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Abstract 

Pine wilt disease (PWD) caused by the pine wood nematode (PWN), Bursaphelenchus xy-
lophilus, is one of the most devastating diseases of Pinus spp. The PWN was therefore listed as 
one of the most dangerous forest pests in China meriting quarantine. Virulence of the PWN 
is closely linked with the spread of PWD. However, main factors responsible for the virulence 
of PWNs are still unclear. Recently epiphytic bacteria carried by PWNs have drawn much 
attention. But little is known about the relationship between endophytic bacteria and viru-
lence of B. xylophilus. In this research, virulence of ten strains of B. xylophilus from different 
geographical areas in six provinces of China and four pine species were tested with 2-year-old 
seedlings of Pinus thunbergii. Endophytic bacteria were isolated from PWNs with different 
virulence to investigate the relationship between the bacteria and PWN virulence. Meanwhile, 
the carbon metabolism of endophytic bacteria from highly and low virulent B. xylophilus was 
analyzed using Biolog plates (ECO). The results indicated that ten strains of PWNs showed a 
wide range of virulence. Simultaneously, endophytic bacteria were isolated from 90% of the B. 
xylophilus strains. The dominant endophytic bacteria in the nematodes were identified as 
species of Stenotrophomonas, Achromobacter, Ewingella, Leifsonia, Rhizobium, and Pseudomonas 
using molecular and biochemical methods. Moreover, S. maltophilia, and A. xylosoxidans subsp. 
xylosoxidans were the predominant strains. Most of the strains (80%) from P. massoniana 
contained either S. maltophilia, A. xylosoxidans, or both species. There was a difference between 
the abilities of the endophytic bacteria to utilize carbon sources. Endophytic bacteria from 
highly virulent B. xylophilus had a relatively high utilization rate of carbohydrate and carboxylic 
acids, while bacteria from low virulent B. xylophilus made better use of amino acids. In con-
clusion, endophytic bacteria widely exist in B. xylophilus from different pines and areas; and B. 
xylophilus strains with different virulence possessed various endophytic bacteria and diverse 
carbon metabolism which suggested that the endophytic bacteria species and carbon me-
tabolism might be related with the B. xylophilus virulence. 

Key words: pine wilt disease; Bursaphelenchus xylophilus; endophytic bacteria; virulence; Pinus 
massoniana; P. thunbergii. 

Introduction 
Pine wilt disease (PWD) caused by the pine 

wood nematode (PWN), Bursaphelenchus xylophilus, is 
the most destructive disease of pine species, causing 

economic losses in China estimated to be at least 2.5 
billion Chinese RMB (about $400 million, U.S.) [1]. 
PWD was considered as “pine cancer”, because the 
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infected pines will die rapidly and no effective meas-
urement can be taken for treatment. B. xylophilus is 
believed to be native in North America, usually only 
damages exotic pine trees there, then spread to Asian 
and European countries such as Japan, China, South 
Korea, Portugal; until recently two loci of PWN were 
reported from Spain [2,3]. Because the cycle of PWD is 
highly complex, so far little is known about the 
mechanism of the disease. The virulence of PWN is 
closely related to the spread of PWD. Recent re-
searches supported the hypothesis that the bacteria 
associated with B. xylophilus play a role in PWD [4-9]. 
Oku et al. [9] isolated epiphytic bacteria from PWNs 
that could produce toxins causing PWD. In a bacterial 
pathogenicity study, phytotoxins produced by PWN 
associated bacteria caused symptoms on pine seed-
lings similar to PWD [7]. In addition, some bacteria 
were reported to promote the reproduction of PWNs, 
whereas others restrained PWN-egg hatching [10]. 
Bacterial growth in nutrient agar plate was signifi-
cantly increased by the presence of PWNs [10]. Vari-
ous species of bacteria have been isolated from the 
surface of pine wood nematodes, B. xylophilus from 
different countries and regions carry distinct genera 
of bacteria. In Japan, the bacteria are mainly Pseudo-
monas sp. and Bacillus spp. [4, 6]. In addition to Ba-
cillus spp. and Pseudomonas spp. [10-12], researchers in 
China isolated Pantoea, Enterobacter, Peptostreptococ-
cus, Burkholderia [13,14]. Burkholderia sp., Brevibacte-
rium , Enterobacter , Ewingella and Serratia were found 
in Korea [15]. In Portugal, the mainly associated bac-
teria of PWNs were Enterobacteriaceae (genera Yer-
sinia, Serratia, Pantoea, Erwinia and Ewingella) , 
Burkholderia and Pseudomonas [16, 17]. All the bacteria 
above were isolated from the surface of B. xylophilus, it 
is difficult to analyze the relationship between the 
varying epiphytic bacteria species of PWNs with their 
contribution to the nutrition metabolism and viru-
lence of PWN. 

The microbial community inside animals has 
always attracted researcher’s attention, particularly 
their interaction with host animals. Many recent 
studies have indicated that the microbial communities 
inhabit different organs of animals [18-21]. These mi-
crobial communities play important roles in the de-
velopment of their hosts. During evolution, bacteria 
have developed strategies to adapt to the different 
environments in animals. Endosymbiotic bacteria of 
insect pathogenic nematodes, Steinernema and Het-
erorhabditis, can produce toxins to kill insects and 
provide nutrition for the nematodes [22]. Bacteria in 
cysts of Heterodera glycines can promote the survival of 
the nematodes in soil [23]. A member of a new 
Wolbachia supergroup of bacteria was found as an 

endosymbiont in nematode Radopholus similis, sug-
gesting an essential function of the bacteria in the 
nematode [24]. So far, only a few studies have been 
focused on endogenous bacteria of B. xylophilus. Tian 
et al [25] constructed the library of bacteria associated 
with B. xylophilus, but it is not clear if endophytic 
bacteria were included in the library.  
 Recently, we observed the existence of endophytic 
bacteria using transmission electron microscopy and 
successfully isolated one bacterial species, Steno-
trophomonas maltophilia, from B. xylophilus [26]. Here 
we aimed at determining whether PWNs from vari-
ous geographic locations and different host pines 
contain endophytic bacteria, and whether they con-
tribute to virulence of the PWNs. Since PWNs mainly 
colonize pine xylem, which is composed of cellulose 
and semicellulose, we are interested in the bacterial 
ability to utilization of various carbohydrate. Biolog 
Eco Plate is a fast, simple and convenient way to an-
alyze the diversity of microflora. So we used Biolog 
Eco Plate to analyze carbon metabolism of PWN en-
dophytic bacteria. In general, we attempted to find the 
relationship between endophytic bacteria and PWN. 
It would be important for further identification of the 
possible affected factors on the virulence of B. xy-
lophilus.  

Materials and methods 
Isolation of B. xylophilus 

Ten strains of B. xylophilus were isolated from 
naturally wilted pine trees from Anhui (P. massoniana, 
P. taiwanensis), Zhejiang (P. thunbergii, P. massoniana), 
Jiangsu (P. thunbergii), Guangdong (P. massoniana), 
Yunnan (P. kesiya), and Hubei provinces (P. massoni-
ana) in China (Table 1) by the Baermann funnel ex-
traction [27]. The nematodes were propagated on Bo-
trytis cinerea cultured on PDA medium at 25°C.  

Isolation of endophytic bacteria from B. xy-
lophilus 

The PWN strains were cultured on Botrytis ci-
nerea grown on PDA at 25°C and extracted using the 
Baermann funnel method. The harvested nematodes 
were rinsed three times with sterilized distilled water 
and then soaked in 1% mercuric chloride for 30 min 
and in a mixture of 1% spectromycin and 1% gen-
damycin for 30 min. Subsequently, the nematodes 
were centrifuged at 1,500 g for 3 min and then washed 
three times with sterile deionized water. The nema-
tode suspension was adjusted to a volume of 1 mL. 
Contamination was tested by dropping 100 μL of 
treated nematode suspension onto nutrient agar 
plates, which were incubated for 72 hours. Another 
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100 μL of surface-sterilized nematodes were ground 
into homogenate in sterile mortars under sterile con-
ditions and then cultured on nutrient agar (NA) 
plates. The process of grinding was repeated three 
times. Sterile water plated on NA was used as a con-
trol (CK1) and sterile water with sterile quartz sand 
plated on NA was used as a second control (CK2). 
These plates were incubated at 30°C for 2~3 days and 
examined daily for appearance of bacterial colonies. 
Single colonies were selected based on morphology 
and growth rate. 

Virulence test of B. xylophilus  
Each of the 10 PWN strains was inoculated onto 

two-year-old seedlings of P. thunbergii with 10 repli-
cates for each treatment in a greenhouse under day 
temperature of 28°C during the experimental period. 
Using sterile scalpels, the stem of each seedling was 
wounded 6-8 cm above the base of the root. Sterile 
cotton balls (0.3 cm × 0.3 cm) were placed in the 
wounds and sealed with parafilm to form a fun-
nel-like shape. Nematode suspension of 500 μL (con-
taining 2000 nematodes) was injected into the cotton 
balls. This inoculation method used in this research 
had been widely used in pine wilt disease researches 
[2]. In the control, sterile water of 500 μL was used for 
inoculation. After 60 days, the mortality of P. thun-
bergii was recorded. 

Biochemical and physiological identification of 
endophytic bacteria of B. xylophilus  

For each chosen bacterial isolate, the morpho-
logical characteristics of the bacterial colony on a NA 
plate were recorded, including the shape, color, 
transparency, prominence, edge, and viscosity. Bio-
chemical tests included Gram reaction, oxidase, cata-
lase, methyl red test, Voges-Proskauer test, gelatin 
liquefaction, starch hydrolysis, nitrate reduction, in-

dole production, citrate utilization, ammonia and 
hydrogen sulfide production and litmus milk [28, 29]. 
In addition, each isolate was analyzed for its carbon 
substrate oxidation pattern according to user instruc-
tion (BIOLOG, Hayward, Calif.). 

The software for the BIOLOG GN and GP data-
bases was version 3.5. A similarity index of ≥0.500 was 
considered to indicate a good species match. Where 
three similarity indices of ≥0.500 were recorded after 
6h and 24 h of incubation, the highest similarity index 
was used [30].  

16S rDNA analysis of the endophytic bacteria 
Genomic DNAs of the endophytic bacteria of B. 

xylophilus were extracted using the method described 
by Kwon et al. [15] and then quantified with a 
NanoDrop ND-1000 spectrophotometer. The primers 
27F (5´-AGAGTTTGATCMTGGCTCAG-3´) and 
1493R (5′-ACGGCTACCTTGTTACGACT-3′) were 
used to generate 16S rRNA gene fragments of ca. 1,500 
bp. A total of 0.1 μL of template DNA was used for a 
50 μL PCR amplification reaction. The PCR amplifica-
tion was performed as follows: one cycle of 5 minutes 
at 94°C, followed by 30 cycles of 30 seconds at 94°C, 
30 seconds at 56°C, and 1 minute at 72°C, followed by 
one cycle of 5 minutes at 72°C [31]. Possible amplifi-
cation of contaminants was determined with a nega-
tive PCR control in which the template DNA was re-
placed with sterile H2O. Purified PCR fragments were 
sequenced at Jinsite Ltd (Nanjing, China). The ac-
quired sequences were aligned against the NCBI 
GenBank database by using BLAST to identify se-
quences with high similarity. Phylogenetic analyses 
were conducted by MEGA 4.1 using the neigh-
bor-joining method. Bootstrap analysis of 1000 repli-
cates was performed to validate the reproducibility of 
the branching pattern. 

Table 1. Origin of Bursaphelenchus xylophilus strains, sampling areas, and mortality of inoculated Pinus thurnbergii seedlings. 

Number Nematode 
Strain 

Pine host Sampling area Susceptible cases of P. thunbergii seedlings 
The first brown needles (d)  Mortality (%) / Symptom Grade* 

1 AMA3 Pinus massoniana Maanshan, Anhui Province 20 50 / III 
2 ZL1 P. massoniana Linhai, Zhejiang Province 26 40 / III 
3 HE2 P. massoniana Enshi, Hubei Province 33 40 / III 
4 GF3 P. massoniana Fengkai, Guangdong Province 23 40 / III 
5 ZZ1 P. thunbergii Zhoushan, Zhejiang Province 22 30 / II 
6 AN19 P. massoniana Guangde, Anhui Province 22 30 / II 
7 JWB2 P. thunbergii Wuxi, Jiangsu Province 26 20 / II 
8 AA3 P. taiwanensis Anqing, Anwei Province 45 20 / II 
9 JY20 P. thunbergii Yangzhou, Jiangsu Province 29 10 / I 
10 YW4 P. kesiya Dehong, Yunnan Province 23 10 / I 
CK -- -- -- -- 0 / 0 
*Mortality was determined 60 days after inoculation. 
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Biolog-Eco measurement of endophytic mi-
crobial community of nematode 

Functional diversity of endophytic microbial 
community of nematode was measured with Biolog 
Eco-microplates. The highly virulent strain ZL1 and 
low virulent strain AA3 were surface-sterilized and 
then suspended in 900µL (50,000 nematodes) of sterile 
water, which was subsequently ground with aseptic 
motor and silica, and volumed to 10 ml. A microplate, 
each well added with 150 μL of the sample, was in-
cubated at 25°C for 192 h. Optical absorbance was 
measured at 590 nm and 750nm with an Emax preci-
sion microplate reader every 24h. 

(1) Average well color development (AWCD), (2) 
Shannon index (H), (3) Simpson index (D), (4) Even-
ness index (E) of measurement at 96h were analyzed 
as previously described [30, 31]. AWCD indicates the 
metabolic activity of microbial community. AWCD 

(590-750 nm) = ∑ (ni) / 31, H = -∑ ( Pi × lnPi), 
D=1-∑Pi2, Pi = C590 - 750 /∑ (C590 - 750 ), E=H/lnS, 
where ni is the metabolic activity on each substrate, Pi 
is the ratio of ni to the sum of activities on all sub-
strates, and S is species richness of community [33]. 

Statistical analysis  
The formula below was used for calculating the 

isolation frequency of each bacterial species. Isolation 
frequency (%) = (the number of occurrences of the 
bacterial species) ×100 / (the number of strains of B. 
xylophilus). In Biolog Eco plate experiment, the data 
were subjected to analysis of variance using the SPSS 
package, version 13.0. t-test was used for analysis of 
functional diversity of endophytic microbial commu-
nity. Differences with p < 0.05 were considered sig-
nificant.  

Results 
Virulence of different strains of B. xylophilus 

Two-year-old seedlings of P. thunbergii were in-
oculated with the ten PWN strains. The initial symp-
tom of P. thunbergii seedlings caused by PWNs was 
needle browning, which developed 20~45 days after 
inoculation with B. xylophilus and continued to pro-
gress. The degree of brown needles caused by B. xy-
lophilus depended on the nematode strain. Sixty days 
after inoculation, a range of mortality of pines was 
observed while no pine died in the control group 

(Table 1). The virulence of the ten nematode strains 
could be categorized into three classes: strong viru-
lence causing 40% ~ 50% mortality (Class I), moderate 
virulence causing 20% ~ 30 mortality (Class II), and 
weak virulence causing 10% mortality (Class III) (Ta-
ble 1). Most of the PWNs collected from P. massoniana 
fell into Class I, while the PWNs from P. taiwanensis 
and P. kesiya fell into Class III. The PWNs from P. 
thunbergii showed a wide virulence range spanning all 
three classes. No significant association was found 
between the PWNs virulence and their geographical 
locations.  

Endophytic bacteria of B. xylophilus 
Altogether, 15 endophytic bacterial strains were 

isolated from the ten strains of B. xylophilus (Fig. 1 B1- 
B10). No microorganism were observed from sur-
face-sterilized nematodes without grinding the nem-
atodes (Fig. 1 A1-A10). 

The highest number of bacteria was obtained 
from strain JY20, originally collected from infected P. 
thunbergii, whereas only a few bacteria were found in 
strain AA3 from P. taiwanensis and in strain GF3 from 
P. massoniana. No bacterium was isolated from strain 
YW4, collected from P. kesiya in Yunnan (Fig. 1 B10). 
In general, PWNs from P. thunbergii and P. massoniana 
manifested a higher isolation rate of endophytic bac-
teria than those from P. taiwanensis and P. kesiya. The 
number and abundance of endophytic bacterial spe-
cies isolated from each B. xylophilus strain are shown 
in Table 2. 

 
 

Table 2. Nematodes isolated from infected pines and the 
abundance of endophytic bacteria. 
Nematode strain number of nematodes CFU* number per 

nematode 
YW4 53 0 
GF3 110 0.05±0.01 
AA3 132 1.9±1.42 
WB2 109 2.42±1.41 
ZZ1 58 3.33±0.48 
AMA3 104 4.08±2.75 
ZL1 78 4.45±1.99 
HE2 163 5.19±1.71 
AN19 58 5.87±0.80 
JY20 80 19.3±2.93 
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Fig.1. Isolation of endophytic bacteria from surface-sterilized B. xylophilus. Surface-sterilized nematodes that were homogenized (B1-B10) 
or intact (A1-A10) were spread onto nutrient agar and incubated for 2 or 3 days. CK1 and CK2 were sterile water without or with 
grinding, respectively.  

 
Identification of endophytic bacteria of B. xy-
lophilus 

All the bacteria isolated were rods with varying 
size. Except NSBx.29 (ZZ1), all the isolates were 
Gram-negative. All the isolates were oxi-
dase-negative, catalase-positive, starch hydroly-
sis-negative. Other biochemical characteristics of the 
fifteen endophytic bacterial strains are shown in Table 
3. According to the 16S rDNA sequence analysis, the 
bacterial strains belonged to six genera: Stenotropho-
monas, Achromobacter, Ewingella, Leifsonia, Rhizobium, 
and Pseudomonas (Fig. 2). The Biolog Microbial Identi-
fication System results, PROB, SIM and DIS15 of 15 
isolated B. xylophilus strains were shown in Table 3. 

As shown in Table 3, endophytic bacteria 
NSBx.2, NSBx.9, NSBx.14, NSBx.23 and NSBx.25 were 
S. maltophilia; NSBx.6, NSBx.10, NSBx.11, NSBx.19 and 
NSBx.22 were A. xylosoxidans ss. xylosoxidans;  
NSBx.16 and NSBx.18 were E. americana; NSBx.27 was 
R. radiobacter, which is the synonym of A. tumefaciens 
obtained from 16 rDNA sequence analysis; NSBx.29 
was Leifsonia aquatica and NSBx.31was P. fluorescens. 
According to the SIM and DIS, the bacteria from the 
15 B. xylophilus strains were classified as six genera, 
which were in line with the results of 16 rDNA se-
quence analysis. 

The frequency of each bacterial genus among the 
nematodes was 50%, 50%, 20%, 10%, 10%, and 10%, 
respectively. S. maltophilia and A. xylosoxidans subsp. 

xylosoxidans were the most abundant bacterial species. 
We found 80% of the strains isolated from P. mas-
soniana contained S. maltophilia or A. xylosoxidans 
subsp. xylosoxidans. In the strains isolated from P. 
thunbergii, 66% of them contained S. maltophilia, while 
33% of them contained A. xylosoxidans subsp. xylosox-
idans. 

Relationship between the endophytic bacteria 
and virulence of PWNs 

The correlation between the mortality of the in-
oculated P. thunbergii (Table 1) and the endophytic 
bacteria isolated from the ten PWN strains was ana-
lyzed. PWN strains with strong virulence contained at 
least one of the following two species: S. maltophilia 
and A. xylosoxidans subsp. xylosoxidans. Neither of the 
two bacterial species was found in PWN strains with 
weak virulence (causing 10% mortality). The PWN 
strains with moderate virulence (20% to 30% mortal-
ity) contained other bacteria species in addition to S. 
maltophilia and A. xylosoxidans subsp. xylosoxidans. 
Variation in virulence among different PWN strains 
was related to the composition of endophytic bacteria 
(Fig. 3). Nematode strains ZZ1 and AMA3 both con-
tained S. maltophilia, but strain ZZ1 had an additional 
bacterial species, Leifsonia aquatica, which may account 
for the lower virulence of strain ZZ1 compared to 
strain AMA3. Differences in the proportions of en-
dophytic bacterial species may also account for the 
variation in virulence between strains HE2 and JWB2, 
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as well as the virulence difference between strains 
GF3 and AA3. Compared with HE2, strain JWB2 had 
an additional bacterium, Ewingella americana, and had 
50% lower virulence than HE2. Similarly, despite the 
presence of A. xylosoxidans subsp. xylosoxidans in both 

GF3 and AA3, strain AA3 also had E. americana and 
had a 50% lower virulence than strain GF3. These 
observations suggested that endophytic bacteria may 
influence the virulence of PWN strains.  

 

Table 3. Identifications of endophytic bacteria of B. xylophilus based on Biochemical characteristics and carbon substrate 
oxidation pattern (BIOLOG). An identification is considered a good match if the similarity index is ≥0.500 for BIOLOG 
analysis.  

Bacterial 
strain 

Host 
nem-
atode 

Physical and Biochemical tests Biolog Identification 
Gram-st
ain reac-
tion 

Bacterial 
size (μm) 

M.R. 
test 

V.P. 
test 

In-
dole 
test 

Gelatin 
hydrol-
ysis 

Citrate 
utili-
zation 

H2S 
produc-
tion 

NH2 
produc-
tion 

Nitrate 
reduc-
tion 

PRO
B 
(%)  

SIM DIS Speices 

NSBx.2 JWB2 - 0.28~0.4 
× 0.5~1.2 

- - - + - + + + 100 0.776 3.37 S. maltophilia 

NSBx.6 ZL1 - 0.27~0.3
5 × 
0.4~1.1 

- - + _ + - + + 97 0.620 5.53 Achromobacter 
xylosoxidans 
ss.xylosoxidans 

NSBx.9 ZZ1 - 0.28~0.4 
× 0.5~1.2 

- - + + - + + + 100 0.776 3.37 S. maltophilia 

NSBx.10 JWB2 - 0.27~0.3
5 × 
0.4~1.1 

- - + - - - + + 100 0.764 3.53 A. xylosoxidans 
ss.xylosoxidans 

NSBx.11 GF3 - 0.27~0.3
5 × 
0.4~1.1 

- - + - - - + + 88 0.666 3.64 A. xylosoxidans 
ss.xylosoxidans 

NSBx.14 ZL1 - 0.28~0.4 
× 0.5~1.2 

- - + + - + + + 100 0.530 7.44 S. maltophilia 

NSBx.16 JWB2 - 0.34~0.6 
× 
0.25~0.3
7 

+ + - + + + + + 100 0.868 1.97 Ewingella 
americana 

NSBx.18 AA3 - 0.34~0.6 
× 
0.25~0.3
7 

+ + - - + + + + 100 0.781 3.29 E. americana 

NSBx.19 HE2 - 0.27~0.3
5 × 
0.4~1.1 

- - + + + - + + 93 0.730 3.23 A. xylosoxidans 
ss.xylosoxidans 

NSBx.22 AA3 - 0.27~0.3
5 × 
0.4~1.1 

- - + - + - + + 100 0.828 2.56 A. xylosoxidans 
ss.xylosoxidans 

NSBx.23 HE2 - 0.28~0.4 
× 0.5~1.2 

- - + + - + + + 100 0.569 6.76 S. maltophilia 

NSBx.25 AMA3 - 0.28~0.4 
× 0.5~1.2 

- - + + - + + + 97 0.629 5.00 Stenotropho-
monas malto-
philia 

NSBx.27 AN19 - 0.8~0.36
×0.33~0.
23 

- - + - - + + + 100 0.587 6.41 Rhizobium 
radiobacter 

NSBx.29 ZZ1 + 0.8~0.36 
× 
0.35~0.2
6 

- - - + - - - - 100 0.738 3.95 Leifsonia aquat-
ica 

NSBx.31 JY20 - 1.1~0.37 
× 
0.33~0.2
6 

- - + + - + + + 100 0.570 4.32 Pseudomonas 
fluorescens 
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Fig. 2. Neighbor-joining phylogenetic trees of endophytic bacteria isolated from B. xylophilus based on 16S rDNA. Support values lower 
than 50% are not indicated. The number at each branch point is the percentage supported by bootstrap. Genbank accession numbers are 
shown in parentheses. 

 
Fig. 3. Virulence and endophytic bacterial species of different strains of B. xylophilus. 
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Dynamic features of endophytic microbes in 
different virulent B. xylophilus to utilize car-
bons  

AWCDs of endophytic bacteria in highly viru-
lent B. xylophilus ZL1 and low virulent B. xylophilus 
AA3 varied with time (Fig.4). In Figure 4, the ability of 
endophytic bacteria in B. xylophilus increased gradu-
ally along time. There was a difference between the 
total carbon amount which was utilized by AA3 and 
ZL1. The endophytic bacteria from AA3 showed a 
higher carbon utilization than ZL1. This indicated that 
the endophytic bacteria associated with carbon utili-
zation in PWNs with different virulence were distinct 
in categories and abundance.  

 

 
Fig. 4. AWCD of endophytic microbial community from B. xy-
lophilus with different virulence. 

 

Diversity and evenness of microbial metabo-
lism in B. xylophilus with different virulence  

Diversity and evenness of microbes in two dif-
ferent PWN strains were shown in Table 4. The 
Shannon-Wiener index, Simpson index and Evenness 
index of microbes in ZL1 were significantly lower 
than those in AA3. The lower Simpson and Shan-
non-Wienner index in ZL1 suggests fewer bacterial 
strains were present in ZL1 than in AA3. The lower 
eveness index suggests that there may be dominance 
of some strains in ZL1 (they are not evenly repre-
sented). So maybe the highly virulent nematodes have 
fewer but better adapted bacteria.  

Utilization of different carbon by microbes in 
B. xylophilus with different virulence  

The 31 kinds of carbon on Biolog ECO plates 

were classified as 6 categories according to the chem-
ical groups, they were aromatic (3 kinds), polymers (4 
kinds), carbohydrate (7 kinds), carboxylic acids (9 
kinds), amino acids (6 kinds) and amine (2 kinds) [33]. 
Figure 5 showed the utilization of carbon on Biolog 
ECO plates by the microbes in PWNs. Highly virulent 
B. xylophilus ZL1 had a high utilization rate of carbo-
hydrate (55.4%) and carboxylic acids (35.9%). The 
utilization rate of carbohydrate by AA3 was 35.1%, 
which was much lower than ZL1. The utilization of 
other carbon was less than 10%. The low virulent B. 
xylophilus AA3 mainly took use of carbohydrate, car-
boxylic acids and amino acids, and the rate were 
35.1%, 21.5% and 25.2%, respectively. Both ZL1 and 
AA3 had low utilization rates of aromatic, polymers 
and amine. This indicated that microbes from differ-
ent PWNs had a different ability to use various car-
bons: ZL1 possessed a better utilization of carbohy-
drate and carboxylic acids, while AA3 was better at 
using amino acids.  

Table 4. Functional diversity of endophytic microbial 
community from B. xylophilus with different virulence. 

B. xylophilus Diversity index 
Shannon-Wiener Simpson  Evenness 

Highly virulent 
ZL1 

1.646±0.103b 0.763±0.030b 0.705±0.040b 

Low virulent 
AA3 

2.769±0.151a 0.930±0.008a 0.978±0.044ab 

The values followed by different letters are significantly different according 
to t-test. 

 
 

 
Fig. 5. Relative utilization ratios of six groups of carbon sources in 
Biolog Eco plate by the endophytic microbes from B. xylophilus. 
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Discussion 
In previous work we demonstrated the presence 

of endophytic bacteria in the plant-parasitic nematode 
B. xylophilus [26]. In current study, we have investi-
gated virulence variation among the ten strains of B. 
xylophilus and isolated the endophytic bacterial spe-
cies from 10 PWN strains. The nematodes from P. 
massoniana showed a higher virulence than nematodes 
from other pines. The bacterial species of Stenotroph-
omonas, Achromobacter, Ewingella, Leifsonia, Rhizobium, 
and Pseudomonas were isolated. Most of the nematode 
strains with strong virulence contained either S. 
maltophilia or A. xylosoxidans subsp. xylosoxidans. S. 
maltophilia and A. xylosoxidans subsp. xylosoxidans 
were the dominant species. 

S. maltophilia was most frequently isolated and 
was somewhat correlated with the virulence of B. xy-
lophilus. S. maltophilia, commonly found in close asso-
ciation with plants [36], has an extraordinarily high 
hydrolytic potential and produce diverse proteases, 
chitinases, glucanases and lipases [37]. Chitinase 
plays a physiological role in the growth of many or-
ganisms. Glucanase belongs to the cellulase family 
and can be produced by PWNs to destroy cell wall 
and cell membrane of parenchymatous plant cells 
[38]. S. maltophilia was also found to be a dominant 
bacterial species in gut flora of Ips pini and can pro-
mote host intestinal absorption [39]. Another domi-
nant species, A. xylosoxidans subsp. xylosoxidans was 
found in about 50% of the PWN strains. Ying-Ning et 
al. [40] reported that A. xylosoxidans F3B found in reed 
(Phragmites australis), Ipomoea aquatica, and vetiver 
(Vetiveria zizanioides (L.) Nash) help plants cope with 
pollutant stress and improves phytoremediation. 
Further investigation of the roles of S. maltophilia and 
A. xylosoxidans subsp. xylosoxidans in nematode-pine 
interactions is still necessary. Other species such as E. 
americana, L. aquatica, R. radiobacter, and P. fluorescens 
were also isolated from PWN strains. L. aquatica was 
originally isolated from Poa annua root galls [41]. 
However, little is known about the relationship be-
tween these bacteria and nematodes. Han et al. [42] 
had suggested that P. fluorescens carried by PWNs 
may be associated with nematode virulence due to its 
capability to causing browning of calluses and wilting 
of pine seedlings. In our study P. fluorescens was iso-
lated in a lower rate; it’s difficult to evaluate its effect 
on the virulence of PWN. 

PWN virulence in the presence of either S. 
maltophilia or A. xylosoxidans varied in our study when 
more bacteria co-occurred in the nematode. Except the 
isolated bacteria mentioned above, there are still 
many bacteria presented in PWNs which are hard to 

be cultured or isolated. Thus, further investigations 
are still needed. 

BIOLOG is widely used to study the metabolic 
diversity of heterotrophic microbes. In BIOLOG, var-
iation of metabolic diversity is not only related to the 
group members and density of the inoculated mi-
crobes, but also to the physiological activity [32]. This 
research firstly analyzed the culturable bacteria in B. 
xylophilus with different virulence in terms of carbon 
metabolism using Biolog-Eco. The results showed that 
there was a big difference of AWCD and diversity 
between high and low virulent PWNs. As time went 
by, the AWCD and metabolic diversity index of AA3 
were always higher than ZL1, indicating that the di-
versity of cultural bacteria in AA3 was higher than 
ZL1, which were in line with the identification of the 
isolated bacteria. This suggested that the parasitism of 
AA3 might be weaker than ZL1. The high metabolic 
diversity of AA3 might be due to its utilization of 
more carbon categories. Besides carbohydrate and 
carboxylic acids, AA3 also made a better use of amino 
acids than ZL1.  

Further studies about utilization degree of car-
bohydrate by microbes in B. xylophilus found that, the 
higher virulent a PWN was, the better utilization of 
carbohydrates it made. PWNs ingest parenchyma 
cells in trees, and the components of parenchyma cells 
are mainly cellulose, a few semicellulose and pectin, 
which are all belong to carbohydrate. Endophytic 
microbes in highly virulent B. xylophilus have a rela-
tive high utilization rate of carbohydrate, suggesting 
that they could take use of carbohydrate in cell walls 
faster and better. This might increase its parasitic 
adaptability in trees and the damage levels to pines, 
which might be the reason why these nematodes have 
high virulence. Endophytic microbes in low virulent 
B. xylophilus have a low utilization of carbohydrate, 
which might be the reason for its low virulence. 
Meanwhile, low virulent B. xylophilus can use all kinds 
of tested carbon source, indicating that its specificity 
to the nutrients of hosts may be not very strict in trees.  

The research showed that endophytic bacteria 
existed in B. xylophilus from different pines and areas; 
the species and carbon metabolism of cultural bacteria 
in PWNs were related to the virulence of B. xylophilus. 
This provides reference for studying the effects of 
endophytic bacteria community in B. xylophilus on the 
growth and development, ecological adaptability and 
virulence of the hosts. As Biolog only showed the ac-
tivity of fast-growing or eutrophic microbes instead of 
slowly-growing or uncultured microbes [43, 44], fur-
ther studies about the relationship between the diver-
sity of uncultured bacteria in PWNs and the virulence 
of B. xylophilus are still needed.  
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