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A newly recorded cyanobacterial genus Geminocystis in China and its taxonomic and ec-
ological notes
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Abstract: Modern molecular biological technology has provided much information and evidence for cyanobacterial diversity. Unicel-
lular cyanobacterial genus Geminocystis was established in 2009 by separating from Synechocystis. In this study, a cyanobacterial
strain was isolated in May 2017 from Lake Yueya—a small and enclosed lake close to the Lake Qinghai. This strain shows the close
similarities of 16S rRNA gene sequences to the strains of Geminocystis as over 97% ,and group with the strains into a cluster in the
phylogenetic tree. The keritomized content and irregular arrangement of thylakoid in cells of this strain represent the unique features
of the Geminocystis genus. The Geminocystis genus is firstly reported in China, and its taxonomic and ecological notes are discussion
in this study.
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AE TP Y DNA A5 I 25 5 57K | Synechocystis PCC6308 Y 16SrRNA i A 5 37) [r] 42 i 348 i) A6 =X b 2 (8.
aquatilis) LA )X Synechocystis PCC6803 1) 16STRNA J& [H 7 FUAHBIEE AL F 90% , X M 4UE C 28 B & Mo AIK T 20 1
Sy AR B2 1 I T L BT LA SE BEAR S Synechocystis PCC6308 15 AR5 AE FE 7. 1 BUHEHE DL K A2
Tl 1 DR BEBE ( Geminocystis herdmanii) , SUTE XU PEIR B A 3 Fh—A>Fh 26 B AR WAL ( Geminocystis pap-
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T 2017 4 5 HTEH 1848 16151 R 7 — BB &I XUt X B 19 H 87K 48 (36°39718.0"N, 100°22"14.8"E , i
P 3197 m) 8 FH 25" VA ) SR SE K R R S VR I 28 R M IR B R 1 10 R AK AR ER BE 6%0; IR BE 17.1°C
pH 18 9.05.
1.2 BMHE

8 R KT T CT 3537 3% 25" PRI AE WY RSB KRR HEA T B B 35 3% (B3R IR Ol 25°C , YL s i
N 25 WE/(m’s) DGR 12 h:12 h) ™10 KGRI AN 0 BIE T B 565 R RE F- W04 T e b
AYE K T O B AN, 7R 100 A5 (31 0 0BT T Bk E PR P 24 o BRI AT A, B B E TE B K R R
5~6 K, RIS HE R BFAA KB (5 et CT B53R3E0Y 24 FLANMLIE FRAR h 85 9% (B3R ik TRl ) . K59R 20 X
Jr S ARl Al E AR RS A S ml CT 15353 AR VB RS A v | (RA7AE b BB B K A A
TR T WA YR SR b SR 45 CHABG6541.
1.3 EAMEANBHNTELEGREZRE

FEIRTEAS M WLZE A ] Nikon eclipse 801 V2% BAEE , 4 1270 JT & FE BT AP ( DS-Ril ) FIAHIE i
1 & XL, B IR B AT ) 3 ik B 4 S 3 BT AR A NIS-Elements D 3.2 #E47. 447 B8 30 & 53
FEe BEALEHRL S0 AL 1 B A0 M A T4 TR R I i S ST A0M B B AGEG fE FHAR R a (R K 440
nm, ZHHE K 680 nm) BELLER A (FE K 525 nm, BB 570 nm) AR A (LB 595 nm, &4
P 630 nm).
1.4 E40AE DNA $2EUF1 16S rRNA EE F 5 E

XL BRI KIS RG , 2% Lin %0 04T DNA B3I FH 978 16S rDNA & 16S~23S [1]
ITS JF 50514900 PA I B23S 70 i 18 52 A W AR A B W) 45 . PCR R MR Rl 50 ul, 4355 200
mmol/L dNTP 1.5 mmol/L MgCl, ,1xbuffer PCR ZZ#1¥& .10 pmol 5|4 .1 U Taq DNA R-&E§. PCR [ 414
N2 94°C TSP 5 min;94°C 75 30 s,55°C 1B k 30 s,72°C ZEH 2 min, 35 MEEE ;72°C ZE{# 5 min. PCR ¥4 7=
YU 1% (A B G 1 V68 e el R AR 0, 3 oot fie [ i3t 370 & TET U ( Bio Flux ) , 5 b 3 2844 pMDI8-T L ( Takara,
Japan) . K EREER T AJRSZ SN E.coli DHSoc Hh , PR 70 B 26 U3 BREfide A A FR 2 0 3t A 3L 1
¥, WA AR 2T 5 R B Bio Edit #1044 PF8.
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Fig.1 Light microscopic image of Geminocystis sp. CHAB6541 (a-c show cell morphology of
CHABG6541 under visible light; d shows distribution of chlorophyll in CHAB6541 cells;

e shows distribution of phycocyanin in CHAB6541 cells; K= keritomized content)

22 HFREFH

FH ARG W1 CHAB6541 B4, 345 T 444 1862 bp 1Y 16S rRNA ITS FI#B4 23S tRNA ¥4,
Genbank 55 MH094654. H: 16S rRNA JF 37843 7E NCBI #E4T Blast 2347 & B, CHAB6541 #Eikk 53k A H AR
NIES3708 Fi1 NIES3709 J% ¥ [ 5 B 3 b 2 B4 Synechocystis sp. PCC6308 F& 3 1488 i M A E (35 1) . #RIR
T EARAE R 1305 bp ZEILMALS AR R G K BB, HE R CHAB6541 [F] Geminocystis J& T B
R (E3).

CHABG6541 1) ITS J¥31 L&A Tle F1 Ala Wi~ (RNA 4if%IE P, H 20 4544 55 Komarek 25" % F A9 4
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2 BT BT 19 Geminocystis sp. CHAB6541 BB
(a Al b A3 B IE A K AN R R T AN A AR B b, T e fA)
Fig.2 Transmission electron microscopy( TEM) images of Geminocystis sp. CHAB6541

(a and b show ultrastructure of normal cells and aged cells; T represents thylakoid)

LEFIMEA 2257 (£ 2) . Geminocystis sp. CHAB6541 il Geminocystis herdmanii PCC 6308 f) D1-D1° $2ig 45 # 4H
[A)  FEFHBZEAL B — 7 bp BBHE , RIm IR G5 A 4 bp. PIREAFE BN Box-B B2 JE 45 ¥ AN [F] . Geminocystis sp.
CHABG6541 JEB2541 & — 8 bp Wi , KEaIRIREEHI &4 4 bp; 1T Geminocystis herdmanii PCC 6308 2541 &
— 6 bp B, EARARIGIRREE I [FREF A 4 bp, (EREFRIREEH 57 3 — BRI AZ Sy S S PIRR DU SE Y V3
LEMWANTR] . Geminocystis sp. CHAB6541 JEFRZ540 7 — 8 bp WRME, Ruti R E5H9 & 4 4 bp; I Geminocystis
herdmanii PCC 6308 JE2E 4135 — 7 bp $RHE , A FRRES H4 A

1 Geminocystis J& T ANRIEARN 16S tRNA KPP S AR I L4

Tab.1 The 16S rRNA gene evolutionary distances matrix (% ) among different strains of Geminocystis

Btk 1 2 3 4
1 Geminocystis sp. CHAB 6541
2 Geminocystis herdmanii PCC 6308 AB039001 97.49
3 Geminocystis papuanica PAP1 EF555569 97.60 97.95
4 Geminocystis sp. NIES-3709 AP014821 97.09 97.84 98.70

%% 2 Geminocystis sp. CHAB6541 Fl Geminocystis herdmanii PCC 6308 [
168~238 rRNA PFFHE SRR X (1TS) 45 H i He
Tab.2 Comparison of secondary structures of ITS of 165-23S rRNA between
Geminocystis sp. CHAB6541 and Geminocystis herdmanii PCC 6308

AR Geminocystis sp. CHAB6541 Geminocystis herdmanit PCC 6308

D1-D1’

Box-B

V3

tRNA

AAMGGUAAUC

AGCUAUUAG
AUGUUCAGUA

AACAAGUCGU
¢ ANGUACGACA

AGCAUGUUGU
Tle, Ala

AAMGGUAAUC

AGCUAUUAG
AUGUUCAC

AGCAAGUG
cAGUAGGGU

AGCAUCCUA
Tle, Ala
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100/100/100— Snowella litoralis 0TU35S07 AJ781039

Snowella rosea ILM40S01 AJ781042
Woronichinia naegeliana OLE35S01 AJ781043
Synechocystis minuscula SAG 58 KM019989
Synechocystis pevalekii SERB 15 KM982564
Merismopedia glauca 0BB39S01 AJ781044

Microcystis aeruginosa PCC 7806 KF286992
55/98/- 53/100/100E Microcystis wesenbergii NIES-107 U40333
100/100/100 Microcystis viridis NIES-102 U40332

100/100/100 | Gloeothece membranacea PCC 6501 X78680

98/100/98
100/100/100

75/94/59  51/52/-

73/100% Gloeothece samoensis SERB 20 KM982569
D9/100/99, Cyanothece sp.PCC 8801 AF296873
_|——Cyan0thece sp.WH8904 AY 620239
57/98/- wce sp. MAL CB058 KJ018904
Cyanothece sp. PCC 7424 AF132932
96/90/83 Xenococcus sp. PCC 7307 AB074510
58/-/- Stanieria sp. PCC 7301 AB039009
1 100/ Myxosarcina sp. PCC 7325 AJ344562
3/98/80 Foliisarcina bertiogensis CENA333 KT731153
Hyella patelloides LEGE07179 KR676351
Stanieria cyanosphaera PCC 7437 NR102468
100/100/100 Halothece sp. MP1 96P605 AJ000724
L Halothece sp. PCyano42 DQ058891

100/100/109E Euhalothece sp. BDU 100913 KM350246

Euhalothece sp. BDU 130192 KF498709

100/100/100 Chroococcus minutus CCALA 055MF423479

Chroococcus turgidus AICB61 KJ746515

99/100/100, Geminocystis herdmanii PCC 6308 ALVO01000007
91/99/96[L Geminocystis herdmanii PCC 6308 AB039001

adap 59/91/99 Geminocystis sp. CHAB 6541

Geminocystis sp. NIES-3709 AP014821

Cyanobacterium stanieri PCC 7202 AF132782

88/97/96 L 94/96/51 —————— Cyanobacterium aponinum PCC 10605 NR102443

Chondrocystis sp. ANT.L59B.1 AY493599

Chroococcus cf. membraninus CCALA054 GQ375049

100/100/100~ Chroococcidiopsis cubana SAG 39.79 AJ344558

90/9 1/74 L Chroococcidiopsis thermalis PCC 7203 NR112108
100/100/- Aliterella antarctica CENA408 KU291459

95/99/62 Anathece clathrata M10D5 AM710380
72/70/77, Cyanobium gracile PCC 6307 NR114406
100/100/100| *Anathece sp. NV(NR1) AM710351
Synechococcus rubescens strain SAG 3.81 NR125481
Anathece sp. 27STR AM710383
L Synechococcus elongatus PCC 6301 NR074309
100/100/100 Gloeobacter kilaueensis JSINR 121745
Gloeobacter violaceus PCC 7421 NR074282

50/100/-|

100/100/-

100/100/96

93/74/-

3 JE T 165 rRNA JEF 51 ML/BL/NJ 53 T R G0
(B ANBCTF R TE ML/BL/NJ ok T 50% 14952 355018
Fig.3 ML/BI/N]J phylogenetic trees based on 16S rRNA sequences
(Numbers at each node represent over 50% supporting values in ML/BI/N]J phylogenetic trees)
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BT Komarek (2014) 4328 5 55 4 s F (3R 8E H 00 CBREERE 7 248 RHR R BRERH . Re 012 45 e
Synechocystis sp. PCC 6803 JEAE 1997 4F W #E A Y2 1 A4 BE DR ZH I > (1) e o A0 TR it ke oy 6 e 6l A= 1 2
WFFE Y foe BB AN TR A 4. o T B A 28 A 1 e bk, R 22 DGR /K A2 28 W)~ R A N 2 1) B
GEHRIELL Synechocystis sp. PCC 6803 VE NI A WA b AT LL S R 28 HEBI) . Synechocystis sp. PCC 6308 AEH
2555 M Synechocystis sp. PCC 6803 Y&E , — B HSEIHASAEA R (Y Synechocystis J& . AT &M T 16S rRNA H:[F
IR R 5 (/N 90% FLEE ) , #F Synechocystis sp. PCC 6308 5& h i & HL A% 3T )@ ——— X4 38 J& ( Gemi-
nocystis) . FRHRAN T F 432, B FIF KT 1 4r B AR SR ST 16S rRNA JE T 9 B ARMLEE 95% Fil
97% " BT LA XU 1) AL R A B A TT . SE aed E AL AR ST, K TR U 1 2 e P A Atk
. FA W B D B LA i B A sk R s A 91 G e AT 7 9 i W) 22 MR B 22 B8 ( Tychone-
ma) "L RGP A R U ST P SR HES AR JF LA FETEAS RIS LA B DNA 43T 741 1 X2
A 7 R L 95 T S [) 9 b . T AR U A I | PR AR S A AR A ARG R A
TE H AR 73 B Geminocystis sp. NIES3709 143 R A g0 5 S 610 s vk X0 306 U W 9 110 6 0
JERGIN. ATk O AR 4 U5 (Y R AR AR 25 2 MR R AR R s R 2 AR A W R R R AR
FRULAE. JEIEATI 16 rRNA FE DR 781, %2 M T 1680 3 X7 26 1) B0 D 05 4 A CHABOS41 149 51 A XU
BEJE I LA SR 5 A AR BBy, BB R T 97% |, JF HAE S T R G T 3 o — . WSS BRI 25 A i 2
¥, BT 20 P 8 A AN A 28 AR HES i — 2R T IRATE B AT B S e 45 1. AEF iy 38 e
IS 2 Z5H N Geminocystis herdmanii PCC 6308 ARAHIT , {2 B F H1EL e 38 (9 B AP 1Y 16S rRNA A
AR R 97% A2 4 (R 1), Br LB Be I AN GEAR 1 28 5 B FP 2 I8 J& LA Geminocystis sp. CHAB6541
FOR. WREERAETR E S T8 WARE , W R T IR E W S Wy n v e AR MR T M DX /N
B PE I T PR XU v, DR S A O L 7 2 1 F T B 22 AR 55 R 22 )9 o R TR R W R
K E SR AT A3 A FRATTIE SE N S 4 A= 00 5 R AR 7% e DR 2R R v 0 B AR T T SR E
ST BRI T BE 1280 33 A [ REU 5 R 37 1) Wi e 2 AR 015 S

4 £t

AT T 1 75 VT80 3t DX 49/ T o 38— ok P00 M o B PR, ST 16S rRINA JE PN 51 8 7 I
RIS 3 ) £ A1 T 1) M T2 7 1 e o ALY B0 97% DL I BLAE > 7 R G R — 3. L ek A9
2R P2 R LA B TRt A S 7 240 M ol LA 5 A8 A0 LA SR A U A HEB | BE— 20 B DA & AT DU 3 e
PUA B RERFE . T P P R T8 P T 8 XU BT 20 SR SR
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