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Sediments. of the Hunhe Rlver a/ﬁd’ Its Relatlonshlp with ]fnwronmental Factors”
ZHANG Ya- dll 27 SONG Yong-hui", PENG ]ﬂn-feng , ZHANG Jlan—.q)‘lﬂao ZHANG Pan-yue’ , LIU Rul-XLa ,
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(L. D”epartvment of Urban Water Environmental Research Chmese Research Academy of Environmental Sciences, Beijing 100012,
Chlna, 2. College of| Environmental Scienceand Englneenng, Hunan University, Changsha 410082, China; 3. Environmental
Protectionand Water” Bureau of Shenzhen Luohu District, Shenzhen 518000, China; 4. Tsinghua Holdings Human Settlements
Environthent Institute, Beijing 100000, China)

Abstract: 16S rRNA and pmoA functional genes were used as biomarker genes to investigate the temporal and spatial distribution of
community diversity of Candidatus Methylomirabilis oxyfera ( M. oxyfera) in the sediments of the Hunhe River by clone library
technology. The dependence relationship between the physicochemical property of water and sediment samples and the diversity
characteristics of the M. oxyfera community were analyzed by multivariate direct gradient analysis. Among the examples collected in
September 2014, the OTU number of the 16S rRNA gene of M. oxyfera was 2-5, the Shannon-Wiener diversity index was 0.21-1.4, and
the distribution characteristics in the middle reaches > upstream > downstream were presented. The OTU number and Shannon-Wiener
diversity index of the pmoA functional gene in upstream samples are significantly higher than those in the middle and lower reach samples,
and the Shannon-Wiener diversity indices in the upstream samples are 3.5 times and 2.3 times higher than that of the middle and the
downstream samples, respectively. The community diversity of M. oxyfera showed a distinct regional distribution. Samples were collected
at 3 sampling points in March 2015. The OTU values of 16S rRNA and pmoA for M. oxyfera are 6 and 5 respectively, which were
obviously higher than those in September 2014. The Shannon-Wiener index is also higher than that in September 2014 (1.4 >0.68; 57 >
0.00). The community diversity of M. oxyfera showed obvious seasonal distribution characteristics. Multivariate direct gradient analysis
results showed that the concentration of DOC in water, sediment conductivity, TOC concentration, and nitrite concentration in the
sediment are the main environmental factors affecting the community diversity of M. oxyfera.

Key words: M. oxyfera; community diversity; spatial and temporal distribution characteristics; environmental factor; multivariate
direct gradient analysis
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Table 1 ~ Community diversity index of M. oxyfera from different sediment samples of the Hunhe River
e BH A v B %L OTU %% Chaol F 8% Shannon-Wiener HER/9

- 16S rRNA pmoA 16S rRNA pmoA 16S rRNA pmoA 16S rRNA pmoA 16S rRNA pmoA

1 17 26 3 2 3 2 0.97 0.54 100 100

2 28 23 4 5 4 5.5 0.75 1.12 100 91.3

3 19 29 4 1 1 1 0.68 0.00 94.29 100

4 15 —b 6 — 4 — 1.40 — 84.97 —

5 26 28 3 2 1 2 0.52 0.6 100 100

6 19 23 2 1 2 1 0.21 0.00 94.73 100
1) IR SCE A Bl
2.2 16S rRNA Fil pmoA FEHF5 I R 58 K% & 40 #r PEXT 168 rRNA FK I pmoA DI fEFEKN FEAT OTU 43

B9 HRERIFES T M. oxyfera M ¥ s ¥ 51
b5, 7E NCBI( Nation Center for Biotechnology
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Table 2 Community diversity index of the M. oxyfera from sediment samples of the Hunhe River collected in September and March

P PH: v e KR OTU X Chaol FEEFEEL Shannon-Wiener B/ %
16S rRNA pmoA 16S rRNA pmoA 16S rRNA pmoA 16S rRNA pmoA 16S rRNA pmoA
3-3 29 30 6 5 6.5 5 1.40 1.57 94. 29 100
9-3 19 29 4 1 4 1 0. 68 0.00 84.97 100
3-6 28 27 1 3 1 3 0. 00 0.42 100 100
9-6 19 23 2 1 2 1 0.21 0. 00 94.73 100
1)“3-3"F7R8 3 A3 SRAEA, 9-3 F78 9 A 3 SR, DI

%3 9 B M. oxyfer 16S rRNA EE FFI3ttLEE"

Table 3  The 16S rRNA gene sequence comparison information of M. oxyfera in from samples collected in September

OTU AL NCBLJFSU%5 AL/ %
Uncultured candidate division NC10 bacterium ZX12 16S ribosomal RNA gene, partial sequence KC503611 99
1 Uncultured bacterium gene for 168 ribosomal RNA, partial sequence, clone: Fei_12Nov90m_11 AB930547- .« o 99
Uncultured bacterium clone WWTP Lichtenvoorde clone 8 16S ribosomal RNA genes-partial sequence JF706191 A__.-‘r:u" 99
2 NC10 bacterium enrichment culture clone SFBR-5-16S ribosomal RNA gene, partial sequence JQ362447 98
3 Uncultured candidate division NC10 bacterium clone “7-3 16S ribosomal RNA genej, partlal %Pquen(’e JN704464.._,,‘-"“l o 99
4 Uncultured bacterium clone JMYB12-12 16S nbosumdl RNA gene, partial sequerfce | FJ810544 .“‘,-’. 91
5 Uncultured bacterium clone UA_12/16S nbowmal RNA gene, partial sequence | F i } JX120382 . _, 98"9'
6 NC10 bagterium enrichment culture clone IH6 21 1687ribosomal RNA gene, pamal sequence } JX235812+" 09"
— Un(’ultured compost bacterium partial 16S rRNA gd'ne ‘,-{’rone PS2384 "’ : ¥ FN667305 .“ 97. .
T & UnLullurell (,andlddt(j division NC10 bdcterlu‘gflloue" D0516 168 ribosomal RNA gene pdl‘lldl *quenbc KM4034§7 - 97 '
KJ668624 97 &

NC]Q bacterlum enrichment cultiire (‘lrone SBR™4-20 165 ribosomal RNA gene pamal sequence;

1) 165 S5 165 rRNA FEH J
f | ¥4
zL 37 7J<#¥ﬂ%nr“ Uﬁ#nnﬂ’ﬁiﬂdﬁﬁ“

9.4 ¢§ﬂ6 AR Y A TiK e ﬁ%u
TeAEFRA M AR 2R 5 PR Tu%tﬂkiﬁ%x
BEAY pH G 7. 6 ~9. 2 I, Ak bk
FRAR . A SR AR S B K BOD, (YK T 4
mg-L~", FEHJE 4| 6 5 RFE LK BODs KT
10 mg- L™ @ T4 VIOK, A5 Y8 ™ 8.
2 RFE R TP B BE(E 500 0. 11 mg-L71, AR
P (b e 7K PR B i 1 AR o (GB 3838-2002) ), XiI43
FIMZEK.

ER IR0 pH {B7E 7.9 ~ 8.2 Z[A], X FIVE]
WK pH fE A — 8 KTl 5 R 7 0.5 ~0.8
mS-cm ' Z[E], BIEHN0.69 mS-em ™, PIHIAK; A
A(TN) Z AT 0.53 ~0.69 mg-kg ™' Z A, ¥IE N
0.58 mg-kg ™' WA PLER(DOC) & AT 23. 11
~25.13 mg-kg ™' Z[H], HEH 24.20 mg-kg ™
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Table 4 The pmoA gene sequence comparison information of M. oxyfera from samples collected in September
0TU AL Fh NCBI #5115 FHLLEE /%
| Uncultured candidate d1V1510n‘ NC10 bacterium clnne. SHJ2- 11 particulate KC341509 99
methane monooxygenase subunit A (pmoA) gene, partial cds
5 Uncultured candidate d1v1510n. NC10 bacterium clon'e SHJ- 2 particulate KC341498 08
methane monooxygenase subunit A (pmoA) gene, partial cds
3 Uncultured candidate division ‘NCIO bacterium clone .HHT2— 91 particulate KC341662 97
methane monooxygenase subunit A (pmoA) gene, partial cds
4 Uncultured candidate dlvlSlO[l. NC10 bacterium clon'e SHJ- 4 particulate KC341499 96
methane monooxygenase subunit A (pmoA) gene, partial cds
5 Uncultured candidate lelSlOI"l NC10 bacterium cln.ne BL26 particulate KI363577 100
methane monooxygenase subunit A (pmoA) gene, partial cds
6 Uncultured candidate 'dlvlslon NC10 bactenum. clone BLS particulate methane KJ363556 99
monooxygenase subunit A (pmoA) gene, partial cds
7 Uncultured candldate'dlwswn NC10 baclerlu.m PBQ10 particulate methane KC503621 99
monooxygenase subunit A (pmoA) gene, partial cds
g Uncultured candidate division NC10 bacterium clone SCP32 particulate KP297173 99
methane monooxygenase subunit A (pmoA) gene, partialeds
9 Uncultured Candidatus Methylvomlrablhs sp. clone 1r?oculum— 2 particulate 1X262153 99,
methane monooxygenase subunit A (pmoA) gene, partial cds e -
i o .|
. . . N . | =0
10 Uncultured candidate division NC10 bacterium clone SCP33 particulate KP297174 J%50/ L
methane monooxygenase subunit A (pmoA’)~-gene, partial cds /
N e : s J , _ articulate i ——
1 Uncultured candidate divi 1510n. NC10 baetérium (,lon(': SHJ- 14 particulate A KC341502 97)“_.-
methane monooxygenase subunit A (pqu) gene, partial cds ! | ;o
12 Uncultured candidate divisjon NC10 [bacterium clone SHJ- 03 particulate S Ke3a501 99 ¥
methane monooxygenase subunit A (pmoA) gane parllal cds ¥ ) J -
o -Un(,ultured candidate division N(J(J ba.Lterllﬂ'ﬂ (1onc SCP45 parlicul";tw‘ - 3 4 y -
13. 4 meihd.ne monooxygenase subun-rf A ([W) -g{fne partial cds / K¥97 @ e 9? - -
- -~ = Y =2 7 f . —
' ;i ¥ ; b - i 3
L SRS SRR SRR R
i = Table 5 Phyél(‘ocherm‘cal propertles of ‘water samples and sediment samples
2 Vi BOD | A . mmE gERE Toc R TN DOC \
Frfai p 5_1 -1 v al ﬁ.- 1 -1 -1 -1 o, KR pH
| | /mg-L /mg-L /mg-L~ /mg L.-L /mg-L~"  /mg-L /mS+ecm ™' /mg-kg /mg-kg
1 8.48 = 7.18 0.04 0.07 0. 14 0.04 33.69 0.54 0.64 24.32 8.48
2 8. 46 5.50 0.05 0.42 0.37 0.20 32.65 0. 64 0.54 24.90 8.46
3 8. 60 5.49 0.07 0.15 0.68 0.19 7.42 0.75 0.53 25.13 8. 60
4 8.10 13.29 0.21 1.54 2.42 0.36 12.91 0.76 0.56 23.11 8.10
5 9.2 12. 68 0.19 0.41 1.49 0.15 9.63 0.77 0. 62 22.20 9.2
6 7.83 12. 69 0.15 1.23 1.68 0.19 17.89 0.69 0.58 24.20 7.83
3 Wi pmoA DIREFER BRI N ALK F-A B MR L I .
JTE
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Zi M. oxyfera (1) ZAEPE S B ) A0 A M Sl 4 A
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1 16S rRNA Fl pmoA B OTU $¢ H 2> 512 6 F15, W
BET 9 AXN A OTU %4, Shannon-Wiener 540
BRI 9 A (1.4>0.68; 1.57>0.00). FHitk, 3%
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