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Abstract: Viruses are non-cellular biological entities, simple in structure, composed of proteins outside and nucleic acids inside.
The total number of virus-like particles (VLPs) in the Earth biosphere was estimated about 4.80 % 10*!, which is overwhelmingly

higher than that of organisms with cellular structure therein. Soil is an important reservoir of viruses, consisting mainly of
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bacteriophages (phages) that are able to infect prokaryotes. Metadata analysis shows that the number of the viruses in soil is
closely related to the number of their host cells and certain soil physical and chemical properties. Although researchers in this
aspect have realized that the viruses in soil may play an important role in regulating composition of soil microbial communities,
thus influencing recycling of soil elements, promoting microbial evolution, and affecting the health of animals and plants, as well
as human beings. However, due to high adsorbability of the soil virus particles and heterogeneity of the soil, as well as the
limitation of research methods and analysis platforms, the cognition of and the attention paid to the viruses in soil in the current
researches lags far behind those in the environments of flowing waterbodies, like river, oceans, etc. Among the soil viral
metagenomes, a huge number of genes remain undetermined in sequence, source and function and hence are sorted into the
catalogue of unknown genes. Consequently, viruses in soil are deemed as biological ‘dark matter’ and the largest unexploited gene
treasure trove. In this paper, a brief introduction to morphology, abundance, existing form and diversity of the viruses in soil, a
review of the methods and their limitations in using molecular marker genes, random amplified polymorphic DNA-PCR and
metagenomic analysis techniques to parse diversity of the viruses in soil, and then discussions about validated and potential
ecological functions of the viruses were presented. In the end, directions of the researches in future on viruses in soil that should
be strengthened were brought forth, stressing the importance of coupling studies on soil viruses and soil microorganisms in future
studies to reveal ecological functions of the soil.

Key words: Soil virus; Phages; Biomarker gene; Diversity; Metagenome; Viral ecology
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FCALRE B PR A 5t A% ) IO A IR 1) A A4 i 7 A Y i
o MR A A B, W EE A R4 WEE DNA
( dsDNA ) . H%% DNA( ssDNA ) ¥s% RNA( dsRNA ).,
1EHU5E RNA ( ssRNA+) Flfi BLgE RNA ((ssRNA- ),
WEREWNEARAM RS, NEeE Sy %o
TR, TR BR A AURIR T RS, LK
AR B 2 15 B0 Ry A ) — B AT A i (H K
ML BATAPTE, BRI LT
— SRR S S R RERL T, HRGHRCR, B
RHE R, MR ( Megavirus ) FI¥k 2 50 5H
7 ( Pandoravirus ) K. F HA24rH)i5%F] 440 nm F
1000 nm, HH K4 KN 5% R 1.26 Mbp Fi
2.5 Mbp, X4EE KOG H A MM RS DY, A
R R P A 7 (W FEIA Virophage ) (R ¥,
XSRS BE T 2E AR S A Ay Z A A, A A
N 7 0] & MR A i B4 5 DA 38— 7 3
FA, W] LUR YA 2 A =30 A
W H AR TR R Y N A B, BRI R A
TAEY IR BE PR W B AA . B AT PR 1 4 28 3R AR Y
ERAR A 6 000 20k, i B R 100 281
S YN L W AN R, o BRI B 5L
%42 dsDNA, /DERE ssDNA, MR & L&A RNA
Ay R R . A A R B T AR R b ER L A
YR IE R e R (LUCA) Ry E P, Bk

A EAT A M5 R ) A IR BE A B — i L = 2 Fh
W AT Y T A AR Y 1 i P B DR W s 58 8
AW 5 27 E R AT AL W B S0, ATl £
TTERES AT T 25, WEFr FLAEMARIG LN
FRATETBTEAR, R T R AR W R EALTE S

THER AR E N, TP
BoEBER, FREZRT AR, BRAARTE

VB3 7 - A i A 2 7 v ] ek )
B, (Hh T2 8] LA Sk . 2R, LK
WFFE T B 0 A R, F A B Xk A 7 AT
I TR BE S 7 T S (g v aR A T, AR
MAZS 2, 2T HATE AR RO s Bk, T
FREEX LR R RO DT T 40 T BT, 30 B35 2 9l %
SIERVERT, 50 E N R AT e 3 0078 595G T
FIE AL .

1 HERHIES SR

1.1 TERBHES

8 B KN F R GOKRG, W R
S NI PR RS VA BB u v 2 e A
(TEM ) A BEVLINE], W RIS LR 248, Hur kB
WL SA 16 M, MAREREEESHE o F, A
UL B AR B R4S B 0 R B 26 B AR D T A
i, HHESZN S TawERE" . LHEhK
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B LR FPAR L BRIR L ROIR L KRR BRI
TomEAOREES B AR SRR A, T
SEMMZHE, ANEABSNE LR BHRT, 5
JEAZAE TR A AR AT I 1),

o TR R RN A TR R 22 DL B Sk R A I A R TR
TR 3. A RMER A& dsDNA W7, H RIS
FEAE AT f 43 A %5 ( Podophage ). £ F2 ( Siphophage )
FWLE (Myophage ) Wi Al 448 v H Al 75 9%
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2 S ] v
S = S m ) S
W ® v K = S I3 2 v S N 3 =
3 S L o S v =
- Y95 SESEEETY gYgs P EYsyosc
R EEEE T35 SETE83: TiTstieiiioig
8 £ §8 2 & £ ST E8% ESzsS==< 8 5§ 8 & £ 5 § 8 8% &3
2 = X =~ NSRS NS S IS I = \.;@NOQ 2 = 9
£z 52 8§ 3 é%&?ﬁia.t"gs.caZESSb&%@QSs°°
S 8 8 & & | S STST TSI E EESE R 8 S SR ST ESESESE R
u&a.gcqs/?\nsnwawwl:‘cmkmz'n‘cml"cmmeém
@@@@TT TTGG@ ﬂ6@3%9© @@@@@@2@@@@@

| ®

K1

(YA T A ELZ AR WY dsDNA Wi #5325 RIB S /R 2l (A Prangishvili 414)

Fig. 1 Classification and morphological diagrams of the dsSDNA viruses that infect bacteria, archaea and eukaryotes ( Modified from

Parangishvili et al. !'*)

TERFSHFEERK

TR E LI I AEE TR KRBT A, 3 Fh: D
B B LA BOIRASAEAE T B3 s R
B WL BT AE - UKL b5 AT — 5 432 RN M TR
& (lysogenic or temperate phage ), H:J& K 446 A7E
FEIEHEA L, LIEE (prophage ) RALEAE T 4A
PP T R I A AR A P R A A, L
JEAERF E AR A R T FF 34
H A ARG OIS BT W T A DL SRR A
PF: B 7 32 4 M A A, kA AZ B A AR 2R
S 2R s, DT B DR W DR AR A R R P R
KIAAENE B0 T L=, —m s, A
W R S A0 LU(E ( VBR) BUE/INET, WA {4
ERLNR RS AR, 024 VBR BUEHE, W LAZY
PEREBEIA (lytic phages) P02 ML T IR
Z WK, B E N b AR AR
Pl B0 200 v TR s v Al W i T A B A 1
TRER AR FEBAFAETE RPY, VS VU o B R
TR A ZU PR R A Ry F2 Y JRUR S I B AR AR
TR, o] A A A A TR 4 5 DR AL T &

1.2

W, AHFRENFZHFRERADEH 1 HEEA
T mE R AR T (prophage element ) 2, HihBRI7 T
(‘moron ) JEHTWE R ITIFIY — A EEH LT, B
TCFFEME R AR L R A oN AT i D fg, (Y ek
G 7E 40 B 2 b A ek DR R PR R
(lysogenic conversion ), i 2 P& ZR A5 8T A MR A1 T
fE, 0 40 B PR AR A I N A T 0,
1.3 TEFSHE

H ik A= Y b BRA 2200 1500 A HE
ol , A LB EE > 1070, 2 KR
ANTR) A 5 el 1 5 A B sl S R A W 1 LU ( VBR B
VMR ), 545l 2R T 1Ry 4.80% 107,
P FETOR A g 2 5 5 # 87% A 10%,
MR KR T X 2.7%, AT UL 4 S8R 58 o 7 8%
AR B KPR R B i R AR KA,
Fim B WOk ( virus-like particles, VLPs) 6%
FRULBL LA, SRIGTEDOL R (EFM) iUk
B, BZTHEEKH VLPs 78 10°~107 422 [a] 3334
T VSO OK o VLPs B AF 22T 105454
TEARAR IR H A3 rh, B 138 VLPs $&4)
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SAE 1.31x10°~4.17x10° /N F10.87x10°~1.1x10° P22
] B B, Williamson 25 P/ HA Vb8 | €YD
T AR A FH RN b S IR BE T 0 - EE LA P
Bt AT Meta B0 0 HT & B, 98 B 16 VD I - HE b 5=
ERAL, AR FEE R, HEA SRR
HE MG (7=0.803, P<0.001); &I+ %%
i b AN T AR B R E A G (=0.647
P<0.001 ); & B+ B85 57 A0t 5 4% pH 2 3% M
X (r= -0.352, P=0.009 ). [AEHflfi]deil sy 30
JEE R P A 2 5 i) M B AR Y B IR T
B FEAR A=, P 2 0] A A S i R 7
KPT HERR AR, BT R R AR I
A IR 0T A 1 v i B % ANk - 9 ORI B 1Y
WREE, 0 JCTR KIS b TF i o 4 1 v 5 o B
MR 9T, T LB 2R 321 A9 £ 8 T BB K T+
b 7 0y B Rk

H T 5393 75 4 W B A 30K |-, Anfar DA
5 T T R AT o I R SR v A I A
THCE AT A0, EE 2% Wommack [A1BAP*x}
FEFIE T 10% 094 BV . 250 mmol- L' H &R
VW . 10 mmol-L™ AR FR AN RN 1% 168 B v
A D HE + D+ R BUR AR, K 1%
oA TR A0 Vs T2 B A ) - 9 AR 5 o 7E LAl
I, Trubl Pt THREGAEC T, KL 1% 7B 1R
B T+ 1 0% R £R 2% #hifi+5 mmol-L ™' ) EDTA %
T+150 mmol-L ™" H R BE A BT & & A HILIT (Y U8 %
FAVGE bR AR BUSOR ey, $RIUH R 24K
HRHABSREG 0 2 %5, Mk pE I MS2 Flgx174
VE MR TR, MFE Z B4 0.04 mol-L' A mi AR M
() 3% PR B s TR AR BB e &y, FH AR BRI 38 75 9
BEAELLEE L | 0B A B IRk 63% ~
98%, {HAEHTIRE L L AIIBCRIL 30%., 1] ULIR]—Ff
I8 7 $ GR) AG $ USSR R - R R 5. T B
FR 2, D 398 e R BRI B T VA P 45 A o i 2 P B R
FHEEFE W . e . RIZUED, A R 2R BRI
( bead-beating ) Z5&4 P4 HLHZ A, 3K L6 R U (1) 431K
AT DL EOH R R R A s £k, M
77 AR T W2 3] ) A s T R L 21

VMR 5 VBR ${{E /)N B[R] 42 b S ke H 3
B K. VBR 76 AN A FREE P A AR IR AR K
ANTE RN K R U TE 3~25 Z[)PP3% +,
T 7ERS K PSR AE 0.11~72 Z AW, 5K A RREE

AL, T3 VBR ZZIET R, A HFSEA& BLARRRIA
M 3RS VBR 23514 10 F1 3 00059, 1 £E 775
3R R AY 0.15~1.661 ZEMR BRI ER S
W5 & B v /N EAR PR e VLPs J2& 1.18x10°
A, SIERPFEHREHGRERA R EER, WS
FMRPR VBR N 0.27, WiAEMRPR R 4,680, X
— IR IR AR PR AN B AR K (IR PR
N ), AEAR B 4 TR 2 I BCA PR B [R) 25 B3 R
A, RIAR B 40 B e 5 A0 A R AR PR AR . 31X
Tl B 5 5 3 8 I\ Ry 1 A T - T A R R AR
# Kill-the-Winner” AfFAPH 4, Har, sk [ EA
Pl AR X W J5 A= 30 ) 6 R55 2% 10 41 DA AN B =2
[ AH ELAE FH I 9 v & B — 18 1) 400 T - B 2k KA
R, B “FE AN EF Piggyback-the-Winner” M7, 1E
AR 7 DL TR AR 5 B AR R A 3
FANMAR DY, Bl 7 32 40 A S A, kS L
flops a4, Wk fmshig £ A BN RRERS ., X
Tt “FETRAIEE " AR 75 S AE P AR s 20 TR 9 B 119
A A7 RS AR L B IR S RF . A, WA 2=
SR MR B A B B AR S AR AR bR R 0 25 S 1 R R
A 85 A R 40 A 32 BIAR 2R 40 I B VE FH TR 5
TR R R YA K,
14 TERSEVE

SRR BRI 107 UL, AR Ak
SRR £ /D2 Cobian Giiemes 5P —
AR RS 50 kbp (9 DNA sl 0.054 fg
(%3E) , MRy 0.028 3 fg, R N4
Bk 4.80%10°" VLPs [ fi 5 & 3.95% 10" g (3.95 Pg
5% 3.95 Gt) . F MM ALE AL E IR C: N: P=
20: 61 1 FEM SRR RGBS 2.92 Pg
C. 0.88 PgN il 0.15 Pg P, WReBRFEAYSA
350~500 Pg C*V, R A9 85 4 Wy ik 24 o5 SR A% A )
K 0.58%~0.83%. MM 75— SCHRIN N 2 BRIT A
EYRAH KL 550 Gt C, HAP4IE A 70 Gt C, HH
KK T Gt C, RRETH KL 02 Gt CPY, X —14h
BREES Cobian Giiemes ZEPHHLEBHR4E /N T 10
£, AFWT RS SCHR 322 W95 7 A= W i AV F IR AZ AR )
AT EAEE /N SAEAME C N P kit
TN 60 16 1 1 AHEE, 41 B 7 UKL & % N ORI P,
JEHIE P oTER . BRI YR LA A R
AN F AR /N, HHEGEE R, FER, f£4
BRA: Y b ER AL A1 0 o 3 AR B AR, LU
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WEIREE NG, APFRAS AR RA 10° 4 B
R 2L, Horp K2 30% e HA DL A TE B
UNTR, 60% e 57 FR AR 2, g v rp O 2 I
it 5% AT IR A HLBE AN O IR TR R R Y A
WIa T8 B EERBE PR 6%~ 25%IT BRI H 4
SREEIREN AR, (BFE H IR, R R WA & AE
2 RARIE IR Sl i AG 2 1 R A i DL 238 o

2 HHHREE AR

o T EE N AR A ST B, KRB R Y
AR EEFEME, JCRERRG T X R 2RI . 4
BRENEA Z /DRl 1 1 S b A % . BUA B
PR FHEM g Ss R, A SCikiE v, ek
A 1000 TR AEY) (EERAMEAGE) L b
FREAE YT 8 10 BRI AR R 1R Yy, WA Bk
i U AZF R RECCT A R SRR TN A BT BE
i TR Z e, BUOABEE PR AWIRA,, &
BRI B 5 WA G 7 T 2 R LA AR i — P R 5 B
RWHEIEPY g S g 2 e i 208 . H
FBTEN KT L e s Y b e AN R 25 =00 i
UE, Williamson 450735 5 5 7 35 P 241 550805 70 #7 %
PR A 392 G 5 5L K R genotype )TE 1 000~1 000 000
ZIa) ;s 5 XN, Ve e R R R ALAE 532~
129 000 Z[1], 7E¥RZK 5L 400~40 000 Z [, 1]
L - 85 5 AR PR 1 R BR Y = T K (R ER BT
MR T, FEA U R R — N E R R AR
R
21 HFHRIEERBNHESSHEN

KARSFIERI S 149, R PCR Hi A A A
VIt 16S B EAZ A=) 18S rRNA K[ F Beb A 74 4,
SRIG T PCR F=W A7 L RS B AR, 2 H AT 30
SR AR W B TR 22 R R I 2 ) IR o SR
SRR S, BT HER AR SR RS
M, TERSEESE AL b i R & IR SF P S5 T 3
519, FTIRETG 3 N 2 REEAR AT, (A 5T
BRI, EExF— SR R R R, HLEEPR 4 b g A
S5k k) Y T B B 11 2SR R BT A R AR SR, T
TP FN BT R IS Y, SRIE N IREE rh
eDNA, T PCR 9734 HARKER, W5 Hrks
SE IR B A R L I Z ARV B o Ak SR, 2014 4F

Adriaenssens Fll Cowan'*7F — 5 £k e &= 9 40
LA BE BRI FE PR AT P A A 2R BT R A e i 2 R
BV . T B UL 2 S hRie S £ 02
EEXHIEEE . WA S K R ER BT b 4 B 7 3 I 2 R
WFFERY, 38 FH T A0 B T 9 S5 A AT iE Jk
e @23, %FER 2 g it T4 BIWE s R £ B Y
SEFFEIN 1% R e S 2 Filée 25195 % B 0] H T
T T4 B AR Z RV B Jia S5 NIERA g23
B A T OE TR RS R T4 g A (]
ZREME, TR T g23 BETE + 5 d e
FA 720708 X% IR, o E R B AR b i P
54\ A I AR B4 T A S AR AL
i FH L B R R R BB AN T4
UGB K g23 JEH, & P05 2B A ok 1 T4 R R A
O3 A 5 AR RS KRR BT TR I AN, i
i PR BE AR AT, AP 4ok HH AR AR A 6 R 7 91 vp s
T 24 T4 BIE R  g23 FEIRE 70, % B B4l
FEAH RS I PREE , B AR L RS I T4 B g23 JERIBFAR
( Assemblage ) 5 HARIHAR], st T4 AInE
BRI AR 5315 32 81 b 23 R A 285 3 R 19 U B R A 114 U0
SEUOTHS A, FRATEXT g20 JER (4D s s LR
W ASEAAE ) U2 DNA pol 3£ (it
W RVER R DNA RAEEHA ) U7 Hah R
R psbA (Gl BEVE R AL A B AR ) VTR
phoH ( oW i PR B BRER AT 3L 8 ) U778 A b A
FEL R0 v 5 DR 2 o S 2 R AT TS . B
X LB R PR FAE 1) Gk B ARV 245 4 4 A 7 A RN
TR PREE T S R e AN TR, O LR T b
R A FE 22 5%, BEN7 T 22 AR A% e RT3 i v
PR RE . oL aT I, — S TR M 1 R BT I B
R AR IE IR RIS A H TR AE B, Ul
B 20 T A 5 L R R AL S s T T4 TR
B PR A A 1) AR Wt TR AR T 8 5 A TR T T L TRt
FEH, JiESE AP AE, AT 2R
HH 20 TR R I TR 3 i b A S AR e BT R A A
2.2 RAPD-PCR fE#imsE S

1 W R & B 519 3E IV T B 2 R P A
5%, WAL AT IR R AR R e R 2 AR —
PRERPE IR, FEHLY 1 25 DNA #ric ( Random
Amplified Polymorphic DNA , RAPD ) &% FFi#L
910 B IEAZ T R e 41 18] A Sk 2 1) R 1] 5140
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AT PCR 38, & XF R AP 9 R R Atk A 7 2557
Hrag$ R 71 Winget F1 Wommack® g YO 124 AR
iz 255 B VB B2 s V8 K A0S s EVE IO, AT AR
P = Py EE I UK g h A A B (KB )L 52
BECHEE) A mtEol, 20r BAS A [R5 2 R 7
gy R AR R, ARG XS AT DI )Y, 3 #r
o TR N XD AT 775 5 DGGE-PCR 4 A AT 36
B WUE Y REVE S M AR AL . MR A,
Helton 1 Wommack!™'iff — 4387 T VI 15% Kz e i 170
Y b B 36 R 2 AR, R IR DR 75 45 SR A7 AE
BH 5 B At 23 43284k Srinivasiah 25BN B RGO
) b o5 - R R VR S5 AR B 25 5 . T E R
Bt ok BH 1o A 2SR5 BT A4 28 A BRI DR i AR 45
A I PR AR, X T T R FH PR 2R 0 R
- 558 s B AN BRE VR T B S 2 A AT B A
Mr, RIESIMIRFIER T F AN B, Ui
B B X AE A AR B U, FEFENE, B/
ZHEAR PRSI E AR IR DNA WA 7F
T ALY R T, SRJ5 A 4T PCR 9734,
AN, MBI RIS [ R, &
SRR B B VR S A R AT AT 25 . ik,
HizdeRE), BUCRHZABEILE i f T3, %R
Je W AN G 5 P 388 45 20 A0 BE i L Tk 45 S A R
— B, PR T A A AT
23 RERAFMARSSHN

H SR RAPD-PCR L ARTE—EF2E FREME XS A [A]
FEAIR B REVR S5 A HEA TR, (FZ R R W AN RE X
B AT E T, T S B 1 25 U0 e
JF TAE . WG PRI PR R ) W J e 3 i
FEARC AR AR F bR Hr
T B AT BOR H AT B AR TR 51 i 3G )
PRI 25 LY B P 5 45 3487 5 RAPD-PCR A
FEAHIR], PRYEHS 7 7 JE I AL A M B R F A 1 2
R 20 i 2 Wy A% FE PR P B B W T s g .
I, BN RS PRI, 4t 55 )7 ik 22 5T
LR T TAE, WiEFHA R LR RAL SR
YIal sk 38 (TFF ). AZTR B 1h Ak 3 25 B s 22 W 46
AR A YA Y . 10%K 2 . FE (PEG) %
WUTTE AR 4R T2 WOk . WRE R 2.9 mg'L' Y FeCls
VW AE R e B 2R R 1Y 2R - R - R R
(FFR). 20%JE0E 4 50 aifb Ik BN [R % CsCl
VRO B 0 il e S 185 88900 SRR i, X s

D7 1% PR B B 1) 43 B A B Y 2R — 2 B R R A 4R
BB AR BEAMOE A 0.2 pm BYISLIERE T B 48, X
— LRI B W — L RAT R R B , QNE FOR 5%
HEB AP 2009 4F Nature Protocols %355
B, TEAIA AR T B XK RRR i 200 7 Bk P 4 2 5 1
TP SO AT SR m ) 3 - e A 2
AT, A Z e T+ 5ea R b H, tgite I+
e R oy B AR BT R FE I R i AR L TE T SR ER
T BRI AL 2E MR ) — A T B R S R R
RS AE Y TR 2 /0 BRI B A0 I B
TR, AR b TSR AR 2 5L R 4L /N
JRH, ERLRAEAS B (An/KEE 20 L, H4F 10~
50 g ) HEREEI R L W AR D, ORNREE RS
SR SN T 2L, T B RSN B AR DAY
T R IR AL W B VR I, SRR A 2R . H RTH
B A PR —EZEERY Y (MDA) £iA,
BISR T ¢ 29 DNA AT HH AR 2 — %
Y1 (LASL) #ARPY, s TP
BEARAEY G 7 W) FAFAE AT, SR FH MDA fifi ] T
PHGH ssDNA W EE, 1R LASL 15 2 (%55 28 £
LK H T dsDNA i HAAFIT 4 ey 2 72 3
PRI S5 R ABIESE MDA 0[] T3R5 Kt ssDNA
FREEC Y XA IS R SRR AT A,
e BT ARG RO 3, HLL dsDNA 95 B
W PR (A B R I E B R T RS AR AT R A
i, AU E RN B R R, EEE
JUT 5w, SR B3 Kt e B Ok, R U
BRI, LRI AT 2 3 DAL I 1 kT
TEfR M, LRI L EERE XS DNA MK
B, AT IS RNA i 75 2 B DR ZH AT 5 DU 5 SR JRUHC
fil Y 2 R, i H R A B 2 RP-SISPA ( Random

Priming-mediated ~ Sequence-Independent  Single
Primer Amplification ) FEFE ¥ 14, SX 5 - 7 = &
WP, 2 T 3T DNA AKX + 5 7
WFFE Y 2205 1k SO AR A

1) 24 I B 7% A DR ZHL T 5 64 53— Jk 0 )
2 X ke PR S HT e T ) PRI 55 0 T S A 0 B
I, RN EI R EE, NTSELRE
RO EE I BE  HE R P 91 kD S LR 4, BRI
A, BRI AR, RMETESR T 2 X By
BN, WAACH AR /N —FB B E T, K
PR B SRR T AL AR YRR, R A B
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