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ITS2 ,
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(Zoochlorella) Kessler et al, 1992; Takeda, 1995) 1999
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algae)(Rajevi¢ et al, 2015) Brandt ;
(Greuter et al, 2000)
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(Chlorella) (Huss et al, 1990;

(Letsch et al, 2009) Henley et al, 2004; Miiller et al, 2005; Darienko ef al,

Beijerinck(1890) 2010; Luo et al, 2010; Bock et al, 2011; Proschold et al,

>

” (Chlorella-like algae)
(Chlorellaceae) (Zoochlorellaceae)(Fott et

al, 1969; Lee et al, 1982; Kessler et al, 1990; Holweg et
al, 1994; Proschold ef al, 2011; Rajevic et al, 2015)

(Fott et

al, 1969; Vinayakumar et al, 1975; Kessler, 1976;
Reisser, 1984; Douglas et al, 1986; Kessler et al, 1990;

2011; Lee et al, 2012; Krienitz et al, 2015; Rajevié et al,
2015) ,
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(Krienitz et al, 2003; Henley et al, 2004; Proschold et
al, 2007; Luo et al, 2010; Bock et al, 2011; Lee et al,
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et al, 2015)

, ITS2

(Proschold et al, 2007; Bock et al, 2011; Préschold et al,
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2011) , (Johnson,
2011) ,
Chlorella variabilis Chlorella paramaecii 2015
; (Micractinium conductrix)  Zoochlorella
conductrix  Micractinium reisseri s
(Chlorella) (Coccomyxa) 1TS2 ,
(Micractinium) (Choricystis) (Proschold et s
al, 2011; Krienitz et al, 2015; Rajevic et al, 2015)
Fott
s (Coccomyxa minor) 1
Coccomyxa dispar 1.1
, (Fott, 1976) ( ,
rDNA ITS2 2015 6 2, 88°76'97"E,
, 31°60'57"N, TB15158)
(Darienko et al, 2015; Borowitzka, 2016) ( , 2015 7 15,
rbcL 114°30'42"E, 30°53'05"N,
HB15002 10%

>

(Kulichova et al, 2014) R

Brandt(1881)
(Zoochlorella parasitic)(Guiry et al, 2016) Bejerinck
(1890)
(Chlorella parasitica) Skuja(1948)

>

(Coccomyxa minor) Fott(1976)
Coccomyxa confluens ,

Proschold  (2011)

)
(Guiry et al, 2016)
(green freshwater sponge)
(Skelton et al,
2013) )
R (Johnson,
2011) ,

DNA
(KL1500 LCD; Zeiss, Gottingen, Germany)
(DM5000B, Leica, Wetzlar, Germany)
(Differential Interference Contrast, DIC)
Leica DFC320 CCD

>

1.2 DNA , PCR
(PBS, pH=7.0)
1.5mL
CTAB [2%CTAB, 0.1mol/L Tris-HCI(pH=8.0),
1.4mol/L NaCl, 10mmol/L EDTA, 1.5% - ]
0.5mL 0.5mm 2mL
mini-beadbeater(Model 3110BX, Biospec Products,
Bartlesville, Oklahoma, USA) 2min
65°C 30min :
(25:24:1) 1 EP ,
10pug/mL  RNAase, 37°C
(24:1) , 2/3
DNA , 70%
2 20puL TE

25min

Honda
rDNA ;

(1999) 18S
Zechman(2003) rbcLQ
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rbcLB rbcL ; (2012)
ITS rDNA PCR 1.5%
) (CUV30A,
) ,

(E.Z.N.A. Gel Extraction Kit Omega Bio-Tek, )
PCR PCR

pMD18-T( , , ) ,

E.coli DH5a (M13)

( ; , )

GenBank (http://www.ncbi.nlm.nih.gov/genbank/)

1.3

Hayakawa

GenBank ,
mafft7.2(Katoh et al, 2013)
Bioeditv7.2(Hall, 2013)
MEGA7.0(Kumar et al,
2016) DAMBES5.0(Xia, 2013)
jModeltest2.1(Darriba et al, 2012)

RAXMLS.0(Stamatakis, 2014),

MrBayes3.2 (Ronquist et al, 2012)

ITS2 database ITS
(Ankenbrand et al, 2015)

ITS2
ITS2 (Ankenbrand ef al, 2015)
4sale  VaRNA3.1

(Seibel et al, 2006; Darty et al, 2009)

2
2.1
(Spongillidae sp.)( 1a 1b,
2a 2¢)
4.0—7.0m )
, , , 0.5—
1.2cm( la 1b);
, 150—500um, 250—350um(
23) ) 5
, 150—450pum, 300pum
( 20

Fig.1 The freshwater sponge collected from Nagtsang Tso, with
an olive-green tubular in morphology

Choricystis (Skuja) Fott, 1976

Fott, B. (1976). Choricystis, eine neue Gattung der
Chlorococcales (Chlorophyceae). Archiv fir
Hydrobiologie Supplement Algological Studies 49:
382—388.

Holotype species: Choricystis parasitica (K.
Brandt) Proschold & Darienko 2011

1.2—2.8um, 0.8—1.5um
, 2 4

( 2¢—g)

Choricystis parasitica (K. Brandt) Préschold &
Darienko 2011.

Proschold T, Darienko T, Silva P C, Reisser W &
Krienitz L (2011). The systematics of Zoochlorella
revisited employing an integrative  approach.
Environmental Microbiology 13(2): 350—364.

Homotypic Synonyms: Zoochlorella parasitica K
Brandt 1881; Chlorella parasitica (K. Brandt)
Beijerinck 1890.

Heterotypic Synonyms: Coccomyxa minor Skuja
1948; Choricystis minor (Skuja) Fott 1976; Choricystis
minor var. gallica (Bourrelly) Komarek 1979.

> >



6 — (Choricystis) 1119
, ; R ; rDNA s
; s,
; 1.2—2.8um, 0.8— 1.5um( (Chlamydomonas) (Volvox)
2e—g) 1594bp, 523,
( 2c—d) 336 187
TCAG 25.4% 21.9% 24.4%
28.2%
(Iss=0.054<Issc=0.791),
4 rbeLL ,
60 ,
937bp, 427
400 , 27 TCAG
29.9% 19.5% 28.9% 21.7%
(Iss=0.194<Issc=
0.739),
8 ITS ,
ITS2 228bp,
(GenBank numbers: FN298929
FN298930) (http://its2.
bioapps.biozentrum.uni-wuerzburg.de/)
, 8 ITS2
(Helix), Helix-1 32bp,
Helix-II 27bp, Helix-III 81bp, Helix-IV
8bp( 3)
5 )
Fig.2 The morphology of spicules and Chorisystis cells 18S rDNA >
ta b, ;e d, ,
, ’ . '© 100 1.00,
(4
2.2 18S
18S rDNA rDNA
GenBank ) 38 ,
; Svenzea 18S rDNA 4 rbcL
1594bp, ur -, 94,  cpDNA 4 18S rDNA
17 TCAG
25.4% 20.8% 253% 28.5% , (Botryococcus)
(Iss=0.077<Issc=0.795), (Coccomyxa) CBC ,
4 18S 58 0.84 CBC
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Fig.3 The consensus secondary structure of ITS2 inferred from eight sequences clones. There are four Helix in length of 32bp, 27bp,
81bp, and 8bp, respectively

— FJ715438 Eunapius subterraneus
AF 140354 Ephydatia cooperensis
DQ167158 Ephydatia fluviatilis
AJ705048 Ephydatia fluviatilis
AY578146 Ephydatia fluviatilis
KX139559 Spong

KX139560 Spong
AF121110 Ephydatia muelleri

DQ167159 Ephydatia muelleri
EU702416 Ephydatia muelleri
— EF095190 Baikalospongia fungiformis
EF095191 Baikalospongia bacillifera
| | DQ167154 Baikalospongia intermedia
-/0.79 | AY769090 Baikalospongia intermedia
DQ167156 Lubomirskia abietina
54/062 DQ176775 Baikalospongia bacillif-
— EF095188 Baikalospongia intermedia
69/ DQ167157 Swartschewskia papyra-
EF095189 Swartschewskia papyracea
AF121112 Spongilla lacustris
DQ167161 Spongilla lacustris
AJ703890 Spongilla lacustris
67/06 Q167162 Spongilla lacustris
KC902349 Spongilla lacustris

80/% AF121111 Eunapius fragilis
79/ ~ , EF426709 Spongilla sp.
DQ927323 Nudospongilla sp.
DQ167160 Eunapius sp.
L620-7% F426711 Spongilla sp.
follol AY609320 Trochospongilla horrida
68/0.99 DQ167166 Spongilla vastus
DQ167165 Spongilla vastus

DQ167163 Pachydictyum globosum
61/084 81/ DQO087507 Trochospongilla pennsylvanica

EF095192 Echinospongilla brichardi
DQ176774 Corvomeyenia sp.
|KC902369 Svenzea sp.

IKC902075 Svenzea zeai

50/-
-/0.78

0.01

4 18S rDNA

Fig.4 The phylogram inferred from18S rDNA sequences of Spongillidae
100 1.00 18S rDNA

s
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rbcL

100

6) , rbcL

18S rDNA

5) rbcL

1.00( )

Choricystis 98/

93/ %

96/ *

71/%

*/%

58/0.84 |

-/0.99

puka 92/ 77/0.90

*/%

—— AY195970 Choricystis sp.

AB 488586 Choricystis sp.
AB488584 Choricystis sp.
AB488585 Choricystis sp.
KX139548 Choricystis parasiticailB2icionen
AY197623 Choricystis sp.
GU067789 Choricystis sp.
KX139549 Choricystis _
FN298930 Choricystis sp.
FN298929 Choricystis sp.
AY543052 Choricystis sp.
X89012 Choricystis minor
AB109544 Choricystis minor

AH012392 Choricystis sp.
AY195975 Choricystis sp.
KX139547 Choricystis pal
KX139590 Choricystis pa
AY543051 Choricystis sp.
AY197629 Choricystis sp.
+7% AB488587 Choricystis sp.
AY195972 Choricystis sp.

occomyxa subellipsoidea

HE586518 Coccomyxa sp.

HG972993 Coccomyxa simplex

HG972292 Coccomyxa simplex

HG972991 Coccomyxa simplex

b *GQ72996 Coccomyxa galuniae

G972995 Coccomyxa galuniae

HG972994 Coccomyxa vinatzeri

HG973007 Coccomyxa viridis

HG973003 Coccomyxa viridis
HG973006 Coccomyxa viridis
HG973004 Coccomyxa viridis
HG973005 Coccomyxa viridis
HG972970 Hemichloris antarctica

KF693805 Watanabea sp.

98/+[l KF693804 Watanabea sp.

X73991 Watanabea reniformis

KMO020054 Sticoccus bacillaris

KMO020128 Lobosphaeropsis pyrenoidosa

KF693789 Dsertella californica

AJ439401 Viridiella fridericiana

FM958481 Viridiella fridericiana

EU346910 Kalinella bambusicola

HE984578 Kalinella apyrenoidosa

X73998 Heterochlorella luteoviridis

J
HF586460 Parachloroidium lobatum

= /§M946000 Chlorella saccharopila

FM946019 Chlorella angustoellipsoidea
Z47207 Dictyochloropsis reticulata

-/0.62

61/0.77 |

X13688

——— AB0128

%%  EF200532 Prasiola crispa
056 /5 [T 7xAJ311637 Stichococcus bacillaris
AJ431572 Desmococcus olivaceus
EF200529 Rosenvingiella constricta

HE984579 Leptochlorella corticola
FM205877 Micractinnium sp.
AY323837 Micractinium belenophorus

FM205834 Chlorella sorokiniana
AY323840 Didymogenes palatina
AB037085 Dicloster acuatus

AY323841 Parachlorella beyerinckii
*/* Y17470 Closteriopsis acicularis

EU105208 Xylochloris irregularis

Chlorella vugaris

45 Muriella terrestris
EU123942 Trebouxia aggregata

*/%
MGMOO Trebouxia jamesii
Z21551 Trebouxia impressa
*/% r AB080310 Asterochloris erici
/% Z21552 Asterochloris magna
v Z47208 Myrmecia astigmatica
'228971 Myrmecia biatorellae

mydomonas rosae

| 55— FR865603 Chla
LC086364 Volvox tertius

0.05

5

18S rDNA

N003601 Heveochlorella roystonensis

Chilorellales

Trebouxiales

18S rDNA

E

CBC clade

Watanabea clade

Prasiola clade

Fig.5 The phylogram based on 18S rDNA sequences of Trebouxiaphyceae

CBC

100 1.00

>

100/1.00
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AB592342 Volvox ovalis

*/%

_|—_ABGG3337 Volvox ferrisii

*/* 1 KM462878 Choricystis parasitica
DQ219819 Choricgstis garasitic

KX139561 Choricystis para

AY234381 Choricystis sp.
AY902228 Choricystis sp.
KM438409 Choricystis sp.

*/%

AY543055 Choricystis sp.
AY543060 Choricystis sp.
AY543059 Choricystis sp.
DQ219818 Choricystis parasitica
AY902233 Choricystis sp.
EF012703 Choricystis parasitica
AY234380 Choricystis sp.

— ' AY822046 Choricystis sp.

_| 061 _:*’ X FJ217373 Elliptochloris sp.
JN399235 Botryococcus sp.
65/0.87 */% EF589155 Pseudococcomyxa simplex
: HM754405 Pseudococcomyxa simplex
5064 [FJ217383 Coccomyxa chodatii
x/x| KM438443 Coccomyxa simplex

T |90/* FJ217384 Coccomyxa rayssiae
KT253164 Coccomyxa sp.

/077 84/% KT253162 Coccomyxa cf. olivacea
* [k KT253166 Coccomyxa sp.
KT253163 Coccomyxa sp.

HE984584 Xylochloris irregularis
] TE AM260443 Uncultqrec! Chilorella c_:lone
/% _(E AF189067 Rosenvingiella constricta
AF189063 Prasiola fluviatilis
——— AM260442 Stichococcus bacillaris

AJ969630 Trebouxia magna
N EU123967 Trebouxia aggregata

x| L—— HE984583 Leptochlorella corticola

03/ % EF113405 Actinastrum hantzschii
HM101339 Chlorella sorokiniana
** AB260910 Chlorella sp.
AB260904 Chlorella variabilis
56/076 AB260909 AB260909 . .
_|':EF113433 Closteriopsis acicularis
61/% AB260912 Parachlorella kessleri
EF113455 Picochlorum oculatum
HG793065 Trebouxiophyceae sp.
K KMO085344 Trebouxiophyceae sp.
094 o 5o HF674885 Chloroidium ellipsoideum
KP202851 “Coccomyxa” sp.
*/*| EF589156 Chloroidium ellipsoidea
KM464714 Watanabea reniformis
*/x| KF693819 Trebouxiophyceae sp.
KF693820 Trebouxiophyceae sp.
HE984581 Kalinella bambusicola
HE984582 Kalinella apyrenoidosa

52/0.69

HE984580 Heterochlorella luteoviridis
HF586463 Parachloroidium lobatum

0.1

EF012702 Choricystis parasitica
HQ317294 Hemichloris antarctica

Choricystis clade

Coccomyxa &
Botryococcus clade

Prasiola clade

l Trebouxiales

Chlorellales

Watanabea clade

1.00
rbcL cpDNA

6 rbcL cpDNA
Fig.6 The phylogram based on rbcL rDNA sequences of Trebouxiaphyceae
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THE ENDOSYMBIOTIC GENUS CHORICYSTIS (TREBOUXIOPHYCEAE),
A NEW RECORD FROM CHINA
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HU Yu-Xin"® HU Zheng-Yu?, LIU Guo-Xiang'
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Abstract

Two green freshwater sponge samples were collected from Nagtsang Tso, Tibet and Ziyang Lake, Hubei.

The endosymbiotic algae were observed within sponge cells of both samples. The coccoid algae were identified as

Choricystis parasitica based on morphological observation and phylogenetic analysis. The main results including: (1) both

strains were broadly ellipsoid, with a size about 1.2—2.8um in length and 0.8—1.5um in width and the chloroplast were

parietal without pyrenoid; (2) the phylogenetic analysis based on 18S rDNA and rbcL cpDNA showed that the two strains

were nested in the family Coccomyxaceae, the genus Choricystis; (3) The two strains shared a same ITS2 secondary

structure with the type species, Choricystis parasitica. This paper first described the species Choricystis parasistica and

the genus Choricysits in China, provided the morphological and molecular evidences of Chinese Choricystis specimens,

and enriched the diversity of green algae in China with a useful reference about this group for further studies.

Key words coccoid green algae;

ITS2 secondary structure;

freshwater sponge; Choricystis; Phylogeny
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