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Fig. 1 Sample distributions of different eutrophication levels
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1.4 MiSeq SiBENF

TEXTRE S WAL B 22 )5, il it E.Z.N.A.WaterDNAKit(OTUMEGA, 2 E)ik# &, #irAREE
FRACK T A AR DAL it B R 41 DNA 425, W W B, IR 42 BUA) DNA FE 58 T-80 C ¥ R /7 -
% F 16S rRNA il H 51 4 %} 341F(CCTACGGGNGGCWGCAG), 805R(GACTACHVGGGTATCTAATCC)
AT V3~V4 X B PCR Y 1 . 1F Miseq -5 1 XT 16S rRNA 11 V3-V4 5 248 DX 17 185 38 = Y
FEAMRER TSI SE 3K, Ok HIZAFSE I T A RNA-seq BOHE AT i 5 NCBI 71 [ 5244 % (SRA) T #%
(http://www.ncbi.nlm.nih.gov/sra), & 5% 5 5 SRP268032,
1.5 NFHES

B Miseq il J¥ BT 45 09 R UA B b R A7 DERE ,  [RIISE X 422 )5 (0 e gk A7 R fs At g, A3 200 AL
G o W ARIYE>97% B AL 7 50 K1) 43 S — > 24 43 25 BT (operational taxonomic units, OTUs). 115
Chaol $§ %% . observed species & EOVTAN & #F £ & 5 & A H8 %X (Shannon) . =7 3 2§ +8 %X (Simpson) FI
PD whole tree 1§ B R ML A HE A 2 M . JET RIE 5 AU geplot2 1 2 | ) Fp FE FEHR KA . i H
1-cor PREIT B AEA R A SCHE B, J15EF R B9 pheatmap 1525 Hil BE A (8] 15 25 34 & 118 R FAER 5
F Z [81 Y Spearman AHCPE 2%, H3ETF R 19 pheatmap 12 il #H G HE I A
2 #BR512
2.1 IKERKEDH

K RFENL S KRB B I VEM SR R 1 iR o B AR AR D BHE SRR
FEE SRR EE S, H A ERIREIR B TLL hy 78.12~81.33; F X%, HME ., R 2 TERE
B IR RAE S, H TLI N 65.05~67.76.

F1 BFEKFEEEFRUIFNER

Table 1" Eutrophication evaluation results of Baiyangdian Lake

PP XI5k SD/m” Chlafug'L’}) CODy,(mg'L") TN/(mgL') TP(mgL') TLI(Y) EFHFRE
FEENTATEL ~ 0.75 41.30 12.12 4.658 11.18 79.73 HT
ST ASE I 0.60 39.71 16.53 4.037 3.71 78.12 o
ogeds) 0.75 29.69 11.59 3.849 33.55 81.33 R
T 1.35 26.40 8.25 3.006 1.30 66.56 Rz
AL 1.25 23.97 13.00 3.815 0.73 67.76 i
K 0.80 20.08 7.72 3.949 0.47 65.05 iz

32 NAFRAENL S AR IE . pH, DO, Chla i, & 2 R4 RFEN A L7 AR UTF ) B & B K
o B PETE S RAE KRR AR AL R B R, 4EFEAE 29.5~32.2 °C. BRI A LIS, HACREEN
ALK DO & M AR, 7F 3.13~5.60 mg L™, 33X & Kl &8 3R A0 ™ 5 A I X 8 25 45K A A K
I, BHAT T AR A AR AR, S KR T G A W 0 O R TR A G . A SRAE A pH R
6.85~8.13, IR I 2 MR ARTE . Chla 28 fbHUHE A 55 B 6 78 95 40 X 380>vh B 38 R A X0, OV
RFWIABRS &, BN IRE B R E N EEIRAR, FEFEREAKAES Chla & &85 10 pg L
[/

Ml 2 af g, BE R RALCREE A FEKAY TOC, TN M TP & & & T & s b Rk A,
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Table 2 Environmental parameters of sampling points at different eutrophication levels

wEFRKTE A T/°C pH DO/(mg-L™") Chla/(ng'L")
Gilis A5 1 AJEH 31.00 7.26 5.60 41.30
HE JFASE M 32.00 6.85 4.05 39.71
il BHEL 29.50 7.05 4.95 29.69
W TR 30.10 6.92 3.42 26.40
e HPRE 31.90 6.85 3.13 23.97
W KB 32.20 8.13 7.48 20.08
35 " FA 700 = AR
‘ o A o i ‘
30 b Nt 600 - A NG
. v BA = v A
To25f 2 500t
g 20t éf 400 | Y
g 15 %\x 300 M
] A § M
= 10 + 2 200 - A I
il i . v s
STy ' Y . v 100 - 4 N .
ol *© ° ° 2 4 0 ° ° ° ° ° ]
> S sk & S s % e
& & B g o 5 & & 5 ' K £
REENC A T R
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Fig. 2 Water quality and sediment change characteristics of sampling sites with different eutrophication levels
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FRYINH;-N FINOF-N & fE i, AT A TE HSRAE f 0 B KR AR Y b 2547 8 BONHG-N &5 4
X AT 8RR T DA I T K HE O 6T,
22 WMEP o BT

AW FE T ALK AT 204 320 S5 07 51, JLA I E] 16 005 4~ OTUs.  HLANM A 25 OTUs $ Ny 2 455~
2 8951 o ANIA] & B IR A K K R U AN R RE TS o 2 AR FE U & 3 TR . Observed: species il
chaol 3555 K PE A AEAS 9l A6 0 2] A9 OTUs &, 1ii Shannon $6%% . Simpson #6%% A & PD_whole_tree
ZEE B ISHEVE TR B BRI ST E o R RRAE AU o ZRETESR BRI, R R E IR AL X s
PRIRE T4 10 2 RS A B T R B SR ALK, LRI, B IR K R OB Hh 4
VR 22 FEPEREE IR K-F- T m MR . WAN S50 R 2 ZR 255 8 3RS 4R HON 48.6~61.3 19 5 N IX
DURRYI R AR ) Z R EAT TP 5E, S5 2RERDT, T REvR 2 RE PR RE I DCE FR B R R M 3, A
MIRERSZ 8 EWMEREFRFMET, KEDRUEY A XT D, B & F5KF- 1038 W T
W, WUEYI T SR B A AR R AR, E R R IR R DX KA
HH A T RV 220 1 R I el b i
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Table 3 Diversity indexes of bacterial communities in lake sediments at different eutrophication levels

HEIMRRE FAERL observed_species chaol PD_whole tree = Shannon Simpson
GiN: 5 R ATEH 2389 3050 227 9.255 0.995
o JEAGE F 2265 2927 221 8.886 0.991
GV ogeds) 2307 2993 221 8.623 0.986
Uz TR 2668 3468 262 9.352 0.994
Rz AR 2701 3438 262 9.272 0.992
i Kl & 2620 3364 261 9.343 0.994

2.3 ‘MEEEGWARNINEE
5 F1 P TR ) B 7 S Ak T R R AT 100 P eobacteria
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I TR BV S5 R AR T T JOKE R s I 2k
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g i . : : A T
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4% %5 FE R Z RO AE Boh , B IB BT Fig. 3 Bacterial community structure of phylum levels at
sampling sites of different eutrophication levels
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") o Chloroflexi 75 JZ 5 FR AR AL RV ST ATE L R AKE . 485 B 1 o He 23000 16%
17% . 21%, TAE R E IR RAE 588 A . RS/ S 8 10%., 14% . 10%,
T[] 2 Ul W T R E SR X COD s T B R SR AL X B, K BT A A5 R — 3.
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2.26%, {RTHEGIR AR, XA R 5% % 5 R P VER X, A 17 RS WE e A G .
A 5P FR Gemmatimonadetes J&— 264 M T, BEF| /K A b &I, 7 A6 BR o A3 bl J A
s ARWEFEH, Gemmatimonadetes 1 JFF {1 AGE H R AE S i LR 5.26%, TEBRRIE & (1.38%) LAY
FA RAE S eI <1%, PRCHEWT, X ATRE S5 R AVE R & &M A Ko Firmicutes W25 ZFY)
JOT 1 TT 2 1) B i AV AL Firmicutes 1€ [1I8 51300 A UE R AE s 0 AH XS 3 B4 9.01%, #E FL B R
SRR RO 1.219%~2.52%

H &4 a7, R S SR AT R SUE KT AR R A 45 A 22 5, HYRMERE/NT 1% 1)
R Z . XWRVIAFEEFROAPRHYF 3 EER G, 5o 288088 AR
T, XEUTRR Y MR W E M S DU A S R RGN . AR . EEEIES
AL E TR EEEWNAESIIRE . HEE E R KEIIE I 8 25 B8 (Thiobacillus) . it
H MR JE (Dechloromonas) . K 248 1§ J& (Anaerolinea). Luteolibacter. RBG-16-58-14; 1 J& & 5 5F
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Thiobacillus 2 [V V€ K AR Ve AR X =F B 5 i (B i - — S8 PP 2519 Thiobacillus 7] BLH: 44 A L
Wi 43 % R TCALR . 24K Thiobacillus W] FIH H, . SRALYIER B FAMA, DHER . WASA N HE T
Z ARSI R A AL SR R R AR TR, A HL,Ss A, R ALY) (H,S. S,0%) ol HL [T At vl
Thiobacillus AL BRIR . I, BT B & XF I JE IS U8 A 05 e ) LB A —E BRIRERT, JFHZ
5T AVEEKEN A . (B2 EE RS S SK A Fe*, Mn™ S58B4 R imfb ., #%
KA H S AURE R B 17 X 7K A B PR A — 5 (52 R HLS SRS 5 B KA T, T8 i <
WREY. Dechloromonas J& AV VE KRR IEAE — KIS, & —Fh i fb A i, 78 ERXFERME R
AYARRT F R, H 3.45%, X ATREEH T ERKZEE FEKFURR A B S WA S = ANEhFrE
J& (Acinetobacter) £ 1138 5| ] AJE H B AHXT = B fe sy, 0 3.14%, HA ik . BRI DIfE .
Spirochaeta_2 J&=— F RS 40 1 o B HT 18 & (Flavobacterium) 1F 1 ¥E € ZK AR IS I8 19 A0 X 3 B 4 0.09% ~
0.41%, Flavobacterium K2 A B A W 25 B W 2 RE ) B A A T RS 37 il A -4 4 B R AL TR P2

100 - genus

[0 [Cytophagajxylanolytica_group [l Ignavibacterium
[ [Eubacterium]brachy_group LD29
L Acinetobacter Leptolinea
o 75k | Actibacter M Luteolibacter
N [ ADurb.Bin063-1 OLBI12
by | Anaerolinea OMO60[NORS]clade
i |_ BD1-7_clade Others
= 5ol | Bdellovibrio RBG-16-58-14
= | Candidatus_Electronema B Rhodobacter
B [ Dechloromonas B Spirochaeta 2
~ | Denitratisoma W Sulfuricurvum
@ o5 [ Desulfatiglans Sulfurifustis
| Ellin6067 Sulfuritalea
| Erysipelothrix Sulfurovum
L Flavobacterium Thiobacillus
Haliangium
S
&

B4 TEZEEFMNKIRELBKFARRREZLEN
Fig. 4 Bacterial community structure of genus levels at sampling sites of different eutrophication levels
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Fig. 5 Heatmaps of sample correlation distances at different sampling points
VRS — E R, R AR B R E SR A KR R TR Al RIS A A B R 2E R, Rl —E K
ST Y RS U8 20 TR R R A R AL . R BE RS SRR S E RIS EE R s, b 011,
HJ] T 22 28 FAS AR FE A 400 TR 3 v AT 050 w8 O RARLEEE 5 JRFIA B 150 R Y S 1T A BE 1 A R B i,
0.63. & HARHRJE T o B & AL X, (HOH AN BRI 2540 22 5w 0, PTRE R W) 3L B . N

SO AR B AT LA 22 AT X o
B 42 R 1T T IR WA ) 5 ) 4050 94 BASIATE S e
2 S, TAR T I T A R 25 A o2st i
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WUR 5 AL 25 1 0 0 B 25 B B LR sl RTE
F—SER . JREE . JRRYE S — R O
G, X H O SR SR R R K, e 0Tk = 0 o
TOC. & TN, Je TP 55 — F 2 IEAHE, X RDAI (33.27%)
e B B E SRR PR R R R I K 6 TEIRAESE OTU SRR & S 47 E
25 HEBERAEMSTRERFHEAMN Fig. 6 Redundancy analysis diagram of OTU and sediment
7N i% AT it Flf‘é e élﬂ jlﬁ ﬁ % % 1:/4] ﬁ G ?ﬁ properties at different sampling points

Wi o e R JZE R Ve A B W R AR S >1% B E . X 5 DMUTRPI 238 bR (Je TOC. Y8 TN, A
A VMR . JTP), 84 LEAKKEIEH (pH. DO, COD, TOC, TN, NH;-N, NO;-N, TP) # 17
Spearman #H & ¥ 43 Hr (p<0.05), IFAEH A, SR 7R . I 7 a0, A& K pH. DO,
COD, TOC., TN, NH;-N. NO;-N #ll TP, JEEJ€ TOC. TN, NH;-N, NO;-N FI TP Xt FL 4 40 i e 75
SER AT —RERE W, E AR E IR BN 1 UE SR AR A JE AN R VR A5 H R e 2 . DL
J& Thiobacillus. Dechloromonas. OLBI12. Sulfuricurvum . Anaerolinea WX} = & 32 Z Fp [ K 52 10 5
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Abstract The purpose of this study was to explore the differences and driving factors of bacterial community
structure in sediments of different eutrophic water bodies in Baiyangdian Lake. The composition and diversity of
bacterial community structure under two eutrophication levels in surface sediment, as well as their correlation
with environmental factors, were studied through high-throughput sequencing. The results showed that the
diversity of bacterial communities decreased with the iincrease of the eutrophication level. The bacterial
community structure was different under the severe and moderate eutrophication levels, and the abundance of
Chloroflexi increased significantly under the severe eutrophication level. However, there was no significant
difference in the bacterial community structure in Phylum level with different eutrophication in generally. The
predominant phylum in the sediments’ were ~Proteobacteria (31%~43%), Chloroflexi (10%~21%) and
Bacteroidetes (9%~20%), respectively. The heatmap of the correlation between microbial communities and
environmental factors revealed that TP and NH;-N in surface water, TP and NO;3-N in sediments were the main
influencing factors of bacteria community diversity in the Baiyangdian Lake. It can be concluded that the
diversity of bacteria in sediment was dissimilar in different eutrophic water, and the phosphorus content was
identified as the limiting factor of bacterial community structure in Baiyangdian Lake.

Keywords baiyangdian Lake; eutrophication bodies; sediments; bacterial community structure;

environmental factors
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