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Fig.1 Distribution of sampling sites in Donghu Lake
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Table 1 Latitude and longitude of sampling sites in Donghu Lake
R DX 35 PRIt Iz &
Sampling area Sampling sites Latitude Longitude
H1 N30°53.609' E114°38.443'
H2 N30°53.614" E114°38.732'
BT X H3 N30°53.766' E114°38.608'
Guangiao Lake area H4 N30°53.926' E114°38.750'
H5 N30°53.931" E114°38.545'
L1 N30°58.286' E114°38.593'
L2 N30°58.398' E114°38.956'
WG PE X L3 N30°58.196' E114°39.319'
Sea World area L4 N30°57.808' E114°39.341'
L5 N30°58.035" E114°39.035'

B4y 66 B B (GB11893-1989), COD % i & 4
ik £h ¥ ( GB11914-1989), Mt 4¢ % a (Chl-a) % H
95 % L BEFE R,
1.3 JK#FEEH DNA iR E

B 300 mL 7K AE SR JBCEL 25 il 0 i) T 20K TR 1A Ui
5] 0.22 pm JEME E LA 7 mL KB A L
TG B 7K R 8 2 0 TR AR o8 4 B AR I kR ok
Fie 4 T B 41 DNA 48 Bk 57 & ( TTANGEN,
DP302) (4 AE J7 L 2 UK 5 DNA L 15 2 /) DNA
FEAS FH S8 A1 43 06 06 B v A6 DN ¥k B F 4 B 4 A SR
Jei s T UK R SR 3% B 1 T R AR08 AR W BRI A
PR S W) R AT e e B U T
14 BEENF

FHEEXT 41 16S rRNA 3 H 8 51 % (ACTC-

CTACGGGAGGCAGCA, GGACTACHVGGGT-
WTCTAAT) Xt &5 # BIFEA DNA #£4T PCR 974,
25 pL KRR 5 X RN W 5 pl, 5 X GC 2% ik
5 pL,dNTP(10 mmol/L)0.5 pL, 51 # (10 pmol/L)
%1 pL. Q5 &4 DNA B4 8 0.25 pL, DNA
1 pL,ddH, O 11.25 pL, PCR 98 C 30 s;
98 °C 15 5,50 ‘C 30 5,72 “C 30 s:25~27 PNFI;
72 °C 5 min, ¥ PCR =¥ #F17 € &, #% BB A HE 5
Jir T MR B TR AR ] Hlumina 28 B AT TruSeq
Nano DNA LT Library Prep Kit #E47 8 %, Xt & #%
) SCPEAE MiSeq HL#F I I MiSeq Reagent Kit V3
(600cycles) #EAT 2 X300 bp AY X5 FF . B 56, X
7 30 04 Ji 4 X - 40 E AT T 1 ) 0 {8 FLASH
(v1.2.7, http://ccb. jhu. edu/ software/FLASH/)
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P4 1 BT ) 0 0 X A AR AR index fR B 2
WA RE A B ROF 5. G A Qiime (ver-
sionl.7.0,http://qiime.org/) Xt 7 ¥ 5 47 i &
€ L I o Mothur (version 1.31.2, http: //www.
mothur.org/) Z Rk & 14 75 B e & T )5 2200 i
M 51 . SR 5 . 8 UCLUST X 48 5 1y 51 ik
T3 OTU (97% ML), & J5, i i blast ¥
OTU ft £ & % 5 Greengenes U #§ &
(Release 13.8, http://greengenes. secondgenome.
com/) HEXT . X OTU fQ 751 BEAT 3B 3R A B A
OTU W25 8. E# i OTU il 5 B 8
R 50, BT A s R 17 5 2250 . MU R Bkt
LR REAR MR Z AR (R Alpha Z 44 {245
Chaol #§(#l Shannon 5%,
1.5 HiESH

KM Excel 2013 - #U%HE . SPSS 19.0 #EAT
AH O G 3 P 22 S 43 A ] — I (8] 2 A4S DX 38 ) Y
225 T-test K56 UL, 2% Xl 5 1 8] 25 4k 1) 22 5
Ml one-way ANOVA HIH K J5 2253 #r» P <0.05 &
NZER R B HbRE S . 4 B{H H Origin 9.0
SER L SCH R B 2 H XA L X5 AN BURE S50
B4 £ FRUE2 . R Canoco for Windows 4.5
B Xk 200 RO 30T R X S B AN BR8P AT U R
43 ¥t (redundancy analysis, RDA),

2 Z#RESH

21 KEREEF

2016 4F 4—9 H A XK A1k (21~34 °C)
FEA—FE 2N, BRI K.H X AHT7.27~
12.16 mg/L.L X} 8.65~13.69 mg/L (& 2B),
pH HA L /N H Xl 8.2~8.9, L X
8.6~9.3 (Kl 2C), COD £ H [X (29.855~54.421
mg/L) I L X (24.030~29.832 mg/L) #p & 56 I FF
FrFBE. B HXMSTEHES T LK
(P<<0.05)(H 2D), TN ¥ H X (3.715~2.715
mg/IDF S FE(P<<0.05), 78 L X (0.564 ~
0.880 mg/L) & FF(P>0.05 (K 2E), H KX
) TP Jfi & e & 88 8 (0.170~0.233 mg/L), L X
(0.069~0.190 mg/L) W &% ETHE T (& 2F),
Chl-a 7 H X (0.132~0.174 mg/L) B F & T L X
(0.003~0.055 mg/L) (P<C0.05), ¥ 7 8 A 1 #
BRAEE 2., IR HXMWEEREEEST

L X OKRE & FEA WG S8 8 TN=0.2 mg/L,
TP=0.02 mg/L"),
22 WEBHENEHTNSENE

5 38 Y AE B SRR AR OF 4R 13 30 000~
40 0004& 5 B JF 51,4 000 £ OTUs(LL 97 % 14
AL R 43) .20 Z 4511, LR 2, 781K F
432 B AR S B B B ] AR AR An '] 3 TR
2 AN 20 R AR AL, R B AE 4—9 HOF
P E R T 1% 8 AT A 43 B 2 i 4R
["J(Actinobacteria) | # # ] (Cyanobacteria) , 2% J&
W ['] (Proteobacteria) \ 1% % I | ] (Planctomycetes) .
AT & 1] (Bacteroidetes) JPJEA I ] ( Verrucomicro-
bia) £k 1# '] (Chlorobi) il 4% 25 1§ |7 (Chloroflexi) .
T TTHE 2 A KB S 3 (H Xl 30.2% . L
XA 34.5%0) s HR 2 WE BT (22.5%,19.7 %) Fl A8
TER1(22.3%,20.6%) o AH £ AT A X 3= B2 bl
B S S48 H XM L K 225980k, ki
T4 H XA ERBEMN 4 A 22.5%) %] 5
(53.1%) .2 ETH(P<C0.05) , 4R J5 KM B R [ (6 —
7 ABRAN (P<0.05).8 H A R1H (15.4 %) 5 7E
LIXM4 A23.6%) % 5 A (38.3%) th i & £ F+
(P<C0.05), WL JG IF AR KR B2 T K, i &7 7 H 33k
R E 0% . WHETTAE H X 5 Ak 10.2%),
6 A B % EF (P <<0.05),8 H ik 3 & w8
(33.79):7E L X 7 H &AL (19.4%),8 H &=
(26%),4 A5 6 HZAAREP>0.05, oI,
5 H ARG L DR TR 5 35 11 Bil B 1] 1% 722 1k
WA E . BRI H XA T S5 R T T A
Xof = B R R OG (r=—0.879,P<C0.01), AEIE
BT H X (15.7% ~23%) Al L X (15.7% ~
315V M Ee M #AE 4 H S KA 4 B AE 5 A f
6 .7 7—9 A# IR FEZEH(P>0.05), F&HMH
FI7E H X (6.4% ~17.4Y0) WM £ 8 & & T
L [X(1.9%~6.6%)(P<C0.05),

*2 SIXERANTHREIL.
OTUs BT MK E ER# =

Table 2 The average sequences, OTUs and numbers of

different classification levels in each area

X 3k Fr 51 % OTU ¥ il 2|
Area Sequence OTUs Phylum Class
H 37 388 4 060 28 69
L 43 003 4 569 30 78
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Fig.2 Variation of water environmental factors in sampling areas with time

2 TR AE 20 7K - 19 4 28 B FORE X6 = BE i s i) £ 78
feaniEl 4, 7EZR KA L O T 1) 32 R TR
24 ( Acidimicrobiia) Fl i £k 7 49 ( Actinobacteria) 24
B HODX 2 R B 49 (16.5 20 14 F SR04 = B o5 =
L DX U] 2 A 49 (19,4 %60 Fie e o AH DG 3= B i B[]
AR R H X RN, A 5 H (22.8%0)
# 8 H(5.9%)—H FRE(P<0.05), M#ITFEH
EBR 3 W 4 ( Synechococcophycideae) | B #: V. 44
(Oscillatoriophycideae) 1 Chloroplast ZH al, £ Bk
W REAE 8 Ak BWE(E, H XA L X 4351 K
17.8% M1 22.2% 48 H X £ E & 6 H (0.16%) F
7 7 (14.5%) KRR (P<C0.05) . 76 L X2 M
4 HG.8YO iR+ Ee 3 K 5] 8 J1; Chloroplast ¥J7E

4 H IR H ORI L X450 22.7 %R 15.7 %
5 HAH BN 0.7% . L XA5A 10.9% . B
4% ( Oscillatoriophycideae) 78 H X 1Y A XF F &
(20~11.6 7o) Bl ] 22 fk . 35 (P <<0.05) . 7E L IX
AREAE /N (0.4 % ~1.3 %) (P<C0.05) » FL 3 1 4 X
FEXERREP<0.05, BIREITFER LI
P8 20 ( Betaproteobacteria) | o-”% JE # 24 ( Alphapro-
teobacteria) f1 -4 & B 49 (Gammaproteobacteria)
iAo o e R S N i R E DO I o -
76 H XL X205 17.9 % F1 18.7 % . Hrh 3-8
P T o Ee i B R (46 %0) . fE H KL B-ZBTE NS
AR IR G4 1) AH X 3 B 5 I 2 AR O (r = — 0,508,
P<<0.01),
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Fig.4 The variation of Class-level relative abundance of bacteria

H X Chaol #8447 7 H i K (813.2), L X ¥
9 Hik# kK (796.8) Bk 7 HLIAM, L X Chaol $§
HEEET H K (P<<0.05) (K 5A), A X 81
Shannon 8 8(7E 6 —8 H ZHI A K (P >0.05), H4
Af, LIXBERT HIX(P<<0.05) (F 5B), M
W LR EEFROREEMRNY L X E 2R EK
TEERMBEREN HIX,
23 KEIMEEFIME B EEHNEI

X OLF TR T A X 3= B2 5 85 7 3£ 17 RDA
ST 6). H X RDA HEF BB 5 — M — 34
Gy e T 20 T TT KT AR X R B AR AR Y 56 20 AN
7.9% 55— b AR R A & pH (G- = —0.706)

A DOG-=—0.548) .5 8l & Tw(r=—0.654),
COD(r=—0.541) fl N/P(r=0.531) (& 6A)., L
X RDA KR5S —FEE = 420 3B 7 40 11K
ST AR A 46.3 Y0 F1 12.6 %0 5 — il 1 A OG
P K E pH H (r = —0.769) Ml Tw (r =
—0.657) %5 8l I & DO(r = —0.465), TP (r =
0.384)F N/P(r = —0.371) (& 6B)., % k., pH,
Tw. DO M 2 4~ X 3K A 40 18 R 7% 45 40 3 2
WEEH -, BAA B i (A SCPE . N/P R TP 43

A5 H X L XA 40 TE B T5 25 48 A0 55 50 1Y 1E AH O
KFR, COD 5 H X 40 7% 454 1L A7 550 1y 51 A7
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Fig.6 RDA analysis of environmental factors and bacterial community
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FRACIREE T L 20 A B AH X S B B ) AR Ak Y 25 54
R BRI AE A X = B Y /N B B [ 1 3 A B
A HOXY R B 1 ORD W s 1] % A X T R B

i#

A fb P sh AR K, HoW & 2 3% M X (r =
—0.879,P<C0.01), KT ] HI 0 8 1] A AH B
YRR AN VE R A PR R, KRR IR R &
o 00 2 B %) 50 U /D T R AR T sl 5
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T L IX (P <<0.05), ATRE S H DX Y 3 35 % ik B T
e Z R R O TR AR R AR 2 A KRR
FEE S

JICER TR 1] 32 0 TR AN A TR e TR AR AL TE
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I E B RBEE RN KR EERE ., IR
B VOB RNERE TR NRE, “ENF
BIMI 2 MAE 18 % A . B TE AN TEAR 2R
K ZR GE R AT B I A A LA S W e DL
YA L  E H X, 378 I8 B 40 5 46 3R s
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UL SRS DR, BT ERE LR,
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(Bl 2-D,4—8 A, [ml i 358 28 1) A 4 R 4 i i 2 52
2 7K B ) DO 1 pH {EP, Lindstrom Z£5Y X}
MR AL ER 15 A~ HLRDR K WA S AT A 5% . & B pH {H
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Al -2 3t /6 BH I F4) A 5% 26 B L DO 2 52 1 41 B R K
GEMRIEE N R, AWM H XK KWL TSI
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S 40 TR RV 45 R AR R A S I B AR AL HIX
IN/PLL X TP, 5 1078 37 2 B35 m 2 77 iF
20 T 1) 2L I e 2 T 2 52 ) 81 7 i AL 0 RN O Ui s
A ) B 2 R MR B b 3R K BR B R i R 1
(GB 3838—2002) ,H X COD C.ik# g it V 3
bR E L X4 F IV 2, COD 5 H X 1405
VR A BRI SRR DG OC R, TRT L DX 4 TR A 5% il ¢
NG B Uk BE 9 COD AN FI) T 40 14 BE 75 45 74 1
R,

EHERATEERN L KW 2R EORT
HEREEERERN H XL L XA T
ok R R E . AR EN A E SR
ACEY TN e oh Qe AP S ) W N
B 22 BRI A i ARt

ARSI FEAE T TIK AR K X 2 W80 7K A4 200 o R 7%
PSS AR AT T 0B, K B0 AR W1 K AR 40 1 3 &
ANTR)E IR AR B T DX 40 T 1Y) B R 445 A AH AL, (EL A
Xof = I 1o ) 1 A5 A B 22 R 25 SR AR R A A R
S TE N VR B T 1R B Y 4 B AR X T A 2 S KB
W B ORE . FRATHEW T 2 A X F] A F 2R X
— DR GPFE F — m R e AT A KR R pH
(B AC /IN R e S I i R 22 0 B /N LB H XD
L IX 75 Y it B HLoA 3 25 55, 45 P 2R B 1R 38 X 4
PR FEE V5 205 4 1R 5 i AN ) A A5 2 A4S DX 41 1 B VK
7 5 BLR IR A B A AR X = R K L B 1] ) Bl 2
Ak b oI5 ST AE AR 4 2K A BE— 2 1 4y
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Dynamic changes of bacterial community in two eutrophic
areas of Donghu Lake in spring and summer

CHENG Minling LIU Chenfei CHENG Danyi XU Ying LIANG Yunxiang

State Key Laboratory of Agricultural Microbiology/College of Life Science and Technology ,
Huazhong Agricultural University sWuhan 430070,China

Abstract The dynamic changes of bacterial community in two eutrophic areas including Guangiao
Lake and Sea World,referred to as H and L., of Donghu Lake in spring and summer were studied with
high-throughput sequencing. The results showed that the bacterial community structures in H and L ar-
eas were similar. Actinobacteria were dominated in these area,following by Cyanobacteria and Proteobac-
teria. The relative bacterial abundance varied with time in both areas tested. A large fluctuation was ob-
served in H area that Cyanobacteria (10.2%-33.7%) and Actinobacteria (15.4%-53.1%) abundance var-
ied with significantly negative correlation, while bacteria were relatively stable in L. area at the phylum
level. The abundance of several classes including Actinobacteria, Synechococcophycideae, Oscillatorio-
phycideae and Chloroplast in H area,and the Oscillatoriophycideae and Chloroplast in L area fluctuated
greatly. The diversity index of L. area was higher than that of H area. Results of RDA analyses showed
that pH,water temperature and dissolved oxygen were significantly negatively correlated with bacterial
community in both areas,while N/P and TP were strongly positively correlated with bacterial communi-
ty of H and L areas.

Keywords Donghu Lake; eutrophication; bacterial community; high-throughput sequencing; rela-
tive abundance

(AL R E48)





