
E R RRE A O, BbAh, B 42 MP B 5 5 (A
BAEMAEYEE A 25 A MBEE P LKA
L, X SRS X 9 7R UK B R AR L R AT el il 2
5K [R] 1R A i R HE B e E R R . EAS T R
&, VB AEIKENAE A TEAR AR 5 HE R AR HUIR IR (5
S EREEE, SCHR [31] MR T e R A
FEREERRE R R RE T . NS 5 AW E B A K
AR DL B MP i 7R IR B AE A TRAL S LS
BURMEN R R, SEAEMRKERRESR, X
N JE B TT R 53 1 WL 0 Th g S 56 5 N T e i
BT IRAE TR .

=3 HIEE IM A IP AY KEGG @BREENT

Ky sEmP HoprdEp

KEGGil#% Pl KEGGi## PiE
hsa05200:Pathways in cancer 6.56x10° hsa03440:Homologous recombination 2.80x10™"
hsa05210:Colorectal cancer 6.56x10° hsa03460:Fanconi anemia pathway 8.21x107™"
hsa05226:Gastric cancer 6.56x10°° hsa05200:Pathways in cancer 6.57x10°°
hsa05213:Endometrial cancer 6.56x10° hsa05224:Breast cancer 9.14x10°
hsa05230:Central carbon metabolism in cancer 6.56x10° hsa04218:Cellular senescence 1.20x10°*
hsa05215:Prostate cancer 7.57%10° hsa05210:Colorectal cancer 1.32x10™




Eol

K H, S5 SRR I ME N RAR D REERE St Ok R B 319

ZE LR, ASCHEJERIA T VEST-1. CAPICE.
FATHMM-I Al MetaRNN-I iX 4 4™ i ] 77 ¥ 1) &5
R, BT S48 AN N AE IR BIHE ) RAE . AR
Jei s MNZ2 T THIHE 33K 2 5 A A L 60 P e i DR S E PN 5%
AT . SRR, LW RTERBKE i
WRPPEAERR, ERIES @K, 2 HRE
AR R I B E R A, FE TR, AL
UESE 7 383 T 7 92472 30 P e i 32 DR 21 7 7 2K B
HE P ZRAZAE AP iE X Bl S AR REAS 2 B HE )

23 INEEERHIEE

X 22 GG H R R IR 4H oy A L o B
FERTFFEN SR ECA T 2485 B Pk . 5659
W AR 7 AT I, XN NP
REIA —EBR . AARIE GBI AR B3 1
Fl, A SCKFTER 8 By X HdE 55 M F 6142 %%
Jer i I DA ZELHE PN 570 B R T 0 B3k A7 4 1, O
T — AP R R RS R
¥ dbCCID (http:/dbecid.xialab.info/) .

FH PN, dbCCID 3 #F 2 AN EE A K
SEILRHIRA, WiR 7RI AEN, W
50N SRS AL 5 SRR B S & A . B THE Y
RAE, dbCCID [F I X FF I RBFEREENE
W, DAY BRI 5% 33 T e o 32 DR 20 4 N B2k 5
IR . N PRI LAON 2 f B AT R 12 9
dbCCID #fit T EFEIE A . F it AR . LR
A REANR 8RR, BEHELT,
ddCCID £ 7E R IR 1) )5 IR [ B 48 8 P w77 v2: 8
T AR A 37 MO ENE R, XS (E B BT
FEN IR PR SR D Re 2

Ubah, it K ) AR S R TR], AR SO AT
REV T K 2 24 148 = 07 SR IR e VR N 1S
BEEIT T AR . FE, BRI FEKERT
M AT (8] A7 A 22 5, HEFE R S ik H 4% R
(search by InDel) )77 b7k &= . HHi ML,
dbCCID At 5% 1 2 A EESH FL R H A N ik
12 J3 6 RAAHAR A RS B, P E A AR L)
10%. dbCCID [W##r, B ESaE—NH - KL m)
F&, NN G TAERE 7 EFR .

3 ZERIE

A3 ] G i 5 R 2 M ) 4 T A e % T
TFEPERE LB TR IF T — &5 THE. #o, BT
SRR AR TG B0 55 T 7 64T T 2R St
PERSIRAY, BOIE 7 3% e 77 VR 7E R B o O HE

FRAFIE F AR S . XUk, VEST-I Al
CAPICE Hy il 14 se R de o H e IR, BT
RER I R L7144 Fh 5 3k 0 00 45 SRAZ 48 T e hE SE 1A
Y AR RS HE A RASEE, IS SR m kBN R
AR BT AAE XS L, UESE T H AR A IREh R AR
GEE. mJE, MET —NERE TN R
=R B PE dbCCID, %8R FE: 7oK E
RAVELE. XRFZMRT, BERNHFTANRE
BEAER] o AR SCOATHT )i i ARE P AR T 7 925 P a4
SRR T BB S HE

£ E Xk

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries[J]. CA:
A Cancer Journal for Clinicians, 2021, 71(3): 209-249.

[2] BRAY F, LAVERSANNE M, WEIDERPASS E, et al. The
ever-increasing importance of cancer as a leading cause of
premature death worldwide[J]. Cancer, 2021, 127(16):
3029-3030.

[3] BALL E V, STENSON P D, ABEYSINGHE S S, et al.
Microdeletions and microinsertions causing human genetic
disease: Common mechanisms of mutagenesis and the role
of local DNA sequence complexity[J]. Human Mutation,
2005, 26(3): 205-213.

[4] STENSON P D, MORT M, BALL E V, et al. The human
gene mutation database (HGMD®): Optimizing its use in a
clinical diagnostic or research setting[J]. Human Genetics,
2020, 139: 1197-1207.

[5] PONJ R, MARRA M A. Driver and passenger mutations in
cancer[J]. Annual Review of Pathology: Mechanisms of
Disease, 2015, 10: 25-50.

[6] YUE Z, CHU X, XIA J. PredCID: Prediction of driver
frameshift indels in human cancer[J]. Briefings in
Bioinformatics, 2021, 22(3): 1-9.

[71 NIAVARANI A, SHAHRABI F A, SHARAFKHAH M, et
al. Pancancer analysis identifies prognostic high-APOBEC1
expression level implicated in cancer in-frame insertions
and deletions[J]. Carcinogenesis, 2018, 39(3): 327-335.

[8] YAZAR M, OZBEK P. Assessment of 13 in silico
pathogenicity methods on cancer-related variants[J].
Computers in Biology and Medicine, 2022, 145: 105434.

[9] 2R A, fpAh L. T —RM A (NGS) BAR b9 LB

BRI 2 TH 5 %7 4 &, 2016(5): 289-
296.
SHAO X Y, XU W W. Development of next generation
sequencing (NGS) technology and its application in cancer
research[J]. Journal of Molecular Diagnostics and Therapy,
2016(5): 289-296.

[10] SATAM H, JOSHI K, MANGROLIA U, et al. Next-
generation sequencing technology: Current trends and
advancements[J]. Biology, 2023, 12(7): 997.

[11] TATEJ G, BAMFORD 8§, JUBB H C, et al. COSMIC: the


http://dbccid.xialab.info/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/cncr.33587
https://doi.org/10.1002/humu.20212
https://doi.org/10.1007/s00439-020-02199-3
https://doi.org/10.1146/annurev-pathol-012414-040312
https://doi.org/10.1146/annurev-pathol-012414-040312
https://doi.org/10.1093/carcin/bgy005
https://doi.org/10.1016/j.compbiomed.2022.105434
https://doi.org/10.3969/j.issn.1674-6929.2016.05.001
https://doi.org/10.3969/j.issn.1674-6929.2016.05.001
https://doi.org/10.3390/biology12070997

320

HL TR A AR

54 3

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

(20]

(21]

[22]

catalogue of somatic indel in cancer[J]. Nucleic Acids
Research, 2019, 47(D1): 941-947.

MCDONALD E F, OLIVER K E, SCHLEBACH J P, et
al. Benchmarking alphamissense pathogenicity predictions
against cystic fibrosis variants[J]. PloS One, 2024, 19(1):
€0297560.

DOUVILLE C, MASICA D L, STENSON P D, et al.
Assessing the pathogenicity of insertion and deletion
variants with the variant effect scoring tool (VEST-
Indel)[J]. Human Mutation, 2016, 37(1): 28-35.

LIS, VAN D V K J, DE R D, et al. CAPICE: A
computational  method for  consequence-agnostic
pathogenicity  interpretation  of  clinical  exome

variations[J]. Genome Medicine, 2020, 12(1): 1-11.
STENSON P D, MORT M, BALL E V, et al. The human
gene mutation database:
repository of inherited mutation data for medical research,
genetic diagnosis and next-generation sequencing
studies[J]. Human Genetics, 2017, 136: 665-677.
KARCZEWSKI K J, FRANCIOLI L C, TIAO G, et al.
The mutational constraint spectrum quantified from
variation in 141, 456 humans[J]. Nature, 2020, 581(7809):
434-443.

KENT W J, SUGNET C W, FUREY T S, et al. The
human genome browser at UCSC[J]. Genome Research,
2002, 12(6): 996-1006.

RENTZSCH P, WITTEN D, COOPER G M, et al. CADD:
Predicting the deleteriousness of variants throughout the
human genome[J]. Nucleic Acids Research, 2019, 47(D1):
886-894.

HU J, NG P C. SIFT indel: Predictions for the functional
effects of amino acid insertions/deletions in proteins[J].
PloS One, 2013, 8(10): €77940.

STEINHAUS R, PROFT S, SCHUELKE M, et al
Mutation taster 2021[J]. Nucleic Acids Research, 2021,
49(W1): 446-451.

FERLAINO M, ROGERS M F, SHIHAB H A, et al. An
integrative approach to predicting the functional effects of
small indels in non-coding regions of the
genome[J]. BMC Bioinformatics, 2017, 18(1): 1-8.
PAGEL K A, ANTAKI D, LIAN A J, et al. Pathogenicity

Towards a comprehensive

human

(23]

[24]

[30]

[31]

and functional impact of non-frameshifting insertion/
deletion variation in the human genome[J]. PLoS
Computational Biology, 2019, 15(6): e1007112.
GUNNING A C, FRYER V, FASHAM J, et al. Assessing
performance of pathogenicity predictors using clinically
relevant variant datasets[J]. Journal of Medical Genetics,
2021, 58(8): 547-555.

CANNON S, WILLIAMS M, GUNNING A C, et al.
Evaluation of in silico pathogenicity prediction tools for
the classification of small in-frame indels[J]. BMC
Medical Genomics, 2023, 16(1): 36.

SONDKA Z, BAMFORD S, COLE C G, et al. The
COSMIC cancer gene Describing genetic
dysfunction across all human cancers[J]. Nature Reviews
Cancer, 2018, 18(11): 696-705.

PAYER B, LEE J T. X chromosome dosage compensation:

census:

How mammals keep the balance[J]. Annual Review of
Genetics, 2008, 42: 733-772.

WANGD, LIJ, WANGY, et al. A comparison on predicting
functional impact of genomic variants[J]. NAR Genomics
and Bioinformatics, 2022, 4(1): 1qgab122.

LIN M, WHITMIRE S, CHEN 1], et al. Effects of short
indels on protein structure and function in human
genomes[J]. Scientific Reports, 2017, 7(1): 9313.

X 1A, A B, AEHH, . DNA $145 15 ZAus)—A%
i 2015 FiE N RACF LD FEAYILFES S TFAY
23R, 2015, 31(12): 1322-1329.

LIU B Y, YANG X, RENG M M, et al. DNA damage
repair mechanisms—interpreting the 2015 Nobel Prize in
Chemistry[J]. Chinese Journal of Biochemistry and
Molecular Biology, 2015, 31(12): 1322-1329.

HUANG D W, SHERMAN B T, LEMPICKI R A.
Systematic and integrative analysis of large gene lists
using DAVID bioinformatics resources[J].
Protocols, 2009, 4(1): 44-57.

LIU Y C, YEH C T, LIN K H. Molecular functions of
thyroid hormone signaling

Nature

in regulation of cancer
progression and anti-apoptosis[J]. International Journal of
Molecular Sciences, 2019, 20(20): 4986.

% %8 XI¢MH


https://doi.org/10.1093/nar/gky1015
https://doi.org/10.1093/nar/gky1015
https://doi.org/10.1371/journal.pone.0297560
https://doi.org/10.1002/humu.22911
https://doi.org/10.1186/s13073-019-0693-z
https://doi.org/10.1007/s00439-017-1779-6
https://doi.org/10.1038/s41586-020-2308-7
https://doi.org/10.1101/gr.229102
https://doi.org/10.1093/nar/gky1016
https://doi.org/10.1371/journal.pone.0077940
https://doi.org/10.1093/nar/gkab266
https://doi.org/10.1186/s12859-016-1414-x
https://doi.org/10.1371/journal.pcbi.1007112
https://doi.org/10.1371/journal.pcbi.1007112
https://doi.org/10.1136/jmedgenet-2020-107003
https://doi.org/10.1186/s12920-023-01454-6
https://doi.org/10.1186/s12920-023-01454-6
https://doi.org/10.1038/s41568-018-0060-1
https://doi.org/10.1038/s41568-018-0060-1
https://doi.org/10.1146/annurev.genet.42.110807.091711
https://doi.org/10.1146/annurev.genet.42.110807.091711
https://doi.org/10.1093/nargab/lqab122
https://doi.org/10.1093/nargab/lqab122
https://doi.org/10.1038/s41598-017-09287-x
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.3390/ijms20204986
https://doi.org/10.3390/ijms20204986

	1 材料与方法
	1.1 数据收集
	1.2 方法简述

	2 实验结果与分析
	2.1 已有预测方法性能评估
	2.1.1 性能指标分析
	2.1.2 一致性分析
	2.1.3 致病阈值分析

	2.2 癌症驱动框内突变预测及分析
	2.3 功能注释数据库

	3 结束语
	参考文献

