AEY A4l

Acta Microbiologica Sinica

2021, 61(9): 2709-2725
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200670

Research Article IRIESE &=

N S8R SR G B AR 28 5 FHER 5T
EE, REE, XA, B, A, BRE, G, RER, T

TR GE, WL T 315832

TE: [ B ) Wi e A Yy BR A4 008 BR 1) SR IR sl 2, (R HLAE 30T o T ) 7K OF 4 ) 0 A
KRG T T o AHIEGE LA il i 55 AR 3 00 SRR L) 15 T injzﬁmﬁﬁﬁcﬁﬁ-f@% A K
éﬁﬁff;-&t [ ik ] I 16S tRNAJEE Y17, DUBMALEISRE 4 . BF 95 41 A8 1k Fng -tk
B3 2 T 480 70 A LS 080 DX ORI 30 Vg B8 2 P i oy T 114 2 ) 43 A1 R A [é*%]ﬁ/’iinjz{%w?mzlf
JR A A PRV B ARG = B 0.6%-26.5%, [l W vy T87 = B d v IR X R TR IR A T
I JMarine Group (MG) IFIJ I IMGIE S, MGIFYIFI 4 R —, MMGII RS AT 2

B RS A0S ] A 2 R YT PR R AR e R (R AR IR B S R B, LR ER
SR Rl R ORI . S IRER . TR KT ERERSR SN . d A R 2% 0 A R BRMGIS LT R4

BRI A, MGIIE5E 5SARTT . SARI16FISARSOZE S F 4 E 2R e M. [ 4518 ] A0F
FERI A R T PR LI 5 VA a7 2 o ity TR AV 10 23 ) 0 A R AR B L TR 7, 90 T bty T A T i
PEMT A A LA A

KA I, R, ASE A, JLBL R4S

H 1992 AFEVRUEd W E KB R PR W1 (Euryarchaeota)¥) MGIL MGIII Fil MGIV
R EBE", @ FHAAEE DR SR MG REAME, SRR EXEE, MGI
OO 32 BN T2 6 O PETRIGF A2 AE Y A MGII WA (i 24 A HUSR B RE ) v
HuBRALZEAG IR IR S &, MR I P I D R TR O 0 T s A A R
ANy, FEMAE 4 KER. Bl ETT 2 TMCY. MG W E ERZE KRR,
(Thaumarchaeota)f) Marine Group (MG) 1 LA J&2J™ TEFOGJZICER F B R B (E ; MGIL WIFE R 2

ESWME: HEXEAREEE41977192)
B{E1EF . E-mail: wangkai@nbu.edu.cn
s HEA: 2020-10-31; fEEIEHR: 2020-12-27; MK EARERA: 2021-01-11



2710

Huizhen Yan et al. | Acta Microbiologica Sinica, 2021, 61(9)

KA, AR BB K GRS I AR s MGIIT
BRFEEEMIFAFEREFHRAZE LR
—UER AR, M MGIV HET#OA IR T
1732

AR, I TERZHE K B K23 [8] 3 A
AL AL 2 BIOCTE . flhn, Wang S ERTTL L
T v Jak X Jaf R (regional scale) T & BL 38 )2 16 7K
H MGI 7E ISR A= W e 7 vh R AR X = B2 AT 7
2 1 51 5 I BV AL BE A0 A1, T MGII
2 BB AL A A, AE T A I RO
i o MGI AR AR B R JZ K R T S 5
Hufiz, T MGIL WIZE T R 5 LA it ml
D O v TR T R T ) AT SR i X R
BhREE A . AR, X v Bl 3 Ry dUREE (Tocal
scale) T ¥ il iy B 2 18] 70 A1 Ak S FE52 miil PR 7~ 1)
UNVYIEE s

TV D0 TR R TR AL SZ 2 e B 0 S 1
23 (A R i L [ R 45 o BN, W oK RE TR BE IR
1Y FRAL 25 22 S (WD RS BE | KL . B IR 5F)
BT BREVE T B AR SR Y R R R
WK 0], a0 Wi b i d 3R 2 0 K TR RE
MRS A A E L R B . R4 . pH 45
Rl FRAL 7 DL B FR R 0K ), ik S R -t 2
SEMR T BRIL T U T A PR o TR A
A R b, EhEE L BRI AT R
1 5 T U TR TRE VR A R K O 23 TR) A SR A% 0 B
SR o HI2, Rl P JR s ORURE T S M T T
TR I 2H R B IR AT R 7 43 T

SUEAR 22 5 el T 1 T U o TR R T 03 AT Y R
BT E RS, AT AT R 2 R He B BB 7
TR RO, X0l R U R A L A
TN Ay e = B4 Vellend! B H AR S REVE

actamicro@im.ac.cn

M2 4 DB B E . PR (selection) . §HK
(dispersal) . 7% (drift) Fll i, F) (speciation) . 4= 7%
i 2 5 T 2R 0 52 P (deterministic) i 72 (£ 45 5+
Jit ¥E $& (heterogeneous selection) A1 [A] JiT %%
(homogeneous selection)) Fl fifi 1 14 (stochastic) 13
FE (LGP B PR Hil (dispersal limitation). [A]Bi#H HL
(homogenizing dispersal) Fl {5 A% (drift) 55 ) 75 #f %
Fy st b [F IR AR T, A PR R VR A AL
] FR) S BH A Ttk Al 28 A sk A R o)
AR, BT RGO E MY R 5 (turnover) F 1k
VAR IR AE A A e A e e
it BT AN [v) 25 5% v B 0 R R 4 A AL 0
Wu ZEPURT Logares 45172144 % Bk 5 5 FE AL 1 7
TR D/ A A W R TR A A P A S T
BRI, H A% G R i A 2 U] 52 240 i R~
R X8 R BE FR 52 . Wang 25 PV % vk & 2R
BEALFE 35 7 R XU B T R R K g
Wl AR R . SR, X R P Ry SR
JE T FR o TR T A AL Y T AT AR A BR .

— S0 I TR DG I 2% B 0 T L R I TR A
B EE AT 2 T HA R R P,
2% B TCAE W AR AR X 4 5 Vi O R D R
AR SR Al REAR 2T fildn, MGI i
SRR i R A A, H SRR A e A
B, X AT AR S EATME S R AR AR A e
4k, AR MGI 5 SARIL, SARS6 %57
TR WAFAET IZ LB R, L UE S
KW EOSLZ Ry MG 5 T & 28 T8 3 A 5 410
(proteorhodopsin, PR)FERPY HA i it Ak
A YL TS RE, PR LR 7ESGRE =57 4 A
W ZAAER ) A MGIL 5okRES
TR A AE S L I, R IX SE IR AT 6B o 4



EE % | YR, 2021, 61(9)

2711

ML AL 250, 3 ) 3R 2 v P B ARG 2R 500 i U
Yy Jo i A S50 I 2o Y T SR JURUBE T BRI B
FEAESE 2RI AR AL, AR X K3 bty T 5 20 74 1Y)
I/ HAERRIBRPEFES T
ML S VR T - LS P AR A 2 —, 5
Pl 2t 6 2R SR, o T 000 ) A L P i A A
W, TR B TR s 1 i A7 F 42 1 s i
MEAb, A2 RS 52 . 58I X R 3
JRUBE T 3 i o TR RE 7 110 255 ) A8 AL R AN A B
T JERT T TR A Vi i o YA A A R A TATR,
H BB 48 78 1T 4F K T 9% 4R 1 JF & i 150 3% 3l v
T Ly 85 <08 3 Tl ) i A 2 80 A L S
AR 5 6 B 1L V5 93 180 DX o) A 0 ) 8 A3k 97 R
ERIZMERRE A, FE T -4 TR 16S rRNA JE[H
P4 1 P AE A% AR R VE R R R AR R
%, BN (1) FME LS R i o TR O B
AR S (8]0 AT LA (2) il TR v L
Zs (AR Ak . AT AR R AR T (3) TR T
55 YT 1 5 35 (cross-domain) HE BRI DUHH AL
PR A BEE L L M Fp I B 3 A4
22 TR 48 73 12 T 3 Ui oy T 114 25 [ 4 A R ALE

1 AR

L1 BBt ARERE S EKELE T E
A AEM 1TSS ] X (Lagoon)iZ & 2 i

7 (S1-S2), 7E ] i M (seaward) 1% & 6 v fif
(S3-S8; £ 1), T 2019 4EEZ(5 J1 14 HRE
Kb 2K (0-1 m)FE N, B REE 5 A4
e E A, R YSI6000 22 H0K T3 A
(YSL, ZERD)EALM KR . pH. BRI 4
(dissolved oxygen, DO). i 0.2 um fL1% A9 Rk
PR IR A (Millipore,, 3 [E)id €2 500 mL /K FEISCAE

* 1. REFuhfisk

Table 1. Information of sampling stations

Stations ID  Zones Longitude/E Latitude/N
S1 Lagoon 121°56'56" 29°47'12"
S2 Lagoon  121°56'47" 29°46'50"
S3 Seaward 121°55"22" 29°44'29"
S4 Seaward  121°58'50" 29°4522"
S5 Seaward  122°029" 29°45'31"
S6 Seaward  122°1'4" 29°46'48"
S7 Seaward  122°2'13" 29°48'5"

S8 Seaward  122°2'14" 29°49'15"
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e R - S Y 515F-Y (5'-GTGYCA
GCMGCCGCGGTAA-3")F1 926R (5'-CCGYCAA
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Figure 1. Box plots illustrating spatial variability of seawater environmental factors [#=5, except for ammonium

in station S3 (n=4)].
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* 2. BKNEERFSEHEMNLSER Spearman
EPS K

Table 2. Spearman’s rank correlations between seawater
environmental factors and geographic coordinates of
sampling stations

Latitude Longitude

Factors

p P p P
SP 0.5317  <0.001 0.672"  <0.001
NO;-N 0.073 0.655 0.635"  <0.001
DO —0.436"  0.005 0.225 0.162
Temperature 0.396" 0.011 —-0.180 0.266
Salinity -0.174 0.282 0.427"  0.006
NH,"-N 0.182 0.276 0.411""  0.011
pH 0.117 0.472 0.314"  0.049
PO, -P 0.087 0.652 0.269 0.093
NO, -N —0.049 0.637 0.235 0.145
" P<0.05, ™" P<0.01.
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Figure 2.
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Relative abundance of dominant archaeal groups in the prokaryotic community.
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Figure 3. Maximum-likelihood phylogenetic tree based on the V4—V5 region of 16S rRNA gene of top 20 MGI (A)
and MGII (B) OTUs in average relative abundance in prokaryotic communities and heatmap of relative abundances of
these OTUs in the prokaryotic community. Shallow and deep marine groups are designated similarly as previously
reported”*". Marine Group A and Group B are designated similarly as previously reported!*".

http://journals.im.ac.cn/actamicrocn



2716

Huizhen Yan et al. | Acta Microbiologica Sinica, 2021, 61(9)

%z 3. MGIMGH 2 EHEMEESHERFH

Spearman 8% 14
Table 3. Spearman’s rank correlations between the
relative abundance of MGI/MGII archaea and

environmental factors

Thaumarchaeota MGl Euryarchaeota MGII

Factors

p P P P

DO 0.690"  <0.001 0.744"  <0.001
Temperature —0.611""  <0.001 ~0.701""  <0.001
Salinity 0.574"  <0.001 0.559  <0.001
NO;-N 0.572"  <0.001 0.406  0.009
pH 0.421"  0.007 0.037 0.821
NO, -N 0.296 0.063 0.282 0.078
NH,"-N 0.279 0.085 0.198 0.227
SP 0.234 0.147 -0.263  0.101
PO, -P 0.131 0.420 0.206 0.202
' P<0.05, ™" P<0.01.

2.3 AR A LA 2 () 2L R R B B

F AR AR A ACHE R FAR L S B 4 SR 3R B, R
) X 55 e 0 A 7 O R R RE K A 22 S W
(ANOSIM R=0.490, P=0.001), [ 6 k7
BRI T 26 R AR AL, (HAR A AR AL AN S3
584, S4 585, S6 55 87, S7 5 S8 ZIAl L
25 (B 4 FR 4)0 DI RAEIX Z 0] 1Y R RE TR
R Al 32 S AR R L A R SR KR A 22 S BIK
By, T [ A TR L TR A R 1 AR ) 2
2R TR YUK B
2.4 HEBEWEDR

Mantel 750 & B, B OTUs A= 8547 25 - 7E
BERGABHE LHARENRERLFTRY
(B 5-A), IR RBOLYIR I A 5602 5
SHRAGKEHREBEML, WEMNHRELT
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Figure 5. Phylogenetic signal test for ecological niche differences between archaeal OTUs (A) and the
proportion of archaeal community assembly processes (B).
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Figure 6. Archaeal-bacterial co-occurrence network. The co-occurrence network colored with modules (A) and
taxonomy (B). The size of nodes reflects their degree and the edges present significant correlations (Spearman’s
|p[>0.6, P<0.01). The value in parentheses represents the percentage of the node number of each module in the
total node number (A). The sub-networks of cross-domain co-occurrence between MGI (C)/MGII (D) and
bacterial OTUs. The size of the nodes reflects their average relative abundance; the solid and dashed lines present

positive and negative correlations, respectively; and the thickness of the lines indicates correlation strength.
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Spatial distribution of planktonic archaeal community in the
coastal waters around Meishan Island in spring

Huizhen Yan, Zouyang Xu, Wenjie Chen, Lu Wang, Qian Liu, Lingling Gao, Dandi Hou,
. . *

Demin Zhang, Kai Wang

School of Marine Science, Ningbo University, Ningbo 315832, Zhejiang Province, China

Abstract: [Objective] Marine planktonic archaea are the key drivers of biogeochemical cycling, but the knowledge
about their horizontal spatial distribution characteristics in the coastal waters has not been well understood. In this
study, we used the Meishan Island (closely connected to the land) as an example to study the horizontal distribution
patterns of planktonic archaea in the transition zone between land and sea. [Methods] 16S rRNA gene amplicon
sequencing was used to reveal the spatial distribution characteristics of planktonic archaea in terms of the
distribution of dominant taxa, community composition variation, and the co-occurrence pattern of taxa in the
lagoon (called Meishan Bay) and adjacent seawaters around Meishan Island in spring. [Results] The results showed
that relative abundance of planktonic archaea in the whole prokaryotic community ranged from 0.6% to 26.5%, and
the archaeal abundance in seaward waters was significantly higher than that in the lagoon. Planktonic archaeal
communities were dominated by Thaumarchaeota Marine Group (MG) I and Euryarchaeota MGII. The composition
of MGI taxa was relatively simple, while MGII taxa had relatively high phylogenetic diversity. The spatial
distribution of archaeal communities was shaped by homogenizing dispersal, environmental selection, and
undominated processes (including ecological drift), and environmental selection was mainly driven by suspended
particle, nitrate, dissolved oxygen, water temperature and ammonium. The network analysis showed that MGI taxa
commonly had negative correlation with Rhodobacteraceae taxa, while MGII taxa commonly had positive
correlation with heterotrophic bacteria affiliated to the clades SAR11, SAR116, and SAR86. [Conclusion] This
study preliminary revealed the spatial distribution characteristics and drivers of planktonic archaeal communities in
the coastal waters around Meishan Island in the spring, expanding the understanding of the distribution patterns of

archaea in the transitional zone between the land and ocean.
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