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Research progress in ecological functions of soil viruses
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Abstract: Viruses, non-cellular biological entities composed of a protein shell and genetic
materials, must parasitize living cells to proliferate and are the most numerous biological entities
on Earth. Soil is an important reservoir of viruses, predominantly bacteriophages that infect
prokaryotes. Soil viruses play crucial ecological roles in regulating host community structure,
driving microbial evolution, and mediating biogeochemical cycles. Delving into these functions
and their mechanisms not only elucidates the indispensable role of viruses in soil ecosystems but
also underpins sustainable soil management. In this paper, we summarized current knowledge on
the ecological functions of soil bacteriophages, including (1) host community modulation: selective
survival strategies (e.g., lytic-lysogenic switches) that reshape microbial composition and diversity,
while altering host virulence and fitness; (2) evolutionary drivers: horizontal gene transfer mediated
by viral vectors and host-pathogen coevolution dynamics; (3) biogeochemical catalysts: the viral
shunt mechanism, alongside auxiliary metabolic genes enhancing nutrient cycling; (4) cross-
kingdom impacts: direct interactions with plant rhizospheres and indirect effects on human health
via zoonotic gene dissemination. According to the research progress, we make an outlook on the
future research directions regarding the ecological functions of soil viruses.

Keywords: soil viruses; survival mechanisms; auxiliary metabolic gene; nutrient cycling;
population evolution
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R ZEEANCE, RSt HGT Ay s Z X P8,
- S TR AR AR Ry R A G R RE, E
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KGR IEA (959 J5E DA AR A5 i 24 14 sl
95 ST A 24 PRS0 2 S R A R N
N SRR, DU AR B = A T el
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modification, RM) Z 4t i KL AP Bl %2 1] B 110 5 ]
X HE P A S A K H (clustered regularly
interspaced short palindromic repeats/CRISPR-
associated protein, CRISPR/Cas) F 4t 43 7l X} £ 11
SR BT T DNA R i 1 by o g el 101
v W5 DRI AR 28 i 3 6 877 28 I 98 9 1 =TT 4R A AR
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4 IRWFIWEN. U
AR R
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RIS R R — A SR A R g b,
HE-ARBRAH AR R — A F T R i
R A T ST EEE, LEARL
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T HRYSRIE o fEr T RS IR BURIA T 1
o B 1o AR A T BORR S IR ORI R S
FRIREE, B R A X 4 S SR ) R AR P A
B TEIE AR [ B 5 I AMGs A 1
AN, W TR A E IR B R ALK
WA, A S5 B RE A8 16 40 K F SRR PR K F-
HESHRUEY IR AL DI R . S35, (gl A ™
L AR AR 18 BRI R T —
ol 22 2 1) 77 3 A A 40 A0 TR P 14 2 0 1 5
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(1) $ETHZ PR BE L G B - A 2 e PR 4
T EE D RERE N 5 i EEAENLR], 2E—
AR AR TETE LIRS REN e, B TR
THTE A AR RN P K JE TR A BR,, FECR
TR A IR PRI, LR B 2 D 400
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DRy e A ) S 25 R AR R A B, Rt
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M P E AR KRB . R, Sl 5 H A
N A GG, BT EA RTS8 £
G AR BRI, W7 40 R RE BT I D) AE
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