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Distribution of Fe-oxidizing bacteria in the coastal wetland of
the northern East China Sea and their responses to variations
in oxygen penetration depth

QI Wenlong, SU Lei, MA Zhonglin, WANG Peng, LI Jiangtao*

State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: [Objective] Coastal wetland ecosystems, situated at the interface of freshwater and
seawater, are characterized by the seepage of groundwater with high Fe*" concentrations into
the surface layers of sediments, which forms wetland runoff. This runoff, combined with
periodic tidal flooding, creates an oxic-anoxic interface conducive to the bio-oxidation of Fe*"
by Fe-oxidizing bacteria. However, there is a lack of comprehensive assessment of
Fe-oxidizing bacterial communities in coastal wetland ecosystems. [Methods] We measured
the basic environmental parameters such as the oxygen penetration depth in the sediments of
five coastal wetland sites in Xisha Wetland Park in Chongming, Shanghai and Dongsha Beach
in Zhujiajian Island in Zhoushan, Zhejiang. The community composition and distribution of
bacteria and Fe-oxidizing bacteria were comprehensively deciphered by 16S rRNA gene
amplicon sequencing. [Results] Dongsha Beach in Zhujiajian Island exhibited deeper oxygen
penetration (reaching more than 10 mm) than Xisha Wetland in Chongming. The non-metric
multidimensional scaling (NMDS) results indicated that the bacterial community structure was
primarily influenced by environmental conditions that varied with geographical location, while
the community structure of Fe-oxidizing bacteria was influenced by both the geographical
location of the sampling sites and the oxygen penetration depth of the sediments. The dominant
bacteria in Xisha Wetland and Dongsha Beach were Cyanobacteria, Gammaproteobacteria,
Bacteroidetes, Alphaproteobacteria, and Actinobacteria. The dominant genera of Fe-oxidizing
bacteria were Gallionella, Rhodobacter, Lepthothrix, and Sideroxydans. [Conclusion] We
studied the Fe-oxidizing bacteria in the sediments of Xisha Wetland in Chongming and
Dongsha Beach in Zhujiajian Island and discovered that the composition of Fe-oxidizing
bacterial communities was closely linked to the oxygen penetration depth variations caused by
different types of wetland sediments.

Keywords: Xisha Wetland in Chongming; Dongsha Beach in Zhujiajian Island; coastal
wetlands; oxygen penetration depth; Fe-oxidizing bacteria
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Figure 1 Schematic diagram of the study area and sampling locations. A: Taken from the map of China,
approval number GS(2022)4314. The red dots in the diagram indicate the locations of the two sampling areas,
Xisha Wetland in Chongming and Dongsha Beach in Zhujiajian Island. B: 1-XS wetland runoff. C: 1-XS
oxygen penetration depth measurement site. D: 2-XS tidal channel sampling station, field image during high
tide. E: 2-XS tidal channel sampling and oxygen penetration depth measurement site and the formation of
yellow oxides in the sediments is not distinct. F: 3-DS wetland runoff, characterized by strong yellow oxide
features, with a relatively dry surface. G, H, J: 4-DS wetland runoff. G indicates the site of oxygen
penetration depth measurement. At this location, flowing water passes over the surface sediment with yellow
oxides. H indicates the panoramic view of the 4-DS sampling station. J is an enlarged image of the 4-DS
sampling station, the bubbles formed by gas escape are visible on the surface of the yellow oxides. I: 5-DS
wetland runoff, with characteristics similar to 4-DS.
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TR AIRAE LUK, B KAERR L . B alik
ke 50 f5 )5, BT (DIONEX 2\ Al )il
B OIS SO W .
1.3 DNA 2Hl. 16S rRNA ERF ¥ &5
BENF

{ii F§ DNeasy PowerMax Soil Kit (QIAGEN
2w ) HEATAE L DNA B4 B 0.5 g
(T&E), HAREL BRSNS A, Bk
RIS 2 DNA A Qubit 3.0 (Thermo
Fisher Scientific 2\ F) )¢ 3643 6 e BE 114G I A%
DNA B JE . fdi A0 & F5 55 |9 515F (5'-GT
GCCAGCMGCCGCGGTAA-3")F1 907R (5'-CCG
TCAATTCMTTTRADTTT-3')i#47 16S rRNA LA
FRA 48 5 SC PER 222 PCR M HE(A R . 94 °CTi
AP 5 ming 94 °CZEME 30's, 52 °CIE 2k 305,72 °C
FEAH 30 s, H 30 MIEFR s FeJ5 F 72 °CAEAH 10 min.
i B NEBNext® Ultra™ II DNA Library Prep Kit
for Ilumina™ B bR AET AR EA T SCEM B, Bl
IR A IR A IR A EHH Nlumina HiSeq
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HE SR e BEFE AL B 5 4R 15, B 16S IRNA 2
i PCR =¥ 7a e 3 pUCILS ki zk 1A (TaKaRa
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DH50, 357 25 41 fifl (TaKaRa 2 ) )4 2 55 40 Bk
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5147(0.1 pmol/L)#% 0.2 pL, SYBR Green ¢ Y 4%
Hl(TaKaRa A #)) 5 ul, KEFEE F/K 3.4 uL,
qPCR W F)JF: 95 °CHIAEME: 30 55 95 °CAE M
55, 55°CiBk 30s, 72 °CHEAH 60 s, R 40 ¥K;
72 °CHEMH 1 min, BAFEMIE 3 P47, P71
PrfEfZ R ¥ET 0.98, §H8RCRTE 90%-110%
Z 8] AR YA BRI i 978 DB AL S 16S rRNA
PR 7 2448 DLECPY | B S AR reNDB s
JEAE /R B ANTE Y 16S rRNA K K- 145 D15
(5.2 copies/cell) el 5 41 B (1 41 i = i 1231
1.5 SEENFHELE

{8 ] QIIME2 (version 2022. 1127 16S rRNA
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variant, ASVYRRHIEFA%FCENEFHNPT ke dh
FE b T I R A ) R R 22,
QIIME2 H ] qiime feature-table rarefy iy X
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HePA & Vegan (version 2.6-4)f0 X i B G4 A W i
VLS AT LT Bray-Curtis B854 B () R B
Z R 43 M7 (non-metric multidimensional scaling,
NMDS), F H.{# ] Originlab (version 10.0.5.157)
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S Silva $4 % (version  138) R4 4 I 97 1 Y
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MIEATYIRE R PR 10 28R BT 20 LA
KBTI EERT 3% T fLAb 1
Ko AW & 16S rRNA FEH P18 1 ¥
45 AT LITE NCBI 4 5 3K1% , BioProject ID
A PRINA1060983 .,

AN, R T AR AR S R G R A AL
YR AL 5504, MKHiE Kappler S5,
X IR AE D VR 4 FeOB 2R TIH44
TCEPL RSB T 49 ANIEFFh 3 FoKF

) FeOB, ML HAT S BREE R 73 hy wg R 44
g R MGl S R PR SRR R A i BRI R PR IR
%06 A FeOB MUFPEAIPT, FRATTHE T8 43 2KF
PRI 1 5% BIVE VDI R OR S8 0 3 AR 1D b e ) i
B FeOB, Xf HAFA LM IELT TR0 047 o

2 HERE5M

2.1 ERATEDEHINRRRZ RO
INEHFERESFERE

XTS5 WP VDI b RN AR SRR B ZR VD VD PR 2
IK B BURRAE AL B K 1) 22 b A58 S 85000 7 25 R 3R
B, SRV YD IR LR Z K AR S pH 7E 7.57-7.72
ZIEI(ER 1), 258k ; MRKRE R IHMERR
4-DS-D1 FJZ/KFEN pH 4 7.35 41, HAbFE 5
fE 6.62—6.90 Z 0], 55FRYE, T H I H NI
AR IR R pH BERAEHE . ANRERAE S
CUWREEA IR, REREARDIHE 5-DS KJZ
JKARER Y CITHEEE(90.00 mg/L F1 107.00 mg/L)#x
L SEHPE VMR 2-XS PTBUAIRAEFLIR K 1Y

F1 EMES. BHE, #RRES. AEAREFEE RIS

Table 1 Sampling sites, time, sample IDs, bacterial abundance and environmental parameters
Site Time ID Bacterial abundance pH T/°C Cl S04
(x10® cells/g) (mg/L) (mg/L)
1-XS 2018-05 1-XS-1 6.98 7.57 25.70 61.92 0.47
1-XS-2 25.35 7.72 22.50 88.96 1.64
2-XS 2019-05 2-XS-C-0 cm 47 205.94 7.57 26.20 - -
2-XS-C-3 cm 15.63 - - 44.00 22.00
2-XS-C-6 cm 28.44 - - 25.00 1.00
2-XS-C-9 cm 17.95 - - 24.00 1.00
3-DS 2018-08 3-DS-1 2.54 - - - -
3-DS-2 10 092.45 - - - -
4-DS 2019-05 4-DS-U 27 164.18 6.90 20.20 38.00 71.00
4-DS-M 4613.14 6.68 22.40 - -
4-DS-D1 3419.77 7.35 26.60 43.00 90.00
4-DS-D2 1158.77 - - - -
5-DS 2019-05 5-DS-1 2 060.61 6.62 21.70 107.00 75.00
5-DS-2 1 636.80 6.85 23.20 90.00 87.00

—: Not detected.
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Cl ¥ 5 (24.00-44.00 mg/L)yHRAk. RERB K
VPIERS SO R (71.00-90.00 mg/L)HH i &5 T2
HI PG V0 #1(0.47-22.00 mg/L).
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Figure 2 Vertical profile variations of oxygen penetration depth at different sampling sites in Xisha Wetland
in Chongming and Dongsha Beach in Zhujiajian Island. A: Oxygen penetration depth at 1-XS and 2-XS
sampling sites. The 2-XS-A and 2-XS-B sampling points are located near the 2-XS tidal channel sampling

site. B: Oxygen penetration depth at 4-DS sampling site.
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Figure 3 Alpha diversity and NMDS analysis based on Bray-Curtis distance matrix of bacteria and
iron-oxidizing bacteria. A: Box-and-whisker plot of Shannon index of bacteria. B: NMDS analysis of
bacterial communities, where the dashed lines in the diagram divide the five sampling points into four
distinct groups. C: Box-and-whisker plot of Shannon index of FeOB. D: NMDS analysis of FeOB
communities, where the dashed lines in the diagram divide the surface samples of 1-XS and 2-XS, the deep
samples of 2-XS, and other Dongsha wetland samples excluding 3-DS-2 into three groups. PERMANOVA
analyses supported the groups with statistical significance.

AAEE BA LK 4-DS 5 5-DS iR kR 7
IRIZEETIRYIEE 6 AFEMNIEREE—
T Bk Y — 4% . A& 3B B, AS[RIRE S 20
TR % 245 P = AR LSRR 11 DX Sl by 257 7
T8 (K 3B),

SR E, SEEHVE VM FeOB AY Shannon
WEL R 3.67, BEE TREREG RV
2.57) (K 3C). Ah, BATEEMERKERE AR
Vb 3-DS A1 5-DS WIANuh AL, R 2 [R]—
LA R AE 5. (R ) , H: FeOB 1) Shannon
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TR B AR 2ZE S SR 4L o
HEML, NMDS Giit KR4 R WoR 5274
DI AR AR By AR VD TP WERY FeOB HiF 75 41 A%
REBIARMEKE. B0 EHW0
(permutational multivariate analysis of variance,
PERMANOVA)) Wit — 25 L2 B VE VM B e 5
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AR KA 5 ARV VD WE B A T) i o7 =22 ) 3R T
B FIn, 2-XS-C-0 cm 5 1-XS AITTFH
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SV VMR R ZAE S 22 (] FeOB HAG
PIFRRIEE, TRIZ SERIZFEN A FeOB HA K
K25 e, RFRE RIDTPFE 4-DS . 5-DS
DL )% 3-DS-1 BRI R )25 B 0 S8 AL W i SR 2K
E—i; M2, 3-DS-2 #I%A 53k A M —
SRFERG AL 1Y) 3-DS-1 LUK A A VU0 R A i 2R
SEAE—, R — (K 3D). A
0 B3 SR A il 67 DX 38k 7 B PR 22 S, R IR
(R AN 7] 1 A8 SR B ) AT gt J2 5% i FeOB
MRS MM EE N R,
23 MRMPHEBEAREE

474 16S rRNA K& [H qPCR & it 45 FAG )
UM R RoR, S FIAE L Z A A 0 A
KW 25, 480 F 2 i &K
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PUVDIEHD 2-XS-C-0 cm b 41 T 40 i 2 B e 5
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X 3832 S OB DA o A4 TR A4 = 3 B S s T L
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PR, BIKLFH, REREARI VDM 2
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Jf=F B v T A W P VIR b
24 HERFEARSHH
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Figure 4 Bacterial community composition and relative abundance at phylum/class. The diagram displays
the top 20 phyla/classes in terms of the sum of abundances across all samples (Proteobacteria is classified at
the class level), with the remainder categorized as “others”.
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Figure 5 Bubble chart of the relative abundance of bacteria at the genus taxonomic level. The graph shows
bacterial lineages with relative abundance greater than 3% in all of the samples, bubbles of different sizes
represent the relative abundance of each group, and the relative abundance ratio represented by the bubble

size is listed on the right side of the graph.
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Figure 6 Alluvial bar plot of FeOB composition and their relative abundance and distribution map of
different types of FeOB at each sampling area. A: Alluvial bar plot of FeOB composition in all bacteria at the
genus taxonomic level, with Gallionella being so abundant that it is represented in a separate axis. B:
Distribution plot of different types of FeOB at each sampling area.
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