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Giant virus: “invisible giants” in Earth’s ecosystems

XIA Yucheng, ZHANG Rui’

Archaeal Biology Center, Synthetic Biology Research Center, Shenzhen Key Laboratory of Marine Microbiome
Engineering, Key Laboratory of Marine Microbiome Engineering of Guangdong Higher Education Institutes, Institute

for Advanced Study, Shenzhen University, Shenzhen, Guangdong, China

Abstract: Viruses are known as the most abundant and diverse biological entities on Earth and
regarded as key ecological drivers in ecosystems. The discovery of giant viruses has challenged the
conventional understanding of virology and the definition of life with their microscale-virions,
megabase-genome sizes, and remarkably numerous eukaryote-specific genes, which were once
considered to be hallmark genes of cellular life but barely seen in viruses. Therefore, these
biological characteristics of giant viruses blur the boundary between viruses and cellular life.
Metagenomics studies have revealed that giant viruses are globally distributed in marine,
freshwater, and soil ecosystems, and their geographical distribution is influenced by environmental
factors such as temperature, latitude, and host range. Giant virus genomes include core metabolic
genes, which enhance environmental adaptability by regulating host metabolism. In addition, giant
viruses may even be involved in the horizontal transfer of antibiotic resistance genes. We review
the research progress in giant viruses in terms of their diversity, biogeographic distribution,
ecological relationships with hosts and intracellular parasites, reprogramming of host cell metabolic
systems, driving forces in biogeochemical cycles, and potential impacts on human health to explore
the ecological roles of giant viruses from multiple dimensions. This review aims to revolutionize
our knowledge of viruses by revealing the ecological significance of giant viruses and their roles in
global biogeochemical cycles.

Keywords: giant virus; amoeba; virophage; protist; horizontal gene transfer; ecosystems; viral
sweep/link

PR R BB RO ER . ZREERY R TR BORL R B AL TR R, B 5 A
FEMNEYIRZ — DiERAESRGE Y,  FEEW AR, HE KRB H N
%Eféiﬁ’@?ifrﬁ%é%ﬁz_é’] 104, mHH ASRGETRIENEES.
fib 4 A 2 B, B R & A2 107 IRk FI 1892 4F MH R AL R BE R R B, TR
7 {2 gt fﬁfﬁﬁx_ﬁﬁlm%iﬁﬂﬁﬁ/i AR Y — B[R] B 75 27 18 i 53 % 2 4 LA e il
@E%ﬁ%ﬁﬁu%iﬁﬂiﬂﬁ ZREME, PEEETE AEBRE IR (FLARZY 0.3 pm) A A Lt
He Wy RE T A A @‘%H&/ﬁ\ifﬂj} IJPfE4 M2 T R B AEAN g LA EERORL; R,
BRYGHEI N IR B . A . B B BRSEICERM R EESCOU A ORI TS A WA AR A S A,
H: Wy b 3k A o ﬂﬁﬂ u&%ﬁﬁﬁm%ﬂ/ﬁﬁ’i K AR/NT 0.3 pm HIEH A —B/h T 0.3 M
AU Z R 384 P s R EE AT R s OK AR X IAHITE 2003 A A AR LR #5 [ Mimivirus
BeRGZE, RIHFEENEER MK(QH_EF'FLM) bradfordmassiliense, 2022 4F [¥ Fr i 7 77 2 2% b
BRI, M AT RERZ i = 2 T s A<t R 2> (international committee on taxonomy of viruses,
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ICTV) Hi 2 B J BT oK U 48 B 05 B (Acanthamoeba
polyphaga Mimivirus) ¥ 24 1MR) |9 A G kA T
RRAMESERAR . IR EEA U, BARIAE] 0.75 pm,
YA 1.2 Mb BYJERIE A, s K i 4 A e
ﬁﬁl BRI T 908 55 B A i 2 [ ) SRR

— SRR R BRI JE TR RS AT N« B R I
o JATIARIE RALEEFR T E, AESTE AH AR DA
MoK . e PR AP
AKrp oy B & S . MEEZZIE B E R
TR DO, E i E 0 R 2 RO B R
B 5051 A 1 £ H19% 75 (Pandoravirus) M VR & 7 9
B (Tupanvirus)!"™, & T TRURL A4 BRI 3 (K 42 24
ARG Tk R T, R sk
AEMAEE, R ENCE AL (E 1),
HARE R R, — R0y A A i 5 AN
A& T 325 DNA %4 2 £ (Phycodnaviridae) Y £

ﬁ”
TH: AL 4% 3l 16 Y 7K

GEBIMIG, WA ERRREEER 2)77,
AN, A 2 BRI FH 2 AR ICTV IE
SPRIIL BT : —202 52 DNA G
Bl 09 B A 3 98 B (Emiliania huxleyi virus,
EhV) & 5 50T (19 22 R 3 A Ao 150
—x%'ﬁﬂlf{)ﬂ%Bﬁﬁ&ﬂ(Asfarwndae)E’Ji”ﬂ)”%
IR B (African swine fever virus, ASFV) ¢ &
EI’J ﬁjﬁﬁﬁiﬁzm] 2 oK T BRI T 2

o AR CRAE TR Y AR B
()78 T BB 2 R LA A 30 B S W T A IR
e DL A AR B

FIRTEM L BUESN T ICTV 52k R AR
RUP A HL I BE R 7328, Anak G i o0 itk
AFER A RHARP, B 7 g i 9 K A% R
FVERIRE I 0 PRt A S s AN ] T 1 S A
A2 ﬁﬁiﬁ%fﬁiéﬂﬂﬂﬂﬂﬁiﬁﬁﬁ 1

Boldmss, e 2 HAM PR ER R ASRGETIRNE R EAEMZ, s 175
x1 TREHERSARK
Table 1 Typical strains of amoebal giant viruses
Ay AT R Rt S EERIURL R/ FEIHIZH SCHk
Year Amoebal giant viruses* Sample source Virion size (um) Genome References
size (bp)
2003 AP E A B BEE A RS AR TR TR HK R FA20.45" 1181549 [4]
Mimivirus A cooling tower in Bradford, England 0.45 in diameter”
bradfordmassiliense
2009 HAE PN RE P E BRI AR EAE250.25 368454 [6]
Marseillevirus massiliense A cooling tower in Paris, France 0.25 in diameter
2011 JEFRIFFRINTE 1% FE ZEG ] HEZ0.25 346 754 [7]
Losannavirus lausannense ~ Seine River in France 0.25 in diameter
2011 BHELIEWEE BRI s B v 45 FE Hr i EHRZ0.44" 1259197 [8]
Megavirus chilense Coast in Las Cruces, Chile 0.44 in diameter”
2012 BERHIEEEE R EEIKIE HRZ 042 1021348 [9]
Moumouvirus moumou A cooling tower in France 0.42 in diameter”
2013 A ZHNTE TR CRPPETT ) K241, 2473870 [10]
Pandoravirus salinus Mouth of the Tunquen River on the Pacific H£270.5
Ocean coast 1 in length, 0.5 in
diameter
2014 VEAAFIETE W 2 405 2 PG A1 R SV P 25 D K4S, 610033  [11]
Alphapithovirus sibericum  Tundra adjacent to the East Siberian Sea HAE210.5
1.5 in length, 0.5 in
diameter
2015 PEACURII R A HEE 48 2 PR AV 1RSIV T 1) 25 D HAE210.6 651523 [12]
Mollivirus sibericum Tundra adjacent to the East Siberian Sea 0.6 in diameter
(525)
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(E=3))
S S A NER o Rtk P EERURL A /)N LA SCik
Year Amoebal giant viruses* Sample source Virion size (um) Genome References
size (bp)
2015 VR HE e ETE KR HARZ0.2 466 625  [13]
Faustovirus A sewage sample from France 0.2 in diameter
2016 FHKEUREE VPRI RLAR 5 25 T 15 KA EAE%50.25 350731 [14]
Kaumoebavirus A sewage sample from Jeddah, Saudi 0.25 in diameter
Arabia
2016 BAJR B AIAGIREE  BATR BRI 5 K41, HZEZ0.5 589068  [15]
Alphacedratvirus An environmental sample from Algeria 1 in length, 0.5 in
aljazairmassiliense diameter
2017 SEIEHTHTA B PRI 538 B R B vl s K b 3 FRFE R L 2 2% 1573084  [16]
Klosneuvirus A wastewater treatment plant in Metagenome-
Klosterneuburg, Austria assembled
2017 MATES TR BATIR B RS 5 s R LR i EHE0.17 395405  [17]
Pacmanvirus El Kala and El Taref, in Algeria 0.17 in diameter
2018 YRR 5F EL P B 28N 5 T LA T 3 000 m Ke2y23% HiR21045 1516267  [18]
Tupanvirus altamarinense 3 000 meters belowwater line surface in 2.3 in length#, 0.45 in
Rio de Janeiro, Brazil diameter
2018 EHFRBEARNTE 5 EE YL U LTG5 KRR K215, HZZ405 1473573 [19]
Alphaorpheovirus sewage samples from La Ciotat, France 1.5 in length, 0.5 in
massiliense diameter
2019 HEFEIHREE H A 5% E£210.26 381277  [20]
Medusavirus medusae A hot spring in Japan 0.26 in diameter
2020 VPRERALIRIE R UPREBAT AR 5 25 T 15 KA E£%70.33 2126343 [21]
Yasminevirus A sewage water sample from Jeddah, 0.33 in diameter
saudimassiliense Saudi Arabia
2020 PGP EEL G DL L L . TV 0 E#250.08 44924 [22]
Yaravirus brasiliense An artificial lagoon in Belo Horizonte, 0.08 in diameter
Brazil
2021 HAHEEMRIEE H AT iz il HRZ0.6 1476527  [23]
Cotonvirus japonicum A canal in Chiba, Japan 0.6 in diameter
2021 Buf/R KRk 2 B A 7% e R PG 3tk DL AT LA TS KRR BARZY0.3 1595395  [24]
Fadolivirus A sewage sample from Sidi Bel Abbés, 0.3 in diameter
algeromassiliense Algeria
2022 FIE IR B P E TN TR HRZ0.45" 1224839  [25]
Megavirus baoshanense A crawfish farm in Shanghai, China 0.45 in diameter”
2024 Tih& FI) QR B 7 TRRTFI 5 e R T K Ab ) HELA0.5 1163307  [26]

Catovirus naegleriensis

A wastewater treatment plant in
Klosterneuburg, Austria

0.5 in diameter

o FMAN20244FICTVIE A48 5 AFRMARICTVE ARWCR BT IOk A4 o #: ATHRERIURER IR AL BAT K

*: Ttalics represent names officially designated by ICTV in 2024; non-italics are names taken from literature as ICTV has not yet

included them. #: Not count the length of the cilia structures on the surface of the virus particles.
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Figure 1

Comparison between conventional viruses, giant viruses and bacteria. A: Comparison of the particle

sizes of viruses discovered by traditional virology isolation methods with those of giant viruses and bacteria; B:

Comparison of the predicted number of proteins encoded by the genomes of traditional viruses, giant viruses, and

bacteria.

X RE AR AS I RE YA LN AN, Oy B o 7 15 2
PIHLER A ZA A ER T P PR A T LA 410,

1 ERBWNEZFESHELF

Eowas i fe EDARAEY £, AR
HTFIIARTE ) ZAEYE R (EIAnsREE) . 5
G A 0 (191 T 50 = 1) L B R A ) - 0
U L A A 25 (Stramenopiles-Alveolates-

Rhizaria, SAR supergroup) (7] N fE#E . F ) [*2),
R R ST R I R GER T kI, ER
7 5 98 3 5 7 Bl (Ascoviridae) . T % i 28 B
(Iridoviridae) . 2% DNA %5 % B} . ¥ 9k i FF
(Poxviridae) Fl A Y 4 9 s 2 B 55 09 % 51 e [w]
J& T ¥ Bk 88 1] (Nucleocytoviricota), B[V i ik
## (nucleocytoplasmic large DNA virus, NCLDV);
NCLDV #REABRIPREEATE(EAF>0.1 pm)FIRL
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x2 HitREEYERSRENK

Table 2 Typical strains of giant viruses infecting other protists

iy B (EES TREE ORI/ LR SCHik
Year Giant viruses* Host Virion size (pm) Genome size  References
(bp)

2001 SRR BRFIR R A /RyiR -, 0k HA2290.22 ~560 000 [27]
Heliosvirus raunefjordenense’  Pyramimonas orientalis 0.22 in diameter

2010 ABVG R EG TG B EHE40.3 617 453 [28]
Rheavirus sinusmexicani" Cafeteria roenbergensis 0.3 in diameter

2013 fr s ARER PTG BRI bt i HA£290.15 459 984 [29]
Tethysvirus hollandense” Phaeocystis globosa 0.15 in diameter

2014 R watiR s W 4aki E210.14 370 920 [30]
Kratosvirus quantuckense” Aureococcus anophagefferens 0.14 in diameter

2017 ERWEERIGHE PR NS ¢ HA£290.16 473 558 [31]
Tethysvirus ontarioense” Chrysochromulina ericina 0.16 in diameter

2018 BERIA I R AR H HEZ403 1385 869 [32]
Theiavirus salishense” Bodo saltans 0.3 in diameter

2018 RPEMRZIT R i 0.4 668 031 [33]
Oceanusvirus kaneohense” Tetraselmis sp. 0.24 in diameter

2019 SUHEE AU EE AR 1L LikaihlNeg 875401 [34]
Choanovirus Choanoflagellates

2021 BFUNMELE LT R A R =40 HARZ0.4 1421182 [35]
Biavirus raunefjordenense” Prymnesium kappa 0.4 in diameter

2022 /NERBEORER /NBR EHE210.12 407 612 [36]
Chlorella virus XWO01 Chlorella sp. 0.12 in diameter

2025 AUk 2L B R A T fih 22 3 HEZ)0.15 582139 [37]

Haptolina ericina virus RF02

Haptolina ericina

0.15 in diameter

*: RHA20244EICTVIES A 44 5 ARRHAKRICTVR ARG BT LBRCCHR i 44 o #: ICTVAHERE B3 T AL XU44 1 O 22 44+

2, WEEER AR RS . SRR . RPN . BTN

JEE) I A A S Th 2RI E AR 427

RV R . ARG . AR BTA SYT e 2 A LI

*: Italics represent names officially designated by ICTV in 2024; non-italics are names taken from literature as ICTV has not yet

included them. #: For virus species ICTV adopted Latinized binomial names (virus genus name + name of location) and virus genus

names refer to the names of Titans in Greek mythology (Heliosvirus, Rheavirus, Tethysvirus, Kratosvirus, Theiavirus, Oceanusvirus,

and Biavirus).

5 DNA BEHZH(>0.1 Mb), 3= B 7% 40 it Jo =5, 40 g
CANE %K N Y 9 AR S s
. B % DNA RAMAE 9 MOIEHPY,

H T A0 P AR AR L TR B R M, R A
ELR B 1950 55 TAER LUK 2 ok 1 32, Rt
H A B 2 G SR B AR R E
TREE. LA, Bl 7% 35 PR A 4 R () P
&, il %EE NCLDV Bub R, KEARFRN
B B 27 ik D 4 4l 2% 3L A 4 (giant virus
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metagenome-assembled genomes, GVMAGs) # &
Mo T REFHAFAR, IAEER 8535 MATE
SE PR B0 h 41 %€ 2 074 S HT L GVMAGS,
X RUIE R REE 23K AR E horAi T0riz
RGRE MR 2 100 ASRAE 09806 75 e /A1
By, WEYRE T B DU R AL b AR
UL B I 78 1948 5 B H (Imitervirales)] Y 5
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G kB AT AL GRS 3 07T RN B
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Figure 2 Metabolic reprogramming of host cells

during giant virus infection.
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Figure 3 Crucial role of giant viruses in marine biogeochemical cycles.
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