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Abstract: [Objective] MG I (marine group I archaea) are the main microbial group in the ocean,
which have the ability to use ammonia nitrogen to carry out ammonia oxidation autotrophic and are one
of the main participant ammonia oxidation processes in the marine environment. The study of the
diurnal variation of MG 1 archaea is of great significance for revealing the process of ammonia
oxidation and carbon and nitrogen cycling in the ocean. [Methods] Samples for this study were
collected from the waters near Dong’ao Island in the Pearl River Estuary, and 22-hour continuous time
series of seawater samples were obtained with 2-hour intervals using a drone sampling technology. This
study focused on the following scientific issues at the diurnal scale in the Pearl River Estuary: (1)
Changes in the community and abundance of MG I archaea and algae. (2) The impacts of light,
temperature and algae on the distribution of MG I archaea. DNA extraction, qPCR, second-generation
gene sequencing, and other means, combined with environmental parameter tests (temperature, salinity,
nutrient concentration, etc.), were used to explore the potential relationship between algae and MG 1
archaea in seawater. [Results] The abundance of MG I archaea was (9.1£3.2)x10 copies/L and that of
algae was (3.7+0.7)x10® copies/L. High throughput sequencing of archaea showed that MG I were the
most dominant archaeal group (36.2%—-50.0%) in this region. At the diurnal scale, there was a negative
correlation between the abundance of MG I archaea and algae. [Conclusion] Based on previous studies,
we hypothesize that, temperature and algae might be the important factors that regulate the MG I archaea
in estuarine marine water at the diurnal scale. This study highlights the diurnal variation of MG I
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archaea, which enhances our understanding of the fine-scale nitrification process in the ocean,

especially in the nearshore water.
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Table 1 Time series of salinity, temperature and nutrient concentration
Samples  Time Salinity/ e Ammonia/  Nitrite/ Nitrate/ Phosphate/  Silicate/
%0 (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

DAD-1 2019-11-13 15:30 33.11 232 0.03 0.008 0.004 0.008 0.26
DAD-2 2019-11-13 18:15 33.23 21.2 ND ND 0.006 0.008 0.17
DAD-3 2019-11-13 21:46 32.72 21.1 ND 0.008 0.006 0.010 0.19
DAD-4 2019-11-13 23:11 32.35 21.1 0.009 0.002 0.005 0.010 0.14
DAD-5  2019-11-14 00:56 33.35 214 0.003 ND 0.010 0.008 0.23
DAD-6 2019-11-14 02:19 34.25 20.0 0.008 ND 0.008 0.008 0.18
DAD-7  2019-11-14 03:48 33.97 20.5 0.035 0.007 0.005 0.001 0.26
DAD-8 2019-11-14 05:15 33.44 20.0 0.064 0.013 0.005 0.017 0.12
DAD-9  2019-11-14 06:46 33.06 19.9 0.015 0.008 0.004 0.005 0.24
DAD-10 2019-11-14 08:15 30.14 20.5 0.067 0.041 0.012 0.006 0.36
DAD-11  2019-11-14 09:49 30.10 22.9 0.050 0.103 0.013 0.008 0.39
DAD-12  2019-11-14 11:19 31.09 23.6 0.008 0.191 0.012 0.004 0.22

ND: not detected.
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Figure 1 23S rRNA gene abundance of algae, and
16S rRNA gene abundance of MG 1 archaea and
MG II archaea. Black circles in the figure represent
the upper and lower boundary. Upper and lower
boundary of the bar represents the quartiles, and the
line inside the bar shows the median.

MG T BRI b 32 B TR AR (N
36.2%-50.0% 1 FUE ), HUK MG I i (4
27.7%-39.4% 7 F B i), PR Y E T K A
o SRR, 9475 B (Nanoarchaea,
15.6%—29.8% i1 R G B TEAS A ST Fh A A 31,
O B AR R B E DR B T X R

(A)
=
EIOO—
= - MG -]
2 80t MG -2
= MG -3
> MG [-4
g 00 == MG 1-5
E MG I
g 40 + B Nanoarchaeota
g B Others
s 20+
&
=
2 0
< SO — OO0 In O

R Rl M i rwdi S i M M o

W 00 — N O 6l 0N 0N —

—_—_— NN OO o oo o —

Time

& 2

(2019.11.13-11.14).

(B)

E AL AT 2 oy TR A T DR B o S
[ G100

MG T 7 B AEA [ E [a] b SRR 22 5 0
R AR RIE T e, E2H
FHANFRETE 24.0% /A4, TERR A — 2 R Y
FEAKs T MG I e B R A8 A0 SR 3 BT o T
A XT3 A o VK )2 I R 2 RE DL
MG I T FEAFE, AREIN MG 1 H7ER
UK B AR AL (AT MG DA
WU, AT RE R R WK AR S TR ROR A
AR

RIS 2R, A%
W R AR R A v RS T (24.1%-43.6%) 5
R R Bl A (11.1%-21.2%) . H
(16.4%-22.1%) . & ¥l 3% (9.9%-18.2%) . P& i
(6.0%—11.9%) 14535 (3.0%—4.6%) 41 i (&l 2B).
23 MGIHBETK

MG 1 HER 16S rRNA FEH T8 5 4
OTU 4 (5 99.96% MG I F#EFEH)), Hfi7s
LUk 2A iR, OTU MG 1-1 2R EREN
MG 1 2B, WEHP 15:30 2R H P 0:56
R THREMIG KB, A5 20.0%-44.6%
IS, 2 5:15 ZJ5 MG -1 JFIR 2 F R

8 Cyanobacteria
I Dinophyta

B Bacillariophyta
B Haptophyta
W Cryptophyta
B Chlorophyta

601

Algae community structure/%

4
0 B Others
20t
O SO WVne — OO0 WD NN

el ol & B Al Ao

W oo — N Ol on Lo oy —

—— NN oo oo o o —

Time

FRB B EFINEEQ)INERB)HELEHMEN

Figure 2 Time series of archaea (A) and algae (B) community structure variation in

Dong’ao island

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



2346

Yao Wenyong et al. | Acta Microbiologica Sinica, 2022, 62(6)

#,0TU MG -3 1284k #a3 5 OTU MG I-1 A1)
(P 1.0%-3.6%I1 s 1), {2 OTU MG 1-2 N
M e AR, OTU MG 122 TERZ
BT a] s AR FAE AR TS L (7 L 0.2%-0.3%
BB, TZEE H A 15:30 (15 1 23.2%0 oty
FD S H B 11:19 (5 B 9.3% 1 5 ) S ]
IR RIS, FELE 15:30 X — i AL
T OTU MG I-1 A ESH MG R, X
FHH OTU MG 1-2 W REF S EHRALE MM E, L
£ OTU MG I-1 5Z 24| ¥ Bsge, OTU MG 1-2
AW SEF IR e P UG L . A
MG 1 RELBWAHKE, OTU MG I-1 5 OTU
MG I-2 [AJ&F Nitrosopumilus, A58 IT IS K

Z(8 3), 5 OTU MG 1-2 16S rRNA J¢ 41 AR
B9 2 BRALERFE MG 1 # K Nitrosopumilus-PS0 55
Nitrosopumilus-HCE1, 7E 7] N AR H ki & B E
T1JC: 58 4t B AN A HLTE, AUSEA0RE A 2 7EH
N A ORI A ATIE B IR R A L, 25
MG 1-2 5EAIERACH F A AL A SALH]
W2 MG 1-1 #£ H [ R SE TR A L
B, ATRERCN REMG 12 1R EEN X,
24 MGIHHE. BE5MERFHXAR
MG 1 B8 -5 e B 0 B [ JR 3 b iy A
AT MG T o B RN 20 B 1% B8 R BH R (B 1)
TEWR H &S 3:48 MG T 7 15 2 5 i Wk BE 14 Tl
i, ISR RAR(E 4A). 75 MG T H A -

100%{ ® MG 1-2 (30858)

Nitrosopumilus oxyclinae HCE1 (KX950758.1)

100% | Nitrosopumilus sp. ST (NZAJ100000000.1)

100%

—

0.01

Nitrosopumilus cobalaminigenes HCA1 (KX950757.1)
100%| | Nitrosopumilus ureiphilus PS0 (KX950759.1)
_‘— ® MG 1-5 (730)

Gulf of Mexico (KT424699.1)
‘3/—0{' MG I-1 (231520)
Nitrosopumilus adriaticus strain NF5 (MK139955.1)
Nitrosopumilus piranensis strain D3C (MK139956.1)
Gulf of Mexico (KT424540.1)

100%! @ MG 1-4 (5716)

Candidatus Nitrosopumilus brevis CN25 (CP007026.1)

TO%‘_{ Gulf of Mexico (KT424497.1)

100%'® MG 1-3 (17447)
Candidatus Nitrosopumilus islandicus 3F (GU553005.1)
100% lCandidams Nitrosopumilus cavascurensis strain SCU2 (MG603755.1)

3 EF MGIHEHR 16S rRNA EEM ALK L FH

Figure 3 Phylogenetic tree of MG I archaea based on 16S rRNA gene. The tree is constructed with
neighbor-joining method in MEGA-X software. ClustalW is used for the multiple sequencing alignment.
Bootstrap analysis is performed with 1 000 replicates. Bootstrap values above 50% (out of 1 000 trials) are
displayed next to the nodes. Labels inside the bracket presents the NCBI accession number or the reads
number (clustered at 99% similarities). Nitrosocaldus islandicus-3F and Nitrosocaldus cavascurensis-SCU2

sequences are invited as outgroups.
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Figure 5 Network diagram of MG I archaea, algae and environmental parameters. This figure only presents
the environmental parameters and algae OTUs which are significantly (P<0.05) related to MG I archaea. The
triangle represents MG 1 archaea OTU, the square represents the environmental parameter. The circle
represents algae group (only the top 50 algae OTUs are used in the correlation analysis. Cya: Cyanobacteria;
Bacil: Bacillariophyta; Chl: Chlorophyta; Cry: Cryptophyta;, Hap: Haptophyta; Di: Dinophyta). The area of
the triangles and circles means their relative OTU abundance. Solid line means positive correlation and the
dotted line means negative correlation. Deeper color of the lines means higher R value.
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