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Advances in viral metagenomics
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Abstract: Viral metagenomics is a new approach to genomics research. With the rapid development of
high-throughput sequencing technology, viral genomes from the environment can be quickly discovered,
identified and described based on composition characteristics. In the past decade, many novel viruses have
been discovered by viral metagenomics, enhancing the understanding of virus composition, distribution
and diversity in different environments. Therefore, viral metagenomics has become an effective tool for
clearly depicting the viral map in various special environments and understanding the distribution
dynamics of viruses in nature. This article mainly summarizes the concept of virus metagenome, sample
preparation and extraction method of virus total genome, sequencing technology, the application and
development prospects of virus metagenome.
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F 1%; i EXHEENARARAR, REHTE
XPEEAS RO IE N S HA R E RS, H
HT T4 30 52 48003 B JE DX 41 04 07 125 32 B R B 119
BIR il LA R 3 7= AR A i iy S DA e, X
BEXS R RE RO DT S IR L ICIETRA o BB BHL A W
PEA R DA 2 4R O A X — TR I T
RAFIOTT S o R RE % B IR 20 2 2 48 PR a3 A
Wy R Hp s A A O 75 2k R L5 R4 TR 15 R
oA, e R Y EOR K TR TR
FEAS ool T W AR AL I A 5 2 TR IR, A
T A5 A5 2 2% R TR A~ BB A8 B )0 M iz P 345 Aol
SARBIIRBE R T RN A 88 T ORI R
BRI AL ZREPE, RN T AT S AR 2S
PRI ANE FE 2 [ AH ELATE A R B AR

1 R EEE4AF

T FE A W BEEE i Handelsman 45 1998 4
P, HE L h“the genomes of the total microbiota
found in nature”, RIIRSEEH 4 ERG0NAE Y) it 154 5T
HEAT, IR R SR SRR RS SR A s HAR
PR R L E Y Sy B FR R, A B
FEIMERE ST 90% AT B SR U A 1 F
BB, 72 3 K 40 2% (metagenomics) LA PR BEFE i HH 1Y
A BARIEERA RN S, 456 T FEY
SEIBESE Tk, DAY fE S DAL O 2 RN 43 i oA A
FTFB, UMAEY ZRErE . Mgt . k%
. IREIEE . AHEPMER R KB Z A 26
FNWSEE W), R —F AR Do gy k4,
— M AR S AIAEERE S HR USRI ZH DNA L
FLfE DNA B G3E AR . K sk i b 20 1E 400
N IF AR BE R SO | e B A1 55 TAED),

TR SR % B TR 2 2 i i o O Bk N B
a1k, BE OB O T W B 2% 3 A 4] 2% (viral
metagemomics)l®l, 2002 4F Breitbart 25 JF & 1 &K
W TR AL Y, R T VR 7 % R TR 4 2 1 TE 5
TEREREIT 7T o BE 2k K i E R T Bo
W B AR Y o i, RS Y

FEINAL, SRR A5 2 A 7 2 P A B dle [R) H AT E
R B T B IR HEA T FE XS RN, R LA AR RS
[l PR3 o 7 1 — SE S S A 00, UL BE B3B8 B AT
P TR RE 5 RS T A LE R R 25 4 149
T, TR R AR 3 O T T s A5 R 3
TUZREPEI SRR, U AN TR RLAE IR
B P Y BHLARR LS,

2 B EERAENPREE

I BE B A g o R R R AdE 3 AN
TR FEMAHTAL IR ; RE 2 BR K A A SO
fe il N S BRSO, B 1 B T R R A
ZH RN LAt sl A 0 0 o R DR ZELRE S A B AR, T
PUE H3X PR J7 5 i AR A B AR 2 — R, B
KB DX B AE T R A A A B T O R,
TR s L AP A A B, A s B A
K% R 2 7™ 1 P s 7 3 DR A 0 3 o RN R
B, FERTIARE T4 B L R P T L BR A
IR, 8 R AU AN A BRI DNase
THAL LA BRI YL DNA. S5 BERIR 40 T A EA%
YRR, FREEIETE DNA, SRJ5# DNase
Ak, BRI B G BB oA
SE VN R = L RSPk Uk AR
2.1 #HmEtE kRS R ERARNGE

REEHPAE S DNA (95T 5 L6 R B 5 2 5
DKL 2H 7 BT B 285 SR U 5 T JRe i B 2 5k TR 2 43 By Fsf
FES I E BN B S, DB R Y &
X EE HAZ BRSOk FEs, Tl
VL e U7 18] it o J€ (tangential flow filtration ,
TFF), By B 5 (— by 240 B 75 50%) O
R REE AR, FTLLRA TFF o085
FHRERERRE DET 74 Ab02, TFF ¥ 4595 5 FF i 19 1
MR G Z PR FER AR TP, XFFAEKkk
FEdh, Thurber SEU2ILLELS T 4 ok F 2E AL 1Y
4li Ak W5 5 #F J0kE (virus-like  particles, VLP) i 77
%, SR ER: CsCl WM B O AE bR TE F44E
) DNA J5 AR, {HXR S PR R (R B A 5 Z1 X
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Figure 1 Viral metagenomic and other microbial metagenomic sample processing procedures

O3t AR F 5 o b o Weda it Ja W 25 4% ]
PLEAT TR B, PRI IR & 2 WiFp X
SE—FEEA &, il QlJAamp MinELute Virus
Spin Kit, X2 &7 HF DNA WO AL
HA T SRl S 58 R A A%
MR B S 2% e KR R IR HP s A AN [
ME AL, & e m -5 Ria:, ks
TERRAY, (HRBGRCR RN HLAi B A R0, 4R
HUY DNA QR EE IR ARZIF2K,, AT AR 4%
LY 14, FIFH Genomiphi DNA i{#| & 1% DNA,
F3E 1 DNA 1] FH 44 £ 35 PR SC 28 5 ey il = 0y o
IRAE A RNA 7559, , AT LLE A RNase P4
THBR RNA 405, (HANREREEAE 2 RNA
B, ABAKFNY RNA LA HF %8 kkEE
DNA FIFSEH Y DNA WsE. 85 L &5 F
FH0.22 pm 2% 0.45 pum FO BB ESEIE B SR A
MIFERH, RIS DNase I 8{# Benzonase Ab¥H

30 min BIAT LERATA THEA DNA 1B RNA Ji
Fo B TORMERE RNA WEER W23 R4
] PIWRAZ 55 52 DNA a5 AH A mRNA
2.2 MEEEBENE

P SR i 2 i IR 2 S I 2 R 3 B Y
¢ H MRS DNA (&, 4 & BR/NE
K. 75k, DNA FBiyR/NRE 1 2 R4 SO
SEREVENC, H R A R SCEA PR X
3 ) 2R AR B A R i — AR e R 1 4 2k
SCPE o FH F ) 33 SCE () 28 AR AT 50k (plasmid) |
FT 47 2% 1A (cosmid) . 4 37 5K (Fosmid) T2 18] A1
%@Mi(bacterial artificial chromosome, BAC)% s
REAS 1 AN [ 4 AR Be R /NI E 5K . 3R Y L 4
W ARG A B KN TIE$E, fil4n: DNA
FrBE<10 kb, &G4l A BTRLE K ; DNA F B
30-45 kb, ifi A %5k (fosmid/cosmid); DNA F
Bt>40 kb, &AM AT YA (bacterial artificial
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chromosome, BAC)!', r— G5 A iz k
SCHELL SOLID M5, SOLID 4:#5% A Supported oligo
ligation detetion, &AM A2 SEbRICTERL RN
B MO A, WU TR0 R A W% 4
JNE, FIXTEEE DL DNA 7 Belb A r RHB Y 3 Al
WY . SOLID 32 RF i B 3C P8 T X 2K i 3C
o BRI EEINZ DNA FTW, Pk B3z
Sk, WSSO, D R AR i SR U] 2 2 TR A
DNA FTWr )5 5 ki, MRk, REH
EcoP15 W], i i Ak i 247 27 bp fH%EE,
PN 9 3 14 422 SR8 BRSO PE DS A S2 B vy v ]
DARR A 5T B 0% LA K DR 20 2 SO Y i 328 T vk R
TEFRG I8 (1 7 AL R TR 2H SO
2.3 ERFEAXERTHIE

FEZH SCRE RS EE A 3 Mok Rl
% (sequence-based screening) . TIHENi I (functional
screening) 1 JIC #7175 7 & [A] i £ (substrate-induced
gene expression screening, SIGEX)!9, %1 itk
SRR O R0 D B AL DN Bl 2R AR s DB TR AT
5 E PCRG|Y), dd kA58 5 PCR 47 3 i 4 BHPE 52
FE sl BRI S FROR RN B MER, 5
DNA 43T ACHARF PCR 3 AN F i
AR, R TR, BRI LB I — R s
T T RE Y EE 1 B0 120, DREIR R 2 EE X B A
FERR DI BE MY s e HEA A I, AT DA ZAS sk 1
o s E AR AR I RIS L Th RE Y, RAUE
U o BLANA BE 25 RN ARl ) — 2L RARTEEW B, 4n
MG . 2T 2 2K 1R A 7 T 25 A0 2 38 o X R ik
7 18 1 D RE L DR 0 7= o 75 e IR A 1t 2 )
FHAAIE WIS 0155 SO e 123 i QIS 3 IR 3 15 ok F
1TfivE . Daniel #AMEEERIE AR lac &3+ H
ofp &EVOLERERZR, FIHKRYESER
I 4 7 VA 35 S B AR sk, AL AR
BEXT IR W HEATAE A, W LG 4 4 T LB A Y 1Y)
fitg, MTAEWT L B D BE, b el R i E fe A T
PR,

2.4 SEEMNFRAR

T 5 DRI 21 27 A4 1) 4% o 2 IR 0 50 1 v
WP EARM R R . 55 RN T A2
Venter %% Sargasso Sea MIEFEHF 95T, NiH
LMy X} Sargasso Sea )2 /K FE A 2K R A SC A 7
Wy, 45 R kMR BB ERMY R, KRR
TP HEPEAE Y Z R PERIATR R B S B
FRBIAWIEL, BB T AP AR (454 FEwk
AR I P ) DA B — AR B AR (B 431 SE B DNA il
J¥) o HHT T B 7 5 R A 1 P e R 22
AR AR R BR o B AR I B R A Rk
&, T 2 B R 2H 2 B Ok B T . e
J¥ B 45 T S L T AR R Ab B, An
RAMMCAP #l MetaStats, #R /il iz BT A5 345
TN N 05 BE B AT T, 1P S Y
YRR ORI, Tk A G R . b,
& A DL — e 1 HJ e g1 i AT AR R an
Metagenemark 1 BLASTp %5).

3 B EEHEAEMNH
3.0 TERSEEFEAZF

99 B 7 IR 21 2 DL I 25 i DL S AE i s 0 Y
M4 J7 A2 T Z 0, B A28 i g e 4 fit
B KIABER R, e S e &5, s A
X BE A IAIR 0 R A A 2 AH G [P R4 1
B DR RAE, RS AFE
BRI . B IR RORAE LIy Y
N RS I . — 2 R ) S L B
PRRIIZAE , O3 — 5 R R IR Y e
M ZHEE SRR Z AR R .

Paez-Espino 5| 3 042 NHuHEE PR [EFEA
14993 75 55 D A B VRN TR BRI 23R . R
KB ZFEEME E R SR, WR5R R B
125 000 1~ DNA J 3 L K20, HEC e s 2 R i K
BIEE T 16 %, Adriaenssens 55 55— H R FR
B FE DRV 22 1 7 BRI 9N KA U0 V5 ep i 75
V. TR T AROKAG U R R VR 1 R A
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B, FESERL T I IIREPERE Y (R 1), MbfiTis s
B T RRRRE 14 A~ TSR A BT IR (10 1 4 2
DL 5508, & B B A V& 4 A 1) A B SR 3 IR 38
FER, RS pH K858 RA X2, T
T OVE Yok 40 36 w2 SRV L T T WE R AR L I
ZSov A L AR ZREERESY, T IR X
TEER R AR AT BE s FER 25 40 A b 52 R 2
TF IR A TR 2 B (2B 530 R 3.52%105 cells/mL Al
2.02x10° cells/mL, VI 5 3= B 19 X9{E 53 53 0
3.63x106 cells/mL F11 3.71x107 cells/mL, T H.FHZ=TF
R M EEY R ERTRES, BIMA
BB TR 52 R A A3+ ] 3 A LR ) 0 A A

RIFATTIIE . WEFE 4SS 2 WAL I 240 0 19 ML
PR 8.01 pg-C/L-h), 2K 10.3 ug-C/(L-h),
76 T 2R L 2R 2 p i B A T 5 RS A A PR AR T R
(fraction of mortality from viral lysis, FMVL)Z3 54
54.9%F1 27%; AHREHEE 1 Binder 27 B A5
3T I % BH R 20 0 T i 1K 28 PR 6 B 26449 400 181 T 5
TR0 AT M BB E A PR R S S,
TR I E R MW RN L 50%, JFHAEW
FMREEHTTEA BEES, 7N 84.37%FH
72.9%. FkHRE . IR LIAN AT R R A 2 15 5
PTRIE F A AT RL, TR T R R-T8 by
VRIS, XA TR AR S ST i 32 s R AR A T T

BT TIE,

=1

AR IR — 56

kBRI RELE SEED 37 FHE 5 £ F #9 Th RE T4

REENHMRNT, FFRE T WA IR CERT28,

Table 1 Functional prediction of SEED categories and related genes from the Namib Desert virus group!?*!

SEED e 7l ARAR Vb A FE L T I AL B T T e

SEED functional category Predicted genes in Namib hypolith metavirome Putative function

B2 2R K A i N- 2Bt - BERE -L- TN SR B G, FE 4T 2 AR IR 240 T 40 P R

Murein hydrolases N-acetyl-muramoyl-L-alanine-amidase, tail fiber, Carboxypeptidase Bacterial cell wall
degradation

JOR R A A R PR (14 47 3 1 Y
Recycling of peptidoglycan amino
acids

ETREMNT RS
Cbss-393121.3.peg.2760

Clustering-Based Subsystems
Cbss-393121.3.peg.2760

SRR AT RNA K s Bt

Bacterial RNA-metabolizing
Zn-dependent hydrolases

Wik P 1 FE R AR 5 2

Phage tail proteins 2

Rt FEEERR R 0 7
R1t-like streptococcal phages

ZEH 4 phi-all8 FERTME A
Listeria phi-al18-like prophages

B ER R 1
Phosphate metabolism
AT BRIE S5

Ribonucleotide reduction

N- 2 Bt B -BEWE-L- N 2 BRI R il , R AT 4E

N-acetyl-muramoyl-L-alanine-amidase, tail fiber

W PR P 2 IERE L TN A PR IEE R B (2B KR, = ek A

Phage N-acetyl-muramoyl-L-alanine amidase, (metalloendo) peptidase,

sporulation protein

Al o3 2EE H
Cell division protein, FtsK/SpoEIII

Bt E e R, EERMES

Tail tape measure protein, major tail protein

ZEMEED, IRNVIRE, WREAADCED, BMRNDIRE, NIk,
BEEH

Structural proteins, homing endonucleases, phage-associated proteins,
endonuclease, endopeptidase, hypothetical protein
TREMBEABISRER, KRE/FERFER, terS, EilEN,
HEER, tmp, BUEEM, ssDNA 454 &E M, My, HkEy
Putative tail or baseplate protein, minor/major capsid protein, terS,
replication protein, lysin, tmp, hypothetical protein, ssDNA binding
protein, repressor, antirepressor

BEEN

Hypothetical protein, phoH

FAER T RO

Ribonucleotide reductases

211 A1 41 B B [ f
Bacterial cell wall
degradation

211 A1 41 B B [ f
Bacterial cell wall
degradation

DNA %%
DNA transfer

Wi ] A A 28 %
Phage particle assembly
s TR 1A HUR 2 25
Phage particle assembly

Ik T A J R 26
Phage particle assembly

RATRE
Unknown function
dNTP 4 Ji%

dNTP synthesis
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T SR A b T A4 0V v R S B 1Y)
ZREE, ZRF5 S AE NGNS iR 6 > AR
A Wy 1 7% SR R A R A5 3 TR S R K 1 43 2%
FERE(E 2), KI5 R (Siphoviridae) Fl
¥ 25 Bk (Genomoviridae)iX P 2895 B 5 i B FE AR
1 60%LA |, A —2E R EMIEEE  20%10)
EL A, 3 B 4N i 2 D T s - 356 R A e — SR (1)
WRTEFIE . (S BINRE 2 EE R A DT E AT LR &
WF 5% A58 s SR AR A TRV A0 Al , IR AT DAAE 3
DR 2 160 X6 95 B 9 5 DR L B A TR R R A, s 4
THT Hb YR B A AR R 2 R IR 4 A
Uiz F 8 LA ss v, KT A W R
Bl e, TR TR EEREE R 28 AL DL KR
BUKE IR, )R T e A A IR BT o R
T R
32 EFRELEEREAR

WBHERAR N FEE IR ERR, WERER
2 (14 HH B A VT 0 S DR A A A 9 A R T (R 4
W AATTX 95 T 1 AL BT S 3] T AR TS I AR Y R
RIS, XN R SERAA THEIRAM T
fift o WERIZHIREERIH EE NS,
IKHREE R S B2l 107 cells/mL, XEEREHTE
g R RE . kb SR v 3k VR .
Nishimura R0 G 5 22 5 RN 24 ik 00 1T
A 52 MMBFERERARALE MR 1 600 AU DNA
WRERERAL, E T 1 352 MEIUAYSE s R A

100

=_—-_
_—
80

60 -

40

Reads percentage (%)

20 -

0

S
2 MEEREERKEERERGITE

Figure 2 Statistical chart of annotation results of Napahai virus at family level

S11  S13 821 822

523

2H o 3 I T 3ok s 7 3 DR 4 1) SR 2 A B AN T
s IR -8 EAHEAE R AR ALE . X Leihf
T IV AT R 3 3 Gt B — S AR R 1 T F 3 5 X R A
B A RO sl 38 5 15 F TG R, IR PR AMUE
MY R AR EEE, SRR X — L
FEREAEEEN, AR B F 10 i E a5
DR R 4 6 g 2 4 M i A Qg TR R A Rl A
Wl G A B RhBERS RN . ZREME SR AR S R
Gt , HBAFATTXS T 1 2 B VR 4 43 A B SRR
WRZREVE TR 2 /D W7 A6 Bl 7 22 3L R 412
Brum ZEBVHT T K H 43 4> Tara Oceans JE7E)H %
FEAS 11 7 25 DR 2 5040 W 5 T o g P B R 45
¥, FEMIRREER ERE . BIEE R TR A 0 0 B i
T T TR E G T PR 280 1 ) Jmy i 2 R RN A AR ) 4
BREZFEME, PSRRI T 2Bk B RN R
KA EHE LA S B B, R4 e i AR A
RSN HER A S RGO EE SO T EEAL . TN R
TCALANTE , AE R FRATTRE 95 75 76 18 IS A= W Bl (A A
HRIZ D, s s RN A FB, Cai X
W IR R R T T R IRAL, 4
W R B R K AR e o R R R
1.8x10'0 viruses/cm?®, Ff H. 1 YR 7E BRI 16 IS 1 A%
21 UL % B 57 4R A FEAE UKL, UERH T 1E A
PN G B UKL 1 D A ok A, R TR R A R
W Vi JEE AU DD E VR I sh 2, DA T 5% W g ) A= ) P
W AR P s ER L 2 R R
B [FF5% fEFEHCircoviridae
B 0 S iR Hridoviridae
B i FlPhycodnaviridae
B R AR Microviridae
B /500 AR Poxviridae
G SR B R Retroviridae

W Rl Myoviridae
o R R Mimiviridae
RIS FPolydnaviridae
W Jfi5 B Bl Herpesviridae

n] 7 & 95 2 Bk Ackermanviridae

A 4125 Unclassified

B ELPYRHERlGenomoviridae
B 5| ARl Siphoviridae
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3.3 FERMAERRSREREREESF
W 15 2 B Al s A DL, A
95 B 7 55 R A 22 1 T B n] DX et A8 o, I
7 RIX S U N TN Sl R A EE A RO A A, A
T SR —SE AL Yy S (R Bl 45 . Ng B2 42F
WP T 50 HHEA I GE RS (bovine respiratory
disease, BRD)IEAR RIS EAEA, HhiEE

7% B N2 J7 % 55 A 5% 5840 )

E )

mEAERAFEENREY

M5

Ja, A H

Table 2 Viruses identified by virus metagenomics!3?!

llumina HiSeq V{5 ¥F1 1 8 25 FE N 122 A 3, &
PR3 L B BRI R A B A B> A IR
B> AE IS FE> A S48 B > AU HE BSRII>D
TR A L SRS T > Tl N2 9 75 (PB V>4 2/ N 2>
AR, X EHFEN GenBank B SES ILEE 2;
5 9 ) PP GE R R TR VC G, PR E BN T
3 B A R GE R AH I, 43102 Bovine

adenovirus 3. Bovine rhinitis A virus #1 Bovine

I B 8 GenBank #33t5  HEKE JPAIEBE LR GABETR ] — 1t
Virus Family GenBank accession Contig length Number of Closest relative Amino acid
number (bp) sequence reads identity (%)

HIRRE R 3 I e KP264982 2 547 4279 SRR T 3 98 (Hexon)

Bovine adenovirus 3  Adenoviridae Bovine adenovirus 3

4 AR O 7 AN R KP264981 4279 3481 4 B AR D TR 98 (Rep)

Bovine Parvoviridae Bovine adeno-

adeno-associated virus associated virus

4 BT IR SR KP264974 7207 11 109 LB AR 94

Bovine rhinitis A virus Picornaviridae Bovine rhinitis A virus ~ (Polyprotein)

BSRI4

B4 BT

Bovine rhinitis B virus

BSRI1 5 kL KP264980 7 359 1224 4 B4R BN 96
Picornaviridae Bovine rhinitis B virus ~ (Polyprotein)

BSRI2 IR SR KP264976 to 1527 985 LB BINE 92 (3D)
Picornaviridae KP264979 Bovine rhinitis B virus

BSRI3 IR SR KP264975 6995 430 LB BINE 89
Picornaviridae Bovine rhinitis B virus ~ (Polyprotein)

e AR 304 WS D/OK fig: 9298

Bovine influenza D Orthomyxoviridae Swine influenza D/OK  (multiple)

virus BSRI5 virus

4RIEHE BSRIL AR mEs KP264970 6099 1 666 4 BB 5 K08/51 71 (RdRp)

Bovine astrovirus Astroviridae Bovine astrovirus K08/51

BSRI1

AN RN 1

Picobirnavirus

BSRII N R KP264972 1286 21 PN A A TR 33 (RdRp)
Picobirnaviridae Human picobirnavirus

BSRI2 N R KP264973 1366 123 PN A A TR 34 (RdRp)
Picobirnaviridae Human picobirnavirus

AN 2 B INZ R R KP264971 5331 79 YN T 2 96 (NS1)

Bovine parvovirus 2 Picobirnaviridae Bovine parvovirus 2

BSRI

ARG C R LR 19 B 6 9610100

Bovine herpesvirus 6 Herpesviridae Bovine herpesvirus 6 (multiple)
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influenza D virus, FfH.iX 3 kTR 7E BRD Ji 5]
FIRE R 62% . W P2 g S X SR A 2 B 52
Wi fe KA, (HSZm N R GRS | e FfL
LA, B B0 R LU RIME . Klima 85308 1%
TR ENHFETTEXT BRD 91 0 W 38 43 iy
FOGTE B EA T 1 RAE, PSS-S ) % BE AT LR
HE 55 52 A% Y A G I Mt s J A4, R IE AT 3
Bl AR /N, Rik— Rt =% flan
Sachsenrdder 45 1] 195 75 2 3 A A0~ AE T B A
SR B 4 BT %5 5 H— b Group A F&RI% 7 % H
FRAEIEAT T 0 M Adtads . Iz 5 10 )7 51 6 N Fn 3
Py 8 /% v B A AR, ke HORE R 1) N 2R AL %
HYRE ML A ROEMEBY, Fawaz 8BS 23 HHY
- 1 I A PR IO BE B DR A, e o A
A7 RS T W B T S B RO A, I X i
FAIRTEI T T 25 3), KL 7.33%M751 5

B AL, T 2.21%) 815 FAZAE RE A B R
L, BAEMERER . AR RL . T
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Figure 3 Taxonomic distribution of eukaryotic virus-related sequences in duck intestines!35!
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