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AREIN TR B AR A T AR A B o s 1 2
A 0 TR e 1 B A B0 VA TR S i, {E R B A A T
ARSI AN A 28 A K SR R i
1T FIE A% $72 5 A0 B 2 IR 3 A 1, O3 SRS A 2 iR L E
R R AN A T T DL, AR R 2 U
P A A B 2 AR AR S EAR DB — A AR S
RYL. HATXEA b BUPE A A R B ST B R T
SO A 1000 AR A0 2 A AR S DRE I AT SRR
o ARBEFER AT 16S tRNA SCJE HI 454 U Fr % A 44
2 -1 2R 2 R B0 R R D A R AT e A, LA B
A R 2 REE O JiE ST S B AR AR B A 25 D RE RN
HAEHLEE B E FER, 33 08 4 T A PR A 2k Y BO
PLER RS BE L - A R A S R G R A+
THE X .

1 AR %

1.1 ##
L1 FAM S dUlG 35 KOs - A 2 iy b 5 i
2 A A Bk 2 e R R I A1k A 2 i 4y B8 T
WA G MER SR, B3R T IKE A L, E L
EEHE R AR 20 ARG, I TC B 7K B FA b 26 H e A K TR 1Y
50 mL &0, 8 E 2 h, B ULTE TR 4R
R E 1.5 mL L@ LA P, 8000 1/min B 0
2 min, {2k RGN UTVE T 8508, 5 LIl , 14
P A P 2 R R &5
L1232t 5] A A 4% 88 I IR 25 .0 #L ( Sigma,
Type:3k15), PCR X ( BIO-RAD, ALS—1296) , % Ji
JAZ AL ( BIO-RAD, 76S/06413 ) , 3 i 7K ~F- H, Jk {X
(BIO—RAD, PAC3000) , & 14 A% 1% 1% ( OLYMPUS,
SZX12) ;51 M b A T AW B A B /& .
PGM-T # A& F1 TOP10 J8% 32 25 4 M 1 T b 5t R AR A=
YA AT B ] o v B I F bt i 2E R R D 58
B, 454 0t ZR I A R I R 2 B 58 B o
1.2 & mneEs HE 2 DNA 2

K WG Nycodenz Ay Jit 25 .0 il SDS 24 fif J5
EHAEEER A CER) MM L R AEE., W%
8 B 25 4 TR TR A A 24 W 300 L (200 mmol/L
Tri-HCl pH 8.0, 200 mmol/L NaCl, 100 mmol/L
EDTA ,2% SDS,500 mg/L & [ K) , & T 65 CK
B 2R 3 h, BERR 20 min PR GRS — K. SR A/
SR AR B DNA, A K FER A1 43 6006 BE 146
I DNA o i Ve B
1.3 16S rRNA EFE X EHE

KB Bl ¥ 27F (5'-AGAGTTTGATCCTG

GCTCAG-3") Fil 1492R (5'-TACTTGTTACG ACTT-
3") M DNA F3 4% 16S rRNA 3L H . PCR & R {4k
£20 pl, LKW F:1 wl DNA BEAE (100 ng),
0.5 pmol/L 3| ¥, 0.2 mmol dNTPs, 5 units of
EasyTaq DNA & .1 x S W 2% hik, 13.7 pL dd
Ko BT I HE w E M, R B BE PCR B2 JT 1T
P, HE A 5 W, PCR 4R A . PCR R 2
FAF :95 °C 4 min; 95 °C 305,52 C&E 58 € 30 s,
72 °C 2 min,30 M EH ;72 C 10 min.

H PCR 7= Wy 4l fb, 3% $ A POM-T ik, 5% 1L
TOP10 J&Z 2540 i, fEWR A IPTG il X-gal (¥ % K 5
2 LB P-H b AT 8 B, BE AL 100 4> $k HCE
v A L 16S TRNA JEPR S B s B K 5% T LB
BRI SR (2N 5 K 50 mg/L) iRz 5597 8 h,
i PCR UEAT B e 20, R 519008 T7 I SP6
BE AL R 75 A B o B % 3 8 PR 2 W) )

1.4 RERAFTISH

P EEIUR  DNA gRA7 454 7, B 45 77 51 0t 47
PiHe 20 4 WUEL K /Y contig, IKE BT A5 /Y contig 7E
NCBI J§UA% B4 e ot A7 ot BEs B '™ HSP
KEE > 150 nt, M <e 7 FSIAH LI >90% ,
58 BE A e 50 E— 28 23 o3 B o 8 NCBI IR [l i
ARARLEE fo 5 (6L 04 3 97 BT J i 26 A8CH comtig 1Y 4326
J& , JF 75 NCBI % 45 5 70 28 W %2 4% (http://www.
ncbi. nlm. nih. Gov/entrez/batchentrez. cgi? db =
Taxonomy ) #4773 2& #5241 43
L5 XEMEZHEEDHT

H Chimera Check & F# ¥ fir 18 16S rRNA 3t [H
%% 7 RDP ( Ribosomal Database Project) % #f5 )& it
Frife G AR5, Bk AT 51, LL97% %l &
{E, J DOTUR #R A 42%F 168 rRNA & [ Fr 51 &1 73 #2:
T4y 26 B o0 (OTU) ™Y, IF #y 4l i B 1 il 2k
Shannon-Wiener #8504 F 51 A R 47870 .

H = ¥ (pi) (log,p —i), pi fREHGA YR
AR B R AR Y L

¥4 (E) = H/Hmax ,Hmax = log,(S)

PR E(S) J& HEA Y A B, X AR [
OTU % i

Good BEFE =1 - (n/N) ] x100,n L FE T
W OTU %5kt N AR S rh v e it !

1.6 MERGHMNLK

A OTU AR ¥ S 7E NCBI #E47 17 41 LL X,
I 8 — Bt B W97 9UE 2 L P 9 A 1 & e o
1Mt SR Megad. O BPR 42, LIAEH: 24 # R 4
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K 25 4~ OTU #9483k P 51 4 i f£ GenBank , J7
5154y : GUS63738-GUS63762

2 #XR

2.1 16S rRNA ERXESHFEAR SHFE
JITi5 75 AN JERE Y51 2 Chimera Check 75 JF 6,

IELBR 3 S G T 5 R4 72 %% )75 E4T OTU

X153 Mt M2 b i B 2 - 92, 3 W SO HURE

30 1

Numbers of OTU

B 1) o Good % i i 86. 3, 4 B SC
JEA o R, BE S LS S W A T 2 AP, 16S TRNA
BRI SCPE AN 2 FEVEFR BT W B O 25, 1 )
0.878 ,H 4 3.963, iZ CJFEME 25 4 OTU ¥4 OTU
HIAERF 4 1E NCBI #£47 BLAST 7341, SO s B AR
HIZH 7 8 T 4 4~ 25 8. Alphaproteobacteria (15.1% ) |
( 28.8%) .

Bacteroidetes

Betaproteobacteria Gammaproteobacteria
(45.2%) Hn (1.0%), H
Gammaproteobacteria LR FEHE( UK 2) o

0 LU L i
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1 16S rRNA £ [F 37 & G i 2k

Fig. 1  Rarefaction curves of 16S rRNA gene library.
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Fig.2  Proportions of each class in 16S rRNA gene library.

TERKF L, 25 2SR A0 5 4l i Ah 2R R A e 22 7
(W B 3). Alphaproteobacteria 1 & 4 Ff 4 4.
Novosphingobium sp. . Sphingomonas sp. . Uncultured
alpha proteobacterium F Agrobacterium tumefaciens , H:
B R A, tumefaciens(5 1~TElE) . Betaproteobacteria
W& 9 Bh 4l B : Variovorax sp. . Curvibacter gracilis |
Delftia sp. . Pandoraea norimbergensis. Herbaspirillum
Achromobacter

chlorophenolicum | xylosoxidans |

Achromobacter sp. . Ralstonia sp. F1 uncultured soil
bacterium (T3_3) , i P # R h A. xylosoxidans (8 /™5
%), Gammaproteobacteria £ 8 F 4l : Pseudomonas
poae., Yersinia sp. . uncultured Rahnella sp. . Pantoea

agglomerans ,uncultured Aquicella sp. | Dyella yeojuensis

uncultured soil bacterium ( T7 _14) | Stenotrophomonas
maltophilia , Fe W 2 E N S. maltophilia (20 A~ FalE) o
Bacteroidetes £1, 5 4 Fh4H A : Chitinophaga sp. Cytophaga
sp. .uncultured Bacteroidetes bacterium 1 Pedobacter sp ,
Hrp 3 F uncultured Bacteroidetes bacterium (3 >
TLRE) Al Pedobacter sp. (3 TalE) o

2.2 A4 NFSTHERESHMNE

K 454 W 13 20 1 77 9 EAT DF B AR R DF R
contig £ NCBI J5i A% ¥ 4f8 J2 #E 47 BLAST [ X 43 #r,
Hrh2610 25 5 91 75 6 BCE 1 1948, 4 IR (7] FE X &5
R0 B AL AR 2R A Sy e B A 43 2R VAR L OF R 43
K, T A B 41 & /&8 T Alphaproteobacteria
( 26.2%), 8.4% ),
Gammaroteobacteria(65. 0% ) Fl Bacteroidetes(0.3% ) ,
i B~ Gammaproteobacteria ( ULIE 4)

TE B IRV 1,454 I 25 56 3 00 4 s T 21
Mg (W 3£ 1), Alphaproteobacteria 3 & 8 ™ &,
Agrobacterium I, # B (577 4% )% %)),
Betaproteobacteria £3 % 10 4~ J& , Bordetella “h {ft v #
J& (122 %)% %), Gammaroteobacteria £ & 2 &,
Stenotrophomonas K L ¥ W J& (1667 % ¢ % ).
Bacteroidetes ¥ f3 & 1 > J&, Pedobacter (7 %%
FFo1) .

Betaroteobacteria (
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51 CHINAS1(GU563762)
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- 100  CHINA42(GUS563757)
Pedobacter sp. VA-17 (DQ984208.1)
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63| |CHINA16(GUS63755)
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Chitinophaga sp. YC6729 (FJ750951.1)
100 CHINA15(GU563759)
100 Cytophaga sp.SSSO3(EU395843.1) .
Bactercidetes

3 16SrRNA E A & % i L &

Fig. 3 Phylogenetic trees from analysis of full length of 16S rRNA gene sequences of clones in the library. The numbers at the roots

indicate bootstrap support based on a neighbor-joining analysis of 1,000 resampled datasets.

The scale bar represents 0. 01

substitutions per nucleotide position. The sequence of 16S rRNA gene from Sulfolobus solfataricus served as an outgroup.

2.3 HMAEZHAESHERR
TE 72K Y- 1, 16S rRNA LA SCIE FI 454 2%
Horp 18 2 Ay 4 # #S JB T Alphaproteobacteria

Betaproteobacteria | Gammaproteobacteria v

Bacteroidetes, {H £#$ 2 HE B9 Lb Bl A 22 500 (& 2 Fl A
4), 16S rRNA 3}t 3 A1, Bacteroidetes (5
11.0% , 1 76 454 45 B v L K 0.3%;
= N E A 1 [ B R (VA8

Betaproteobacteria
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Alphaproteobacteria 2 B b 5] A 55 = 451, T 1£ 454 &5 x1 BERNFHAREDT
R, Alphaproteobacteria i AR R 1A , Table 1  Distribution of genus in each class
. — S N Number Number of
LTS N o e 4 ase ’
Betaprotcobacteria A1 1055 = 7. (LSRR cion Gens Number - Nunler o
y‘j GammaprOtGObaCteria ’ E 16S rRNA %t jC E:F A Alphaproteobacteria ~ Agrobacterium 5 577
454 S5y He Ao 53 501 2 45. 2% F1 65. 0% Bradyrhizobium - 2
Caulobacter 1 1
Novosphingobium 2 5
[ Alphaproteobacteria Rhodopseudomonas — 3
M Betaproteobacteria Sinorhizobium — 3
[0 Gammaproteobacteria Sphingomonas 2 17
O Bacteroidetes Xanthobacter — 7
Rhizobium 2 644
U B bacteria  Achromob 9 3
26.2% etaproteobacteria chromobacter
Acidovorax — 26
Bordetella — 122
Burkholderia — 2
8.4% Burkholderiales — 15
65.0%
° Cupriavidus 1 15
B4 454 ZERERBEHELLGI Deftia ! 10
Fig.4  Proportions of each class in the results of 454 sequencing. Herbaspirilium 3 o
Pandoraea 1 —
Y:EE7J(¥J:,16S rRNA %j(}?:iﬁ] 454 éﬁ%aﬁ Rhodoferax — 2
% Variovorax 3 2
£ 21 A& BAEREAS 40 Jm i B H A B 22 5 (R )
Verminephrobacter — 6
2) ., TF Gammaproteobacteria £l Bacteroidetes H1,454 Gammaproteobacteria  Aquicella 1 _
48R AL AR B B H 0 T 16S rRNA JE K SC ., 7E Dyella 2 —
. . Enterob, 1 —
Alphaproteobacteria #l1 Betaproteobacteria 1, 454 4% nerobacter
. " Pseudomonas 4 16
%@‘ H E/\J E R& H g T 165 rRNA 5 jc J:FFO Yj—i Stenotrophomonas 21 1667
Alphaproteobacteria Gammaproteobacteria i Unclassified ) o
. ; N gy — E bacteri
Bacteroidetes H, Wi 75 ¥4 15 21 A O 34 15 J& AH [A] , 73 eraderiacee
Bacteroidetes Chitinophaga 1 —
5| Agrobacterium | Stenotrophomonas I Pedobacter , Tij Flavobacterium | .
1£ Betaproteobacteria H7,16S rRNA & [ 3 2 {f; ¥ 5 Pedobacter 3 7
Sphingobacterium 3 —

J& & Achromobacter ,454 45 RAL3H J& Jy Bordetella

®2 BRPABEAFEMZEHAE

Table 2 Dominant genus and numbers of genus in each class

Dominant genus

Number of genus

Class 16S rRNA gene library 454 sequencing 16S rRNA gene library 454 sequencing
Alphaproteobacteria Agrobacterium Agrobacterium 5 8
Betaproteobacteria Achromobacter Bordetella 6 10
Gammaproteobacteria Stenotrophomonas Stenotrophomonas 6 2
Bacteroidetes Pedobacter Pedobacter 4 1

3 it

16S rRNA Jk K SCFE #1454 W 1 43 #7 2% W A8 4
2 PR A A T 22 REPE R o 16S rRNA J [N SC % 41
& 254 OTU, il @ T 21 A, 2% R I e 5140«
RO R R o 21 AN JE . PR R R T 4 KRR
Alphaproteobacteria |

Betaproteobacteria, Gammapro-

teobacteria FI Bacteroidetes, Gammaproteobacteria A

PEATRRE . BT 2k BUR RS B P AE T 2
BT Gammaplroteobacteria[8 9.2 B At 29 v g 40 T
C1SRAT /N - S I 7/ T < /S S
maltophilia , T JH 7] 15 5% 05 DA ] 9 FABF 26 e 73 85 1 1
A a B B B e 4> i S Pseudomonas  sp. |
Pantoea"™" , F A Hiy X 4 B4 2% 1 416 34 PF 24 40 1 R A
R 2T I (Bacillus subtilis ) 85 AR ZF #60FT 1 (
B. cerus) M1 E. K ZEF@F 1 ( B. egaterium) R
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r ] DA A 2 B R ER 23 1l HAS A% 47 Tk, {H AR B
FAIFAR KA EBME . S. maltophilia 5
Pseudomonas maltophilia . Xanthomonas maltophilia |7
% , 5 Pseudomonas sp. 3F % 3¢ R BT, A= Ak A4 B4R
PEWHAL, BATEMM LR RN GRS
Al REE AR B T o DRI Y 22 ST RE TR
A % HURE it R PR [ 5CR F DT AN W]

ARWEFE R 2 T 0577 06 X5 W b £ R PE AR 2 R
ZREAEIAT M. FEJE 23 2OKF b R R SR AR
— B EAR R R AR 22 5, AT RE R T 2 RO Ry AR
J5i 2 S 38 A o 16S rRNA Kk DR SC P J7 125 47 75 i W8
PERY 3G S, B G BRI S R U LR, 2
SO 5 R A MER e A B S . 53 Ah 0T il
165 rRNA It [N 35 U1 % 2 i 20 11 2022 i vy, L il
I phy T xf LA 22 A 200 JH BE T RE i DNA /2D B 40 14
B A% o 2% & D20 2 M) P e o 00 B R X PR 45
R it H AR g 8 5 PR A T B RN 9 0 A, DARE
A FINRBZEY M B AR, 454 FOREZ 1B —1R
e 10 0 PP A A A PR R K R AR A B A A T
T 7R 1 5 R N R o ASWF SR A 454 BOR X
PEAR 40T S DNA FEAT 00 8 00 1, LR 31 7 B i 1
{ BLAST b %t &5 5 ofe 20 A7 4 26 40 i 2 e 3x
R FE IR 19 16S rTRNA Kk K SCHEJ7 325 v PCR i ' 14
Ak o 454 I 7 45 R b Bordetella J& 40 1 5 51 4
122 (R 1), B T FERE A, {2 16S rRNA
LD SO TR R e A% Js A TR, X T RE X 40 T 168
rRNA [X 3k % 27F 1 1492R 5| 9 4 5 4 5 1% %
o 5350, 7E 454 M7 45 5 b Jf ok & B 16S rRNA Jik
S JE W Herbaspirillum | Sphingobacterium | Dyella 1
unclassified Enterobacteriaceae %5 Jg 4l B , iX 7% B 454
WPy F A 58 2 S AN PR AR N R RE TR 2
FEPE 5 20 e i

TERA B LR R A A0 TR A0 A S R e h, A3
SO S A AN T R A ), T RE S AR
MEAERRE DY), E BN AESEN. W
21 /NE (Ips Pind) g B AR B BE N S. maltophilia , %
L ZAWAN SR A 2 G/ o 5 I EA RN
B 1B A8 g W RS 500 B R L R A AR P S A AR B L
B, B YA AT R A A R — B I %
MGEAE 2 Fhdy Frh p AR AEH . Pseudomonas sp.
FAAF 2k B RF A 20 T TP 20 B A B e B B0 A O 2
[ € é DD oY - e I i A i A
Ze U A WA b 2 AT R R P 4 T AR
BO T B R AR R B0 0 P K 42 E BB RE D R4

HE MR UM T A S EM. I E.
Agrobacterium sp. S HE Y H UL 8 JEL A, W] BE L 2 P
[F) £ R B AF TR o H A R 2 A0 TN A B 2 Y
A ST REA TRk — D HE S

AN T 3 XA A £ U PE AR A0 T 22 40 1 22 3 ok
BB E B PR AE AR e — DT UK &R, P bF 2 i
AE % BRI v 3145 X B B AT ) 80 40 T, o v I 7 &=
BN, $ v H B W PR BT R BE J) . X R BB 2 AN A
LI A — B A2 AU Aok
A E WAL S R GE I, A 8 4 T
B BF AR 20 R — I AR R G, i — 2B 51 R BT ) AR Y
AR BN T R A 25 R GE 00 U, ] LU 5 AR
HWANTE 255 A E G R UE S RS, i 1 3@ N
BN RIRE Ty o 3K B P R B AR U AR B I R A
BRI NS/ RCR K 81 AR /Y 7 530 N
PR v R A5 A 0 B R BL IS RV R T g S
Pristionchus % B RE % FF SR AT W51 % A 5 A 1Y
T, 30k R A A0 B A HLAR ML

%% ik
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Diversity of bacteria associated with pine wood nematode
revealed by metagenome
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Abstract: [ Objective ] The pine wood nematode ( PWN ), Bursaphlenchus xylophilus, which collaborates with its
associated bacteria to form ecosystem and has interaction among them, is the pathogen of pine wilt disease. This study
focused on revealing the bacterial diversity of ecosystem of pine wood nematode and its associated bacteria. [ Methods ]
The metagenome of ecosystem of bacteria associated with the PWN was analyzed by 16S rRNA gene library and 454
sequencing. [ Results] The results showed that 25 OTUs( Operational Taxonomic Units) were obtained from the library
according to sequences similarity of 97% , which affiliated to Alphaproteobacteria, Betaproteobacteria,
Gammaproteobacteria and Bacteroidetes. The dominant bacteria were belonged to Gammaproteobacteria, especially
Stenotrophomonas maltophilia in this class dominated the library. In terms of dominant bacteria, the results revealed by
metagenome were similar to that of 16S rRNA gene library. [ Conclusion] The diversity of bacteria associated with the
PWN is high and these bacteria maybe have ecological role to the PWN.

Keywords: pine wood nematode; associated bacteria; 16S rRNA gene library; 454 sequencing; metagenome
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