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K B3R i B B A Sw = R R R SR B 5 A

AN, T R, MNXHE, #iE

fE AR MV B AR 22 B AR N T B SR 2 5 B, fEELfm M 350001

M OE: ARG R MK SR A G T T AR S TR i R — o TR AR TR AR B AL
PR REE , WA F KRR AR R RE KA KB, UPIEZR H R H72 MR HACR Y26
Ry RERE, G S0 R S M PR B R R R A A TR S N R B R 25 R, SRR, FL AL T AR AR
121.77 Gb [ clean data, X AN FEIEIEF 728, & HEAh clean data #4735 6 Gb LA L, Qu T 97.21%~97.99% 2 [f],
SEPER 97.61%, Qs /T 92.59%~93.98% 2 [0], FIME K 93.20%, FKIAWTFFEELL, UM TREZSM . EHY
UM BE 36, 48 h WAL 2 R RRILH N 13, 114, RER&GEM IR ZERRANIHE, LkE 18 M ERE
IR, ARHE L D RETE RS, TRAER] 11 AP R A OC R, SRR T MYB34 FlER A, MmN T ERF003
FURFRIE, ERFO03 W REG AR K SR AR R Y s AR R RN ZEE GH3.3. WMRMHCE N TLPI ¥ Rk,
AN, F-box. EIEMREEIEHE ANTI . WIMEBEAHEG A A LR Cco AOMT, RAFMRE LM AED3 . #0¥HE H DnaJ 11
YA LiARE, WTRES S T RAF SRR, LR R E A ER ESP MIZS45HH RN B 551 CBLI AT
WA, HAERASSPREAZR 0 BRI e i — i e . 288 8 NZERRIBHEH, FIH qPCR aiF T 5 54 o
Mreyal &g, i ERF003, CBLI., GH3.3, MYB34, ANTI, TLPI :[H 3855 34 555 L4 0 e 45 SR 5e AR — 3, BT
S5 04 BT 3E— 25 43 BT K SN AE TR B 431 BIL]
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Transcriptome Analysis of Chinese Cabbage Responding to I nfections
of Sclerotinia sclerotiorum

FENG Donglin, DING Ling, LIU Meiqin, ZHONG Kaiqin

Fujian Vocational College of Agriculture / Fuzhou Institute of Vegetable Science, Fuzhou, Fujian 350001, China

Abstract: Chinese cabbage Sclerotinia rot is caused by Sclerotinia sclerotiorum, which seriously endangers the yield
and quality of Chinese cabbage. In this study, the transcription level of resistance genes to the infection of S. scle-
rotiorum were explored at the molecular level and provided candidate genes for further study of disease resistance
mechanism. The leaves of resistant inbred line H72 and susceptible strain Y26 were inoculated for transcriptome se-
quencing analysis. The results show that a total of 121.77 Gb clean reads were obtained by transcriptome sequencing
analysis. Filtering the raw sequencing data, the clean reads of each sample were over 6 Gb, Q,, ranged from 97.21% to
97.99%, and the average percentage was 97.61%, Qo ranged from 92.59% to 93.98%%, and the average percentage was
93.20%, indicating that the sequencing quality could be used for subsequent analysis. The number of common differen-
tially expressed genes were 13 and 11 after inoculation for 36 h and 48 h, respectively. After removing the common
differentially expressed genes at each time point, we obtained 18 differentially expressed genes. Combined with gene
function annotation, 11 genes involved in defense response. MYB34 transcription factor was up-regulated, while
ERF003 was down-regulated, which might negatively regulate the infection of S. sclerotiorum. Gretchen hagen 3.3
(GH3.3), PR proteins (TLPI), F-box, amino acid transporter (ANT1), caffeoyl-CoA O-methyltransferase (Cco AOMT),
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aspartyl protease (4ED3), chaperone protein (DnaJ 11) were up-regulated, which were proposed to response to Chinese
cabbage pathogen. The expression of epithiospecifier protein (ESP) and calcineurin B-like protein gene (CBLI) were
down-regulated, and the disease resistance function in Chinese cabbage needs further analysis and verification. A further
qPCR analysis was used to verify the transcriptome, The expression trends of differentially expressed genes ERF003,
CBLI1, GH3.3, MYB34, ANT1, TLP1 were consistent with that of transcriptome sequencing. These results will be helpful

for further research the resistance mechanism to S. sclerotiorum.

Keywords: Chinese cabbage; Sclerotinia sclerotiorum; transcriptome; differentially expressed genes
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KHZE (Brassica campestris syn. rapa L. ssp.
pekinensis ) 577 E, JBT AR = ERE, &
I ER I AR R KB RIEY Z — o REE
5 S M % L W [Sclerotinia sclerotiorum (Lib.) de
Bary]5 M) —F BA RN HERE, 296
TN R FZEF . AR K SRR AL R R AE T
R e, WA 12—4 H MBI RN
I, D3 R R 10%~30%, 7 H A A]
7 50% L) 1,

A% B i L DAL BE o E, (HEK
R 0 P Al 24590 i i 9805 g I B i A
(R, 558 K EASEHUE A R AR 28 A0 Y B
AR INGE . EAER, EEHASHBF R
( genome-assisted breeding, GAB ) JfFE[H 4= 5
(o 18 R AT AR, SR R T, O —Fh
EAL I AP

YKt fE it Z B R
g IRBUR I AR, TR R AR ST
F) FH i 5% 2 4 T 0 AT 32 Bs 30 174 4 350 35 TR 38 3K 1
o, Vs —aZ) . R4 2 i SRk
SRR AT LR RIS R E3 A
LERAMBHERZRLR, ST SR Y, ik
PU A OG22 S R I, HR 1 22 7 AR R B R R
BLH, A R SR 2 T A% s 1 43 AL B Bes o
A B R

1 MRlEFE
1.1 ##

FIAXT 20 AR S MR H 28 R &4 ik
TTERM FE RS, kit A LR
MR H72 I ME H A RZ M B Y26 1R NAFGE
Bk KA ST B R R 438 | 558 IR AT -
1.2 Fi&

1.2.1 Mtz H FHHAKRMEHT2 5 Y26 ¥
FH 75%0K5 T TR0 T 90 s, FEFHZEMK ik 2~3

W, BT 22 CHREEFAAE ML 2 d, KEEAm
7 Sk T, TERMI AR RN, A
TRt BRRERIE AT 10 2 ¢ 1 IRAIM AR,
FRRI AR 2 2~3 Fr EH 5% H .

122 RKIaas2  YIPUE LA B R R ER 5 mmx
5mm, KA R L0 — R R b, DU
22 BENRPAE 2 OO R, 4Rt e s e
Mk, SJEWEIE RICEK, m LEEIRL, FE
Rt RoKSE R T IR, IRERCh 22 C,
AHRHR PR FFTE 85% /515 -

YR 1E PDA VAR B ETR 15 d MR, 1
PRI K, 3 B R HMHR B A 1x10° 4~ /mL
FfL T2 VR, FRERR K Z 2~3 Rt i, FHHERp
A1 Ly e e P S R B K [ 7 N W A
HEAr R 0. 36, 48 h AL HRMAL H72 5 Y26
MR, BMEERL 0.5 g, BEMREE 3 ANEE, SIRA
BRI T80 CUKFRIRAE, FHTHERANT
1.2.3 H,0,## DAB ( 3,3'-diaminobenzidine-
HCI) Ze (b i:S i GUAN 285975 835 m A
St A5 36, 48 h RIYRIZEM BT pH
4 3.8 ) 1 mg/mL DAB &R, Y4 6 h 5 T il
R 75% K PNt 8 min, BRHIE, TIKL
Pt b = R AR A
124 XEMAEAEZEAMNF M RNA Y
H Trizol # (Invitrogen ), fi [ Agilent 2100 bi-
oanalyzer Kl RNA 52 MF &, #H cDNA
X, A Qubit 2.0 Fluorometer F1 Agilent 2100
bioanalyzer ¥f SCFE #E17K M, 7F Tllumina NovaSeq
6000 V-5 AT AL T .

1.2.5 DA RAEHIES AT T AT 0 EE A
28 CASAVA T e A 5t P 51 e (raw
reads ), EFR&EL . & N (L EEFE ).
LIt reads J&, 349 clean data, S5RK[AKSH I
K21 ( http://brassicadb.org/brad/ ) #4773 LX),

ffiFf] DESeq2 #f4 (1.20.0) #4172 NHBAEZ
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(] A 22 57 #3850 4. {81 FH] Benjamini-Hochberg 777
JHHERTAS PAH ( P-adjust), DUFSHIEHRABIR, 2
SFIRMBEBEE N P-adjust<<0.05 & [log,FC|=4.,
AR L RITEA [ AL B[R] Szt . St Rrp iy 28 ek
ik DIREERE IR & AL SR B AT T

1.2.6 qPCR 3&iE #EHL 8 2Rk &It

G191, DI SEAIT R cDNA I, W33t
KR Actin (21 ), FHE ST [RAEOCR SR
a1 cDNA SRR, i 2¢O E & PCR AL ( ABI
QuantStudio 3) #E47 qPCR JM#r. % 3 A2
Fiod, HMR 2 0ACT Bk I D AR Rk
i SPSS 4ot 22 5 k.

®1 ERREEESYFT

Tab. 1 Premier sequences of differential expression genes
F[H Gene D IEmMGI# (5-3") Forward primer (5-3") 514 (5'-3') Reverse primer (5'-3")
Cco AOMT Bral03831219 TTGTGGCTGAGGACGAAGAG AGCGTGACACCATCTCCAAT
GH3.3 Bral03842426 GCGGATACCAAGACCATACCT CAACGACTCCTCCATTTCAAGAC
ERF003 Bral03854770 CTCCTCTCCGCTACTCTCAC CTTCACACTTCATCTCCGTTACTC
MYB34 Bral03855087 ACGAAGTGATCTCCGATATGTCT TCCAAGAACCAAGAAACTCCATC
CBLI Bral03860923 TCGGAGGTGGATGAGATTGT GCTGTTGTGGACTACACTGAT
AED3 Bral03863237 ACTTGGTTGGGATTCGTGTC TCGCCTGAACTCGTCTCTTA
ANTI Bral03870301 TGGTAGGACTCGCAGGAATC AGGTGATAGGAAGCAGGTAACA
TLPI Bral03871578 GCTTACGACGATGGAACAAGT CTTACGGCTTCAGGCTCAAG
Actin AGGCTACACGTTCGGACAAG TGGGGCACTAAACACAGTCA
2 HBRESMH S 1), RWR A HI2 HHERT Y26,

21 HO,MEFRER

FIFH DAB 4e kil a% £ o= G R A sknt i
AT HEA (ROS ) KA KEFT H,0, RFUE
Mo HRER, TEHEMIE 36, 48 h, KI13E H72
Lo KB BN T Y26, 16 36 h I © 30 L B

H72-CK

H72-DAB

Y26-DAB

22 HRANF

RS F e 3R4E 121.77 Gb 19 clean data,
Xof S G I P s R T U8, A FE i clean data #4734
F| 6 Gb LA L, Qs flIEH 2 HAE 90%LL |, GC
IR 40%LL (£ 2),

Y26-CK

Bl XHB3%XDABH#&
Fig. 1 DAB staining assy of Chinese cabbage lines

23 ERFRIEEEESHWN

EEFRIBEMEEEN P-adjust<0.05 &
llog,FC|=4 WAt L, Ui H72 FEYE Y26
B BITELEFR 36, 48 h JG HEAT HLXT, HUEOR R
[ S B g A1t R Ay 22 S Rk L R 43 1 ol 13
1A (E2),

24 mAEXBEER

M e Ja bom ph R H72 Ao 41k
Y26 By 2 R ARIRFEE T, kBB AE DG
A 114, 25 BR B E K (P<0.05,
#£3),

e ESP O b B ke 5 8 1 ( epithiospecifier
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Tab. 2 Transcriptome sequencing results of Chinese cabbage H72 and Y26 infected by S. sclerotiorum
R b JELiR 731 £ 5 BT T 4 o BT B A FERR Q% Qul% GC & &
Sample Raw reads Clean reads Clean bases/Gb Error rate/% GC content/%
H72 0Oh_1 45571220 41309 012 6.20 0.03 97.26 92.63 47.62
H72 0Oh_2 45945 308 45906 244 6.89 0.03 97.21 92.59 47.21
H72 0h_3 45439 372 41151114 6.17 0.03 97.47 93.07 47.36
H72 36h_1 45372 676 43 134 026 6.47 0.03 97.59 93.13 46.60
H72 36h 2 45502 658 42 972 254 6.45 0.03 97.67 93.26 46.79
H72 36h 3 49 995 234 47 472 566 7.12 0.03 97.82 93.70 46.66
H72_48h_1 54 471 036 51518 690 7.73 0.03 97.65 93.20 46.46
H72 48h 2 47276 204 45970 552 6.90 0.03 97.43 92.70 46.54
H72 48h 3 45720 156 44 619 012 6.69 0.03 97.51 92.93 46.15
Y26 Oh_1 46 130 210 43 164 448 6.47 0.03 97.65 93.29 46.62
Y26 0h_2 48 029 348 45517 864 6.83 0.03 97.60 93.15 47.14
Y26 0h_3 43 700 630 41 603 362 6.24 0.03 97.63 93.18 46.47
Y26 36h_1 46 867 256 45238 728 6.79 0.03 97.81 93.58 46.72
Y26 36h 2 45993 650 43 874 240 6.58 0.03 97.62 93.18 46.80
Y26 _36h_3 48 267 870 46 811 112 7.02 0.03 97.67 93.27 46.47
Y26 48h_1 46 800 618 45315150 6.80 0.03 97.56 93.01 46.51
Y26 48h 2 45767 588 43 653 070 6.55 0.03 97.99 93.98 46.65
Y26 48h_3 54396 578 52 498 574 7.87 0.03 97.89 93.75 46.99
@: _Oh, _36h. _48h4rHIZR/m$EF 0. 36, 48 h,

Note: _Oh, 36h, 48h indicates 0, 36, 48 h of vaccination, respectively.

H72_36hvs H72 Oh H72 36h vs Y26_36h

88 84
1082 839
753 1149
13 11
481 73 917 104
782 1226

Y26_36h vs Y26_0h

_Oh. _36h. _48h }jl3R/REeFl 0. 36, 48 h,
~0h, 36h, 48h indicates 0, 36, 48 h of vaccination, respectively.

B2 #i. BRMBEREESEE

Y26_48h vs Y26_0h

H72_48hvs H72 Oh H72 48h vs Y26_48h

Fig. 2 Venn map of differentially expressed genes between resistant and susceptible materials

protein ) L[, UARISTH ESP JE FE AT 05| %E-3-2
G (IACN) W/=4, fEARYI B g ad A vl
P VE T, Bral03871086 ( ESP) 7E H72
Y26 BN TR

RS WBEIREG B SN (CBLI), RAHA
TREE B SN (AED3 ), #PLE AR ( DnaJd 11)
BeNS I8 1 A 028 AR Y e FEAEAE B hae , FEAE
W FIR AR AR e e v AR O AR
S CBLI RI N TR, HAE H72 HHIERE

HKT Y26; AED3. DnaJ 11 K F#FEiE, HAE
H72 F R EE T Y26,

sk N ERF .MYB Z 5 WA (5 57 3815,
T i 1 A ) FelpaE R A 4 ik aE KAE ) A K kB A
D7 TR BRI S MYB34 o BHE K,
ERF003 A TRk,

F-box, KEEHAZEH (TLPI), AR iz
FgSE A (ANTI), AR RIFPI N EEH ( GH3.3).
WNMEBERE G A EH BRI (Cco AOMT)
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Tab. 3 Differential expression patterns of disease resistance related genes in Chinese cabbage

A H72_36h vs Y26 36h vs H72_48h vs Y26_48h vs H72_36hvs H72_48hvs

Gene H72 0Oh Y26 _0Oh H72 0Oh Y26 _0Oh Y26 _36h Y26 _48h
F-box +4.91 +4.44 +4.89 +5.32
ERF003 -10.36 —4.12 —6.66 —4.80 -6.26 -5.29
ESP -5.19 -8.37 -7.95 -6.24 +6.77
CBLI1 -5.26 -4.13 —4.26 -3.93 -5.28 -4.19
MYB34 +4.36 +9.31 +3.37 +7.36
TLP1 +5.20 +4.70 +4.12 +6.80 +4.18 +4.09
ANTI1 +4.61 +3.65 +7.03 +5.73 +4.57 +4.12
GH3.3 +5.71 +5.08 +4.29 +8.91 +4.21 +4.89
Cco AOMT +4.19 +4.25 +10.34 -7.06
AED3 +3.05 +3.06 +5.14 +8.32 +3.47 +4.42
DnaJ 11 +2.55 +4.02 +5.32 +7.27 +8.15

{E: _Oh, _36h. _48h 7}l #F 0. 36, 48 ho RPHUE W ZRMEE, ZEREFH (P<0.05); +3=m L, -FRTH.

Note: _Oh, 36h, 48h indicates 0, 36, 48 h of vaccination, respectively. The data in the table are Log,FC, and all data indicate signifi-
cant difference (P<0.05); + indicates positive regulate, — indicates negative regulate.

1 H72 Fl Y26 H¥) Bk, HTE H72 9k BMz Y 36, 48 h ¥ LiHFek, IF HAE H72 IR

N E T Y26,
2.5 qPCR IGiF

PEHE 8 PMEFRIBEN, NH qPCR Sk H
TEPL . BRI B R IAEN (B3 ). 45
FBH, ERF003, CBLI , AED3 18 2 ™M EHZ YL 36,
48 h ¥ Rk, Hd ERF003, CBLI 7£ H72
MRIXEIRT Y26, SFFHALR—3; Ceo
AOMT. GH3.3, MYB34, ANTI, TLP1 7F 2 ™t

H72c =0h =36h =48h

—
N0 O
oo ©

Lane |
|

AR RIE R
Relative expression

AHXTFRIAE
Relative expression

AR RIK A

AR

EET Y26, HRA N Cco AOMT HEHR IR
Je 48 h 1Y H72 iy RIARALT Y26, HAZE R S
FESE T —EL . BL AT, qPCR £ %5%
SELHIN 45 R FEA — 3, FRUA TG S 41y 445 SR v
T

3 iTie
AR Y. BREERORKERMR, F)

g§°-°Y26b . =0b =36hb-48hc
'z 4 | 0 [ S
2] b
3
>
=
Q
~

25 = H72 = Y26
2
§ 2.0
[0
B 15
5 10
4
%0.5 .
N P Y

N R N\ AP W VLR A
IO R
¢

#:H Gene

AREVNG FREFRRZEREFE (P<0.05),
Different lowercase letters indicate significant difference (£<0.05).

E 3 ZRFIZEE qPCR WiE
Fig. 3 qPCR verification of differentially expressed genes
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FHWE R M AR, TR SR o34 2 Rk kL
TERERN 0. 36, 48 h Je AHCHUIE 22 R AL 1y Kk o
M THURA (H72) 5EERAH (Y26) KSR
i ¢DNA 3CE, Z5RExR, 1. BRKAXAKLR
Bl 25 DA A TR YLt IR A A, I i 8 R 22
SRR BREY B EW 2 X 2 5 RK I
P00, S 11 AP SEIE A
31 EREFRABEXBXEEZFRME

MYB34 J& ¥ 5T 10 1 A 1 R2R3-
MYB #5% [K 22— , AUAT LAHR /57 5] s 0T -1l
RS, mEE A R KRR AR,
Bt RS E Bl BRI IT S 7E ABA Fl JA
AR B N5|WE-3-F ST Tl A B TR, W RS TT
TR TRES 5 T RS 7 0 2% 4 B A= G 1 B
PRI, AW MYB34 TSR 48 h
JE R LE, HAE H72 iy Rie R B E & T Y26,
MYB34 FKikmisk, FIHEIHIE T ABA. SA. JA
LA T ] e 28 I I 1 A, TR T AR
(R4 386 B AE KT

ERF003 3£ N )& T AP2-ERF 2555 5% [N ,ERF
e S IR M B T AR ZE A, B TY CM
(2235, TS50 4 W0 2 AR 8 5 A A K
KH, WEIF AtERF3/4 5 F I 38 45 4 i o)
FAFANH T 0N MW ( Prunus persica ) %%
kT PpERF3 V875 PpNCED2/3 323k, M1
Tk TR R BE IO KRE Os ERF3
TE Y4 A e T B R 6 A R L BT
Py T2 S H 2 S, IbERF3 fEARFINT:
LRSS e Rl o) R Pe o - Rl 3 Al
¥ 2 B F PR MAPK6 VA% PtdERF3,
IEmAESERRR ., A5 ERF003 TEHA G
36, 48 h ¥R NMERE, BHAEMMES 5K A5
PR AZ IR 0 5 i — 5T
32 EMHEESESESXREXERFRIE

ARKZE (auxin) EHYEZEHNIEKRE, Gt
g1 R N 3L Aux/T4As. GH3s F1 SAURs
fleik, MR &% Fia ke 1™, K
KRN E A GH3 NS H5iREMY 244
B AR, K AR AR B AR A B i aa BT Kk R
OsGH3.3 RERSHR S K RS AN VEG E popE Y, AR
5 GH3.3 TER R Y 36, 48 h J5 Rk i
FLJ, HEH2 PRI E R E®T Y26,
W GH3.3 fEP i B v e 75 S 2R A .

33 FREMHXEANSXAZEZFNL

ZKiEHE A (thaumatin-like proteins, TLPs ) J&
TR EENA (PR) KN PR-5S Wik, &—
P SR YR IR B I &R . TLP LN /NE S
TG . K RSO | SRR AR S B BT
SNSRIy R, TaLrl9TLPI JEH 32045
W BRIERAUKBRRNIES, S5/NEHM450
TR . TLPI TEWAZSRIR Y 36, 48 h ¥ L&
ik, HTE H72 hREERERET Y26, K
TLPI V] e 2 5 BEA% A 1) B 8 S o
34 H#MEREEXRBFZEZFRME

ESP BEXTPAIT TR AL 2T T 0l 1 K i 7= 9
M2 SR PR, J7 Fame S AR = #e A
YR R sh Y . F HORE R A P B T
TR EEEAEN . L REPIEEIT AESP R
BcESP W LR IT il A, MY
{UE 7N IE i ot 97K AP 7/ L N B BN TSp 97y
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KWy G 38 i B EE A VE T . UmHEBL A EE A
A LTSS ( caffeoyl CoA O-methyltransferase,
CcoAOMT ) E AT R G M R Z —, %
HH CcoAOMT MR TR, HARRGER
iE R BB, A LrCCoAOMT % 5675 SA 3
SR, LR A SN R T R B i 42
B IR EER DY S SRR, ESP 7E
2yt f 36, 48 h Rk & W EEK, CcoAOMT
FEHEFP 48 h LHERIL, 1 ESP Fl CcoAOMT W faf
25K A ER YU o — 5T
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