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ABSTRACT. Because of human population growth, increased food
production and alternatives to conventional methods of biocontrol and
development of plants such as the use of endophytic bacteria and fungi
are required. One of the methods used to study microorganism diversity
is sequencing of the 16S rRNA gene, which has several advantages,
including universality, size, and availability of databases for comparison.
The objective of this study was to analyze endophytic bacterial diversity
in agricultural crops using published papers, sequence databases, and
phylogenetic analysis. Fourteen papers were selected in which the
ribosomal 16S rRNA gene was used to identify endophytic bacteria,
in important agricultural crops, such as coffee, sugar cane, beans,
corn, soybean, tomatoes, and grapes, located in different geographical
regions (America, Europe, and Asia). The corresponding 16S rRNA

Genetics and Molecular Research 14 (3): 9703-9721 (2015) ©FUNPEC-RP www.funpecrp.com.br



C. Bredow et al. 9704

gene sequences were selected from the NCBI database, aligned using
the Mega 5.2 program, and phylogenetic analysis was undertaken. The
most common orders present in the analyzed cultures were Bacillales,
Enterobacteriales, and Actinomycetales and the most frequently
observed genera were Bacillus, Pseudomonas, and Microbacterium.
Phylogenetic analysis showed that only approximately 1.56% of the
total sequences were not properly grouped, demonstrating reliability
in the identification of microorganisms. This study identified the main
genera found in endophytic bacterial cultures from plants, providing
data for future studies on improving plant agriculture, biotechnology,
endophytic bacterium prospecting, and to help understand relationships
between endophytic bacteria and their interactions with plants.

Key words: Endophytic bacteria; 16S rRNA gene; Agronomic crops;
Phylogenetic analysis; Biotechnology; Bioprospection

INTRODUCTION

According to current estimates by the United Nations, the world population is expected
to reach 9 billion by the year 2050. Accordingly, food production is expected to be more than
double worldwide. In order to achieve this goal, agricultural production needs to be extended
and intensified in a sustainable manner.

In addition, modernization of agricultural techniques, the use of fertilizers and pesti-
cides, and mechanization should also be improved to increase production, reduce costs, and
minimize environmental damage (Mazoyer and Roudart, 2009). In this view, the use of en-
dophytic microorganisms or endophytes (mostly fungi and bacteria) that develop within host
plants may be advantageous.

Endophytes spend at least one phase of their lifecycle within the host plant without
causing damage, and they also interact in complex ways with their host. This group of microor-
ganisms can be found in different parts of the plant, such as leaves (Garcia et al., 2012; Rhoden
etal., 2012; Leme et al., 2013), flowers, seeds, stems, and roots (Vega et al., 2005; Azevedo and
Araujo, 2007; Compant et al., 2011). Furthermore, endophytes may also be used as an alterna-
tive to fertilizers and pesticides because these microorganisms have been shown to be a sustain-
able alternative, enhancing the growth of plants and biologically controlling insects (Sessitsch
et al., 2004; Compant et al., 2005).

The 16S rRNA gene has been used to evaluate the diversity of endophytic bacteria
with outstanding success (Figure 1). Carl Woese pioneered the use of 16S rRNA more than
30 years ago (Woo et al., 2008). Among the advantages of using 16S rRNA is its universality,
because it is present in almost all bacteria, allowing its use in taxonomic and phylogenetic
identification (Kembel et al., 2012).

0 1500 bp

Figure 1. Representation of the 16S rRNA gene. Gray regions represent conserved sequences, while V1 toV9 represent
variable sequences that are important regions for phylogenetic analyses. Adapted from Petrosino et al. (2009).
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The high degree of conservation of the 16S rRNA sequence within species is an im-
portant factor for differentiating organisms, in addition to its size, because it is large enough
to be amplified using PCR, and thus, can be used in phylogenetic analyses (Woo et al., 2008).
Furthermore, the 16S rRNA gene has also become very important in the medical field because
it enables identification of pathogens faster than using traditional biochemical tests, and it pro-
vides an alternative when these biochemical tests cannot be used (Woo et al., 2008).

A number of bioinformatic tools can be used to analyze the 16S rRNA gene when
identifying organisms. One of the most prominent ones is BLAST (Basic Local Alignment
Search Tool), which compares all the sequences deposited in public domain databases, such
as the National Center for Biotechnology Information (NCBI). Another tool used in bioinfor-
matics is the MEGA (Molecular Evolution Genetics Analysis) software, which, in addition to
sequence alignment and phylogenetic inference, has many parameters available to the user for
analysis (Tamura et al., 2011).

Due to the importance of endophytic bacteria as biological controls, in promoting the
growth of plants, and their diversity, the present study aimed to analyze the diversity of endo-
phytic bacteria in the aerial parts of plants and seeds using in silico analysis of sequences of
the 16S rRNA gene obtained from databases. Particularly for crops of sugar cane, beans, corn,
soybeans, tomatoes, coffee, and grapes, it is important to verify information on the prevalence
of a certain genus in these cultures and the robustness of this tool for the analysis of diversity.
The data generated from this study can be used in future studies of diversity to help understand
the relationships between endophytic bacteria and their interactions with plants, as well as in
programs related to prospecting and biotechnology of this group of microorganisms.

MATERIAL AND METHODS

To study the genetic diversity of endophytic bacteria, 14 papers (published between
2007 and 2013) deposited in Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior -
Periodics database - CAPES were used (Table 1).

Table 1. Summary of articles evaluated in a comparison of the genetic diversity of endophytic bacterial cultures,
including organ of plants sampled, geographical origin of the plant in isolation, author, and year of publication.

Crop Organ of origin in plant Geographic origin Publication

Coftee (Coffea canephora) Fruit Brazil Miguel et al., 2013

(Colffea arabica) Fruit Not determined Oliveira et al., 2013

Sugar cane (Saccharum officinarum) Stem Brazil Mendes et al., 2007
Stem Cuba Velazquez et al., 2008

Bean (Phaseolus vulgaris) Leaf Brazil de Oliveira Costa et al., 2012
Seed Colombia Lopez-Lopez et al., 2010

Corn (Zea mays) Flower Brazil Figueiredo et al., 2009
Stem, seed, Flower Not determined Montarfiez et al., 2012
Seed China Liu et al., 2012

Soybean (Glycine max) Stem Japan Okubo et al., 2009

Tomato (Lycopersicon esculentum) Stem and Leaf Brazil Barretti et al., 2009

Grape (Vitis vinifera) Leaf Italy Bulgari et al., 2009
Leaf Piccolo et al., 2010
Flower, fruit, seed Austria Compant et al., 2011

Of these articles, seven investigated crops of agricultural importance (coffee, sugar
cane, beans, corn, soybeans, tomatoes, and grapes) using the 16S rRNA gene for identification,
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which was also present in GenBank. After selecting the papers, sequences of the 16S rRNA
gene were selected from the NCBI database and organized based on the tissue of origin of
the microorganisms in the plant, as well the geographical location of the plant (crop type and
geographical location can be visualized in Figure 2).

% Coffea

/ Sugarcane
€ Bean

' Soybean
@ Tomato

# Grapevine
v Maize

Figure 2. Geographical distribution of different crops used in the present analyses. Original image of the map
belongs to Instituto Brasileiro de Geografia e Estatistica (IBGE) and was edited by the authors.

Because of the great diversity of microorganisms in the roots of plants, including
nitrogen-fixing species, the current study only considered endophytes isolated from the aerial
parts and seeds of the plants.

Sequences were aligned using the MEGA 5.2 software with the following parameters:
neighbor-joining (Saitou and Nei, 1987) using the p-distance matrix for nucleotides with pair-
wise gap deletion and bootstrap with 1000 replications. When analyzing the bacterial diver-
sity, agronomic crops and geographical origin were also taken into account (Figure 3). Partial
sequences (less than 1000 bases) were not used because the sequences do not have sufficient
coverage for alignment.

The numerical diversity of endophytic bacteria isolated from each plant species was also
investigated by counting the number of each genus of bacteria isolated from each crop (Figure
4) and the frequency of each order of endophytic bacteria isolated from all papers (Figure 5).

RESULTS

The result of phylogenetic analysis of the isolated endophytic bacteria as well as the
host plant can be seen in Figure 3.
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Figure 3. Phylogenetic analysis. The sequences collected were aligned using the MEGA program (version 5.0,
Tamura et al., 2011), with grouping using the NJ method (Saitou and Nei, 1987) with a p-distance matrix for
nucleotides and the pairwise gap deletion option adopted and 1000 bootstrap repetitions.

Continued on next page
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Figure 3. Continued.
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ma|| ' Rhizobiscess bocherium |ABAE1599.1] (Glycine max)
Rhizobisceae bacterium |AB4G1886.1| | Glycing max)
Rhizobiacens bacterum [AB451730.1] (Glycine maz)
g7 || Rituzobiaceas baclenum JABAG165T 1| (Glycine max)
4] FMZOBIBCERE Dacterium JABAE1713.1] (Giycine max)
Rhizotsacaas bactarom [ABAE1714.1] (Givsin mar)
— Rhizoblaceas bacterium |AB4E1720.1] (Glycing max)
‘Shinohizortium sp. JEF 114345 1| (Lyeoparsicon esculonfurm)

= Brovundimonas sp. |AB4B1733.1] (Glycine max)
|mmmumm
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Figure 3. Continued.

F

m

100

Methylobacterium populi [HMA55692.1] (Phaseolus vulgaris)
Methylobacterium populi [HM355694.1] (Phassolus vuigaris)
Methylobacterium populi [HM355679.1] (Phaseolus vulgaris)
Methylobacterium populi [HM355702.1 (Phaseolus vuigaris)
- Methylobacterium popull [HM355721.1] (Phaseolus vulgaris)
Methylobacterium sp. [AB4G1707.1] (Glycine max)
70| Methylobacterium sp. |AB461759.1] (Glycine max)
Methylobacterium populi [HM355614. 1| (Phaseolus vuigaris)
1o Methylobacterium popu [HM355619.1| (Phaseolus vuigaris)
Methylobacterium populi HM355624.1] (Phaseolus vuigaris)
Methylobacterium populi |HM355631.1] (Phaseolus vulgaris)
Mahylobaclerium populi [HM355642.1] {Phaseolus vuigaris)
55| Methylobacterium popu |HM355645.1| (Phaseolus vulgaris)
Meihylobactenium populi [HM355654.1] {Phasealus vulgaris)
Methylobacterium populi [HM355658.1] (Phaseolus vilgaris)
Meihylobactenium populi [HM355659.1] (Phaseolus vulgaris)
Methylobacterium populi [HM355672.1| (Phaseolus vuigaris)
Methylobacterium populi [HM355673.1] (Phaseolus vulgaris)
Methylobacterium populi |[HM355677.1] (Phassolus vulgaris)
5 Methylobacterium populi [HM355697 1] (Phassolus vulgaris)
% Delftia tsuruhatensis [HM355744.1) (Phaseolus vulgaris)
Delftia tsuruhatensis |HM355747 1| (Phaseolus vuigaris)
%21 Delfta tsuruhatensis |HM355746.1] (Phaseolus vuigaris)
100' Deltta tsuruhatensis |HM355693.1| (Phassolus vulgaris)
Detftia sp. |AB461752.1| (Glycine max)
%' Deiftia sp. |AB461757.1| (Glycine max)
| Comamonas sp. |AB461780.1] (Glycine max)

100

%
o]

g :

——— Comamonadaceae baclerium |AB461737.1| (Glycine max)
Cupriavidus sp. [AB461740.1| (Glycine max)
Pandoraea sp. |AB461819.1] (Glycine max)
Burkholderia cenocepacia [EF602552.1) (Saccharum officinarum)
100} Burkholderia cenocepacia [EF602561.1] (Saccharum officinarum)
%! Burkholderia cenocepacia [EF602563.1| (Saccharum officinarum)
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Figure 3. Continued.

G

Dyella sp. |AB4BATAT. 1| (Glycing max)
Stenotrophomonas sp. [HM3S5709.1| (Phaseolus vulgaris)

r— Stenofrophomonas sp. |AB461691.1] (Glycine max)
Stenotrophomonas sp. |AB461779.1| (Glycine max)
Stenotrophomonas sp. JAB4E1783.1| (Glycine max)
72 iy Stenolrophomonas sp. JAB4E1773.1| (Glycine max)
Stenolrophomonas sp. [AB4E1T63.1] (Glycine max)
65/ Stenolrophomanas sp. |JAB4B1762.1| (Glycine max)
Stenolrophomonas sp. [AB4B1765.1| (Glycine max)
Stenolrophomonas sp. |AB461823.1| (Glycine max)
’ﬂllammmmm |AB461830.1| (Glycine max)
Stenclrophomonas sp. JAB461837.1| (Glycine max)
Stenotrophomonag sp. |ABAE1649.1] (Glyeine max)
4f| Stenotrophomonas sp. |ABA61T16.1] (Glycing max)
6* Stenotrophomonas sp. [AB461T96.1| (Glycine max)
Q‘E Stenotraphomonas sp. |AB4E1827.1] (Glyeine max)
Stenotrophomonas sp. |AB4E1831.1] (Glyeine max)
Stenofrophomanas sp. |AB461806.1] (Glycine max)
Stencirophemonas sp. |AB4E16T0.1| (Giycine max)
Stenolrophomonas sp. [AB461671.1] {Glycine max)
4a ||| Stenotrophomonas sp. |AB461835.1| (Glycine max)
Stenotrophomonas sp. |ABA61836.1| (Glycine max)
Stenotrophomaonas maltophila [HM355603.1] (Phaseoius vilgans)
Stenofrophomaonas malfophilia [HM355615.1] [Phaseolus vulganis)
56| Stenotrophomonas maltaphilia [HMISEE22.1] (Phaseolus vilgaris)
Stenofrophomonas malfophilia [HM355843. 1] (Phaseolus vulgaris)
Stenofrophomonas maltaphila [HM3557 10.1] (Phasealus vulganis)
Stenotrophomonas maltophilia jHM355711.1] (Phaseolus vulgaris)
52| Stenotrophomonas malfophilia [HM3557 16.1] (Phasecilus vuigaris)
Stenotrophomanas maltophilia [HM3IS5T17.1] (Phaseolus vulganis)
Stenotrophomonas maltophilia [HM355724.1| (Phasecius vilgans)
Stenotrophomonas mallaphilia [HM355738.1| (Phasecius vuigans)
Stenotrophomonas maltophilia [HM355737.1] (Phaseolus vulgaris)
Stenolrophamonas maliophitia |HMISST8.1] (Phaseelus vulgaris)
o Stentrophomanas malophilia [HM355743.1] (Phassclus vulgaris)
Stencirophomonas maliophifa |HM355748.1| (Phaseolus vulgar's)
Stenotrophomonas mahophilia [HM355712.1] (Phaseolus vuigaris)
15| [ Stencirophomonas matophiia |HM355725.1] (Phaseolus vulgaris) J

E |

XANTHOMONADALES

74| [ Stenotrophomonas maltophiia [HM3S5714.1] (Phaseelus vulgaris)
=3 Srenolraphomonas maltaphiis |HM3S5723.1) (Phaseolus vulgaris)

Continued on next page
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Figure 3. Continued.

H

100

o~ Pseudomonas sp. [AB461640.1| (Glycine max)
@ Psewdomonas sp. [AB4G1642.1| (Glycine max)
Psauwdomaonas sp. |ABAE1641.1] (Glycing max)
Peaudomanas sp. [ABAE1639.1| (Gilycing max)
Pssudomanas sp. |AB4E1638.1| (Giycine max)
Psaudomonas sp. |AB4E1637.1| (Giycine max)
2y Pstudomonas sp. [ABAB1636.1| (Glycing max)
Psaudomonas sp. [AB4G1624.1 (Glycine max)
Pzaudomonas sp. [AB461619.1| (Giycing max)
Psaudomanas sp. [AB4E1618.1 (Glycine max)
Psoudomonas sp. |AB4E1608.1| (Glycing max)
Pseudomonas sp. |AB4E1606.1] (Giycine max)
Psoudomonas sp. |AB4E1604.1| (Glycing max)
s Pspudomonas sp. |AB461603.1] (Glyeine max)
[ Pseudomonas sp. [AB4G160T.1| (Glycine max)
Pseudomaonas sp. |ABAG16TA.1| (Glyeine max)
4| Pseudomonas sp. [AB4G1610.1| (Glycine max)
lsel Peeudomonas sp. |ABAG1611.1| {Glycing max)
#5122 Preudomonas sp. JAB4AE1726.1| (Glycine max)
Pseudomonas sp. [AB461675.1| { Glycine max)
Pseudomonas sp. [AB461828.1| {Glycine max)
" Pseudomonas sp. |AB4E1TT4.1] (Glycine max)
- Pseudomonas sp. [AB461655.1| (Glycine max)
Pssudomonas sp. |AB461802.1| (Glvcine max)
Pssudomonas 5p. |ABA61822.1| (Glycine max)
100 | Pseudomaonas sp. [AB461834 1] (Glycine max)
Pssudomonas 5p. [AB4616851.1] (Glycine max)
Peeudomonas 5p. [ABAG1857.1] (Glycing max)
Preudomonas 5p. |AB4B1665.1| (Glycine max)
Pzeudomaonas gp. |AB461719.1| (Glycine max)
77| | Pseudomonag sp. |AB461660.1| (Glyzine max)
100" Pssugomonas sp. [AB461669.1| (Glycine max)

ki

Pssudomonas aeruginosa [HM3I55T04. 1] (Phaseolus vulgarnis)
1 Pseudomonas aeruginosa [HM3SST28.1| (Phaseolus vulgaris)
Pasudomonas asruginosa |HM355700.1] (Phasecius vulgarnis)

ki Pswudomonas sp. |[AB461690.1| {Glysine masx)
Pseudomonas sp, |AB4E1692.1| (Glyeine max)

L o4

& Pseudomonas sp. [AB4E1653.1| {Glycing max)

Pseudomonas sp. [AB4E1TT2.1| (Glycime masx)
Pseudomonas sp. |AB461583.1] (Glycine mex)
Psaudomonas sp. |AB461584.1| (Glycine max)
100 | Pseudomonas sp. |AB461585.1] (Glycine max)
Pseudomonas sp. [AB461596.1] (Glycine max)
Pseudomonas sp. |AB4E1598. 1] {Glycine max)
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Figure 3. Continued.

I

Pseudomonas sp. |AB461600,1] (Glycine max) \‘
88| Pseudomonas sp. JAB4S1612.1] (Glycine masx)

Pssudomonas sp. |AB461613.1] (Glyckne max)

Pseudomonas sp. [AB461620.1| (Glycine max)

Psoudomonas sp. JAB461630.1| (Glycine max)

Pssudomonas sp. JAB461631.1] (Glycine max)

Pssudomonas sp. |AB461633.1] (Glycine max)

Acinetobacter sp. [HM3I55648, 1] (Phaseolus vulgans)
Acinslobacter radioresistens HM355649. 1] (Phaseolus vulgans) >

99 Acinetobacier johnsoni |EF114343.1] (Lycopersicon escubenturr)

= Acinslobacter sp. [ABAG1650.1] {Glysine max)
Acinelobacter sp. |ABAG180T 1| (Glycine max)
Acinglobacier 5p. [ABAG16TE.1| (Glycine max)
2| r Acinotobactor sp. |AB461811.1] (Glycine max)
48| Acinetobacter sp. |AB4E1TTS.1| (Glycine max)
o Acinstobacter sp. |AB4E1782.1] (Glyeine max) /
— Entevobacieriscese bactenium [AB4G1801.1| (Glycine max) \
r— Serralis marcescens JEF 114344, 1| (Lycopevsicon esculeniurm)
Enferobacteniaceas bactorium |AB461622.1] (Glyoine max)
Enferobactenacese bacterium |AB461623.1] (Glycine max)
Enfarobactanacess bactanum |ABAG1621.1] (Glycine max)
574 Entorobacteriacons Bacterkum JABA61620.1] (Glycine max)
Pantooa ananatis |EFB02555. 1] [Saccharum officinanm)
Pantosa ananatis |[EFE2556. 1] (Saccharum oficinarm)
100 Enlerobacteriaceas bacterium |ABIE1718.1) (Glyeine max)
Enferobacteriaceas bacherium |AB461745.1| (Glycine max)
Panlosa sp. JABAB1790.1| (Glycine max)
Panlosa sp. [ABAB1TER.1| (Glycine max)
L 0| Enterobacteriaceas bacterium |AB461800.1] (Glycine max)
Panlosa sp. JAB461791.1 (Glycine max)
iz Enterobacteriaceas bacterium |AB4G1821.1] (Glycine max)
sgps] - Enterobacteriaceae bacterium IAB461741.1] (Glycine max)
Panioea stewartii [EFB02554.1| {Saccharum officinarum)

PSEUDOMONADALES

ENTEROBACTERIALES

L 7 Entarobacteniacess bactarum [AB461605.1| (Glycine
Enterobacieniacess bactevum [AB61809.1] (Glycine max)
Entercbacioriaceas bactorium [AB4B1843.1| {Glycing max)
Enterobacieriacess bactenium |AB4E1662.1] (Giycine max)
Entercbacleriaceas baclerium |AB4E1626.1 (Giyeine max)
F Enterobacieniacese bacterum |ABAE1668.1] (Glycine max)
Entovebaclorincons bactorium [AB4E1625.1| (Glyeing mx)
5| Entarobacieriaceas bacterium |AB4E1627.1] (Giycine max)
Emtercbacleriaceas bacierium |AB461628.1] {Glycine max) )

L
61

[

Continued on next page

Genetics and Molecular Research 14 (3): 9703-9721 (2015) ©FUNPEC-RP www.funpecrp.com.br



C. Bredow et al. 9716

Figure 3. Continued.

J

Enloerobacteriacess bacterium |ABAG1502 1| (Glycine max)
4| 96| Entorsbactoriacess bacterium |AB461646.1| (Glycine max)
76} Enterobactoriaceas baclevium |AB4B1647.1| (Glyeine max)
100 |~ Enterobactenacess bacterium |AB4E16T7.1] (Glycing max)
Enterobacieraceas bacterium [AB4E1750.1] {Glycine max)
1 | 99’ Enterobacteriacoss bacterium |ABAB1T53.1] (Ghycine max)
45 Entorobacterisceas bacterium |ABAB1645.1| (Glysine max)
Enterobacteriacese bacterium |ABAG1826.1| (Glycina max)
100 | Enterobacteriaceas bacterium |ABAG1T5.1] (Glycine max)
84! Entercbacteriacess bacterium |AB4E1810.1] (Glycine max)
p_IEnmmm bacterium |WBAB1793.1| (Glycine max)

Enterobacteriacess bactenum |ABAE1797_1| (Glycine max)
Enterobactariacess baclerium |AB4E61708.1] (Glyeine max)
Enterobacteriacess bacterium |AB461815.1] (Glycine max)
Enterobactariacese baclerium |AB461794.1| (Glycing max)
Enterobacteriscese bacteriurn [AB4G1TE. 1] (Glycine max)
Enterobacteriacese bactorium |AB461744.1| (Glycine max)
Enterohactariacess bactorium |ABAG1644.1| (Glycine max)
Enterobactoriaceas bactorium |AB461814.1] (Glyeing max)
Enlevobacteriaceas bactedum |AB4G1648.1| (Glycing max)
Entercbacter asburige |HM355588.1] (Phaseolus vuigans)
Enterobacter hormasche |[HM358601.1| (Phaseolus vuigaris)
Entorobacter asburise [HM355T27.1] (Phaseolus vulgaris)
Enterobacter hormaechel [HM355728.1| (Phasecius vuigaris)
Enterobactenaceas bacterum |AB461808.1| (Glycine max)
Enterob, ] bacierum |AB481809.1| (Glycine max)
Emtovobacteriaceas bacterium |ABAG1813.1| (Glycine max)
g4 | Enterobacteriaceae bactenium |ABAG1792.1| (Glycine max)

Enferobaclenaceas bacterium |ABAE1T51.1] | Glyeine max)
Enterobacteriacess bacterium [AB4E1659.1] (Glycine max)

3| Enterobactedaceas bacterium |ABAG1764.1| (Glycine max)

74| Enferobactenacess bacterium |ABAG1T48.1] (Glycine max)
Enterobactenacess bacterium [AB461T749.1) (Glycine max)
Enterobacier sp. |ABAG1TE7.1| (Glycine max)
Enlerobacler sp. |AB481770.1| (Glycine max)
Entarobacter sp. [ABAB1TEE. 1| (Glycine max)
Enterobacier sp. [AB461683.1| (Glycine max)
65| Enterobacter sp. |AB461684._1] (Glycine max)
Enterobactor sp. [AB4E1685.1| (Glycine max)
Enferobacter sp. |AB461696.1| (Glycine max)
Enterobacier sp. |AB461708.1| (Glycine max)
Enterobacier sp. |AB461700.1| (Glycine max) )

\- En z B im JABA61591.1| (Glyeing max) \

5 $g

ENTEROBACTERIALES

58

Enterobacter sp. |AB461711.1] (Glycine max)

oo
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The result of numerical diversity can be seen in the graph below (Figure 4). The color
is the host plant and the size of the bar represents numerical diversity.
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Figure 4. Numerical diversity of the genera of endophytic bacteria isolated from each plant species.

The frequency of each order can be seen in the graph below (Figure 5).

W Actinomycetales
W Bacillales

M Burkhoderiales

M Caulobacte rales
W Enterobacteriales
= Flavobacteriales
B Lactobacillales

M Other

B Pseudomonadales
M Rhizobiales

W shingomonadales

Sphingohacteriales

1% X¥anthomonadales

Figure 5. Frequency of each order of endophytic bacteria isolated from the plants.
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DISCUSSION

The endophytic bacteria evaluated in the current study were isolated from various
plant organs; however, only endophytic bacteria collected from tissues in the aerial parts of
the plants were used because recent studies on endophytic microorganisms have focused on
the aerial parts of plants, especially the leaves. The main objective of the study was to select
bacteria from the plants following analysis of diversity, and then select endophytic strains with
promising potential for biocontrol, and bacteria that stimulate the growth of the plant (Barretti
et al., 2009; Lopez-Lopez et al., 2010; Montafiez et al., 2012).

After analyzing the diversity of endophytic bacteria present in the articles (Figures
4 and 5), Bacillales was verified as the prevailing order, representing 24% of the total, with
the genus Bacillus present in all cultures and more prevalent in corn than other crops. In the
phylogenetic analysis, the following species belonging to the genus Bacillus were grouped
together: Bacillus sp, B. muralis, B. niacini, B. bataviensis, B. pumilus, B. cereus, B. subtilis,
B. megaterium, B. amyloliquefaciens, and B. thuringiensis.

Using biopesticides based on endophytic bacteria is a useful alternative for the bio-
logical control of diseases, and it is also a promising option to eliminate the use of chemical
treatments. In this case, the genus Bacillus has advantages over other bacteria used for biocon-
trol because it is easy to cultivate and store and it can be used as spores on plant seeds or in
inoculants. In addition, it displays protective effects against various microbial pathogens and
is able to promote plant growth. Therefore, these Bacillus isolates may present several aspects
that can be useful in agricultural (Forchetti et al., 2007).

Within the order Bacillales, the genus Staphylococcus was notable and was present in
beans more frequently than other crops studied. In the phylogenetic analysis, S. haemolyticus,
S. warneri, S. kloosii, S. saprophyticus, S. caprae, and S. epidermidis were clustered together.
Some studies have reported that the genus Staphylococcus is important in plant growth-
promoting activity (Sessitsch et al., 2004). The order Actinomycetales represented 15% of the
total bacteria observed in the cultures, with the genera Micrococcus (beans) and Microbacterium
(soy and beans) being observed most frequently. The order Flavobacteriales was represented
by the genera Flavobacterium sp and Chryseobacterium sp and the order Sphingomonadales
was represented by the genera Novosphingobium and Sphingomonas sp, representing 2 and
3% of the total endophytic bacteria, respectively. The order Rhizobiales (an important group
of nitrogen-fixing bacteria) represented 7% of the total endophytic bacteria, of which the
predominant genera were Rhizobium (soy), Agrobacterium (beans), and Methylobacterium
(most frequent in beans). The order Burkholderiales represented 5% of the total endophytic
bacteria, with the genera Delftia and Burkholderia occurring most frequently. The order
Xanthomonadales represented 7% of the total endophytic bacteria analyzed, of which the
predominant genus was Stenotrophomonas and was present in soy and bean. Similarly, the
Pseudomonadales order represented 12% of total bacteria analyzed, with a notable presence of
Pseudomonas (soybean and beans) and Acinetobacter (soybean). The second most dominant
order of endophytic bacteria studied was that of Enterobacteriales, which represented 19% of
the total, with the Enterobacter (bean) and Pantoea (sugar cane and soybeans) genera being
most common.

Of the orders and genera of endophytic bacteria discussed above, previous studies
have shown that Staphylococcus, Rhizobium, Pseudomonas, Mycobacterium, Enterobacter,
Methylobacterium, Micrococcus, Pantoea, and Bacillus are capable of solubilizing phosphate,
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making it more available to plants (Rodriguez and Fraga, 1999; Kuklinsky-Sobral et al., 2004;
Sessitsch et al., 2004). Similarly, the genera Sphingomonas, Pseudomonas, Microbacterium,
Pantoea, Micrococcus, Agrobacterium, Rhizobium, Burkholderia, Enterobacter, Bacillus,
Methylobacterium, and Acinetobacter produce indole acetic acid (Costacurta and
Vanderleyden, 1995; Kuklinsky-Sobral et al., 2004; Sessitsch et al., 2004; Mendes et al., 2007)
and Brevundimonas, Pseudomonas, Staphylococcus, and Microbacterium stimulate plant
growth (Sessitsch et al., 2004). These studies highlight the potential of endophytic bacteria in
plants and their importance in improving agricultural crops.

The geographic distribution and the cultures of the organisms that were analyzed are
poorly understood. Many studies have revealed that the diversity of endophytic microorgan-
isms depends on several factors, including the host and the geographical origin (Li et al.,
2012), abiotic factors, such as soil, pH, and the stage of plant development (Li et al., 2009), the
tissue used for endophyte isolation (Vega et al., 2005), and also the variety used (Rodrigues et
al., 2006). Thus, being poorly understood and in full development, additional studies are nec-
essary in order to verify and satisfactorily explain the distribution of these organisms (Fierer
and Jackson, 2006).

In the present phylogenetic study, it was possible to verify that the majority of bacte-
rial species were grouped correctly and only approximately 1.56% of bacteria were grouped
incorrectly in their genera, with the need for further assessment. Using in silico analysis of
fungal endophytes from Brazilian plants, Rhoden et al., (2013) observed similar error rates
using sequences from databases.

Endophytic bacteria, as discussed in the present study, are of great importance for
plants, contributing to growth and protection, and assisting in the defense process. Bacillus
was the most noteworthy genus in the cultures analyzed due to its high frequency. Further,
in the cultures studied, the 16S rRNA gene was an important factor in identification of endo-
phytic bacteria, allowing phylogenetic analyses to be undertaken.

The results of the current study may assist researchers in future studies, they may
help to improve the crops being studied, and they may also contribute to the analysis and
comparison of the diversity and biotechnological applications of endophytic bacteria, such as
bioprospecting, plant growth promotion, nitrogen fixation, and biological control.
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