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NucleoCytoplasmic
Large DNA Viruses
(NCLDV)

Megaviruses

Ancient
viruses

n 7|thutol el AuFAQl whole] nh el Al 2 Aol 25 Zhx|m, 4706 o]4be] T

S BB 5 9 FAAE A 9

Human immunodeficiency virus (HIV) Pithovirus
[~] ~100nm
Genes: 9

Discovered: Human blood

Mimivirus
i ~400nm 1500nm
Cenes: 1018 G?nesz 467
Discovered: Water tower, Bradford, UK Discovered: 30,000-year-old

Siberian ice core

E. coli bacterium
~400nm ——

Genes:1023
Discovered: Water tower, Paris, France
Can beinfected by Sputnik virophage
@ SPUTNIK VIROPHAGE
~50nm Genes:21

Megavirus
7, 440nm
Genes: 1120 ~2000nm
Discovered: Ocean off Chile Genes: 4288
2800, piscovered: Human colon
Rhinovirus 1
HIV 9

Mimivirus® -um
Pandoravirus® _-2,500
Pithovirus* [ll~470
E.coli NN ~4.200
Human [, --20.000

o 5000 10,000 15,000 20,000
* estimated Number of proteins
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o Aefufolziat 20034 A5 EAe] Wabsol A 2 wislo] uju]sfol A Mimivinuses) 2 13
WEje0, 1 Ael Sk, Aleio} GTEE, Held £rie: 9 e AE o} SolA u7julol
H A (Megaviruses), TE2lHlo] 2 2 (Pandoraviruses) 2 3] A H}o] 2 A (Pithoviruses) 7} A & H
A, 20154 ol Bl AT 27451 9L

Virus Discovery Reference
Mimivirus 2003, G=2LHZIES La Scola et al., 2003
Megavirus 2011, 2| sHet Arslan et al., 2011
Pandoravirus 2013, 23| sieh sF 54 Nadege et al., 2013
Pithovirus 2014, AHI2|0 GRS E Yong., 2014
Mollivirus 2015, AHI2|0 EHSE Legendre, et al,, 2015
Klosneuvirus (Mimivirus) 2017, RAEZ|0} @4X{2| &t Schulz, et al.,, 2017
Tupanvirus (Mimivirus) 2018, H2}2 AClS 4, ZI2 HICH E|XZE Abrahao, et al,, 2018
Mmividee U ® ® @
Asanthamoidba polyphogs mimbirud Megovinug el Moumouvine
First glant virus of amoeba Frofotype wirusof lineageC  Profobype wirus of lincage B
Fonder of fasiby Miminidae LRAL1L whrus
First mimivirus isolated from a human
W ;puu Tramspanirans J.l'n;“ Unabie to infect
ncimc Firstvirophage Provirophages ingage & mimeAruses
Marseilloviridae T PR e L > L] L] L]
3 isolates ik
" Hmmhﬂ:dwmwﬂmmﬂ;ﬁ w“'""m m m mmmu
sriproed ifestyle indo aeoeba lingage B mm- wm- lngage C
Pandoravirus Pandoravires salinus
1 izolates Fegnder of 3 putathve new faenily of glant viruses of amorba

Lar gyt wir sl gisngrmee g genie omient sdenliferd 10 date
Flirst glant vines withowt capsid protein identified

Pithowirus FEhovirus Tiheroum
1 Imolate Foundier ol 3 putative sew family of gias viruses of smoeba
Largest virken laolated to date, albeit gencme smaller than those of mimbviruses

Faustovirus Faustovirus @
A isolates Firgt wirus Holated om ancthir amesb thas Aconthomsse
Founder of a putative new family of giant vinees of amoeba
Mollivirus Malifirug siberioum
1 isodate Founder of & putative sew Family of glant vicudes of amoeba
Bplacation i the nucleus

2003 2004 2005 2006 2007 2008 2008 2010

m 7|tjHfo]|H A 9] 7] -2 Prokaryotic viruseso]| 4] H| & Prokaryotic viruseso]| 4] Polintoviruses/
Polintons®} Herpesvirales& L=o] 3,

m Polintoviruses/Polintonso| A Atjvlo] A
Hydrosoviridae, Baculoviridae 5 @A 0] =& vlo]y A7} 23,

® Herpesviralest= Herpesviridae @ Alloherpesviridae 5 J—} 7o 1218 7oA vlo|g AR X18}e1-S

n Aol e 20] o thopa Wl AT M 2] 2 W S0 2 elsho], Aol Bacteria,
Archaeae ¥ Eukarya®} 37 A 49] Kingdom © & 'E]."“?_I‘s]'ozl of gtth= A= A7) H AL Q.

LSF5HE Megavirales® F-2|514 .1

18- SHFLEIAIO| M HEHBO| 20 b & =it 7| =t A7



H1E J=ld4e S5 AU

m 7 tjHlo| Y A ofAFHlo| B A (Ascoviruses), OFAH}O] B A (Asfarviruses), o] 2] EHfo] B A~
(Iridoviruses), B} 2 A]-G-8}o] & 2~ (Marseilleviruses), B|a]v}o] 2] A (Mimiviruses), 3] | ¢llofjoH}
o] A(Phycodnaviruses) 2 ZAHlo]H A (Poxviruses) 5 770 I7F L&A Qllony, Ztof &

L ohdlo| A (Pandoraviruses) W 1] 2 v}o] 2] A (Pithoviruses) 7} A E|HA 97)) Ip=2 A=

200-300 nm

Human, verebrates

200-240 nm Poxviridae arthopods

Invertebrates Ascoviridae

172-191 nm . - ~1000 nm
Insects, pig  [ASMGAAALEED Pandoraviridae YIS
amoeba
120-350 nm . ..
Amphibian, fish Iridoviridae
Invertebrates
A 100-220 nm
Phycodnaviridae Algae
Marseille-
250 nm

Amoeba, Human viridae . ..
SR Pithoviridae
Mimiviridae

400 nm
Amoeba, Protist

~1500 nm
Amoeba

O|2HEEAT 19
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T

Ascoviridae 200-240 Invertebrates Ascovirus
Asfarviridae 172-191 Insects, pigs Asfar/w(us
amoebae Faustovirus

Amphibian, Fish, Megalocytivirus, Ranavirus,

Iridoviridae 120-350 Iridovirus, Chloriridovirus
Invertebrates .
Lymphocystivirus
Marseilleviridae 250 Amoeba, human Marseillevirus
Mimiviridae 400 Amoeba, protist M/m/V/‘rusl, K/osneuwr'us
Cafeteriavirus, Tupanvirus
Pandoraviridae ~1,000 Amoeba Pandoravirus

Chlorovirus, Coccolithovirus

Phycodnaviridae 100-220 Algae Phaeovirus, Prasinovirus
Prymenesiovirus, Raphidovirus

Pithoviridae ~1,500 Amoeba Pithovirus &

Humans, vertebrates

arthropods 28 genera ‘e g

Poxviridae 200~300
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A1 7|EH70 28 U g

m 7]Eo] dHAA] FAE wlwlHke]H A (Mimivirus) 2Rl HEE AthHlo]#]27F 2003W 0] A&
2 HiEglon, ZlTof= AlH|E]otel e AER|of Foll A thefet A tiutol# A7F AllEA 24l

(B3] 2|2 HE, Fxs Ao Hho|2 28 W2t
Aldl2lol HFEE0A Ho vlol2] A" = kA
Tl 22 XYE ol AT SR JH5E0 =2 0F

SEHQHAE 2= X2 F
T2 uEE 2oLl S7I5H= Zis x|

et ofel s Mo vpo)ay s w

EDQE FFSES S 3T U W A Hoj2 2 24b
St} 3pHAT Cd Bfoj2iae| o)
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o 5o] o 1-3% W Aol EASHES A 02 FABl utel AhutelH 2ol g, 54 W Qg 7
o 7F54 5ol BearAl 98 Aol et AT ST GOk, oF&7bA) ol Hhat Zo] 9]
LA pEg

ek Hro|2{ A8 St RHA vl
o0} BHOIZ{A(HIV) ojostojai A I EE

- 1004 01E}irnm) - 2D0L}=0/E] i - 1700Lbw0lE] | .20000Ui0lE - X 42887

- Gz} 9 i gEEt 1018 i - Ba 18897

RE: DA CNRS 014

F2 Ao vl

IS7x waE

Aeiuto] o 2t The vlole| o] ula) A3 Arker 279 ojn] gl AR e A

o2 dHA s
7idiureg] Lol thieh AM7F ofF= Bol o] FojA| A= eistout MAFutol2 A & QIZte
2 o Sl vpol e AhEole| ol A § s Eell=
dA lom, 2T 2L TS0 DAL FEEI Q7o B
2016).
AR Aol 2 A 97 families2 I E, AFEE, FAFEE, AT 5w A
ANES 7Loﬂ/\]7]1— AKR=4 01-,:411 AL
ojujEtole 2, wpEAfEPoE A 58 At Aol HEF, A, Fotels BEY, dAS

2 At 5o HE ol 4 T s Aor FAEHIL e ARolAR, A ol A
o

<
X
~
o
4
it
2
o
E
o
5
o
=N

==

=
o|9} THE AL Ao APE I QR oS A A (Colson et al., 2016, Kutikhin et al., 2014,
Saadi et al., 2013, Aherfi et al., 2016, Aherfi et al., 2018).

Ascoviridae Insect
Asfarviridae Swine, Amoeba African swine fever
Iridoviridae Fish, Insect, Amphibia Iridovirus and megalocytiviral diseases
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Family ‘ Host Range ‘ Pathogenicity
Megaviridae Amoeba Lymphoma?
Mimiviridae Zooplankton, Amoeba Pneumonia? Arthritis?

Pandoraviridae Amoeba
Phycodnaviridae Algae Human cognitive function error?
Pithoviridae Amoeba
Poxviridae Insect, Reptile, Bird, Mammal, Human Smallpox, cowpox
sSumdE | HoRARR s4t BT

2006 Mimiviridae S|4 A HE oA X

2011 Mimiviridae ztarA oZtA ZHEHX

2012 Mimiviridae 2785, 1LE, 285 matA Sy
2012-2013 Marseilleviridae | - Mz CHEH

2013 Marseilleviridae - matA A

2013 Mimiviridae SEOE, Y WSS | FILX i:|[ER QA [ PSRl

- Mimiviridae |, SIS, MALS E|L|X| CHed

et O HiO|2{A M A 7|z ST

©u)2 o] He] AT Athutolel el oldh WAL @D glo] hE
S Qlo] T WEleha] B4 Amnt Algshlar, ARl = Zf
Thsete.

Sejch, AR E e} adojerer 24
et A5 7 Adol =2 AR el 7Rs skl = 9.
A 27HA] 9] A7 9] B A7Ale] =RA WS ulElo 2 “Catch-up” 3H= AFHHo oL
LHAE FI FA A AARES G RN A= Al AR ARE M o deo=A
“Leading Science™& F+& T = Q= A o] Al

oleldt 0|2 V|uk HAS Faf A5 B2l w2 He 2g7el Z1Nt A 2
2714 Aste] Adutoleia0] gishE BrIES AMSh BUA AR/ S AL
A7 Bagth

2007¢ o] Next Generation Sequencing (NGS; Second Generation Sequencing and Third
Generation Sequencing) 71| W3} Bl Eo] A|@A ol 7|WHeE W A7t vefA o & s}
51 glo1}, sfoputo] 2] Ao ek NGS 74t 95t o] 4] Al 2tah T2l (Hingamp et al., 2013),
NGS 7|9 AR £4& Soll ooz s A A o] ®stof] upE A7) sfefutol2] o] £
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R
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£ ujordl 4= 9l A7 A Q 3t
® Cloning, PCR, Community fingerprinting, 52| ®o] dg| 20]il Qlom Z|To= f
SR A, e AR A, vlol22oldlold 5 H4le] 47 7| Fo] ALgE) L %
« olith IS Horg FokA 9, dituel ABE vid AL vgew Syato] ojgutol

RS Qo] HUA|Y CHPAI} GRS FUHO R HAT 4 9L

Of. Z{CHHIO[2{A QIMIER| 315

. s o opelolel e Y

SoFH LA ATLE 3t Y UA T2 2007 ZU41E2] 7] (ultracentrifugation equipment)

£ ARESHHA A F AIRE Sl o] % 2u|Al ZH A ]7} L= AR s Fr A o] W Bl
3} ZAA|7FO] == A|7Fe] AR 2 A8 o] Bl 1A Q] 2o 7 ol AR 9le

- 1A H=HES B YA HA1-8-59o]3} (Tangential flow filtration : TFF) §o]| 2010
ASFEIAARE 100 L7} Wi R A5t} Bashehs o] 98,

- 0] FFR (filtration and resuspension)©] 2= w27 o] AAE YL, A2 AR E =2 3482

AE 5 9= 37 Ho] AElo] BEE T 9L,

Ll

=

u

[TFF A|AE]

0] ostol 2 Fefekel sjgutolels AL SRl A vlolel g FE T Heldt ¥
Hlo]| A DNAS o_-._‘s/\pq B A5 LA A o] WS- A|AJ$H(John et al., 2011),

Concentration Amplification

Purification

A
T ere “:
2 gere i
X Srew . —> Sequence
T Saleweahs, Ipnase Epinet
ry e 2015
aniplfed
il DA

Fellsprecipitation  £5€1 ples BN Linker Amphification
ofwirol partiches  [PewtLDeg o0 Mvhane Do el 2012

Loy Meraier. of of W18
Dubaime & Sullsvan, Virbogy, 20012

[FeCl,E 0|8t HIO[2A S5 H 4 of|Al]

- AdiBtol 2 g5 QIRE FFRHS AR5 — 12hJ3H0.45 #m) — 1 mg/Le| FeCl3 A2 (1 hr
0]AF) — 0.8 #m filter — 10 mL2] resuspension buffer &7} — v}o]& 2 gDNA F& — glo]|H g
2 A% NGS B S 750 2 wa Adutol el AMEe] A4S Slskel AT
Ao 41 9 PR Ho] HEH T 9L,

26 oHLYENAGIAL AL HO|2{ A0 HoH Sl 2t 7| 2F 4L



T

Seawater FeCl Resuspension Extraction of .
{sampling HpreﬁlteratlonHTreatment H F|Itrat|onH buffer H Viral DNA/RNA NGS analysis

[GHYHIO[2{A NGS 2A 1y BAIE]

- Arutolel s qIAEe] A4S 915to] ARG/ 4G B4 2 PCR o] H-§¥7 912
oRFE SRR O 2R AHE ARE olzh % DNA 2ES Folo] AAHG/ NG B4
wpol i wlo|efulo] 2o wlmte] hopy B FRES Selstu], 57 vlolei 2k PCRS E3)
Folsts o] Aelsw 918

Marine Pathogens Moonitoring System

|— NGS Monitoning | | PCR Monitoring Q

[GHSHIO[21A 2LIEZ AAR 2AE]

m AR Auto] YA QI E ] 24

- SRR L2 Adjuto] 2] A= Viral zone ¢https://viralzone, expasy. org) ol A 2HQl 7153}

-Adgulo| B A= ol TR LA E o] 91O Ascoviridae 24 (5%), Asfaviridae 1&(43),
Iridoviridae 54+(37%), Marseileviridae 245(9%), Mimiviridae 223(10%), Pandoraviridae 146

%), Phycodnaviridae= 64:(50%), Pithoviridae 14:(2%) W Poxviridae 144:(8%F)0] 4&HA U=,




M1 A-Hzawe] 71

- Aupol g AL H o] AtE]7] AR Hlo|g A 1E0]7] wjEe] oFO & KT} mke Hpo]H A
7t A E 7Hs Aol vl ==

Family ‘ Genus ‘ No. Species

Ascoviridae Ascovirus, Toursvirus 5

Asfarviridae Asfivirus 4

o Lymphocystivirus, Megalocytivirus, Ranavirus, Chloriridovirus,

Iridoviridae o 37
Decapodiridovirus

Marseilleviridae | Marseillevirus, Tunisvirus, Unclassified 9

Mimiviridae Mimivirus, Cafeteriavirus, Unclassified 10

Pandoraviridae Pandoravirus 6

B Chlorovirus, Coccolithovirus, Phaeovirus, Prasinovirus, Prymnesiovirus,

Phycodnaviridae o 50
Raphidovirus

Pithoviridae Pithovirus, Unclassified 2

Avipoxvirus, Capripoxvirus, Centapoxvirus, Cervidpoxvirus,

Poxvirid Crocodylidpoxvirus, Leporipoxvirus, Molluscipoxvirus, Orthopoxvirus, a6
oxviridae
Parapoxvirus, Suipoxvirus, Yatapoxvirus, Alphaentomopoxvirus,

Betaentomopoxvirus, Gammaentomopoxvirus, Unclassified

- 53] 2|£9] Tara Oceans projectE 5-5F0] ZAIA afjoFoll A 2] sfjgFutolefs 9 Aefjutol ] A
2 e o] 58 v} o], ek AR By el Po] BRTE Kok S (Gregory etal

2019).

HARCH
i

¥ Bl
(W —

Hf. HCHHIO|A FIEH | He
n Atheole 2 Algre] Ba
S - olel Al ThaFe Adutolel A% Qi) ok AEA Bk ofuet AR FoAE st
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M1 & 7o S5 A U

-2y AAFCR Addtol2 s AR B FabbelP Lo Bls) ArE B3 ARl
53] ol M o] = 79| ol F %

- FEVF F2 FEuete] S FAA Sl 2o Sled,
olo] Mute= 2124 WAH & & Tl A== =84 A
ol E=

- 3 Adiutelg A v i HYAlSel vlel =2 AAREE 7ML Qo] #E Al 2 ZAIE

oW 4 U

2
MY
X
O
°

giie] Afutolei st At
Qo] = 7455p7] el e

- @A Afuol 2 o] ) AT AR Wilo] gy wo], ME NG ) 2710
I5k7 Aok 59| oA weto] FASH H7, ol SAsiAs AgA Bl ohd, A
5o Aol A A3 Aol H A8 AT 5 gl 71 Aol g

- Fefutol el Agke] Aotz Thopet uo] i Zizto] jslA Solxlel A Azte] golatA
o) wjo] metoln] A 5& Fol tlS 1heks] ARk S 4 9l PCR Y)HHe] £A Ak

7150 F2 ARE A .

Humagglutination PCR HTS

Antibody structure Wirus
and production microanmays

DISCOVERY

2003

DIAGNOSTICS Blood Mucleic acid
typing hybeidization

qHRT-FCH VirCapSeq-
VERT

MmN assays
[ELISA, Weslern uﬂl, Imvrnnostainineg)

| ]
i)

o
(R

719k ek 719
719 A 7| S 2= PCR, real-time qPCR, LAMP, RPA(Recombinase Polymerase
Amplification)5©0] F& o] & & o] &o|x= HDA(Helicase Dependant Amplification),

NEAR(Nicking Enzyme Amplification Reaction) % T}oFgt 7] o] o]- 8% 11 gl

i

DAY | 29



30

2t 2
ol @A 7|E = pre-mix Fe)o) *J%%Ol ol ) uﬂ-& | 4% who] ghekstol AgAo)
7163 4] a2l xl etk Aol om0 el /MO SR obhass A olge)

= T U

a2y FE 901",1—~120l",} 7hol 22 %7] wZof Zgke] Fagt Alzko] 71 Holw, op7f= A 7
719%E AZI7HA] 2RI TS P g Agto] Aofx|A A,

5t Thermo-cycler(PCR machine) W o}7}2 A 2 A 7|9% 7]|7|7} " 23Hd], thermo-cycler?)
o A7 ayeke AR YA A7 GE 71712] Aol v So| Wastel g fA7} 2
23T ol 2 A RFENE A Aol H83}7] ofRich w0l U,

_ ~ AIéE{lA jl_ [Hx-li Q_EH 74EI
Polymerase Chain 10 kb O| A= % Alsidd Chst :Iar - | rofaie
>90 min 3
Reaction (PCR) I - Multiplex Homﬁo| P cETTA =
-Thermo-cycler7 st
) -0l M ARt 71E 50|
Real-time

S Bl 7K 27y
- MAIZio R B0l0| k5 - M3 Alzio] MriHoz Qe 2z

-Thermo-cycler7 2t

Polymerase Chain 300 bp 0|5t >90 min
Reaction (qPCR)

- AE digo| 2t
Replicase _ _

- AE AIZ0| HTiEo = B2 Hel 3
Polymerase 500bp 0|5t | 10-45min - MR LR[S of2lE

Amplification (RPA)

) -0 M= AEXe] 71E 20|
Helicase Dependent ) — — -
Amplification (HDA) 80-120 bp 30-90 min | - S2XZ0|AM AEo| 7kHsE 7=
R ESEONE G
- M= AERe] 71E 20|
Nicking Enzyme 7
e , -3 Alzto| of B2 He N
Amplification 21-28 bp 10 min B} _ - YA £SR30l S
) -S2RM0M HEo] 7tsE
Reaction (NEAR) -H|IE0|X 39| 7hs Mol Mtixe=z
_LI%Q
Loop-mediated ) . o= PN
sothermal - Multiplex BfAl0| 7Hs 8 -0l Hes AR 71 fZ0|
o - 30-60min | - MEAIZIo| Aoz Be Bl | @7y
mplification
(LAICIP) -S2E0i|IM AEo] atE - "I X5t of2l2

-}

gl
e
22

74 219 7]4¢) RPAL 37° C ~ 42°C FE9] e 2wol & FFo| 7isdhu] 4
A 15 - 58 A BE B N8 M B 2

- J22]u} RPATE PCR3} o] ophzs 2 H71 958 Bo) 72 Ae Anks Hlsly] upie] g

o F71 L Azbe] 2, 171908 71717k g at

011 ol 918 71 Ao] 0171 ol S DNAS S0 5 A9 9o vhgel Ligit 51

=
=
EO
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o
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— "._
°3e 1.Recombinase-Z2t0|H SEH?}
\ e HEY DNAY) 2
o Primers oy ¥ ' \'-.I
e | 2. DNAZ} D-2 2 HE} X
@  Recombinase . \ \ HEE ¥
S5B \
M—' '_ |
W Polymerase \ ..-'I 3. ETEAIIDNAE T
/
/
. 4 20 DNAJI SZE
[RPA 212]]

-LAMP 7|§Z 60° C FZo A FFo] dojubs 52 FF A 7|50l RPASH FASHA of
15458 A o] g2 & AI7H 717,

- o] ] T E] 31 Q= pre-mix FE| O] AEL 0]-§3 42 9L

- QT LAMP= op7FR A A Y|P E o RE AHE oI ¢ 9l
F AR A r

o
N
o
o]
u
=
it
X
i
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[Multiplex PCR based LFA method]
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[Lab on a CD method]
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Bivalent scFv « scFvol| H|5H =2 £XI2F, higher stability « EX =71 510l aggregation SAlISt o~ QIS
« Alkaline phosphatase : chromogenic reaction
- Iig M S Mot ZHHSE AAL
- 52 EX12EO| virusE &S50 5, High stability « Bacteriophage (H|Q} 7Hs5t virus), SFIXIRIO| S 7HsM
PRa0eschy | sg aig EE SEAE M A0l BER - 28 ZES0| Bl Hoix
(Phagemid) « C2 Q|m|cHlElof| chromogenic reaction enzymeE &7 * 7{CHH EXI, ImmunostripS M2 |off £A1g)
s
« B plll THHEOf| scFv7} display=|2.2 phagemid2Al ChH|
10~1000HH O|42] antigen binding affinity
Phage scFv « Bacterophage ({2} 7SSt virus), REXRIC RE7HsA

4

« =2 212k virusE Z 8510 5, High stability - o

(M13 - e e « E plll HEHEIO| fusion@ 2 215K phage infection & ZtA
- SEANSH E= SSME Y A0 SER =
=)

engineering) « 7t X2, Immunostrip= AMIZl6H [of 24

« CH2 QJm| MR chromogenic reaction enzymeS &4 2451
7

Tl

of

0] 2He AT

35



g S el 7

o 1

MAb/PAb ScFv Bivalent scFv HIEE RS Phage scFv
(Phagemid) (M13 engineering)

Variable _ constant Dimerization Partially phage Fully phage
Structure (Heavy + light) VH +VL (linked) stabilized scFv displayed scFv displayed scFv
MW 150 kDa 25 kDa 140 kDa > 23,000 kDa > 23,000 kDa
Features Immunoglobulin Proteine Fusion protein Bacterpophage Bacterpophage
. Hybridoma cel E.coli expression | E.coli expression Bacteriophage Bacteriophage
Expression culture/serum urification urification reparation reparation
purification P P prep prep
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-F7H L2 scPvE ol8dte AT A, scPvE oA AET LFAE 29sto] o]l AER
3
[¢]

Fl Bol2]el schvE MAFHE WA OR, ol A9l o R AEYL ART SE U
- o]k scPv-LFAL QN AR T mEA Ato] FHsstek AHS SIS ThaFet Ahuol el
Soll tht 216 Al2g o] ZHs e AR AZhE e LFAQ) A9 ZESha Al AT A
B4 F7o] obd, A F9lo] gl A OR GAHE et A4, A 5 UM BFlAIS] Ak

Capture scFv

Control seFv
" 4

Sample application pad
(Glass-fiber membrane)
Conjugate release pad t
{Glass-fiber membrane) Signal generation pad
(Mitrocellulose membrane) Abserptien pad
{Cellulose membrane)

[scFvE 0|85t= O|R A ER HI&F ZAIE]

» A7) A8 9t AdiHtolz s 4
- AdErelH A Ae7 s ANEsh ] HaiM = 28 7Hs e Adiubel g A So] [ 283
- o)A 7HA] BrE A Afutolg A G AR 61717 LA 1o, 97) familye] Ahube] A
of 35282 EASt= A= DNA polymerase BE E3H5to] 97119) #-7AE &-8-5fof 7 dju}
olgiA d&71& Mol 7
- 7R 9] ALAINE A B, DNA polymerase B, helicase, major capsid protein (MCP)
= 37) A} Adfulolel s AES Sla) F2 ALSEIT, B S E 237 SRS

EHA 0 2 AMgshs 7o) HalE il 9l

Gene group and protein family ‘ Comments

A member of the superfamily Il helicases within the AAA+ superclass
ATPases
Members of the B family of DNA polymerases, polymerases of

1 D5 ATPase

2 | DNA polymerase (B family) ) )
herpes-, adeno- and baculovirusesand many bacteriophages

3 | A32 ATPase Distinct family of ATPasesrequired for virionpackaging

) Superfamily Il helicase required for transcription termination; absent
4 | Al18helicase

in FLDV
5 | Capsid protein PBCV encodes six members of this family
6 | Thiol-oxidoreductase Required for the formation of cytoplasmic disulfide bonds in poxvirus
7 | D6R/D11L-like helicase Superfamily Il helicase required for transcription in poxviruses
8 | S/T protein kinase Distinct S/T kinases that show no obvious eukaryotic orthologs

o Small proteins containing an FCS-type Znfinger;
9 | Transcription factor VLTF2 . o .
entomopoxviruseshave a duplication of the FCS domain
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F:GARGGIGCIACIGTIYTNGA

L Clerissi et al.,
Prasinovirus PCR 2014
R:CCIGTRAAICCRTAIACISWRTTCAT
F:ATACAGAGCTAGTACITTAATAAAAG
Poxvirus PCR Burek et al,.2005
R:CTATTTTTAAATCCCATTAAACC
F:GARGGIGCIACIGTIYTIGAYGC Chen and Suttle
Phycodnavirirus |  PCR 199 !
R:GCIGCRTAICKYTTYTTISWRTA 5
F:AAACAGGTGCACCAACATCA
Sarah etal, 2016
R:GGTTTCCATTTTGACCCAAG
Mimivirus PCR
F.GAAAATGGTGAAGAGAAAACTGA Pagnier et al.
R:ACCAGGATAAATGGATGCAA 2013
F:CCWATCGCAGCWCTMGATTTTG
DNA Phycodnavirus PCR Short et al., 2011
polymerase B R:ATCTCVCCBGCVARCCACTT
F:-TCGGTGACGATACTACGGACGC
Orthopoxvirus PCR Eshoo et al, 2009
R:TCCTCCCTCCCATCTTTACGAATTACTTTAC
AGTTACCCAACCACAAGAAGA Boughalmi et al
Marseillevirus PCR 2013 !
CAGAAGGACTAACAAAAGAACCA
African Swine GCGCGCGGATCCATGTTAACGCTTATTCAAGGAAAAA Oliveros et
. PCR
FeverVirus CGCGCGCTGCAGTTATAAACGTTTCTTAGGTATGCGA al, 199
F:ACCTGATCCACATCCCATAACTAAA
Mimivirus PCR Rafael et al, 2014
R:5’GGCCTCATCAACAAATGGTTTCT3’
F-TGATTTCGTAGAAGTTGAACCGGGATCA
Orthopoxvirus PCR Eshoo, 2009
R TCGCGATTTTATTATCGGTCGTTGTTAATGT
F:GGIGGICARMGIRTIGAYAA Chen & Suttle
Prasinovirus PCR 1995 !
R:TGIACYTGYTCDATIARRTAYTCRTG
F:GGYGGYCARCGYATTGA
Larsen et al, 2008
R:TGIARYTGYTCRAYIAGGTA
Phycodnavirus PCR
F:GTCTTCGTACCAGAAGCACTCGCT Adriaenssens &
R:ACGCCTCGGTGTACGCACCCTCA Cowan, 2014
ATCTCCGGAACGATTCACAG Boughalmi et al
Marseillevirus PCR 9 !
TAACTGCTGCTTCCGGTTTT 2013

AL HUHHIO|HA-4Z MEUS 71

n Atjufo] i 7h¢)
7| dutolef 0] 4RAIERO] o) & thabet A2 71X 9&(Sobhy etal., 2017).
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- o] g eHfo] A, ofASHfO| A, HFEA|FHFO| A 1V), ofATtato| A (V) W ZEAEHL
o] H A (VD)= macropinocytosis ' receptor-mediated endocytosis B'H-S 5ol SFA|ELE &
ol7H| .

- SEHfol 22 (VID), mlufro] 2 A(VII), Hi=efato] ¢ A(1X), E2EH ]2 2(VI) Yl uj22Hfo]2
2(X)= Bt gfotet 22 o2 vy ET §A Eoltt.

 sjsmej ool o] S AKINE 7HA EESH HALO 2 SRALE Sojrb] Ht], 45 4| Eute|
G UET Solrk WS A8

- A ZE Yol A ATEto] 2] 2= assembly siteE HSHA H AL, ARl HAAF B 0] 4
A= &-g-5}9] virionsS THEA H.

HUCLEUS SRALFROTIRS | VELLL TR YWTHESE

BF—— e —— ‘88 G-
:

ASSEMBLY SITE
—_—

m 7|tfjutol 2] <53 Al 2HkE-

- Adjulo]# A& Lytic Viral Infection §9F 4552 SAARE A48 virocell metabolism©]
Qo|Lb= % B, 0|2 Flo] progeny virions& FAITH= WAL 3.

- 53] AR A, sid -y, At tiAF B nucleotide A3 58] tiARE S 2 EH

= (Rosenwasser et al,, 2016),
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15 Aol 2w T Ao ofutol el L) SEA|E] ATIA W £E ol
o Ak W SRS YA BFal, 4559] caspase EAJ T} metacaspase HE
programmed cell death(PCD) -4 of|
FA % w2 F+= NO, Virally encoded glycosphingolipids(vGSLs), and dimethyl sulfide(DMS)

ol 52 bloom 4 A% 9 7HHA el o2 28517 H(Bidle, 2016).

E9)71=% 3HRay et al,, 2014),
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Jhmmmu.
“‘gmﬂs o sl

- Virocell metabolism+= transcriptomics, proteomics, metabolomics % principal component

A2 87 vo] 20t Aol 288 4 91

_l'u'letabnhmoics
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Transcriptomics

Metabolic state
Ir, Virocell ‘\I
o i .
L ]
g ‘Hf_‘n1 E :
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s Fcl vy
[ Metabolic biomarkers ]
Tronds in Microbickogy
OF. AHrH Hio|2{A 2| a2 AENZ| O|X|= Fat
F7stgom, 715 ust slerEAlel A2 GFe

m 2L 713 A 100 9k °F 0.6C &
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H1E J=ld4e S5 AU

UIAAL e A e
Zdiebolgi e AFH LR S SAES A= WA olAIRt, s FEEA 2 YA eatA
oA T2 Ade A8l e

S|P EA L] M2 HFDA, g, 715 5 AT Bt d2 s ﬁ%ﬂrﬂoi A
i, s Fehd B 7150 Hoks el 9= vA7] "ol A S *gﬂiﬁﬂ o
71&2] s v E A H 4= DOM/7| G A-HrE e oA =S aE- %%Eﬂi%

N

o] A4S SAHLE HusEa qljley, EY A4e iy ‘3‘3174101]/\1—4 Hpolg| &, &
Adulol A9 Jatof o] AFE 1L ¢lS(Monier et al., 2008).

A Sl 9o ol Wolbe Pelis) At A UES ol
0)ef o5& 9fstel, Selibet ASkS AFeR WFHe BUE Yol 2= oy, e

BIE 7FA FkaL ole A ul

. i Hio|2{AL] RRMEHA Ml D|X|= S

Adjate]#i 2 2 Phycodnaviridae= FA 3 4] phycovirus® 28] W, 0| 2F& 52 3
Phycovirust Chlorovirus, Coccolithovirus, Phaeovirus, Prasinovirus, Prymnesiovirus,
Raphidovirus 5 6719] 9.2 LA & | ChlorovirusE A 9] g bW X] 57} £:2] vlo]# A= oF
AR 2R 2

duAl e S AL of 50%E AAei, 22 JFH &8l 2 FFE= A
AEEFaEe] O, e 3 SRR AR, @42 H ST B
, sseHioll &A= phycovirusel] &J8f AlE&%AE2] dynamics7} 2= A

dn o ®
oo

5] 1-2 um =7] 2] Micromonas, Bathycoccus, Ostreococcus 5 I ZAE5ZHT =L 39F 3+
AA F8 daPYLEAfo|H, AdjEto] 2 & F Sl prasinoviruse]] 2] 2

s AEANA 17% B=o] dAALS HFohe U] D52 dE2R/olH, F2
Synechococcus, Procholorococcus 5-©] FAAM|A| sl %ol de] E3xxslal 9l

Caudovirales (Myoviridae, Podoviridae @ Siphoviridae)o]| <58}+= cyanophages+= @Z2%E 7+
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A %0 BAYA WES s B
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ATE] 715HE 2 GFE 2B olHT 4 Uk S FL AAB AT E 5 Ae A0
71

n 53] 7| Fuste] T2 Seibe} slakebd ol Waks dlEstnn s thake At ol gl
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MECASUPERYIRUS
ATTACKS!!!

IT CAME FROM BEYOND THE
GLACIER...

7{t{dto|2{A 2| of70i O|X|= F
AIA] o FAALY] ST F2 o FFAS T3 ATl 7]Q1gh Ao, [A| Alg o] FAYAL
2 2030 7HA] 19 5HNE Eof @& A O =2 =L, 920092 7HA] Sae] rlEE AR 4
/\}El
S-euete] sl kAol E g A, 2uEE, 55, ol 5 22 ofFo] T FAYARFY 80%
ol & AFAISHIL Gl
E3E, AR AR 24| 0
o]F (Zo))7} A8 (53], 318

~
of thefet A el 22l 3uEHAL =
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AT AT 5 71 FHBER S vl R ol et AR Aol T szt A%
202 Z7h5He ZAlolu], AFA Y FAFA A5 A7F 2 T3 788010} A oo =
APl 3, ol ofat HAE R ofdl Al7I(EE W Aol gol Aol YAFH 50% o)y
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(Jung and Oh, 2000; Kim et al., 2000), &3] rock bream (Oplegnathus
SEEEEREEECY
s E} B oy 9 RS AR Ao, Lol slolaay WA Bro e A

AHo] 3 thzhA ) A7 o) PR Hel et A3 o HA| 25 Aol Bash

Iyl
&
)
S
NS
=
2
=2
o
jabad

o
o
o2

EF. 81 7129 F{oHy

n Atiutoleiz ol e 444
shautolel s A7t Aol AayE QlRofoln, Atiue]z 2 So] 43 glojt
s SAACl ] ol ot shegstelel.s Skl i) NATAS g
E3] Avfuloleiit FUH ST 2T U F 97t thols] o], A=e Arfuto]
228 Helsta AT 4 U ZHs Aol W9 e dve
whebA Thopet B4R E Atjutole] A% SaBelsiaL, dAElE 5412 4 A7)
A28 o] DR

Ik

Wl

4

of

rr

o Atfulolel2 A
7ol g2 Eo] 97119] f-H AL 5 DNA polymerase, helicase 2 major capsid protein -2Z}
2 22 Fgelel AL L S gk, B S8R 47 UR AL WA wk g
gt A8 A& 5 e 7Y el oH=
w5 A7) A S 7

=
OFAIAF = Ao ALA|Z S 9l w2 T AEet 7|40 AHre o} A 7bA] BalE]

- 7)) PCR ¥ Wk ohjef, F8 Atjutel e SAKE FUOE SH= A L @ A2 o
WG ol g3t A7) o] @], FU-GA WS AHolH 24 T 5 = 7]

).

0] A s ofof 3

X
)
o
©
ﬂi
>.
10
Py
Ny
=
<
u>£
o2
i
_El
r =
r
i
re
>
g rr
ox
oft
-z
Eh
=
i
i)

al
20531 AR 23 mseladololufolel.s 3 ololslolal o] Faislol 912,
SR T gl Fhehitolel s @ w] bl e 2o olg S3AEE) WS i AT A o
BRI

HEHH}OH A AT 47 AL S8 AL S

=
e

n Athutole 2 sjopalelA ofaF 4
220) m Al Aol ek QA MY Hholel s, B3] Atfutolel s E3HAY| L
Lol a2 el Aol Adefolelsel dahe A1 F2% 24lo] B 4 98 A PEstn
SLO} SFATEl Aol 7 Thutol el o] Qo] et A 2 Al BA] 7|4L obH7ix

o FYENAICY AL HCHEIO|H A0 Sk & bt 7| =k L



8o B 8019] sk Hholal e W HholE FA0] A/ HHAS

H1E J=ld4e S5 AU

J AQl g A
YA S S FEohe A0R HAlEA Qo) e A oA o] 7k i RAet
s

- AAtherol o] oJ2k SHPAENA B HAISH] S AP 2 A% Aol SaE L, of

It

AFENA SAA FHohs @77t S jolof skt obartA] A AT TRESo| T
A 4
Al Susle] GO ol Waizh: Seluket Ake] JeA WES olsstn
e 52 S1ste, Adlotolel o] Sl 84 ) A - i ol ARSloloh 8

3 Adhupolel ezl A4, e |4/, HE/AES A2
4 71470, Arjetolel s wrole 75 W A7 S FHE
e S|P AN Adfatoleizel d3 R B 7 H AT 7]

&2
g =, S EA 9 2
ek glojefuteld 7]&2] 7

B oo HlksEo 2 A 51918

1

2

HTHHRO|HA
OIHIER] 70| 2 A
- HYxict

6 SHAENAI O A
/IS T Hrhto|2i Aol .

HE/MZHS
Causal Biology
5

uIG[0JE) 15 4
NERE Aol A
SHQMAEN A 23t

0] 2HM AR

_ 45



SHQLALER IOl A
HALHEO| A Q| 95t 2 BHAL 7|8 9172




/

JLLd) ..1_: [/
S <y,
AN

w /,
/A\V\\
o~ Y VWM
)

" N
PPN

mw,\ °fS
33799 00 / [o
o o o £

1

° ° o /o
A SEIIITTLS”

HM3Z =23

AN EAH 2] ML




124 wyE
71 2AChY U8
« Shoplolel g Tl Acufolzl s} el Aol Tal e EaF BHE 4
Lt SAHY 41 & Z0FE DB set 715
n SfofHtolB A5 Ao 2 Adinto] e A0k AeAlof| TRt = 5o EAS A
- 28 DB : Pubmed vt': tfj o] ef e o] 2
- A s AA I e SR == Title/Abstract 2 H Q2 2| A

DB Z| ¢l : n]==¢ 28} A3 NLM (National Library of Medicine)of| 4] A|-g-5}w | &

22,000,000 0|42 Medline, B IFAE, 2ael EA], YEshe =3 YEojof 9 ® 3

Hofo] =1 25 918 MRIARE 4ES|IL Q= Web database,

w4 717F 1 200918~2018\ (2 109) 717 599 == HlolE &-&

- sfeputol el 28 tho 2 Athubol el ok e Ao] Tk AR HokE AR o] EE 207
Y= Fgato] B4 that Hobd 8 AN A4

sl B A ofu] A AR F, Sl A ANE RS fRLOR So] 791 W A4S
A

" FA19E

(11°]

]

SHOMUEAIOA HChHfOl A0} &iah 9l Bt 7|

i, ali< SHiet HRol24A, 7{TiHto[2{A, JICHHIO[2{A, OfO[HIO|2{4, H7HH[0|2{A, T|EHF0[2{A,

OFATHIO|2{A, OFATIHIO|Z{A, O|2|=HI0|2A, OI2MIKHI02{A, BHEEIHI0|2A, ZAHI0|2{A,
mfo|Zc|MoflofHto|2 A, HERA|, MM, 7, Ee|2|of, S, BR, EHI=E, =F, 0MEF, A
SE7IE, SR, B0 2F, HAHAMY, &3, ORZIAO | HE, 017 M|Z, M=
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Marseillevirus, Marseilleviridae, Phycodnavirus, Phycodnaviridae, diagnostic, diagnosis, biochip,
immunodiagnostics, PCR, LAMP, ELISA, microarray, biosecurity, surveillance, metagenome,
metagenomic, ecosystem, pelagic, microalgae, phytoplankton, zooplankton, plankton, water-

02
HO

column, diatom, microorganism, microalga, bacterioplankton, mycoplankton, mixotroph,
autotoph, phototroph, microbial, benthos, benthic, invertebrate, coral, sponge, molluscs,

seaweed, macroalgae, shellfish, sea-bottom, bivalve, clam

H 1. 7{CHH}O |2 A 2! AHEHA
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z
>

2 of VAR =2z

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
SHE HIO|2{A Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (virus[Title/Abstract] OR
viral[Title/Abstract])

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (virus[Title/Abstract] OR
(52 and viral[Title/Abstract]) AND ("marine ecosystem" OR ecological OR ecology OR biosphere OR
SHUHIO |2 A- (H10[214) and pelagic OR microalgae OR phytoplankton OR zooplankton OR plankton OR water-column
SHREAHERA| (oA OR diatom OR microorganism OR microalga OR bacterioplankton OR mycoplankton OR

mixotroph OR autotoph OR phototroph OR benthos OR benthic OR invertebrate OR coral
OR sponge OR molluscs OR seaweed OR macroalgae OR shellfish OR sea-bottom OR bivalve

OR clam OR fish OR shrimp OR mammals)

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/

(sieh and Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (virus[Title/Abstract]
12 an

SHQFHIO |2 A- OR viral[Title/Abstract]) AND (pelagic OR microalgae OR phytoplankton OR zooplankton
(Ht0]2{2A) and v
EQMEHA - OR plankton OR water-column OR diatom OR microorganism OR microalga OR

(S REHA) ) :
bacterioplankton OR mycoplankton OR mixotroph OR autotoph OR phototroph OR

microbial)

(ste) and (marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
sH) an

SHHO[2{ A (10244) and Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (virus[Title/Abstract] OR
A)an

KA HEHA (RUAASERA) viral[Title/Abstract]) AND (benthos OR benthic OR invertebrate OR coral OR sponge OR

< molluscs OR seaweed OR macroalgae OR shellfish OR sea-bottom OR bivalve OR clam)

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (giant virus OR ancient
virus OR "Nucleocytoplasmic large DNA virus" OR NCLDV OR Poxvirus OR Poxviridae
OR Pandoravirus OR Pandoraviridae OR Mimivirus OR Mimiviridae OR Megavirus OR
Megaviridae OR Pithovirus OR Pithoviridae OR Ascovirus OR Ascoviridae OR Asfarvirus
OR Asfarviridae OR Iridovirus OR Iridoviridae OR Marseillevirus OR Marseilleviridae OR
Phycodnavirus OR Phycodnaviridae)

{CHHRO |24 A- (512 and
ol (7{cHHtol2i2)

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (giant virus OR ancient
virus OR "Nucleocytoplasmic large DNA virus" OR NCLDV OR Poxvirus OR Poxviridae
OR Pandoravirus OR Pandoraviridae OR Mimivirus OR Mimiviridae OR Megavirus OR
(524 and Megaviridae OR Pithovirus OR Pithoviridae OR Ascovirus OR Ascoviridae OR Asfarvirus
Z{CHH}O |2 A~ ({cHHto[24A) OR Asfarviridae OR Iridovirus OR Iridoviridae OR Marseillevirus OR Marseilleviridae OR
SHUFAHERA| and (SHOHAERZ) Phycodnavirus OR Phycodnaviridae) AND ("marine ecosystem" OR ecological OR ecology
OR biosphere OR pelagic OR microalgae OR phytoplankton OR zooplankton OR plankton
OR water-column OR diatom OR microorganism OR microalga OR bacterioplankton OR
mycoplankton OR mixotroph OR autotoph OR phototroph OR benthos OR benthic OR
invertebrate OR coral OR sponge OR molluscs OR seaweed OR macroalgae OR shellfish OR

sea-bottom OR bivalve OR clam OR fish OR shrimp OR mammals)

Ofef =AY -~ 49



AT
=)
oy
1=
1z
el
]
T

[ =]
LHIUN,

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (giant virus OR ancient
virus OR "Nucleocytoplasmic large DNA virus" OR NCLDV OR Poxvirus OR Poxviridae
(612 and OR Pandoravirus OR Pandoraviridae OR Mimivirus OR Mimiviridae OR Megavirus OR
Z{CHH}O |2 A~ ({cHtol2iA) Megaviridae OR Pithovirus OR Pithoviridae OR Ascovirus OR Ascoviridae OR Asfarvirus
HOMERA| and (S MERA) OR Asfarviridae OR Iridovirus OR Iridoviridae OR Marseillevirus OR Marseilleviridae OR
Phycodnavirus OR Phycodnaviridae) AND (pelagic OR microalgae OR phytoplankton OR
zooplankton OR plankton OR water-column OR diatom OR microorganism OR microalga
OR bacterioplankton OR mycoplankton OR mixotroph OR autotoph OR phototroph OR

microbial)

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (giant virus OR ancient
virus OR "Nucleocytoplasmic large DNA virus" OR NCLDV OR Poxvirus OR Poxviridae
(5H¥) and OR Pandoravirus OR Pandoraviridae OR Mimivirus OR Mimiviridae OR Megavirus OR
(7{CHHtO |24 A) Megaviridae OR Pithovirus OR Pithoviridae OR Ascovirus OR Ascoviridae OR Asfarvirus
and (K A{AHEH7]) | OR Asfarviridae OR Iridovirus OR Iridoviridae OR Marseillevirus OR Marseilleviridae OR
Phycodnavirus OR Phycodnaviridae) AND (benthos OR benthic OR invertebrate OR coral OR
sponge OR molluscs OR seaweed OR macroalgae OR shellfish OR sea-bottom OR bivalve OR

Fchuto|A-
T ARLER A

clam)

(marine[Title/Abstract] OR ocean[Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (giant virus OR ancient
virus OR "Nucleocytoplasmic large DNA virus" OR NCLDV OR Poxvirus OR Poxviridae

(312 and OR Pandoravirus OR Pandoraviridae OR Mimivirus OR Mimiviridae OR Megavirus OR
(7{cHHto|2HA) Megaviridae OR Pithovirus OR Pithoviridae OR Ascovirus OR Ascoviridae OR Asfarvirus

and (I OR Asfarviridae OR Iridovirus OR Iridoviridae OR Marseillevirus OR Marseilleviridae
OR Phycodnavirus OR Phycodnaviridae) AND (diagnostic OR diagnosis OR biochip
OR immunodiagnostics OR PCR OR LAMP OR ELISA OR microarray OR biosecurity OR

surveillance OR metagenome OR metagenomic)

7{CHHIO|24A-

Zlet

(marine[Title/Abstract] OR ocean([Title/Abstract] OR sea[Title/Abstract] OR coast[Title/
Abstract] OR estuary[Title/Abstract] OR bay[Title/Abstract]) AND (giant virus OR ancient

(5H¥) and virus OR "Nucleocytoplasmic large DNA virus" OR NCLDV OR Poxvirus OR Poxviridae
(7{CHHtO| 2 A) OR Pandoravirus OR Pandoraviridae OR Mimivirus OR Mimiviridae OR Megavirus OR

and (Z&, Megaviridae OR Pithovirus OR Pithoviridae OR Ascovirus OR Ascoviridae OR Asfarvirus
MEZEE, =F) OR Asfarviridae OR Iridovirus OR Iridoviridae OR Marseillevirus OR Marseilleviridae OR
Phycodnavirus OR Phycodnaviridae) AND (infection OR infectious OR host OR cell OR fish
OR acanthamoeba OR algae OR coral)
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