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D1vers1ty - and Function Predlctmn of Bacter}oplankton Under Human
Dlsturbance m the Main St“reamJi of the Laoguan’ Rlver Before and After/the

Flood Season . . ao o

HAN Xue;,-melf , IGONG Zi-le'?, YANG Xi;o;iling*ff', LI Yu-ying'?", CHEN Zhao-jin'?, ZHU Hui-hui'?,
WANG Fan-mei'*"

(1. School of Water Resources and Environmental Engineering, Nanyang Normal University, Nanyang 473061, China; 2. International
Joint Laboratory of Watershed Ecological Security and Collaborative, Innovation Center of Water Security for Water Source Region of
Middle Route Project of South-North Water Diversion in Henan Province, Nanyang Normal University, Nanyang 473061, China)

Abstract; The Laoguan River is the tributary of Danjiangkou Reservoir located nearest to the water diversion outlet, and water quality
here directly affects the safety of the diverted water. To explore the community composition and functional change of bacterioplankton
in the Laoguan River before and after the flood season, four representative sites were sampled in the main stream before (May) and
after ( October) the 2018 and 2019 flood seasons. Water quality was assessed and high-throughput sequencing of bacterioplankton
was performed. Yanghe (YH) was slightly disturbed, Xixiabei ( XX) was moderately disturbed, Dangziling ( DZL) was heavily
disturbed, and Zhangying (ZY ) was moderately disturbed. In total, 599 genera from 40 phyla were collected. The diversity of
bacterioplankton before the flood season was higher than afterwards, and moderate levels of disturbance increased the Shannon-
Wiener diversity index. LEfSe analysis indicated that significant differences existed in some dominant phyla; Armatimonadete in
Yanghe, Epsilonbacteraeota and Firmicutes in Xixiabei, and Cyanophyta in Dangziling dominated before flood season, while
significant differences only occurred in Firmicutes and Cyanophyta in Dangziling after the flood season. The PCoA of the
bacterioplankton community showed that the sampling points were distinct before and after the flood season, and that differences
among samples were greater before the flood season. The RDA and CCA indicated that total nitrogen and ammonia nitrogen were the
main environmental factors causing declines in bacterioplankton diversity. PICRUSt showed a total of ten dominant categories of COG
function genes. A total of 30 KO function genes related to nitrogen metabolism group also different between the two periods, with
greater differences before flood season. The genes cynt and can in Yanghe were significant different from the other three sampling
points before the flood season. Overall, nitrogen and phosphorus were the main factors regulating the bacterioplankton community

structure and eutrophication in the Laoguan River. Changes in nitrogen inputs will result in changes in microbial nitrogen metabolic
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function in different regions of the river.

Key words : Laoguan River; bacterioplankton; high-throughput sequencing; nitrogen function prediction; human disturbance
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Table 1  Physicochemical parameters of water quality in the main stream of the Laoguan River
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TARERL A P H T 4 3

REEAL /mg-L=" /uS-em ™! ORP/mV pH fi e /mg-L™" /mg-L™' /mg.L7' /mg-L”' /mg-L7' /pgeL”!
YH 1. 48a 295.33ab 185¢ 8.27bc 28.20b 38. 15ab 0.98a 0.044a 0.599a 0.003a 1. 66a
XX 4.99b  280.67a  150.33bc  7.43a 23.40a 16. 83a 1.75b¢  0.072a 1.379b 0.041b 1. 18a
DZL 5.21b  339.33ab 103.67a 8.63c 28.20c 18.40a 2.33¢ 0. 425b 1. 530b 0.051b 11.83b
A 3.35ab  367.33b  141.33ab  8.13b 24.33a  61.73b 1.47ab  0.035a 1.260b 0.019a 11.29b

1) [ —FIAR NG FREFRIRFESTE P <0. 05 AKCFA 5] B F 25 n =4
A58 W 4 (y-Proteobacteria ) U AT & 11 Tk, MIAESKE R A AR BT R . AT 1] TR

( Bacteroidetes) it 2k T ] ( Actinobacteria ) | ¥ ¥ 1]
( Cyanobacteria) | JERE [ ] ( Firmicutes ) | JEI A ]
( Verrucomicrobia ) F1%& B [T ( Armatimonadetes ) 1)
A AN (5 23R 51 Y 95. 2% ~ 98. 84% , Ay {1t 4
I]. y-Proteobacteria FIUFF B ]k O 32 BE fc v 1) 7
K AHE, y-Proteobacteria 7£ 4 A~ FE & 1) 5 3 7
30% VA b JUAT BRI 1] A7 B33 209% . AATRIYT i 21 TR
MWE,iX 2A§§E$T‘$ﬁ{j*ﬂﬁﬂbtjtﬂﬁ$fig7§,fﬁj:

(a) TR T

(b) i A

Il 4 AFEREE 3 A0HT (H BT S BR A A S
Hb,H AL 3 ARE RS 3 AR R AR S IR RE T ).
LEfSe 73-HrRBI (18 2) , 0T b BT AT A% 0] 42
BT, VUL Y Epsilonbacteraeota FIERER ], £
T B A ]S AR A B R 2R s AR
Ja, 4%%?1“/\9/]}%%13[]*1];5@[] lﬁﬁr’ﬂi’ﬁjﬁﬁﬁ
FNEZESE(P 0. 05) “

I Emk%’t #ﬁLEfseéﬂﬁi%Eﬁ(Jﬁz}:Wﬁ

CIM‘IW

%

%.'\; o

i mmvn

:  mm XX

g EEE DZL
§ w7y

(=S

E2 ZEATRTEAHEREREESH LESe S

Fig. 2 LEfSe analysis of bacterioplankton in the main stream of the Laoguan River
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Table 2 Diversity indices of bacterioplankton in the main stream of the Laoguan River

g ] TR gk Sobs T4 Ace T84 Chaol ¥5%X H' D

YH 51316a 879b 1740b 1371b 3.868a 0.044a

T XX 53 001a 885b 1571b 1326b 4. 409b 0.033a
DZL. 52 675a 762a 1358a 1155a 4. 388b 0.037a
7Y 57 832a 810ab 1550b 1283hb 4.38b 0.032a
YH 45 578ab 426a 1029a 728a 3.129a 0.103b

= XX 53 118b 767¢ 1 446b 1160c¢ 3.931b 0. 064ab
DZL. 41 681a 456a 745a 643a 3.82b 0. 062ab
Y 46 784ab 651b 1013a 944h 4.034b 0.055a

1) ARG FRER R 6] — I 401 3] — P8 bR AN R AL ) 22 57 235, P <0. 055 TR , XX, n =5,DZL,n =4, HAR n=6
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Fig. 3 PCoA biplot of bacterioplankton in the mainstream

of the Laoguan River
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Table 3 Spearman coefficients for bacterioplanktonic diversity indices and environmental factors in the main stream of the Laoguan River

iH DO Cond ORP pH & T CcoD TN NH,/-N  NO;y -N TP Chla
Sobs F5%k -0.26 -0.01 -0.25 0.03 -0.46™  0.45™ 0.20 -0.31" 0.2 0.06 -0.17
Ace 1648 -0.60™ 0.01 -0.31* -0.15 -0.13 0.37* 0.15 -0.33" 0.13 -0.18 -0.56""
Chaol 8% -0.42 0.06 -0.31* -0.03 -0.34"  0.49" 0.25 -0.33" 0.24 -0.02 -0.36"
H' 0.10 0.15 -0.34* 0.13 -0.56"  0.35" 0.38* -0.12 0.38" 0.48 " 0.07
D 0.03 -0.26 0.31* -0.14 0.42" -0.35" -0.39 ™ 0.15 -0.38° -0.40™ 0.05
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Fig. 5 Correlation heat map of dominant bacterioplankton and environmental factors in the main stream of the Laoguan River
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