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B EIFFI @R RA— TN EadRE, XARAABRNRRE. &EH AT Z
AR LT 2 AAENANBRA A K. 35 AR TR SR B RNRBRAREL R, B
INRBR W -5 N EARAR R AT KA, TUAARRTBRRRA S F LA E T T2 [ B
491 FEAT ENR B N EAR I 6948 Zem AR, [k ] Al B 4HEAT 6 d FNT-T, &
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ARG T ) fed 69 KRB % 1 (66.5%); NG £ 53 38 B B % g & a0 4 F 49 AR (22.2%) Fevt 4%
R(21.3%), &F T8 T 691 ALE HE(70.0%) VA B M it 42 ¥ 64 B KA A 47 A 9 R08(32.2%). Kyoto
Encyclopedia of Genes and Genomes (KEGG)» #7277, @0 T a0 XA 22 & ABIRBR K
A AR R, W ALK AL A AR TR 2R 3. %N T RS 45R B & & 884 (Calcim-Dependent
Protein Kinase, CDPK). 458 % #= %451 % (Calmodulin and Calmodulin-Like, CaMCML)Z "} & &%
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(Phenylalanine Ammonia-Lyase, PAL)#J 3 Fo5ptH Ik S-4%4% 84 (Glutathione S-Transferase, GST)
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Transcriptome analysis of the interaction between Acidovorax
citrulli and cucumber
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Abstract: [Background] Bacterial fruit blotch of cucurbits is a serious seed-borne bacterial disease, and its
pathogen is Acidovorax citrulli. So far, the understanding of the interaction mechanism between pathogen
and its hosts is extremely limited. Cucumber, a model plant in the Cucurbitaceae family, is one of the hosts
and easy to be infected. The transcriptome analysis of the interaction of Ac-cucumber can lay an important
foundation for exploring the interaction mechanism of Ac and its host. [Objective] To analyze the responses
of both Ac and cucumber under the interaction. [Methods] 6 d cotyledons of cucumber were inoculated with
bacteria cell suspension, and 48 h cotyledons post inoculation were sampled for transcriptome sequencing.
The RNASeq technology was used to analyze the gene expression features of Ac FC440 strain interacting
with 9930 cwltivar of cucumber. [Results] The sequencing data shows that the correlation between different
replicates of each sample was strong, and the comparison rate with the reference genome was over 95%.
Cluster analysis indicates that the expression patterns of the control were opposite to that of the treatment,
and the sample processing achieved a certain effect, indicating that the overall quality of the data was high.
Six differentially expressed genes were selected for RT-qPCR verification, and the results showed that the
expression level of the six genes were basically consistent with the transcriptome results, indicating that the
transcriptome sequencing results were relatively reliable. Under 48 h interaction between 4c¢ and cucumber,
there were 1 618 genes and 8 698 genes expressed differentially, respectively. Gene ontology (GO) analysis
shows that differential genes of bacteria are significantly enriched in the cell membrane (37.5%) and
membrane part (27.0%) in cellular components, oxidation-reduction process (66.7%) in biological process
and hydrolase activity (66.5%) in molecular function. Differential genes of cucumber are significantly
enriched in plastid (22.2%) and chloroplast (21.3%) in cellular components, catalytic activity (70.0%) in
molecular functions and carbohydrate derivative metabolic process (32.2%) in biological processes. Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis showed that pathogenic related genes in bacteria
were significantly enriched in the quorum sensing and bacterial chemotaxis pathways, and the genes of
quorum sensing were down-regulated more than others. Genes regulating expression of calcim-dependent
protein kinase (CDPK), calmodulin and calmodulin-like (CaMCML) and respiratory burst oxidase
homologne (Rboh) in cucumber were up-regulated, and genes regulating expression of phenylalanine
ammonia-lyase (PAL) and glutathione S-transferase (GST) are the most abundant ones and up-regulated in
the corresponding metabolic pathways. [Conclusion] The quality of transcriptome sequencing data of Ac and
cucumber interaction was high. Quorum sensing correlated to the pathogenicity of FC440 strain in Ac. The
main path that cucumber’s defense reaction against to Ac infection is activated by Ca®" signal. PAL and GST
play an important role in resistance of cucumber to Ac. This study lays the foundation for further exploration
on the interaction mechanism between Ac and its host.

Keywords: Acidovorax citrulli, cucumbers, interaction, RNA-Seq
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W, BARFFIGE R, e ot 7%
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FEEUR 5 A7 EAE AR EOR LR T
() THLP Cantu 255007 2 FlOR [R5 7 9/ 32 4545
W (Puccinia striiformis f. sp. tritici) (PST-87/7 Fl
PST-08/21)5/NE HAEMEL 40, 7E 2 999 o1 ilh
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2 FU/NEMESFE(THTT F THTS) /N4 B b il
HAERRIEZES, BE 51 Mo A7,
A e A T AR TR H AR KRS AR 36 h (%%
SIS A FE TR S A T R, e & T 3
42 ANROY & FIEE, XIS R R, R
W -7F B AER S SR AL AT itk — R 5T HAE Y
Gy FHLEI B9 T B A

TE P I R T -5 4 9 LA A F 9 R A — A
MERE, R EAERF AR VIR BRI KR 0
JRCRIER AR & SRR K i FLASE =S 0L R O TE 2
PO R DA 1= s o Bl D R XE R BELRS TP R R I 5
A HAEHL B R SR HLE R AT g #OR
ST P RFES — AN 58 ik 4 3 B AL T LS PR 2 AR
B /NRB AL S AR B A Y T A
PORNE IR R Y 5 [FIE, AH H T P8 A 4= e
R B TR T 19 2R3, B I P TN B TR 1A o &)
FIHRRETY, S VG I R T -2 3 AR
o AR AR A T PG T R T -5 B
HAERE S 2E B G IR o AR SC AR T N R T
48 h (W5 JINF AR R 5 SR AU S bR, 43 H BAE A
ke DR 8 PR S R, DA R i — 2D 3
2 A 455 VU TCR R T O AR T L BT BE R 46 7Y

JNE PR A - N A RE R T2 N 7, R AT
VERLH S0 S 225 il HE

1 AR5
1.1 ##

FEYIM #L N (Cucumis sativus, Chinese long
FI 28 72 9930) FH H A B2 Be A M Sk PR 4 B 5 e
e QU AN o/ T N e
(Acidovorax citrulli) FC440 H7 A= Y R R e 5t Al
KA A B At
1.2 EFESEFRENG

KMB (King’s medium B)[E &} 73 (g/L):
FI % 20.0, BEER L 80 1.5, BilREE 1.5, Bl 15.0,
¥ pH Z 7.0, NB (Nutrient broth)i {55 5 (g/L):
HEAWR 5.0, 4-RHE 3.0, I pH £ 7.0,

PO EFR 7L &4 30 ug/mL Amp (1) KMB [
PRIEFREE T 28 °C £33 48 h, £ NB AR F L
F 28 °C. 220 r/min FE:FE 12 h, #NFTHA
55 °C Wi /K IR 20 min, 2 8wk S AT K 1
Herhr, 78 70%—80%FHX B . 28 °C 16 h F1 25 °C
8 h WG S i N ARG A 5 A, 1 A
JE A
1.3 HE&HERERKEE

PRBUT AL B PATE 7% 2 3 mL NB AR J7 5
28 °C 220 r/min 537 18 h (LTI ODgoo 294 1.0),
HERZED 6 WM. W 1 mL WIRAERB T 2 mL
BLET ) T 3 800 t/min B0 10 min 5 7R
3. 1 mL ddH,O H &S5 ODeoo 2 0.5, 17T
BRI | mL BT 2 mL RS,
F 4°C. 3800 r/min B.0> 2 min J5, FoERE EFE
WSO BRI Ay 2 T T B A
1.4 EPREM & EEF

TCHK . PUINE R A EF A B FC440 (WT) R PR
BT A SR T 6 d BT IR, TRl
WARKFM TSGR, Bz 3 ER,
AN AL TR 3 MRE AT .

TEFERN 48 h I ICRE , L rp e iR A HIBOIE BT
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BLIFARICH T2, LATESTRHE/KZHZU X R CKp
(CK-Plant), PATGNE R H FC440 (WT)F 1Al CKb
(CK-Bacteria), FRFrAMEMYEE 3 MER, %
FESh S5k T2 (T2-1, T2-2, T2-3). CKp (CKp-1,
CKp-2, CKp-3). CKb (CKb-1, CKb-2, CKb-3),
AR R LRAF T 0K0s i, 3% 22 7 B YRRV BE IR AT R 2
w I
1.5 N FEEA R

7 45 3 09 5 A 5 (Raw - Reads) SO A &
TEHR A P A R e B A T ORAIE S B4 A Y HE
B L 2 A Bt v 25 By e Sk 11 BT 4y
BACT Q20 Mm%t , EERAYT S EIHESLA =
/> 10 bp Overlap (5'-AGATCGGAAG-3"), f2.iF 20%
A, A5 BN UE S 9 EdRE T TR 2200 .
1.6 ERFTIEEFERTHIZ

1 F Bowtie2 51 1€ J5 1Y) Reads X 31| 2 2% BE
PRI 0 7 2 Y 52 2 B 5 2 2% i DR 4L 1
FEA B R BeEME—07 & oxd, I A] RLER A R
FEH R R R B, X RN FRAE Uniquely
Mapped Reads, A5 R . 52FLENHATEZ A
A7 X, T8 B R 6% 1 i b 9 7 5 TR Ay 2 A A8
2, XL BEFR Multiple Mapped Reads, AJ {5
FERAR Ry T REAE HER I 3 A AN [R) R it (B BE R 114 3%
iKZE5e, KM HTSeq FRAFRSAAE S 204 T 5L ik
K7, iz FPKM (Fragments per Kilobase of
Exon Model per Million Mapped Fragments)J7 %11
RN F kR, B 6] DESeq S 4F0 vE 22
SHRU K FPKM {H>1 1R 0 22 R R 05
HA

%1 RT-qPCRFTA5I¥
Table 1 Primers for RT-qPCR

1.7 RT-qPCR ¥GiE

9 T B R AL AR R HERA T , eI 6 22 5
FIRIER PEFT RT-qgPCR WiiF . HEBOPY N R
FC440 BFA= 70 B 48 h FEA S RNA, FIH] Primer
Premier 5.0 %31 RT-qPCR 51#1(& 1), 51¥thdt
AR HARAT PR A w5 . LA rpoB NS
B, SRA] ABI Fast 7500 #73#. PCR kR
(20 pL): 2xSuperReal PreMix Plus 10 pL,
50xPassive Reference Dye 0.4 pL,cDNA 4z 1 pL,
514 F/R (10 umol/L)4% 1 uL, JC RNA [if) ddH,O
A2 20 Lo PCR U 5514 : 94 °C 30s; 94°C 5 s,
60 °C 34 s, 40 Il . B MFEAER 4 0, M
2T AFIBE , 3 ] GraphPad #EVEIRI 24T
1.8 EFRIEEFAINGEER
1.8.1 Gene Ontology (GO)INRE;E &

GO Btk J2 14 = A FH 2 ik Ak D5 R BE DR 1
FIRYIHREE , IF BT RAXT— 2o ki AR I Y
ST RIEH. GO LEWEhBERT LISy M2k
Wy 2% i3 2 (Biological Process, BP). 4;F I HE
(Molecular Function , MF) 1 4l fif] 21 43 (Cellular
Component, CC) = K72 AHF5E H i i TopGO
BAFEA TSR, # 4% BP. CC Jt MF X
3 /\JE*EP*'%#@ Aif 10 9 GO Term, i 4r#r

X GO Term ety & 22 TR R EIIEE, AL
22 S LN B 2 W AR RR Ty P<0.05,
1.8.2 Kyoto Encyclopedia of Genes and
Genomes (KEGG)K 1B EE DT

VB SR AR A DG 1Y T S8 122 KEGG 28
PR AL T 2R A p S B . B A8 (5 B

FEA Gene #5149 Forward primer (5'—3") T84 Reverse primer (5'—3")
GE01044 GAAGGCAGCCCCGACGAC CGAGGTTTICACTCTGGTIG
GE03421 GCAGATACCCACGCACTCG GGCAAGCCTGACAGGAAA
GE03299 GGACTGGGGTAACGTGGGG GCTCGTCGCTCTTGCCTTT
GE03701 AAAGATCGGCAGTGGCAGC ACCCGCACCAGCGAATACA
GE00203 CAGCGCTTCCTGAAAGACCC TCAACCAGCTGCTGGACCAG
GE03620 GCTGCCCGACTCATACACC CCGTCTGTCCCTCCGAAT
rpoB GCGACAGCGTGCTCAAAGTG GGCCTTCGTTGGTGCGTTTCT
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b E2p o RERY . AN L W AR R 2 8
I DRA B P e [ 8 i, R T L P A A AR
W BRI I I D RE A T N A . AR OB
Jrf% P<0.05 )22 5 5L R3] KEGG $dis /%,
AT 5 X R TR b 25 i A AR R A2 o

2 BR545h
2.1 HmEXERN

A5 FE AN R FE A2 0] B AR S PERT T FPRM. 3446
W, BER Y 23R AT AH DG B IR BRAH DG R R
N, MERBAE 0.8—-1.0 ZIAJE FH A, M
1 AT, AR AN R E 52 B) B IR AR AH G R K
T 0.99, FRUAFE AT BCU 10 E5 52 T FIR 5 1 A G

A

Pk, REGE AR S WA [RIAE b =2 [A] B [R 1 22 S 3k
REURERN, BRAEE S
22 MEFEHEREDH
22,1 HEBESRIT

BT AT R R, AR T 176 315 672 4>
{5 BT & Clean Reads. #%5#F 50758 Q20
96.81%-98.52%, Q30 4 91.82%-96.20% , N {X F 0.1%,
PR BTy, ATAWEG 233k 2).
222 EXWNERERST

B 15 TORE S AN A AR 20 1) 5 ChineseLong
genome_v2.fa fll Acidovorax citrulli AAC00-1 %
FEEAT X, g5 RN 3 FiR . S50 2 Rl

1.0 1.00
CKb 3 o 0.85 CKp 3 I 0.95
0.8 0.90
Y 080 CKp_l - oss
CKb 2 080 086 Ckp2 %0
0.75
T2.2 090 T2.1 | 070
Moz - 0.65
T2 1 0.81 1 0.80 0.88 T2 2
T2 3 0.8510.86 0.86 0.90 T2 3
B N I A R B
£ & B
g 8 g ggg e
B 1 #HFEEXHERE
Figure 1 Sample correlation test
Note: A: CKb vs T2; B: CKp vs T2
F2 BRI
Table 2 Data statistics
FEih Simple  JFUAAEHE Raw reads 13385 %5dE Clean reads  F 43k Clean reads/raw reads (%) N (%) Q20 (%) Q30 (%)
T2 1 139 338 682 108 262 972 77.69% 0.002 96.97 92.33
T2 2 139 257 406 107 592 474 77.26% 0.002 96.83 92.15
T2 3 135 367 160 111 831 498 82.61% 0.002 96.81 91.80
CKp 1 46 121 618 46 041 352 99.82% 0.002 98.52 96.20
CKp 2 48 068 230 47 975 196 99.80% 0.002 98.46 96.09
CKp 3 44 305 482 44 218 196 99.80% 0.002 98.43 96.00
CKb 1 29 540 900 28 019 824 94.85% 0.037 96.90 92.01
CKb 2 31451022 29 780 948 94.68% 0.039 96.80 91.82
CKb 3 27 676 892 26 321 508 95.10% 0.016 97.09 92.40
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% 3 RNA-Seq Map %1t
Table 3 Statistics of RNA-Seq map

T i VR ERE R4 T EdE  Total/clean

P B LS EE  Uniquely/total 227 & HEXT 48 Multiple/total

Simple Clean reads Total mapped reads (%) Uniquely mapped (%) Multiple mapped (%)
reads reads reads
T2 1 108262 972 13 023 448 12.03 12 676 860 97.34 346 588 2.66
T2 2 107 592 474 26 788 544 23.90 26 005 142 97.08 783 402 2.92
T2 3 111 831498 3 698 378 3.31 3609918 97.61 88 460 2.39
CKp 1 46041 352 20 513 361 44.55 19 897 582 97.00 615779 3.00
CKp_ 2 47975196 21928 841 45.71 21358477 97.40 570 364 2.60
CKp 3 44218196 20 205 293 45.69 19 656 226 97.28 549 067 2.72
CKb_1 28019 824 27 941 155 99.72 27 036 673 96.76 904 482 3.24
CKb_2 29 780948 29 690 176 99.70 28 611 329 96.37 1078 847 3.63
CKb 3 26321508 26 242 301 99.70 25579 333 97.47 662 968 2.53
i BEAZ XS B BN B FE 3 ik 95% L I, A
Fo X 220 5 1 PG AT, 18 BT e ot g, T 40
}: S
T IREO 2 30t Control: CKb
2.3 RT-qPCR HiEEFE FikKkF = Case: T2
>
RT-qPCR Kl Z5 R Bs(& 2), 6 4225 Al Sy : Downﬁﬂglz)
. . e 3 NoDiff (2 746)
X FiEK Y Logy(Fold Change) — # ## BEAC g - Up (806)
N R 5 I
—2, MK E, RT-qPCR M iiF 5% 5% 20 I % 45
Rrp R BB — 2, U AL B
AR ZETEW
Log, (Fold change
24 ERFIAREN el &)
241 ERRIEERTIE B
ZrRIENMELSERE R, CKb vs T2
(B 3A)ERAT 1 618 &AM, Hrp Rk ol - _
. Control: CKp
= : . Case: T2
61 ® Relative expression level 1 6 % L . » Down (4 211)
=Rl ® Log, (Fold change) 1a g 00 o S NoDiff (11 631)
2 s = SOl - Up (4 487)
= = &n
S g 2
2 S T 30
2 =
° k¢ i
2 k o TR
S -10 0 10
Log, (Fold change)

(93

O \Y Q
Q}Qqﬁ'q qu;\g GQ’Q%@/

6@““ 6@ @“’

2 ETHFRETHNEREANRRESENRE
£ By RT-qPCR 3&3E

Figure 2 RT-qPCR validations of six genes in
Ac-cucumber interaction based on RNA-Seq

3 ERFEEREAL

Figure 3 Volcano map of differentially expressed genes
e B E TR, @0 BIEIEE . A: CKb vs T2;
B: CKpvsT2

Note: Blue indicates down-regulated genes and red indicates
up-regulated genes. A: CKb vs T2; B: CKp vs T2
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806 1, TifZEik 8124, CKp vs T2 I 54
(¥ 3B)#k1H 8 698 2= AL, Hrh iR A
4487 >, TIHERIK 4211 4,
242 BELSR

REOMEERER, 7E CKbvs T2 (K 4A)H
BRI IETE CKp vs T2 (8 4B) ik #ik; CKb
vs T2 FPR Ik A BEINAE CKp vs T2 g £k,
MR 55 hb PR SRk AR i, R A i b B A 3
—ERR
25 GOINEE&ES

GO & ESEE R B8 CKp vs T2 Hifl 2 553k
[N & SELEANIE AL 5 CC (B 5A) A= 72 BP (& 5B)
K oy3ihe MF (K 5C), Hrh g 878501 Jfg MF
(B 5O ERILFIE L, b 56.0%; HUCZE4N4]
53 CC AW #2 BP, B4 5 i 35.2%F1 17.6%.
fE CC (Bl 5A)H, A . mH&iA | JBiARds o5 S 4
TRERITIX 4 MR 22.2% (678 1M). 21.3%
(653 1) 13.3% (408 V) 2 13.0% (395 1) 7£ BP
(B 5BYH, Bk AL G AT AE A AR T o L 4
K, 532.2% (489 ). 7E MF (Bl 50)H, 255

CKb I CKb 2CKb 3 T23 T2 1 T22

4 ERRIEERBLERE

M 42 2 B SRR TG M A LR SR TS 2 4% GO
Term 77, 23511 5 70.0% (3 400 M) F1 16.4% (799 1)

CKb vs T2 iy 2: 5L s R AEAE Y 2 BP
(%1 5D)  4HfifiZH 43 CC (K SE) K 43T LRE MF (181 5F).
Hp, &47E cC (K SEYWESREREL, &
25.3%; HkJE BP Hl MF, 20591 i 15.1%F1 11.4%.,
1 BP (B sD)H AR FEa R AT 5 bl ok, o
66.7% (152 14%); 1E CC (K SE)f, 2253EH 8%
EAETEANMAR | RS A A A A 3 NI
25, 0 37.5% (154 4%). 27.0% (110 4%)F1 25%
(101 ™); 7€ MF (& SF)rh, 7K s 4 o o L A3
B, 1 66.5% (123 1)
2.6 ERKRIEZEEKEGG EERH

S3 AT B CKb vs T2 #5520 913 ALK 15 )
R, ¥ & 130 4 Pathway, CKp vs T2 A 2 565 4
FLRIS 2 RE, ¥ M 128 /> Pathway, A SCHHkik
1R & PR (False Discovery Rate, FDR)#/NHIE
LA W5 20 4> Pathway -7 /27K, FDR {Hi#/)
P NCE S 4TE

CKb vs T2 (& 6A)rh 22 75 M g 2 & A r 4G

Group
CK
T2 P

" CKp 1 CKp 2CKp 3 T2.3 T2.1 T2.2

Figure 4 Heat map of showing clustering of differentially expressed genes
e AEFREFESIFE, fOFRILEAILE, A: CKbvs T2; B: CKp vs T2
Note: Red indicates highly expressed genes, green indicates low expressed genes. A: CKb vs T2; B: CKp vs T2
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