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Abstract

Abstract

Viruses are key players in marine ecosystem not only because they are the most
abundant and diverse biological entities but also they are the nanoscale drivers in the
global biogeochemical cycle. The dynamics of the virus-host interactions will cause the
switching of viral lytic and lysogenic infection, as well as the viral decay rate. Moreover,
the dynamics of the virus-host interactions are able to affect the material circulation and
energy flowing in marine microbial loop. However, the short-term dynamics of virus-
host interactions over a diel and a tidal cycle are far less understood. To access the diel
and tidal patterns of viral infection and decay facing the changing environmental and
biotic parameters, we conducted the time series studies in the South China Sea and

Jiulong estuary, Xiamen respectively. The main conclusions include:

In the South China Sea, there were no obvious diel change of viral infection and
decay rate blow the euphotic layer, but distinct diel patterns were detected in the surface
and sub-surface. The frequency of viral lytic infection (FIC) was generally higher
during the night but lower at the daytime in the surface, and FIC in the sub-surface
showed an oppositely pattern. Surface FIC at oceanic station SEATS and offshore
station J4 reached the peak on 02:00 (4.59% and 10.46%, respectively); Sub-surface
FIC at SEATS had a maximum at 18:00 (5.44%) but a minimum at 02:00 (1.16%). This
difference mainly caused by the viral infection in the surface under the control of
sunlight than host activities, but viral infection in the sub-surface just be affected by the
host’s activities. In addition, the stronger mixing at the offshore masked the diel change
of viral infection. Furthermore, we found a positive relationship between the viral lytic
and lysogenic infection over the diel cycle. The diel changes of environmental and
biotic conditions leaded a significant dynamic viral decay. In this study, the virus-host
interactions showed a diel pattern indicated that viruses can affect the microbial

community composition and the marine biogeochemical cycle at a short time scale.

IX



Abstract

A significant tidal pattern of microbial abundances was detected in Jiulong estuary,
the higher abundances were generally found at high tide. The tidal dynamics caused a
distinct change of frequency of viral lytic infection. FIC varied from 3.30 to 22.42% at
the estuary station S03, 1.5 to 6.04% and 0.42 to 4.01% at the distant station SO5 and
S07, respectively. The tidal mixing of freshwater and seawater as well as the changing
salinity also caused the switching of viral infection strategies. The low salinity leaded
a higher frequency of lysogenic infection and viral decay rate. Moreover, we found a
positive relationship between the viral lytic and lysogenic infection over the tidal cycle.
Our results showed that the tidal mixing and changing salinity caused the pattern of
tidal virus-host interactions and the trade-off of viral strategies, which in turn affect the

microbial activities and ecological functions in the estuary.

Key words: Lytic infection; Lysogenic infection; Viral decay; Diel cycle; Tidal cycle
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ML HHTRAE R H, (H TR B EMRZ G, fER H B Y G =
PR, A BN TE 32 IR R ek AT 7 005 25 (19 2 11 (Weinbauer, 2004; Suttle,
2007).

TREE RGP MEBRCATUN, AFEE R ZRHERAEER “Edrki T
(Biological entities). RFZETHEKF L EHT 10%-10° M EeEURL, e 43
TR AR TIA 10°° 4> (Weinbauer, 2004; Suttle, 2007) . ¥ % BE % 520
WAV R SRR L, S 5814 RGNV TRIGHA RS R, &4
BR R A Y ERAL S8 A T 9 K S8R 5h 3% (Brussaard ez al., 2008) o JT4FK i
TR AH I FUAF BN W P0 FE FIRON , TEHR 70 25 5 22 AR A T e I [R] it >R
T ZARMEZ . HR, BRSSO A BN R A YA 45 240 S 4
#5.2— (Sullivan et al., 2017; Brum and Sullivan, 2015)

1L.1.1 3§FmBH 93

W 2 96% 19 5 )& TH kB 14 (Caudovirales) (Salmond and Fineran,
2015) , HARHE BARTESFAE XA LU R N =AF (B LD KR MR A
(Siphoviridae), WEWEHFEK (Myoviridae) F5E JEVEH A (Podoviridae) (Suttle,
2005) o WURWRR AR A BRI IE BrTiiede i R e, AR MERGR F I 15 278
PR, A e S A AN R PR AN 8] o K R T A BAT K HAS T Wi 4
MR, FHRURIE— MBS, T8RRI i R PR G T s o T R e Ak 1) L
RHAT WA, REC MR, @ A B NE EVEE (Suttle,
2005) o FRTH LA R, MR OOAEEE KRR R, a2 Rk
FR. YiEEIRETRE A% (Wang ef al., 2007; Casjens and Hendrix, 2001; Pawlowski
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B 1.1 R RRFE: a, JIBHE: b, HERE: ¢ KERE (LH
JR A 50 nm)  (Suttle, 2005)
Fig. 1.1 Marine bacteriophage: a, Myoviruses; b, Podoviruses; c,

Siphoviruses (Scale bar 50 nm) (Suttle, 2005).

BEANE PR T IR A S R Sehntl . AR SRR AL S 2, T LUK
5> DNA SR A1 RNA WieE; NATIRIEZIR > FAMM 2SR, KReEn N
XUFE LR 7 . TR A R R A R R R T XOURE DNA R, A i
I TR I B E DNA 5 70 RNA S5 700 2 b 1 3 B T REBAR & (Steward
et al., 2012; Tomaru et al., 2009; Shirai ez al., 2008; Miranda et al., 2016; eacute et al.,
2013) o AMTIEEH H IR e E B TR 2, LN 43 D42 e W 440 14 11 1 40
P R /& (Cyanophage) . 2G4 IEERI B (Phycovirus). 12 %% SAR11 (W B
& (Pelagiphage) FCHAT B I BCERAT 1 M 4 5 (Roseophage) F5IER RT3 G Wk B
& (Vibriophage) %5 (Suttle, 2007; Zhan et al., 2016; Lorenz et al., 2016; Zhao et al.,
2013) o [F] I8 ] DAAR 458 5 3 0 B A A7 2 A0 10 R 8] AT LUK 9 5 4y N TR R

(Virioplankton) J&E FIJEA (Viriobenthos) ¥ 8, BUMEHEATE 7 SAIA 43N
TFIFATE I 55 (Free-living virus) PL R B 7ERURIY) b )99 55 (Particle-attached
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virus)o  H BT AN IR CER B2 BT A 3 B8 R EE PRV 5, (HEORR 2 1t
53 BF JES AT Bk 20 L 1 s B 0 B L 0 A 25 = X (Danovaro et al., 2008; 2016;
Dell'Anno et al., 2015; Nigro et al., 2017; Weinbauer ef al., 2009b) .

L1.2 @ ¥ REE SR EAR

M iR e 8 A d AR AR aw A, DR 0s 7 1) AR S D RE B 22 M2l e
[F) 1 2 T AH BAE R SEILAY o AR B2 1R Yt 07 SNHIANIR], AT DLRE 24
TEA T B N —=Fh A 1814244 (Chronic infection). R YL (Lytic
infection) FIEFJRMER Y4 (Lysogenic infection), RN BF DAZL AR 442 S ATV VR 14
RYSX PRI A W (B 1.2)  (Fuhrman, 1999; Weinbauer, 2004) .

KRR G 2R (Lytic virus) B LA f5, et R E =
[P AL RS AT H S BRI A AR, SRS AEBURE I TR 2 N 51 tE F2
i HE TN T B RIURE AR T o AR IR AR G A6 A O A ST AT LA BAAR 7 o 25 1)
B (Adsorption). 2 A (Injection). &l (Replication). ZH#%é (Assembling)
MR (Lysis) ZFJLAPrE (Weinbauer, 2004) .

WIRMER Y. RAYERI S (Temperate virus) RYEE EHRNZ G, HAS
FEUE ERISET, MR A SRR A RS BE gtk EERARTRIE AEAE, I
b1 T ST R RS B0TE AR N IR FE MR Y BT R R4 (Prophage) BIH(
Jii#g (Provirus), 18 EFABEIRIENR (Lysogen), TIX I G AR ¥ I

(Lysogeny)o fE—E %M T, HITWR B AR REE 15 52 2IHE & Y B AE DAL 2 I R 1155
5 (Induction), #ENZH@EMERGLEEN (i 1.2) (Davies et al., 2016; Weinbauer,
2004; Howard-Varona et al., 2017; Paul, 2008) .

EANEA — MR MR 4 (Pseudolysogenic infection), 5 A& B A% IR 1
MNEFEZ G EE EAMMANEEE — @ 8], HER RS AR N AT AREERIPIR
A (Carrier stage) (Cenens et al., 2014; Feiner et al., 2015) . R THEIRMER Y
(RIBIF 938 LU AR =, PRI B AR A S R BIE 90 o I i 2 L IR NV TR AR 4 1)
Jul% (Paul, 2008; Williamson ef al., 2001; Cenens et al., 2014) .
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