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Abstract To investigate bacterial communities between
rhizosphere and non-rhizosphere soils of the wild medici-
nal plant Rumex patientia of Jilin, China, small subunit
rRNAs (16S rDNA) from soil metagenome were amplified
by polymerase chain reaction using primers specific to the
domain bacteria and analysed by cloning and sequencing.
The relative proportion of bacterial communities in rhizo-
sphere soils was similar to non-rhizosphere soils in five
phylogenetic groups (Proteobacteria, Actinobacteria, Aci-
dobacteria, Chloroflexi and Planctomycetes). But there
were differences in five other phylogenetic groups (Fir-
micutes, Bacteroidetes, Gemmatimonadetes, Verrucomi-
crobia and Unclassified bacteria). Over 97.24 % of the
sequenced clones were found to be unique to rhizosphere
and non-rhizosphere soils, while 2.76 % were shared by
both of them. Our results indicate that there are differences
in the composition and proportion of bacterial communities
between rhizosphere and non-rhizosphere soils. Further-
more, the unique bacterial clones between rhizosphere and
non-rhizosphere soils of the wild medicinal plant R. patientia
have obvious differences.
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Introduction

Soil is one of the most diverse microbial habitats on earth
(Lin et al. 2010). The rhizosphere is the soil region that is
influenced by plant roots and is characterized by a high
microbial activity (Hiltner 1904). The bacterial community
composition in the rhizosphere is important for the per-
formance of the plant (Atkinson and Watson 2000; Sylvia
and Chellemi 2001). Plant species or genotype may play an
important role in steering the bacterial communities of the
rhizosphere (Buyer et al. 2002; Chiarini et al. 1998;
Dalmastri et al. 1999; Latour et al. 1996; Marschner et al.
2001). Specific plant effects on the bacterial communities
of rhizosphere have been observed in members of different
plant species including Chrysanthemum, Brassica, Sola-
num, Fragaria, Bromus, Hilaria, Stipa, Alopecurus, An-
thoxanthum, Arrhenatherum, Holcus, Plantago, Geranium
and Camellia sinensis (Cibichakravarthy et al. 2012). But
there has been relatively little research conducted on the
relationship between soil microbes and medicinal plants
(Karthikeyan et al. 2008; Qi et al. 2009; Jia et al. 2006).
Moreover, a particular wild medicinal plant R. patientia
has not been found to affect the compositions of rhizo-
sphere bacterial communities.

The aim of the present study was to study the bacterial
community composition between rhizosphere and non-
rhizosphere of R. patientia occurring under natural condi-
tions. Studies based on the extraction of total community
DNA from environmental samples followed by polymerase
chain reaction (PCR), cloning, and sequencing of 16S
rRNA genes have now become commonplace, often
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comprising one of the first steps in studying the microbiology
of an environment of interest (Oline et al. 2006). Recovery and
analysis of 16S rRNA genes directly from environmental
DNA provides a means of investigating microbial populations
in any habitat, eliminating dependence on isolation of pure
cultures (Ahmad et al. 2008).

Rumex patientia, commonly called English Spinach, is
consumed as green vegetable in several parts of the world,
particularly in Turkey and in India. The plant has been
reported to possess medicinal properties such as purgative,
depurative, antipyretic, anti-inflammatory, etc. R. patientia
is considered to be an essential constituent of the Chinese
herbal medicine, “Yangti”, which is used as haemostatic
and antifungal agent. Phytochemical analysis of the plant
has shown it to be rich in anthraquinones, tannins, naph-
thalene derivatives, etc. Rumexoside, labadoside and ori-
ontaloside are some of the compounds thus far isolated
from the plant (Lone et al. 2007).

In this study, we have examined the composition and
diversity of the soil bacterial communities between rhizo-
sphere and non-rhizosphere of R. patientia. Small subunit
(SSU) rRNA gene clone libraries were constructed from
DNA extracted from rhizosphere and non-rhizosphere
soils. The SSU rRNA gene has long been recognized as an
effective indicator of bacterial diversity (Olsen et al. 1986)
and has been widely used in the identification of the phy-
logenetic relationships of non-cultivable prokaryotes
occurring in the environment (Amann et al. 1995). This
study provides the basic information of bacterial commu-
nities between rhizosphere and non-rhizosphere soils of
R. patientia.

Materials and methods
Jilin experiment station

Jilin, located in the northeast of China, has an annual
average temperature 3.9 °C and annual rainfall average
between 600-800 mm, The average frost-free period is
120-130 days, with 2400-2600 h of sunshine throughout
the year.

Sample collection

Rhizosphere soils were collected from the fine roots of R.
patientia in the growing season (May—July) in 2009. Sam-
ples were taken from the four different locations of Jilin City
(Table 1). Fine roots at the depth of 0—10 cm were severed
and brought to the laboratory. Excess bulk soils were flaked
away and those attached to roots were rhizosphere soils
(Smalla et al. 1993). Then the rhizosphere soils were washed
off with sterile 0.85 % NaCl solution (Schmalenberger and
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Table 1 Location and characteristics of selected sites

Sites Geographical Coordinates Altitude
environment (m a.s.l)

East (Beihua) Hillside 126°36'E, 43°49'N 229

South (Risheng) Roadside 126°33'E, 43°47N 198

West (Wende)
North (Qingyuan)

Wetland forest 126°31’E, 43°48'N 186

Riverside 126°34'E, 43°53'N 189

Tebbe 2003) and put in a sterile bucket. Soil samples were
stored at —20 °C until required for analysis, which was
carried out within less then a month.

Extraction of DNA

Total DNA was directly extracted from soil by the Pro-
teinase K-based SDS method described by Jia et al. (2006).
DNA was further purified using DNA Fragment Quick
Purification/Recover Kit (DingGuo, China).

PCR amplification of 16S rRNA

After extraction and purification of total DNA from soil,
the bacterial 16S small subunit rRNA gene was amplified
using primer set F27 (5-AGAGTTTGATCMTGGCT
CAG-3) and R1492 (5-TACGGYTACCTTGTTACG
ACT-3'). PCR reactions were performed in 50 pl volumes
containing 5 pl of 10 x Mg free PCR buffer, 1.25 mM
MgCl,, 15 pmol of each primer, 200 uM of each dNTP, 25
ug BSA, ~ 10 ng extracted total soil DNA, and 2.5U Taq
DNA polymerase (TaKaRa, Biotechnology, Dalian). The
thermocycling conditions were as follows: a hot start at
94 °C for 3 min (1 cycle); 94 °C for 1 min, 53 °C for
2 min, 72 °C for 2 min (26 cycles); 72 °C for 7 min. PCR
products were first visualized on a 1 % agarose gel and
purified using a Spin Column PCR Product Purification Kit
(Sangon, Shanghai, China) according to the manufacturer’s
instructions. PCR products were examined by gel electro-
phoresis on 1 % agarose gel in 1 x TAE buffer.

Cloning of 16S rRNA

Purified PCR products were ligated with pMD-18T vector
(TaKaRa, Biotechnology, Dalian) following the manufac-
turer’s instructions. The ligation reaction was carried out
overnight at 16 °C. The ligated mixture was cloned in E. coli
JM 109. Transformants were obtained on LB agar plates
containing ampicillin, X-Gal (5-bromo-4chloro 3-indolyl-
p-D-galactopyranose) and IPTG (isopropyl-f-D-thio-galacto-
side). Positive clones were picked by blue/white selection and
checked for size of the right insert by PCR. The desired PCR
products were about 1,500 bp.
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Nucleotide sequencing and nucleotide sequence
accession numbers

SSU rRNA gene clones were sequenced with the primer M 13-
47/RV-M. Sequence analysis involved use of an ABI Prism
Big Dye Terminator cycle sequencing ready reaction kit
(Applied Biosystems) and ABI 3130 Genetic Analyser
(Applied Biosystems) following the manufacturer’s instruc-
tions. Sequences were analysed with Bellerophon (http://
comp-bio.anu.edu.au/bellerophon/bellerophon.pl) to test for
chimeras.

The 16S rDNA gene sequences obtained in this study
has been deposited in the GenBank database under acces-
sion numbers: JN187530-JN187557; JN579951-JN580067.

Phylogenetic dendrogram construction

The closest database-relatives of all 145 sequences gener-
ated were compared to 16S rRNA gene sequences available
in the National Centre for Biotechnology Information
(NCBI). MegAlign programme of Lasergene version 5.0
was used for Multiple sequence alignment. Phylogenetic
tree was constructed using Mega by version 4.1. A total of
290 sequences were involved and aligned for Phylogenetic
analysis including using reported sequences available in
NCBI database.

Community richness and composition analysis

The distance matrices (generated in MOTHUR 1.15.1 soft-
ware) were used to obtain the operational taxonomic units
(OTUs) for each library. A 3 % distance level between
sequences was considered the cutoff among different OTUs.
Richness estimator (Chaol and Bootstrap), and diversity
indexes (Shannon’s (H) and Simpson’s (D)) were deter-
mined using MOTHUR software version 1.21(Schloss et al.
2009) http://www.mothur.org/wiki/Rarefaction.shared) for
each treatment.

100 Uncultured bacterium clone (HQ864194)
_|: NR4(JN579994) :| Acidobacteria
EB25(JN580021)
NR31(JN580001)
100 _:]ncultured bacterium clone (EU421850) Gemmatimonadetes
100 WBYI(JN580037)
| e—
0.05

Results
Phylogenetic groups represented in the clone libraries

Between 50 and 60 clones of SSU rRNA genes were
sequenced from each replicate sample collected from rhi-
zosphere and non-rhizosphere soils. Each site was repre-
sented by two replicate samples, and a total of 175 clones
of SSU rRNA genes were sequenced. The length of
sequences determined was about 1,500 bp. 30 clones were
chimeras and were removed from the data set. Therefore,
83 and 62 sequences remained from rhizosphere and non-
rhizosphere soils, respectively.

There are two common clones in rhizosphere soils,
ER25 and NRS5 clones are both related to Bacteroidetes
(EF580948); and there were two common clones in non-
rhizosphere soils, WB6 and SB27 clones, both related to
p-proteobacteria (HM187265).

Over 97.24 % (141 out of 145) of the sequenced clones
were found to be unique to rhizosphere and non-rhizosphere
soils.

Figure 1 shows clones that are present in both rhizo-
sphere and non-rhizosphere soils. NR4 and EB25 clones
are related to uncultured bacterium clone (HQ864194), and
NR31 and WBY clones are related to uncultured bacterium
clone (EU421850). Two phylogenetic groups were repre-
sented in these common clones. There are 81 clones that
are unique to rhizosphere soils. Ten phylogenetic groups
were represented in these unique clones (Fig. 2); and there
are 60 clones that are unique to non-rhizosphere soils, Nine
phylogenetic groups were represented in these unique
clones (Fig. 3). Figure 4 shows a Venn diagram repre-
senting the unique and common clones in rhizosphere and
non-rhizosphere soils. The common clones are only
2.76 %, but the unique clones in rhizosphere and non-
rhizosphere soils are about 55.86 and 41.38 % respectively.

Common clones were classified into two phylogenetic
groups (Table 2), one is Acidobacteria (NR4 and EB2Y),

Fig. 1 Phylogenetic dendrogram of clones that are common in both rhizosphere and non-rhizosphere soils. Phylogenetic reconstruction based on
Neighbor-joining (NJ) method. Only bootstrap values greater than 50 % are indicated (1,000 replicates)
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Fig. 3 Phylogenetic dendrogram of clones that are unique in non-rhizosphere soils. Phylogenetic reconstruction based on Neighbor-joining (NJ)
method. Only bootstrap values greater than 50 % are indicated (1,000 replicates)
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Fig. 4 Venn diagram depicting individual sequenced clones from
rhizosphere (R) and non-rhizosphere (B) soils

another is Gemmatimonadetes (NR31 and WB9). All
unique clones were classified into 10 phylogenetic groups
(Table 2). In the study sites, Proteobacteria was the most
abundant phylum, followed by Bacteroidetes, Acidobacte-
ria and the unclassified bacterial group in rhizosphere soils;
unclassified bacterial group, Bacteroidetes and Acidobac-
teria in non-rhizosphere soils. These four major phyla
comprised about 70-75 % of the total clones. The
remaining phyla present within the libraries included Ac-
tinobacteria, Planctomycetes, Verrucomicrobia, Chloro-
flexi, Gemmatimonadetes and Firmicutes.

The Proteobacteria-affiliated clones represented 43.37
and 43.59 % of the rhizosphere and non-rhizosphere
libraries, respectively. Proteobacteria included the classes
o-proteobacteria, f-proteobacteria, y-proteobacteria and J-
proteobacteria. In the rhizosphere soils, f-Proteobacteria
and y-Proteobacteria were the most abundant group, rep-
resenting 13.25 % of the total clones, respectively, fol-
lowed by a-Proteobacteria (12.05 %) and o-Proteobacteria
(4.82 %). In the non-rhizosphere soils, the abundance of «-
Proteobacteria, f-Proteobacteria and p-Proteobacteria was
same, representing 12.9 % of the total clones, respectively,
followed by o-Proteobacteria (4.84 %).

Soil bacterial diversity

For calculation of diversity indexes, OTUs were formed at
D < 0.03 (about 97 % sequence similarity). At this level of
diversity, OTUs would be formed by closely related species
with similar phenotypic properties (Keswani and Whitman
2001). Based on the richness estimators and diversity index,
the diversity of the bacterial community in rhizosphere soils
(Chao 1 =1110.88; Boootstrap = 110.15; H = 4.39;
D = 0.0006) was higher than that in the non-rhizosphere
soils (Chao 1 = 946; Boootstrap = 83.24; H = 4.1;
D = 0.0005).
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Discussion

We used SSU rRNA gene clone library analysis to inves-
tigate the bacterial communities between rhizosphere and
non-rhizosphere soils of R. patientia in a wide distribution
in Jilin, China. In the study sites, the relative proportion of
bacterial communities in rhizosphere soils was similar to
non-rhizosphere soils in five phylogenetic groups (Proteo-
bacteria, Actinobacteria, Acidobacteria, Chloroflexi and
Planctomycetes). But there were differences in the other
five phylogenetic groups (Firmicutes, Bacteroidetes,
Gemmatimonadetes, Verrucomicrobia and Unclassified
bacteria) (Table 2). Unique clones in rhizosphere and non-
rhizosphere soils are more than common clones in both.
Moreover, the phylogenetic groups of unique clones in
rhizosphere soils are more than that in non-rhizosphere
soils. Jia et al. (2006) reported that the main bacterial
population identified in the medicinal plant Fritillaria
thunbergii consisted of Proteobacteria (55 %), Acidobac-
teria (12 %), Actinobacteria (12 %) and Bacteroidetes
(18 %). Proteobacteria was the most abundant phylum,
similar to that in our study; but differed with respect to
other groups such as Acidobacteria, Actinobacteria and
especially with respect to absence of clones belonging to
Chloroflexi, Planctomycetes, Firmicutes, Gemmatimona-
detes and Verrucomicrobia. Molecular surveys (Lin et al.
2010) have found Acidobacteria in a wide variety of
environments. However, very little is known about the
functional role of these organisms in soil processes. Their
abundance is often negatively correlated with pH. Lin also
reported that the abundance of Acidobacteria in the Tatajia
soils may be due to the low soil pH of pH 3.4-3.5. In our
study the proportion of Acidobacteria was only about
11.0 %, and Proteobacteria was the most abundant phylo-
genetic group. This may be due to the high soil pH
(6.31-8.04). In an evergreen broad-leaved forest at an
elevation of 800 m in south-western China, Acidobacteria
accounted for 80 % of all clones, and Proteobacteria were
only 15 %(Chan et al. 2006). In a subtropical, Taxus forest
at an elevation of 900 m, Acidobacteria composed 34 %.
However, in the members of Proteobacteria, the o-, f- and
y-Proteobacteria were all about 12 % of the library (Jia
et al. 2006). In our study, y-Proteobacteria was the most
abundant group, representing 13.25 % (rhizosphere soils)
and 12.90 % (non-rhizosphere soils) of the total clones.
The study in Chamaecyparis forest soils at an elevation of
about 1,700 m reported that f-Proteobacteria contributed
up to 46 % of the clone library, and Acidobacteria-affili-
ated clones composed less than 20 % of the community
(Lin et al. 2010). In contrast to what we know about the
biodiversity of microorganisms, microbial biogeography is
controlled primarily by edaphic variables, especially by pH
(Fierer and Jackson 2006), which has complicated effects
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Table 2 Relative proportion of bacterial communities for R (Rhizosphere soil) and B (Non-rhizosphere soil) at 4 sites basis on obtained

phylogenetic groups

Phylogenetic groups R B
Clones pi (%) Clones pi (%)
Common clones
Acidobacteria 1 1.20 1 1.61
E - - 1(EB25) 1.61
S _ _ _ _
W _ _ _ _
N 1(NR4) 1.20 - -
Gemmatimonadetes 1 1.20 1 1.61
E _ _ _ _
S _ _ _ _
\% - - 1(WB9) 1.61
N 1(NR31) 1.20 - -
Unique clones
Acidobacteria 7 842 5 8.06
E 3(ER15, ER26, ER27) 3.61 2(EB10, EB18) 3.23
S 1(SR2) 1.20 2(SB29, SB30) 3.23
w 3(WR4, WR13, WR30) 3.61 1(WB41) 1.61
N _ _ _ _
Actinobacteria 4 482 3 4.84
E _ _ _ _
S 2(SR31, SR45) 241 1(SB12) 1.61
w 1(WR23) 1.20 1(WB28) 1.61
N 1(NR9) 1.20 1(NB31) 1.61
Bacteroidetes 11 1325 6 9.68
E 3(ER1, ER2, ER25) 361 - -
S 3(SR9, SR23, SR46) 3.61 2(SBS, SB26) 3.23
w 1(WR7) 1.20 2(WBS5, WBI11) 3.23
N 4(NR2, NR5, NR33, NR34) 4.82 2(NB25, NB30) 3.23
Chloroflexi 1 1.20 1 1.61
E _ _ _ _
S - - 1(SB3) 1.61
w 1(WR50) 1.20 - -
N _ _ _ _
Gemmatimonadetes 5 6.03 1 1.61
E 1(ER36) 1.20 1(EB14) 1.61
S 1(SR28) 1.20 - -
w 3(WR22, WR24, WR31) 361 - -
N _ _ _ _
Planctomycetes 4 482 4 6.45
E 1(ER34) 1.20 1(EB28) 1.61
S 1(SR13) 1.20 - -
w 2(WR39, WR55) 241 2(WB19, WB42) 3.23
N - - 1(NB5) 1.61
Proteobacteria 36 43.37 27 43.59
E 16(ER11, ER14, ER18, ER19, ER28, ER30, ER32, ER24, 19.28 5(EB2, EB4, EB6, EB12, EB9) 8.07
ER3, ER9, ER10, ER29, ER31, ER33, ER35, ER16)
S 6(SR29, SR19, SR4, SR16, SR42, SR1) 7.23 4(SB11, SB20, SB27, SB4) 6.45
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Table 2 continued

Phylogenetic groups R B
Clones pi (%) Clones pi (%)
W 8(WR3, WR6, WRI15, WR17, WR19, WR56, WR2, WR35) 9.64 9(WB4, WB13, WB40, WB6, WB15, 14.53
WB30, WB10, WB17, WB18)
N 6(NR13, NR16,NR15, NR36, NR38, NR3) 7.23 9(NB10, NB32, NB9, NB12, NB14, 14.53
NBI15, NB26, NB27, NB29)
o-Proteobacteria 10 12.05 8 12.90
f-Proteobacteria 11 1325 8 12.90
y-Proteobacteria 11 1325 8 12.90
J-Proteobacteria 4 482 3 4.84
Verrucomicrobia 4 482 1 1.61
E _ _ _ _
S 1(SR18) 1.20 - -
w 1(WR37) 1.20 1(WBI12) 1.61
N 2(NR1, NR7) 241 - -
Unclassified 8 9.64 12 19.35
bacteria
E 4(ER4, ER17, ER21, ER22) 4.82 7(EBI, EBS, EB13, EB17, EB20, 11.27
EB22, EB24)
S 2(SR14, SR27) 241 1(SB6) 1.61
w 2(WR27, WR53) 241 3(WBI14, WB27, WB29) 4.84
N - - 1(NB7) 1.61
Firmicutes 1 1.20 - -
E _ _ _ _
S _ _ _ _
w 1(WRS) 1.20 - -
N _ _ _ _
Total 83 100 62 100

Phylogenetic assignments were performed by RDP query with sequence similarity cutoff values of 80 % for phylum and class

E East, S South, W West, N North

on soil microbial communities by influencing the avail-
ability of nutrients, microbial adsorption, and production
and secretion of extracellular enzymes, as well as the
growth of microorganisms. This study showed that
although the location of the four sites of R. patientia varied,
the climate conditions and altitude were similar in these
areas and would not cause the difference of the microbial
composition in the soil. Hence, we suggest that soil prop-
erties may play an important role in the microbial com-
position of R. patientia. These roles need further research.

In this study, there were some bacteria which appeared
or disappeared, or some bacteria which reduced or
increased and some Unclassified bacteria in the rhizosphere
soils, compared to the non-rhizosphere soils, which indi-
cated that the root exudates may affect the structure and
function of microbial communities. Briefly, as a wild
medicinal plant, the rhizosphere effect of R. patientia is
different and the active components in potential exudates
from R. patientia need further research.

@ Springer

In addition, the diversity of the bacterial community in
rhizosphere soils was higher than that in the non-rhizosphere
soil, similar to the study of Shi (Shi et al. 2011), which
indicated the root exudates secreted by R. patientia would
promote the accumulation of some bacteria, and at the same
time restrain some other bacteria, leading to higher bacterial
diversity in the rhizosphere soils.

The result showed that a higher proportion of bacterial
communities by comparison of phylogenetic groups in rhi-
zosphere with non-rhizosphere soils were identified as Pro-
teobacteria, Bacteroidetes, Actinobacteria and unclassified
bacterial group in rhizosphere soils, suggesting that the soil
in which the wild medicinal plant R. patientia grows suits the
growth of these kinds of bacteria. Our results indicate that
there are differences in the composition and proportion of
bacterial communities between rhizosphere and non-
rhizosphere soils. Furthermore, the unique bacterial clones
between rhizosphere and non-rhizosphere soils of the wild
medicinal plant R. patientia have obvious differences.
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