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Bacterial diversity and community structure in surface sediments of Yellow River

from Inner Mongolia section
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Abstract: The microbial diversity and community structure of surface sediments of Yellow River from Inner Mongolia were
analyzed by high-throughput sequencing technique, and the samples were taken from Wuhai (H1), Linhe (H2), Wrad
Qianqgi (H3), Baotou (H4), Togtoh County (H5) and Laoniuwan (H6). The results showed that the order of bacteria
abundance in six surface sediments was H3> H6> H2> H4> H5> H1 and the order of diversity was H6> H2> H5> H4> H3
> H1, with HI being the lowest in both cases. The three dominant bacteria groups were Proteobacteria (32.39%) ,
Chloroflexi (13.25% ) and Bacteroidetes ( 12.16%) in the sediments of Yellow River from Inner Mongolia through the
taxonomy analysis of the sequencing data. The analysis of redundancy between bacterial community abundance and
environmental factors indicated that total organic carbon (TOC) , ion exchange capacity (CEC) , total phosphorus (TP)
total nitrogen (TN) and other environmental factors in the sediments had great influence on the distributions of bacterial
communities and the negative coefficients were 82.5% , 80.1% , 85.5% and 85.2% respectively. The results of correlation
analysis between microbial diversity and environmental physicochemical factors demonstrated that the pattern of microbial

diversity in the Yellow River sediments was directly related to the loss of nutrients such as nitrogen and phosphorus.
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S (Total phosphorus) 52K & ( Burning vector) , FHE 3¢ ¥ it 2l EDTA -2 5 Pl 0 i | A WL R FH =
BRI 2, SN A SR FH Ao P 1 A A T A

x1 EBEKKEIERR
Table 1 Water quality index

R ey %= FALIE 5 L i

Sample pH Dissolved oxygen/( mg/L) Redox potential/mV Electrical conductivity/ (us/cm)
13§ H1 8.34+0.05 7.42+0.12 359+0.05 743£0.06
I 3al H2 7.90+0.02 7.68+0.10 270+0.07 749+0.08
THE H3 8.57+0.03 8.57+0.14 105+0.08 938+0.03
113k H4 8.02+0.07 6.91£0.15 241+0.02 854+0.025
L H5 7.95+0.06 6.98+0.13 208+0.09 103420.035

Z4 H6 8.15+0.02 7.41£0.11 314+0.04 796+0.072

1.2 FEh i

1.2.1 PCR {44

FEHUPRE S DNA S P BN WH B I F TR, ff s G 45 A% 2 I Pl e 98 6 5 i PCR FARAGIN . Bact-F
(5'-GTTAATACCTTTGCTCATTGA- 3") Fll Bact-R (5'-ACCAGGGTATCTTAATCCTGTT-3") A Lk 514,
HA PCR WA R AL E 2.5 wL 10 x PCR 2211, 1.6 wL ANTP (2.5 mmol/L,TaKaRa) ,1 uL | Fii#F5147(10
pwmol/L) , 0.125 wL 1Taqg DNA B4& (5 U/pL) BT DNA 2 wL, & LB TKANE R 16.73 L, [ 5
P 95 °C FiAETE 4 min, 30 MEHR,95 CAEYE 30 .57 CiB 2k 30 5,72 CHEMH 30 s, 2 72°C L4 10
min, HZAEGRNFFE MiSeq il =2 72K ) H AR DNA Fr B¢,
1.2.2  Miseq V{5 = 1 B0

16S B RN Y 248 % FREERE S A W) 16S tDNA LR PCR 3748 7 4 647 s 300 00 5 J 00 ) 6
P 5T A M 16S rDNA EHE FEE4T FL X o8 , X PREEAE b A e VE AR EA T 9 . e PCR OB AY
30 pL &R AL S 15 wl SR E PCR IR 57 ( New Eng-land Biolabs) ,0. 2 wmol/L FYTE 514 LA K 2 L BRI
DNA, PCR JZI 214K 95 CHZEME 5 min, 40 PMEFR |57 CIB K 30 5,72 CLEH 20 5,72 CHARLEM 5 min,
PCR 7= )38 1< B BE AR IS H KRG I8 22 4% 5 7E Illumina MiSeq - & 3 7E #E— 20 |
1.2.3 IR Ak 3

PR A AL T EE A HE R L RIE S B YT 5, Sl it Flashl.2.7 #4477 50 3647 PF 4 A
Qiime19.1.0 FFEAFUEAT S DRS00 5 77 A% 149 7 51 o 2 A DN A s 2B A5 B A 0T 51, L i LI RS i R B Q
{HZ%7R 985 K UCLUST 45 17732547 OTU (operational taxonomic unit) 38, J R 4B 4 Fh i/ s oo 2 (8] i AH
IPESE TERT 97% A RUF I KRl — 3B BI0, FET OTU /&5 R mT DL AT Z2 R0 E ab A B th Ze o bt
I Chaol FEBEFEEL 7 35 )% ( Coverage ) FIFF AR ( Shannon ) ZAEPEFEEL, R A RDF Classifier U1 M358k Xt
OTU RREFJPHNIAT I 53 7

2 ERE5S

2.1 UURIRE S RUE Y 2 REE b

FEEASST o ZFREME T BCTE AR I ZREPES AT, o] LU B A O e R B e — &R 5
Gt BN IR T IR ST RE IS R 2 FE RN 2R . 6 N SRAE s A OB AR 5 T 345 1 Z R iR 571
TR 2, K2 AT, 6 - RAE S UTERIAE i ACE ZHEPEH58UFE 6758.63—12958.81 Z[H], Chaol ZAf1:45
BAEFITE 6079.61—11525.45 N, ACE Fll Chaol ZFEMEFE B BHUTRUYIAE S A0 o =5 B2, OB (ADER S, A A 0
TR, 6 MRS AR /N H3 > H6 > H2 > H4 > H5 > H1, FRBNEHEMETREUE 9.46—
10.57 LAV, A He s s , BEBH 6 A RAE SRR LA LU S R W 2 e FLHE P 45 5 . He > H2 > HS5 >
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H4 > H3 > H1, 5HAM 5 AN REESAH LG, HL S0 20 08 B 0% 35 5 e e W 2 R B B R e e ik, =
Coverage Fe/R I FFIREE  WHAESKRE  BR T H1 A1 HS BARAE , A BUEAS LB &, F ik 96% , Ui B 45 FEA SC P2
78 55 3 LU AT, S 90 A 5 R AR, %25 SR S AR 5 rh A e it e il 45 21— 3

R2 BEMSHEE—RR

Table 2 The index of archaeal diversity

B izl OTUS ACE #54 Chaol #5%K FARSEEL R
Sample Order/ %% ACE index Chaol index Shannon index Coverage rate

Ly (HL) 24460 3306 6758.63 6079.61 9.46 0.8994
I ¥eT (H2) 59656 6398 10223.61 9144.36 10.35 0.9386
RiTAE (H3) 104399 8695 12958.81 11525.45 9.96 0.9577
i3k (H4) 48408 5825 10644.97 9541.02 10.04 0.9219
FEE (H5) 24822 4419 9069.68 8329.09 10.31 0.8719
£ (H6) 72155 7804 12268.77 10879.58 10.57 0.9359

O N ST B 6 Pl 2 DURUAE i 32 A A 43 A1 4
K2 firos, M BEIAT UL, 55— F 5 (PCL), 25 = %4 Pczjio'”%)
(PC2) FlIEE = F4h (PC3) My Z= Rk F 4351~ 50.37% , 30. .
14%H1 10.67% . &l H3 Hl H4 2 8] i BE 25 il , % 0 Ho
LB B 4 R L i AR, 16 o,
H2, H6 1 HS PR S L i v+ A0 2 58 o BB AR
HARIPE/ N T H3 F1 H4 GURWIAE S UE 24, HI
55 A 5 A TTRRYIAE S AR W RV 2H L TR 25 AR L
MR, X G FRATHET w5 30 = WY B G W) 2 e R R
JEWFFE R A A A 48 2R — 20, S i (HL) TURRAIAE L *4l
YRR RE A 6 FRE L TP AR A, PC3 (10.47%) PC1 (50.37%)
2.2 PEAITURRYIRE o A R T Al S e A

ARATE 6 AR AL VIR R ff 1Y 36447 4~ OTUS
38T 365 N17,1128 4N49,2170 A~ H L3360 DEE, 4722
A&, Al L N S Be TR A B LR & A )
ZHME, i 5 Green gene database H1AE HUTHI AT LU | XoF BRI TTTAR AL AS v (0 A0 TR F 95 2540 1 )
T i, B RZ ORI S E AR RN ETE T TN B RUEKF ERAR FRE LI 3 & 7, AT DL, B
TR REA AN I B AE T 1K L 2R B B 1T ( Proteobacteria , MXT = 4 32.39) &5 B[] ( Chloroflexi , A%t
FHEH 13.25%) JUFFEE ] ( Bacteroidetes , FHXT B R 12.16% ) di 4l T S A0 A RE& £ LY 50% LA L, BEBTIX
SR EAE RN E BRI AR, ERIERE T RN EEF LR o B N
( AlphaProteobacteria ) , B-A% J& B 44 ( BetaProteobacteria ) , y-7% J& B 44 ( GammaProteobacteria ) , 8-2% JE T 24X
( DeltaProteobacteria ) 25 PUFR , FHorp B-Z8 T T 44 o H5 1 A8 JE 11 o =F B 1Y) 36.98% , 8-7% T2 1 244 It o AH 6F 32 58
23.86% , a- B TE BT L ARG 42 BE A 20.89% , y- LT B4R T (i ARG 22K 15.86% P A FT UL, B8 TS B 449 7
BT A S BETTURR ) AR 25 7 B v i LR AL

AT A B i R 2 0 A T S AR I AL T S BE T 1) (Firmicutes , AHXT FBESh 7.71)  BRAT T
( Acidobacteria , HXTHEFEH 6.15) , T ] ( Actinobacteria , A%/ 7.10) , BN TRV EETE 6% L) 1
AT AL T ZE M ] ( Gemmatimonadetes ) , JERLE ] ( Verrucomicrobiae ) , Wi 4l 54 [ ] ( Cyanobacteria ) , if§
ALBZT5E 1] ( Nitrospira ) , #2 i€ & ] ( Spirochaetes ) , Z& [# [ ] ( Chlorobi ) , #2 #T B '] ( Fusobacteres ) , 7% %% [# | ]
(Planctonycetes ) S5 FHXS £ B LD HORIRE , A FEBRATHY LSS5 R A 5% BN 16S rRNA 3 [H 751 78

e
H3

B2 EMTTRYEE B E AR
Fig. 2 Principal coordinate analysis in sediments from

Yellow River
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Fig.3 Relative abundance of clone libraries in sediment of Yellow River

2.3 BRI AE Y Z RN S R T 22 (R A G R
DU AL PRI 45 R L3 3, CEC S RME 2 S TURRY) , fr/IMELR S RURFRTIEE; TOC e R A2 5
DUBWY , i/ IMEIE S RURFAITAEE ; TP S K AR S DAY, fe/IMELIE 2401 LOT S RAERE S IR DU, e/ ME
®3 MRMHELSH

Table 3 The physical and chemical parameters of sediments

TR PR ES 35 i AL Py PRk

CEC/ ( emol/kg) TOC/ % TP/ ( mg/kg) LOL/%
3§ H1 22.31 1.48 95.05 2.90
i H2 5.309 0.41 62.05 2.44
HHE H3 2.485 0.60 34.27 2.37
113k H4 3.819 0.22 41.16 2.17
ILE 15 3.106 0.25 41.58 2.66
415 He 3.750 0.56 15.61 2.63

BN S5 BERIZ DU 13 07 AR Ve 5 35 R 1 Z M B TR A A 45 R an 181 8 o, 43
5B, DU TOC \CEC 1 TP S5 3R5 R 7 X 8T PN 52 oy B TR AN B REVE e AR sg A K, A F 941
T T 20 B A 7 K PR S ) PR AT U4 0T (RDA ) B ' 5 SR B R TOC A (TN) TP 253745 P 7
XTI AN P 53 A s W .35, S AR TS 4 SR AR — 3%,

H N S BER Z DU U E Y Z AR B0 S S S R A S FAL R TR DG e i SR L 4. 8K
PEALHEd ] SPSS Statistics19.0 A4 X 25 2 Fic s HE A7 0UAS 2 A0 S 0 B, A5 B HERESR P ( + . P <
0.05,HH 0.05 7KF- (WU S B AHOC) . AR 4 AT, BT R AR S AN B TE TS Z2 R Chaol FI1 ACE F8 %k
SO TN TP £ 5 25 5UR OC , 136 BT TURR P 4 TR I = B2 1 K/ IN X U 55 8 R ) o i) B FE A 42 ¢
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Fig.4 Relative abundance of class libraries in sediment of Yellow River

F; SR PR A AL S R (IMOF-N) B FRER 25 5 5 R (CF-N) &2 35 TR 5, nl X nl AL S A AR 5
FEARA AR B ASZ0A T Shannon F8 40X 5 IMOF-N | CF-N 2 5 35 6 AH G, U6 B RAE MR o 1 22 R0 M x4k
AR MBRIREL 45 SR BB A fE EAE . UURRY CEC B R/NEEAS FARER T TR AT RE LR R A 77
O3 X SRR CEC 22 B UM R , Ul A Mg i) Z RV E 2 I AR DU 7 23 . HOCHE B 46
R RZAG 00 N AP 2R SR A AN R R b 2 e RUE S AL AR (L R R e 4
WA e RO S AL P ) BARAE HTE R — P R RIS

R4 SHEEHSEHSENEETZEMEXEST

Table 4 Correlations analysis of diversity index between nitrogen forms and properties of sediments

v - - e " AL
B Bm M WE TR mmR o fEl OO0 RET
Total Total Ammonia Nitrate HEA HABA AR Q;ILAJK = i
nitrogen phosphorus nitrogen nitrogen IEF-N CF-N IMOF-N (2)2}?1\1* CEC
ACE 5%} ACE index -0.852*  -0.855* 0.680 0.624 -0.547 -0.891*  -0.831" 0.307 -0.801
Chaol #5%X Chaol index -0.847 " -0.836 " 0.589 0.632 -0.548 -0.894 " -0.850 0.316 -0.824 "
FFARFIEHU Shannon index -0.443 -0.531 -0.258 0.792 -0.115 -0.751 -0.818 " -0.058 -0.78

3 iTFig

3.1 RN A T RE
PIFh PR AR A S RGEIE DI RE A BT ER AR L X 6 A B 3R J2 AR 40 TR R v LA T
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Fig.5 Relative abundance of order libraries in sediment of Yellow River

KIMHEEZEH AT R ( Proteobacteria, 32.39%) 2825 1 ] ( Chloroflexi, 13.25%) . #T # |1 ( Bacteroidetes,
12.16%) , J5 BEE [ ] ( Firmicutes,7.71%) , FRFT 1] ( Acidobacteria ,6.15% ) , iLZE % [ ] ( Actinobacteria, 7.10% ) ZH
B, A A AR 78.76% , 1t BH I 7S 2 240 TR TE BT A 5 oty BT AR b o AR S TR IR , 38 B L0 RV 4 A
RSN s R NI AL 7 s e 22 W R B 1 S =< 71 LTS A B A W B Y P N R | 6 2 ] R
AN B HRE T S KA R TR 20 A 2 SR ARLAL E A DX T G A 5 18 e e R
ASETA T ] RAF AT SRR ] AR BE TR ] JRERE T 1A B R ERAE N PR O R X SR R VTR A
AT BT SR TR ] BAF BT DESA ] A AR TR 1 A 5 S N AR Y B T TR B R R R A Y
W TR AT AP T LA SR ], WE98 R B X Se AR A0 TR R 1) -F e PR AN AR A TR
WITEE TGN A YR 4RI S )y i 5 B AR ST EE

ASTETR ] — KSR VR, TEAR 22 A0 T R P 9 v B A di v A ARG =5 B2 G i T G P 0 B v P L A
TUBU P ARAEA RSk 3 2 TR 5 8] S8 v T ol 14 L 081 2 S A, R TR e ol Bl ik R 2 TR
AT A SO T ik 95% % | TiiAE H A Nankai #1176 3500 EZ VTP AT T AL b 2L
SCBERY 229%™ ZRIGREARFR Z IR RS TG BT ] o5 40 R SOZEIE 509% ) 5 S AR MER IZ DT A TR 1T 1] o SC
PRI LLBITE 22.4%—34.6% " , ASBIFSE 0] 4 58 7t BT TR b = B R WS RERASTE BT, o SO L
1% 27.51—42.28% , V- H{H N 32.39%,

TG BT IS [6) A9 0 B R OAR A vh () = B AR AL 2 TR W RE VR S5 A A R v ) — S S8 b, 10 Mk
WU AR IE T TR -2 A0 R 32070 305 3T R vh A0 2 REMEF 98 2 I 6-28 J T 40 1 L X S
R 60% , AAEXTRSABERE Y . AR XA TG 1] B B4 4E (# 3  R/NHEIT ) B8 T 1R 4K (36.98% ) \8-7%
40 (23.86%) \a- LI I (20.89% ) Fl y-"LIL BN (15.86% ) o o IEH A B-E L R AN 2R K AN B REVE
AR O AR LS T RE SAE A A R AN T R A R 1 B RRE T . B TE R
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Fig.6 Relative abundance of section libraries in sediment of Yellow River
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SATE WAL & T A HABAN B R B n A0 T8, X ORI L W B R BLSOE A VR DT AN R E
FHEFRHS TN TP BRIRERZE A A A (CF-N) FIE G AL S Z (IMOF-N) 7E P < 0.05 KPR B ERMHELR,
Vi A TR AN B R B 0 KN S R B SR R B FE A EAE R R
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Fig.7 Relative abundance of genus libraries in sediment of Yellow River
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