$37% B3
2013 4 5 A

P A S S 7/ B S

ACTA HYDROBIOLOGICA SINICA May,

Vol. 37, No.3
2013

doi: 10.7541/2013.46

W [E R K R E N AT L KB ——F 7] B (Mychonastes)

FHEL P

wAR R

Ak FHE FRE

(1. PEBERKEEMBISEAT, R 430072; 2. PEBIERE A, LR 100049)

RE: ANREEBSE ., HHRERE 2 RBMENE, MHIFTESYE., JEEMEHT 18S IRNA EFHF5
St HEREH: BWRAMRIEA . SHMER R 7] B (Mychonastes Simpson & Van Valkenburg)4#1E,
HRpEE 2 B2, MRS MBE R E B ASHLIN B R L RSB - A5, A —ER R IESS, SREAEE .
AEEOABRMHSEMER RS 1A, R EA . AR, SRR AR DRERTF X EH, 4
4 18S rRNA FFFI4MT, WHIAAERWE, BTEEN. 88], RZEEREBRKEANERER.

K KEN, EWB; PEHFNCR
FE S ES: Q949.21 X HERFRIRAS: A

#R 134 FF 45 97 (Picophytoplankton, <3 um)) 2
AT AR RBA R E TR EIE T, 2KE
MEEMEATHD Y, 158K % (Picocyano-
bacteria) Fll# 1% B A% ¥ (Eukaryotic picoalgae),

— PRk, SR ) TR IO W AR D B RRE R :
HpERR, ESE R, DGR TR o E LT
AFEC, T HA RN, AR, 6 FHYE
Jb2 B B 2 R T B A AR M 2 E B 490K
SR b H B4 3R “Small coccoid B Chlorella-
like cells; little round green balls”(LRGT)EX Nanno-
chloris-like algae™" ?, QBT XX KB HATHHF
AL E bR, Fatd AR T HAEBR
KR R

HET, ESS#RIE R E IR K BB A2
FEA: Choricystis minor (Skuja) Fott® ®) Pseudo-
dictyosphaerium jurisii (Hindak) Hindak™™ ., Mychonastes
homosphaera (Skuja) Kakina & Pun&ochafova!'® n,
Nannochloropsis limnetica Krienit, Hepperle, Stich &
Weiler™ ', BRHH . db3E . DIGSISERA BHIT I
Y5 s B BMESHAMARRE R E HEKRGE.
I 1 R A KT RGBSR R WY 446 £
FEVE T T BRI SE, AT BRI K22 HR (hE R

B B HE: 2012-05-12; &7 HHJ: 2012-09-12

X EHS: 1000-3207(2013)03-0473-08

KER—RLGE . HEFAER) P dls X TR
HEBREMAER  MEE T 2006 4 A EML T BK
13 2 BREFh AR, XIHT TIRESY . 4
B RENEE, FIN455 18S rRNA ENF5
ARG TR EH P RFEWAL, HA K ERK
HEZ B MY 2 RN RA TR E .

1 M#P5Fx

1.1 BRI ESEF

B — 58 & B0 e R 46 W K #E 1l if Whatman
GF/C B B8 4F 4 yE B 8%, Whatman 2.0 pm FL42 8 B 5%
FRER AL, Bt u8 /K R (B R KA ) R P Al sl S Al
MFE& 1%B0EH BG11"8;, BBMUWE ;37 3,
HAHENEHFEEEEAE FXREREN, T
20—30 pmol photons/(m*s). YGHEEH 12h : 12h,
BEQS)CEM FIEFE, fFFPR B E AT LEE,
PRI B IE AT BN, H— B g alifb B BT,
PRHIEIEE BG Mtk FRE, THRAZH TR,
A5 EE DC-10 A1 DC-11 (4r51F 2006 4F 7 A F1
2006 4 10 A 438 B EHKEE).
1.2 EAEFNARBHERNE

BUE SR B KB B B MR AT R B8 e v

E4mB: AT Lk 55 T K £ (2008ZX07105-006, 2008ZX07102-005, 2009ZX07101-011-03)¥F B
fEH R FHEQ977), &, WHEA; Bt FENFEBABAEREWY HMFR . E-mail: liyh7822@163.com
BIEMEE: XKE, PF95R; E-mail: liuyd@ihb.ac.cn; ZEHAR, E-mail: ligh@ihb.ac.cn
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BRI, 2B FAEY B4 (Nikon ECLIPSE
E600). 3% H4%(#72% FEI A 89 Quanta 200)F1:%
SHE85(H 4 JEOL /A Al H JEM-1230)F45% .
1.3 EHAMEEEA DNA 2

FESR (BRSFEYFLERER) BN
RIS, BB BARBERARKBINER, T 20C,
12000 r/min &5.0> Smin WA B4 M FH WK B % 3
K, I 567 uL B TE Zrf#[100 mmol/L Tris-HCI
(pH 8.0), 20 mmol/L Na,EDTA]J% & WK T {# 3 40 o T
B2, hn 30 pL 10%# SDS 1 3 pL 20 mg/mL
A K, B4, 37°CIRE 1h, SERERBES;
100 uL 5 mol/L #J NaCl, FE4HEAIEHA 80 uL 10%
%) CTAB/NaCl ¥&¥, 182, F 65CIRE 30min; /il
LHRBHMm - S5 RIKEEQS 24 ), RY, F
20°C, 10000 r/min B5.(> 10min, /INCIRE HIE EHiE S,
IR/ R EE24/1), IR, 20°C, 10000 r/min
AL 10min, BE 1 K, BB LEZFHED, 0 0.6
FEARFRIIVKYS RIRBELIE DNA, F 4°C, 12000 r/min,
10min B.00% DNA THE; 70%ZBHFME 2 IREM
50—100 pL JCE /K%M DNA, 20 C{RFF
1.4 ¥k 18S rRNA EFF 5447 18S rRNA EH

I

i FIE R Y@ A 18S rRNA FFE S| Yxt 18F
(5'-ACCTGGTTGATCCTGCCAG-3")#1 18R (5'-TGA
TCCTTCT/CGCAGGTTCAC-3") (Moon-van der Staay,
200)!" T HE ML 18S rRNA EFH KB, 3147 ki
WG M. PCR WA FR N 20 pL, f34%: 10xPCR
22 w1 [200 mmol/L (NH,),SO,, 750 mmol/L Tris-

HCI (pH 8.8), 0.1% TWEEN 20], 1.5 mmol/L MgCl,,
dNTP 200 pmol/L, 5|44 0.15 pmol/L, 1 pL #tk

DNA, 0.2 U Tag DNA R4 B (Fermentas), NI/K%MNE
3 20 puLo SR £cH: 94 CHIA M Smin; 94°C 60s,
58°C 60s, 72°C, 90s, fE¥ 29 ¥K; 72° CLEff 10min.
PCR #4749 F 1.2%37 RE W GE Je by vk Gl 47 3%l
B K/ME 1800 bp 224 6

PCR =¥REIS ., ik 52fg ¥ A PCR
Y OMEGA (USAYRH & [ dicaifh, E#E
pMD 18-T vector (Takara, Japan), ¥4 KIHITH E.
coli DH 5o /&322 40 /d, {5 |#%+ 18F/18R #E17FH
PETERER T, XTEA BRI, B L Invitrogen
A ARE PR B S BIF

BRREREHOW % Clustal X
(1.83)#1T L FFH HuXF; MEGA 4.0 RFSEHEEND)

A KR 4R MPYERSEW, B IR (Bootstrap)

#E17 1000 RER, RE—BEREWN. ATHERS

AL B9 B R B GenBank {5 B.(3& 1). 38k DC-10
*1 BTHERRZEHUKIIERREZH GenBank £2

Tab. 1 Strains used for phylogenetic tree construction and their
GenBank information

%]f)f;c Bk Species Aﬁ;in

o.

Trebouxio- Chlorella kessleri SAG 211-11g X56105

phyceae  Chlorella vulgaris SAG 211-11b X13688

Chlorella minutissima C-1.1.9 X56102

Chlorella sorokiniana SAG 211-8k X62441

Choricystis minor X89012

Nanochlorum eucaryotum X06425
Nannochloris sp. RCC 011 AJ131691

Trebouxia impressa 221551

Chloro- Mychonastes homosphaera CCAP 211/8¢  X73996
phyceae  pgchonastes homosphaera AB025423
Mychonastes sp. AS 7-9 AY 195971
Pseudodictyosphaerium jurisii AF106074
Mychonastes jurisii CCAP 260/1 GQ477038
Mychonastes pusillus CCAP 260/4 GQ477039
Mychonastes racemosus CCAP 222/34 GQ477042
Mychonastes racemosus CCAP 222/35 GQ477043
Mychonastes afer CCAP 260/6 GQ477044
Mychonastes pushpae CCAP 260/9 GQ477046
Mychonastes pushpae CCAP 260/10 GQ477047
Mychonastes afer strain CCAP 211/406 GQ477049
Mychonastes huancayensi SAG 89.81 GQ477050
Mychonastes racemosus CCAP 222/52 GQ477051
Mychonastes rotundus CCAP 260/14 GQ477053
Mychonastes homosphaera CCAP 205/1 GQ477054
Mychonastes timauensis CCAP 205/2 GQ477055
Mychonastes homosphaera CCALA 380 GU799582
Mychonastes homosphaera CAUP H6501  GU799581
Mychonastes sp. 5C3 AF357150
Mychonastes sp. 2C1 AF357151
Mychonastes sp. AN 2/29-3 AY195965
Mychonastes sp. JL 1/12-12 AY195978
Mychonastes sp. Tow 6/3 P-1w AY197637
Pseudodictyosphaerium sp. Itas 6/3 M-2w  AY 543062

Pseudodictyosphaerium sp. ltas 9/21 S-3w  AY 543064
Pseudodictyosphaerium sp. Itas 9/21 14-4w  AY543065
Pseudodictyosphaerium sp. Itas 9/21 14-8w AY543066

Chlamydomonas reinhardtii M32703
Chlamydomonas humicola U13984

Prasino- Mantoniella squamata X73999
phytes  Pseudoscourfiedia marina X75565
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Mychonastes homosphaera CAUP H6501 GU799581
F—DC-11FJ834169

Mychonastes homosphaera CCAP 205/1 GQ477054
Mychonastes sp. AS 7-9 AY 195971

Mychonastes homosphaera AB025423

Mychonastes pusillus CCAP 260/4 GQ477039

52 DC-10 FI834168

Mychonastes homosphaera CCAP211/8EX73996

Mychonastes homosphaera CCALA 380 GU799582
Mychonastes rotundus CCAP 260/14 GQ477053

[ Mychonastes sp. AN 2/29-3 AY 195965
Mychonastes sp. JL 1/12-12 AY 195978
QlMychonastes sp. 5C3 AF357150
Mychonastes sp. 2C1 AF357151
Mychonastes timauensis CCAP 205/2 GQ477055 Mychonastes group
51y Mychonastes pushpae CCAP 260/10 GQ477047
sl Mychonastes pushpae CCAP 260/9 GQ477046 Chlorophyceae
Mychonastes afer CCAP 260/6 GQ477044
85|| Mychonastes racemosus CCAP 222/52 GQ477051
Mychonastes racemosus CCAP 222/35 GQ477043
Mpychonastes racemosus CCAP 222/34 GQ477042
Mychonastes afer CCAP 211/406 GQ477049

Mpychonastes huancayensi strain SAG 89.81 GQ477050
100| | Pseudodictyosphaerium sp. Itas 9/21 14-8w AY 543066

Pseudodictyosphaerium sp. Itas 9/21 14-4w AY 543065
Mpychonastes jurisii strain CCAP 260/1 GQ477038

Pseudodictyosphaerium sp. Itas 6/3 M-2w AY 543062

Mychonastes sp. Tow 6/3 P-1w AY 197637

Pseudodictyosphaerium sp. Itas 9/21 S-3w AY 543064

— Pseudodictyosphaerium jurisii AF106074

S Chlamydomonas reinhardtii M32703
mmydomonas humicola U13984

Chlorella minutissima C-1.1.9 X56102

100

96

Nanochlorum eucaryotum X06425
Nannochloris sp. RCC 011 AJ131691
Chlorella kessleri SAG 211-11g X56105

100

Chlorella vulgaris SAG 211-11b X13688
Chlorella sorokiniana SAG 211-8K X62441

: Choricystis minor X89012
72 T

rebouxia impressa 221551

Pseudoscourfiedia marina X75565
—i Prasinophytes

Mantoniella squamata X73999

0.01
—

B2 RAMBEENDE T 188 tRNA 3 HFFIME KRG LR
Fig. 2 Phylogenetic tree (neigh bor-joining) inferred from partial 18S rRNA gene sequences
B R MR R B LR K GenBank JF5 5 (K R IKB M F IR A LR), bootstrap EH 1000 X, S EF 4 R 4% (Prasinophytes) ] 2
L7 X3
Terminal branches are species names and their GenBank accession number. The species in bold font are sequences determined in this study.
Numbers at nodes are bootstrap support percentages of 1000 replicates. Two species of Prasinophytes were listed as the outgroup
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—DC-11 FJ834169 ] i
Mpychonastes rotundus CCAP 260/14 GQ477053
Mychonastes homosphaera CCAP 205/1 GQ477054
rDC-10 FJ834168

Mpychonastes sp. AS 7-9 AY 195971

Mychonastes homosphaera CCALA 380 GU799582
Mychonastes homosphaera AB025423

Mychonastes homosphaera CAUP H6501 GU799581
Mpychonastes pusillus CCAP 260/4 GQ477039
Mychonastes homosphaera CCAP211/8EX73996

- Mychonastes sp. AN 2/29-3 AY 195965

Mychonastes sp. JL 1/12-12 AY 195978

bo Mychonastes sp. 5C3 AF357150

Mychonastes sp. 2C1 AF357151

Mpychonastes pushpae CCAP 260/10 GQ477047
Mychonastes pushpae CCAP 260/9 GQ477046
Mychonastes timauensis CCAP 205/2 GQ477055 Chlorophyceae
Mpychonastes afer CCAP 260/6 GQ477044

Mychonastes group

Mychonastes racemosus CCAP 222/35 GQ477043
g5| I Mychonastes afer CCAP 211/406 GQ477049

F Mpychonastes racemosus CCAP 222/34 GQ477042
Mychonastes racemosus CCAP 222/52 GQ477051

Pseudodictyosphaerium sp. Itas 9/21 14-8w AY 543066

Mychonastes huancayensi strain SAG 89.81 GQ477050
Pseudodictyosphaerium sp. Itas 9/21 S-3w AY 543064
Mpychonastes jurisii strain CCAP 260/1 GQ477038
Pseudodictyosphaerium sp. Itas 9/21 14-4w AY 543065
95 Mpychonastes sp. Tow 6/3 P-1w AY 197637
Pseudodictyosphaerium sp. Itas 6/3 M-2w AY 543062
“ Pseudodictyosphaerium jurisii AF106074
Chlamydomonas reinhardtii M32703

6 ﬂdomonas humicola U13984

95— Chlorella vulgaris SAG 211-11b X13688 |
95| | Chlorella sorokiniana SAG 211-8K X62441
63 — Chlorella kessleri SAG 211-11g X56105
92| —— Chlorella minutissima C-1.1.9 X56102

100

Trebouxiophyceae

61 Nanochlorum eucaryotum X06425
99l_— Nannochloris sp. RCC 011 AJ131691]]

Choricystis minor X89012
Trebouxia impressa Z21551

Pseudoscourfiedia marina X75565
——-—I—OO‘I—— 9 Prasinophytes

Mantoniella squamata X7399

-
20

B3 RABKEAEMP)ETHS 188 IRNA 3 H 7 52 I R A H ALK
Fig.3 Phylogenetic tree (Maximum parsimony) inferred from partial 18S rRNA gene sequences
R R R AR GenBank FF 515 (A3 1T S ARIR), bootstrap EH 1000 1R, SMAEH K AL B (Prasinophytes)y 2
733 .
Terminal branches are species names and their GenBank accession number. The species in bold font are sequences determined in this study.
Numbers at nodes are bootstrap support percentages of 1000 replicates. Two species of Prasinophytes were listed as the outgroup
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homosphaera CCAP211/8E  (X73996) . M. Homo-
sphaera (AB025423)., M. homosphaera CCAP 205 %§
Mychonastes (Simpson & van Valkenburg)/& #9 At
BERRLL 85%F4 bootstrap {HALFE IR, NHEIH,
[f] Pseudodictyosphaerium jurisii Lk 100%H bootstrap
HAY R 2 AT R, 18 T4 44(Chloroph-
yeeae), [6)/NER#EB (Chlorella Beijerinck). Choricystis
(Skuja) Fott Z¥RK 8 UL I BB B B2 BT e
[ 47 1 35 2R (Trebouxiophyceae) AL AL A 4R o

2.4 ZEWEMychonastes Simpson et Van Valken-

burg)

ZRFER/PRER LM, EAREAZ., 4
MERFE . BRE BB, @MEE)R, 2 2, AAE4H
BERE M, BAREA MR E S, Haik
1—4 A, B4, SRIRR, HHEBRL @ Pl
ERTFAME, AR, i1, EFRART
HR/MNG £ R, Snrtk 1 A2

Bk DC-10 B R/ . TBAR . mERIRTB A
R BELS Y BRI FEA T XA EZT B M. ho-
mosphaera FEA ARV, FEM AT 18S rRNA R H K
SGEBEMP, DC-10 M DC-11 {7 T vl @ #EH AL
b, BTREN. B H TR 18S rRNA ZH T3
PR, RAEFRMK, ERENHLR P RRESH
—HHEHFKF . HIEATH DC-10 # DC-11 1324
ZulEMAE, HEEERIRE NSRBI,

3 i

Z 7] J& i1 Simpson 1 Van Valkenburg T 1978 4F
BIKHR, EEF A M. ruminates Simpson & Van
Valkenburg, 7B BEELH2MYIFER A, M5
JRSE R/ NERBESB Y C. homosphaera Skuja i C. zof-
ingiensis Donz R P BE T B, A HEH LA M
homosphaera F M. zofingiensis (Donz) Kalina &
Puné&ochatoval'® '), M. homosphaera Rl M. ruminates
B, REREEARE, M. homosphaera 5178 B
R, T M. ruminates 43 8 B 8K . M. zofingiensis
R4 R/ . AR ERFREARET M
homosphaera, I K/N 2 FEFIEHE, HEEILA
BB, TR RER T B Tk 64 AN,

[8] M. homosphaera RN\ Z AL 7EF, 7E DC-10
RITUEBWLEMAFHRESZ R 2 4, BIREH
Mitugt 4 MERET, XRS5 MG FREARR

N4 TFARMERNBEAE X, 75, FaEELU
6,51 Kinneret 3§ F9 B A L, DC-10 40 HIEE b B il 9
P S

EZalEE A, EB)Z, GFRRM
JoRI# bk &Y 7845 2 T Baringo i #1 Victoria 3,
P Erken 1, 72 Stechlin ¥, EVJE Gandhi #1"",
L85 Kinneret #11'% %5+ Hagel # . Lucerne #i#
Alpnach #®, ZEJtiARMBM Arrowwood EFREY
HFHREYRT K N EK OB 4,

5 FREE R RAGRTEURE FRBR S
HAKRELAHHIT, Friedl T 18S tDNA F5143
Mr, BXKEIEHN 2 DAFRHN, 25 RF SN
(Trebouxiophyceae) il 4% 3 44 (Chlorophyceae)' . 1}
& Huss, et al T S8 BREHRM
SFEYFPRRNER, /NRBEERE(Chlorella taxa)
B TR BRAMBREN, K M homosphaera J&
TN, /NERBE(C. vulgaris Beijerinck) . Pl EK/NEK
PE(C. kessleri Fott & Novakova), C. lobophora An-
dreyeva I C. sorokiniana Shih. & Krauss 4 F1J& F /s
¥R ¥ B (Chlorella Beijerinck), JBFFIRE B4, HAHIE
REHER AR RER S, HEhEE 2 B
RBHRIRANEAZS 2, /BRI /NEREE R A
XAy, HAMpeE®, ALY R, SM=490 e
AREBE-H-E =R, (PERKELE RS,
DERFAES) PIH/NRERAE 3 R, SRR/
B, WE/NERBE(C. ellipsoidea Gerneck)FIE 4%/
IRBE(C. pyrenoidosa Chick), {HERKEBEEEN
B) %], gEH) PR NRERGE 5
BR/NEREEFI I/ NERBE SR, A LR/ DIRE . BHE
INERBE(C. sacharophila (Krueger) Migula)Fl K/
ER#E(C. emersonii Shihira & Krauss), £ Huss, ef al.
FIER/NERIESS 18S IRNA HERLELAEW, B
FE/NBRBE . BEIRI/NERBE . C. luleoviridis Chodat 1 C.
mirabilis Andreyeva % VAR S A bootstrap {E(>88%)
RE—&, WHEMNZEFEERRBIE, FE/ABRE
BB TR N, W) AR S /N
BEEOABKXG/DIRBEBEME B, NRE
JE ) 4 FPEEHMIIA/NT 3 pm, AB TR HAE
YiyesE, BEOK, MEABAEHEAK,

FIVEIRE /NUERIREEIR A Nannochloris
(Naumann), H# Naumann X} Nannochloris B
R N. bacillaris (Naumann)fJREGHEAR, @ d —40
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SN, B T 4% H (Ulotrichales)!”, T Al /&
MR 7 XA,

th W ER % J& (Pseudodictyosphaerium Hindak)[F]
EZURYRE THEN, ZEMEAREN: BH
M EMA, HEER 2—10 um, HEEREA, R
B, AREARK, H—-EWRmaes, L4
R R - =B 1) B o e ae TR/ AR ;= B3 1 AN
RUKAK N % o, F8E Stechlin 3PV H B JB 7Rk
M Itasca WIPVERA H A&k, Hb, P jurisii
(Hindak) Hinddk 5 ¥] ¥ #§i8~ Dactylosphaerium
Jurisii Hinddk, FERIERARNEE ANz 78K H
X 43 Z D W BR B & (Pseudodictyosphaerium), 2—Fh
WL IR AR, (Bl IR A T R, |
FRAT I B 40 MO B i e A — i, (BT S AR
25 5 W% 3 41 B A0 W A8 5 B 1 TRHF IR 25 4 O I B
EREFIINEREZENEREZMT, BARES L
R B RN T % /N BROE S R 2
B PRI ME

BRORE B IMAR Bl T HAM /D, BB F4REM
(FITIAR ME X E AT IEM 028, MG S HEN S T4
Yk B E e oy i, REAR
KIRKBIHEZERN D BIEFR . BAE., £HAS
2. BHENMFREXFVRE ST E MG, B
WHERFHE BT KHRBEEEE, 2BEREE
HEZWEBIFFEYM R, DgRErIRAKE M
TFUFHE Y B 5 20k

Bt

RO BENL e . MY ead RXIHITE
WA FARSCHTE SR B, B = r K BE SN
TR O TGS . B R AN IR I s TAE
N RTFEE MR GRS R P R R B A 5
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MYCHONASTES, ANEW RECORDED GENUS OF FRESHWATER
CHLOROPHYCEAE ISOLATED FROM A CHINESE LAKE

LI Yan-Hui" %, HU Ming-Ming" %, SHEN Yin-Wu!, LIU Yong-Ding',
LI Dun-Hai' and LI Gen-Bao'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Morphology, ultrastructure, and 18S rRNA gene sequences of two strains of eukaryotic picoplankton isolated
from Lake Dianchi, China, were analysed. Results showed that cellular shape, structure and autosporulation of two
strains were similar to characteristics of the genus Mychonastes Simpson & Van Valkenburg. The cell wall was consisted
of double layers. The outer layer had a network of ribs on its surface and a trilaminar sheath, which appeared as a
dark-light-dark triple layer. Cells had a minimal set of organelles, typical for small coccoid green algae, a single nucleus
one mitochondrion, one chloroplast without pyrenoid. Chloroplast was parietal, cup-shaped and occupied most of the
cell volume. The phylogenetic tree based on 18S rRNA gene sequence data showed that isolated strains belonged to the

genus Mychonastes, which belonged to the Chlorophyceae (Chlorophyta). Mychonastes was a firstly recorded genus of
eukaryotic freshwater picoalgae in China.
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