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2l AAS, S B LR B T I AN (P taiwanen-
sis) o HUMR R BT MO R 2% 25 Mo 35 B A 4R L
B A K — 8 2 AEA SRR P E LT
PO, B VL IR U b e AR AR PR A W 4R

HEAS A2 e AAS 2 ol 1) 6 I B A 4 A 1Y
PDA F#r b, 8T 25°C 536 d J5. RIFIN/R ST
SRy B I E R R 15 mL B0
F1,3 000 r/min .0 3 min, & L&, H 0.1 % g
BB AL 15 min, HHC R K pPEE R0 3 . #n
B B E e BE S 15 000 45 /mL B HUE W .

FHE R A PRI 1 AR GD2 1) 3T & S5 V%, $2
A& 20 mL NB 85 52 W 0 R i 4, 27 °C L 200
r/minfR G FER; 12 h. B ATH K 50 mL B.08H,
6 500 r/min &.[» 3 min, 3 1, TOH £ 5 F /K8 3
O RN T I S = U A s G
5X10" CFU/mL),

Rt AA3 SR GD2 WiAb 5, R FH R 2
EEERE 2 TR, & 3 AL AR,
REALERBEFP 13 AR SR MY . (1) AAS+GD2(T) . & Ff
I mL HEMBM 1 mL WA (2) AA3CK) £ Fh
I mL BEWA 1 mL KR X T K (3) H
GD2: 4 1 mL WEBM 1 mL LW EB FK;
WAGEXTWEE TR 2 mL, BFIR=E 25°C
BigR, 24 h JE ¥ R OJC R K CAG) L AA3 (CKD
AA3+GD2CT) ) 5 Ay 4 B s 2 87 . — 80 °C
WAEsH., B0 s MEYRELE ., MRNG
AR 7 d WESHE R A 0 B E R, S8 T o R
FIEG Fa H . ARG A AR S ] Yu 555 05
AT RER TR L. SRR R B E AR R 5 A
G, T G AP ET IS, iR A ARERE 05118 .
0~25% kT i R 2 A8 B, AR ERME 15 %% . 25% ~50%
Brat R v Bk Al AR 2: V5026 ~70%
BRd R S AR B, RSk R IR, AR R 35 VAL 75U ~
10020 &t gkl 28 ARG ZE R T AURME 4, 115
AKXTF

O R = o bk B/ Rl BR ) X 100%
TR = (X (8 GORM bR X R/
CHBREL X R B AR ] X 100
B RNARE . XEMERNF
AT — 80 °C LR A7 £ HI B AF 2k I Omin-
Plant RNA kit(DNase 1) (CWBIO) % 4 Bt 4% kb 2
S RNALH 1% 0 B Al 5 e s Tk A0, 2100

1.2

Bioanalyser ( Agilent) | ND-2000 ( NanoDrop
Technologies) 7 ¥ # ] RNA B & A&, RNA
SCREERY ST R A TruSeqTM RNA sample prepara-
tion Kit( Illumina, San Diego, CA) X7 & . i
IlluminaNovaSeq 6000 M J5° *F- & # 47 & il & W )7
(FEHEAMELPELARAAD ., B
NCBIL % 5 %5 4 PRINA690180.
1.3 HiEAE

B ACE IS S BN (AG 4D A9 Raw reads Sk
TS IE AL P45 F Clean reads, FFFH CK M T 4H iy
Raw reads BHIZ L X L EMAY Clean reads, E 5 L
Xt B reads B F T AY reads £ 3B 5 LT B S %
LIPS A 2 B IE 4] (S 55 B AL IR A . GCA _
000231135, 15 2 % Jk K 41 % I : https://parasite.
_ aylophilus _
priea64437/Info/Index) #E4T FF 41 HL X,
14 EWMEEESW

f#i F FPKM ( Fragments Per Kilobases per
Millionreads) # 4 i 47 5 & 1155 315 5L P 19 2 3k
i, R AF DESeq2 #1722 57 521 40 #r, JF ) BH
(fdr correction with Benjamini/Hochberg) #f 17 £
TR, K P<<0.05 H |log, FC|=0.585 #% J &1t
i ot 22 7 Rk FE H IF 4T GO (Gene Ontology, ht-
tp://www.geneontology. org/) . COG (clusters of

wormbase. org/Bursaphelenchus

orthologous groups, http://www. ncbi. nlm. nih.
gov/research/cog-project/) LI & KEGG ( Kyoto
Encyclopedia of Genes and Genomes,http://www.
genome.jp/kegg/) 53 H7 .
15 IHRNXEE PCREBIEFEFEE

PEHL 8 N2 F RN EE (5 AN B RHE 3 AT
AL D BT SIGMA 78 28 3% i 1 Chtp://
www.oligoarchitect.com/LoginServlet) i 8 > 25
FRFEH BT T W (£ 1), LLFA b 28 AL WL o) 2R 1 3
Actin(GenBank EU100952) 2 N £ [, £ F¢
a3 MHEARZFE R 3 AN EY S E L IR 200
SR BT BN

2 #RE545H

21 T GD2 ¥t it sk RFH & &

T E RIS R WL TR AR GD2 58 T FA R £k it
TSR REOR 1. AA3 & FE4H  GD2 + AA3
TRA A BRALER Al 2 4F 2E 1 R b A AR i BB AE
AR IE FL S B R — B 3 O B e R AL
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Table 1 The qRT-PCR primers for 8 differentially expressed genes of Bursaphelenchus xylophilus
A 1D TE T 314 (5'-3D) Bt 3141 (5'-3") i
Gene ID Forward primer Reverse primer Pathway

BXY_0289500 GGAGGGCAACATGTCGATGA

BXY_1047600 ACCGAGAAGTTGTGCAGAGG

BXY_0706100 GATGCGTCCTCGTGGAATCT

BXY_1767700 GTCATCTACTCCGGCGTCTG

BXY_1558900 AGCAAAATCGATGCGGATGC

BXY_0512100 CGGGCGCTAATTTGTCGAAG

BXY_0841800 AGCTCCAACAATCCGAGCAA
BXY_1285800 CACCGCTTCGTATCCACCTT

EU100952 GCAACACGGAGTTCGTTGTA

TTCTCGAACTTGCGCTGGAT

CAATTCACCGGTTTTGGCGT

CATGATGGGCTCCACACCTT

TTGACCCACTTGATACCCGC

AAGAAGCCTCCGGTGATGTG

CCCGTTTCAAAACGTCCACC

CCTCAATGTTCCCGACCACA

CACCGCTTCGTATCCACCTT

GTATCGTCACCAACTGGGA

K 5 1
Longevity regulating pathway
2R 0 ity 2 R AR
Arginine and proline metabolism
PI3K-Akt {55 i
PI3K-Akt signaling pathway
41 i (2 3 PAS0 X AN T ) AR i
Metabolism of xenobiotics by cytochrome P450
ECM-receptor . 1F 1 #
ECM-receptor interaction
LRG3 E R
Glycerophospholipid metabolism
AT Apoptosis
B e A

Glycerophospholipid metabolism

R2 BEMFARLENRHEENIERNBRRENBRRFEY

Table 2 Disease incidence and disease index (DI) of Pinus massoniana inoculated with different treatments of Bursaphelenchus xylophilus

AA3 AA3+GD2 GD2 CK
Rt a /d N " ” ;
oculation | BREE/YBSRIEEC BURE/Y OBURIEEC OBURR/U% BRI BURR/U% BRIEN
time Disease Disease Disease Disease Disease Disease Disease Disease
incidence index incidence index incidence index incidence index
7 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
21 20 5.0 40 10.0 0 0 0 0
28 50 12.5 60 15.0 0 0 0 0
35 60 35.0 60 35.0 0 0 0 0=
42 60 52.5 70 55.0 0 0 0 0

22 ERREEFEMGIE
X R 2 Y RNA FE A 47 5% sk 44
FBR LT B ) S BB S reads, T AY reads i BE 5
3211 clean reads it & ik F] Q20 Lk b A o i Lt 71]
KT 80% . 35%] Q30 LAEAYBHAE L i K T 85 %6 .
MFEARRE GC & B8N — 2, H I Fe B Ak F- 24 4
BRITE 0.1 20 VAR L B W P 0 dl R A4F (R 3. ¥
U85 BRI S T RNA B SR AT X (B8 4) .

FIH HISAT2 6 B 4% J5 1Y )5 ik £dis , B Clean
reads, 5 % % £ K 4l (https://parasite. wormbase.
org/Bursaphelenchus xylophilus prjea64437/In-
fo/Index) HEXF (% 5). ¥ P<C0.05 H [log,FC|=
0.5858 N A& PR IL T HE 5 143 422 7 A LD Horp
63 LKA L 80 N RIA TR D, X
e AL S N RN GD2 PRI A A 4k iR e
AN
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Table 3 The data statistics for RNA-sequencing

Simple Raw reads Raw bases Clean reads Clean bases Error rate/ % Q20/ % Q30/%  GC content/ %
AG_1 69 094 090 10 433 207 590 68 474 232 10 138 658 713 0.023 1 98.82 96.13 45.39
AG_2 70 156 920 10 593 694 920 69 428 180 10 315 165 932 0.023 2 98.78 96.03 45.38
AG_3 70 659 004 10 669 509 604 69 690 428 10 356 025 568 0.023 4 98.67 95.74 45.40
CK_1 \ \ 12 743 318 1 899 558 142 0.025 7 97.50 93.77 45.20
CK_2 \ \ 20 109 334 2 990 725 616 0.024 7 97.93 94.62 48.51
CK_3 \ \ 24 898 398 3 700 500 963 0.024 3 98.17 94.98 47.48
T 1 \ \ 14 854 974 2 213 321 244 0.025 6 97.53 93.82 46.73
T 2 \ \ 15 397 998 2294 770 917 0.025 2 97.71 94.16 45.98
T_3 \ \ 13 195 758 1967 389 172 0.026 0 97.34 93.53 45.80

i Note: Sample: F i 4 K ; Raw reads: J& I 7
H&Cs Clean bases: J#% & W 7 S8R i 5 Error rate. Bli3E-F ) 5§
s GC content: G I C B8R L3 A0 (i A BRI (K 77 20 HE

x4 TIRBHIES RNA HIEELE SR
Table 4 Results of comparison with rRNA database

TR0 Y B 45 B4 Raw bases: JRUR T
iR Q20,Q30: M JF

Simple Clean reads Clean bases rRNA ratio/ %
AG_1 68 474 232 10 138 658 713 0.633
AG_2 69 428 180 10 315 165 932 0.928
AG_3 69 690 428 10 356 025 568 2.563
CK_1 12 743 318 1 899 558 142 0.526
CK_2 20 109 334 2 990 725 616 3.664
CK_3 24 898 398 3 700 500 963 1.285

T_1 14 854 974 2 213 321 244 2.940

T 2 15 397 998 2294 770 917 3.198

T3 13 195 758 1967 389 172 2.993
1 Note: Sample: F i & FK; Clean reads: Ji#5 5 U 509 19 5 4

H %% ; Clean bases: it 45 J5 il

B 5 rRNA B B 1 Hx

a8 5 rRNA rati()(ﬁ);)ﬂi‘ﬁ")ﬁ

x5 FISMMEHSEERNAILWNERSIT
Table 5 Results of comparison with the reference genome
of Bursaphelenchus xylophilus
. Total Total Multiple Unique
Simple
reads mapped mapped mapped
CK 1 12 743 318 139 138 1714 137 424
- o (1.09%) 0.01%) (1.08%)
CK 2 20 109 334 1286 176 24 395 1261 781
- (6.4%) 0.12%) (6.27%)
CK 3 94 898 398 7 191 705 90 933 7100 772
o ' (28.88%) 0.37%) (28.52%)
T 14 854 974 266 817 7 029 259 788
- 7 (1.8%) 0.05%)  (L.75%)
o 15 397 998 1653 700 24 745 1628 955
- ’ 10.74%)  €0.16%)  (10.58%)
T3 13105755 92398 9 042 443 316
0 9
- (3.43%) 0.07%) (3.36%)
7 Note: Sample: FEAR L FR; Total reads: 1 38 J5 1Y ¥ 91 B0 & 4t it

(B Clean reads) ;

Total mapped:

e B L 4] E Y Clean reads
$H ; Multiple mapped: 1 2 % J7 5 141 £ 4> Xt 2 5 #9 Clean
reads 8 H ; Unique mapped: fEZ % ¥ %] | A M
reads X H .

- b XA B ) Clean

SBUE L5 Clean reads: ¥ 5 I )3 5048 (19 5 5%
JFRAE 99 % 1 99.9 % L _F Bt B 3 R S B T 43

. T Down
3l Je75 4K None
., - B Up
- 2 RPN
| ° K e A
e s L
1F
0 L . L ! L
-5.0 -2.5 0.0 2.5 5.0
#5454 log,(fold change)
BE1 RERNLE
Fig.1 Differential gene volcano
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XS RIRIEEIET GO T ERS K G
. ZRIEEGEIHES GO 3 MH K 38 T fE
2 (& 2), A4 Ccellular component) H1 4l
M0 43 Ccell part) A1 4H 43 (membrane part) £ £,
S 52 N FEEA 44 A 4 F T BE (molecu-
lar functions) #1454 (binding) FlE AL 16 P (catalyt-
ic activity) 2, 7 WA 60 A 51 A, 4=
Y1 FE (biological processes) W48 ifd 3 2 (cel-
lular process) AL id 72 (metabolic process) fix % ,

SO A8 ASHER AN A1 ADJEA L HAb A 2] —

Seup N Se R A e AR A AR ISR RS R AT
SR X 0 ) R A
24 ERFRFEE COGC HIEEERENM

W2 RRBEN LB COG H Y, il
DL [N Y o RE OF kAT e e Mg ik, ml 43 O 16 26
(E 3 JBR T RAIIEE, B i B e 2 i D) RE A
B BEJE & 5 5% iz, 4y F £ 18 (posttranslational

modification, protein turnover,chaperones) , I B 3|
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Fig.2 GO functional analysis of differential gene

W EFREEA 114, HRERGSESILH
(signal transduction mechanisms) . Bk /K 1k & ¥ 8
i 5 1 Ccarbohydrate transport and metabolism)
FIAH ML N G2 . o> W ORI % 1 52 i Cintracellular
trafficking, secretion, and vesicular transport) ,
25 E=5%EMAE KEGG IhegEsa

W 25 57 R B B 04T KEGG £ W) 38 % & 46 4
B AR A A GD2 1Y 5k FA R £ U2 3238 107 1 AH 5C
BRI S . AR 2% S R Gk R AR S 2 106 4>
FRBHE S 18 4 Bos T SRR AT 50 Y K, H
HET R A (metabolism) . A #L & 4t (organismal
systems) . A FE#H (human diseases) #F & (19 il
fx% ., ECM-receptor H./E (ECM-receptor interac-
tion) VA I T Ccellular senescence) | ¥ - Il & &
7K & & 4 (renin-angiotensin system) #l PPAR {55
i % (PPAR signaling pathway) \ AMPK {55 i #
(AMPK signaling pathway) . & bt H KA (gluta-
thione metabolism) 4 i #% 3= 229 X AL 1) 4 73 4
A A A R A A

50r

40F

30F

20F

FE K% 5 Number of genes

BCEFGI KMNOPQSTU?Z

IhHE4r 2% Function class

B Y& {0, i 45 #4) F1 28 4k Chromatin structure and dynamics; C:fE
A P R4 4K Energy production and conversion; E: % 3£ iR iz % A
¥ Amino acid transport and metabolism; F: 4% R iz i #/C#H Nu-
cleotide transport and metabolism; G K4k & ¥ iz b AL Car-
bohydrate transport and metabolism; 1: g i iz % A1 ¢ it Lipid
transport and metabolism; K% 5% Transcription; M. 4l Jifd &% /fii /£
iAW) % = Cell wall/membrane/envelope biogenesis; N: 4l fifl iz 3
Cell motility; O 8 115 B ¥ 5 &1 5 5432 . 4% F £ 18 Posttransla-
tional modification, protein turnover, chaperones; P. GHl & T #% iz
5% Inorganic ion transport and metabolism; Q: K ZACEI ) 4=
Y14 R 12 B AR Secondary metabolites biosynthesis, transport
and catabolism; S: I HE A Ml Function unknown; T {55 % 5 HLHl
Signal transduction mechanisms; U 4 Jfl PN iz Hii . 50 W 1 2% 0 32 i
Intracellular trafficking,secretion,and vesicular transport; Z: 2l fifd i
48 Cytoskeleton.

B3 =%ERE COG ERMSESIT

Fig.3 COG annotated classification statistics of differential gene
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Alcoholism -
Rheumatoid arthritis =
Propanoate metabolism -
Proximal tubule bicarbonate reclamation -
Ferroptosis =
Systemic lupus erythematosus =
Oxidative phosphorylation -
Insulin resistance -
Cellular senescence =
Other types of O-glycan biosynthesis -
Antifolate resistancy
Glutathione metabolisr
Hemalopoietic cell lineage
Fther lipid metabolism =
Nicotinate and nicotinamide metabolism = Aa =
Fatty acid biosynthesis = e
Pentose phosphate pathway - °

JEP# i DEGs number

Fat digestion and absorption =
Bladder cancer -
Choline metabolism in cancer -
ECM-receptor interaction =
Collecting duct acid secretion =
Talty acid degradation -
Glycerophospholipid metabolism =
Taste transduction = > 3
Mucin type O-glycan biosynthesis - P{E Pvalue
Hedgehog signaling pathway -
Sulfur metabolism = 0.3
One carbon pool by [olate =
Hedgehog signaling pathway - fly -
Nitrogen metabol 0.2
Serotonergi
Renin-angiotensin
Glucagon signaling pathway =
AMPK signaling pathway = .
Peroxisome -

W =

TERE Terms

0.1

Insulin signaling pathway -
Neuroactive ligand-receptor interaction =
Amino sugar and nucleotide sugar metabolism =
Cysteine and methionine metabolism = 1
Tyrosine metabolism - [ ]
PPAR signaling pathway -
Nicotine addiction -
Sphingolipid metabolism =
Adipocytokine signaling pathway =
Citrate cycle (I'CA cycle) - .
Retinol metabolism - ()
Glycolysis / Gluconeogenesis =
Fructose and mannose metabolism - .
Arginine and proline metabolism - .

' ' ' ' '
0.025 0.050 0.075 0.100 0.125

FHHEHEF Rich factor

B4 =REMFE KEGG EEH %
Fig.4 KEGG functional classification of differential gene
2.6 QqPCR WiE IR 2 55 B SR L v Y A — B UL A% S 2L
ik RT-qPCR Xf 8 IR B F AR M #A BBy e v T T — 22858 (8 5) .
(5 A BN 3 AT D BEAT B AE . R AL 9 qPCR

8000 . -
6 000 F EmAAS B AA3+GD2 4 Hl AA3 EOAA3+GD2
4000 F s

2000 o iy

JEH % Read count

= W
1 200
800 H
400 H .
&

| E—
%
b
3
| —
% [ ¥
b
o=}
AN} F2 15 & Relative expression

S LS S PO
@}9 & 6\&“ & 659 & \"PQ +F q},% Q;»*k ,\Ox /\bi\ &F ¢§> ‘;»”o} &‘ér?‘}
SN N AN A S Y
& EF S EEE FFFEE S S
DR R SRR A R DR R R R R R
S5 Gene ID KPS Gene ID

AK SR 8 422 5 R IKHH Read count fH ; B. RT-qPCR Kl i {5 8 /~25 5 R IAHEH IS Rk &, * P<{0.05, * * P<{0.01, * * »
P<C0.001, ¥ * x % P<C0.000 1, A. Read count of the 8 differentially expressed genes measured in the transcriptome;B. The relative expression lev-
els of the 8 differentially expressed genes detected by RT-qPCR. * P<C0.05, ¥ * P<C0.01, * * * P<C0.001, * * % x P<C0.000 1.

Bl 5 WHAELHZESE PCR &M RAHIENERK

Fig.5 Validation of RNA-sequencing results by quantitative real-time polymerase chain reaction
3 W #® ARGEAT I T 53 BT 09 e S 28 0 7 BER , B AT E B BT
. A5 4 B 20043 BT 0055 — 7 2 T
RNA |7 (RNA-Seq) & —Fl JH @38 i 007 5 1925 5 %63k 5L & RNA-Seq f5c 81 70 (19 [ FH 2,
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R4 RNA-Seq &2 — W IEERW A EHHEA,HE
PR Y B R G T e A 2 ik B TR R )iz A
BN P AR AR B g A e SR AL Y o A T Al
# GD2 XAk AR E DM 24 h Ja iy
M), (L FRAT] & A B 4 H i s 21 7y 91 5 225 BE T
B LR AR, TR AT R O BA IR AR
BEANERUETREFI S 15 000 SR s O FE MM A 2k
MBI SR 24 h J5. A MM &R IR S
T sh 20 T 4k BT RNA BRI, 1M & B30k 3 Fh
BRI X I O 2 A7 B8 4 B E AT R AR
oAt b Jy s BN b B R RN FRAS A R HU TR AR 4 R
RNA,Fr L 8042 B0 RNA H G EMRM RNA &
AR K, R R I M 4 i) RNA; @ i TR
FEFR I RNAL T 51 B 5 A Y[R E 7 31, 14
AT B #A bF R Y reads 5 5 AR Clean reads
HEAT T HXT, 5B T HEXT Y reads, #438 F 1Y reads
AT o 8 S5 19 B A FA A£G HL Y Clean reads 5%
7 3L A b xF . B LRI BB & A A 4k L Y Clean
reads MY HE A AT o B O BCAIR, 3 30 1 A bE 2 o B 5t
W73 5 S5 TR ALY X 5 AR,

IE o AR Y SO R N R 143 A28 3R
I8 5 B D O O 8k 25 S B N AT GO, COG
LI N KEGG %3 #7 .

M GO PgeE BRI LLE T, 22 R RIRH H F 2L
R TEA R S5 G A E R R AE  25 W i
W is i AR SR T Re . XL B AT B 2 5 T 4b
U5 W) BT (5 R AN B0y v 7= A B AL R 3R (14 fi
FAEH . BeAh W K& r GO Thfe S fiT & sh )
Wy A RZOER 2 FHLHIY . X AT A8 A A
2 R A T 04 B AE SN BT AR

COG IJRETEREZE SRR W AW GD2 5 #A bE £&
HIRAEMOENE.GD2 # ik iR S %S
HIL I >Fe I 32 25 3 1 B 0 52 07, AR 5 2k 38 o 228 A
Sryfeits i 50 DL LR A RS S S5 ie
A5 THT ORI R 6T A 3 A A

Xt 2 53R B 4 1) KEGG 3l i E 474047, & 3

S e DR b T L T T AR A R R A L SRR

FUH 58 W5 0 AU L B 2 A0 A A . AT UL A
W GD2 XFAA A £k By 2R K AR = A TR . A,
— 22 I BXY 0706100 # K& 1) PISK-Akt
15538 B AE 5 20 B BATE SO0 o 5 3 vh e $5 R
BEAE YL B R g 5 R AR S R A
JE BXY 1558900 # & ) ECM-receptor H.{F i

BN hy 2 B 32 A G B% 0 s BXY 1767700 ¥ &
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Effect of Bacillus cereus GDZ on transcriptome of
pine wood nematode invading host

CHEN Yangxue,ZHAO Xiaojia, TAN Jiajin

College of Forestry,»Nanjing Forestry University s Nanjing 210018,China

Abstract To further clarify the role of bacteria in pine wilt disease (PWD) , Pinus massoniana was
inoculated with Bursaphelenchus xylophilus (CK),and a mixture of B. xylophilus and the endophytic
bacterium GD2 (T), respectively. Transcriptome sequencing, Gene Ontology (GO) and KEGG enrich-
ment analysis were performed on the B. xylophilus,and real-time quantitative PCR (RT-qPCR) was
used to verify the accuracy of the sequencing results. The results showed that 143 differentially ex-
pressed genes (DEGs) were detected,among which 63 were up-regulated and 80 were down-regulated.
GO analysis showed that the DEGs were enriched in immune system process,cell membrane, metabolic
process, transporter activity and other functions. KEGG pathway was enriched in ECM-receptor interac-
tion,renin-angiotensin system, insulin signaling pathway and other pathways. These GO functions and
KEGG pathways were involved in immune regulation and reproductive development of the body. Eight
genes were randomly selected for RT-qPCR verification,and the expression level was consistent with the
sequencing results, which proved the accuracy of the sequencing results. The results showed that strain
GD2 could affect the occurrence of PWD by improving the immune regulation ability of pine wood nema-
tode.

Keywords transcriptomic analysis; Bursaphelenchus xylophilus; endophytic bacterial strain GD2

from Pinus massoniana ; differentially expressed genes; nematode-bacteria microecology
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