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Abstract

In order to explore the pathogenic genes of Pseudomonas syringae pv. actinidiaer, use (RNA se-
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quencing, RNA-Seq) transcriptome sequencing analysis of interaction between kiwifruit and
Psa at different time points of technology docking bacteria. The results show that: a total of
101.01 Gb of clean data were obtained, the clean data of each sample reached more than 4.85 Gb,
and the base percentage of Q30 was more than 96.77%. Among them, there are 31 differentially
expressed genes related to flagella. GO annotation of flagella-related differentially expressed
genes showed that the number of genes involved in cell process was the largest, followed by cell
components and molecular functions. KEGG pathway analysis of flagella-related differentially
expressed genes showed that the enrichment of differential genes was mainly cell movement.
gRT-PCR showed that the expression changes of five randomly selected differentially expressed
genes were consistent with the transcriptome sequencing results. The results of this study have
important theoretical guidance and practical significance for discovering the pathogenic genes of
kiwifruit canker.
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1. 5|

WRER IR0 A2 BT AR PR B R ik 380 2 A (Pseudomonas syringae pv. actinidiae, Psa) 3| i
F, T E MBI B R R[] 12000 TR & BRI R AR IS T BRI &SR k(2] [3] [4] [5]. IEAE
RET IR R B R TF e T — KA, fEAEVBIA L, CEmiEs 2w . B, W Aks
Xt Psa 43 i & M BOR I FS DU Ak (6] [7] [8] [9] [10], FEAL2EB A R R HIMATHIR, MARRIZL
FREERUZE ISR 0T Psa BA HIHIECR[11]. 4 7 IR S S RS ia 24570, St Bt bk ist i 9 1 1 B0m AL
HBHT T — KA 50, RS R EORAIE R BA U EE, M NEEHhRE, SHEK
SEFA. RYREST. KM 15T B BRSA AT R TR OG[12], A B EUE A1 [13]. HET, FH
RNA-Seq FiARTEF KA KT O T REMYIA DL R PUs ik B2 08w 7i[14] [15], XEERF TN K
2 5 P0G e K R R PR R AL T B ARSI AN 5T S G o ARHIE T LS KRRk ikl DL 5t
993 B i AN RIS ) ) S K Bk i S A R, I RNA-Seq $ARBEATINFY, 723K K& 2 7 Rk ik
R F, b S B A o0 22 S RIA L IR HEAT GO Thf iR KEGG 4347, A ARG B 50795 B
0 5008 ik DR A A A Al

2. ¥ E55/%
2.1, AR LT

BRIy — AR R S KBk, BCE 538 A ORGP PR DR R ZH o B Bk 15 95 99 AT A A
T B T R Bk 05 A2 o (Pseudomonas syringae pv. actinidiae, Psa), é‘iﬁfﬁﬁﬁk(%ﬁi%ﬁ%'
GZCC7520201), 73 &5 H vt A B NP B, R AF T A0 50 % (Bl R K 3K) - 730 T4 0 ho 1 h,
2.d. 20 d JEXTERIERE AT EURE, FEACE B 50 mg~100 mg 2 ). HE 5k, RAREHEG, AT
MFF.
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2.2. RNA-Seq ilFE

FRATRREACR L SE UG, B T U R 37 B L Se S AE R 2R A BR AR, ZFEH XA S kAT
RNA $H LK Ji5 4 RNA-Seq I+ . 24 & F FH TruSeq™Stranded Total RNA Library Prep Kit 1277144 2 3C %,
SCEEF A Nlumina HiSeq ~F & R 2 .

23 ERFTLERERE

HRHE A A 0 s, SR FPKIM 5303 (fragments per kilobase of transcript per million mapped reads)
R ) ) R 0 22 S ik BE K] . Fold Change s A [RIAb . [A] %A N R A B I LUAEL, %) 22 e R A Jk
DA f¥) 97 1% B &M |log2FoldChange| > 1, P <0.05 H. FDR < 0.01.

2.4, HEHXEERN GO M KEGG B

S 575 4t PR BB B A 6 22 S R A JE RV B B GO $idle Al KEGG #udfi %, it GO VE Rk KEGG Vi
o 22 PR T e 1R AT TI0
2.5. SERTSCYEE PCR (QRT-PCR)

NG SF LI 43 W 45 S BE A LR ER 6 A28 e B Rl,  DARGHIERE AL 7 (el 520k . 23 5l AR Atk 20 2R
YIRHEA IRAE (1) RNA 25077 & (DNase 1)F£EUTET 5 RNA, KA TOYOBO A #] 1) Rever TraAceq
PCR-RTKit Il & S % 55 & i cDNA 55—, {ENSER 986 PCR BIHEAR . I primerpremier5.0 %
¥t qRT-PCR 514, LL gyrb NINZHEFH, 4 Go Tagg PCR Master Mix, SYBR Green | ZE 3
%7K, £ BioRad SEi 58 E & PCR X LigfT, WE KN Z# 95C~5 min, 1{{#; 95°C~10s. 58°C
~30's, 40 MEH; WARIIZ(55C, 0.5Cls, £ 95C). JFFEAKEEIE 3 kEH, S8 Schmittgen (1)
JiE, Ml 27 I R A B [16]. BIMVERE I Lo

Table 1. Real-time quantitative PCR detection primers

=1 ERTSEEEMRNE S EES1

514 F31(57-3") RE(C)

NZ708_RS06870-F CCAGCCACAACTCTCAGTG
NZ708_RS06870-R TTGCGAAAAGAACATGCCG *
NZ708_RS06865-F AACAGCAAGCCTGGTACTG
NZ708_RS06865-R TCTGTTGATCTGCAAGCCG *8
NZ708_RS06815-F TCACACCAACATGGACCAG
NZ708_RS06815-R GCTTTATTGATACCGTGCTTGG %8
NZ708_RS06745-F GATTACAGTCAAGGGCGAGG
NZ708_RS06745-R CGATTTTCAAGTGGGTGTTGG *8
NZ708_RS03570-F CACTCAACGCCATATCAACAC
NZ708_RS03570-R GACTGACAAGTGAATCTACGGG 58

gyrB-F GACAACTCCTACAAAGTATCCGG

gyrB-R GAAGTTCTGAAAGGGCGTTAAC 58
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3. BRESHh
3.1. MFBEEREITG

4 Psa 73 l#EM St Ohy 1hy 2d #1120 d J5, 3L 8 MFEALAE Ilumina Hiseq )71 & 5% FH X il /57
JL3R19 101.01 Gb Clean Data, ##¥ i Clean Data ¥JiA %] 4.85Gb LA I, Q30 fikE H /3 HLTE 96.77%LA L.
Oh A 5 B IR 46D 7 51) raw reads #57F 3900 }5~1.37 122 1], [t )5 raw reads H & A i ik 1. (=
f) reads 2, A AASEHI clean reads $7E 3800 /i~1.26 142 ], 8 AMFE S &I Ml 45 21 ) i reads i F
e S 15 21 clean reads Hr LBk mr, HHI7E 97.66%LL F. Q20 7E 99.05~99.28 2 [a], UL 7R &
B, BRI SERMTR R AR . AR K R4S R VE N2 2.

Table 2. Summary of data quality of RNA-Seq of each sample
%= 2. BHEAN RNA-Seq BB REI1E LR

FEA TR JR a6 HcHh ERBE  RIEEWIEANRE (%) Clean Q20 (%)  Clean Q30 (%)
1 hpi_1 137166640 136270958 0.022 99.28 97.3
1 hpi_2 136856936 135761422 0.0221 99.26 97.24
2 dpi_1 123168276 122447614 0.0223 99.19 96.98
2 dpi_2 125473978 124733478 0.0222 99.19 97
20 dpi_1 88024432 86952218 0.0225 99.05 96.77
20 dpi_2 89665736 89058314 0.0224 99.11 96.83
oOh_1 39194618 38478834 0.022 99.28 97.25
Oh_2 41264018 40299214 0.0221 99.24 97.19

VE: Psa REBEML R ZH I, Ohy 1hy 2d. 20 d AR Psa AN ETE] &, 1 F1 2 IREFIIKREE .

32. MEMRERERLER S

RS FPKM E TR britE, 78 8 MFEA ik B AH OC 2 S 3Rk JE [ (differentially expressed genes,
DEGs) 31 M(# 3). 31 MEEAHKZE RIS, B E 1 hpi AHX 0 h A 26 NIE B, 4 AN
T 2 dpi X T 0 h A 23 AJEE I, 7 AEE T 20 dpi 3T 0 h A 12 AJERE EiE. 19 AMEEE T AL
I H BRI EE T N E A

Table 3. FPKM expression analysis
3 3. FPKM RIZE 5

Gene_name Oh 1 hpi 2 dpi 20 dpi
NZ708_RS06860 2.54 0 364.02 36.63
NZ708_RS06870 117 171 463.38 44.01
NZ708_RS09780 159.5 643.54 577.87 112.77

flgD 398.95 2868.55 713.29 140.39
NZ708_RS09875 5.89 46.73 11.02 2.69
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Continued
NZ708_RS09885 1253.97 1221.78 536.5 205.61
flgG 1297.43 1709.43 742.18 221.34
figH 658.72 1153.95 364.65 91.15
flgd 229.08 698.98 214.75 65.23
NZ708_RS09935 2762.95 18442.86 10724.29 708.15
fliS 1213.98 1459.83 2106.84 381.28
fliT 606.28 786 1065.38 248.45
fliE 1237.55 879.34 986.67 440.7
fliG 66.93 448.76 272.03 57.47
fliH 50.79 298.57 214.93 48.27
fliJ 7.48 71.89 56.91 20.32
flio 125.66 270.61 226.89 80.75
fliP 23.92 262.72 163.15 35.64
NZ708_RS10060 34.23 219.09 183.07 41.07
flnB 4.96 44.89 35.53 10.43
flhF 538.55 415.78 338.32 137.21
fleN 229.82 370.07 227.16 62.11
NZ708_RS10115 8.23 193.09 64.76 19.56
motD 12.18 168.69 85.81 17.65
NZ708_RS17885 16.74 27.21 74.22 10.3
NZ708_RS22970 6.65 231.88 153.85 22.05
motA 45.35 354.35 289.76 36.72
Nz708_RS30440 154 5.82 13.89 7.96
fliR 8.35 52.51 27.53 14.52
flil 38.89 125.48 81.16 37.59
NZ708_RS14195 0 0 0 1.76

3.3. WEMKRERD GO IR

X 31N 72 F RE R AT GO VEBE . GO YR &5 SRR IH - 72 S B[R 2 224041 T A Wik % (Biological process).
YT fitd i 5> (Cellular component) & 4+ T € (Molecular function) 3 k3%, Hh & 544 #2503 R ¥ H
%, HUGEAIRA S Moy TIhRE. E=RE—RIPRTHRZ_HnE, HhetydiEds 4
TYAYR, MM TR 2 AR, TR 3A SRR AT IIRES S M
FE(cellular process). £zl (locomotion). 4% itid 7 (metabolic process)Zs, 2 540 i it 72 i 3L R £ H 5
%, MY T, EEAE NYH RS2 4R (cellular anatomical entity) & IEVE . FE2> T IhAE I, B
H 105 PE (catalytic activity). 45 & P (binding) 55, b yE B 40 i5 M (catalytic activity) % H i 2 (K 1).
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Figure 1. GO function classification of differentially expressed genes. Note: The abscissa in the figure indicates the second-
ary classification terminology of GO, the left ordinate indicates the percentage of genes contained in the secondary classifi-

cation in the total, and the right ordinate indicates the number of genes compared with the secondary classification

E 1 EFFTEEREM GO RN K. E: EFHELIRRT GO RN EKE, LBPLIFRTEIEZ-RTE
PHEERSBHIBE O, AUNLRRREN BIZ- RO XNEELE

3.4. HEHEXEHEN KEGG IR
Xt 31 N FIEEIIT KEGG . KEGG /HREREF . HiEBMKIER KEGG REHEKE T 54 4

A FE@E M. {5 B AL (Environmental Information Processing), 40 it #(Cellular Processes), 4414
%45 (Organismal Systems) & .4 A 3= 248 % T [ 4 734 6 IR GE I, L4 41 B 14 4% 449 (Infectious disease:

bacterial). %)% & 4t(Immune system). FA35%3&E B (Environmental adaptation). 411z 3} (Cell motility). 155
15 (Signal transduction). fXiZ#i(Membrane transport), 1y ERAE 40 IIZ 5 (Cell motility) i FE K ¥ H

%, N 20 4. HIREE 5145 (Signal transduction), £ 3 >, HAMIHAEFEBMEH XN 1 4N (E 2).

111 AWt i
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Figure 2. KEGG pathway of differentially expressed genes. Note: The ordinate is the name of KEGG metabol-
ic pathway, and the abscissa is the number of genes annotated to this pathway

E 2. ERFIEEFEN KEGG KiFEE. F: YLK KEGC KB BR, HMAFRNTIRIIZR
BEEFEKE

35. ERFEEFARSHZIAEE PCR (QRT-PCR)IEIE

N T U S AT SR, AR STIREL T 5 AN R, fFH qRT-PCR RIS IEFE SR 2H 43 #7 (1 7]
ek, IXSBIEIRALE 1 A3 i RS FI(NZ708_RS06865). 111 #4324 HrpF (NZ708_RS06815). i
EHEKEHIE A FIIK (NZ708_RS06870). 111 B8N 8 1 HrpK (NZ708_RS06745). T #& M BRAEY) & iR
F AvrD1 (NZ708_RS03570), LA gyrb JEPKANZHE . G5 RERM, Lk 5 ANFEFIFEHFAS [0 8] 5 12
EEANE, 5 ANEEEEREM 2d ERREELIED EFEGECR S, SOk gRT-PCR 5 RNA-Seq ()&%
FARFEAR —5 . FET RNA-Seq 7 #T AR nT S, 2R RIEFEF LT F 5000 (1 3).

4. ¥1ig

TR A B RN umina Z564_E 1) RNA-Seq HiAR BN 7T $230 3738 8 1 2 7 B,
SR Z (1) NEES AN R AR MR G SN P R TF 7 — RV AT, R BLFE 23 B 3 SRR 6 4208 b S M ) ELAE
BUHRI[L7], A4 ) miRNA [18], FHRXGRER X5t 00 1 5 BAE Bk BLAE S 2 7 i )i 9 [15]. H
A, FIH RNA-Seq #i ARTEFSKAK- EEIFE T REM AV U 2k Rz R ot 7T, HOC TRk 5
il HAFAE L 2K BT T 6 A HGE .

AW TR S KB A L, FIF RNA-Seq #iAR, DAREF# 0 hy 1 hy 2 d A1 20 d (R
BB AR, N RNA B e K B Wit 27 42 G J5 A R T) s B AR DG BE Rl Rk i i, 31
ANFEM KL EFRIEFR T, BB E 1 hpi X 0h 5 26 NEK LI, 4 ANFEF T 2dpi % F0ohf
23 ANEEH B, 7 AR 20dpi XFF 0 h A7 12 AN B 19 AN N JF H ERER KA
ZT N REERA . JFRENLEI T 5 MR, TH qRT-PCR SRIGIER: 40 73 i T FEME . SUAR 3
gRT-PCR 5 RNA-Seq MR AR A FEAR—FL,
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Figure 3. qRT-PCR verification. Note: Different lowercase letters have significant differences (P < 0.05), but the same lo-
wercase letters have no significant differences
3. qRT-PCR¥GIE. *: FRINEFHEREZEP <0.05), HENEFHERTEE
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HEBAHRIE R GO AWt ie kW], Z 54NN ZERERNRENE A &RZ, HRHD M

FUIREIRZ o Z 540 2H 53 1 22 S 3008 Jk (K] 32 AT 4t i A2 51 S 44 (cellular anatomical entity) & #E4E H -
TESY T IR, S5 MA0TEPE (catalytic activity) 3 H i % . HEBAHCHEN KEGG R4 AR HiE
FHIRIE N KEGG AR 7] 73y 4 D EBLEEE, Hx 4 D EEOEEE R A 6 SR guimes, Hryeg
TE4H iz 3l (Cell motility) - IR RIE H %2, N 20 4. G215 5 1% 5 (Signal transduction), # 3 4. X
5 IRORE X5 50 5 B AR AR A A I T A SRR, RIAEZ BB MR 5, 5t
KRRk AR A 22 A 2 B AT 1 Wi 2 [15]

HT EROETE, W 31 MM K2 R RIEFER K GO VERELL N KEGG VERIEIL, 4G HE R

HEIER, W TR SR BEDIRE 73T, AT S KB Mebl 5 5 s 1 2 18] B8 ELAE ML EAT 2E— 20 1
FEGF R AR Psa MIBURHLA, BREBR Sz I RHE B TR AEE R K .
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