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B/ 2V We SN D s I I E : N ES S P DO R =
BRI T BAH SSRGS AI R AL, SO BT
FLE RS i 17 7 R 3 I 8 ) B B A AU e S ALK
AR B i DL IE . 25T, AEERSEN
WS AT T A AR R TR R BCRR A 2 1 RA
TEHEAT TIPS I X R 52 T USRS A B 7
ORI TR SRR | AR, R 7 F
W55 4y HCE A S R PR O A5 SR SR I T R,
FE4r % 22 7 R IBFL 4T GO (Gene Ontology) .
KEGG(Kyoto Encyclopedia of Genes and Genomes)
FEREAE R BFTEA AR 94 H SRR 7
THLRPTFE B E B LR, Wit F i AR R R
Prpt B CEE N, (e ik F S BT T F AL R
a5 F IR R A K

1 MHE T
L1 R

2019 4 9 A hHIFEIL T4 B iE Tl (40°48' ~
441°26" N, 120°42'~121°45' E) [ 1% 4 Ff A el
W, R HE B 10 4, EAR 6~8 cm Hfd
B ( Non-infested ) 532 % 4% & 5 W ( infested,
ASF ) NSCBapstl, e XERAL . IR 2 AR I
1.5~2.0 mAb 9B, BUIX IR IS 7855 T 40
H030 3k, PR R AR b A i R 4 3 B 10 emx
5 em(Kx58) WM EE, JFRG N —1EE,
HIZRABRA PR . il s 3 iR,
1.2 RNA g

K HI TRIzol (Invitrogen) ¥ £ B 2H 41+ 1) B
RNA, Jf{dif] DNase I (TaKara) 225 3£ 40 DNA.,
AR 2100 Bioanalyser (Agilent) . ND-2000 (Nano-
Drop Technologies) 77246 RNA #£ 5 A&, U
FAEEFHAH RS (0D260/280=1.8~2.2, 0D260/
230 = 2.0, RIN = 6.5, 28S:18S = 1.0,>2 ug) #17
SN T o
1.3 X FEMER RNA-Seq MIF

RNA SCJF ) #5372k F] TruSeqTM RNA sample
preparation Kit(Illumina, San Diego, CA) il & . B
SeM AW A Oligo(dT) IREER M 5 ug & RNA &
£ A poly-A & ) mRNA. fF il A fragmentation
buffer, 4 mRNA FHLETRL 200 bp Z24A R/ NA B
$2E K SuperScript double-stranded cDNA synthesis
kit (Invitrogen, CA) i3 & . A SIRIEFENLG |9
(Illumina), LA mRNA WA 5 A B —4% cDNA,

Bl 5 AT RS, TP R R RS S5, XU
) cDNA S5H FpRitioR 3, il A End Repair Mix #4
HAMSA R, Bl S 7E 3" R il b —A> A B,
T ERE Y FIRMES, BARLES UL,
cDNA 25 PCR &4 )5, FIH 2% BRI [k
200~300 bp 55717, 4 TBS380 ( Picogreen ) &
J&, CJFE# A Tllumina HiSeq Xten/NovaSeq 6000 il
PP R T ERE Y, P PE 150,
1.4 HiERAE SR

JF 5 B4 (raw data 5 raw reads) H Illumina
HiSeq Xten/NovaSeq 6000 ] /745 21| 1) Jit 43 K115 5K
P8 2% base calling FLIE L FASTQ #& A0 34, %
JEANEE AL 7 reads 147 51 LA SB35 1 000 Iy Jo ot
2ok FL BN U85 adapter, N i 22 oK i 1= i ik
A9 dirty raw reads J5 345 Bl A9 clean reads, FHT
JEEERE BT, F FPKM (Fragments Per Kilobase
of transcript per Million mapped reads) {E i & 1155 %
ki, MR4E FDR < 0.05 Hllog 2FC| > 1 fifi % H 25 5%
ZRik KN (differentially expressed genes, DEGs).

2 HRERHN

P HZE GO EBERAMEREN
A3 BB E ( Non-infested 1-3 ) #1523 ( ASF
1-3) A SRR RS, SRR ORI T T RNA-Seq
W, 43913545 Raw Reads 49287036, 44918932,
50780898, 49722100, 45082112 fil 45802214
%%, EBRAESL (Adapter related) . N & &E#R1d 10%
(Containing N) DI M AFi & (Low quality) A9 reads, %
2493 (Clean reads) 437l 48778052, 44592026,
50393962, 49349330, 44708080 Fll 45432400 4%;
2Bk Phred {H/N T 20 MUBRIE H BE, HEAR R T Q20
I 25 S He )2 51l 98.11%. 98.34%. 98.3%.
98.29%. 98.3% Hl 98.25%; B IL G I C A%
HS B G B 4 EL A 44.75% . 43.58% .
43.3%. 43.57%. 43.4% 1 43.37% (£ 1), &5HR%E
B 7 B A%, TS R —2 e 2 E bt
22 EBESZENYEMBERRKIEZERE DEGs B
[fipvin

Yo A5 5 57 5 Y AR ) R AR A TR T TR A DG
FIERFRZ T, RN, RS2 EAE
W2 AR Z (A GR350 AE 0.7~0.8 ZIH]
M4 FL A2 F A2 R ARG s, BT 0.9,
UEIAFRATHTIN 23 IR A At R 5 52 35 1 A ) B2 A T
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WE 3SHER WL EE (B 1A) .
— L AR 5 A2 3 R ) B R 1) R85 S5 S PR
L E ST, B DRI DO A RR,
BETRPAFE DS OIRN, TTREEZER IR
PUREFR (K 1B), A58 T 3388 Pkt

(Kl (DEGs), H:H sz 3 FHXT il B s w4 je 30 3k
A FHAY DEGs 1247 4>, #ik 1A DEGs H
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Table 1 Evaluation of transcriptome optimized assembly results
GERTER S SRR B HHE TEUE S I EE TR AR A Phred GCHSH
Sample Raw reads Clean reads Error rate/% >20/ H 7 Eb/% GC content/%
ASF-1 49722100 49349330 0.02 98.29 43.57
ASF-2 45082112 44708 080 0.02 98.3 43.4
ASF-3 45802214 45432400 0.02 98.25 43.37
Non-infested1 49287036 48778052 0.02 98.11 44.75
Non-infested2 44918932 44592026 0.02 98.34 43.58
Non-infested3 50780898 50393962 0.02 98.3 433
égg Non_ infested] 3 vs ASF.volcano
0.90 8t o
e e 5
0.80 « down
0.75 7r
0.939 0.937 Non_infested4
1 6 -
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2
B
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(=1
)
=) 3t
0.938 0.924 ASF_I -
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Fig. 1 Heat map of correlation between health and hazard samples ( A ) and differential gene volcano map ( B)

23 BREZENVEBERRKIEER GO 7
Ry B (R 5 52 3 0 S R ) 0 2 S ek
FER P IRe, WX SRR T GO ThRETE R
G, W2 FRIBEER S N A Y E TR (biological
process) . AAELH AL (cellular component) Fl43F-DIfE
(molecular function) — K&, 22 FFKIRFEH 7] F £
H T 9 MY R . 7 AL L 4 455
FTUIRE (K1 2)o TEAY=I B LA (cellular
process ) LU M AR #EFE (metabolic process) 2= 5+ &

INERBREZ T Uiterh 22 A g T
TFAHELIGYE (catalytic activity) FIZ5E T (binding )
WA T, 738k, Bis i (transporter activity )
DL B TR 45 6 i s IRl 1~ 1% P (nucleic acid binding
transcription factoractivity) 1 H B T 3 A 22 5 3% ik

(£2) o RIS AR 75 T hE T
FEGE I DL SR R 25 F AR B A T A G N
PSSE



50 Mook B

R

i34 4

Signaling [

Cellular component organization or biogenesis
Response to stimulus

Localization

Regulation of biological process f

Biological regulation

Single-organism process

Metabolic process f

Cellular process

Macromolecular complex

Organelle part

Organelle [

Cell part &

Cell

Membrane part [

Membrane

Nucleic acid binding transcription factor activity
Transporter activity

Binding

Catalytic activity f

GO term

Non_ infested]_3_vs_ASF_ T

0 500

1 000 1500 2000

Numbers of transcripts

& 2

ERRIEER GO EENH

Fig. 2 Enrichment analysis of differentially expressed Gene Ontology
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Table 2 Statistical table of functional annotation
classification of differential gene GO

GO ARif e B N RIL AL
GO Term Seq Number

{55 signaling 97
T Rt B 7y 4 ER A

Cellular component organization or biogenesis e
HIl¥4mA  Response to stimulus 214
A AL Localization 220
HEW i FE T Regulation of biological process 315
Y5 Biological regulation 328
BANE AL FE Single-organism process 751
R FE Metabolic process 1202
ML FE Cellular process 1217
43T 4% 4% Macromolecular complex 231
21 L #5344 Organelle part 245
ZH A #% Organelle 741
FLICERF Cell part 1031
4 Cell 1058
Ji5 5B 44 Membrane part 1225
JIE Membrane 1274
BRI "
Nucleic acid binding transcription factor activity

%3275 Transporter activity 247
254570+ Binding 1953
fEALIE I Catalytic activity 1963

24 BREZENHEI KEGG REHERE S

J T FRGEITIERE S 52 SR B 22 ek
IR LRI T AE . BR AR AR ALE B AIIREE A,
VEF# #2238 B IR 2 511 pathway 38 504 T
T Re gEAT r 28, FE T T 20 4540 E B
(pathway), & 3 FrR iR 552 3 F B e i 22 57

FH KEGG fUlEe, HmEIRH, xX2: KA
SEFRKIAG, 08RG (Metabolism ) | 5%
5 BALHE ( Genetic Information Processing ) . 3%
5 EALHE ( Environmental Information Processing ) .
40 3t 72 ( Cellular Processes) . 4 W) 1K &R 4t
( Organismal Systems ) FIAZSE ( Human Diseases )
X RN RS HNE R, HhioKk ik
EWti ( Carbohydrate metabolism ) it 25 5748k 5k
Wik, 5% 6397 4, HUUEZE LR (Amino
acid metabolism), iKZF| 3632 4>, JjHhix s 7t
K25 n HAA G B A se AR . IR B LA A
HA R AACH I A G (% 3) o 45K,
XEEILAE 2T AR 2 0S5 52 58 PSR IR N 1
WA T A pAE B AR, WRGACH= Pri A T
RETE M R A4 s 2B
25 BESZENVESERER KEGG EE
Eoth
R AR H AR 5 52 AR B i 25 e 3RA A
1) EE S S5, AR ) 22 S AR AL
17 KEGG YIfe & o0, KM dHE 5 32 3% F R
1) e B 2 S L N F AR 122 2500 1% (pathway) 1 5
ZE%E. K 4FR gvalue [HEx/D (0.0~0.2) 1Y
I 20 4% pathway, 22 57 31K 5 B DL K70
kR, ANFEAY g-value Y5 I LIS BB IX 4,
B RT T, PN AL H T ( Protein processing in
endoplasmic reticulum ) [ 25 FRAFFHN R L, K
2] 78 14~ HRGEHNAVEAH (Endocytosis), k%] 75
N (F4) . H—Jm, HYREGFSHS (Plant
hormone signal transduction ) . FEY-flFEAE (Plant-
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pathogen interaction) . MAPKA{F = il #% -ff ¥
( MAPK signaling pathway-plant) . RNA iz %
( RNA transport) . 4 & W5 Fl &% 1 1R 4l AR it

( Amino sugar and nucleotide sugar metabolism ) .

Nucleotide metabolism |[WESSSES | 655
Biosynthesis of other secondary metabolites [#==% 985
Glycan biosynthesis and metabolism [ 877
Metabolism of terpenoids and polyketides 1052
Lipid metabolism
Energy metabolism
Matabolism of other amino acids
Metabolism of cofactors and vitamins
Amino acid metabolism
Carbohydrate metabolism |8
Transcription |SESSSSSS—————) 465

VEM A FERECIST ( Starch and sucrose metabolism )
2 AR5 ( Purine metabolism ) A9 g-value {H 1% /),
VI XS0 W SRR i . 4 RERET, UFan
A A i 6 A DGR PR 114 22 57 Rk B M TR B

= Metabolism
m Genetic information processing
= Environmental information processing
M Cellular processes
Organismal systems
Human diseases

6397

Translation @
Replication and repair
Folding, sorfing and degradation
Signal transduction
Membrane transport
Transport and catabolism
Environmental adaptation 1476
Drug resistance: Antimicrobial |8
Endocrine and metabolic diseases |2 209

Number of transcripts

7022
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Fig. 3 Histogram of metabolic pathway classification of differential gene KEGG

*3 EREFEKEGG REHEES KL
Table 3 Classification and statistics of metabolic pathway
of differential gene KEGG

KEGGA & 7 R KRR

KEGG Term Seq Number
1ZH R Nucleotide metabolism 1655
%1&&%1&%%5@%%%5& ' -
Biosynthesis of other secondary metabolites
BE 1 934@% RIS Glycan biosynthesis and .
metabolism
ﬁ%1{$%*ﬂ§éﬁﬂif_{%%%ﬁiﬁi 1a67
Metabolism of terpenoids anf polyketides
AR B AR Lipid metabolism 2594
fie Q4 Energy metabolism 2 880
HAE R 1148 Metabolite of other amino acids 1716
ﬁﬁﬁ‘]iﬁﬁﬂﬁ?ﬂli’iﬁi? - LG
Metabolite of cofactors and vitamins
FFERR L Amino acid metabolism 3632
KA E W1 Carbohydrate metabolism 6397
5% Transcription 2465
FHPE translation 7022
Kl A& Replication and repair 884
1B 7 ISHBES# Folding,sorting and degradation 5179
5% S Signal transduction 2093
JE5iZ %1 Membrane transport 525
&5 4> fiEAX 8 Transport and catabolism 3561
FRBE&E M. Environmental adaptation 1476
i} 25 1% : HLBE Drug resistance:antimicrobial 8

43k S AREHAEBSR Endocrine and metabolic diseases 209

2.6 HEEHBMEEHRHEEEEHERETFRESHT

3 o 0 R 52 R K AR T SR
FIGEHr, SLEBT 20 MEFEHRTRIE, 720k
MYB # % K% . bZIP, C2H2, C2C2. AP2/ERF,
bHLH. C3H. NAC. WRKY. LBD. B3 # %%
% . GRAS. HSF. FAR1, MADS. LOB, TCP,
SBP. NF-Y Fll CAMTA #55HF5¢0% (Kl5) o H
1, C3H Fsk AT RG2S B E LR RZE R 731,
i 484, M 254; HAK W BHLH % 5% A+
FKIG, Hbs8 IR W, 140 4, T 18
45 H4h, NAC. MYB. B3. GRAS. SBP %%
FHFRGERFNELI RSB ELES (KS5) .
CAMTA 65 I FRIGIA 255 B EFH, HE
e S PRl - R0 1 S A8 5 T s I B i 7 AR
i bk, DLk 20 SRR ZE B CAMTA
SR I ZRAMA T RES 5 PSR e B 78 5 T
e i #2, Hod C3H, BHLH, NAC. MYB #l
B3 % 53 R - G A AT T BEAE 11 3 A HGARD 1 0 2
TRZENS BN REEZEEN, 2R AR5
S5 B8 BRI LA,
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Fig. 4 Enrichment analysis of differential gene KEGG

x4 FEAWZOBREETRETEFERSEREHZE 20 #Y pathway £ H

Table 4 The top 20 pathway entries of differential gene enrichment under pest stress of ash tree

KEGGA i ZE R R AR KEGG#H 5

KEGG Term Seq Number KEGG ID
PN J5i X & 9 T Protein processing in endoplasmic reticulum 78 map04141
P94 Endocytosis 75 map04144
Y% 215 5 %% T Plant hormone signal transduction 70 map04075
T 4-9% )5 EAF Plant-pathogen interaction 46 map04626
MAPK{E 5 i %154 MAPK signaling transduction 44 map04016
RNAJZ i RNA transport 39 map03013
FIEPERZE ER FEAC I Amino sugar and nucleotide sugar metabolism 31 map00520
VERFIFEREC S Starch and sucrose metabolism 29 map00500
N4 4R 3] Purine metabolism 28 map00230
mRNA W li&E & MRNA monitoring pathway 26 map03015
RNA%fi# RNA degradation 25 map03018
KN ZEHIAY A X Biosynthesis of phenylpropanoid 23 map00940
IR AN 21 2415 Porphyrin and chlorophyll metabolism 21 map00860
JEBEFIH #258/X Fructose and mannose metabolism 21 map00051
ALBERR 1L Oxidative phosphorylation 21 map00190
PIEARR AR Pyruvate metabolism 20 map00620
2 EZN SR A KEAEH Ubiquitin mediated proteolysis 20 map04120
i R AW AW A RS2 sesquiterpenoid and triterpenoid biosynthesis 20 map00900
Jt& 1A Photosynthesis 19 map00195

A Galactose metabolism 18 map00052
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Fig. 5 Family statistics of transcription factors in phloem of Fraxinus velutina
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Table 5 Statistical table of gene expression difference of IR, PR ) 32 20 T3 A E i fe
transcription factor family B2 e X AR R 1 A L
I Up Down b P T T E RO SO Al A i
C3H 48 25 TE A KRR LA &, TR S B dGE, T
BHLH 40 18 DB I8 KoK oy iz i, Fe S BOE A A S8
NAC 25 32 T HATE NS T FEE RS T I AR
MYB 28 2 il BT ECIRA, ABAE P XS L2855 T I BA
B3 20 25 FRARFEAL AR ZY , I It AR T DR AR R
GRAs 16 ? B, (B[] 38 AR 24 5k P RN R 15 e A T, [
SBP 15 8 i, AR SR E PR T B R, BAOR ., ATHRLE
WREY 20 2 (77 AR A T O, Rl R R A
LoB s 10 PRE Il , AR AT A B A DTSR AR 3
st 7 : R R e M TS R AR 2 — o ARFSELA
o ’ ! i FE 1535 % OB 1 MR B R B bR,
Y : : Mumina P FFHEARDETTEE AL, H T 1
o 1 ) JEFARBRAY, R M AR AT R SRR M A
APYERE ) . DRI 2H B S A A AR, TSR T JC 2 4 s L o0 A
. 1 1 WFFEAE R Jm ST e A 5 S T B R 7
o i : U B BT s SE PR PR YA
Lo i : MG B0 R — LA IR, 3
ST 0 o LBV Z AR SR B AT RS 32

3

b

20 B2 IS PR A Sy 2L RS v e s 281 2 A ) O B 2 5
Fe sk 15805, TRl AN DEGs #9 GO HRE w407
KF, YRR A R A e 22 3R

AR R S Y, B BENEZ, HEBRFIRFKF; 70T Iaed LUE
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B AR ACE A R R XS
Nalam!" i 55 1) 9-J8 E Al ( LOXs ) HYIE 52 i
PRS- 590 JE T AN R B B A E A4S SR —3, KEGG
s A 5 R o Rl 7 25 R 3R IR N i
%, 1M Melvin"¥ 55 \BFSEAE Y T 38 3 Hsp 85 175
S HE & R T BRI A S A A Rl AR AT A
SR AW A EAE A Y BVE R, R DR AR A
IR AR R R R F e . 34h, Misra™
G NFEME R IR T AR I B 5% Sk X AtMYBI2,
ol e B DR B 3G T 7 T A AR RN 5 R AR
P, BT, AHFITE a2 R
TR SR R 22 R ARR BN G 288, W18t
SEFEN C3H, BHLH, NAC. MYB. B3 fll GRAS
TSR RIES 5 T 988 PR 7 S 7 7
e e R, 25, XEREGETRES S T
e AR LR VAR e I [ U I i
) B SR PR A S PR R PR Y R A T RE SR AR
YR R FE I O, Bk, VEE RN L2
IR0 RS M 256 1 AR S A OG5
R F ol i 5L, OB RAR RS T — 204 2T
PRI ZS -

BT LR, AL ECOHIL RS T
FRAE A T R A UETE . SOR M IRATIN AT
F ARV — 2D AZ S ) TR R O, JF
X HEA T AR 2 43 M S D RE SR UE, X OCBEEE A H
()53 FAILEI SARSCAC I8 B A TR, HEIT MBS
L B AE TN A S KT AR AT AR
W2 T B RN AR, S TR R 5 T R
B EAER S FHLHIFIE SR KR

4 i

AW A Xl R 5 A2 3 90 AR B
RESEA T, H%EH DEGs 3388 4>, Hip il 2141
A, T 1247 4 B2 5 IEERI5 R 20 4~ GO 1)
B2, 25 20 4> KEGG RRihigfie, HobERE
IRFEP 3 HIHE 122 Sl YA B A, Y-
o AR BAEAE . iR 52 9 E A R R A 3
A 20 MEFEHRFRG, REEHRHEEER,
DI S SE VAN = L VR O £ 17 STE N B IAE K s e )N
HlHE AL S ERSARE
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Transcriptome Changes in the Phloem of Fraxinus velutina Torr
Response to Infection of Agrilus planipennis Fairmaire

FENG Run-xia', ZHAO Jie', ZHANG Su-fang®, WANG Jian-jun®, WEI Jian-rong', LIU Jian-feng'

(1. College of Life Sciences, Hebei University, Baoding 071000, Hebei, China; 2. Research Institute of Forest Ecology,
Environment and Protection, Chinese Academy of Forestry, Beijing 100091, China;
3. Liaoning Academy of Forestry Sciences, Shenyang 110032, Liaoning, China)

Abstract: [Objective] To study the molecular response mechanism of Fraxinus velutina Torr to the infection of Ag-
rilus planipennis Fairmaire. [Method] The phloem of non-infested and infested F. velutina stem were used as the ex-
perimental materials to analyze the transcriptome expression changes of the phloem using RNA-Seq sequencing tech-
nology. [Result] By comparing the transcriptome data of non-infested and infested phloem, a total of 3388 DEGs
were identified, among which 2 141 were up-regulated and 1247 were down regulated. Through GO functional an-
notation, the differential genes were divided into 20 functional categories, including cellular processes, metabolic pro-
cesses, catalytic activities, binding elements, transport activities and nucleic acid binding transcription factor activit-
ies. The metabolic pathways and functional enrichment of KEGG were analyzed. There were 20 metabolic pathways,
including carbohydrate metabolism, amino acid metabolism, energy metabolism and lipid metabolism. In addition,
differentially expressed genes were enriched in 122 pathways, including plant-pathogen interactions, metabolic pro-
cesses, carbohydrate binding, nucleic acid-binding transcription factor activities. According to transcriptome family
statistics, it was found that there were 20 transcription factor families in phloem of non-infested and infested F.
velutina, among which C3H, bHLH, NAC, MYB, B3, GRAS and SBP were significantly different. [Conclusion] The
study will provide theoretical basis for revealing the molecular response mechanism of F. velutina to insect stress.
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