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Abstract:  Objective Viruses exist almost everywhere on Earth. They can infect humans, animals, plants, fungi, and even
bacteria, and thus play critical roles in the biogeochemical cycling of elements and energy. Knowledge of the viruses’ community
patterns and genomic information is key for proper understanding of their crucial ecological functions. This study aims to
quantify the viral community patterns and functions in a farmland black soil of Northeast China and analyze their potential roles
in soil ecosystems. = Method The metagenome sequences of the viruses were obtained based on metagenomics sequencing
technology and were analyzed individually for functional gene analysis, host prediction, and genome assembly of viral Contigs. A
bioinformatics software was employed to analyze the diversity patterns of the viruses.  Result The results showed that the
majority of the viruses in the farmland black soil belonged to Caudovirales(59.38%)and Herpesvirales(2.56%)orders. This
consisted of 29 families, with Siphoviridae and Microviridae representing the top two abundant families and accounting for about
44.48% and 20.53%, respectively. Gene annotation analysis revealed that soil viruses may actively contribute to numerous
biogeochemical cycling processes, including nitrogen compounds metabolism, catabolism, biosynthesis, methylation,
multi-organism metabolism, cellular metabolism, primary metabolism, nucleobase-containing small molecules metabolism, and
organic substance metabolism, etc. Additional analysis showed that the virus hosts could be classified into 35 genera that belong
to 5 phyla. Conclusion With these quantitative measurements, this study provides necessary information towards advancing the

virus gene database of the black soil and its ecological functions.

Key words: Black soil; Virus; Viral metagenome; Viral community; Ecological function

i REAE T HOT R A W L ERfL A R A R 5 FE
EHT, TIEAZ RSG5+ & A 0 B2 BUR
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1.1 TEHERRE

T 2019 4F 11 AN FHEMERB B KRGS S
151 AT T [ R 2 BE AR AP PE B S I B H ((43°19"
N, 124°14'E ) REPZ BN (0~20cm ). %
Ab +HELLFOREAE N T, LI ZFAEGHHE, i
SR R AR 2 om BY 56 R AR Sl AL
AL R FE L N R AR A, BIBRZ4AT 2 mm
PLERTOER, AU R 5 ByRE S S iR A A 5 —
B4 SRS BRI FERAE, JHRET 25k
BE AR RETS YL R4 s SRS - HERE S
TR AR PO CE Tk & h B, Y Hiz 0505
= Ja 4°C PR .
1.2 mENWE

0 1) 3 2ok 0 2R 8 1) 1) 9 A 108 0 0 4R
U HARATE . FREL 500 g 4408 5, JiTA 800 mL
R (1% R . 250 mmol- L H&ERR ) .
B+ EWCE T 180 rrmin ' FEPRZE T 30 min J5, %
B EELHL3 500xg B0 20 min Y 24 H
B R IR I 1.2 L IR R IR AT,
180 r'min' $£ PR E ¥ 30 min 7, FEUCK IR
AR ELOHL 3500 g B0 IFIREE L 2IEW A H . %R
PR VEMGE R, EE 3K ATIER R 10
JZES A L U8 F2 BRI TR Y I e A TR R A YD 1 3 B it 3
Z4%t (AKTAFlux S) 1, 433l 0.45 um. 0.22 pm
1 30 kDa EAFIEATIL R AL, 53] 200 mL J% 75
TR AW PR B R A8 W 7 2 50 mL 30 kDa #EUEE
3500xg #5.0> 8 min, B BRIEIR B BIEE MA 1 mL
PBS 2% i 7t 53 8 B B AR B AR A FE UKL, A
~80°C VKA -1T o
1.3 EENF

R RICER R EE AP IS ) DNA T
Pi, f#H DNase I FEAf + 3501259 DNA, Jf
ffiF 16S rRNA 5|4 E9F GAGTTTGATCCTGGCT
CAG / U1510r GGTTACCTTGTTACGACTT! i i
PCR ¥ M4 B i JC A B DNA V5 5% J% 5 DNA $2
BOR B E CTAB 425 AR R A : 200 pL

W5 A . 140 pL 5xTE . 50 pL & (B K
(2mgmL™), 40 uL 20% SDS. FrfZH 5 # DNA
4 3L AP 18 ) & (illustra™ Ready-To-Go™
GenomiPhi™ V3 DNA Amplification Kit ) #FF74 1%,
P IG5 Uy 284.63 ng-uL!, I A B AR AN
FTREHLETI 33 0~23 kb A% A B: DNA, T
J¥SC A L TR A RS Y SC R SR L Tllumina
NovaSeq 6000 ( Illumina, San Diego, CA, USA)
FE AT o 00 5 BT A5 2 0 15 4L R AR 7 91 4 28
% NCBI Sequence Read Archive ( SRA ) %4l 2, 3%
RIS .
1.4 FIHERALE

ffi/H] Trimmomatict'™, X it 4 R4 E 47 o 4
i, BRI s B A B vy B ) o U8 S e B AR K
(Clean reads ). Bfif5fdif] BWA v0.7.17""%4 Clean
reads 5 NT B4 553 25 00 8 575 17 9 3047 LLXT
WAL ARIFAEA 990 2 53 2505 18, 5505 1] Megahit
v1.1 2P i Clean reads #4743 3K A T
300 bp Y Contigs.
1.5 BEEUHW

PR X EE Contigs AT RELIFE S
TERRRY) T BERRGEE . 75—, M NT F1 NR £
o3 B AR R A T 81, T BLAST 4 21 244 3]
i) Contigs 544 # (995 # BLHE PEHEAT LUXT , e T 5%
JEHNHEAT Py AP R . AR BRI B ( Identity>=
80%, length>=500bp, E-value<=le™) FIHHIAITFSI .
J7¥E T ffi ] BLAST ¥ Contigs 43415 M NT Fil NR
ST EATEI R EEAR I T LY, [RIFPR MetaGeneMark
v3.38 N £5 3 f) B A i ] Hmmsearch™ 7 5% #
1) HMM $dfs i ( VPFsP R vFam™) ST K L
X A5 F)45 E B9 5 B Contigs. i Jf] Blastn 15 1%k
Contigs 5 NT %4l PEHEAT HE XS, Bl B R HEXT B Ay
Contigs {i il Diamond v0.9.101°1 5 NR #4471 Fb
Xt o B Lo Xk 45 S H NCBI Taxonomy 504 & #4714
R, A HOXTHT 50 DEERIIERL BT 80% Ak
B, WIIAMiZ Contig AINEEITH . J7ik =15 21008
I 5 P 9 RN 5 1 — 49 B A 1 AT AR BE T3 40 WA Ry 2
7 Contigs, #AT/FLERHT-

fdi 1 BWA v0.7.171"°M% Clean reads 43 1| 5 /5 2
Contigs HEXT, i 38 LXK BEAIR T 80% Reads &< 1Y
FEXFEER 4817 Reads LB, BS54 50W
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# Contig 1 RPKM fHFIHEA Alpha £ kM1
Shannon 5 %% .
1.6 EREFEBRUAKRINES

K H Prokka v1.13PR 5% 7 Contigs b K J&
KT 200 bp HYHEHFH1] A5 P I A5 21 1) B R AR 7
%1l 5 UniProtKB/Swiss-Prot %% 4% i W) 4 % ¥ %)
( ViralZone",
expasy.org/ ) HEAT N, i€ E-value>le™ Y L X 45
RFRALE R N D e B B
1.7 wEERN

FH] CRISPR-Cas Z4¢E, HIFFEIE A A5 40 R 1Y
KFZ, MW EFEARAT R 3. i CRISPR
Recognition Tool®® ( CRT, http: //www.room220.
com/crt/ ) M RefSeq ¥ e () 2 v 5k X 4 v 4 4
CRISPR-Cas spacer $(¥5E, #X/5ffiH Blastn-short
v2.9.0 5HTIAYEE R FE Contigs FLXT, R 4
AIBERTE 15 B T HETC A1 Spacer J&HIA BR
A HAA —#5 4% 5 Contigs BE N 4 AT BEAY1E o
1.8 $HAEEREAS

fdi ] Prodigal v2.6.37 5% Wi 2 i K ) Contigs it
AL, i H Blastp K 1045 21 19 3L R 2 15
% 5 UniProtKB/Swiss-Prot %1 & J& 1Y 9% 5 ¥ 5
( ViralZone", reviewed proteins, https: //viralzone.
expasy.org/ ) AT XS, it i E-value>le™ §) HLXT 4%
FEARATHG 1 AL DR VE B AF R o N R AL ]
SnapGene #1474

reviewed proteins, https: //viralzone.

2 R

21 FREFERBEELSH

T R Y, AR bR R AR S kA
35611 102 &5 4A FAHLFF ( Raw reads ), ¥4k
Oy 12.2 Gbp, JIAEIETE NCBI B4 4 i i sk 5
4 SRR14209300, £t3d Jii#% )5 Clean reads %% (5 ol
78.85%( 28 078 029 4% ). X Clean reads f#i H] Megahit
AT PHE, 3545 229 988 2% Contigs (>300 bp ).

3 3 P T X B Contigs HEAT IR ERR T
BE15 3 9 851 Z5 Al HEMYFE Contigs (>300 bp ). Hi
T FERREE Y 52 Ak T B0 B ISR A R A R A
Wit il SR AL TP, DA B R 3
DRI ZH PR3 G AR 563, R A A B PR TE e 1

H AN 4% 25 1) Contigs B IERE NN TE. ILAN,

BIRR A B 20 1 J5 D e 90 A A -1 L Al )
TR, AR R 2R R, FIhe
H T HE il dsDNA 8 7 LUK, R IL RR g 4 3
Y Contigs L2 J& F dsDNA Wi, JNEEEK R 2 1H
BETHRWREMEHE ( Caudovirales ) HI¥EZ k5 H
(Herpesvirales ) 2 M #E H, DL 29 D dERHF1—
SRS AW E (K 1), Hp KRk w &R
( Siphoviridae ) . fH/NER AR ( Microviridae ) .

AL FE R ( Myoviridae ) X E B /e, 298
44.48% . 20.53%F1 8.38%. WEB{A (5 55.42%, fith
b HIRETE 5 44.58% 5 TG T /791 HY RPKM {H 15
AR H T B8R 1 i B AR AR ECH 8.93. 5 L B,
W P A 2 A 0 SR, Hop K B M R
B} ( Siphoviridae ) /&—2% dsDNA Ji&¢, nJLAERYY
BRI B, ASTE RGO PO | v 4 et
A H 4 3B R AR AR U A, fEAR RS
P NN N7 PN IS USY P QINET S ek R |
PERIE , R REEMIAENEE . SN R AR U
JE—25 ssDNA W #E , A IR EAE TR 534 B 1 A0
RRAR 1 Bl N TR AR B B N LR KD, 3
fl LB Wk ote E O e R R LW BE B
( Myoviridae ). % RBWE# AR ( Podoviridae ), 31
IRWEFARBL ( Herelleviridae ). Ackermannviridae .
=2 WEER ( Tristromaviridae, RYHE ). ZF%
#F} (Inoviridae ), Lavidaviridae Bl. BEEEREASL,
ZRE S R A DL AR B ) R e 3 0 TR e R
( Mimiviridae ). & F#EpEERF ( Pithoviridae ), Th3E
WA (Marseilleviridae ), ‘B {18 T 5t F 4 DNA
JEEE, WARCRIAST EARRPE RN, SHEYHH
K EENIA %S DNA #EEft ( Phycodnaviridae ).

Genomoviridae FF. XA FEFF ( Geminiviridae ),

1E%FF ( Nanoviridae ). Alphasatellitidae #+, I
Gh, BRI T 2R S EORHEOCH R, BT
R 8 Bt ( Baculoviridae ) . 4T # g # F}
(Iridoviridae ), Polydnaviridae £}, Nudiviridae &} .

a0 /N 55 73 BF ( Parvoviridae ) . % 2 %E # B
( Herpesviridae ). [RI¥ERER} ( Circoviridae ). J& %
#F} (Poxviridae ), 592 FEFRH( Alloherpesviridae ).
W% 3 B} ( Adenoviridae ) . F 3k ¥ %K F B
(Papillomaviridae ), 1M HT AR SEADCH N EE,

FRZHEFER ( Herpesviridae )., i fH( Poxviridae ).
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unclassified 15.22%

Siphoviridae 44.48%

K1

Podoyiridae 5.9%

Miniviridae 1.55%
gamt/Herpesviridae
0.98%

Phycodnaviridae 0.54%
Circovirdae 0.41%
Pithoviridac 0.29%
Genomovirdae 0.28%
Herelleviridae 0.26%
Tristromaviridac 0.21%

Marseilleviridae 0.14%
Poxviridae 0.11%
Baculoviridac 0.09%
Inoviridac 0.07%
Irdoviridac 0.07%
Lavidaviridae 0.06%

Parvovirdae 0.04%
Alloherpesviridae 0.03%

W/ Polydnaviridae 0.03%
Adcnoviridac 0.02%

Geminiviridae 0.02%

Alphasatellitidae 0.01%

i

—— Papillomaviridae 0.01%

THREDI RS R (R )

Fig. 1 Taxonomic composition of viromes ( family level )

596 % i 8 B+ ( Alloherpesviridae ) . i W 5 #}
( Adenoviridae ). FLKJEHi#Fl ( Papillomaviridae )
MR HEFER ( Circoviridae ) 5, X tIE/R HHEHK
H T NIRERE AR, AR A B AR
AL
22 TEFESERTNRINEES T

TR TEAE R R G T KA CHAEN . ] L
i o il Bh AR 3L ) ( Auxiliary metabolic genes,
AMGs ) 7 2 At fi = 35 PR i ) B AR AR a7
[, 9 BRI A] LAIE o A0 KPR 5 AL 3K 3l i 2
PEARDTO AR GE (] Prokka v1.13 Xk
Contigs YEATIEP M, —H:Fij0 5] 808 > t(RNA Fil
12 058 4~ CDS ( Coding sequence ), £ UniprotKB/
Swiss-Prot $dl A A RTE RN TEIT S 1 867 PEE

HRGRY, TR IR 179 4,
Hodr b 8w 8y 2 A T PR SR ( Catalytic
activity ), A7 146 >, (L& AR R EEEM: | Fe A%
BT L KRR . RLREGTE PR . IR G
TEPE AL I BE | fEfL DNA WGP | L RNA
TGP o XSO TR A W A TS 2 7 T 1 R G 3 DRI A o
A A A A RN 3 1% e T kR R TR AR R 4R AR
FH o 4450 B 58 AN A BRES F (A AH DG SE R LA 124
A, BERREA SN . WEERE N . B A

M5 o A BRI A DG BRI R 105 4, S A
EREE R AR . RS R R
HEAL . 2400 . AR . 9t
WA E IR AR A AR DL A WL ARt i
B, MHRERZSE THEY N R 0E 2 RIEA
R, AR R . XS FRAE AR R AR B T Y5 1
WMAEYS 5 B ERTT R LG .
2.3 [EEEREEmN

H AT 380 75 5% U5 09 AR R W 2 AT AR
MNERPRER, WarETE F R AT LA A4 S R
SRR A3 B TAE . AT Refseq Eids 2 it 20 147
R 4% CRISPR-Cas J¥54# CRISPR-Cas
spacer 452, X Contigs L X8 AR HCAT fig (1)
6 BIEE . (Bl TCHM Spacer JFHIA MR, KA
i AN 66 40 Contigs RETIIN A T REAY 15 &,
BARZERIE IR 1. Hf A 30 5% (45.45% ) Contigs
eI g EEASIE T, dRER N e F R 2 L]
16 50 @ T IO EE (Achromobacter ). ANFtT
W& (Acinetobacter ), S IAMIH)E ( Aeromonas ).
SIEHER (Adrcobacter ). AR K KB
( Burkholderia ). Candidimonas J& . Fr& R # )&
( Citrobacter ). Wi % J& ( Cronobacter ). v E1H
K& (Klebsiella)., ZEW W& ( Legionella).
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Uit 4 Metabolic process
A= 4)5FE Biological process
[ 4nfa iR, Cellular component
mm 5rFUifig Molecular function

AT 72 Organic substance metabolic process

TrIREE N AR R Nucleobase-contammg small molecule metabolic process
WAL 72 Primary metabolic process

Ll A2 Cellular metabolic process

2L 4R 2 Multi-organism metabolic process

1k Methylation

4 i 75 Biosynthetic process

ﬁm&ﬁiﬁih Catabolic process

AL S AT 2 Nitrogen compound metabolic process

IR EERL T XE MW Virion attachment to host cell
A5 Biological regulation

i Localization

FEA L FE Multi-organism process

M3 52 )% Response to stimulus

ﬂ'lﬁl*ﬁﬁf’ﬁfﬁ e Ime;i[)ecnes interaction

Cellular process

100

T LAY Protein- contammg complex
S EERL T Virion

Yo iR 43 Virion part

N4 u’f’JJ\M\ Cel]u]ar anatomical entity

ATP LS G 12 (A0 TPasc—coupled transmembrane transporter activity
DNAZE & S 5 05 DNA bmdm% transcription repressor activity
25K 43T Structural molecu]e activity

e Bmdmg 138

AL Cata]ytlc activity

0 20 40 60 80 100 120 140

160
P B Number of gene
Bl 2 T FE N AE UniProt Xt e o ) BESS
Fig. 2 Annotation of viral genes against UniProt database
F1 LEBEEAREERNER
Table 1 Prediction results of soil phage host
I Tt i -8 s Predicted v 1 = - it
Phylum host-Genus Predicted host-Species Number

Actinomyces Actinomyces provencensis/Actinomyces viscosus 2
Bifidobacterium Bifidobacterium asteroides 2
Cellulomonas Cellulomonas iranensis 1
Micromonospora Micromonospora chokoriensis/Micromonospora parva 2
Nocardia Nocardia lijiangensis/Nocardia sp. Y48 2
Actinobacteri Plantactinospora Plantactinospora sp. KBS50 1
Quadrisphaera Quadrisphaera sp. DSM 44207 1
Salinispora Salinispora arenicola 1

Streptomyces autolyticus/Streptomyces xiamenensis/Streptomyces

Streptomyces 7

thermovulgaris
Thermobifida Thermobifida halotolerans 1
Niastella Niastella koreensis 1
Bacteroidetes Parapedobacter Parapedobacter composti 3
Pedobacter |Pedobacter tournemirensis 1
Chlorobi Prosthecochloris Prosthecochloris sp. ZM 2
Bacillus Bacillus amyloliquefaciens/Bacillus cereus/Bacillus licheniformis 4
Clostridioides Clostridioides difficile 1

Firmicutes

Cohnella Cohnella sp. CIP 1
Desulfitobacterium Desulfitobacterium hafniense 1
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Phylum host-Genus Predicted host-Species Number
Lactobacillus Lactobacillus delbrueckii 1
Firmicutes
Megasphaera Megasphaera stantonii 1
Achromobacter Achromobacter sp. AONIH1 1
Acinetobacter Acinetobacter sp. CIP 102143 1
Aeromonas Aeromonas veronii 1
Arcobacter Arcobacter defluvii 1
Burkholderia Burkholderia pseudomallei 2
Candidimonas Candidimonas nitroreducens 1
Citrobacter Citrobacter sp. TSA-1 1
Cronobacter Cronobacter sakazakii 1
Klebsiella Klebsiella variicola 1
Legionella Legionella pneumophila 1
Methylocaldum Methylocaldum sp. 14B 1
Methylomonas Methylomonas methanica 1
Proteobacteri Novosphingobium Novosphingobium sp. AAP83 1
Oligella Oligella urethralis 1
Oxalobacter Oxalobacter formigenes 1
Pannonibacter Pannonibacter phragmitetus 1
Pseudomonas Pseudomonas aeruginosa/Pseudomonas sp. TTU2014-080ASC 3
Pseudospirillum Pseudospirillum japonicum 1
Pseudoxanthomonas Pseudoxanthomonas spadix 1
Rhodopseudomonas Rhodopseudomonas faecalis 1
Salinivibrio Salinivibrio kushneri 1
Salmonella Salmonella enterica 3
Sutterella Sutterella parvirubra 1
Vibrio Vibrio parahaemolyticus 1
Yersinia Yersinia pekkanenii 1

Methylocaldum J& . W& ( Methylomonas ).
S A AT E B ( Novosphingobium ). 535 F )&
(Oligella ), FRATHE ( Oxalobacter ). W JE .
B W M W ( Pannonibacter ) . R B M F B
( Pseudomonas ), {RIRH & ( Pseudospirillum ). & ¥
BN RJE ( Pseudoxanthomonas ). #LAR MO HE
( Rhodopseudomonas ). EE3NE & ( Salinivibrio ). b
I"TICH J& ( Salmonella ). Sutterella J& . I # J&
( Vibrio ). HB/RARINEE ( Yersinia) 15 P HJEH .

A 20 % (30.30% ) Contigs # /I 75 3 J& AL B 1],

\ESETIREEE (Actinomyces ). WL FT T &
( Bifidobacterium ). ZF4E )& ( Cellulomonas ). /N
ML & ( Micromonospora )., i~ =\ J& ( Nocardia ).
Plantactinospora  J& . W #r & B W &
( Quadrisphaera ). I EJE ( Salinispora ). 55 B
J& ( Streptomyces ). Thermobifida J& 10 1~ HJ&H .

£ 9 % (13.63% ) Contigs # Wl 15 3 J@ JERERE ],
o £7 )8 T2 AT R &R ( Bacillus ). Clostridioides
J& . Cohnella J& . Desulfitobacterium J& . FLU2 % )E
( Lactobacillus ). EEKIE)E ( Megasphaera) 6 A~T#
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JEH. A 5 % (7.58% ) Contigs # Hilil 15 3 & T4
FFRT, 16 £ 8T Niastella J& . 25 AT E)E
( Parapedobacter ), YTV 1% & ( Pedobacter) 3 /A
JE. 4 2 %% (3.03%) Contigs # HUIl 15 3 J& F4%
W1, 18 FJ8 TRANERTEE ( Prosthecochloris ). %
e W L IERBHEFEA WM G E0)E THREET
( Actinobacteria ), fAFFF# ] ( Bacteroidetes ). £k
I"7 ( Chlorobi ). JEEERE]] ( Firmicutes ) FIZAZJE ]
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