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Hs1"" J& NFHSE (Beta vulgaris L) R348 1 4>
RIEEY . ZJ5, 76 B % (Solanum tuberosum L. )
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Bt R T 4CURR 4 L
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TV 56 RS 2 UL, JE— 20 ] DR 8 3 2
OYEAA BT L, 12 h RIS T 10 mL B L
3000 r+ min " B0 5 min, EBR RVER A EO
BRI T A IR &), e 2o 28 U SO &
A 50 FRANA L R
1.2.2 BH&RBEHLER ERIEERSS
JETCHE R, 20 I 9 AR EEFNAS A4 £k U R, 9
PREEFhZE R KVE X . 25 Liu 54030761 i
Frm SieacoRE . TG m it S AT 5
SIS RN 2 A BERIBY  HERIFA BT 2k ORI R 28 1R K 2
AL AP S A 115 F1 30 K 3 AN HORE R[] 4, 3
MEY B I 36 M.
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( Aidlab Biotech , Beijing, China) 43 5l #& B3z fl 5 1.
15.30 d % 4E4< RNA, Fi| ] Ultraspec TM 2100 Pro
UV A0 RNA 9% B2, 1% By A5 W 5E e v Yk A
RNA 4fifF DL K 58 # 1. 4% RNA K i =400 ng -
L™ 0Dy 20 1.8 ~2.2 0Dy /30 >2.0 RIN=
8.0 g 5t RNA
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GO EHE/Hr, P {H<0.05 1 GO term N EFH &
1.6 LKEZ PCR(gRT-PCR) 531

f#FH Primer3. 0 S5 R #5149, R H
ABI7300 5B} %€ 5% %€ = PCR & 4% ( Applied Biosys-
tems, CA , USA ) %if fiz 1 32 PR e ik 1% Bl 17 qRT-PCR
R, LB SIF %5 S5 2H 00 e 45 SR . R W R 2 o 20
wL, 135 0.4 pL ROX %e},2 L ¢DNA,0.4 L 3
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FEAH 30 s, 4 40 NMIEIR, 3 WAEYEES 3 EEAR
HE . FIF EF1-a fE 22 3 Ok 3 R 3% 36
PEATHRUELL , FF AR 2 725" 7 9k 8 ik sk S A1 4 A
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AR A T A0 990 52 56 235 R A I, R T A b 2k L )5 56
15 RELFEAATOURS I B 25 55, B b5 265 30 K AHnHJF
AR o BUARBIE ST O H A b £ L (B R A
ZRHUEHE 115 F 30 KW b8 EA T 5 SELR T
DLEREAS 36 MEAZEBAFRHR G RNA yphkHifktT
ZACEE SRR, ALK 80 340 > unigenes, P 1K
FE /675 bp,N50 {E435 55 1 634 bp #1245 bp,
F1,14 994 unigenes(18.66% ) KT 1 kb, ¥ 55
Dyl AN IR TE AT LA (s o I S R AAME
XPHR)  TEHERI AT RS 56 1,15 F1 30 K35l 3k 45
({22 57 L5 2 866,679 Fil 1 657 A4, Horp fE R T
RN FRARmRET )RR 5 1438,
508 M 757 (K1) o E—D g R BoR , IX 807
S B DR TR AN [v] 3 Ao Ik [) 198 A 35 PR AH o) 20 (B
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3 500 oMl R EREERE
Up-regulation unigems in
resistant P.massoniana

ORET RN LERE
Up-reguulation unigenes in
susceptible P.massoniana
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H:Ry/S R LRI mtS 5 R R AR 1 22 R 3L A
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Notes: R;/S;, Differential genes in resistant and susceptible P.
massoniana at 1 day after inoculation; R,s/S,5, Differential genes
in resistant and susceptible P. massoniana at 15 days after inocula-
tion; Rs,/S3,, Differential genes in resistant and susceptible P.
massoniana at 30 days after inoculation. The same as below.
1 BERE5ZREEMREAREMEERHNEREERE
Fig.1 The differential genes at different time of

inoculation in resistant and susceptible P. massoniana
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Fig.2 Common differential genes of P. massoniana

at different inoculation time points
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*1 EN5ZESEREMRAMEREEARRMNESERERN GO 25514 (BP)
Table 1 GO enrichment analysis of different genes at different time of inoculation in
resistant and susceptible P. massoniana(BP)
2575/ GO &4 Different genes GO enrichment
e S| Term AR 1 d HERG 15 d HERIF 30 d
GO ID G A
1d After inoculation 15 d After inoculation 30 d After inoculation
G0:0055114 44k - b5t #2 Oxidation-reduction process 2.80E - 11 4.80E -11 3.50E - 10
G0:0055085 5 [ffi%% iz Transmembrane transport 2.30E -05 4.80E - 05 1. 10E - 05
G0:0008152  fRi4fid 4 Metabolic process 8.90E -05 - -
G0:0042026 FEHFiEPTE Protein refolding 9.70E -05 - -
G0:0006886 iy 4E %%z Intracellular protein transport 0.000 32 0.000 35 -
G0:0009725 ¥ &K W% Response to hormone 0.000 46 0.000 49 -
G0.0050896  Hilli# S i Response to stimulus 0.000 50 0.000 30 0.000 49
G0.0006950  Jipif1)ii %% Response to stress 0.000 97 0.001 11 0.000 93
G0:0006355 #5117 Regulation of transcription, DNA-templated 0.001 25 0.001 85 0.001 25
G0:0033383  FHM-FE AR CiHT FE Geranyl diphosphate metabolic process 0.001 57 0.001 46 0.000 56
G0:0006468 % H fiffi iR 1k Protein phosphorylation - 0.000 18 0.000 17
G0.0006749 A H KA Glutathione metabolic process - 0.000 42 -
G0:0006097  ZFERRIEH Glyoxylate cycle = =
G0:0030435 fiFIE Y Sporulation resulting in formation of a cellular spore - -
G0:0006886 i N7 %%z Intracellular protein transport - - 0.000 31
G0:0009266 & HE )N Z Response to temperature stimulus - - 0.002 32
G0:0006464  4HffutE H FiE g FE Cellular protein modification process - - 0.002 79
*2 SNS5SREEMNEMMMEZHEEARMNEREZRERN GO EESH(CC)
Table 2 GO enrichment analysis of different genes at different time of inoculation in
resistant and susceptible P. massoniana( CC)
Z72FEH GO &4 Different genes GO enrichment
RN Y5 Term BEFE 1 d BRI 15 d HERIE 30 d
GO ID & A &
1d After inoculation 15 d After inoculation 30 d After inoculation
G0.:0016021  JE#E A Y, Integral component of membrane 3.60E —24 1.20E -21 3.50E -17
G0:0005886 JFiflii Plasma membrane 5.90E - 11 2.90E - 11 3.60E - 11
G0:0009507  M-&¢{4& Chloroplast 1.10E -09 3.60E - 10 6.00E - 10
G0.0005829  4iJfu i 3Lt Cytosol 3.30E -07 3.10E -07 2.90E -07
G0:0009570  M-Z4{AJLF Chloroplast stroma 2.20E -05 1.70E -05 1. 80E - 05
G0.:0044464 iz 4y Cell part 4.80E -05 0.000 12 9.90E -05
G0:0005773 ¥ Vacuole 6.40E - 05 5.40E -05 5.80E -05
G0:0005768  #N{A Endosome 9.60E -05 6. 10E - 05 7.30E -05
G0:0009941  H-2{AHLJE Chloroplast envelope 0.000 16 3.10E -05 0.000 14
G0:0005840 WA Ribosome 0.000 21 1.50E -06 2.00E -05

AR A (GO: 0016021 ), vk Oy Jit it (GO: SRRy I 3, WA 56 28 S S R AT i — A8 o A

0005886) .

1E MF 250 b FeMp)5 1,15 F130 d Bl 452 B0 1% GO T dl & 26 A REER . TEAEF

R ARIHT 3 AL GO WUAHIA, 435 R AR RIS JEHE TR, SR GO A OG22 Rk R 4L 71
PE(GO:0016491) #1454 (GO:0005515) Fl DNA A4, Hirp R L8 25 4 B:RUE 45 15 K, 5007
%#F?ﬂéﬁé.\(cozooowsl) . GO JRAHSCA 22 SR R 4 17 A, Hop R 8 4 4

2.2.1

AR EZBRE HEL RN REIZF  HEMEE 30 K, SR GO A5 Y 25 5 2 4

iﬂ%ﬁ?i&Tﬁ’q’: GO TR N 2 5 NIRRT 3647 A J R L 14 4>, 7EIX88 R B A BR
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*3 SNS5SREEMEMMMEZHEEARMNEREZRERN GO EE 24 (MF)
Table 3 GO enrichment analysis of different genes at different time of inoculation in resistant
and susceptible P. massoniana( MF)
ZRHEH GO &4 Different genes GO enrichment

B Y5 Term PRI 1 d BRI 15 d HERIE 30 d

GO 1D H H H

1d After inoculation 15 d After inoculation 30 d After inoculation

G0:0016491 ALl IR EHG M Oxidoreductase activity 2.10E -10 8.80E -09 5.50E -08
G0:0005515 #E 1454 Protein binding 1.90E -07 5.00E -08 2.00E -07
G0:0000981 DNA 455331454 Sequence-specific DNA binding 1.80E -05 4.10E -06 1.40E - 05
G0:0003824 k1% P Catalytic activity 4.60E -05 0.000 14 0.000 19
G0.0005488 %44 Binding 5.00E -05 - -
G0:0004721  #i+E A BB ER 5 E G 1 Phosphoprotein phosphatase activity 0.000 14 — 7.60E —05
G0.:0010181 FMN %54 FMN binding 0.000 26 5.60E -05 0.000 17
GO0:0008874 iz iR 5-Hi A 1514 Gluconate 5-dehydrogenase activity 0.000 49 - -
G0:0016832 2R EFE M Aldehyde-lyase activity 0.000 53 - -
G0:0004591 [l R I S Oxoglutarate dehydrogenase 0.000 62 0.000 18 0.000 3
GO0:0004738 PR B S EEG P Pyruvate dehydrogenase activity - 0.000 14 0.000 29
G0.0004375  HJEER i Z B Glycine dehydrogenase - 0.000 23 0.000 37
G0:0051287 NAD %54 NAD binding - 0.000 39
GO0:0016758  #LFLEFG ME Transferase activity - 0.000 55 0.000 58

A~ NBS — LRR FE£[H (¢76976. graph_c0) F1 1 4~ hid
SR 22 F R/ 95 2 TR B 1 WU L IR (71845, graph _
c0) 75 5y &y AN He RS M 2k UG Rk it | 35 Ak
LA LA ZE IR KA X iR H B SR AN I 7E
FPUE S B RS (R 4)  BMmb g dUE &
KR R IK B FE K (P <0.05) , BIRE X 4L
R FRIR 25 S N ALY, BN 18 4 b 5 A 3k 2
FER AR MK

X8 R GEPH, NBS-LRR K2 R7E 5 J& By R Ak |
BA E B, T2 AR 22 R/ 95 2 B 4K 1 g Al
TIR-NBS-LRR L[R5 AL B HA T 22 R 1
A2 R I R 1 B AT (063612, graph
_c0)F1 1 4~ TIR-NBS-LRR F£[H ( ¢65785. graph_c0)
Ob HARFERTE S B Kb s T bt
A [HAFTE BN A, TIR-NBS-LRR
[Hl (65785, graph_c0) U 7E S HT S R FA h R 3K, T 1E
& AN AN IR M 55 A HR S AT — I ) &
KR 0, KRB ZAEL A ]R8 B JT & 8 %€ it
Y VN R N TR R
2.2.2 BHFRTFTAERMMEERPYRATER
255 GO BT A : GO T sy 5 A Wy ik
FRLE 3 AN]SR B B K P o GO T4 s i 7y
ILALHE 41 DB, &8 o TEREA 39 AR,
T4 2 4>~ ERF ( Ethylene-responsive factor) ¥4 5¢
K7, H i, ERF % 5% K T (¢78073. graph_c0) 7£ 5

MO RMPMERRRARES T HBRISEMP N
Fikw (K 3) BB EPULIE 5 R AL, 3D
FAMA LR B SR 2R IR K (B 22 S A8 B 32 IR mT oAy
IR AN AN . %R S R R
P Bk AR AR, 298 0, R B iZ L R B 2 IF &
ARSI BT S AN A T ARG . T 93— ERF
B s F 7~ (65633, graph_c0 ) , TEHEFIAA BT £ HU 5 565
1 RFNES 15 K e P 5 AR sk ) I H RS
FIRTAZ AR ) RE M, A TR b 2R A 1
R IZIEHTE YLD AL b ek S5O0 B (#5028
WK BT BAEEE A & S 56 30 K, &t
Ih R FA N 55 3% FE s P SE DR e B o 2 L 5 4
RIKE AR ZERFEALE, FRZRIE BN 3
BB SRS R A & R 5 5 ERF i S T
(¢65633. graph_c0) 7E = 9L 5 FEAn b 1Rk 5% =&
T o R RN . N, ERF 7% 5% R 1 ( <78073.
graph_c0 ,¢65633. graph_c0 ) 1 t5 EASHTAN 4 £k dUk
H] RE I RS MR

2.2.3 @RS RARKA R AL KR T g H
WAEA GO T R A R AE 3 A ]
MALIE RN AR o SRR M R S TS B
558 B AN A 3L & B 13 il 28 A B S A
X 13 AZEFIE PGS -) - B-IREAEF.(+)
- a-RMEAEE . (- ) - A B K TR G T
&1 W Tty 1) 5 PR 3% 35 Tt E HE P PA b 4R HURT 42
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*4 REFESHMZEIENEHNERRIE
Table 4 Differential expression of differential R genes in resistant and susceptible P. massoniana
FE[R F2ih i Relative level of gene expression/RPKM

H5] Term EEHT Gene D RI, I, Rl,s SI,, RI,, Sk,
¢63612. graph_c0 11.14 0.78 10. 80 0.67 15. 65 0.38
¢75632. graph_c0 25.21 75.21 - - 8.99 43.55
¢74934. graph_cl 9.49 31.04 — — 11.00 43.81
¢78638. graph_c0 1.18 11.57 - - 0.30 9.71
¢72330. graph_c0 2.55 10.92 - - 1.34 5.37

B NN =N B AR
Z AR 22 R T3 AR A 1 K ¢52089. graph_c0 0.61 5.38 - - - -

LRR receptor-like serine/
¢77321. graph_c0 15.01 34.64 - - - -

threonine-protein kinase

¢77212. graph_c0 5.26 13.39 - - - -
¢76446. graph_c0 7.21 22.56 - - - -
c64844. graph_c0 1.10 5.51 - - - -
¢71845. graph_c0 5.21 40. 05 - - - -
¢72922. graph_c0 - - - - 17.85 60. 44
¢79162. graph_c0 0.00 5.56 0.65 5.82 - -
c49318. graph_c0 0.40 5.25 0.90 4.83 0.19 5.22
, ¢66133. graph_c0 10.50 30.33 - - 12.53 30.92
N]L];?LE{E:{Rpft[;n ¢73896. graph_c0 2.48 8.31 - - 3.32 9.25
¢76976. graph_c0 11.13 40.39 - - 9.57 29.29
¢76662. graph_c0 2.63 7.31 — — — —
¢62473. graph_c0 1.72 7.55 - - - -
¢65785. graph_c0 2.68 0.00 - - 2.71 0.00
¢73334. graph_c0 0.60 51.29 4.19 16.98 0.60 22.60
¢53610. graph_c0 2.44 7.51 - - 2.20 7.67
TTE'\JZZT}‘{T{R&EH ¢76602. graph_c0 1.95 4.46 = = 1.93 3.21
¢65671. graph_c0 0.00 3.34 - - 0.00 4.84
¢75804. graph_c0 2.88 8.01 - - - -

¢66096. graph_c0 4.10 23.63 - - - -
TE:RL S0 S AR AR LR HUS SRS 1 RAVFER A ;S , B RN R R R UG 55 1 RAYFEN I8R5, S50 5 R MR A £k
HUGHT 15 RAYHEN 3K ;S5 , oy I FEAME R IA R US55 15 RGN IR s RL, , S50 S AR R A BT 4R G 55 30 KAy 3R K1k Sk, 5
SR R AMER A RS 5T 30 RAYHEH KiK.

Notes: RI;, Genes expression of resistant P. massoniana at 1day after PWN inoculation; SI, , Genes expression of susceptible P. massoniana at 1day

after PWN inoculation; Rl,5, Genes expression of resistant P. massoniana at 15day after PWN inoculation; SI;5, Genes expression of susceptible P. mas-
soniana at 15 days after PWN inoculation; Rly,, Genes expression of resistant P. massoniana at 30 day after PWN inoculation; Sy, Genes expression of

susceptible P. massoniana at 30 days after PWN inoculation.

120. 00 ERFEEFHF 80. 00 ERF ¥ ¥
a ERF transcription = ERF transcription
100.00 [ [ 4 factor l factor
(c78073. graph_c0) 60.00 [ (c65633. graph_c0)

80. 00

(]
£ g
5 [
= &0
gy E
=
. £%9g
= e
@% % 60.00 B3 E 40.00
= 45)2 ©
%‘ @& 40.00 R &
i > @ 20.00
= 20. 00 e
g K
0.00 £ 0.0
1 15 30
T e I i) BeFh 5 ki)
Time after inoculation/d Time after inoculation/d
ORI ORV 0 sI 8 sw

TE:RL, S0 RAME AR R B RW i 5 FRAR R AP AR IR UK s ST, I S R AR T AN B ZR 1L 5 SW, Bh I 1) R MR R 28 1R K o R TR/
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Fig.3 Expression of two transcription factors in resistant and susceptible P. massoniana
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Identification of Candidate Constitutive Expressed Resistant Genes of
Pine Wilt Disease in Pinus massoniana Based on High-throughput
Transcriptome Sequencing

LIU bin' ,LIU Qing-hua' ,ZHOU Zhi-chun' ,XU Liu-yi’ ,CHEN Xue-lian® , LUO Ning’
(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Key Laboratory of Tree Breeding of Zhejiang Province,
Hangzhou 311400, Zhejiang, China;2. Anhui Academy of Forestry, Hefei 230031, Anhui, China, 3. Linhai Natural Resources
and Planning Bureau, Linhai 317000, Zhejiang, China)

Abstract. [ Objective ] To study the genes related to the resistance of Masson pine ( Pinus massoniana) to pine
wood nematode ( Bursaphelenchus xylophilus, PWN). [ Method | Based on two genotypes of resistant and sus-
ceptible P. massoniana for inoculating pine wood nematode, and sampling at the 1 dpi, 15 dpi and 30 dpi after
inoculation, the authors performed a transcriptome analysis to identify differentially expressed constitutive genes
associated with resistance to PWN infected. | Result] Comparing resistant and susceptible transcriptomes of P.
massoniana inoculated with B. xylophilus, 2 866, 679 and 1 657 differentially expressed genes were obtained at
1, 15, or 30 days post-inoculation (dpi) , and there were relatively few common differentially expressed genes at
different time points. The GO enrichment analysis was performed on the differentially expressed genes, which in-
dicated that the most significant biological process at the 1 dpi, 15 dpi and 30 dpi was oxidation-reduction
process, while the stimulus response, transcriptional regulation and the geranyl diphosphate metabolic process in
GO items were also significantly enriched. A further analysis of these related genes in the stimulus response GO
term, 26 R genes were found at three time points after inoculation. The expression of the other R genes was con-
stitutive except for two R genes, and no significant difference was observed between PWN and water inoculation.
In the transcriptional regulation GO term, only two differentially expressed genes of ERF transcription factors
were annotated by nr database, and the rest differentially expressed genes were unknown. After inoculation with
PWN, the expression level of ERF transcription factors in resistant P. massoniana was always higher than that in
susceptible ones, and there was insignificantly difference between trees inoculating PWN and the control. The re-
sult means that expression of the two ERF transcription factors is constitutive. In geranyl diphosphate metabolic
process GO term, three GGPPS genes having higher expression level in high resistant P. massoniana, are consti-
tutive expression genes. Here, the authors also found that the TIR-NBS-LRR gene (c65785. graph_c0), ERF
transcription factor (¢78073. graph_c0) , and the three GGPPS genes, having higher expression in resistant P.
massoniana , the expression levels were exiremely low or even zero in susceptible P. massoniana, which sugges-
ted that these genes can be chosen as candidate genes for the development of molecular markers to identify resist-
ant P. massoniana. [ Conclusion]| Most genes changed the expression level at 1 dpi between resistant and sus-
ceptible P. massoniana. The R genes, ERF transcription factors and GGPPS are related to the resistance of P.
massoniana , some of which are expected to be developed as molecular markers for identifying PWN-resistance P.
massoniana.

Keywords: Pinus massoniana ; pine wilt disease; resistance; transcriptome sequencing; constitutive expressed

genes
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