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Table1l. Locationsand geochemical parameters of the sampled waters in the Three Gorges Reservoir (TGR)
Sample site (March/June) M1 M2 M3 M4 M5 Bl B2 B3 B4
T/°C 14.3/24.4 14.4/235 14.4/235 151/23.1 13.8/22.7 16.6/23.6 15.7/27.0 16.6/27.7 16.0/24.8
Turbidity/(NTU) 1.50/13.1 1.35/14.2 2.75/17.9 1.51/345 1.72/345 0.99/527 1.36/6.49 2.37/6.98 4.35/8.73
pH 8.08/8.52 8.14/7.86 8.16/7.85 8.14/7.97 8.17/7.88 8.56/8.01 8.30/8.79 8.72/8.87 9.34/9.08

Intensity/klux
Water chemical parameters

TN*/(mg/L) 3.38/7.70 3.36/2.84 3.44/1.96 3.53/2.80
TP*/(mg/L) 0.21/0.27 0.13/0.16 0.18/0.18 0.16/0.15
NH,"/(mg/L)
DOC*/(mg/L)

DIC*/(mg/L)

69.8/29.0 76.9/36.7 63.9/53.3 55.4/97.1

3.5/125 78.4/25.0 23.1/57.9 42.3/110.0 1.4/53.6

4.04/1.88 3.75/8.11 3.91/1.91 3.39/2.04 2.39/2.04
0.11/0.36 0.14/0.23 0.18/0.14 0.13/0.11 0.07/0.21

1.08/0.53 1.33/0.00 1.64/0.28 1.130/0.005 1.56/0.00 1.49/0.76 1.50/0.15 1.16/0.26 1.62/0.26
6.31/62.60 6.09/27.30 6.04/20.90 30.40/46.20 4.85/28.60 3.57/8.62 5.51/6.91 6.65/6.54 25.4/9.15
96.0/60.0 125.0/60.0 125.0/55.2 122.0/60.0 128.0/55.0 112.0/50.4 122.0/55.2 118.0/50.4 96.0/52.8

*TN: total nitrogen; TP: total phosphorus; DOC: dissolved organic carbon; DIC: dissolved inorganic carbon.
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Table 2. Diversity indices of the nifH gene clone libraries retrieved from the studied TGR water samples

Libraries (March/June) Clones OTUs Coverage/% Simpson Shannon Chao-1
M1 35/38 7/12 94.3/70.8 0.76/0.88 1.58/2.27 7.3/19.0
M2 37/23 3/10 100.0/82.6 0.24/0.84 0.49/2.08 3.0/11.5
M3 37/41 7117 86.5/80.9 0.59/0.85 1.17/2.39 17.0/26.0
M4 37/37 17 97.3/89.2 0.79/0.66 1.72/1.35 7.0/13.0
M5 36/38 6/11 88.9/78.9 0.60/0.79 1.12/1.82 12.0/39.0
B1 24/38 8/12 82.6/89.5 0.73/0.87 1.59/2.24 13.0/14.0
B2 48/18 17/6 83.3/94.4 0.89/0.78 2.47/1.65 22.6/6.0
B3 37122 8/11 91.9/82.6 0.79/0.87 1.74/2.22 11.0/11.9
B4 22/38 7115 86.4/86.8 0.70/0.90 1.53/2.50 8.5/16.7

“I" separated the data of March (left) and June (right).
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GenBank database. The scale bar represents the expected changes at each homologous position. Bootstrap values
of >50% are displayed.
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Table 3. Different distribution of the dominant OTUs (relative abundance >1%) of nitrogen-fixing microbes in the
TGR

Units March/June Main stream/tributary Classification (Class) Similar strains Similarity/%
OoTu1 13.6%/0.6% 12.7%/0.0% a-Proteobacteria Bradyrhizobium japonicum 98
oTu 2 0.0%/12.3%  9.1%/2.0% y-Proteobacteria M ethylomonas sp. 99
OoTu 3 9.6%/0.0% 8.6%/0.0% B-Proteobacteria Sideroxydans sp. 99
OoTu 4 0.0%/7.7% 2.4%/4.6% Synechococcales Synechococcus sp. 98
OoTuU 5 6.1%/0.3% 0.3%/5.5% Clostridia Clostridium drakei 97
OTU 6 6.3%/0.0% 5.7%/0.0% Clostridia Clostridium sp. 97
oTu7 0.0%/5.7% 5.1%/0.0% a-Proteobacteria Bradyrhizobium japonicum 99
OoTuU 8 5.4%/0.0% 4.9%/0.0% a-Proteobacteria Desulfobulbus elongatus 98
oTuU 9 5.1%/0.0% 3.5%/1.1% Clostridia Clostridium sp. 97
OTU 10  4.8%/0.0% 0.0%/4.3% Clostridia Desulfosporosinus sp. 98

March M_Mainstream M_branch

31.54%
47.12%
June J Mainstream J branch
6.21%+32% 3:92%
19% | ) it
/ N\ 41.18%/ )\ 37.25%
{if 7 | = Proteobacteria
J ¢ ,f & Firmicutes
/54.8% /" ez Cyanobacteria
_— [ Archaea
.65%
E 6. =RAFFNAMZBERXTFRMMKEE R NEDREZRREDE
Figure6. Community composition of nitrogen-fixing microbesin the TGR watersin March and June.

Cyanobacteria (19.0%) 3-~[] . 7£ Proteobacteriaf,
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Betaproteobacteria (5.0%) . Deltaproteobacteria
(3.2%) . (1.4%) A
Gammaproteobacteria (26.9%) 51~4X ; 7 Firmicutes
t, DA Clostridia (27.6%) & 3 F17 & Negativicutes
(0.7%); 7E Cyanobacteria #', 7 Synechococcales
(8.6%) . Nostocales (6.5%) 71 Pleurocapsales (0.7%)
3 I ; L4, A /L& Euryarchaeota []HY

Epsilonproteobacteria

M ethanobacteria (4.3%) (& 6).
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FEAT WS, SAMTRESTHIR T BT
Archaea F1 Cyanobacteria | ] & &4 AP EE
TESCHAE A, = R i T R A b 2221
Firmicutes 73, 7S H M4 E% DL Cyanobacteria
HEE 6).
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Table 4. Spearman correlations between the
nitrogen-fixing microbial community compositions in
the studied samples and environmental variables as
determined by Mantel tests

Environment All samples Samplesin March Samplesin June
factors

R P R P R P

T/I°C 0.576 0.001 0.575 0.007 0.762 0.002
pH 0.329 0.001 0.587 0.002 0.763 0.001
NH," 0.394 0.001 0.145 0.265 0.050 0.313
DIC 0.461 0.001 0.177 0231 0.127 0.182
DOC —0.024 0.595 -0.063 0.640 -0.130 0.791
Turbitidy ~ 0.027 0.409 0.02 0.423 -0.128 0.78

TN 0.081 0.226 0.031 0.309 0.021 0.388
TP -0.031 0.624 -0.104 0.670 -0.166 0.827

| S
e
VAR . Tur.
;@ 0 "\!D{C‘—_ T ,Tcmp.
= NH, " } eMarch_Mainstream
E - A pH aMarch_Branch
5 June Mainstream
© ot June Branch
A
A
3L : .
-1 0 1
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B 7. ZREXAKEERnifH EEREESH

KL ES B CCA 771

Figure 7. CCA analysis showing correlation between
the nifH gene clone libraries and geochemical
parameters of the total TGR water samples. DIC:
Dissolved inorganic carbon; Tur.: turbidity; Temp.:
temperature; NH4: Ammonium.
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Nitrogen-fixing microbial diversity and its influencing
environmental variablesin waters Three Gorges Reservoir

Weiyu She, Can Feng, Jian Y ang, Hongchen Jiang’

State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei
Province, China

Abstract: [Objective] To explore the diversity of nitrogen-fixing microbial community and its response to geochemical
parameters in the water of the mainstream and branches in the Three Gorges Reservoir (TGR) [Methods] A total of 18
water samples were collected from the mainstream and branches of the TGR before and after drainage (in March and
June). The physical and chemical parameters of the samples were measured, and nifH gene diversity was anayized by
using clone library-based phylogenetic analysis. The geochemical parameters of water bodies were correlated with the
diversity and community composition of nitrogen-fixing microbial. [Results] The geochemical parameters differed
significantly before (in March) and after (in June) drainage. The nitrogen-fixing microbes were dominated by
Proteobacteria (50.3%) and Firmicutes (40.0%) the TGR waters in March (before drainage), in contrast with the
dominance of Proteobacteria (48.4%), Firmicutes (25.4%) and Cyanobacteria (19.0%) in June (after drainage).
Significant temporal and spatial variations were observed among the nitrogen-fixing microbial community composition
and diversity asindicated by statistical analysis (Cluster and CCA analyses). The diversity of nitrogen-fixing microbesin
the TGR waters after drainage (in June) was higher than before. The diversity of nitrogen-fixing microbes was higher in
waters from tributaries than that from the main stream. Mantel test showed that the composition of nitrogen-fixing
microbes was significantly correlated with the geochemical parameters of water. Water temperature was the most
important factor affecting the community and variety of nitrogen-fixing microbes in the TGR waters. [Conclusion] The
nitrogen-fixing microbial community compositions in the TGR waters show significant tempora and spatia variations,
which could be ascribed to the different geochemical parameters, especially water temperature.

Keywords: Three Gorges Reservoir, nitrogen-fixing microbes, nifH, Environmental variables
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