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Introduction

 The top 10 cm of marine sediments constitute a habitat for estimated 1.7 × 1028  bacteria and 

archaea(Whitman et al., 1998).

  In sandy sediments, ＞99% of the benthic microbial community lives attached to sand 

grains (Rusch et al., 2003).

 we hypothesize that the diversity and community composition would differ more strongly 

between sand grains than between replicates of the bulk sediment.

 We established a workflow for (i) bacterial diversity analysis of the sand grain’s community 

using tag sequencing of partial 16S rRNA genes amplified from individual SSGs, and(ii) the 

direct visualization of microbial communities on native sand grains using catalyzed  reporter 

deposition fluorescence in situ hybridization (CARD-FISH).



Materials and Methods
Sampling

Geographic location of sampling site Helgoland Roads  in the southern North Sea. The 

time was 14 June 2016. Sediment push cores were retrieved by scientific divers from a

water depth of 8m.



Materials and Methods

Sample treatment: 

  DNA extraction and PCR

        samples were stored at -20°C.

 CARD-FISH

    SYBR green I and Acridine Orange staining,surface sediment (0–2 cm) was           

fixed with 1.5% formaldehyde for 1 h at room temperature, washed in 1 

×PBS /ethanol (1:1, v/v) and stored at − 20 °C until use. 



Micro-computed tomography (μCT)

Micro computed tomography(Micro-CT,微计算机断层扫描技术)，又称微型CT、显微
CT，是一种非破坏性的3D成像技术，可以在不破坏样本的情况下清楚了解样本的内
部显微结构。它与普通临床的CT最大的差别在于分辨率极高，可以达到微米（μm）
级别，目前国内一家自主研发Micro-CT的公司已经将分辨率提高到0.5μm，具有良好
的“显微”作用。Micro-CT可用于医学、药学、生物、考古、材料、电子、地质学等
领域的研究。



B:Sediment push core; C: reconstruction of sediment vertical section using μCT images.

 

Pore space



 DNA extraction from bulk sediments

 Amplification of partial 16S rRNA genes
PowerSoil DNA isolation kit

 Quality trimming and sequence processing

software package BBmap v36.92

MiSeq SOP

 Diversity analysis

The alpha diversity was studied by phylotype-based Chao1 (Chao, 1984) and 

inverse Simpson (Simpson,1949)，The beta diversity was studied by phylotype-based 

comparative OTU0.97 presence/absence and phylogenetic measure of weighted and 

unweighted UniFrac.



 Total cell counts
cells collection (ultrasonication)—filter—staining(Acridine Orange)—observition and count

 Glass slides for microscopy of sand grains

A, slide preparation;  B, sample visualization using the inverse microscope.



 SYBR green I staining

 Catalyzed reporter deposition fluorescence in situ hybridization (CARD-FISH)

 Image acquisition using inverse confocal laser scanning microscopy and cell–cell 

distance measurements

 Calculations of cell density, colonized surface area and cells per sand grain



Results and Discussions

1 Microbial colonization density on sand grains
 Microbial cell numbers in surface sediments (0–2 cm depth) from site Helgoland Roads 

were 1.1 ± 0.3 × 109 cm− 3 and thereby in the upper range as reported for other sandy 

sediments(Dale, 1974; Meyer-Reil et al., 1978; Llobet-Brossa et al., 1998; Rusch et al., 

2003).

 The colonization density was 0.09 cells μm− 2  and a theoretical average distance between 

two cells of 3.3 μm.

 Based on the footprint of 0.43 μm2 for an average cell and the colonization density of 0.09 

cells μm− 2, 4% of the grain’s’ surface is colonized.Each sand grain is populated by 1.2 × 

104–1.1 × 105 cells (according to Eq. I; grain size 202–635 μm).



2 Visualization of microbial populations on sand grains

Figure 1 Microbial colonization of a sand grain. Confocal laser scanning micrograph showing 
SYBR green I-stained microbial cells on a sand grain visualized as three-dimensional 
reconstruction. The grain’s surface was visualized by transmitted light microscopy. Note the
bare surfaces of convex and exposed areas in contrast to protected areas dominated by 
macrotopography, which are densely populated by microbes.



Cell–cell distance measurements





3 Bacterial diversity on SSGs versus diversity in bulk sediment

Each grain harbored a tremendous bacterial diversity as shown by 3426–6031 observed 

species-level OTU0.97.



Unweighted Unifrac showed a genetic similarity of 39–50% (mean 45%) 
between any sand grain community confirming that these are different.



 Weighted UniFrac analysis considering OTU0.97 abundances resulted in a much higher 

genetic similarity with 50–85% (mean 71%) indicating that less abundant and rare 

OTU0.97 are mainly responsible for the observed genetic differences between sand grains.



4 Core community on sand grains

17 sand grains comprising 
394 OTU0.97，82  family-
level clades. 

10–21%

0.9–6%
0.1–16%

2–23%



5 In situ identification of microbial communities on sand grains



Figure 4 Direct visualization of taxa on sand grains using CARD-FISH and confocal 

laser scanning microscopy.

Gammaproteobacteria (including Woeseiaceae/JTB255), Planctomycetes and Bacteroidetes 

(Figures 4c–f) were most abundant.



 each sand grain investigated in this study was the habitat for around 105 cells 

representing several thousand species.

 The average distance between any two cells on a sand grain in protected areas 

was 0.5 ± 0.7 μm and therefore 100-fold shorter than the average distance 

between cells in the water column.

 Confirming our original hypothesis, the diversity and community composition  

differ more strongly between sand grains than between replicates of the bulk 

sediment.

conclusions



The Reasons for Choosing This Paper 

 the diversity of meathods

 CARD-FISH and confocal laser scanning microscopy




