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Chloride Flocculation)>K ¥ 4 5 &5 MUk (E 5 M i
K Rr DA AT R I 90% (95 15) ), X by ik e
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AW TR RS RS, A R R R
16N AR i W8 v T A= e it T A AF A Rt . 34
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%23k (Palmer Station)[f] DNA F1 RNA 5 % 414> 7
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JUL R W T8 A Bk (17.60%~21.30%) 1 4 2 Wk 181 47K
(10.37%~18.58%). WtAh, 75 HL 2% 75 i 50 A I
T # i B DNA i # (Nucleocytoplasmic Large
DNA Viruses, NCLDV)R# [ K& A7 1€, Hp ¥
L% ¥ 2K DNA i 8 BH(Phycodnaviridae) R0, i 1
BB (Mimiviridae) I & 53 o I HAE R R — IR
s BEALAE S CRAE BT LA T 3357m /K2 Kk
L NCLDV A 4= B2 30%, Jf H 5G4
(1) 3 B 92 ALOHA I 1] 37 51) 5 (1) % 995 5 4 45 1)
FAAL o ) FH 99 5 21 B B2 15 21 ¥ 993 25 2% D5 4 K B,
T AR L 2% 9 e R DR A PIF A B 1 9 B 2 R A
(PBI2_1_C, ¥R, KJEh 34336 bp)y MIbHk s
2019 2| 1% E Cellulophaga phage phil0:1 F
Flavobacterium phage 11b [13& DK 21 AL B i,
I 7~ 45 i AL B 25 2 2 1) A7 AE B e 2R P2,
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rh A R W B R () A 6 T B IS 85.74%~88.59%,
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UK UL JRE W AT A (22.92%~29.46%) A1 K 2 195 14 44
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HLZ IR h 2.85%~4.24%, bl L
7228 DNA P4 B8R R (1.32%~3.57%),
HEM NCLDV TEAR FER BT i 2 FEPER . I H,
LER RS IR R AL R IL T 5 ASH I RGBT
R B 393 B (MW 99 55 48 (Phaeocystis globosa virus
virophage, Pgvv)%: K 40 /i Bt

7 VG 5 A2 B % R 75 (Chile Bay) Y7 3iF A4 /K
£ (Phytoplankton Bloom)# & Tij J& 1 % 3 [K 21 iff
FUE R T WURME B RIS DNA 9 55 B A0S
F= ARk, R AT ER VLR W TR AR (82%) o T T i
B, TR JE Ok 25 DNA J56 #5(92%) 15 1 3
A7, ) BT A M 0 A K AR R R o
AR I EEAE Y, A, EIRIE T Rl
B 118 2599 75 (Phycodnavirus, PaV), #EMZ50 5
(P18 2 0 v A A% BE 5 (Phaeocystis antarctica), —
Tob 5 A B VR S TR R Y X T A g
i YL B b K A R e R R e R I AR A,
2% W93 5 S B0 V7 Uit R ) A ) RO ) AR
ARAT LA by — AN A5 250 S B figt 484N 7K A 30 11 i
Wi

WIKAEERG RN E NS RE LKA,
S WL RS RGBSy . AT
BN 5 A2 A ) AT 5 0 7 A B BRI UK
AR IR0 R H IO B 2 N AT T
FOREARIE o BB HEOK TR K, & & #h o FE FR )
JC R R 7K R O TE A, TEAEUK A DR BRI
Ao M T PEER, N MEYER, IHf
42 6 2 AU 0 2 R e R BT, g
AN [ 3 DX AR oK TR A 3 T vl 35, 481
W, AEGRBCRN S 2 1 2 it ok G I 219 2 2 5
R T 10°~10° AP, b G FR7E SRR AR UKL
FEAP 4572 158K T 110 nm (KA R0, 1
A AR P L 20 ) P AN AT i R, S R R
K 31 AP AN AN [ 328 B2 SR B 11 3 1 AR A o K 0 3]
MHBRAEET 0.6x10°~5%10° A2 WP, &
M, B )RR R R AR -1 AR G B
IR 1 55— 4F 0 85 AR ARGk 4 88 R IR BT,
IR T G I R UK A 1R 59 B, T E IR I> B
4 BR P AN UK 75 (3 A fir 44 4 PANVI. PANV2,
OANV1 Al OANV2), H15 3705l Jg - i 54 i vk
4 P& Paraglaciecola 1 Octadecabacter
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AR THE B KK R, e X fdk
UKVE WL WKL b 3E = YRR DL &K = 43
(1) By 05 20 J, o Hb BRI 85 R 40 b BB — 8 4y,
IERES- A e YA 11PN B2/ NIPNSE &7 U i 73
BRI FERRAE R 2 B TRl Y, K 2 B X
() AL UK e 2 2 A2 AT UK 5 T, A8 B UK Ao
B HLEAMOMIEIK, XK A M2 B
KA =BT . dEUKAE T 2/3 BHR
S KREEE, A KR A R, A EAE
R R AR R 2 R . LA,
WA RGN BB B UK RS R4,
JE R b X e AR R BE AR A AR AR KR B vk T3
Gl KR FR AR SRS, A KR MR KRR
AT I 3t 55 N 18 K Il 7K B 0 o Sk IR 1) 4k
X KR BRI ST s 353640 o 1) A= b BR A 2
ST R 1) R i T DA R A A e A T A
o bab, JEB A R G0 i NS0 8l FIim] i
WIS R RN DR U . Bl 4k
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AR, AL AR Hb X 1E e AR S PR 1R s A B AR AL,
AN AC UKV R HL X (R N R Bl AR 5 i, 56
SBRIA SRR A R B (s

VKR TE AL AR b DX A7 (K AR I A S R
g8, CLAEIE T AN G SR A LS R
YRR OKAH G AE R AL T AR A o IR 2 5
Wit A ) 22 REPE I G PE TR 36 2 —, IS RO
AR UKAE B AT RO R L, e A2 IR A A
AR A LB RGN D th A E AN B
o, AR, BFEZRAZ AR LUK L X T
Bl gg, R8T KRR RS, ki, 25
JE VK Hh DX R (K 1 2% 56 R (K52 ), 3 28 1 X (1)
BP9 B AT o) A 244

A6 5 e M — B, B T UK 2 aldk, SRR
IKEAABLZ T KB Z s s, T
I B2 i Al b M DX (R B 2 R, N T TR
IR, CQIAT T SIS, B AERS S
JEUAZ A A P IR ZR ke ST, LR M X P TR
R A R 4y 7 5 iR EAT VR A, W E ALY
14 % Ak DNA PCR(RAPD-PCR)M™ . 4 it B 1) 12k
Fr B B 2 45 M (T-RFLP) R 2 B (R 41 22147480 7
g KA X, F CRA-22 F1 OPA-13 51445l
F1Y) DNA LRI, 55 8 7 16 A8 552 2% )
B A S B S 4 52 . AE LS5V R A i)
BELy, XRS5 5 R A% B ARG, T RER X
S 2 g U A 21

2006 4F, BhEzgm i bR AbiKE 16 A
] S 1) 56 ANBEAS [ A 15 27905 13 41 1) 45 1 1R )
JP € T ssDNA W & 44 F1 Ji % 1] 44 (Prophage) »
1 F tBlastX I tBlastN X >k 5 AL AR A1 HoAh =AM
VEX BRI K3 BHE L i . S R . R
P BF V) (1) 21 2 7 41 5 R 0 4% R 85 b A 1
BEAT T g, I A W AR R 4L (Phage
Proteomic Tree) 4T T 4 527 43 K481, ik s 4y #r
T, TRV B AR SR OB R B
PEARAS ], BT LIS ik e AT 1) A A 2 i DL X
Sy, A, R B DN A BRI ST T Ak vk
FEALTEM B X 16 AN ubA7 56 ANFESTR & 4L —A
o3 EE 20 SC P IR S B T A 4, R IR 5 g K e
JEEHME LAY B R R SRV RN AN RS
BER s S B ST B 2 5, R B, &
A B Ry P A I R TR A4 B (prophage-like

sequences). {H K 2 £ #E R AF A0 VYA IR 5E 34 4
R 2, — 5 BB L SCHE AR A b B A 1) B A AR 5
“Everything is everywhere, but, the environment
selects”. {H [ T-I0 Frdi & B R, 24 B b A5 s 75 41
() H 4t 5 AT 69 Mbp, XK BRI T FAT 10 Jb
ek ZINOR NIN T L

O I K A A8 s e e R Bl 558 A8k 5 ) e T
e PR A ] TR s S B R R A A P
25 T4 LR H5 125 DNA 5 25 10 21 A ok sh /310,
£ 2003—2004 £EWCEE PR B RE ah B, xS
DNA Jii§ # ] DNA 45 B 5K (polB) WL R
AR I = A e B R TR (g23) BA B 4 1 (16S) FH EL
B E4)(188)SSU rDNA i FH T 37 ¥ % 1 5 Rl gt
177 PCR AR PEHE B2 BEIS H VK (DGGE) R 4L 1&] 38 /)
Mo JREEALG MR SRR =R
AT 5K o pol B LUK WoR AN [F] 2= 75 (1) 528 DNA
WM AE R E . K DNA WEEZ T
55 18S rDNA ZhZAHK, & W a3 P 45 # A
1527 T REBENT IR AR A (R Wi B o @23 i B B AT v JiE
BNATE, R WG I A% AP 0 25 R UL B AR =TT
M a) EARAFAEZE Sty AHAEAN R ZRTT L AN F) I X Bl
AFRREBE BRI BT, BRI 21 2 22 7,
R IX TOURTE 5 AL T 0 A 40 s B BV 45 4 1) o
PEPEAS, H & AR T W Fhnl LAt 5141 DNA
Wi#E, JF Hillid DGGE W7y #eee i, RUR/NAI
TR 2 AL 918 7RI .

K B BB B I e 2 (i I F AR B T — AN
G B AR DX 3k R R b, 0 T AR
FURH S A A= ) A JEAT VE R 2 Bk DRI ARG S 2
S M 700 AR IXAN X I KT 1 1 5k 7K 3 T
AR AR R B 2 AR BT SR AR R T . L
F5 9% R HEAl 0 77 1 AR B4 B IK B (Shewanella)
55 AT & (Flavobacterium) W ¥ 42 9% 2 [ is
i o S IR AN, 7RIS L, B ER R JE MV
(Gulf of Bothnia) %4 A BEAE ™ 4 T 4 UK = 78 5
o6 ANH . PEdRiE, IX LV Ik G T
05 P 2 1 2 et AR L2 it e e Y AR
I 18 R 55 43 K28 A4 (ICTV) 73 Hehnife, ax 24y
BRI E AT 6 NMET S MFEPY. 5N
AR LG, X PRI T 5 IR 0T AR DAL W 55 2 4
PEMTRE ) _EALT-AT B, SR T3 Sk A A (0 B A2
F A Hs PR SRR A8, DR IS 60% (1) % Ak DA



o5 4 ]

Ji) S Bk A AN 0 R o DR L T St 617

AVERE S5 ASBEULIE b SR B4, A
JIT R, o 7 A 0 TR G A PR R I I A A, ]
BRGNS M s, S SUEY R
FAEIR AL o 7 A B B AL T n] UM UE 3,
DA 53 4 1 1 gt s B8 00 AE S AEH S5 AR & . FIH
I A% O FE R R G B (5 2R )
AL IR EE G B LA A R A B, R XA
T 038 5 B AN R 2 R O P, 3F
SCRE T A0 R ARORI 2 R MR PR B 2 5 BUE K
i 3 22 FEE BRI o DR ok, B S R R A A A
TR B 3 9 s B B 6 2 R, X R
RV AR A S € MRS A s o i B8 YR vl N N
R R

T, Gregory BT T — ANy 145 M
5 A BRI IR0 FE AE A IR . SR 195728 A
BRI DNA 5 75 241 (1) 5508 4 BRI 0 55 2 2k
[X 3 £ (Global Ocean Viromes2.0, GOV 2.0), 1
e B UK EE S L BRI I 20 N SRAE AU ISAR
B 41 AFES, X 41 AN JEOKEER R AR T
B kAU A DR i PR . 5 LA
GOV % B¢ £ 4 2 AH L, GOV 2.0 38 I T 346 43 ¥ v
oh 2 R R B A, AR SR T R S D A
I PEEE 7k WX 145 MNMEART R LM,
GOV 2.0 K A BRUFAIR B REE 0 A T 5 MESKX
(Ecological Zones) Je 45 7 AE A X (ARC).
B S X (ANT) . Wil &5 4 S X
(BATHY). Jibaly S s b J2 g v A2 X (TT-EPI)
R AT Sz vty P 2 AR A X (TT-MES) o 43X 48
Jod B A2 2 XK T BT -7 R I )y PR R AT ) R
B F 2 4 FEVEAL 45 R B, 5 ARG Yt
FHARL, il B2 A8 I S AR 2 X = 0R By, Uk
b, W BE AR B -1E EAH BAE oA 2R,
JEH AR ACAR I X o FEREA A A X oh TR R 1
i BEIE NY R ORI, BEASFE AR R DA
124882 ANFEPRJE IE M B R, o 82% 1) kA
TAEAF R D Re R, R 18% MK F#H 5
gi el DNA AR P, dm sk, M-S
R (e SR e T RE S R Ay i ) A i M1/ NS B
P 1o WiEE N 2 FEVERIE TS5 LW, i 5 10 %
W22 B PR A5 WV 36 3R B v I B A U R T 3

I FEAR, SO 22 A% PEAE K /N T 200 m (1 IR
B B, AEKR KT 200 m I 2RI 0. 4 it
FHE N DX 3 A A o Rl AR 2 0 2 RE AR (K 1 T = 5
Wi 995 253 OB 22 A P, 5 SO0 22 R R T 1 T =
516 4 B R W 2 AR R . R, W STIE
Fa i, AR R 2 I SO AL DK R 4 e R R

4 gk

AR AN e AR A D S 2 (R O e, AT AR R
ZAENE, TR 5 2 AR PRV R 5 18 T2 1)
MIRRA BT TRt se 4l il e, K
HAE AV B ERAL AR IA P (AR o 5K, W BE
FFER A A WRFE T2 3 A fe, #0477 EK
Ry R EA, XA RRIG 38 T 2 M 45 R wl {5
o SR, 8 7 AL AT S A AR A A A
RO B iU TN 2E AL AR B SN RE (I S
T BE, TSNS A ERIEVE 55 2 FEPEDE I IE AN 02
RN, H R4 K 22 B v I A BE N 0 B 8
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Progress of metagenomic analysis of marine
viromes in polar regions
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Abstract

The two poles occupy 14% of the surface area of the Earth’s biosphere, and together form the unique
frozen cryosphere on Earth. Antarctica is an extremely large continent surrounded by the Southern Ocean,
affected by the Antarctic Circumpolar Current. In contrast, the Arctic is composed of the Arctic Ocean sur-
rounded by continents of Europe, Asia, and North America, and many scattered islands. The polar marine
biosphere mainly includes two ecosystems: sea water and sea ice; sea ice is a unique ecosystem that exists in
the polar regions. The polar oceans, sea ice, subglacial lakes and other environments contain many unknown
viruses and their host microbial communities, which are an important driving force of global biogeochemical
cycles. This article reviews the progress of viral diversity in the marine environments of the Arctic and Ant-
arctica over the past two decades, which has been mainly unveiled by metagenomic technology. To date, our
knowledge of dsDNA viromes has been significantly improved, however, our knowledge of ssDNA and RNA
viromes is still very limited in polar marine environments. In general, our understanding of polar marine
viruses is still in its infancy, and many novel scientific issues related to polar marine viruses need to be
studied in more detail.
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