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Abstract: The prediction of bacteriophage host ranges is of great significance for the basic
research and clinical application of bacteriophages. The conventional biological experimental
methods are limited by the poor culturability of bacteriophages and strict cultivation conditions.
The availability of massive genome or metagenome sequencing data provides the sequence
signature of bacteriophages and bacteria. Therefore, intelligent computing serves as a feasible
way to predict bacteriophage host ranges. This paper systematically reviews the studies about
intelligent computing-based prediction of bacteriophage host ranges. Starting from the process of
bacteriophage infecting bacteria, we describe the feature source and biological rationality of
prediction models, analyze the typical intelligent models and their prediction principles, and list
all the reference datasets, real-world datasets, and evaluation indicators. The review aims to
improve the understanding on the mechanism of bacteriophages in invading bacterial hosts and
promote the usage of bacteriophages as antibiotic substitutes in biological therapy.

Keywords: microbiome; bacteriophage-host interactions; prediction model; intelligent computing;
machine learning; neural network
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Diagram of bacteriophage infection process. Cycle left is the lytic process, and cycle right is the

lysogenic process. Lytic cycle destroys bacteria and releases their progeny bacteriophages. Some lysogenic
bacteriophages integrate their own genetic material into the nucleoid of the host bacteria, or exist in the form of
plasmids within the cells. They replicate with the host cell and pass on to daughter cells as the host cell divides,

known as the “lysogenic cycle”.
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Figure 2 An intelligent computing model framework for bacteriophage host ranges prediction. The process of
bacteriophage host ranges prediction is summarized from top to bottom. Based on various reference data
sources, training and testing dataset are divided by different strategies. And then, different types of features are
extracted, and different intelligent algorithms are used to construct computational models. Finally, different
prediction strategies are used to predict the host range of new phages.
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Figure 3 The development of bacteriophage host range prediction models. The horizontal axis is the time of
model construction, and colors represent model categories.
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R IR IR I k-mer A5k 25 k-mer 19
BT RE , AT DL R BRIEIN AL oo, $Rm R
PEfE. Young T RATEE . AR . E AR
R B S A BT SR B 20 SRAFAE, AU
k {H4 1-9 ) DNA k-mer # | k {E8 1-4 #%
5 IX Z BE R k-mer W | k {HR 1-6 M IERRIT
AT I P B 2 e SO (g 2 R R A AR 4l L A 3
Ae2AVE Ay 22 3] 7 A bin H) RN B R S5 4 3k
BH, IS m LT 18 F T
PHISDetector''* 3% F J* 51 41 AL A0 o1 P
CRISPR DU | JRE PR {4 | 5t 4% [ R (BLAS TN,
BLASTp) #4715 AH H.AE 1 ¢ & (protein-protein
interaction) 8¢ & 1 5 A & 1 /] ¢ & (domain-
domain interaction)sHrit5 i 528 18 PNMFHIE,
YIZRDRR . B EIE . SCRFm L. SR
DU R 8 R RN R DU SEpIL a2 T A, JF
T S A A2 T AT A AR B i S S R T
Boeckaerts™™ 1 fA % F 2 1k 45 & & H 1
887 A%k I 1A e 471 5 s A 0N i P A i F= Y
AR 133 > DNA FIZ LR 5 S AR IE (1T IR
WA GC T i B AR A I A 22 )
20 N SERRARXS FERBERHE . 15 NF S AL
PERRHIEGE AR KE . & FHREFFE
PESE)FT 3 DA A RE, LI Chen
DR Y 47 AR AR RS I RFAE (AT
B MM Z-scale HFAE K6 I 1 25 1 o e 41) 45 ) 3t
218 HERYRFAE a5, BT A A 53 B (linear
discriminant analysis, LDA)., #Z# 5. FEHLE
MRFIE FE H2 T (gradient boosting) BT, {HIZ AR Y
MBS T2 R E5 G 8 2 A O .
Boeckaerts [ ATE ) — Wit 58 H UL T
52 e e TR A SR e 4 R A ) it R Y 22 R AL A )
WESABEARY , B — 2 AR B A S AR S5 6 2 VRN 2

PR i A2 A 2 (AR B T 5 3 )2 A o R
AN Z [ A BT R R 2 3 2Rt (S
CRISPR-Cas . DISARM . BREX Al i/ g% 4t
(abortive infection)&F ; 55 — )2 X W B A X 15
AR BRI (hijacking) FIFe AL, i 1 JZ IR AL
AR UV TRTACTE 330 Bl P e 2 T, I AT ATEAG A
[F] JZ2 U AT TTRR
4.2.2 ETHELEAR AR

JC B Y R Ty ik i e B X e
PR TR, MR HH AR A R R AR S 2R
KRR,

HostPhinder!” 13 T 3 [K F¢ 51 A0 fBL 1 ok 55 A9
Wik T A T XoF 0 ) 400 T 1 2 B e R4, D)
16-mer i i) 12 Ry AR X 05 R AR A 7 2R 2K
MRET A MCREN AR, KT
(seeds); 1 1 BRI INA BB 1) -5 51 6 b Rh -+ 17
SR AR TE(EE AT 16-mer) 4 B H g B R 24
BB ERSE ; R il e A i 5 R R
AR B ARARL A i X 1 ) 20 B 7 2 5 1H%
B TCTE AL PTG K 0 A 2 5 W A - 18 F e
Xof B ahE v A O

SpacePHARER!"" 7 & [ Jfi /K F b L 5%
CRISPR XIS FIWE A MICICC R, FIEG Q&
FR— 2 D L TR 21 R A ) 9 CRISPR XIS
JLE O N 20 R FE [ 2 CRISPR [8] b X 1 510
FF L5 1324E (open reading frame, ORF)J¥51 , 54
T A WE A FUs 2 HARSE, s TR A
A LG, g q 5t ESNE A UK
B Xt A 7 — SOME RS (hit) YR BSCIT A3k 14 7 £
Y TR A VEBCRR R .

X} 7 DR e 458, VPF-Class™ Ty kg
1 :F HMM X% 22 25 [ 2% (viral protein families,
VPR TR, feirZBMEE ErEA s T
[Fi) — SR, AT 7 2 1 o -5 00 o i = ) IS
KR, FETRS 75 e DR ZH PR ARG Y v B A 7 A
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TN, 38 g X ) R SR O AT BE AR A L X
T3 % 55 225 BOHR AT K 1 5 TR 4% T 00 o e 1 AR
L B B S B ATE B B A=
F/0 14> VPF MBERR, ATy Rk 2s

FETHLAR 2 >0 AW T A i = 3 ] o A 75
Wi 18 FAE AR, T A AEFAXHEBURFAE, X
SRR FEASK F H FLA ML A 2 SRR | o 05 8 i
FEFFIE SR R 5 o
43 EBETREZFIHEMENWEEAEE
SEETUN SR

UTAESRe TR N 45 A s B A T = 3 L T
FEAF BN 2 R o Anfnr o i TR A RN A 541 7%
Tk 2 25 (BB S L LA ARl 353 P 24 &%
P LU A3 B AR MU MLEE 0 o RS A 1

VHULK 0 5 4 19 26 (1 B 515 pVOG
B PR AR IC LR UEA T UL D, K 9 504 MARid
B E T a5 15 R B S A2 4%, i
it 2 R ARG, S 52 ANFRKSERT 61 4N
K532, IR 8 T ReLu 0 R K
Softmax I bR EIA A K F- 0000 P9 2% . T 7K -
T R 2%, I e AU SRR AR A e 2 S
g

VIDHOP® M SR VI A %K % 100 bp B
400 bp TF51, E83d one-hot 2RI Ik B 4 L A
21 40 3 RAE )4 B B A ] i, O 3 A XL T
LSTM. CNN-+XL[i] LSTM 43 S [] R i
FRAE, I DL AR B . AE R # A AR
BESILCAIN 49 Rl 19 B 6 Fhan s 1E 3 o0
GRB , VI GRAS ) 6 e 28 0 2% 3 ) T 5K 3 289
BEMITELETE £

1 Sun 1 BA$Z H Y ContigNet™ i ] one-hot
S B v PRSP 0 R A 2 7 9 0 B i R 3 6 7, T
BCVUAERAERE RS, A CNN R 2% 114 5 FR 2 A
AR IR AN TR B 10 7 90 A I 4 B ) B o,
W 4 LAt 3 X 0L 1 0 45 i HE e R A E S A
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AV 2% 15 B i AW TR A 5 4 T T 4 A9 A
VERITHEA

PHIAFP B} X Wit 1 14 15 1 X6 1E AR AR 20 1
) &, 4 3R T AR BXT T M 45 (generative
adversarial network, GAN) A Z a5 , MG PR A
TG DNA FIEE 50740 B B 56 AN ]
K k 1 k-mer J0SE K AT 340 HERFALT
i AR BT 8 B 2 SRR N AR Ak
2¢J0% F ¥ (chemical element abundance, AC)#l
R4 T2 (molecular weight, MW)& 162 4
FYRHIE A i o G 6 NGETTHRRIECAME . R KM .
w/ME L PRifEZE . O EMP ARG E AR
FFHNVRIE . a5 A GAN PR P8 itng , JfpdE
LB AFEAR A TYIZR, A 2 )2 CNN M2,
B a5 BE B R 4 % 422 )23 45 3 g T R
8 FXT R VE AL .

DeepHost™ i@k N NA[A]HIBRIE B Y k-mer
SRIE I FEAIEHRA  INBRFIZEAS , #5351 24 x 2 x 2N
1) = AERP RS0 AR | IO FH A FE R 28 1) 4% F0000 7
F R A5 TR AR

FEWE TR i 290 Rl S R B X 45 A A | B
LRI A P8 A RHIE , TR AT 255 B I 2%
SER PRI [R] ROBE O RRIEAS B o TR 2% ) Jy AT
PRI T A RS W 2 2], DAL M AR Fo 000 35 3
HfE 3, Al R ZE
4.4 ETMKENEEATEESCE T

Wk PR LA o i 2 A R A G AR
DALt SR FH 0 2% [ () 45 /) ok RO X R OC R B R
SR B3 WE

Liu SECTELF WA A 5 18 S OCHE . W B R [v)
AL | 18 EZ AR U A B S Al R 2% . LT
RV 58 TR - i = X ) e TR AR -1 T G R I 45
BT k-mer HEE (14 d, P2IA HEE R 1A TR]AG AR
BE R 2% e AH LR 2% Bl & (similar network
fusion, SNEYKF k-mer BUEEHILIHERS B o 15 0L
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208 % HE W A e 0 EL A 35 A% AR 2L (Gaussian
interaction profile kernel similarity)% &4 875 32
) 2% P51 it — R A 3 B A A T
(logistic matrix factorization with integrating
different information to predict potential virus-host

associations, ILMF-VH) i) 544 /0 28 | 75 7E
AR T A1 32 5Tk

F Sun [A1BA$E H A VHM-Net™ 0 b {41 £
XV AR T P &, 300 R W P AT X
(virus-host pairs, VHPs)Z [A]AARRIMEQ2 4N A
Z B AR B 2 A ANER Z R AR I . T
DIF 3 SRR T A 1A 7 s . g
R4 22 1) PR DRV 26 P S ARV P RE R B S R] 9 7
Tl VIR S FARNE s Al fid T Z AR LA 21
FP ORI 2R A PT REAE (] — Fh R 2y s
TWE AR 15 0 AL A, WA
TE 42 5 DR 20 R ik Jy T 5 LR 1 1 B A
L. VHP fAHEAEHPRES R 5 & Bk T4
VHP 5 i A B R K f51> VHP 5485 VHP
ZIAJ AR ZR . VHP A B AORHIE AR Z0 W o (A1
ERARIERE B (E T d, Ad; 2 s))
BLASTn 84} CRISPR [XIFLES 5>, VHP 5
oAt VHP 22 8] ({55 F MR 0 p A R R — 1
) A P A4S 22 [ 10 B DR ZE ARV A 5 S o

HostG!" L F P £ A1/ 45 (graph convolutional
networks, GCN)HEF 72 W BB pl A e, R AYYY
FORWERAFIAN G, A T Rl A o 28hR4, W
AT AL HE O A R R R 1 3 R TR AR
GCN  f5c 244 g R A 3 04 W TR A1 1 43 e A
2, AT SRR A EE T CNN I 2Ry 41
H#AKR . HostG 45 2 FMARAIAY, WREA-
W T P AR P AR AT o e T A ] 338 2o 7 97
AR =2 2 1 GRPR [ AR AR ARA R AR A, Wk TR
A5 240 A =2 ) 1) 30 368 ok 5 PR 20 22 1) 114 Jay 350 A AL
PESRAS, T8 3 F B 22 I 28 I AR A 19 s TB) A

I, TR HE 277 SR B 1E R
CHERRY "] 4% i —F 1 45 R 0 45 154 7 0k ]
PRTE ER T, HA SO WE R R B4 DNA
FE A 4-mer A5 ] o5, 5 P 1A 5 M0k R AR 118 2 422
T FH 25 1L B AR R SR A A, e T 5 A T 1 3
KT CRISPR il BLASTn #EATHEE . %75 18
o Yt 2% - A 5 (AutoEncoder) 45 44, A4 X 2%
P25 4, 75 31 2 B I 45 ] v 2% R D A () AR PR
TN T -5 200 B AR R, 5 280 A s T T R 4
PR SR A T i, TS i — 20 2 )24 id
P25 [N 245 3 215 i R e Al 000 W 81 A 7 i 3 s
) J 4 24 AT P W T A
Do 28 Jl AT DA AR 55 5 TR A 2 ) R AP, e
AT DA 5 I T R 5 00 T D 1 5 R 2 ARARLE
P 2% IR R B 5 A 1 4 G R AR, 7]
DI B o Al RE S5 R, BB SR THARR T
4.5 ETEEEBMEEAREESEE T
451 BtER SRS R EHKE
RaFAHP AT CRISPR [1] & . [F] I DT e F
LA (RNAs ZISRRAE, S o 1A 35 PR 4 )
AR B ST RS, 193 43 644 MR
f% (protein clusters , PCs), Ff#HEV T /R A] Jeps
4 (hidden Markov model, HMM), ¥ 25 879 4~
Ik TR A7 91 (e 709 A4 W ok e 4 L R 4
HA P A BB 2] HMM 45 21105 5 (4L R
R I TR R RY15 503K (25 879%x43 644); 1M
et FH BE AL AR AR 53 B s T7 44 56 DR 4 v A7 7 1 2 1
R , IR 5 B TE S 2 18] A AR R 5 o T
1357 o AR A 38 2o FE B A B ok i AL R 1 TR
X T8 F RO A DTRR, B R AT AR R
452 GOtRBESREZEIREHRE
HoPhage! ™ 42 Al R i 2 2] il T SR Bk I A8
A, Hr HoPhage-G (genus)BiH st TR 2= 2]
SEPRJE AKF TS XS T 5 HoPhage-S (strain)i&
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B FH 0 2 200 T R DR A 1) 4 B 05 47 (codling
sequence, CDS)FEE Hy /R AT FREEHIAY, 5@ Lt 2 4
R PR IOAY- X8 i34 1 = A T

5 HWRH AW R E S E B
K-

RN e eeN s LRI 1 8 o B S A
A ) AR L 18 T X6 5 s 58 T W D 4K 5 1 2
LI (18 P X SRS, T e o e P R 22 ] 4 A AR
PEHEATHIWT , DA A AEARLE va7 0 5k T 1K B m] i Je%
Ye[R 2RS35 R I R AR s F 0
FLAT 8 v A ARRURE , 388 3 A3 W TR AR5 240 T 1)
AR e 0 s B A i F2 9
51 ETEEEEETEENEREATE
F e UM SR

TR W I T B P b AT A W TR AR R
AYBCXS DG 7R | 38 2o B HLAT AR IR 1 3 MR Rl 7 3
) W D R 22 1) E ARLRL P B B A, 1158 S M TE
2 S TR AR P AR AL A A S0 3 e O A 1) i S
XM IO A R SE R AL 781, (EX AR
W BLTE A i 28 3R 4 1 32 O 0 T S
FH o R L B AR i 4 HL A A R) 1 32 A s TR 1K
J TR 2 7 90 0 B s () 02 o T B AR s A A
eIk, (RIS UR WS R AR B R 20 22 7 )
MEA SRR E EMREEAE S . AR
f33% HostPhinder™ | ILMF-VH® | vHULKP"
VPF-Class® "l RaFAHZ"4:
5.2 ETIEEMASHE 848 % E = Ak
B 478 3 36 B TN SR B

TR W R W TR AR S 15 S R AR A T A
RIPEEE &, iid CRISPR. AMG %44 41 ILRL
5B, 802 k-mer 5 SFAR DU BE 5 07 12 R VA
W PR AR S5 AR , AR it ds VEM™
WIsH®!, PHP®4:
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5.3 R A& MR AR 0N S B A - 2 B AR 400
P4 ) Mk 2 g = ST B UM R B

2R WA S T B PR TR ] PR AR
N 2% JEWE R R S 18 A ECRT & &R, AR R BR B
P S 40 i s R, HURFr ity
¥ VirHostMatcherNet™' . PHISDetector!'® 4 %
CHERRY™, CHERRY %% W 14 1A 2 ] 2 11 5
AEARIPE (ERR (AR S A9 CRISPR XI5 F1 BLASTn
BCIfE ST k-mer 4 BE A ARALIPE BE S A 3l

6 SEIiit5itth

6.1 TR A0 FN £ B B X B 4B e
6.1.1 NCBI RefSeq ##2FE""

FEWE TR AT 23 R0 v, ol R 48 K 24
W TR A R A1 TR B 3 D 41 15 BUER O B NCBI
RefSeq FHEE, A RIS H Al e i) B o) g
A 20 TR 1 T TR 2R A A2 A NCBI
RefSeq 04 22 Hrdh BURE B3RS
6.1.2 NCBI GenBank ##E&£%

GenBank % 40 T YR BAZHIRIF 51,
XLy A1) 3 B ) S S Y 4 A8 R FAR
D75t H AL i R A8 34 . GenBank G Y)Y
PN S I - S W s e i E X S
RaFAHP ) FI 2 5088 e 1) W o A7 845 B
AL
6.1.3 VHM #iE&E

fiHLH NCBI RefSeq £ /%, 7E 2015 4F 5 A
8 H NCBI ¥ it 1427 A TS B R
W TR AL DL XTI ) 31 986 N EAZ L4, #4)
BT — AW P AR A RS 00 %) 56 o Ak 4
PHP® AR #i& [ Br 9% 25 40 25 2 5t £ (International
Committee on Taxonomy of Viruses, ICTV) 2l
NCBI 4328585 V0058 T VHM $icdi 42 o 27
FFAZ A YRR A R385 R, R VHM %L
PERAL T 1 426 TR AR BE I 20 F0 31 918 M J5id%
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BRI 8 % 22 B A AR R A 4 VHMP
PHP™!, HostG!" I CHERRY!"",
6.1.4 Virus-Host DB'**

TR AL IAT OB E A SCHR, - Virus-Host
DB $&ft 17—~ 4Ty . T2l i me v {4 Sz H:
I fE 8] A SR R I BE 2, AN NCBI
RefSeq i ag A K41 25 H A UniProtKB &
JT P80 4% B PR EC T KRR SR I = 1E 2 AF
o IAh, AR T RISNESE SRR, W
ViralZone!® . NCBI 4325 %448 )% . KEGG ' I
ICTV . i FHZ S0 46 i B R L 5% PHIAF®Y
VPF-Class”" | HoPhage!#i1 ContigNet**),

6.1.5 Phages DB'Y!

Phages DB W4 i3z 1 5 YL it e 15 18
TR EEAH CEE , A5 R B . RAEFNHL D 4H
FHOCIIE B . BISCE LRI IE, ©F 8000 £
AN TR AR B A BE P, AL 1 600 242
(M FER 20 o (o HZ B 4 I B LA 55 PHIAF™Y
DeepHost™*”,

6.1.6 GL-UVAB'**

T RH 2 TR B A B 5 Y R Y A R
(genomic lineages of uncultured viruses of archaca
and bacteria, GL-UVAB)I#17 T I 20 ST MR EEA% T

FRIT AN RGEEER A 0 Hr, SIS Rz 5L
HNEH R T BN —eBRYems . 9 £
PRAT R 8 07 A K b4 = HEHTEE R A (R A ML
il ol I EARAE R fHF RaFAHP,
6.1.7 KEGG'®

KEGG ##fa Emi B & 2L A . AEAb O

AW . EWR S A, DR EE AP
PATHWAY i %15 5 o 76 M5 P& 7R 1 3 F A 2
H, KEGG 5 e £ 2t se s N5 B, 7
KRB, W KEGG B % h e
F14) 308 (55 JE I AT i) 0 (B A5 — 2 5 i
FZBR S B R 15 WIsHP,
6.1.8 pvOGs"™®

JE % 9% B B & 6] J5 B (prokaryotic  virus

orthologous groups, pVOGs)¥ ¥ 7 £, 359 7% &
FIIIHEE RS . R FRAE DNA FEA 38 R Al
HISERE L REERE BT RIS 4 35 R 4 2 3
H 45 [ EL R A5 B, o BT — S8 PR K 25 ()
I A7 7E T 8% G S 240 B oty T ) 221 i R ]
g, DR b S 5 R B R 5 ) B 10T DA A R
TIE o B W TR AR P 912 75 A0 2 X e pRi i PR S
TEF T E 10 Az B s 4R AR SR A 2
vHULKP"
6.1.9 IMG/VR'®

A A W) AL TR 2H /9% B (integrated  microbial
genome/virus, IMG/VR)%{ 4 2 $2 A4t 955 55 3L K 41
FISE AL R B, SR AE R . B8R 1 D) RE LA &
AHIRAE RN R B E 0 2 E . IMG/VR
5 pVOGs 25, B4t TR EEE ARG R,
A DIAE RS 718 = P00 . i A Z 8 s 2 i A
FRIRZ VPF-Class?!,
6.2 MZMXERIXI 7 RHFANTEERSE
TR

YIZRAE AN AR B30 53 = 2RI 2 Fhofimg .
S — PP SR IS i BRI (] s 2R 00 43, 910 HostG
Al CHERRY L) 2015 4ELAFTHY 1 426 WA TS
FAHEAEFE IS, DL 2015-2020 4ERY 671 4
B IR AE ;. RaFAH ¥F 2019 4F 10 A RTHY
25 879 MWREBAAR T 51 (L 709 A~ e R LA 4)
VeI, 2019 45 10 AR 3 427 AN EdEfE
o RIIUINZ W S 7 5 i Vi G 7
HoPhage FEALIME 90% W & 4415 3 e X {5
VERVILEE T4 10%1E R4 . PHISDetector !
) I X o R I S A A T ) e A A i T X
VERIEREAS, TR R 5 HLAE 3 DLAIMA 4 B 1 e
VEN N T HEST I SAREAR

Wk DA AR TEAS [] 1 A2 ) 93 22 IR AR B H
WA iy, AL @S 1AW, HEAR A
SENar A Ul i | S € i e
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Hh T B BE AL B GRRE A B TR AR A T 3
SR, DA ESEA 1 YI 2800 o BT DU A
Foft A = 14 0 BT 4R 22 )11 2 S R0 S 42 194 91 4 i
N AEFIIMRAE . HostPhinder™ i SE 5 Wk i {4
FER A IR 16-mer FHRIMERIS, mAHBHT
1414 N2, Hb 1121 MREHAS 1R
2H,HFIX 1 414 ADNRIFR IR TE £ FHRERZE R 4] K/
WKHE, I HASRME] 5 A, XBHE T
TR AP A 1 AL KB

S — T, WA AT T ) I RE A H A
PR, SAREAR S H o KT IEREAR S, i s 1 A
16 FHAEMIEREAS B /N T AR H . —
T, ATRAE AR AR R, 2y
PR T RIS, 4 VirHostMatcherNet
PHISDetector, ContigNet % ; %5 — T, i %L
Parvsani e p A o L2 n] I IEARAS, 940 PHIAF™Y
fdFH GAN A= BB AN IEAEAS
6.3 MIAIEE AR MEELR Y SRR EANE
SSHESE

7 S DR A I P 5 o R R A A R 7R
SR YRR PR RE 1403 T T A ST R 22
SE IR A B A Fext AR S0 A SR A E
HB PR AT X, A B B T R I A A T2 Y
HERPE 5 ol BT X 722 SE DR 4 o e B AR AR B AR S
W TR 1A A 575 3 70 R T . CHERRY M e il e A
H W3l 1 MetaHiCUREA 10 Hi 6 545 NI
PKIRFE 3. VPF-ClassP Vi ok 56 16 9 22 i K 4
TR R 1 4 BRI V9 7% (global marine viruses,
GOV)EH FE" Iy 1 380 523 N EEF 5114 T
fa F 0, Horp 834 023 45751 REE A5 2] )& K F-
(78 T T . RaFAHPO $AGH FI IV BHT T 9% 76
PEREART I 4 751 A9 8¢ L R AL A0 48 8 5 %
K HAKRAG L W AEIE . ok, L
R B WA AN ARTRUR VR B R AL Y 61 647 A
B Y AN A T A T
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6.4 THEIEIRAMIFE AR
6.4.1 1RALFE

o H AT A DA A s W T A T 3 R
) AR 25, RIS L A P s TR AR T % o 4
MIE ST EG, A, FENLAR 2% 2T 2 il Y A v
K (precision), #¥ 4% (recall), F1 score, ROC Hf
2k . AUROC. AUPRC. Marco Fl-score FIJiAY
Fl-score & VM4 -t v] DLk FH R PF- 4 W3k o 44
1 90 [ T 5 vk IR
6.4.2 FHEEZEMITM

VI Z2WF 5 300 5 T il S5 X AR 1% i e
FFVEAL o 40 RaFAHPO Sl Fi G 25 11 R A 7
T, S LAY R o Rz-like
WERAZRE T, A, ZREiER .. iR
BRET 4 B 1 A5 e I T A 1 U i A P A e
RAEE AR PHIAFPY M #2228 5 7 L
il o LA AN R RRIE AR, KRB IEAEA AR
AR IRGE AT AL, DA SRR TR A
AFAREA T BA R R AR tsh, &N
S K- B ARAIESE AR T DNA ZKCERRAHIE, £
WX T R A Y I, DNA 7K HARHIE L
B KRR IE B L
6.4.3 k-mer SH KN

FETF k-mer FEE R ik, k EMERAL 2
S S TR A 45 3R  Young 2571k 4T X DNA
k-mer, ZJEHR k-mer LASCERITEMEET k-mer
H I 25 SRR B k-mer 1< BE S INTHE R,
S KN 9-mer, VHMP M B EETE 4-8 bp
i) DNA J¥41] k-mer 1, BEZ#E k {EATHE =41 1E
B 7 AEAS FIKE ) 40 R 45 R e s
[, WFFTE M k-mer A5G A2 F8 4 Mk
T DA o W TR AT = 91 P AT 55 (v
6.5 RFRIEZE VHM BUEE EHIMEELLER

VHM #dia i i H Sun MRIBATE 2017 4F
P, e )5 H PHPPURI CHERRY! (7 T
BB, A7 2020 4E2Z i NCBI RefSeq Hr A9 I0 147
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Figure 4 The performance of different methods on VHM baseline datasets. The horizontal axis represents
different classification levels, with phylum, class, order, family, genus, and species from right to left. The
vertical axis represents the accuracy of prediction, and different patterns represent different methods. For
species level prediction, only the methods that can be used for species level host prediction are listed.

WiE EMEAERESE, HhIgEads 2015 4
BB 1306 MRS FXT, FHA &S 345
ATAE 187 A M A AL 2015-2020 4 & BLHY)
634 AMERE AL X, AR E e 95 4
Pl A2 B 40 H 3 VEM B 4R
PEA TN ZR AR 4 A 6 BB 1 BE DA . Anf&] 4
Fiw, BIREH T 11 AMREBIEARR 25T B
BHE R 2 1E A R, E )82 e
T MR ZRAE 30%—-60%, FHrP{UA PHIAF,
DeepHost . VHM-net Fl vVHULK Y554 GE7EFif
A TE IO, HAE R 40% 4410,

7T Ew5R¥E

Wk BARTE A AR b A S Sy, B TR AR
T R W TR A A U PR T A A B T B
fige Wt TR A RV SR LR, HUAE R AT I ik dR i
SR TH . BT 8 BT i Wt 1/ 1A A4 4
PR i 2 3 R T A 5 S O T W T A A
ARAES, WOAKBUB BN &R IR AL T

TR,

AR SO HE TR RE TR A0 I T A S T
UBIEFE A7 A8 B T A DR R ME s EA T T, %
g M AER BEROAR 5 AW BOR A T Al BE Y A
PRIT SR JEHT 5

1) H AR Z 807 1% 84 T 0 PR AE Rl
JETAT, B BRI 1 1E N2 0, R
WA AR R, BRPR 2 [ 0 5 B2 AR FT B 52 i 101
DRGEE . FTREAY Gt 7 A4 -

(1) RS WRRR A | 18 2 Z24HE | S8R,
TEMGETT | R 2 AN TR SR 14 22 REAR Y m RE A
P TR A i AR EL AR T A 1 RE AR ] Sk

(2) KA R BALR (A
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