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Bacterial communities associated with sediment particles were examined using PCR-denaturing gradient gel
electrophoresis and 16S rRNA gene sequencing. Particle size influenced community structure, with attached
bacterial assemblages separating into 63- to 125-, 125- to 1,000-, and 1,000- to 2,000-�m fractions. Differences
were particularly pronounced for the Verrucomicrobia-Planctomycetes, whose numbers were significantly re-
duced on coarser particles.

Bacterial communities associated with particles in aquatic
systems clearly differ from free-living communities (1, 2, 3,
4). However, few studies have examined differences in bac-
terial assemblages associated with different sizes of parti-
cles. DNA-DNA hybridizations have shown that microbial
communities associated with different sizes of particulate
organic matter are similar (18). The same approach sug-
gested that there are differences in the communities associ-
ated with different sizes of detrital particles, with diversity
potentially increasing as particle size decreased (21). A sim-
ilar phenomenon has been reported for soils, where particle
size may be more important in structuring bacterial commu-
nities than nutrient status (17). However, whether particle
size influences bacterial community structure in aquatic sys-
tems is still unclear. To address this issue, we investigated
the compositions of bacterial communities associated with
different sizes of particles in stream bed sediments.

Sediment was collected on two dates (12 February 2007 and
21 March 2007) from Cypress Creek, a third-order stream with
a sandy bottom in northern Mississippi. The sediment was wet
sieved through a series of sieves (pore diameters, 2,000, 1,000,
500, 250, 125, and 63 �m) to separate particles into five frac-
tions: 63 to 125, 125 to 250, 250 to 500, 500 to 1,000, and 1,000
to 2,000 �m. DNA was extracted from each fraction (0.5 g)
using a bead-beating procedure (Power Soil DNA; Mo Bio,
Carlsbad, CA), and 323 bp of the 16S rRNA gene was ampli-
fied for denaturing gradient gel electrophoresis (DGGE) anal-
ysis using primers Bac1070f and Univ1392GC (7). DGGE was
performed using a 40 to 70% denaturing gradient, and com-
munity banding patterns were converted to binary data (pres-
ence or absence of bands). Binary data were analyzed using
Gingko/VegAna software (Department of Vegetal Biology,
University of Barcelona).

Bacterial community profiles for particles that were different
sizes and for different sampling dates were compared using the
Jaccard similarity index and cluster analysis based on the un-
weighted pair group method with average means (13). Com-
munities were separated mostly by particle size, as opposed to
sampling date, into three main groups: the communities on the
1,000- to 2,000-�m particles (which were very similar), the
communities on the 63- to 125-�m particles, and the commu-
nities on the remaining intermediate-size particles (Fig. 1A).
Nonmetric multidimensional scaling showed the same pattern,

* Corresponding author. Mailing address: Department of Biology,
Shoemaker Hall, The University of Mississippi, University, MS 38677.
Phone: (662) 915-7495. Fax: (662) 915-5144. E-mail: cjackson
@olemiss.edu.

� Published ahead of print on 20 June 2008.

1.00.80.60.40.2

A-1000
B-1000
A-500
B-500
B-125
B-250
A-250
A-125
A-63
B-63

A

B

A-1000
B-1000

B-125

A-500

B-500

B-250

A-250

A-125

B-63A-63

FIG. 1. Multivariate plots based on Jaccard similarities of bac-
terial communities on different sizes of stream sediment particles as
determined from DGGE profiles. Samples were taken on two dates
(indicated by the prefixes A [12 February 2007] and B [21 March
2007]) and from five size ranges of particles: 63 to 125 �m (63), 125
to 250 �m (125), 250 to 500 �m (250), 500 to 1,000 �m (500), and
1,000 to 2,000 �m (1000). (A) Cluster analysis based on the un-
weighted pair group method with average means. The scale indi-
cates the Jaccard similarity scores. (B) Nonmetric multidimensional
scaling plot (three dimensions, stress 0.05; the first two dimensions
are shown) with circles indicating groups of samples.
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with clear separation between these three groups of particles
(Fig. 1B).

Based on these patterns, we selected three samples
(samples A-63, A-250, and A-1000) for more detailed anal-
ysis. A larger fragment of the 16S rRNA gene was amplified
(with primers Bac8f and Univ1492 [7]), and clone libraries
were generated for each sample. Approximately 600 bp of
the insert was sequenced for the first 96 clones in each
library. Sequences were aligned with the greengenes 16S
rRNA gene database using NAST (5, 6), resulting in elim-
ination of 12 to 17 erroneous sequences from each sample.
A total of 244 aligned sequences were imported into ARB
(12), and alignments were checked manually. Sequences
were incorporated into an existing phylogenetic tree of 8,600
16S rRNA gene sequences using the “Quick add by parsi-
mony” function, a procedure that should minimize distor-
tions that can arise from analysis of short, divergent se-
quences (8).

Across all particles, 15 recognized lineages of Bacteria
were identified, along with two candidate lineages. The ma-
jority of the phylotypes recovered from each clone library
were affiliated with the Proteobacteria, Acidobacteria, Verru-
comicrobia, and Bacteroidetes (Table 1), lineages that are
typically well represented in 16S rRNA gene clone libraries
generated from soils and freshwater sediments (2, 9, 14). Of
these groups, the proportions of ribotypes affiliated with the
Verrucomicrobia and, to a lesser extent, the Bacteroidetes
were reduced on the larger particles (1,000 to 2,000 �m),
whereas the proportion of Betaproteobacteria appeared to be
elevated (Table 1).

The phylogenetic tree was imported into the online Uni-
Frac interface (10, 11) to specifically test for differences
among the three clone libraries based on phylogenetic rela-
tionships. That is, did bacterial assemblages associated with

different sizes of particles show evidence of different evolu-
tionary adaptation to the particles? The pairwise UniFrac
significance test probabilities for different communities were
1.00 (A-63 and A-250), 0.24 (A-63 and A-1000), and �0.03
(A-250 and A-1000), suggesting that there were significant
differences between the two finer fractions and the coarsest
particles. Lineage-specific analysis revealed that the differ-
ences were primarily due to the Verrucomicrobia-Planctomy-
cetes, whose numbers were significantly reduced in the clone
library generated from 1,000- to 2,000-�m particles (P �
0.028, G-test).

The Planctomycetes and Verrucomicrobia form a superphy-
lum with the Chlamydiae (20). Planctomycetes-affiliated se-
quences recovered from 63- to 250-�m and 250- to 1,000-�m
particles could be placed in subgroups related to Gemmata,
Pirellula, and Planctomyces, whereas the sole sequence re-
covered from the coarser particles represented a more
deeply branching lineage (Fig. 2), suggesting that differ-
ences between particles also occurred at finer phylogenetic
scales. Almost all of the Verrucomicrobia sequences fell into
subdivisions 1 to 4, lineages that are predominantly found in
freshwater or soil (15). Subdivision 2 is a particularly clear
example of particle size differences. This group accounted
for 8 and 11% of the ribotypes identified for the A-63 and
A-250 clone libraries, respectively, but was absent in the
sample from the A-1000 library. The libraries from the two
sizes of finer particles also shared similar ribotypes (e.g.,
SED250_29 and SED63_59, as well as SED250_64 and
SED63_43), suggesting that similar populations were
present (Fig. 2). Thus, the A-63 and A-250 libraries ap-
peared to have quite similar structures, while the A-1000
library was significantly different.

Fluorescent in situ hybridization studies suggested that
there were only small differences between bacterial assem-
blages on 125- to 800-�m particles and bacterial assem-
blages on 1,180- to 4,000-�m particles (16). However, these
studies were limited to using established probes for
the Alphaproteobacteria, Gammaproteobacteria, and Bacte-
roidetes. Our sequencing approach confirmed that these lin-
eages do not show particle size differences at a broad
phylogenetic level, but differences are apparent in the
Verrucomicrobia-Planctomycetes lineage. The dominance of
this lineage in 16S rRNA gene clone libraries on finer par-
ticles (where they accounted for 20 to 30% of the ribotypes
detected) compared to their reduced presence (less than 4%
of ribotypes) on coarser particles is similar to observations
that we have made with wetland sediments (19) and suggests
that the structures of these communities are different. Con-
sidering different lineages of bacteria is important in eco-
logical studies since, as shown here, different phylogenetic
groups are likely to have different distribution patterns.
Furthermore, studies that survey soils or sediments without
considering particle size may be missing an important com-
ponent of spatial heterogeneity in bacterial community
structure.

Nucleotide sequence accession numbers. Sequences ob-
tained in this study have been deposited in the GenBank da-
tabase under accession numbers EU557775 to EU557969.

TABLE 1. 16S rRNA gene sequences affiliated with different
phylogenetic groups of Bacteria in clone libraries generated

from DNA recovered from three different size ranges of
stream bed sediment particles

Phylogenetic group

No. of 16S rRNA clones identified for the
following particle sizes:

63 to 125
�m

250 to 500
�m

1,000 to 2,000
�m

Alphaproteobacteria 8 2 8
Betaproteobacteria 14 13 25
Gammaproteobacteria 1 0 0
Deltaproteobacteria 7 3 8
Bacteroidetes 8 8 4
Nitrospira 0 3 3
Verrucomicrobia 15 18 2
Planctomycetes 2 6 1
Acidobacteria 22 16 16
Actinobacteria 0 3 2
Chlorobi 1 4 2
Thermus-Deinococcus 0 1 0
Spirochetes 1 0 0
Cyanobacteria 1 0 0
Chloroflexi 4 1 6
Uncultured (TM7, OP11) 0 1 4

Total 84 79 81
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FIG. 2. Phylogenetic tree of representatives of the Planctomycetes-Verrucomicrobia-Chlamydiae superphylum found on 63- to 125-�m (SED63),
250- to 500-�m (SED250), and 1,000- to 2,000-�m (SED1000) particles in stream sediments. GenBank accession numbers are indicated in
parentheses, as are the numbers of clones containing the ribotypes when the number was more than 1. Related sequences are shown for reference.
Scale bar � 0.10 change per base pair.
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