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Abstract: Chitinase plays a crucial role in plant stress resistance and growth development. To elucidate the effects of
plant hormones and environmental stress on the expression of the mustard chitinase gene, this study investigated three
plant hormones-salicylic acid (SA), 1-amino-cyclopropane-1-carboxylic acid (ACC), and methyl jasmonate (MeJA)—
and the influence on the transcriptional regulation of the chitinase gene family in Brassica oleracea cv. BaiHua. Addi-
tionally, seedlings were subjected to two stress conditions: infection by Pectobacterium carotovorum subsp. Brasiliense
and exposure to high temperature. The transcriptional levels of the Chinese kale chitinase gene family members were
analyzed using the quantitative real-time polymerase chain reaction (QRT-PCR) method. Results demonstrated that
among the 18 genes within the chitinase gene family of Chinese mustard, 16 exhibited significant induction under soft
rot fungal infection, while 8 responded to high-temperature stress. Furthermore, all 18 genes showed responsiveness to
plant hormone-induced expression. This study highlights the potential role of the chitinase gene in mediating responses
to hormonal signals and environmental stress, thereby contributing to stress resistance and growth development in plants.
The findings would provide valuable insights for future molecular breeding strategies targeting Chinese kale.
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BT, MYh S ARILT AR,
TR (A REMSE A, 28 (ethylene,
ET). /K## ( salicylic acid, SA ). 1-Z LR RbE-1-
& 12 ( 1-aminocyclopropane-1-carboxylic acid,
ACC), A M HEE ( methyl jasmonate, MelA )
EREYEER, TRWhEE . HUME 0 5 Y ER
FLIE . M. R R I AR LT g
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HAj, &4 05283 Markov 7 25 77 X 7
W H AN Ry LT B H P A0 AT A R E AL
BER A ARSI A o A AT, RS H 20
ANUT Bl AU, BRI, HpA oy 85 B A R
B HRak i s2 Al R g R G 98 . A5 i
PG 7t qQRT-PCR MY 714 R G M/ AT i ER
B AN O SR AT B A R TR SE R R X 18
AITEE LT Bl AL A i ARGk, it — Do
ZE A Re XV RIS

1 MRE5AZE
11wt

AHIEFE T 5T 6 R R L AE ST 1 ( Brassica
oleracea cv. BaiHua ), Fh—F ALK R 2 Nk
Ji SR e FF B EL VS IV A ( Pectobacterium  caroto-
vorum subsp. Brasiliense ) ) i ## M 17 &% 2 Fl 24 i
e SRt

FEH: SA. ACC. MeJA J H Sangon
Biotech 24 ) ; ZFEAMY RNA #2 B0 K &

(DNase 1) I FHEAL/E#) ( YALI BIOTECH ) 24

A); 5xHRbio™ III RT Master Mix. gDNA Re-
mover, qPCR SYBR Green Master Mix ( No Rox )
P10 A A o B A )R A IR W) o AR 3
R 4Bl

YR 5 1% £ T100 Thermal Cycler £ & PCR
% . Gel Doc XR+EEE 115 7 52 46 | 35 [E Biorad

(AR ) 28 7], 26 E & PCR AN H HEE /0 Hr X
(i) ARAF,
12 FHik
1.2.1  AHHAPAL JFIERIES % R ik
2 PR, BBk e ARG &Em 8
Frt A RRE CBERA=3 11 1) W4k
b, BTERA TR TSR, ERK&EM:
(25+1) CAr/(22+1)°C L, 16 h JGIR/8 h B, AHXT
MR R 70%.
122 #F5aE  EHRAERRAO R HRKFAIEAR
— 301 S R EM T IEAEARIE TS S A0 B, Ab PR
HI 4~5d, MHRFEEIRIEFREIGFR, WR&MR:
(25+1)° C/(22+£1)°CH, 16 h JGHR/8 h BRI, AH Xt
MR 70%.

TR R, TR 72 h 5 AR R R
B BlAR A, miR AL BE 8 h JERkE B ZE
M SA Z5Ab2# 2574 B 72 h J5 JCH B84k, Hilk
22 SR A O sk Ak SCU OIS, S0 IEE 0. 6.
24, 72 h AT REE

%S %A 0.1 mmol/L 4 SA .,
0.1 mmol/L MeJA L F 1 mmol/L ACC MiZs b ,
BEASALEE 3 BRAERE, XA A KRR XL K T 55

BRI R A S B 20 L 0 T B R R
A 1 mL Wik LB #7364k, & F 28 CRHRIR
iRy 8~10 h, £ ODgo M 0.6 BB . FTC
BT ST W AR S 7 A4 AR A SR 2 TE K4
5mm., 2y 2 mm B4 10, B 0.5 mL R IR IRTE
B kb, REASACEE 3 BRAEAR, LA LB WO

RS PR E TR SR A AT
37 Crail b2, AHXHREE R 70%, X B H R 5%
fHER, BAEHE 3 B,
123 % RNA 23 HU 0.05~0.1 mg Mt A4
2, TEWA B U AR, #&1 YALEPIC 24
TP RNA 2B & ( DNase 1) Ui B 542 HUE
RNA . FH 8 1A% B Ao 0 4 SORN St B 720 1 Je 68 Jie v
TKAS I RNA 4l
1.2.4  FFIEJUT BB B Rk R 69 4 FK-F 4
A FRBRAR T B W — PR R 20 DNA 5Bk
Wi SRR & (qPCR &) M #RAE Ul I k17
cDNA [l £, KM ARZR: 2 pL Total RNA, 4 pL
5xHRbio™ III RT Master Mix. 1 pL gDNA Re-
mover, RNase free H,O #M% 20 uL, iE2J, 42 C
IE 15 min, 85 CHIFA 5 s Kk Wi sk i

1f Brassicaceae Database ( http://www.brassi-
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Tab. 1 Primers used in this study
BIE B 1975 (5-3")
Primer name Primer sequence (5'-3")
BoActin-F CTGTGACAATGGTACCGGAATG
BoActin-R ACAGCCCTGGGAGCATCA
Bol007321-F AGACTTCCCACGAAACCA
Bol007321-R CCGCTCGGTGAACAGTAG
Bol007323-F AACTCGCCGCTTTCTTTG
Bol007323-R CTTCCTTGTAACAGTAACCCC
Bol004604-F TCCTTCTCCTCTGCCTCT
Bol004604-R CAATAACCGTACTGACTGC
B01029467-F GAAGATAAAGCGACAGGG
Bo0l029467-R TGAAGCGGACCACGAC
B01029469-F AAACCTACTCCAACACCCAG
Bo01029469-R GGCGAGTGTAGAACCCTTT
Bo1029470-F TACACTCGTCAGGCTTTCAT
Bo01029470-R GCCGCAATCTCACGCTTA
Bol035464-F GCACCACATCTGCCTAC
Bol035464-R AGCCGTTTCCTACTTTG
Bol035467-F GCAATGCGGTCGTCAAGC
Bol035467-R CAACCACGCCCACAGTAA
Bol035470-F CCTCAGGCTCCTAAACCG
Bol035470-R TGCGACCACTACACTCCAAT
Bol1039802-F CCACCATTAGAGCCATCA
Bo1039802-R TTAGAACCAGGGTCCACA
Bol021626-F TTTCTCATCTGCCTCTTCG
Bol021626-R TGATACCGCAATAACCAT
Bol021627-F CTCATCCTTTCCCTCTTC
Bol021627-R CTCATCCTTTCCCTCTTC
Bol030012-F CGCCTCTGGCTTATGCTG
Bol030012-R CACTCCCGCTGTTCTTGC
Bol030015-F ACGAAAGCGGTGGTGTA
Bol030015-R AAGCCTGACGAGTGTAGAA
Bol010293-F TGCCGCTAAGTCTTTCCC
Bol010293-R TGGTCCGTCTGGTGCTGT
Bol040748-F CCCGAGATAGTGGCGAATAA
Bol040748-R GATGGTTTGGGACTCTGCTC
Bol041024-F TTGCTATAACAGGGAGATGA
Bol041024-R AAGTTCCAGTAGATGGGTAA
Bol023322-F GCTGCGTTTCTCGGTCAT
Bol023322-R ATTGGCTTGGGCTCATCT
Bol025197-F TCTAAACCCATCCTCATAGT
Bol025197-R AACATAGGTCTGGCGAAC
Bol011420-F AGGTCCCATTCAACTTTCT
Bol011420-R GGAGTCTGTTCGGTCATC

HRbio qPCR SYBR Green Master Mix ( No Rox )

R R AE U A5 HEA T , SORL R £ (20 uL ): HRbio
gPCR SYBR Green Master Mix ( No Rox ) 10 uL .
IER G4 0.4 pL, ifi 1 L. DEPC AbHiid
HITCH K 8.2 uLo SN A2 5N : 94 C TiAZ 4 5 min;
95 CAEME 10s, 60 CiRXIEM 30s, 40 MG,
AT 3 EARYG . 4508 27 R R e
PEATALEE, JF HOR I RGEIRE

2 ZEREHH
2.1 SA. ACC. MeJA XFIEJLT REERIEN
A1)

M 1A, SA LS, A 17 M EERS
YT B35k, Bol039802 7E 6 h WiFFiA
ik, ZERBBEIFGEFE, 2 72 h BRIHE;
Bol035467 . Bol040748 . Bol35470 . Bol007323 .
Bol030015. Bol035464, Bol007321 7 24 h A ik %]
KT, A3 ARIE SR 100 £5 . 43 £%. 30 fi5.
15 4%, 15 f%. 15 1%, 6 fi%; Bol023322, Bol039802.
Bol011420, Bol029467 ., Bol041024, Bol029469 ,
B0l029470 7£ 72 h B} ik F i =ik, 25l i i
() 38455, 24 4% 15 1%, 1465, 1245, 8 5. 51%.
41, Bol004604, Bol010293, Bol025197 7E 4% i [i]
Bri AR LR R, (AR K B 2 B
IR IR, 4558580, Bk Bol030012 4b,
HoA PRt H 2 Bol035467 . Bol040748., Bol35470.,
Bol023322, Bol039802 HJHE i 4% SA 15K iE,
AIREAE SA 2B Al A P ) AR ke
HEEA (K12),

Bol007321
Bol007323
Bol004604
Bol029467
Bol029469
Bol029470
Bol035464
Bol035467
Bol035470
Bol039802
Bol030012
Bol030015
Bol010293

Bol040748
Bol041024
Bol023322

Bol025197
Bol011420
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Fig. 1 Relative expression levels of chitinase family
members in Chinese kale after SA induction
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ns FATLWEESR (P>0.05), *FREFBE (P<0.05),
RN ZEFWIRZE (P<0.01), ***F/;REFHMEE (P<0.001),
ns indicates no significant (P>0.05), * indicates significant differ-

ence (P<0.05), ** indicates extremely significant difference
(P<0.01), *** indicates extremely significant difference (P<0.001).

B2 # SAREFSHSNERMBEIRIEKE
Fig. 2 Relative expression levels of five genes signifi-
cantly induced by SA
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Bol035467 X} ACC J )i fie i R B, 7E 6 h B bl
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i o Higr 8 AL IR AR IR BE A XA, Horp
Bol007323 AR AE 6 h B FHE 5 [ml¥%, & 72 h i}
TR THE ;. Bol040748. Bol035470 7 24 h ik
A E 5K ; 1 Bol029469 . Bol029470 , Bol 041024
B0l023322, Bol011420 (¥ ik & AE 72 h B IF4GTH
Fo ZERFEW, ACC FILLEEiAES Bol035467,
Bol030015 &1k, ik LKL K 2 5 R 0 A8
Jofh e e 7, AR SR S A AR R (BT 4 ),
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Bol007323
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Fig. 3 Relative expression levels of chitinase familymem-
bers in Chinese kale after ACC induction

ns FORLWEET (P>0.05), *FREREE (P<0.05),
RN AW B FE (P<0.01), ***FRERMEFH (P<0.001 ),
ns indicates no significant (P>0.05), * indicates significant differ-

ence (P<0.05), ** indicates extremely significant difference
(P<0.01), *** indicates extremely significant difference (P<0.001).

B4 #ACC BEFSH 2NEEREXRIAKFE
Fig. 4 Relative expression levels of two genes signifi-
cantly induced by ACC

I S o5, MeJA AbHE, A 16 ML
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R AT 800 £% . 100 £, 60 fi%. 50 fi% . 40 fi5 .
22 4% .20 f5 12 4% . 12 4% . 8 5 . 7 £ ; Bol035467 .
Bol035470, Bol030015 it ik w7 24 h i ik F]
FAE, Rl SRR 55 f . 25 £% . 16 %
4, Bol039802 A TE 72 h B A B,
29015 FHIRY 50 %5 Bol030012 & ik & A8tk A
K, HEFEFATHRAN L. D EgREN, £

Bol007321 B 1°
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Fig. 5 Relative expression levels of chitinase family
members in Chinese kale after MelA induction
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ns FRLWEET (P>0.05), *FREFBE (P<0.05),
HFREFWMBE (P<0.01), ***FREFREE (P<0.001),
ns indicates no significant (P>0.05), * indicates significant differ-

ence (P<0.05), ** indicates extremely significant difference
(P<0.01), *** indicates extremely significant difference (P<0.001).

B 6 # MeAREZFSH5NEENENRAKTE
Fig. 6 Relative expression levels of five genes signifi-
cantly induced by MeJA
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TR, I LT i R e A% 0 0 TR
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Fig. 7 Relative expression levels of chitinase family
members in Chinese kale after soft rot bacteria induction
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ns RARTWEZESR (P>0.05), *FTREREH (P<0.05),
HERRERMBE (P<0.01), **FRERMEE (P<0.001),
ns indicates no significant (P>0.05), * indicates significant differ-

ence (P<0.05), ** indicates extremely significant difference
(P<0.01), *** indicates extremely significant difference (P<0.001).

B8 #HHERBEZFSHN S MEENENRIEAKE
Fig. 8 Relative expression levels of eight genes signifi-
cantly induced by soft rot bacteria
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Fig. 9 Relative expression levels of chitinase family
members in Chinese kale after high temperature induction
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significant difference (P<0.01).

B 10 Bol029470 HJHH XF R iE K F
Fig. 10 Relative expression levels of B0l029470
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SN R A 20 LT JREEE A A
WL 1 96 6 E B qRT-PCR 975 B R GE L% ik
JUT RS A T S Rk 00, v JE i T
P2z A R AR E) 18 AT 5L T B3 A
REME XA ZR . B OB SR AT B LA B R
Jolp 360 7 A W Y
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PFTVERT 3 FEYITEER | Be s FA Y i T
PERF L, LASEHUAE B aa Ak A B ia U

SAENT AR MEAEY , = 5% ZF 4
o AR, ACC fEN ET & BUAY EL AT A,
HAFH ET (9 R T RAELERT IR
PEEAE Y MeJA J&—FP 12 /0 A TAEY 45
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Bo0l029469. Bol029470, Bol035467. Bol035470.,
Bol030015. Bol040748, Bol041024, Bol023322,
Bol011420 ) REf% [F]H % SA. ACC il MeJA —
FRAE PP EE, d B X S0 3 R W] BB A4 AR JT A I X 22
TR E L [E > T4, X5 SA/JA/ET {5
5 BE RT3 40 S HE Wi ) 98 45 B A0 52 7 1 R P A 2
A2 R LT R AR 2 A 5 i
BT BEAAAE B 22 5 Wi S A L T T i i
P GbCHI BEfg RN IR SA . ACC, ET iz &4,
MRE LT Bl R MeJA/SA 533Kk, (HX]
AR PIPUEA I 4, ] 6 3k At By 1) A
DG AR TH R PED . 2t , Ao 45 e A
SA figh% i E15 FHr FE N A 3Rk, 4N Bol040748 .,
B0l023322; ACC FJ D) i} #1755 Bol040748 45 3[4
FE 6h PRD R BLPR E E AR A RRAE LA,
Bol 1004604 45 JL T Jfili 3 K 7F MeJA AbH 5 R
ER P e B YRR . R JT AT3G12500 ( HCHIB )
A — AP ERPE LT BTG, TERLY) R SR P
(SAR) WP S5 OERFR (ETIA) %
MG 55 it . EAMR Y, 10 AT3G12500
TR PRI, Bol035464 £ Bol035467 3K H #
MeJA & FHHE, W ENTRETE JA 55
TP R EEAER

JUT Jo3 Bl AE AR 0P s o7 v e 30 B85 ) 1
REPRSFIE . PFSR BRI, KIS0 ol Fl 2 FE R
fRYJERe AL T TR R KA, B HAE
YU HLH] b i SR PO 6 0.2 mmol/L A E
WY BTH AbFE ] i) B 548 TN LT o
WE, SSRGS BRI R GEHTERT P K
FEILPRAE AR AL AR LT R SE A A, T
S TR T BN 2R I B AR A 118 s e I
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