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*
1 2 1
(1. 264005; 2.
361104)

>

, 2020 9 2021 8

DNA  18SrRNA V4 , (

40.14%) (10.67%) ,

, (Strombidium) (Strombidiidae_X) ;
, (Tintinnida_XX) (Tintinnopsis)
p ;oo B
RDA ,
17 , 7 )
Q178 doi: 10.11693/hyhz20220400113

(Capriulo et al, 1982; Dolan et al, 2002)

, 5~200 pm (Spirotrichea)
pico- (0.2~2 um) nano- (2~20 pm) (Oligotrichia) (Oligotrichida)
(Suzuki et al, 2007), 200 (Liu et al, 2017), Foissner
(Stoecker et al, 1987, (2008) Agatha (2011) ,
Goémez, 2007), 830~1280 83%~89%
(Pierce et al, 1992;

Weisse et al, 2022) s

(

R Lynn ) (high-throughput sequencing,
(2008) , HTS) ,
(Spirotrichea) (Choreotrichia)

(Tintinnida), , DNA
1000 (Dolan, 2010) (Slapeta et al, 2006; De Schepper et al,
2019) HTS
* ,31772413 | 41876142 R , E-mail: Iw15493658@163.com

: R s , E-mail: daodeji@126.com
:2022-04-28, :2022-05-12
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(Bachy et al, 2013),

6 (De Vargas et al, 2017), R
: Santoferrara (2016) Lugol’s (
HTS, )
Zhao  (2017) )
HTS DNA RNA
, RNA )
DNA )
,Sun (2019) HTS (QPS) 1
, QPS 1.1
DNA ¢cDNA HTS , 2020 9 2021 8
( , 2017) 3 ,A B C
’ 300 m ¢ D,
) / ,
, 3 1 2 7 8 5
, B 111 4
, , 9~11 ) 17
(12~2 ) 11, (3~5 ) 14 (6~8
, ) 12, 54
118°  119°  120° 121°  122°  123°E 119.99° 120.00° 120.01°E
o / _
37.435°N 37.435°N
38°
37.430° 37.430°
37° 37°
) 37.425° 37.425°
36° uR —N
100 km
I ! 1 1 37.420° 37.420°
118° 119° 120° 121° 122° 123°E 119.99° 120.00° 120.01°E

1
Fig.1 Locations of the sampling sites in Sanshan Island, Laizhou Bay

(YSI, USA) , ( 500 mL)
pH DNA ,
( 20 cm), -80 °C 100 mL ,
1L, 2L 200 um 0.45 um
) (Millipore, , -20 °C ,

Ireland) ( 45 mm 0.22 um) 1500 mL (NH;-N), (NO;-N),
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(NO,-N), (PO} ) (Si03 )
(Seal, Germany)
(TC) (TIC) Vario
(Elementar, Germany) 400
( 37 um) A B
, 35
1.2

DNA Fast DNA SPIN Kit for Soil DNA
(Mpbio, USA)
NanoDrop One (Thermo-Fisher, USA)
, —80°C
528F (5'-GCGGTAATT
706R (5'-AATCCRAGAATTT

DNA

CCAGCTCCAA-3")

CACCTCT-3")(Cheung et al, 2010) 18S rRNA
V4 PCR ,
[llumina NovaSeq
PE250
1.3
, barcode
FLASH (V 1.2.11, http://ccb.

jhu.edu/software/FLASH/)(Mago¢ et al, 2011)
fastp
s QIIME  Mothur
(Schloss et al, 2009; Caporaso et al, 2010)
, UCLUST 97%

(operational taxonomic units, OTUs),

OTU,
(Protist Ribosomal Reference, PR2)
, OTU
a
, o (Chao 1 Richness
Shannon Simpson )
(ANOVA) a

Bray-Curtis
B PRIMER 6.0
(non-metric

multidimensional scaling, NMDS); R

ggplot2 (principal co-ordinates
analysis, PCoA), ANOSIM

SPSS

Spearman ; R vegan

(redundancy analysis, RDA),

14

, (Kofoid
et al, 1929; , 2009; , 2012),

1.5 mL s

DNA : EukA (5'-AACCTGGTTGATCCTGCCA
GT-3") EukB (5-TGATCCTTCTGCAGGTTCACCT

AC-3") Euk82F (5'-GAAACTGCGAATGGCTC-3")

U1492R  (5'-GGTTACCTTGTTACGACTT-3")(Medlin
et al, 1988; Lopez-Garcia et al, 2001; Doty et al,

2005) PCR (Wang et al, 2019)
TIANgel Midi Purification Kit (
, ) PCR

pTZ57R/T (InsTAcloneTM PCR

Cloning Kit, Fermentas, Canada),

Trans1-T1 (
5 ) 1 h
6 ,
M13-20 M13-26 PCR
DNA )
99%
2
2.1
12 ( pH
) 2

, 6
(ANOVA, P<0.05)

(ANOVA, P<0.01) (ANOVA, P<0.01)

(ANOVA, P<0.01) >
: (ANOVA, P<0.01) (ANOVA,
P<0.05) >
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Fig.2 Environmental factors of different sites and seasons.
. P, (ANOVA) , P<0.05 ;P , P<0.05
A 1.7~-27.9 , 15.4 °C, , ,
2020 9 ; )
2021 1 ;B 4~27 °C, C
14 °C, 2021 8 : ,
2020 12 2021 2 :C , , 7
10.9~30.4 °C, 22.2 °C, R 9 12
2021 7 R 2021 > >
S 4
) A ,A B
(27.14 mg/L), B (21.52mglL) A B , pH ,
pH A B , C
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, A B
2.2
s (Spirotrichea)
> 64.10%,
(Oligohymenophorea, 2.17%) ( 3a)
(Spirotrichea) (order) 3b
, (
40.14%) ( , 10.67%)
2
(Strombidiida) 27.27%,
(Choreotrichida) 12.88%
> B
A>B>C, B>A>C
, > > > s
a
1.0,
L}
0.9+ I ! I I THIT = Plagiopylea
= Karyorelictea
0.8 = Armophorea
0.71 = Nassophorea
06k = Prostomatea
i ’ u Heterotrichea
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= 0l u Phyllopharyngea
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0.2 » Other
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I 1 Wb b 1 Wb 6 1 Wb b b Wb
D 0 D I Y 41 0
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c
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0.8+ = Rhabdonellidae
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3 @ (b ,
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3¢

>

A B

b

(family)

Strombidiidae_M (16.62%) Strombidiidae (14.63%)

Strombidiidae R (9.77%)

Favellidae (2.53%)

3d,
(Strombidium,

19.

Strobilidiidae_G (8.00%);
Tintinnida X (7.59%)
TIN 07 (2.32%)

01%)

(Strombidiidae X, 12.24%) s

b
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0.9} = Heterotrichea_X
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0.8H | Colpodea_X
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Fig.3 Relative sequence abundance of planktonic ciliates at class (a), order (b), family (c), and genus (d) level
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(Tintinnida XX, 3.84%)
(Tintinnopsis, 3.27%) (Favella, 1.32%)

B B

z 1 BFEFETAZUSNEZERTER o-ZHMEEL
> Tab.l a-diversity of planktonic ciliates in different samples
, C Chao 1 Richness Shannon Simpson
5 29.2249.25 13.77+£2.99 3.30+0.58 0.84+0.09
, B 32.73£11.71 14.39+3.32 3.41+0.61 0.86+0.10
C 33.49+10.40 14.57+2.74 3.45+0.48 0.86+0.07
, , F 1.26 1.04 0.92 0.87
(Phyllopharyngea) (Litostomatea) P 030 0.38 0.44 0.46
. 33.71+9.43 14.73+2.48 3.46+0.44 0.87+0.06
(Oligohymenophore) 7 7 7
. . 27.99+£13.10 13.38+£3.43 3.26+0.57 0.84+0.08
s (Cyrtophoria) (Haptoria)
o 34.37+8.15  14.90+2.42  3.50£0.44  0.87£0.07
(Peritrichia) s
29.39+£10.78  13.50+£3.67 3.244+0.77 0.83+0.14
CONThreeP_X Tintinnida Strombidiida 7 0.81 037 0.39 0.34
A B P 0.45 0.69 0.68 0.71
( 3b), A
B, 2 OIHAFER o ZHMIEHSIEETHY Spearman
, B XD
Tab.2 Spearman’s correlation coefficients between a diversity
A indices and environmental factors
> B Chao 1 Richness Shannon Simpson
A , , A /(°C) 0.009 0.051 0.048 0.075
B 0.169 0.268 0.290"  0.314"
23 a /(mg/L) 0.111 0.051 0.047 0.013
54 a , pH -0.027 -0.055 —0.063 -0.072
ANOVA , 1 , /(mg/L)  -0.297 -0.105 -0.066 —0.018
/(mg/L) —0.282" -0.122 —0.090 —-0.046
/(mg/L) —-0.266 -0.053 -0.011 0.031
(P>0.05) Chaol
/(ug/L)  0.041 0.054 0.049  0.047
> > > , Chao 1
(ng/L)y  -0.116 -0.095 -0.091  —0.081
o > > >
’ /(ug/L)  —0.007 0.038 0.019 0.031
* /(ng/L)  -0.029 0.004 0.009 0.016
a /(mg/L) -0.173 -0.086 —0.051 -0.028
s Spearman , o P=0.05,
2 Chao 1
(R>0, P<0.05) Richness
Shannon Simpson ANOSIM « 3,
(R<0, P<0.05) (ANOSIM, P>0.05)
24 P (ANOSIM, P<0.01)
Bray-Curtis 2.5
(non-metric
multidimensional scaling, NMDS) 4 s 12 54

(RDA), 5
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Fig.4 Nonmetric multidimensional scaling plots showing the community structure of planktonic ciliates in season (a) and in region (b)

F3 MRMETTUNIZIFAERREE B-Z M
ANOSIM 4} #f7
Tab.3 ANOSIM results on changes of plankton ciliates
B-diversity in season and in region

R P
—-0.033 0.907
A, B -0.053 0.937
A,C -0.021 0.715
B,C -0.023 0.703
0.509 0.001
s 0.206 0.011
0.711 0.001
0.717 0.001
s 0.305 0.002
s 0.604 0.001
s 0.333 0.002

(P<0.05)
B
; C
A B
,
(genus)
Spearman ( 4,

Choreotrichida XX
(R<0, P<0.01)

(R<0, P<0.05)
; Leegaardiella
(R<0, P<0.01)

Tintinnopsis (R<0, P<0.01)

, (R>0, P<0.01) pH (R>0,
P<0.05) (R>0, P<0.01)
A-EZ
A-E=
A-NZ
A-Z=
ABBZ
¢ BEZ
1L SEWR = B-M=E
;\; <
&
o
R
g
&k
TN
Eﬁ (s *
p==)
i
D
iR
1+
n

-1.0

5

70'.5 0.0 0'.5 1.0 15
FE— AR (EREBREN1.63%)

Fig.5 The redundancy analyses (RDA) plot showing
correlations between ciliate communities and environmental

factors

2.6

A B 35

18S rRNA , 17

( 6 5), 7
(Tintinnopsis) (Codonellopsis)
(Favella) (Eutintinnus)
(Frontonia) (Didinium)

(Spirostrombidium), 9

13,11
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Fig. 6 Microscopic photograph of planktonic ciliates

3

50 pm (a~o, q), 25 pm (p)
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*5 ZWUSERSFHAERMER
Tab.5 List of planktonic ciliates species in Sanshan Island
/um /um
Tintinnopsis tocantinensis 110~130 30~45 11
Tintinnopsis karajacensis 90~100 40~45 10
Tintinnopsis fimbriata 74~79 45~49 2
Tintinnopsis lohmanni 81~91 40~44 3
Tintinnopsis directa 85~91 35~40 2
Tintinnopsis cylindrica 92~136 34~49 8
Tintinnopsis parva 50 23 2
Tintinnopsis sp. 73 42 2
Tintinnopsis failakkaensis 140 105 1
Tintinnopsis chinglanensis 109 40 1
Codonellopsis mobilis 126~138 72~80 6
Favella panamensis 180~230 78~89 6
Eutintinnus exigua 140 35 2
Frontonia tchibisovae 183 — 2
Frontonia sp. 133 — 1
Didinium sp. 41 — 1
Spirostrombidium sp. 65 — 1
69%, R R
>
80%, (Esteban et al, 2010)
5
, Schoener (2013)
, A )
B
s
3 >
3.1
, ( , 2018, 2022)
, (2014, 2015) Hiroshima (Kamiyama et al, 1996) (Chen et
al, 2009; Jiang et al, 2011; ,2011) (
, , 2013) HTS

>

(Bernard et al,
1994; Pettigrosso et al, 2016), (2017)

, 30%~40%

Stoecker

> B

(Dolan et al, 2013)

C ,
(Spirotrichea) ,
(Oligohymenophorea) (Litostomatea)

(Phyllopharyngea)
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C (Jiang et al, 2011),
o (10.67%),
p ; ,
, ey
A ; (2) s 40 pm
(Yang et al,2020), ;3 (3) ’
A rRNA ( rRNA
, ),
(Zhang et al,2015) Capriulo (Medinger et al., 2010)
(1982) , )
, Choreotrichida XX Tintinnida XX,
(Gu et al, 2021)
A s s )
OTU ,
, ( ) (Dhib et , B
al, 2013; Elloumi et al, 2014; Fu et al, 2020) (Santoferrara et al,
(Huang 2016), OTU
et al,2021), (Santoferrara et al, 2020),
3.2 )
, OTU
(Warren et al, 2017),
(50 mL),
(>40 pm) , )
( ), 18S , ,
V4

(Majaneva et al, 2018; Gran-Stadniczeinko
et al,2019; Sun et al, 2019)

p
(Santoferrara et al, 2016) s
(40.14%) (10.67%)
411, (
59.91%, 21.81%)
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Abstract

Semimonthly ecological research was conducted on planktonic ciliates in Sanshan Island, Laizhou Bay from September 2020

Planktonic ciliates are important eukaryotic microorganisms and play a crucial role in the planktonic ecosystem.

to August 2021 combining traditional morphology and high-throughput sequencing technology (HTS). HTS for the V4 region
of the 18S rRNA gene showed that aloricate oligotrichs (accounting for 40.14% of the abundance of ciliate sequences) and
tintinnids (10.67%) were dominant groups with obvious seasonal variation. The relative abundance of oligotrichs consisted of
mainly Strombidium and Strombidiidae_X, and was the highest in winter. The relative abundance of tintinnids was the highest
in spring and summer, and they were composed of mainly Tintinnida XX and Tintinnopsis. Beta diversity showed significant
seasonal variation, but both alpha diversity and beta diversity showed no considerable difference in spatial distribution.
Redundancy analysis demonstrated that total organic carbon and dissolved oxygen content were the significant environmental
factors on the seasonal variation of planktonic ciliates in the coastal water of Sanshan Island. Seventeen species were
identified in microscopy method, and they belong to 7 genera. Tintinnids were the most dominant group in diversity and
occurrence. This work filled the gaps in species diversity, community structure, and seasonal dynamic of planktonic ciliates in
Sanshan Island, Laizhou Bay. Meanwhile, this study provided essential data for future studies on the long-term variation of
planktonic ciliates community in the coastal waters of temperate bays and their response mechanisms to environmental factors.
Key words planktonic ciliates; coastal water;
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