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Abstract: [Objective] To explore the environmental drivers of prokaryotic microbial
communities and carbon-fixing microbial groups in the upper and lower reaches of the
Xiaolangdi Reservoir of the Yellow River during the dry season. [Methods] Water and surface
sediment samples were collected from the upper and lower reaches of Xiaolangdi Reservoir
during the dry season (November, 2020), and the physiochemical factors were measured. The
composition of prokaryotic microbial communities and their carbon fixation functions were
investigated by high-throughput sequencing of bacterial and archaeal 16S rRNA genes and
PICRUSt2 prediction. The composition of carbon-fixing microbial groups was analyzed by
high-throughput sequencing of cbbL and cbbM. [Results] Proteobacteria (24.74%),
Actinobacteria (17.55%), and Firmicutes (11.43%) were the dominant bacterial phyla.
Crenarchaeota (63.26%), Thermoplasmatota (18.29%), and Halobacterota (11.31%) were the
dominant archaea. Proteobacteria (13.14%), Cyanobacteria (1.70%), and Actinobacteria
(0.76%) were the dominant phyla of cbbL-carrying carbon-fixing microorganisms.
Proteobacteria (3.52%), Actinobacteria (0.03%), and Gemmatimonadota (0.02%) were the
dominant phyla of cbbM-carrying carbon-fixing microorganisms. The main environmental
drivers of the bacterial community structure were temperature (T), turbidity, chemical oxygen
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demand (COD), and total ammonia nitrogen, which, however, had mild influences on archaea
and carbon-fixing microbial groups. In bacteria, the relative abundance of the reductive
tricarboxylic acid cycle (rTCA), the dicarboxylate-hydroxybutyrate cycle (DC/4HB), the
3-hydroxypropionate bi-cycle (3HP), and the Calvin-Benson-Bassham (CBB) were higher than
that of other detected carbon fixation pathways. Notably, the relative abundance of the
hydroxypropionate-hydroxybutylate cycle (3HP/4HB) in the upper reaches was significantly
higher than that in the lower reaches. In archaea, the relative abundance of carbon fixation
pathways such as rTCA, DC/4HB, and incomplete rTCA was higher, and the abundance of the
Wood-Ljungdahl pathway (WL) in the lower reaches was markedly higher than that in the
upper reaches of the Xiaolangdi Reservoir. Turbidity was a key factor affecting the abundance
of the bacterial 3HP and incomplete rTCA, while temperature, dissolved oxygen, turbidity,
COD, and total phosphorus were the main factors affecting the abundance of carbon fixation
pathways in archaea. [Conclusion] This study revealed the environmental drivers of
prokaryotic microbial communities and carbon-fixing microbial groups in the upper and lower
reaches of the Xiaolangdi Reservoir during the dry season. The results contribute to a deeper
understanding of the microbial carbon fixation process and the environmental driving
mechanisms in the Yellow River during the dry season.

Keywords: Yellow River; Xiaolangdi Reservoir; dry season; microbial community; carbon
fixation
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pH) . M1 N5 SRk S5 5 M v ] v i R A A
YIRS 25 A0 A BB IR BT R U5 R AT I
FAUWIH B, IR YRS R
ZEFRER(NH, . TN Fl TP). 23] K - Fi 4
% a (chlorophyll a, Chla)#¢ i (540 20, {H jx st
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S3
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(conductivity, COND), ¥ (turbidity). i&FHEE
(transparency) . 1k 2% 77 %A &t (chemical oxygen
demand, COD)#1 2. % % (total ammonia nitrogen,
TAN)ZE , R/K % R4E 2 L 2 2/KK(0.5m), 4 °C
Gis ik B E T, T IR SCHR 4 i 7 v
744 % a (chlorophyll a, Chla), 5 H A4 {4
i (5-day biochemical oxygen demand, BODs) ., /&
¥ (total phosphorus, TP)#l & & (total nitrogen,
TN) SRR, RIBESREVIRL 30 g,
T 50 mL JCTE B TOKRAE, 1B I 528G
—80 °CIRAT -
1.2 DNA RENFI=E &N

WA T 0.5 g DIRWIHES, RA
FastDNA Spin Kit for Soil (MP Biomedicals 2
H)) ¥ R AR UL AT 5 DNA 421, 24N
514 338F (5'-ACTCCTACGGGGAGGCAGC
AG-3")H1 806R (5'-GGACTACVSGGGGTATCT
AAT-3)21 (814 Arch524F (5'-TGYCAGCC
GCCGCGGTAA-3")H1 Arch958R (5-YCCGGCG
TTGAVTCCAATT-3")*21%} 16S rRNA FE[H gEf7
Prag; A EBEER 59 cbbLF (5'-ACCAYCA
AGCCSAAGCTSGG-3")H1 cbbLR (5'-GCCTTCS
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@ Upstream of Xiaolangdi Reservoir

@ Downstream of Xiaolangdi Reservoir  gg

®
S4 S5

Xiaolangdi Dam
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Schematic diagram of sampling sites in the upstream and downstream of the Xiaolangdi Reservoir

Figure 1
area of the Yellow River.
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(v.1.30.2)3 155 o ZF£ 1435 51 (Sobs .Chaol \ACE .
Shannon 1 Simpson), {ii i} PICRUSt2"" (v.1.1.0)
X T I A 16S rRNA FE[H 471 BE1 7 2 RiE
O, FF KEGGR Vi 122 10wk [ 72 i 4% o
1.4 BIESZITRSH

i A R (v4.3.1) *F B “reshape2” I
“patchwork” 73 M7 I ] FIRL K | B9 5 A% A= Uy B v
A i “Vegan” “dplyr” Fll“ggcor” L E1 TR
W RETR 2540 5 PR 55 X 19 Mantel AHOCHE 73
Mro ffif STAMPE? (v.2.1.3) Fe A b T Wi [ 6k
HEEZESR, KA SPSS (v.22.0) i F it ¥t
W Kotk ] 7 & 42 5 PR B I F Z [B] Y Spearman
AH AT HT S

2 ZERE54

2.1 IMEREFIEN

WS F W g R 1 R, £ RFEN0L
JRE N 15.0-18.2 °C; pH & 7.40-8.22; DO
Bk 7.92-9.27 mg/L; HLSHH 730973 ps/cm;
A 3.0-641.0 NTU; i B & 4 0.06-6.60 cm;
COD #1 BODs &35k 10-17 mg/L Fl 0.5—
0.7 mg/L; TAN F1 TN #4374 0.28-0.50 mg/L
1 2.60-3.06 mg/L; TP &~ 0.02-0.04 mg/L;
Chla FA 1-2 pg/L. /MREIRFEXIEE . DO
F transparency 5 T 1 Ui, 1 HA 2R 58 R 77
TR T B X, (H L TSR [
Jo it & 2 5 (P>0.05).
2.2 IR E IR R MY

AWFFEFATAEE . . cbbL 1 chbM #1[#
BT AR M ) v o 1 Py 41 433l A 322 761 232 757 .
137 198 Hil 135241 2%, 3 5EREA 1314, 390,
6 184 F1 5 356 1~ OTUs., a ZHEMMr£M
(#2), 6 P RN BEHEYA ) Sobs, Chaol |
ACE ,Shannon Fl Simpson 8§ 5035 & F i m A%
T A A YRS P M RS S b, B
ZREMER R . SR, FEREI/NRIE T
IR Z T, (AR S R Mz
T, AR DR A e A
Peo MO, o ZAEMEITAREN, cbbl #F
chbM Y [ i F Ve 22 FF 1 T B I 22 57 (P>0.05)

x1 NRKEXE TS RE SRR

Table 1 Physiochemical parameters of the sampling sites in the study

Sites T/°C pH DO COND  Turb Tran COD BODs TAN TP TN Chla
(mg/L) (us/em) (NTU) (cm) (mg/L) (mg/L) (mgL) (mgLl) (mglL) (ng/l)

S1 17.5 7.70 9.05 733 4.1 4.20 12 0.6 0.38 0.02 2.72 2

S2 18.2 7.40 8.65 738 5.1 4.20 14 0.6 0.35 0.02 2.60 1

S3 17.2 7.50 8.99 731 3.6 4.10 10 0.5 0.28 0.02 2.69 1

S4 17.1 7.60 8.96 730 3.0 6.60 10 0.5 0.32 0.02 2.69 1

S5 16.8 7.50 9.27 973 3.7 0.90 10 0.7 0.34 0.03 3.06 1

S6 15.0 8.22 7.92 844 641.0 0.06 17 0.6 0.50 0.04 2.88 2

Turb: Turbidity; Tran: Transparency.
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F2 ME. HERERME(CObL. chbM)EEER o ZHEM

Table 2 Alpha diversity of bacteria, archaea, cbbL and cbbM genes related carbon-fixing microorganisms

Sample Sobs index Chaol index ACE index Shannon index  Simpson index  Coverage
Bacteria
S1 2 145 2 575.08 2 486.29 6.49 1.00 0.99
S2 1602 1766.71 1757.95 6.06 0.99 0.99
S3 1326 1638.31 1 606.61 5.02 0.96 0.99
S4 1693 2 141.44 2 169.86 4.65 0.94 0.98
S5 2308 2 750.17 2 789.21 6.27 0.99 0.98
S6 2 188 2498.47 2519.95 6.31 1.00 0.99
Archaea
S1 159 184.59 181.74 2.61 0.83 1.00
S2 92 103.67 104.76 2.78 0.91 1.00
S3 125 128.00 127.68 3.14 0.91 1.00
S4 212 215.39 216.90 3.10 0.89 1.00
S5 298 303.83 303.18 3.96 0.96 1.00
S6 245 265.65 258.76 3.50 0.94 1.00
cbbL
S1 1468 1497.45 1557.74 6.06 0.99 0.98
S2 1265 1280.63 1318.21 5.94 0.99 0.99
S3 1 067 1335.04 1457.11 5.11 0.98 0.96
S4 1725 2 175.47 2 468.71 5.44 0.95 0.93
S5 1763 1 889.53 2 020.49 6.25 0.99 0.96
S6 1212 1269.43 1337.02 5.58 0.98 0.98
cbbM
S1 1296 1322.15 1384.31 5.87 0.99 0.98
S2 629 667.33 722.97 4.46 0.96 0.98
S3 1125 1429.78 1 626.87 5.38 0.98 0.94
S4 1266 1 596.65 1 849.11 5.13 0.96 0.93
S5 1 648 1732.64 1 843.90 6.33 0.99 0.96
S6 858 863.40 883.72 5.15 0.97 0.99

WL XTI OTUs #E471 ] (phylum)ZKF- 2R
0K, HAG 47 AT, AP TER = EE>1.00%)
£3,35 45 JE 1 ] (Proteobacteria, 24.74%). 4k
Il (Actinobacteria , 17.55%) . J& B &[]
(Firmicutes, 11.43%). Z¢Z5 [ ] (Chloroflexi,
10.78%) . BRFT 11 ] (Acidobacteria, 10.19%) .
W M 1 [ ] (Cyanobacteria, 4.61%). I FFH ]
420%) . MO Il
(Gemmatimonadota, 2.48%)#1 GAL15 (2.23%)
S 2A).

BRACEN L% e R 539 A, Hp g
F= A0 F5 GF 7 Bl (Exiguobacteraceae, 5.31%) .

(Bacteroidota ,
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(Exiguobacteraceae), S6 L HAHE N W Al fk
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Figure 2 Community composition of bacteria (A, B) and archaea (C, D) in the Xiaolangdi Reservoir area

and its downstream.
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Figure 3 Community composition of carbon-fixing microorganisms of cbbL (A, B) and cbbM (C, D) in the

Xiaolangdi Reservoir area and its downstream.

<l actamicro@im.ac.cn, 010-64807516



R 45 | AR, 2024, 64(12)

4615

&
& %Qéa Pearson’s
i L TTELLFT & O
*D'D*DDD WO - 0.5
DD o . m 0.0
*'D**DLDDDDO s
Bacteria [ |—| & DDD o | COND
D = O . ] |:| Turbidity Mantel’s r
DD: i ||| Transparency == <0.25
Archaca@® 0 B |:| a |:| COD — 0.25-0.5
o B8 [ O op, - >0.5
® D TAN P-value
cbbL@® - EDD ) .
® EIE — 0.01-0.05
chbM@ ® Chla =>0.05

= 4

MHE. HE. BRE(CbbL . cbbM)E %51 S5IME E F#) Mantel test 5347

Figure 4 Mantel test analysis of community structure and environmental factors of bacteria, archaea and
carbon-fixing microorganisms (cbbL, cbbM). *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Spearman correlation analysis between environmental factors and dominant bacteria, archaea (A)

and carbon-fixing microorganisms (B). *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 6 Relative abundance of carbon fixation pathways in bacteria (A) and archaea (B) and Spearman
correlation analysis with environmental factors (C). *: P<0.05; **: P<0.01.
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