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Virus Diversity Studies in Paddy Soils
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(1. Key Laboratory of Food Quality and Safety of Guangdong Province, College of Food Science, South China Agricultural University,
Guangzhou 510642, China; 2. College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract:  Objective Viruses are the most abundant and diverse group of microorganisms on Earth as they can be found in a
wide range of organisms and environments. Despite their ubiquity, there are relatively few studies on the virome in paddy soil
systems, which is an area that warrants investigation. = Method In this study, virus sequences were mined from rice soil
macrogenome sequencing data in public databases and characterized. = Result A database of paddy soil viruses (PSVD) was
constructed, which contained 8 791 viral operational taxonomic units (vOTUs) and 168 940 protein sequences. In PSVD, 31.41%

of the sequences could predict the taxonomic status of the species. These viral sequences belonged to 76 known virus families,
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with the majority of viruses coming from the Caudoviricetes, and their hosts were mainly distributed across 11 bacterial phyla.
Also, Auxiliary Metabolic Genes (AMGs) carried by rice field soil viruses were analyzed, and 39 carbohydrate-active enzymes
(CAZymes) genes, which may have been widely distributed in rice soil systems, were identified, and the presence of these genes
contributed to biogeochemical cycling.  Conclusion In summary, this study innovatively constructed a PSVD database
(https://github.com/1zk98/PSVD) and used DRAM-v to mine AMG genes in paddy soil systems, thus, laying a research

foundation for later studies of paddy soil virus groups and providing new insights for the resolution of paddy virus communities.

Key words: Viromic; Soil; Rice field; Carbohydrate-active enzymes
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Fig. 3 Distribution of auxiliary metabolic genes and their sequence characterization in viruses of paddy soils
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Table 1 Statistics of carbohydrate-active enzyme genes

K AL A v P RIS T S ik [ R B
CAZymes type Genes Description Accession Number
RS AA4 B LB A AL EC 1.1.3.38 1
Auxiliary activities families AA7 R WE AL EC 1.1.3.- 2
K AL Py i CEl LR A SR R EC 3.1.1.72 1
Carbohydrate esterases CE12 R 2 LB EC3.1.1.- 1
CE4 LR A SRR EC 3.1.1.72 2
KB A SR CBM16 Re S 4 e ORI H iR R4S & — 2
Carbohydrate-binding modules CBM32 fe SR NS & — 8
CBM44 B SR RRFRIEN LS & — 1
CBM356 HES B-1, 3-HIRWEL A — 1
W K A i GH113 B-H 5% W i EC3.2.1.78 1
Glycoside hydrolases GH13 o-VE R filf EC3.2.1.1 1
GHI130 B-1, 4-H SRR A DR AL A EC 2.4.1.281 2
GHI136 TG SR L -N- A ) T K A il EC 3.2.1.140 1
GH145 FRZE WK fi it EC3.2.1.- 1
GH2 B-2FFL A G EC 3.2.1.23 1
GH26 B-TH &% R W i EC 3.2.1.78 1
GH29 o-L- 7 W EC 3.2.1.51 1
GH3 P-4 % W T EC 3.2.1.21 1
GH33 W Y 2 il A 28 2 R i EC 3.2.1.18 1
GH39 alpha-L-iduronidase EC3.2.1.76 1
GH43 B-AHE 1T B EC 3.2.1.37 1
GH5 Y F EC3.2.1.4 1
GH74 A Y R EC3.2.1.4 3
GH87 mycodextranase EC3.2.1.61 1
GHY4 Y BT RR AL G EC 2.4.1.20 1
E2 e PL22 TN LW TS 1 24 A EC 4.2.2.6 1

Polysaccharide lyases

JRTE AMGs 0PI RES 5 T BODRRAEIS, AnpsEE
fife . NERRRACHS . ORI =R IRIG N, fABhE
M ef FH R e A B Ry RE AR . (A2, A
M AMGs( vOTU303-cat_1 21 F1 vOTU590-cat 2
12 )RR 4-FREER R ( 4-carboxymuconolactone
decarboxylase ), REMIAMPIREREME, =55 FGELE
Wi s, R R B AF AR RE S B8 S 18 E A R B
WG g IR Z 68 ). [RIEF vOTUS51-cat_2_17

i i 1 AMGs B 1 B O i 82 38 J5L i ( arsenate
reductase ), AENSHRE RS H RGN &R 15 Y B =R
AEJT, HARIZ AMGs JFEm E5BE, BAT DA W
B -, £ H - ENIKNEE AMGs
(vOTU325-cat_1_25) iEid4mid L WEREEG A A W
(‘acetyl-CoA synthetase ), S 5M$EH iR K. B
fife AP B PR A G AE N I 22 R ilhE FE . A, i
— 8 AMGs Zif i SV i R 340 S B R 4 5 il L 00
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ARG h ZHERE . HAMEE — Ak EE AMGs Fihd
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A ik e CAZymes SEPR (£ 1) BITETERIE,
X bk CAZymes H:[H 1T BLASTp FEXHIFR Gk
FoHr, Hh 24 4~ EAEE CAZymes S g
Tou s AoE i LR TS (& 4b), Hx AMGs
REHEERG LBMHEL RS, S2ME kIR
FEPNRZAE—, AR A 2% A 09 1 R TR Ol o

IR TERETPAY CAZymes ReH FERFETE
BED T ZF AT T B ( Bacillales ) . #U0FT 1 1]
( Bacteroidota ) . f& 5.l & '] 19 5 #T H
( Enterobacterales ) HI i £k B '] B9 i &k W 4H
( Actinomycetes ) {1, % %55 5 17 AR R H 40 g HE
T F R A5 R8O % R BLRE RS,
ASTEATE ] ( Proteobacteria ). iR J( Actinobacteria ).
2725 ] ( Chloroflexi ), FRFT ] ( Acidobacteria )
FIUFFEET] ( Bacteroidetes ) J& L ~F E w1,
XEWRE T CAZymes F&[H 0] REZERG H R H )™
ZAFTE

TERERE T 15 19 CAZymes £:[R /b, CBM32
RN Bm 2R, HaomEpmsRE
Ramlibacter #1 #f 7/ #T # H A Paenibacillus ,
Lysinibacillus 1 Clostridium, {Hf3ERME, A 5
A~ AMGs JEB (4135 2 4> CBM32 ) R TR E %
Jgw g (WEEAR ) 781 (I 4b i [REETE 15 88 ),
HEM 2 S HE P WA AE AT BE 2 55 B Al s A Rt A v
FE A% 15 5 1 40 P 1Y Bl K A5 06 L BE

fERAB & T EBENKESD, 7
vOTU206 & A P A i B 05 B2 BBl H° /K A il A [
(&l 4a), I35 KB R 43 (GH43) il B-
LFUHETERE (GH2 ). GH43 H itk 22 B Al i o5 5t
WEFAVE IR, R B 7R o-L-BAr 7 ok e 47 1 il A
B-D- AL B P , 1 GH2 1Y 322 KR & FLAE,
LR LA R UM R A A R (KR ) 2k FLpE
CEFUMERAS ), B RE LT R (E 4c), X
PRI HEE K L R 342K FHATTRT] ( Bacteroidota ),
AR AR 1 BT = 445 Ay, T A FTE A AL &
W B4 7K it 1Y) RE

WA, i FH e 2 7 A 5 A K sk A& W i g
25 (CE) XM (= 1), W2 2 w5
( polysaccharide deacetylase, CE4 )l o/ /K fif i CE1 )
S Horh, B 2 C R 1) 7 B A RS [R]
e R, I3 R R T AN AT, 2B
TR EERET CAZymes HR IR ZHEIE

HAriFss Z M, i AMGs 5 BP0t
R E AL A U R, HEA5A
T 7 (5 B 24 i A AR S5 1 8 95 398 2R 2 e 0 2
MIREST, RIS R AMGs 3 PR o - 1 2 3
ARRACIH DI RE , R “ AR 7 ARy 257,
AMGs Z 502 Fh B A 52 2% R M s ok 46 &
Py HR G T2 (S CAZymes R:[H . HET
XTAMMARGE TR EBEAMHR D LR, Fi
CAZymes KE[H (495 75 il BB A B T 2L AR TR B vh
LMY, T CAZymes HePAVATE 22 5 K
B P RERAE, W IAEE R AR 2 kb, QA
HIEMWEE K SP32. oNIT10 I SPG1 Thiy&A
GH32, 2% PR Hy 7K i R 2 B DAL TR 28 FELAT T
( Sporolactobacillus laevolacticus ) JR IR LG 18 £ h
WA, HEA A e R R o et

AR ARG H L3 R I L Fh CAZymes FE[H
FLAE TR E AL . SR RSN . SR LBt
BERG . B- 1 &8 MG . a-VERIAE . WK . B-
LFUEH NG . SPAERMF B-HIAIE T S, FIRES:
SRR I, BN, SR IR A 2
B AR B . X EWE &4 CAZymes
DAL A 1 A A T 8 B TE AR B ST T Bl oy
filt CVEAEAE ], (EARTE RS, JRENTE AMGs 7F
AFEAY HIERIE P ILE  (H CAZymes RS 7E /H
OB BRI AR R 5 o i, PR 3 rh i TS
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YR 225, SECT O B S 50
W& f# Y GH37 #1 GT20, MfERS H HIER G I A
FEAEVO 2 AR 1+ RS TR RS 5 A BRI

JEWER R, SR BOR S YR MEAEN, HH
RIAA /DHBAT 9 8 CAZymes J PRI B0IE 2 5
Rt ®l B2, SCF R H 90 5 AMGs Qi 2

BT RRAE AR 5. BOARE I ORI E, 450 5 B A U A T B — B I
3 1AM c) .ll-?:;llrlmuim‘
VOTUIM-cat | 2 o e
VOTU363cal 1 16-CEL  Chitinopiliicens i
Saproijieoss. 111._—r@.:|‘..|”" a4 2-GH145 :\Wiw.\ny-n yonomer
VOTUI325catll, 21GH2Y DysponoiilBidacea A e Nodes - .,¢~.-,—.4“lp,:” 04T P
orUzmscply snoms IR EE AMGs gene gy

VOTUGS2-cal il T-CBM32

Kiedonosporibicicracene

vOTUSRBO-cat | 16-CHMS

Hacilligeas 0
¥ T VOTUZ35%cah | T-GH3
VOTUS29-cat T -CBMAZ
v -cat
VOTUS 106-cal_b—id-CE . Comamofiilacese vOTU lifeway
AT a1 1 A5CT AOTUM-cat | 6-CBM3I2

vOTU L «cgh | 15-CE4

Clostriffifcac Parschinniffiscese  Phycispliirales

VOTUTcat ) T-GHI13
NOTUZZ Secal | %-GiHEY

Nitrofibrio
VOTU23 I6-cabll 4-CRM3Z
VOTU2S-cat | 412-GH130

VOTUI065-cal_|| —p i e

vOTUS3 I=cat_1 ——aa:a::—bo_—

H AMGs

VOTU 38-cat_ | — @K s O
= = - = - - = e others

VOTU45<al_| —~4 O X K-

vOTUZ20-cat_1 —_ﬂ_“*F

VOTU206<cal_| B e Es ot eaTa

Source strain

Temperate

Virulent

B viral gene

WP D684

VOTU! 206cai | 3SCH2

WP 1631T6749.1 H

WP 1632128412.1

WP 163358042 1
MEP
WP_ 16520711 1.

s sp. Mancille-P4677
. 10
WP o06R01 5911

WP 0621 TTIR0.1_Dvsgonomonas
4] T MCDT936668.1_Ta

I—C—u PL
ﬁ\\ P 2011103351 Dyrge

WP 1633060841 [
WP 2526393941
VO 2 | 3T-CHH143

WP 1103122501 Dyspovcons

VOTU129-cat_ | —RaE

VOTURGO-cat_I XK

WP 245572061 |

vOTUS30-cat 1 VOTU Hical_| —EDEA

o

vOTU443-cat_1 VOTUZS-cat_1

= o WP 2212329461 Dy
- WP D281

WP_163202497.0_Hacreroides sp, 319

4 Fed T 30 75 K A5 0 P R PR P A3 e AR R IR (), BEPRRIEG B (b) J2 vOTU206 J751] ' GH43 FiI
GH2 ZGtKEM (c)
Fig. 4 Partial high-confidence gene clusters of carbohydrate-active enzyme genes in paddy soil virus (a ), gene origin status (b ), and
phylogenetic tree of GH43 and GH2 in vOTU206 sequences ( ¢ )

3 %

AT ENA AT, 8 17124 M 1k ik
KRS H 588 3 50 & (PSVD), % 80HE 1 Hh
8 791 MK HE vOTU 4k, A 31.41%M)7 5 RS 1l
W A b A5 B X RPN E T 76 4>
CNARERE, b 1 145 4~ vOTU B EA B & 5%
BANERR TS . 5B HAE T8 L R,
M+ 3P e AR Z R PRIE R IR, IZEURE
1) K A7 W W K M SEANR DR SR AL 9 R 2, IR
22 J A FH 0 B 4 00 A DGR 9 B ity . R A X A H
+ R T T 9 AMGs, JUHE CAZymes #E47
OYMT, REEPR SR UR TR FH 3 R LB A0 B
TR, VLI S AR N R (WERAR ) T
RES IZAFAE TR B, ATREXHZ R G 1 B
WEBVETERVEM .
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