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Diversity and distribution of cyanobacteria in coastal saline soils
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Abstract: [Objective] Little is known about the diversity and distribution of cyanobacteria in
salinized soils. In this study, we determined soil properties (pH, salinity and water contents,
ammonium, nitrite, nitrate, total organic carbon and nitrogen), and investigated the molecular
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diversity and distribution patterns of soil cyanobacteria at 12 sites near the mouth of Yellow River
and in the southern coastal plain of Laizhou Bay (Shandong province), typical salinized coastal
regions in China. Salinity gradients were devided into three ranges: low (0.63%—1.27%), medium
(1.55%-2.00%), and high saline (2.39%—5.11%). [Methods] Automated ribosomal intergenic spacer
analysis (ARISA), clone libraries and real-time quantitative PCR were used to determine the
cyanobacterial community structure, composition and abundance, respectively. [Results] Based on
ARISA fingerprints, we found cyanobacterial phylotype richness increased with salinity; multiple
dimensional scaling and hypothesis testing (ANOSIM) indicated that the community structure of
cyanobacteria generally clustered by salinity (P=0.03) more than by water content (P=0.09).
Biota-Environment correlation (BEST) analysis further revealed that a combination of two factors,
salinity and water content of soils, could mostly explain the changes in cyanobacterial community
structure (P=0.02). Clone libraries of 16S rRNA gene were constructed for 3 representative samples.
Sequencing and classification following phylogenetic analysis showed that Halomicronema and
Acaryochloris dominated in the low saline samples, whereas Leptolyngbya was the most abundant in
both medium and high saline soils. Another two taxa, Arthrospira and Geitlerinema, were only found
in the samples of low salinity, while Oscillatoria was detected once from the high salinity.
Cyanbacterial 16S rRNA genes were much more abundant in low salinity (2.14x10° copies/g dry
soil) than in medium (1.25x10° copies/g dry soil) and high salinity samples (1.20x10° copies/g dry
soil). [Conclusion] This study demonstrates that salinity shapes the diversity, community structure
and abundance of cyanobacteria in the saline soils, which has implications for carbon and nitrogen
cycling contributed by these microorganisms in coastal terrestrial ecosystems.

Keywords: Cyanobacteria, Saline gradient, Community structure, Molecular diversity, Abundance
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Table 1 Physicochemical parameters of soils collected from the southern coastal plain of the Laizhou Bay and
the Yellow River Delta

Coordinates

NH," N NO; -N  NO; -N TON TOC pH Salinity ~ Water content
(mg/kg) (mg/kg)  (mg/kg) (g/kg) (g/kg) (%) (%)
YRO1 37.7729 119.1615 0.14£0.02  0.83£0.01 2.96+0.14 1.35£020 8.28+0.10  7.34+0.10 2.39+0.09  22.79+0.50

YR02 37.7666 119.1624  0.09£0.01  0.50£0.05 0.96+0.02 0.90£0.18  5.02+0.49  7.86+0.05 5.11+0.05 6.68+1.88
YRO3 37.7649 119.1629  0.09£0.02  0.48+0.04 1.03+0.13 0.81+£0.03 4.82+039  7.62+0.03 3.47+0.16 22.17+1.04
YR04 377642 119.1629  0.12£0.02  0.84+0.02 4.84+0.01 1.31+0.16 8.40+0.21  7.26+0.02 1.25+0.19 24.98+0.59
BRO1 37.0112 119.1578  0.06+0.02  0.42+0.02 0.55+0.04 0.59+0.16 4.23+0.19  7.93+0.23 1.61+0.11 21.93£1.00
BR0O2 37.0729 119.1659  0.04£0.00  0.46+0.09 0.60+0.07 0.43+£0.01 4.55+0.87 7.61£0.10 2.00+0.11 23.11£0.76
DROI 369798 1193423  0.06£0.00 0.43+£0.01 0.91+0.10 0.55+0.05 4.27+£0.13  7.52£0.14 0.63+0.01 25.67+1.39
DR02 37.0294 1193373  0.10£0.00  0.75£0.09 0.37+0.06 0.98+0.05 7.46+0.90  7.29+£0.11 4.74+0.01 17.99+2.64
JROI 369306 119.5917  0.09£0.02  0.86+0.07 0.31+0.05 0.88+0.23  8.59£0.66  7.46+0.11 0.70+0.01 24.86+2.10
JRO2 369681 119.5869  0.29+0.08  1.39+0.35 0.74+£0.15 3.79+0.81 13.87£3.48 7.10+0.12 1.27+0.13 17.57+0.78
JRO3  37.0521 119.5649  0.08+0.02  0.33+0.04 2.21+0.09 0.77£0.17 3.32£0.02  7.15+0.11 1.55+0.18 18.72+0.38
JRO4 37.0830 119.5496  0.06+0.01  0.38+0.05 0.53+0.03 0.55+0.09 3.79£0.24  7.40+0.23 1.64+0.04 23.03+0.25

Site ID E () N ()
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Synechococcaceae Prochlorococcus 23.08% Leptolyngbya
Acaryochloridaceae Acaryochloris 25.56%  28.24%
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Oscillatoria ~ Microcoleus Gomphosphaeriaceae Unclassified-1
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Figure 2 NMDS ordination based on Bray-Curtis similarities of cyanobacterial ARISA fingerprints

Note: Dashed lines indicate the community structure of cyanobacteria in soils of different salinity ranges.

<2
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Table 2 BEST results showing the top 6 correlations between community structure and a combination of
environmental variables

Rank p Environmental variables
1 0.569 (Salinity) (Water content)
2 0.566 (Salinity) (Water content) (NO; -N)
3 0.558 (Salinity) (Water content) (NH,"-N)
4 0.539 (Salinity) (Water content) (TOC)
5 0.534 (Salinity) (Water content) (NH4'-N) (NO; -N)
6 0.533 (Salinity) (Water content) (NH;"-N) (TOC)
p R=0.57 P=0.02.

Note: p: Spearman correlation coefficient; Global test R=0.57, P-value=0.02.
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Fz3 TIEEMEREEALIE ANOSIM 4247

Table 3 ANOSIM testing the cyanobacterial community difference according to salt or water contents

Grouping R P
Salinity gradient 0.26 0.03
Vs. Low saline vs. Medium saline 0.15 0.20
Vs. Low saline vs. High saline 0.26 0.11
Vvs. Medium saline vs. High saline 0.47 0.03
Water content 0.61 0.09
VS. Low water vs. Medium water 0.33 0.06
VS. Low water vs. High water —-0.06 0.20
Vs. Medium water vs. High water 0.57 0.57
(P<0.05).

Note: P-values in bold indicate significant differences (P<0.05).

x4 TRRE. SXEFREERARSHFHEAREERMNBRTHESN

Table 4 ARISA-based diversity estimates of cyanobacteria from soil salt and water content gradients, and testing their
differences using one-way ANOVA

H N E
Sample grouping Shannon index Richness Evenness
Salinity gradient
Low saline 2.00£0.29 12.25+1.26 0.80+0.09
Medium saline 2.41£0.15 16.75+2.75 0.86+0.01
High saline 2.35+0.32 17.00+2.94 0.83+0.08
P P-value 0.12 0.04 0.51
Water content
Low water 2.22+0.04 13.00+1.41 0.87+0.02
Medium water 2.31+0.32 16.43+3.21 0.83+0.07
High water 2.16+0.42 14.33+3.51 0.81+0.09
P P-value 0.80 0.36 0.70
(P<0.05). +

Note: P-value in bold indicates significant difference (P<0.05). Values of diversity estimators are provided as means and standard errors.

2.4 FREIEAE 1D IS E A E LS 2.14x10° copies/g 1.25%10° copies/g
PCR 16S rRNA 1.20x10° copies/g t
JRO2 16S rRNA
2.70x10° copies/g YRO3 (P=0.02)
3.36x10° copies/g 16S rRNA (P=0.08) (P=0.46
5)
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Figure 3 A Neighbor-Joining tree of 16S rRNA gene showing the phylogenetic placements at family level of 38 cyanobacterial
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