
P
m

J
L
a

B
b

A
c

d

o

a

A
R
R
A

K
P
Z
P
G
P

w
t
t
n
c
a
T
P
g

(

h
0

Systematic and Applied Microbiology 42 (2019) 488–494

Contents lists available at ScienceDirect

Systematic  and  Applied  Microbiology

jou rn al hom epage : ht tp : / /www.e lsev ier .com/ locate /syapm

antoea  endophytica  sp.  nov.,  novel  endophytic  bacteria  isolated  from
aize  planting  in  different  geographic  regions  of  northern  China

un-lian  Gaoa, Jing  Xuea,  Hui  Yanc,  Shuai  Tongb,  Mohammad  Sayyar  Khand,
i-wei  Wanga, Xiao-jie  Maob, Xiuhai  Zhanga,∗,  Jian-guang  Sunb,∗

Beijing Agro-Biotechnology Research Center, Beijing Academy of Agriculture and Forestry/Beijing Key Laboratory of Agricultural Genetic Resources and
iotechnology, Beijing 100097, PR China
Key Laboratory of Microbial Resources, Ministry of Agriculture and Rural Affairs/Institute of Agricultural Resources and Regional Planning, Chinese
cademy of Agricultural Sciences, Beijing 100081, PR China
College of Animal Science and Technology, Hebei Agricultural University, Baoding 071001, PR China
Genomics and Bioinformatics Laboratory, Institute of Biotechnology and Genetic Engineering (IBGE), Faculty of Crop Production Sciences, The University
f  Agriculture, Peshawar 25000, Pakistan

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 31 January 2019
eceived in revised form 24 May  2019
ccepted 1 June 2019

eywords:
antoea endophytica
ea mays L.
hylogeny
enome
olyphasic approach

a  b  s  t  r  a  c  t

Four  endophytic  bacterial  strains  were  isolated  from  root,  stem  and  leaf  of  maize  planted  in  different
regions  of  northern  China.  The  four  strains  possessed  almost  identical  16S  rRNA  gene  sequences.  How-
ever,  REP-PCR  fingerprint  patterns  discriminated  that  they  were  not  from  one  clonal  origin.  Furthermore,
the  average  nucleotide  identity  (ANI)  values  among  them  were  higher  than 95%,  suggesting  they  all  belong
to one  species.  Based  on  16S rRNA  gene  phylogeny,  the  four  strains  were  clustered  together  with  Pantoea
rodasii  LMG  26273T and  Pantoea  rwandensis  LMG  26275T, but on a  separate  branch.  Multilocus  sequence
analysis  (MLSA)  indicated  that the  four strains  form  a  novel  Pantoea  species.  Authenticity  of  the  novel
species  was  confirmed  by  ANI  comparisons  between  strain  596T and  its  closest  relatives,  since  obtained
values  were  considerably  below  the  proposed  thresholds  for the  species  delineation.  The  genome  size of
596T was  5.1Mbp,  comprising  4896  predicted  genes  with  DNA  G  +  C content  of 57.8  mol%.  The  respira-
tory  quinone  was  ubiquinone-8  (Q-8)  and the polar  lipid  profile  consisted  of  phosphatidylethanolamin,
diphosphatidylglycerol,  phosphatidylglycerol,  unidentified  aminophospholipid  and  unidentified  phos-

T
pholipid.  The  major  fatty  acids  of  strain  596 were  C16:0, summed  feature  2  (C12:0 aldehyde),  summed
feature 3 (C16:1ω7c and/or  C16:1ω6c)  and summed  feature  8  (C18:1ω7c and/or  C18:1ω6c).  Based  on phylo-
genetic, genomic,  phenotypic  and  chemotaxonomic  data,  the  four  isolates  are  considered  to represent  a
novel species  of  the  genus  Pantoea,  for which  the  name  Pantoea  endophytica  sp.  nov.,  is  proposed,  with
596T (=  DSM  100,785T =  CGMCC  1.15280T) as  type  strain.

© 2019  Elsevier  GmbH.  All  rights  reserved.
The genus Pantoea belongs to the family Erwiniaceae [1] and
as proposed by Gavini et al. [21] with Pantoea agglomerans as the

ype species and the genus has been subsequently emended over
he years as more species have been classified [4,34]. The taxo-
omic status of members of genus Pantoea have undergone some
hanges, three Pantoea species: Pantoea citrea, Pantoea punctata
nd Pantoea terrea have been reclassified as belonging to the genus

atumella [8]; four Pantoea species: Pantoea calida,  Pantoea gaviniae,
antoea intestinalis and Pantoea theicola have been moved to the
enus Mixta [36]. Meanwhile Pectobacterium cypripedii (Hori 1911)

∗ Corresponding authors.
E-mail addresses: zhangxiuhai@baafs.net.cn (X. Zhang), sunjianguang@caas.cn

J.-g. Sun).

ttps://doi.org/10.1016/j.syapm.2019.06.001
723-2020/© 2019 Elsevier GmbH. All rights reserved.
was reclassified as Pantoea cypripedii [4]. At the time of writing,
this genus comprises 19 recognized species (http://www.bacterio.
net/Pantoea.html). Members of the genus Pantoea are isolated from
a number of diverse habitats, such as plants, soil, water, animals
[21], trees [5,7], plant seeds [6,23], black tea [40], human gut [37],
the fruiting body of mushroom [31] and human clinical samples
[4]. Some Pantoea species are known to interact with plants and
may  confer beneficial or deleterious effects to their hosts [11]. For
example, P. agglomerans was initially identified as the causative
agent of disease in a wide range of hosts, such as onion, gypsophila,
beet and wisteria, beach pea, cotton, rice, maize [3,7,17,21,34], but

many strains belonging to this species also occur as plant epiphytes
or endophytes and exhibit plant growth promotion or biocontrol
effects [18,29,35]. Several Pantoea species P. vagans,  P. agglomerans,
P. ananatis, Pantoea stewartii ssp. stewartii and ssp. indologenes were

https://doi.org/10.1016/j.syapm.2019.06.001
http://www.sciencedirect.com/science/journal/07232020
http://www.elsevier.com/locate/syapm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.syapm.2019.06.001&domain=pdf
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mailto:sunjianguang@caas.cn
http://www.bacterio.net/Pantoea.html
http://www.bacterio.net/Pantoea.html
http://www.bacterio.net/Pantoea.html
http://www.bacterio.net/Pantoea.html
http://www.bacterio.net/Pantoea.html
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ig. 1. Maximum-likelihood (ML) phylogenetic tree based on 16S rRNA gene seque
nd  related species within the genera Pantoea, Mixta and Tatumella.  Bootstrap analy
ene  sequence of Leminorella grimontii DSM 5078 was  used as an outgroup. Bar, 0.0

solated from maize [7,16,34]. In a diversity survey of maize endo-
hytic bacteria in northern China, four endophytic bacterial strains
ere isolated from maize planted in different regions of northern
hina. In the present study, the four strains were taxonomically
ompared with the type strains of related Pantoea species by a
olyphasic approach. As result, a novel species, Pantoea endophytica
p. nov., is proposed.

The four strains were isolated from internal plant tissue of maize
n different geographic regions of northern China: strains 596T and
61 from root of maize (Zea mays L., Wantian) in Beijing, strain
69YD from leaf of maize (Zea mays L., Jinqing 708) in Tongliao
ity of Inner Mongolia, strain 572JC from stem of maize (Zea mays
., Nendan No.1) in Suihua City of Heilongjiang Province. The isola-
ion of endophytic bacterial strains was performed according to the
rocedure as described by Gao et al. [20].The four strains were orig-

nally obtained with different nitrogen-free mediums, strain 596T

nd 569YD from Döbereiner nitrogen-free agar [30], meanwhile

train 572JC and 761 from CCM nitrogen-free agar [24]. Later their
outine cultivation was performed on LB medium or trypticase soy
gar (Becton Dickinson) at 30 ◦C, for 3 days. They were stored in 30%
w/v) glycerol at −80 ◦C for a longer storage. The closely related
howing the relationship among strains of Pantoea endophytica sp. nov. (boldfaced)
re determined based on 1000 resamplings; values >50% were shown.The16S rRNA
stitutions per nucleotide position.

species to strain 596T, namely Pantoea rodasii DSM 26611T and
Pantoea rwandensis DSM 105076T determined by 16S rRNA gene
sequence similarity were used as reference strains under the same
laboratory conditions.

The 16S rRNA genes were amplified by colony PCR, for con-
struction of the DNA template for 16S rRNA gene amplification,
a loop-full of biomass was  scraped off the R2A agar plate, sus-
pended in 100 �l ddH2O and lysed by 10 min boiling and afterwards
5 min  freezing. After centrifugation, the supernatant was used as
the template for PCR. The 16S rRNA gene was amplified using
the universal primers 27 F and 1492R [28]. Purified PCR prod-
ucts were sequenced using an ABI 3730 sequencer following the
manufacturer’s protocols. The 16S rRNA gene sequences of the
four strains were determined by direct sequencing and compared
against related available 16S rRNA gene sequences in the EzBio-
Cloud database (http://www.ezbiocloud.net/) [43]. In this study,
the genome sequences of the four novel strains were determined

following the method described below. The four house-keeping
genes (atpD, gyrB, infB and rpoB) of the four strains were extracted
by Rapid Annotation System Technology (RAST) from their genome
sequences [9]. The four genes were aligned against related avail-

http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
http://www.ezbiocloud.net/
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ig. 2. Maximum likelihood (ML) phylogenetic tree based on concatenated amino
antoea  endophytica sp. nov. (boldfaced) and related species within the genera Panto
alues  >50% were shown. Leminorella grimontii DSM 5078 was  used as an outgroup

ble atpD, gyrB, infB and rpoB gene sequences in the NCBI GenBank
atabase (http://www.ncbi.nlm.nic.gov/) and translated into pro-
ein sequences using the software package of MEGA version 7.0

26]. The alignments were trimmed to the following protein
engths: AtpD – 219 aa, GyrB – 195 aa, InfB – 204 aa and RpoB

 212 aa which were subsequently concatenated for multilocus
equence analysis (MLSA). Phylogenetic trees based on individ-
equences of AtpD, GyrB, InfB and RpoB showing the relationship among strains of
xta and Tatumella. Bootstrap analyses were determined based on 1000 resamplings;
.01 substitutions per nucleotide position.

ual and concatenated sequences were constructed using MEGA
7.0 [26] after multiple alignment of data by CLUSTAL X pro-
gram [41]. The phylogenetic trees were reconstructed with the

maximum-likelihood method [17]. In each case bootstrap values
were calculated based on 1000 replications. Nearest-neighbor-
interchange was applied to the maximum-likelihood analysis. The
strains 596T, 761, 569YD and 572JC possessed almost identical 16S

http://www.ncbi.nlm.nic.gov/
http://www.ncbi.nlm.nic.gov/
http://www.ncbi.nlm.nic.gov/
http://www.ncbi.nlm.nic.gov/
http://www.ncbi.nlm.nic.gov/
http://www.ncbi.nlm.nic.gov/
http://www.ncbi.nlm.nic.gov/
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Table  1
Phenotypic characteristics that differentiate the four strains of Pantoea endophytica
sp.  nov and the closely related species Pantoea rodasii DSM 26611T and Pantoea
rwandensis DSM 105076T.

Characteristics Strain

1 2 3 4 5 6

Oxidation of (Biolog GENIII):
Dextrin – – – – + +
d-Maltose + + + + – +
d-Trehalose + + – + – +
d-Cellobiose – – – – – +
Gentiobiose + + – + – +
Sucrose – – – – – +
ß-Methyl-d-glucoside + + + + – +
d-salicin + + + + – +
N-Acetyl-d-glucosamine + + + + – +
N-Acetyl-ß-d-mannosamine + + + + – +
N-Acetyl-d-galactosamine – – – – – +
�-d-Glucose + + + + – +
d-Mannose – + – + – +
d-Fructose – – – + – –
l-Rhamnose + + + + – +
Inosine – – + – – –
d-Sorbitol – – – – – +
d-Mannitol + + – + – +
d-Arabitol + + + + – +
myo-Inositol + + + + + –
d-Glucose-6-PO4 – + + + – +
Troleandomycin + + + + – +
l-Alanine + + + + – +
l-Arginine + + + + – –
l-Aspartic acid + + + + – +
l-Glutamic acid + + + + – +
l-Histidine + + + + – –
l-Serine – – – + – +
Lincomycin + + + + – +
Pectin – – – – + +
Glucuronamide – – – + + –
Mucic acid + + + + – +
Quinic acid – + + + + –
d-Saccharic acid + + + + – +
Methyl pyruvate + + + – – +
l-Lactic acid + + – – + +
Citric acid + + + – – +
Bromo-succinic acid – + + + – –
Lithium chloride + – + – – +
�-Amino-butryric acid + + + + + –
Acetic acid + + + + + –
Aztreonam – + + + – +
Acid  production from (API 50CH):
Erythritol + + + + (+) –
d-Arabinose – + (+) + (+) –
l-Arabinose + + + + + (+)
l-Xylose – – – – (+) –
d-Adonitol – – – – + –
Dulcitol + – – – (+) +
Inositol + + + + + –
d-Sorbitol – – – – – +
Methyl-�-d-mannopyranosid – – – – (+) –
Methyl-�-d-glucopyranosid – – – – (+) –
N-Acetylglucosamine – – – – + (+)
Amygdalin – – – – (+) (+)
Arbutin + + + + + (+)
d-Lactose (+) – – – (+) +
d-Melibiose + + + + + –
d-Saccharose + + – – + (+)
d-Trehalose + + + + + (+)
Inulin – + – – (+) –
Gentiobiose + + (+) (+) + (+)
d-Turanose + + – – – –
d-Lyxose + + + + (+) +
d-Tagatose (+) – – – – –
d-Fucose + + + + + –
l-Fucose (+) – – – (+) –
d-Arabitol + + + + + –
Potassium 5-ketogluconate – – – – + –
Enzyme production (API ZYM):
Esterase (C 4) + (+) + (+) + (+)

Table 1 (Continued)

Characteristics Strain

1 2 3 4 5 6

Esterase Lipase (C 8) + + + + + (+)
Lipase (C 14) + – – – – –
Valine arylamidase – – – – (+) +
Cystine arylamidase – – – – – +
Trypsin – – – – – +
ß-galactosidase – – – – + +
Reaction of (API 20E):
Arginine dihydrolase + – – + – +
Tryptophane deaminase + (+) (+) (+) + (+)
Citrate utilization + + + + – +
Fermentation-oxidation of :
Inositol + + + + + –
d-Sorbitol + + + + – +
d-Melibiose + + + + + (+)

Species: 1, Strain 596T; 2, Strain 761; 3, Strain 569 YD; 4, Strain 572 JC; 5, Pantoea
rodasii DSM 26611T; 6, Pantoea rwandensis DSM 105076T.
Note:  All data are from this study. +, positive; (+), weak positive; –, negative.

Table 2
Cellular fatty acid composition (%) of the four strains of Pantoea endophytica sp. nov.
and  the closely related species Pantoea rodasii DSM 26611T and Pantoea rwandensis
DSM 105076T.

Fatty acid Strain

1 2 3 4 5 6

C10:0 0.1 0.1 0.1 0.1 0.1 0.1
C12:0 7.9 3.9 3.8 3.8 5.7 6.7
C12:0 3-OH 0.1 0.1 0.1 0.1 0.1 0.1
C13:0 0.4 0.3 0.3 0.3 0.6 0.2
C14:0 9.7 6.5 5.8 5.8 9.7 8.5
C15:0 3-OH 0.1 0.1 0.1 ND 0.2 ND
C14:02-OH ND ND ND ND ND 0.4
C16:0 24.4 31.7 32.7 32.1 26.0 25.5
C16:1ω5c ND 0.1 0.1 0.1 0.1 0.1
C17:0 0.5 1.0 0.9 1.1 0.8 0.5
C17:0 cyclo 8.7 9.8 10.6 10.8 6.7 11.2
C17:0 3-OH 0.1 ND 0.1 0.2 ND 0.2
C17:1ω8c 0.1 0.2 0.2 0.2 0.2 ND
C18:0 0.2 0.2 0.3 0.3 0.2 0.1
C19:0 cyclo ω8c 0.5 0.6 0.8 0.9 0.5 0.4
iso-C19:0 ND ND 0.1 0.1 ND 0.1
Summed feature 1a 0.3 ND ND ND 0.5 ND
Summed feature 2a 19.1 8.3 8.7 8.6 16.3 14.4
Summed feature 3a 15.8 20.6 19.2 18.9 23.0 16.2
Summed feature 8a 11.8 16.6 16.5 16.8 9.5 15.3

Strain number: 1, Strain 596T; 2, Strain 761; 3, Strain 569 YD; 4, Strain 572 JC; 5,
Pantoea rodasii DSM 26611T; 6, Pantoea rwandensis DSM 105076T. All data are from
this study. Cells of all strains were harvested after growth on TSA medium at 30 for
48  h.Values are percentages of components of each fatty acid in total fatty acids; ND,
not detected.

a Summed features are groups of two or three fatty acids that are treated together
for the purpose of evaluation in the MIDI system and include both peaks with dis-
crete ECLs as well as those where the ECLs are not reported separately. Summed
feature 1 was listed as C iso H and/or C 3-OH; summed feature 2 was listed as
15:1 13:0

C12:0 aldehyde; summed feature 3 was listed as C16:1ω6c and/or C16:1ω7c; summed
feature 8 was  listed as C18:1ω7c and/or C18:1ω6c.

rRNA gene sequences (share 99.9–100% sequence similarities).The
maximum-likelihood phylogenetic tree (Fig. 1) constructed from
16S rRNA gene sequences of the four new isolates and related ref-
erence species in the genera Pantoea, Mixta and Tatumella indicated
that the four new isolates were clustered together and were closely
related to P. rodasii LMG  26273T and P. rwandensis LMG 26275T with
sequence similarities of (98.6–98.7%) and (98.2–98.3%), respec-
tively. The novel isolates 596T, 761, 569YD and 572JC possessed
very similar sequences for each of the protein-encoding genes

studied and formed a separate phylogenetic lineage in the MLSA
phylogenetic tree (Fig. 2).The similarity between their concate-
nated amino acid sequences of AtpD, GyrB, InfB and RpoB and that
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Table 3
Description of Pantoea endophytica sp. nov. according to Digital Protologue TA00773 assigned by the www.imedea.uib.es/dprotologue website.

Taxonumber TA00773
Species name Pantoea endophytica
Genus name Pantoea
Specific epithet endophytica
Species status sp. nov.
Species etymology en.do.phy’ti.ca. Gr. pref. endo-, within; Gr. n. phyton, plant; L. fem. suff. -ica, adjectival suffix used with the

sense of belonging to; N.L. fem. adj. endophytica, within plant, endophytic
Designation of the type strain 596
Strain collection numbers CGMCC 1.15280 = DSM 100785
16S rRNA gene accession number KR610525
Genome accession number [RefSeq] PJRT00000000
Genome status Draft
Genome size 5165kbp
GC  mol% 57.8
Country of origin China
Region of origin Beijing
Date of isolation 2013-07-26
Source of isolation Root of Maize
Sampling date 2013-06-25
Geographic location Fangshan District of Beijing
Number of strains in study 4
Source of isolation of non-type strains Root of Maize
Growth medium, incubation conditions

[temperature, pH, and further information]
used for standard cultivation

Good growth occurs on Luria–Bertani (LB) agar, tryptic soy agar (TSA), nutrient agar (NA), R2A agar and
Döbereiner nitrogen-free medium at 30 ◦C

Conditions of preservation In 30% (v/v) glycerol and stored at −80 ◦C
Gram stain Negative
Cell shape Rod
Cell size Cells are approximately 0.7–0.9 �m in width and 1.4–1.7 �m in length, after 25 h of incubation at 30 ◦C in LB

broth.
Colony  morphology Colonies are circular with entire margins, yellow, convex, glossy and 2.0–3.0 mm in diameter on trypticase soy

agar  (TSA) plates after 3 days of incubation at 30 ◦C.
Temperature range for growth(

o
C) Growth occurs at 5–45 ◦C, with optimal growth at 30 ◦C

pH  range for growth Growth occurs at pH 5.0–9.0, with optimal growth at pH 7.0
NaCl range for growth (%, w/v) Growth occurs at a NaCl concentration of 0–7.0% (w/v)
Relationship to O2 aerobic
Tests with API 50CH Acid is produced from glycerol, erythritol, L-arabinose, D-ribose, D-galactose, D-xylose, D-glucose, D-fructose,

D-mannose, L-rhamnose, dulcitol, inositol, D-mannitol, arbutin, esculin ferric citrate, salicin, D-cellobiose,
D-maltose, D-melibiose, sucrose, D-trehalose, gentiobiose, D-lyxose, D-fucose, D-turanose and D-arabitol; and
weakly produced from D-lactose, D-tagatose and L-fucose; but not produced from D-raffinose, starch,
D-arabinose, glycogen, amygdalin, L-xylose, D-adonitol, methyl-�-D-xylopyranoside, L-sorbose, D-sorbitol,
methyl-�-D-mannopyranoside, methyl-�-D-glucopyranoside, inulin, D-melezitose, xylitol, L-arabitol,
potassium gluconate, potassium 2-ketogluconate, potassium 5-ketogluconate and N-acetylglucosamine.

Tests  with API 20E Positive for �-galactosidase, arginine dihydrolase, citrate utilization, tryptophane deaminase,
Voges–Proskauer reactions/ acetoin production, fermentation - oxidation of D-glucose, D-mannitol, inositol,
D-sorbitol, L-rhamnose, D-saccharose, D-melibiose, amygdalin and L-arabinose; but negative for lysine
decarboxylase, ornithine decarboxylase, H2S production, urease, indole production and gelatinase.

Tests  with API ZYM
Tests with Biolog GEN III

Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, acid
phosphatase, naphthol-AS-BI-phosphohydrolase, �-glucosidase and N-acetyl-�-glucosaminidase activities;
but  negative for valine arylamidase, cystine arylamidase, trypsin, �-galactosidase, �-glucuronidase,
�-glucosidase, �-mannosidase, �-chymotrypsin, �-galactosidase and �-fucosidase activities.
Positive for utilization of D-maltose, D-trehalose, gentiobiose, �-methyl-D-glucoside, D-salicin,
N-Acetyl-D-glucosamine, N-acetyl-�-D -mannosamine, �-D-glucose, D-fructose, D-galactose, L-rhamnose, 1%
sodium lactate, D-mannitol, D-arabitol, myo-inositol, glycerol, D-fructose-6-PO4,troleandomycin, rifamycin
SV,  glycyl-L-prolin, L-alanine, L-arginine, L-aspartic acid, L-glutamic acid, L-histidine, lincomycin, guanidine
HCl,  niaproof 4, D-galacturonic acid, L-galactonic acid lactone, D-gluconic acid, D-glucuronic acid, mucic acid,
D-saccharic acid, vancomycin, tetrazolium violet, tetrazolium blue, methyl pyruvate, L-lactic acid, citric acid,
L-malic acid, lithium chloride, �-amino-butryric acid and acetic acid; but negative for utilization of dextrin,
D-cellobiose, sucrose, D-turanose, stachyose, D-raffinose, �-D-lactos, D-melibiose, N-acetyl-D-galactosamine,
N-acetyl -neuraminic acid, D-mannose, 3-methyl glucose, D-fucose, L-fucose, Inosine, fusidic acid, D-serine,
D-sorbitol, D-glucose-6-PO4, D-aspartic acid, minocycline, gelatin, L-pyroglutamic acid, L-serine, pectin,
glucuronamide, quinic acid, p-hydroxy-phenylacetic acid, D-lactic acid methyl ester, �-keto-glutaric acid,
D-malic acid, bromo-succinic acid,
nalidixic acid, potassium tellurite, tween 40,�-hydroxy-butyric acid, �-hydroxy-D, L-butyric
acid, �-keto-butyric acid, acetoacetic acid, propionic acid, formic acid, aztreonam, sodium
butyrate, sodium bromate

Oxidase Negative
Catalase Positive
Major fatty acids C16:0, summed feature 2 (C12:0 aldehyde), summed feature 3 (C16:1�7c and/or C16:1�6c) and summed feature 8

(C18:1�7c and/or C18:1�6c).
Predominant isoprenoid quinone Ubiquinone Q-8
Major polar lipids Phosphatidylethanolamin (PE), diphosphatidylglycerol (DPG) and aminophospholipid (APL)
Known pathogenicity None

http://www.imedea.uib.es/dprotologue
http://www.imedea.uib.es/dprotologue
http://www.imedea.uib.es/dprotologue
http://www.imedea.uib.es/dprotologue
http://www.imedea.uib.es/dprotologue
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f the closest relatives, P. rodasii LMG  26273T and P. rwandensis
MG 26275T all were 99.0%.

To further discriminate individual strains of P. endophytica,
EP–PCR was applied according to the procedure described by
odríguez et al. [38]. The REP–PCR patterns are similar but there
re unique bands for the strains, which excluded the possibility of

 clonal origin (Supplementary Fig. S1).
The whole genomic DNA of the four new isolates used for

enome sequencing was extracted using the TIANamp Bacteria
NA Kit (Tiangen Biotech Beijing CO., Ltd.). Genome sequenc-

ng was carried out using Illumina next-generation sequencing
echnology. Genome assembly and gap filling were conducted
n Software SOAPdenovo2.0 and GapCloser1.05 [33]. Average
ucleotide identity (ANI) values were calculated using JSpecies
25]. Gene prediction was performed using Glimmer 3.0 [14]; core
enes were analyzed by using PGAP [44]; tRNA genes were pre-
icted by using tRNAscan-SE [32] and rRNA genes were detected by
sing RNAmmer [27]. The genomes of P. endophytica sp. nov. strains
nd one reference strain P. rodasii DSM 26611T were acquired in
he present study, mean while that of another type strain of P.
wandensis DSM 105076T and additional seven Pantoea sp. strains
AG1095, YR525, GM01, RIT-PI-b, YR343, YR512 and UBA11287),
hich were included in the ANI and MLSA analyses according

o the dendrogram based on genomic BLAST in NCBI website
https://www.ncbi.nlm.nih.gov/genome/?term=Pantoea+sp#),
ere extracted from the GenBank database. Characters of their

enomes were listed in supplementary Table S1. The type strain
96T had a genome of approximate 5.1Mbp, comprising 4896
redicted genes, 74 tRNA and 11 rRNA genes. The ANI values
mong the Pantoea endophytica sp. nov. strains were 98.2%–98.7%
Supplementary Table S2), meaning all the four strains belong to
ne species. But the ANI values between the strain 596T and P.
odasii DSM 26611T and P. rwandensis DSM 105076T were 83.4%
nd 73.2%, respectively (Supplementary Table S2), which was
uch lower than the threshold of 95% or 95%–96% for differentiat-

ng bacterial species [12,22]. The strain AG1095, one of the seven
antoea sp. strains, share 98.4%–98.6% ANI values with the four
trains of P. endophytica sp. nov., meaning the strain AG1095 also
elong to P. endophytica sp. nov. In addition, strain 596T shared
990 core genes with P. rodasii DSM 26611T and P. rwandensis
SM 105076T; contained 2855 accessory genes and 625 unique
enes; and 2 genes were found in the other genomes, but not in
he genome of 596T (exclusively absent genes) (supplementary
able S1).The assembled genomes of strain 596T and P. rodasii
SM26611T have been deposited in GenBank database under the
ccession number PJRT00000000 and PIQI00000000, respectively.
hile the whole genome sequences data of strains 761, 569YD

nd 572JC have been deposited in the Genome Warehouse in BIG
ata Center, Beijing Institute of Genomics (BIG), Chinese Academy
f Sciences, under the accession number GWHAABN00000000,
WHAABM00000000 and GWHAABO00000000 that are publicly
ccessible at http://bigd.big.ac.cn/gwh.

Colony properties of the type strain 596T were observed on
rypticase soy agar (Becton Dickinson). Cell morphology was  exam-
ned using scanning electron microscopy (S-3400N, Hitachi) after
5-h-incubation of strain 596T in LB broth at 30 ◦C. Cells are
pproximately 0.7–0.9 �m in width and 1.4–1.7 �m in length
Supplementary Fig. S2). Gram staining was performed by using
he bioMérieux Gram Stain kit according to the manufacturer’s
nstructions. Growth on nutrient agar (NA), Luria-Bertani (LB) agar,
rypticase soy agar (TSA) and R2A agar was evaluated at 30 ◦C
fter incubation for 3 days.Growth was tested at 5, 10, 15, 20,
5, 30, 35, 40, 45 and 50 ◦C on TSA agar medium. The pH range

or growth was determined by measuring the optical densities
wavelength 600 nm)  of TSB broth cultures after 3 days. pH was
djusted prior to sterilization to pH 4–10 (at intervals of 1.0 pH
icrobiology 42 (2019) 488–494 493

unit) using appropriate biological buffers [10,15]: citrate/Na2HPO4
buffer, pH 4.0–5.0; phosphate buffer, pH 6.0–7.0; Tris buffer, pH
8.0–9.0 and NaHCO3/Na2CO3 buffer, pH 10.0. Verification of the pH
after autoclaving revealed only minor changes. Tolerance of NaCl
was determined using TSA agar medium adjusted to various NaCl
concentrations in the range of 1.0–8.0% (w/v; intervals of 1%). Car-
bon source utilization, acid production and additional physiological
and biochemical characterization were performed using the Biolog
GEN III microtest system (Biolog, USA), API 20E, API 50CHE systems
and API ZYM systems (bioMérieux, France) according to the man-
ufacturer’s instructions. Phenotypic characteristics of strain 596T

and the reference strains are presented in Table 1 and in the Proto-
logue tables.

Cellular fatty acid profiles of the four P. endophytica sp. nov.
strains were comparatively analyzed with the reference strains P.
rodasii DSM 26611T and P. rwandensis DSM 105076T. All the men-
tioned strains were incubated for 2 days on TSA agar at 30 ◦C.
The cellular fatty acids were saponified, methylated and extracted
according to the protocol of the Sherlock Microbial Identification
System (MIDI) [39]. The fatty acids were analyzed using a gas
chromatography (Hewlett Packard 6890). The fatty acid methyl
esters were identified and quantified by using the TSBA 6 database
of the Sherlock Microbial Identification System. The major fatty
acids of strain 596T were C16:0, summed feature 2 (C12:0 aldehyde),
summed feature 3 (C16:1ω7c and/or C16:1ω6c) and summed feature
8 (C18:1ω7c and/or C18:1ω6c), which was  similar to the other three
strains 761, 572JC, 569YD and the reference strains P. rodasii DSM
26611T and P. rwandensis DSM 105076T under the same laboratory
conditions. The minor differences in the fatty acid profiles among
the four strains are shown in Table 2. Polar lipids of the type strains
596T and the reference strain P. rodasii DSM 26611T were extracted
according to the method of Bligh and Dyer [2]. The biomass used for
lipids extraction was  obtained from cultures growing in LB broth
at 30 ◦C for 2 days. Separation of polar lipids and detection of indi-
vidual lipids were performed just as described by Gao et al. [19].
Strain 596T and its closely related species P. rodasii DSM 26611T

displayed similar polar lipids compositions (Supplementary Fig.
S3). Their polar lipids consisted of phosphatidylethanolamin (PE),
diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), uniden-
tified aminophospholipid (APL) and unidentified phospholipid
(PL).Respiratory quinones of the type strain 596T was  extracted
and purified as described by Collins [13] and was analysed by HPLC
[42]. This step was carried out on an Agilent LC-5510 HPLC fitted
with a reverse phase column (DiamonsilTM C18 250 × 4.6 mm,  5 �m
id) using acetonitrile: isopropyl alcohol 5:3 (v/v) as the eluant, the
flow rate was 1.25 mL/min, ubiquinone was detected at 275 nm.
The respiratory quinone was  ubiquinone-8 (Q-8).

Based upon the above results, the four bacterial strains isolated
from maize planted in different geographic regions of northern
China can be defined as representatives of a novel species in
the genus Pantoea. Therefore, P. endophytica sp. nov. is proposed.
Description of the new species is given in Table 3 with the taxon-
umber TA00773.
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