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YAN" Mlao -miao, CHEN Sheng-nan * , .HUANG Tlr_lgﬂllir‘}r.* , JIA Jing-yu, LIU Kai-wenr, MIAO Yu-tian, ZONG
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(Key Laboratory of Northwest Water Resource, Environment and Ecology, Ministry of Education, Shaanxi Key Laboratory of
Envirorimental Engineering, School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology,
Xi’an 710055, China)

Abstract: Phytoplankton and bacteria are important components of the aquatic food web, and play a critical role in substance
circulation and energy exchange in freshwater ecosystems. The succession of algae is closely related to the metabolism and structural
succession of bacterial populations in the water column. Thus, in this study, the vertical succession characteristics of phytoplankton
and bacteria community structure and their coupling with water quality were investigated during an algal bloom in the Lijiahe Reservoir
using high-throughput DNA sequencing and Biolog technologies. The results showed that the Lijiahe Reservoir was in the thermal
stratification stage in August, and the pH, dissolved oxygen, and NH, -N of the water column gradually decreased with depth (P <
0.001). Algal cell concentration and chlorophyll @ exhibited a simultaneous trend (P <0.001), and the maximum values in the
surface layer were 3 363.33 x 10* cells-L™" and 7.03 ug-L™", respectively. The algal community structure was dominated by
Microcystis at water depths of 0 m and 3 m, and at 6 m water depth, Cyclotella replaced Microcystis as the most dominant algae, with a
relative abundance of 57. 28% . Biolog analysis indicated that the outbreak of Microcystis had a significant impact on bacterial metabolic
activity and its relative abundance, but the diversity of bacterial population metabolic activity varied less. A total of 1420 operational
taxonomic units were found by high-throughput sequencing, belonging to 10 bacterial phyla. Of these, Actinobacteria and
Proteobacteria dominated in all water layers, and their relative abundances were more than 50% . The relative abundance of Chlorobi
and Planctomycetes varied significantly with water depth, reaching their maxima at a depth of 6 m with values of 10. 29% and 6. 78%
, respectively, which were both negatively correlated with algal density (P <0.05). Firmicutes and Gemmatimonadetes were positively
correlated with algal density (P <0.05). A heat map fingerprint showed that the vertical distribution of the bacterial community
structure of the Lijiahe Reservoir varied significantly, and with the increase in water depth, the bacterial community was more uniformly
distributed and tended to diversify. Redundancy analysis ( RDA) showed that the vertical distribution of the bacterial and algal

community structure was regulated by different water qualities, and the difference was significant. This study investigated the coupling
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mechanism of algal and bacterial communities during the algal bloom in the Lijiahe Reservoir, and the results provided a scientific basis

for the investigation of the molecular microecological driving mechanism of water-source algal blooms.

Key words: stratified reservoir; algae; bacterial community metabolism; high-throughput DNA sequencing; community vertical

succession
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LIEAHIC. B K EARWE N, pH T~ B 34 2%
(F=112.56,P <0.001). FJZ /K5 55081 3= B
M TR B R TG A E T T /KR Pk Rk -
i, ILAh, DO BEVR AR Ak, 2 BRI A 5, U&7
REE 6 m &b, DO F#AR IR B fie K (F =714.50, P <
0.001) , HHIEE 0 m 4b(6.41 +0.22) mg-L ™" Hi#E
F£2(0.12 £0.00) mg-L™" X FHEZEHEE K
R B A A B 850 TN NH, -NFHINO, -N i 7K 28
A2 Hod TN FINO, -N ¥ B8 it T8 A8 1 2% 17 48
B, WNH, -NWGZ#TFE R (F =26. 87, P <0.001) , 1%
2 LT B — 7 TR A% B 3 B U R AL RS %#
75 T Al fig %%mmﬁmwm%mﬁﬁﬁﬁ%~mﬁ
TP B R M %T“ﬂtﬁfﬁzfﬁ FTJHSZ
#b Fe #1 Mn /\Epﬁ ‘W&%L%%E%ﬁf Tﬁb
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i KR4 Fe (0 2 R R ZUT i X BB
I Fe M RS2t K060 1 1 B R E 2 2
ééﬂﬁj‘tAVEﬁH%ﬂﬂ?W’EFﬁ#i mig st Of
Zhang 1 (BT ST & B, 70 SR ATI, K ZE D Fe 1Y
W — HAN T AR AE, ﬁﬁ?:”tfsé EEIR IR Fe B
BE N ZE4R 5 2510011 (P < 0. 001 ) . Landa 25 ZEWF 5%
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Table 1

Spatial variation of water quality parameters in the Lijiahe Reservoir

WH AT/ m One-Way ANOVA
0 3 6

pH 8.73 0. 10A 8.42 +0. 11A 7.50 £0. 10B ok
DO/mg-1.~! 6.41 £0.22A 5.33+0.31B 0.12+0.01C sk
T/°C 26.50 =1.00A 26.07 0. 80AB 22.80 =1.00C ok
TN/mg-L~! 1.83 +0.05B 1.82 +0.04B 2.12 0. 14A *
NO; -N/mg-L~" 1.41 +0.01B 1.41 +0. 02B 1.81 £0.01A ok
NH, -N/mg-L~! 0. 14 +0. 00A 0.15+0.03A 0.05 0. 02B ko
TP/mg-L~! 0.09 £0.01A 0.09 £0.00A 0.08 £0.00A NS
DOC/mg-1.~" 2.97 £0.32A 3.13 £0.24A 3.00 £0. 11A NS
Fe/mg-1.7! 0.02 £0.00A 0.02 £0.01A 0.03 +0. 00A NS
Mn/mg-L~! 0.00 £0.00A 0.01 £0.00A 0.00 £0.00A NS
Tur/NTU 11.20 + 1. 00A 10. 80 £ 1. 04A 10.00 1. 10A NS
Cond/pS-cm ™! 206.33 +11. 15B 208.00 = 10. 15B 255.33 £11. 06A ok
Chla/pg-1.7" 7.03 £0.52A 4.40 £0.48B 3.40 0. 58C sk

HEEE % 10%/cells-L~! 3364. 33 £234. 59A

1638. 00 +232. 70B

821. 67 £273.32C

sfeskesk

1) RAE R + BRERZE (n =3) 5 BT R R 7 220007, AR RS FRERR e it 22 53 1k, ot = 3R P <0.05,

wrx R P <0.001,NS KR FL R

#% 5% P <0.01,
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SRR, A3 2 Fros. R AEAN TR K ERAL
R T TR O R RIS W SIS AR e 21 vy ) O =
S AEHONS B S R A ) A0 22 B 2 25 5 A LE T
JKIEO m 16 m, 20 T A v X B 2 B PR T3 A K
W3 m b RS AR R B B K TR
T, A AR RSB I (B AR R AR 2
RR(H ) IR E 25 (R 2). 28 BPTA, (g
B ) 3% T 200 T A 6 A R TG = 7 AR R W

{EABUE AR Z B 22 AL, F HAEKIR 6 m 240
[ERAW/iRCR GRS B b Ih - SNSRI, & L N
[R1 7K Z Ak B A RO RS | R IR S TR MBS )
B B2 22 5, o A TR T2 A 40 0 2 2
MRS B2 MR PR B R FH R ey, T A2 I =
F180 20 T o AR SIS | R R IS | T 288 A B I 1 R T R e
1%, A AR SO GEL R, AT i A B A
PEFR B[R] ZK JZ [8] 49728 A AN W, BIVRE T 22 1k
PRTES -2 S

%2 ET Biolog MEMBE KT ARBEILTMAEEES 120 h HRFSHSHHY

Table 2 Metabolic parameters of the bacterial community at 120 h based on Biolog microbial community level

JKIR/m

R4 0 3 5 One-way ANOVA F1H

LR IR S 1.16 £0.20A 1.37 £0.17A 1.46 £0.22A NS 1.76
RIS 1.32 £0.01A 1.16 0. 18B 1.48 0. 00A * 7.34
LB 1.29 0. 19A 1.54 +0.08A 1.68 +0.21A NS 4.21 -
Jieks 0.61 +£0.49A 1.06 +0. 34A 0.73 0. 08A _ NS A0 o
S 1.21 £0. 13A 0.18 +0.28B 1.01 £0. 18AB 16;..&5;-"
ZRY) 1.93 £0. 10A 1.29 =0741B 2.13 0. 16A - 1 "‘7.‘_7’“3 =
FEEEB(R) 23 +1B 26 =04 27 £2A . 5 T
TR EZFEEFREL(H') 3.06 +0. 08A 3.17 +0.03A 3.22£0.20A | NS 1 0‘7

1) R PE R BE £ bR ZE (n=3) ; ﬁbHﬁﬁU?ﬁ%éﬂﬁ Nﬂﬂﬁk%%ﬁ%@rffnﬁé@r@ H'{J R P <0.05,
sk i'é/TP<o 001 Nsi'éﬂ*%ﬁ%%ﬁ - 3

Y &

,;f 4
2.4 QIHT%TE%‘?%E *’j%’riﬁﬁ%ﬁ OV

2.4.1 | SRR EOMT y
%ﬂmﬁxﬁm%i%%@ﬁﬁjﬁa
5’F€ ﬁ&tﬁ,j{tﬁfﬁ?ﬁ ACE, Chao 1 ¢Shanon ZEE
PR (A ) ?ﬂ Simpson ZHEHESE$C(D) 4174 H
SRR 999% LA -, P I BN AT 52 (3£ 3). ACE
Al Chao 1 JUMEFEA 2 [A] 1 420 B, HLAEDBROR, I 3%
BN BV 25 BE AL 1T Shannon 22 B P 48 5K
Fl Simpson ZAE LT B0 RAL LA W RE TR ZHEPE
ot Shannon Z FEMEHE HI08 57 , 3R A 40 A BE VR 24
A 1T Simpson ZHEMERE BN EF5 Z A0 I, 5 HAE
kg B 3% B 4N T TR 2 AR N iR 3 R
Chao 1 F & JEFREIY = T AR OTU 1, iﬁ@?fﬁ
GAIK PRI AG AR 22 R T 90 () 4 A i it — 25
gy 3130 HEK IR 6 m Qb . ACE ., Chao 1 %H Shannon
ZREVERR B IR B f KA, T AEK TR 3 m AL, 0 TR HE
7% .Chao 1 Fll Shannon ZFEM:H8 BUERAR , B[R] K
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St FRVBB IR A I P AR 20, T ZE KT 3 m b, BRAR
SRR ROKTE O m A B AT A9 R3S H i T
HTEVE B IR R RS AT LB B, ML
BRI RS RV R U AR 2 A T A Ak
Ve DA SRS SR R T 4 R T B e 4
B RIS RS AR U . A
BRI R I, K AR DI RETS Chao 1 35 3XBETRIE 9 R
EImE I 8 2% 25 %, Shannon ZREMEIEEL(H) 15
IKIFEIRJZ 5. Yang 255" 38 13 BF 5% #1453 2 15 40
TR 7 B B AS AT & SR S22 P 0 A P TR R
P 52 0 T AR IR 0 2 T R T R TS 2 R
R A A A A5 R e P U W TR 4

F3 FFAKEREKRAERTE SHEERN

Table 3 Bacterial community diversity and richness estimators at different water depths of the Lijiahe Reservoir

JKIR/m ACE #8%% Chao 1 5%k Shannon F8%((H'") Simpson 84X (D) B/ %
0 465 (453, 488) 481 (459, 528) 4.51 (4.50, 4.52) 0.02 (0.02, 0.02) 99
3 435 (415, 466) 434 (412, 478) 4.15 (4.13, 4.17) 0.03 (0.03, 0.03) 99
6 479 (470, 497) 484 (471, 514) 4.52 (4.50, 4.53) 0.03 (0.03, 0.03) 99

2.4.2  NpEHEIESS AL BT
T Tl 3 i 2 R M ], 28 K AN [R) KR Ak 1]

IO RV S0 0 22 5. WA 3 R, i i
W FAr S 2 9 5 A 97% K L AL 9 1 420 4
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I 0.94% (0 m) F+ 2 10.43% (6 m) 7&K
2. 11% (0 m) F+ %= 6.88% (6 m) , I H 5 8% &
BB ENME(P <0.05). JEEEF ] ( Firmicutes ) £
ZERMIR ] ( Gemmatimonadetes ) /E N #i A g, &
TEANGAREVR o PG, (E H AR X = B bifi 7 o 2% 3
REAR I 320 S0/, 5 3 B 2 i 5 IEAH R R (P <
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Fig. 3  Circos analysis of the bacterial community structure at the phylum level in different water depths of the Lijiahe Reservoir
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Fig. 4 Color-scale heat map of bacterial communities at the genus

level at different water depths of the Lijiahe Reservoir
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