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Fig.1 The number of shared and unique taxa at the levels of class/order/family/genus detected by morphological (Mor) and DNA and
cDNA high-throughput methods
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Fig.2 The number of morphospecies/OTUs at the level of genus simultaneously detected by morphological (Mor) and DNA and cDNA
high-throughput methods
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Fig.3 Cluster analysis of the number of morphospecies/OTUs (a) at the level of family as well as their relative abundance (b) detected
by morphological (Mor) and DNA and cDNA high-throughput methods
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Tab.2 Dissimilarity contribution of the ciliate species richness at the level of family between Groups and  (pelagic ciliates are
indicated in boldface)

Group Group (%) (%)

Metacystidae 12 0 5.08 5.08
Strombidiidae 0 13 4.99 10.07
Strombidinopsidae 0 6 3.57 13.63
Codonellidae 0 4 3.35 16.98
Spathidiidae 0 6 3.08 20.06
Uronematidae 0 4 3.08 23.14
Strobilidiidae 0 4 2.73 25.87
Tintinnidiidae 0 4 2.63 28.50
Anoplophryidae 0 6 2.53 31.03
Loxocephalidae 1 0 2.31 33.34
Unidentified Euplotia 0 2 2.29 35.63
Scaphidiodontidae 3 0 2.29 37.91
Philasteridae 0 4 2.24 40.15
Lacrymariidae 7 4 2.22 42.37
Trachelostylidae 2 6 2.21 44.58
Cyclidiidae 4 1 1.97 46.55
Orthodonellidae 1 6 1.93 48.48
Radiophryidae 0 8 1.91 50.39
Spirofilidae 3 0 1.87 52.26
Trachelophyllidae 0 2 1.79 54.06
Oxytrichidae 0 2 1.79 55.85
Foettingeriidae 0 2 1.79 57.64
Discotrichidae 1 4 1.51 59.16
Spirostomidae 3 0 1.46 60.62
Didiniidae 0 1 1.44 62.06
Mesodiniidae 0 1 1.44 63.50
Lynchellidae 1 0 1.44 64.95
Discocephalidae 1 0 1.44 66.39
Xystonellidae (1} 1 1.44 67.83




290 48

s ; 12%,
cDNA 12%, 65 OTUs( 3)
F3 ETREKEEEEBLIFSHASE(Group I)F1 cDNA M F4H(Group ND)ATIEFE A ME TTER(FRIK 7RI 75 22 BE)

Tab.3 Dissimilarity contribution of the ciliate species richness at the level of family between Groups I and III (pelagic ciliates are
indicated in boldface)

Group Group (%) (%)
Spathidiidae 0 14 3.63 3.63
Metacystidae 12 0 3.47 7.10
Anoplophryidae 0 11 3.40 10.50
Radiophryidae 0 12 3.40 13.91
Loxocephalidae 1 14 3.31 17.21
Strombidiidae 0 10 3.11 20.32
Uronematidae 0 7 2.85 23.18
Philasteridae 0 6 2.66 25.83
Discotrichidae 1 9 2.55 28.38
Epalxellidae 0 6 2.52 30.90
Codonellidae 0 5 2.42 33.31
Strombidinopsidae 0 8 2.32 35.63
Trachelostylidae 2 7 2.17 37.80
Strobilidiidae 0 5 2.13 39.93
Tintinnidiidae 0 3 1.97 41.90
Trachelocercidae 2 7 1.88 43.77
Acinetidae 1 7 1.78 45.55
Orthodonellidae 1 6 1.78 47.33
Foettingeriidae 0 3 1.77 49.10
Paralembidae 0 3 1.76 50.86
Trachelophyllidae 0 2 1.56 52.42
Unidentified Euplotia 0 2 1.56 53.98
Urostylidae 3 9 1.56 55.54
Scaphidiodontidae 3 0 1.56 57.10
Cinetochilidae 0 2 1.56 58.66
Lacrymariidae 7 14 1.51 60.17
Oxytrichidae 0 2 1.28 61.46
Spirofilidae 3 0 1.27 62.73
Stentoridae 0 2 1.26 63.99
Enchelyidae 0 2 1.26 65.26
Amphisiellidae 0 2 1.26 66.52
Halteriidae 0 2 1.26 67.78
Trimyemidae 0 2 1.26 69.05
2.2 DNA cDNA )
, DNA
, (Haptoria) , (Cyclotrichium)
(Holophrya) 38%; , , 45%;

(Metacystis) 13% (Oligotrichia)
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(Choreotrichia) (Group )( 3b) SIMPER
, 42% , DNA , Group Group 96%,
90% Group Group 85%, Group
cDNA Group 67%,
cDNA
(Cryptocaryon) DNA ,
22% NCBI , DNA 48%,
90%;
, 25%, 51%, DNA
(Trachelotractus) 19% 2%( 4) DNA cDNA
cDNA 7% ,
, cDNA , 45%( 5) cDNA
DNA cDNA (
, NCBI ) , 10%;
),
cDNA (Group ) , DNA cDNA , 20%( 6)
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Tab.4 Dissimilarity contribution of the ciliates species relate abundance at the level of family between Groups
ciliates are indicated in boldface)

and  (pelagic

(%) Group (%) (%) (%)

Didiniidae 0.00 45.04 25.81 25.81
Holophryidae 38.37 2.24 18.14 43.95
Strombidiidae 0.00 20.43 8.30 52.25
Metacystidae 12.71 0.00 7.29 59.54
Strombidinopsidae 0.00 7.98 6.62 66.16
Codonellidae 0.00 13.39 5.18 71.34
Cyclidiidae 7.43 <0.01 4.32 75.67
Litonotidae 5.28 0.03 3.12 78.78
Acinetidae 4.08 0.05 2.42 81.21
P Aspidiscidae 4.08 0.02 2.41 83.62
Scaphidiodontidae 2.88 0.00 1.74 85.35
Tintinnidiidae 0.00 1.94 1.29 86.65
Lacrymariidae 1.92 0.01 1.16 87.81
Nassulopsidae 1.68 0.00 1.01 88.81
Ephelotidae 1.68 0.01 1.00 89.81
Placidae 1.44 0.00 0.88 90.69
Colepidae 0.24 1.94 0.72 91.41
Trachelostylidae 0.96 1.01 0.58 91.99
Pleuronematidae 0.96 <0.01 0.58 92.57
Loxocephalidae 0.96 0.23 0.57 93.14
Condylostomatidae 0.96 0.03 0.55 93.69
Urostylidae 1.20 0.46 0.54 94.24
Orthodonellidae 0.96 0.14 0.53 94.76
Strobilidiidae 0.00 0.86 0.45 95.21
Spirostomidae 0.72 0.00 0.44 95.65
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Tab.5 Dissimilarity contribution of the ciliates species relate abundance at the level of family between Groups and  (pelagic
ciliates are indicated in boldface)

Group (%) Group (%) (%) (%)

Didiniidae 45.04 0.11 27.41 27.41
Holophryidae 2.24 22.37 11.42 38.84
Helicoprorodontidae 0.00 19.29 11.29 50.13
Colepidae 1.94 12.61 6.99 57.11
Strombidiidae 20.43 4.08 6.31 63.42
Strombidinopsidae 7.98 2.01 5.81 69.23
Codonellidae 13.39 0.73 5.06 74.29
Loxocephalidae 0.23 3.49 2.15 76.44
Trachelophyllidae 0.08 0.00 2.03 78.47
Spathidiidae 0.12 3.00 1.84 80.31
Radiophryidae 0.07 2.57 1.64 81.95
Orthodonellidae 0.14 2.23 1.37 83.32
Uronematidae 0.03 2.15 1.35 84.67
Epalxellidae <0.01 2.04 1.25 85.92

Fo EHTREKFEMMBENEERLRSHFSKNE(Group [)FA cDNA U F4E(Group I)AYIEFEBLE T ek (R IR R IZ
LR
Tab.6 Dissimilarity contribution of the ciliates species relate abundance at the level of family between Groups and  (pelagic
ciliates are indicated in boldface)

Group (%) Group (%) (%) (%)
Helicoprorodontidae 0.00 19.29 14.43 14.43
Holophryidae 38.37 22.37 10.09 24.51
Metacystidae 12.71 0.00 9.92 34.44
Colepidae 0.24 12.61 9.72 44.15
Cyclidiidae 7.43 0.18 5.74 49.89
Strombidiidae 0.00 4.08 3.24 53.13
W Aspidiscidae 4.08 0.34 3.01 56.14
Litonotidae 5.28 1.63 2.92 59.06
Acinetidae 4.08 0.67 2.77 61.83
Trachelophyllidae 0.00 3.23 2.63 64.47
Spathidiidae 0.00 3.00 2.45 66.92
3 DNA cDNA
3.1 DNA cDNA )
> >
, DNA c¢cDNA
Santoferrara  (2014) OTU /2 1/3 ,
, Ludox-QPS (
; , )> /

(Xuetal, 2010) s
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ASSESSMENT OF CILIATE DIVERSITY IN MARINE SEDIMENT ON THE BASIS OF
MORPHOLOGY AND 18S RDNA AND CDNA HIGH-THROUGHPUT SEQUENCING

HUANG Ping-Ping"?, ZHAO Feng', XU Kui-Dong"?

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The high-throughput sequencing is widely used to estimate the diversity of eukaryotic microbes including
ciliates, and can detect much higher diversity than traditional morphological methods. However, the differences between
the two types of methods in ciliate diversity and composition remain unclear. We compared the ciliate diversity and
community composition in marine sediment for the first time using morphological method and the DNA and cDNA
high-throughput sequencing of 18S rRNA gene. The morphological method detected 97 ciliate morphospecies belonging to
8 classes, 20 orders, 30 families, and 36 genera. By contrast, the DNA sequencing detected a higher level of diversity of
174 OTUs belonging to 10 classes, 28 orders, 55 families, and 76 genera. The highest diversity was obtained by the cDNA
sequencing, which yielded 284 OTUs belonging to 10 classes, 31 orders, 68 families, and 99 genera. Our analyses indicate
that morphological method detected only benthic ciliates. The two molecular methods detected higher biodiversity and
uncovered most of the ciliate groups detected by the morphological method, with a more similar community composition.
The DNA high-throughput sequencing detected also sequences of planktonic ciliates occupying about 90% of the total
DNA sequences, in which the planktonic sequences likely originated from the resting cysts of planktonic ciliates in
sediment or dead planktonic forms sunk into sediment. The cDNA high-throughput sequencing detected also sequences of
planktonic ciliates occupying about 7% of the total cDNA sequences. In comparison to the DNA high-throughput
sequencing, the cDNA high-throughput sequencing detected a more similar community composition of benthic ciliates to
the morphological method. Our study indicates that the molecular methods are more efficient in estimating the overall
ciliate diversity in marine sediment. The DNA high-throughput sequencing can obtain also the ciliate diversity of resting
cysts and extracellular and historic DNA, while the cDNA high-throughput sequencing has advantages in evaluating active
ciliates.

Key words marine benthic ciliates; species diversity; molecular diversity; DNA high-throughput sequencing;

c¢DNA high-throughput sequencing
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