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Abstract. Bacteria in phycosphere of Microcystis affect growth, development and decline of Microcystis blooms. In specific Microcys-
tis colony, however, the pattern of bacterial community composition in response to different temperatures are still unclear. In this
study, a colonial Microcystis aeruginosa strain isolated from Lake Taihu was cultivated at different temperatures (15, 20, 25 and
30°C) to analyse the similarities and differences in the composition of different particle attached or free living bacterial communities
in each culture system. Temperature significantly affected community compositions of bacteria including Microcystis colony ( >20
wm) attached bacteria, single cell-small colony (3-20 wm) attached bacteria and free-living (0.2-3 pum) bacteria (PERMANO-

VA,P<0.01), Sphingomonadales, Pseudomonadales and Cytophagales were the most dominant order in the three groups, account-
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ing for 21.35% , 19.74% and 33.44% of the total relative abundance, respectively. There were some core dominant bacterial spe-
cies in the three groups of bacterial communities, which were relatively stable in abundance and insensitive to temperature changes.
The relative abundance of Brevundimonas and OPB56, the dominant genus among the core bacterial community attached with Mi-
crocystis colony, were relatively stable when temperature changed from 20 to 30°C. The relative abundance of Mariniradius, the
dominant genus among the core bacteria attached with single cell-small colony, was also relatively stable when temperature changed
from 20 to 30°C, and the relative abundance of Gemmobacter, the another dominant genus among the core bacteria attached with
single cell-small colony, was relatively stable in response to temperature changes. The relative abundance of Porphyrobacter, the
dominant genus among the core bacterial community in free-living bacteria, were also relatively stable when temperature changed
from 20 to 30°C. Compared with the situations at other three higher temperatures, the complexity of species correlation network at
15°C was the highest but the cooperative correlation was the weakest. The results of this study were of great significance for under-
standing the algal-bacterial relationships in phycosphere of colonial Microcystis.
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FRANT S FR Y . 5 U AN T A o S 0 S O SR AT L™, e LR 9 5 LB A 4 T = 1) L
ABEVIREHEIOCR . Zhang %5 R, HEPRAN TR SE 1R IR] K A6 588 2 1) 8RR , 26T T A 2
PR A K S HOR AR R A R SR 3 1 s A .
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SISO A 20 T R0 12 A TR L B P R ) B R T W AL R LS 5, H vl R T AR PR R PR R
Z—. AHTFEARAE , B A A TR R S 2 B T T 52 3 B A PRI A 2 A R A A v 2 A () L T OTUs
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mL. 54 SCRRARAE T > Bt A A IR B | AR SO0 6 6 JEE 15 o 15,20 .25 1 30°C, SR ASS B BF 4
P BT A T SCUR TR UL 3 APAT AN 12 h:12 h, B3R S0 pmol photons/ (m”-s) . 4
PRSI AR, 4055 15,35 .45 1 65 KIPURE. IURERTIRAR4E 5], 0 D2 BEAIG 2] 73 A1 . i s B 40 i K
AN 3~ 5, TTRRBE SRR — i 4 AL B RO SEAn i, DR, OGS =R R (10 mL) J5 , AR kit 8
F£20.3 F10.2 wm [{9EHE (47 mm FL4%, Millipore, Germany) |, W73 5l {248 8 1R (>20 pom) L 20 JHE—
INEER (3~20 pom) FRIEES (0.2~3 pwm) 55 3 PR RS o (1 4H P EDS DB ORAAAE -80°C , L & 43 Hr (i .
112 EEEGRA ECIEEFEA A PCR {L(ABI GeneAmp® 9700 ) %, 2 SL# J5 R HY £ W4 \EDTA |
Tris-HCI,10% SDS RNase A SN 70% Z, B I 7K 45
1.2 LW FE
1.2.1 DNA $2 50  DNA $RHUR JH C AL B SRR (XS) 37 AR TR B AT < J ok s B 51 73 2 01 3 il
R R KR Y 18U, BT 1.5 mL A9BSR, A 50 wL %) TER (10 mmmol/L Tris-HCl, pH=7.4;
1 mmol/L EDTA,pH=28;100 mg/mlL RNase A)&T&. WG AFZHIAY XS Z i (1% XS;100 mmmol/L Tris-
HCI,pH=7.4;20 mmmol/L EDTA,pH=8;1% SDS;800 mmmol/L ammonium acetate) , {ifJ5 % 3&, IR G. HIEE
J5 W20 M 2L TE T0°C T /KA 60 min, 1 IF] 43R5 10 min £ —IK. 25, Bl RIZ0R IR 10 s, 1 & Tk b
30 min. 440 M1 ZLA# LA 14000 v/min, 75 4°C T 5.0 10 min, Z2BRAMREFT . BEIE R LW/ O MU RS B &
750 WL SR B0 A ZE R IR T OCE 10 min. 7E 12000xg,4°C R #5.0 10 min, ffi13 DNA YL3E. ZJF A
70% 7,12, 7€ 12000xg,4°C FE.0r 10 min PEIETUNE, KT S5 DNA VEMLE 50 pL 1 TE K .
1.2.2 PCR ## H 338F (5’ -ACTCCTACGGGAGGCAGCAG-3" ) 1 806R (5’ -GGACTACHVGGGTWTCTAAT-
37) 51t V3-V4 AT AT PCR 571 JF BN barcode 381, B2 W1°F :95°C BIZE Pk 3 min, 27 MR
(95°C 2 30 5,55°C 1B k 30 s,72°C ZEfH 30 s) , f )55 72°C ZEAHH 10 min. 3K ] TransGen AP221-02: TransStart
Fastpfu DNA Polymerase,20 pL " 3#/4& % : 10 ng DNA #%#7,0.8 wL BSA,0.4 pL FastPfu B4 #E,0.8 L AY1E A
2141 (5 pmol/L) FR 11514 (5 umol/L) ,2 pL 2.5 mmol/L dNTPs Fl 4 wL 5xFastPfu 28 Wi , i J5 il ddH, 0
£ 20 pL.
1.2.3 Mlumina MiSeq | )57 2% BiIgHEEENL R PCR 724, Ml AxyPrep DNA Gel Extraction Kit( Axygen
Biosciences , Union City, CA, USA) 47 4lifk. , Tris-HCI P&, 2% 3 g 4 B vk 45 T, ) FH QuantiFluor™ -ST ( Pro-
mega , USA) JEFTAG I 5E . A4S Tllumina MiSeq “F- 3 (1llumina, San Diego, USA) prifE 4 AF LRI 400 f5 104~
B v BoR g PE 2+ 300 A9 3C%E. FH] Tlumina 23 w4 Miseq PE 300 V- #4705 , h 1 256 75 2R Wy B2 25 RLHL
A IRAF 80 JRA6 75§28 22 3 NCBI £ 4 , BioProject J351] 5 PRINA700808.
1.3 #iHEabiE

JEL UG P J7 91 P Trimmomatic P o4, (4 FLASH #if ™ AT B 4. (] UPARSE HfF (ver-
sion7.1 http://drive5.com/uparse/ ) , {35 97% FIFHALLEEXT B 64T OTU J3s, e B FE b £ bR 20 7
B AR, FIF RDP classifier( http;//rdp.cme.msu.edu/)Xﬁ%%f?ﬁﬂi&ﬁ?%ﬁﬁ%‘éﬁfﬂﬁuu , Fb X Silva %%
YEFE(SSU123) , i B e Xt BI{E K 70% . | F mothur K44 (version 1.30.1) #E4T Alpha Z #4443 #r (http://
www.mothur.org/wiki/Schloss_SOP#Alpha_diversity ) , 345 %) # £ & & Chaol $5%L, Shannon-Wiener £ £ 415
(LR Bk Shannon 45450 Rtk 7 2 Rtk PD 4850 (LAF fiFR PD 4580 ™, H AL I 22 5% ] Wileoxon
K 5 ( Wilcoxon rank-sum test) i €. Giit 0 A F1AH S E FF Origin 9.1 GraphPad Prism 9 #1 R i 5 ¥ &
T RAEF C vegan” AT #E4T NMDS Al PERMANOVA Jp A FIVEIR] 5 © stats” FAFALHEAT 20 18] 22 57 1 2 VR4S
B IR ROSEINRE & LN BT AT Venn (8173087 B PR ZAH DCPE P25 3 BT ] Python 5575 * Networkx” T H A7,
WaRE , IR S Ay - BETRUR 43 K7 LS T2 BE R 50 194, 33155 ¥ Fh 22 1] (6 7 B2 K 2 ( Spearman ) S5 44 4H
FFE(IRI =0.5,P<0.05) . BT 5K F A PLE 5374 & W7 51051, DL T4 b 26 R i 7 47
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BOBA REVEZESR (8] la~c) B ISCTR, AR —/ MR A= 20 B EVS RORE TS 20 PD SR BB R 5
T 25C T (P<0.05) (18] 1) , HAEWF S A v v, 15°C R A v Shannon ZREPERERCE 0 T 25°CH
30°C (P<0.05) ([l La) , & 1 A g —/INEE VA B A= 200 FRTHE Vi FITIE 125 200 TR0V 10 3 BE AR I 2 B Sl 24

m >20pum = 3~20pm wm 0.2~3 um

® 25 i = 80
S 20 - . gg
E g =) !
2 15 S 40 =
7 ‘ . - . i
1.0 i 4.0
@@m@ \6% RN \6,\9,\%0 \6,\9,\%0 \6,\9@@ \6,&(,6,@ \6(&(,6,& \6% qfw \f«» qu)@
TR/ C TR/ C R/ C

Pl 1 D2 BEAR SRR PR (520 ) B AR 20 B SR —/ VA (3~ 20 ) B A= 2 B8 A
U85 (0.2~3 pm) G HEIELE 15,2025 H130°C T Alpha ZHE LB
( Wilcoxon BEFIKG I, * P<0.05, 6 w7 41)
Fig.1 Comparative analysis of alpha diversity of bacteria communities in colonial D2 culture systems
at 15, 20, 25 and 30°C attached with Microcystis colony (>20 wm) , single cell-small
colony (3-20 pm) and free-living (0.2-3 wm) bacterial community, respectively

(Wilcoxon rank-sum test, s P<0.05, after removing cyanobacteria sequences)

X Beta Z £, H T Bray-Curtis #2519 NMDS F3 47 2 W, 1B 24 Ik 35 52 0 ol e e (181 2a) (204
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TR — IR, DA ST A | BP0 R — /N A B0 A 0 i 5 400 T T 9 20 A W LA 2% e 1% (8T 3) . PER-
MANOVA ZHr4a 7 , KA K /INBE 43 ) 50 fif B 15,2025 1 30°C R AR A 9% 41 A8 1A 22 5 19 60.87%
37.29% \35.74% 1 48.22% . 7 15CHI 30°CF, 3 FioRiAR /N I 40 R AE VS HLA B 1035 22 57 (P<0.01) ,20 il
25 /R LA P AT RE T 2 1 ELAT 5 9% B2 (P<0.05) . S SE 5 1) R B2 /O B 350 D2
HR R B SRR R A TR RIS 4 AR, FLAE 15°C N 30°CTF , 40 T B 4l Al 22 S M B K (P<0.01)
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LR 4 YR [B) s BORE (V- X0, R I BE RS D2 R 200 G A 2EL U5 ) 11 2 7 445 R 3R BT, 76 Tl o e A
A= AT B 7% P, Sphingomonadales | Caulobacterales £ Sphingobacteriales &8 3B H , 43 5 5 A A0 X 3 B 1Y
21.35% \17.18% F1 15.99% s 17 S 20 fd—/INFE PR B A= & BE 75 o, A3 19.74% J2& Pseudomonadales , HLYK f& Cyto-
phagales fil Sphingobacteriales, 43 51| % & AH XF 3= BE 1Y 15.65% 1 15.14% ; Cytophagales , Sphingobacteriales I
Chlorobiales T 7E Ji 25 04 4 B E V& AR, 40501 o SORE X =5 BE 1Y 33.44% (15.48% F11 15.32% (&1 4).

WG TR AR AL SR FDRLAS B B9 B, RIS AR (b RaFh (T 4) . 78 I 3% S A AR A 40 1A
7%, Sphingomonadales A% 32 FE7E 15°C T AL, i 8.97% , 247 30°C W AHXS EEEHEINZE 31.45% , A 2 91
_EF}#a#; Caulobacterales £ Sphingobacteriales 75 15°C F, A5 %F 32 B AH I, 43 5l & 27.04% A1 21.26% , {H A [F]
Y42, Caulobacterales A%} 3= B 75 20°C B [ & 14.42% , i 5 A8 25°C F1 30°C R i 31 %%/ ; i Sphingobacteriales
FIXFEBEAE 20°C T 1t 20.17% , HEA S 15°C T, BiJE 15 25°C TR 10.61% , #7F 30°C T AR E

TE BN M — NEEAAS R A 4N R #£9% FP , Pseudomonadales Fl1 Sphingobacteriales A%} = B A8 {1k #4 #3237 , 7 %
FAE 15°C TR, 405 28.63% 1 27.53% , HAF 20°C F R 4G T 16, 4 BB 2 17.29% F1 11.94% ; A &) 1
J& ,Pseudomonadales AH%F =F 72 25°C B, A GG N FEJG (& 15.94% ), #E 30°C F X [0l 335238 20°C T I{E, M
17.09% , 1 Sphingobacteriales 7& 20°C il 25°CF , A% 3 B Jo R 3555 % , 75 30°C T W& f T [#%. Cytophagales |
5 1S CIRARXE F B, A5 0.31% , BE/R7EHE 3 /MREE T KU fin, 76 30°CTF , 1g i 28 26.93%.
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FREAE 1SC R E R w7 HA 3 MBI T (P<
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ZRT 20°C A1 25°CF (9 (P<0.05) . 7E 40—/
PR B A 20 T B 7% P, Sphingobacteriales AH X} =F B 7E
15CF &8 T 20°C f1 25°C F 9 (P<0.05) , Bt i
T 30C T Y (P<0.01), i Rhodospirillales 7
I5C T RIARXS F B2, 4350 5 25°CH 30°C T iy AHXS +
B, A 35 (P<0.01) i 3 25 55 (P<0.05) ; T i
BSAITETEVE TP Y Cytophagales Al AT, 76 15°C F
B LT 20°C H1 25°C T 1Y (P<0.05) , # 2 #AIK
F 30°C FHJ(P<0.001) ,Sphingomonadales AH X = &
TE15C T 2 W 3/ T HAE 20C T iy (P<0.05),
Chlorobiales X} & HE 15°C F 2 i & & T 25C H
30°C T BB (P<0.05) , HAE 20°C T M AHXS F= 5 1 %
=T 30°C R (P<0.05) , Burkholderiales 7 15°C |
AL RS TR AR 2 0 TR 3 MR TN Y
(P<0.01) , Caulobacterales #H X} 3 FFEAFE 15°C T 2R
WE T 30C T (P<0.01). 452, 78 i i
BER B A= 40 B B 9% o, Sphingomonadales 11
Rhodobacterales 7F 15°C K #H %} 2 BE 35, 1 Chloro-
biales A 52 , JoAE 15°C T HAT B 1 AH XS 42 i 5 7E B
M/ INEEAA R 2E 4 T B 7% 7, Sphingobacteriales B
AEE N 15°C ¥R BE; 0O7E W B 40 RE %K D,
Cytophagales 7E iR & & B3R 5% 5 543, Chlorobiales
1 Burkholderiales BT fig3i ij 15°C ¥b5.
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Fig.3 Non-metric Multidimensional Scaling (NMDS) ordination based on Bray-Curtis distances of bacteria
communities at different temperatures at OTU level (a—d represent the composition differences of bacterial

communities at 15, 20, 25 and 30°C, respectively (after removing cyanobacteria sequences) )

Porphyrobacter . Brevundimonas . Chitinophaga 71 OPB56 #H%t =B &5 Feask &, 200 o5 31 22.45% . 13.20% ,12.20%
F16.88% ; i, Porphyrobacter A%} 3 FE A 15°C 1) 7.04% , 3 /1115 30°C () 34.23% ; Brevundimonas #1 OPB56 #H
Xof = B AR AL SRS INAE B, 4E 15~ 30°C R Y o L A8 A6 [ 43501 9 5.27% ~ 28.01% 1 1.63% ~17.01% , 1fij
Chitinophaga £ 15°C 1 20°C T AHXT F AL, 2 J5 BEAE IR Tl s mIREA, o Le AR AR As FR: 2.44% ~21.64%.
AF PR LR M — INEEAAR B A= 40 T B YR A O W) A, Mariniradius , Porphyrobacter , Gemmobacter F1 Chitinophaga 211
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ANTR) U BE R AR AL MR BE AR XN, Ry 11.04% ~ 11.41%. 16 i 25 4l 1 B V% 20 W) Fh i, Mariniradius |
Porphyrobacter ,OPB56 Fil unclassified Sphingobacteriales 1%} 3= B fix iy , 43 501 i 3] 40.97% ,13.43% ,13.01% #0
11.26% . Mariniradius =F 5 B A5 128 T = TS 00, AEAE 20°C R 25°C T BYAHRG B8 o5 LUAH I, B b L AR
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Fig.4 At order level, composition of bacteria communities attached with Microcystis colony (>20 pm),
single cell-small colony (3-20 pm) and free-living (0.2-3 pum) bacterial community in colonial D2
culture systems level at 15, 20, 25 and 30°C ( after removing cyanobacteria sequences )

JEAEIREE 20 ~ 30°C 22 [ AR XA AE 5 76 A0 I —/ INTREAAC BO 26 20 T R 9 v A A O I3 o1, Mariniradius FH X
FRETE 20~ 30°C Z A1 BCAFIE , HLAE 4 FEEET Gemmobacter X =F BE Y% — B0 TR 25 A AF 3% vh 1A%
UL TR , Porphyrobacter XS 3= BEAERFE 20~ 30°C Z [ AR FFAH RS FLAE .
2.4 MG MTE RN D2 AHEEEE 4 MMEETYMHALENEELEST

B 7 R TAEB/KOT b AR T (9 D2 B RE SR R b, 38— T VA — T 55 20 TR A 9 [ PR R B DG R
W IFAET AT B LU R BERT 7 G AT X0, RO E L FIR IEAI G, LA L FOR AR C, &L, 1R
WS HAR) Fh 2 (] I R ). 7E 15T BRI DS I 26 35 SR ARG 5 T 25C TR (ER 1),
ERG# LA U =, A 296 J5IEL, FL IEARDE 155 4%, TAAHSC 141 5%, J5 38 L BUR AR, A 166 2% ik A 3¢
B30, HR TEAR DG 131 4%, 5AHDE 35 45 520°C F1 30°C T W0 Fh AR SCME R 4715 8O 55, 342 49 />, B 30°C R I
LRELRACA 216 4%, P IEARDE 145 4%, SAHDE 71 2%, 105 20°C R i H2400h 185 2%, o iEAH G 122 4%, fidH ¢
63 4. HRERWI (R 1) 78 15CHI30°C TR, AN [RPRLAR 20 B A7 0] 64 S U/ ARG B2 %%, HEO2: 20°C F25°CTF
1, BRI T, D2 BEAR Y Rl a) IE AR DCELE L R T 1, BRI 2 iR B S AR AG I, PR ] (9 & 1 &
AT i FZHAL 5 A1, 25°C T D2 BRI ] 4 % LA B SR R i /D 1Y ELIE AR DG E AR LU i 1, 3.74,
M7 1SC AR , 4T A Rl b TRV B R f A 5 U0, AH TR SOAH DG I LB L eIk, O 1,10, BRI i 02 3 1 40
W Z A G EE A

TEPIFPRH A R 28 [T T, — SR 5 (species-node ) 245 15 s B H BZS | 7892719 i B934 38 7 ( de-
gree ) g , — N7 A A T A G R L R R A T I B PO (degree centrallity ) Ry, ) TS Ry A T 4R
F| Hub 75 &5, B 8 8 Fh ( keystone taxa) B4 A, B8 dr s M (closeness centrality ) F147 %04 0P (be-
tweenness centrality )t B/ b XCHEM R A BIAE S5 0F . LR huOo b L S PO HE AR A B0 i 3
AFabn (B 8) AW T D2 HEUCA RIS A6 FR N A OC 4 S . 55 R B, 7E 15.20.25 i
30°C T, D2 BEAA AN T8 BF 75 A1 OC T W 25 1) 56 BE 9 b 43 53l J& Hydrogenophaga , FukuN57 | Alphaproteobacteria 1
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W A 240 B AN 5 (0.2~ 3 ) ZH BT 7 15,20 .25 1 30°C TR HKF-HY £ 2 57
(EBRIEMFF , One-way ANOVA, # P<0.05, ## P<0.01, s P<0.001)

Fig.5 At order level, differential abundance of bacterial communities attached with Microcystis colony
(>20 pum) , single cell-small colony (3-20 pm) and free-living (0.2-3 pum) bacterial community in
colonial D2 culture systems at 15, 20, 25 and 30°C ( after removing cyanobacteria sequences,

One-way ANOVA, # P<0.05, =i P<0.01, =% P<0.001)

1 D2 BHARE IR R P A B REVE AE 15,2025 F1 30°C T W RN A DG I 45 RAAE S8 (5 i 7 41))

Tab.1 Key parameters of species-related network in bacterial community in colonial D2

culture systems at different temperatures (including cyanobacteria sequences )

R REES ¢ €32 %44 TEAR SRS TR LR LK IR ELE
15 47 296 155 141 1.10
20C 49 185 122 63 1.94
25C 46 166 131 35 3.74
30C 49 216 145 71 2.04
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Fig.6 At genus level, analysis of core microbiomein bacterial communities attached with Microcystis
colony (>20 pm), single cell-small colony (3-20 wm) and free-living (0.2-3 pum) bacterial community
in colonial D2 culture systems at 15, 20, 25 and 30°C (after removing cyanobacteria sequences )

22 D2 BERERFRIA R TP AN REE A 15,2025 F 30°C T ARG 48 SCHE AR 3 A0 15 0 (35 i 35 51)
Tab.2 Key parameters of species-related network in bacterial community in colonial D2

culture systems at 15, 20, 25 and 30°C (including cyanobacteria sequence )

15%C 20°C 25°C 30°C
RiISE R 2 32 37 24
R Hydrogenophaga FukuN57 Alphaproteobacteria Sphingomonas
B 0.57 0.35 0.31 0.42
-2 R N 25 0.65 0.51 0.51 0.59
P Gl 0.09 0.07 0.05 0.13

3 itig

3.1 D2 BEIEFRERZRARNEHHNAFEHESHEREARZREZ M ES

IRUREREE A (AR 3R 656 ) SR SR AN TR R T A R ) T2 P 3 e N TR PR 2% e
(1348 o 0 T P 7 2L AL T, 0 T TR A DA 1 5 2 B L /K A v B 2 ) HLAT T 209 8 L. AR5 v i
ERIAEBEREIR D2, NI B 3G TR N HSR AT — IR E R R AE S, WA R BRI UL L
K, FNEF A1 R ) /K AR R SRS ARAR R R M BORORAS AT 3 100 ), AT RAAE Ay B AR K 4 35 35 45 400
IR BT M T E AN TTAT R AT ISR B, A0 LRI A8 88 , 2P0 20 8 R A 0 T PR PR AR IR
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Fig.7 Complexity analysis of species-related network of bacteria communities in colonial D2

culture systems at 15, 20, 25 and 30°C (including cyanobacteria sequences)
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Fig.8 Centrality analysis of species-related network of bacterial communities in colonial D2 culture systems

at 15, 20, 25 and 30°C (including cyanobacteria sequences, the arrows showed the keystone taxa)
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