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WE: [ B89 ] &7 8 # I ¥ Brassica juncea SeAbvt KRB E RREHT N, BERTAF R BERRE AL 3T
Mk AER , [ Fik ] 580 4 # % A IR Brassica juncea var. tumida SeFF ‘ X¥3%3%°  ‘Danainaicai’ . ‘JL
%-01"  ‘Ercai-01” . ‘JU3E-02" ‘Brcai-02” . ‘@# 25  ‘Yongzha No.2’ #Fw 4 #Fvt B IR E Brassica juncea var.
rugosa S FF ‘F ik ¥E’  ‘Ningboyinxue’ . ‘TFHhEEZHE  ‘Ningboxuelihong’ . ‘KA X’ ‘Shuidongjiecai’ .
‘86 #F %’ ‘Baobaogingcai’ A XM, MEFE A RFREERKE, FBEERBEMNZER Sclerotinia
sclerotiorum M F WA B @BRRATIBEIAT, [ BR] RRAFK MR EAFREERRELEET, SRFRTER
WIEH 1.851~4.844 pmol-g ', MM M B RKEH 1.766~4.831 pmol-g ', HmHHH ‘A% 25 ®d, ‘JLE-
02" BAk; WIwRAEF R FEERKEA 0006~0.035 umol- g, ILE-02" BF, ‘KR Bk KERE &
WA R ERREA LT P RA, 2-RM R IR At P b B E RN 95% Ak, £ 12h B, L
(01 Wa@EARikk, £24he, ‘GQOEFE HmaRRk, ‘AH2F WREMRE2AHEEHARD; £36h
B, CTHE R AsEARK, ‘KWWE R (P<005). [&#] FEMRRAGRRERFEE, AR E
BFREEBLVH FEAE, EARRERFREERRERTHRAR, AH25 SHERGRERR, LKA
OREFEK L B4R2%529
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Identification of glucosinolate content and resistance of Sclerotinia
sclerotiorum in different mustard cultivars

LIU Yuzhu, DANG Menghuan, XIA Rui, ZHU Zhujun, YU Youjian

(Key Laboratory of Quality and Safety Control for Subtropical Fruit and Vegetable, Ministry of Agriculture and Rural
Affairs/Innovation Center of Agricultural Efficient and Green Collaborative Production of Zhejiang Province/College of

Horticulture Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)
Abstract: [Objective] To systematically analyze the glucosinolate (GSL) content in the leaves of different
mustard (Brassica juncea) cultivars, with the aim of investigating the effects of GSL content and composition
on plant disease resistance. [Method] 4 stem mustard cultivars (Brassica juncea var. tumida), namely
‘Danainaicai’ ‘Ercai-01’“Ercai-02’“Yongzha No. 2°, and 4 leaf mustard cultivars (Brassica juncea var. rugosa),
namely ‘ Ningboyinxue’ ‘ Ningboxuelihong’ ¢ Shuidongjiecai’ ‘ Baobaoqingcai’, were selected as experimental

materials to determine the GSL content in their leaves. Disease resistance was assessed by measuring plaque
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areas through live inoculation with Sclerotinia sclerotiorum. [Result] Significant differences were observed in
the total GSL content among the leaves of different mustard cultivars. The total GSL content ranged from 1.851
to 4.844 pmol- g !, while the aliphatic GSL (AGSL) content varied between 1.766 and 4.831 pmol- g '. Both the
total GSL and AGSL contents were highest in ‘Yongzha No. 2’ and lowest in ‘Ercai-02’. Indole GSL (IGSL)
content ranged from 0.006 to 0.035 pmol-g ', with the highest level in ‘ Ercai-02° and the lowest in
‘Danainaicai’. The GSL content of each component in ‘Shuidongjiecai’ fell into the intermediate range. Sinigrin
(SIN) accounted for more than 95% of the total GSL content across all cultivars. At 12 hours post-inoculation,
the plaque area of ‘Ercai-01’ was the largest. At 24 hours, the plaque area of ‘Baobaoqingcai’ was the largest,
whereas ‘Yongzha No. 2’ exhibited the smallest plaque area at both time points. At 36 hours, ‘Ningboxuelihong’
had the largest plaque area, while ‘Danainaicai’ showed the smallest plaque area (P<<0.05). [Conclusion] The
resistance of mustard cultivars to pathogenic bacteria was closely associate with the total amount, component
content, and proportion of GSL. Stem mustard cultivars generally exhibited higher GSL content compared to
leaf mustard cultivars. Among the test cultivars, ‘ Yongzha No. 2’ demonstrated the strongest resistance to the
nuclear plate fungus, followed by ‘Shuidongjiecai’. [Ch, 4 fig. 2 tab. 29 ref.]

Key words: mustard (Brassica juncea); glucosinolates; Sclerotinia sclerotiorum; disease resistance stress

B A A BT (glucosinolates, GSL) RiFRHLTT, 2—2&E 6. AWHE R ALY, £
S MR W AR H (aliphatic glucosinolates, AGSL). Wi|WE%HiH (indole glucosinolates, IGSL) FlJ5 7 5 i
1 (aromatic glcosinolates)!' ™, HHjE 7E 1 F4EF} Brassicaceae fHY H UK B, FF4 % H 200 AF A% 1L
G GSLAE N —KEE PR IAERINY), 75228 Brassica AP R 40 25, FHETE
JT 3% Brassica juncea " W & B im0, BN Sclerotinia sclerotiorum i8R W[ ] Ascomycotina T
MR, HFZENS FRA RIS B. rapa. JT3% . 13K B. napus % 10 R0 -HFAERHED ., 658
R WETE T AERHE B B R AR OAE T, O PRI AR G A R SRR . AR
HIAZ B G, PIKH L B. oleracea var. acephala H EZL AL 53 2-TNHFEBR 1T (sinigrin, SIN) )
TR K- 5 TSR I ] 58 2 R O TEAR DG Iv 3R IR AR T SR 105 et 1 26 ) - 1 b mry 22
ASRFEAR TR ACENE B2 P, B0 B R B R S R A I A AR S 2.3 451, MANN 409 T
CRISPR/cas9 48 I+ 32 h i AU R0 4 0 11 512 I (GTR) G H , (AT S S A & B M TP
1%, R FE L ABAT 5B 0 R4 i B 7K F-, TN AR A, [R) 4231k B O 25 vh i o] A R A% 4
WAL

FRET TR ZER AR ARY, A3 AA LA MEIF Brassica nigra BB 3R 240 24 35
) — KA TR AEARN, i@ KM b B s, iR 2£. b B2 2 KRR RS AAR
FRUSEL BFSE R R KEMAEAER C. YR MERAg, BAEEMERNED.
F, PIITSRE & LA 2-T M B 1 AR A 28 o S s 7 S5 Rk, FEBE SR A 7 AN LU B A S A
B % T00H TEAEY) B B VR, BT TS0 5 B P IR) Y ELAVE SC 2R 00 B B UL B o it MU R
FEE L ARHFELL 8 DI EFI AR, FEH “PUmt—.0 7 B T B R A A P, 8 s RO A
a3l (HPLC) I M2 8 AT S R A4 11 28 43 A BT det BE /R VR B, O 38 S Y IR B A A B 1A, 28 AN W]
IF S bR R PR IO B B R VAR B R 2 43 S R RO B B R AR G e, AT SRS T AR R Y B T
A R Y T s AL 2 R IR 2

1 MBS &*

1.1 BEYMREEREG
DA 4 FhZE T 3% Brassica juncea var. tumida i FP [ KB W53E"  ‘Danainaicai’ (W PUJI S REFMIL A
FRAFD) . JL3R-017  ‘Ercai-01” (TUARFGEHE) .  JL3E-02°  ‘Ercai-02” (TP AFGHE) . ‘M
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K257 ‘Yongzha No.2 (T UAEHGEHLE)] Fl 4 Fhit ST 3% Brassica juncea var. rugosa P [ T 5B
%’ ‘Ningboyinxue’ (TIHAFIBEHIE). T L HEEE  ‘Ningboxuelihong’ (TUARFIBLIM). 7K
RITK ‘Shuidongjiecai” (T MAJF B M FABRAR). ‘“@GEEXK" ‘Baobaogingeai’ (MU)I[%
fERE A BRAFD] ML FFRFH T VO R VR VEERA)=3:2: 1 IRAE T, BT EER
FEARKE, WEIRAHIRE N 22 C(E)/18 C(HR), JEMEEREE N 20 000 1x, FHXHEEE N 60%~70%, 16 h JEHE/8 h
MRS . TIPSR RKE “PUM—0 7 BFE T,
1.2 REEkRSEFREYE

=80 °C B A% 5 TR TR A% (TR AFE T W VAR MR 2 el Z0Rh 2 2 0 ) B T 0 % 8 ) 20 W Bt O 3 o 2k
(PDA) VAR I, BIE T 22 °C KiFef, HmAAH 3~5 d T A, JGHBUZ S E R 2 T PDA “FA [, FI'E
T 22 C 55540, BREEEFRA 3 d T KiEY %,
1.3 FEMRBREE

RS FPBEALIEE 10 ¥R, &E 6 WA Y FEE . RIS 7 L AE AR CHFFE ) Lt L wg A
Bk, HABRINT . ORAFRI 0.4 g MPA12, H 4 mL XEFEK (ddH,0) ¥ 10 min, T @840k
Fridug, B, @m EROQTEYALEEMA 4 mL ddH,0 353 10 min, T & B4R 0E, B
EW., B2 EBEWIRAS —E. @m EEWR S IA 100 pL 5 mmol- L™ 1 4 ¥ # 45 B i
(glucotropaeolin) VE A PIAR o (4 RE WL BT 55 iR AR 25 - [ AH A< Bk A ddH,0 W%, JMA 1 mL 25 mg-mL™
DEAE Sephadex A25 F1 200 uL 40 mg- mL™" 48 fbkE (Si0,). ORFAEBAIEM 3 ZENG, B S mL iR
HEATRR T AEI, ARG R AT YA AR s R VRO E ISR R ddH,0 T VE
OFFZERBOR 2T W S5, WA 200 pL 1 mg-mL™ FYBRER AR . O ZEBGE L Pk O BEO, T
30 °C KSR EIR N 12 h, fEEFRH G @M 3 mL Ak AR B, J5H 0.45 mm
UEMEIT YR VeI, PRAFF HPLC /AT AR GREYE), —80 °C 47 . QR Waters ACQUITY Arc RGN}
FES AT 0T . TRENAH A LRI Sy . LK R NE ;s BB S : 0~45 min, 45~60 min; ZFIARFS 4L
PERREE . 0~20%, (OifFE. C-18 SAHAE (250 umx4 pm, 5 pum, Bischoff, Leonberg, Germany); #1if :
30 C. #EFERE: 20 pLlo KEIPEK . 229 nm, i 1 mL-min™' Q04 2H 2B o kR VR vk 3 AR 90 4 3 Al
2 W A (RN 0L A A 26 R B T
14 EFEEMZER

S RM AN R . TIPSR W0 B BCSAIL EUIRAS R AR RE, K
W E PRk (A2 5.3 mm) W DS EFNIBCEFI B, TR AL KB —80 WA E 2 —
PSR = K56 DU B B B R b Ty, R R A O i, SRS BT AR AL B AR L
T (20£2) C OB SR PR 2R, FE 0L 12, 24 F1 36 h A7 RAEL
1.5 EWRAERMITE

SrHIF 00 120 24 F1 36 h XF &5 ARG HE B I 5 R B HEA TSR BRI 5%, (] Imaged 3K E1 T B4
BEME AR 518, BABIEIE T 10 Wi A e, 3 IRIEAREL .
1.6 SEitoHh

& H] SPSS Statistics #ATGE 1T /0. 45 R UF I EAR MEZE RN o B3 P53 B>k 1T one-way ANOVA
with Tukey’s test 5 % B¢ Duncan’s 2 5 £ 55 #4745 30 VA%, 2 25 PE7K°F 2R 0.05. R H] GraphPad Prism
8.0 1K
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Table I Main growth phenotypes of 8 mustard cultivars

i PkEi/em Bl /cm 5 T A /em?
R 18.131+1.741 a 22.741+1.517 be 37.178+4.875 ab
‘M2’ 17.348+1.989 ab 23.475+3.135 be 22.438+2.809 ¢
‘JL3-01 14.799+3.317 abc 22.909+1.981 be 28.962+6.577 be
‘JL-02’ 13.533+3.497 bed 19.066+1.387 ¢ 30.529+6.337 be
T 13.373+1.626 bed 24.567+3.755 ab 24.244+3.119 ¢
TR Y 9.857+1.876 d 26.671+3.487 ab 31.790+2.606 be
TR 12.635+1.688 cd 29.030+3.728 a 28.858+5.951 be
AFR 10.121£0.594 d 24.919+1.507 ab 41.555+6.464 a

B s AR PRE R Rl — R AR R il o ) 25 5 2. (P<<0.05)

55 e JLEE-01; doJL3E-02°; e cTURENT; £ TP E BER; g KRR

a. KRUSHIZE: b, FIKE2

%
=
@
@
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I

B 1 ¥ SA M ENA (A) FHALE (B)
Figure I  Front view (A) and top view (B) of 8 mustard cultivars
22 ARESEFIFTIE “IOH—0” REBREREERRES T
M2 AT 8 AT R S B B BT o A R ARV A 1.851~4.844 pmol- g ' BT FIIR 7 A7 1 o
WERWEREE S, ‘mE2% &M, RS RO LREZESI, SHRRFIEER
EXEF (P<0.05), JLF-027 A CTUEE BB AR 2-P B BT A R U B A Ak ) S e 2
S, EMM25 EmE, HUON RO, M JL3R-027 Bk, FER TR TUWET B
RE WG B e B R B ey, TS BLEE . AHB, IR B T T R RE AR mﬁf‘kiny

i, HUOh TS EEY M JLER-01 , CRUIISET EAR. 2- PN SRR T A B R R B A T A
rn PR S 95% LI b, REHHAEAE ST mLﬁ@m¢ﬁ£%IEﬂuo
K2 SO EMMHTFREAS REERK
Table 2 Glucosinolate component contents in 8 mustard cultivars
i BB /(umol- g ™) NEMT R/ (umol- g ") WIWEREELF/(umol- g ™) 2-TNMEERRTE/(umol- g ") 2- AR w1/ BT/ %
RIYEE 4.725+0.615 ab 4.719+0.614 ab 0.006+0.001 ¢ 4.690+0.623 a 99.26
‘MG 4.845+0.593 a 4.831+0.593 a 0.013+0.003 de 4.73240.562 a 97.70
‘JL3E-01 2.735+0.256 de 2.710+0.257 de 0.025+0.003 b 2.648+0.234 cd 96.79
‘JL-02’ 1.800+£0.335 f 1.766£0.336 f 0.035+0.002 a 1.728+0.324 ¢ 95.95
TIERE’ 3.915+0.433 be 3.899+0.4339 be 0.017+0.002 cd 3.861+0.427 ab 98.61
TWHHE  1.85140.617 ef 1.820+£0.616 ef 0.0310.002 a 1.793+0.601 de 96.86
TR 2.549+0.310 def 2.532+40.311 def 0.017+0.003 ¢ 2.507+0.312 cde 98.34
AL 3.376+0.292 cd 3.360+0.290 cd 0.016+0.002 cd 3.236+0.286 be 95.88

LR IR BRI ) — SR BRAN [5) il 8] 22 57 .35 (P<<0.05).

23 AEMIAITE “Hit—0” RERNZERIES R
HI Pl 2 WTHT: BEE BB R RE G, 8 /SIS St i 11 D B T FRS) S BB M G R i a8 . TERE BRI
Ye12hJa, MR SR LA XISOT i MBI BE . B e B TGN 2 24 h, TRBEZ ETYT R S G M AT
HYS5 12h ML, WHREABENK, Z36h, BEFEERD SEIMH A BRI,
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a KIS b FM2E o JLE01: d ILEE-02% e FREE £ FWE R, g KA h LA

A2 8ARAIFEEAELELR 12h(A). 24h (B). 36h(C) vt H £ A

Figure 2 Phenotypes of 8 mustard cultivars inoculated with S. sclerotiorum at 12 h (A), 24 h (B), and 36 h (C)
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LU B A e (B 3A). SRR B 24 h i, ‘B3 MREBEE A KRR, Ak
H, BrS RIS LS, SHALSMEZEREE (P<0.05). JLK-017 f1 JLX-02" ZETRE
ZS,  CTIHERTE m¢%%’ﬁ‘?%§£§’%ﬁ%ﬁﬂmz,ﬁ‘%ﬁzm’%%%EFME
/N (E 3B). FEREFIAZELE 36 h B, BEEEMIFLN 3.176~4.758 cm®, BEAF, 7S HEE mnﬁﬁﬁm
K, i CRUBWRSE REBREmE AR/, HAS A Z 2R A B E (K 30), WL, 8 A ANE SR IF
o R 25 AR NPUEESR, K OKAEITE

025 6 r
o 020 1
= 015 | 4
=
= 010 ¢ 5 |
0.05 |
0 0
Fn &S -k o B, S, S S S
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s A A s A

AR [ B R AR 7 3 B 1) 2 5 6.3 (P<<0.05)
B3 8AGmAIEEAAZAT 120 (A). 24h (B). 36 h (C) @R
Figure 3 Lesion area sizes of 8 mustard cultivars inoculated with S. sclerotiorum at 12 h (A), 24 h (B), and 36 h (C)
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JEE IR W FE B AR KRR FE A0 12 h J5 IR BT A K (] 4C) . IEAb,  2-TR M JE A7 1 5 1 JBE IR vk
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Figure 4 Comparative analysis of glucosinolate content and plaque area changes in different mustard cultivars
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32 FFEaEEE R S HE R AR R B R S

ABFFE R s PSR R OB 5 BT BRI B AR Wk A7 — 5 S0, (AP I 2 P 6
. NFEGMZERBTE IS . IR SO 414 (i 2- PR L) 7T RETE A SHOR IR
JE R R A 2 SAL FL SRR AT B I AT e R 4 R A OS] B R e
/N P 58 WS e B 1 ] B 4R, MADLOO %519 %% B ACH 1 rh BB 41 53 2- Pl SE T T 28
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K-027 ML CTREHEE |, fEREERAER 12 h R RBERREN, IEE 2R, R R
e FA | R R AR T AE L DL AR pe T3 o DR i ML SR TR e . P, NIRRT SR BT
PEAURER T A Hp SR e BE AR, S SRR 2L 20 BB S BRI T DA G

4 b

ABFFE 8 DIFIR AR A B R EE R M N 1.851~4.844 pmol- g™, A[A] SR 22 [R) B 4 o i E /K
W AEAE 22 S, ZE DTS00 1 0 B R Wk 3 v T T 3, 2-TR s S 1 76 T A b o B 1 7
95% LA L, HME25 BINRMIGET T B E EE RR E s,  ILR-027 AV WA T T R EE K VAR A
B, KA AU B T B RV AL TR I s SRS R BT T, A2 S X
R PUE R, HICOh KRR

5 5% Xk

[1] AGERBIRK N, OLSEN C E, NIELSEN J K. Seasonal variation in leaf glucosinolates and insect resistance in two types of
Barbarea vulgaris ssp. arcuatalJ]. Phytochemistry, 2001, 58(1): 91-100. DOI: 10.1016/S0031-9422(01)00151-0.

[2] XU Deyang, SANDEN N C H, HANSEN L L, et al. Export of defensive glucosinolates is key for their accumulation in
seeds [J]. Nature, 2023, 617(7959): 132—138. DOI: 10.1038/s41586-023-05969-x.

[3] LAFARGA T, BOBO G, VINAS 1, et al. Effects of thermal and non-thermal processing of cruciferous vegetables on
glucosinolates and its derived forms [J]. Journal of Food Science and Technology, 2018, 55(6): 1973—1981. DOI: 10.1007/
s13197-018-3153-7.

[4] CAVO E, TAVIANO M F, DAVI F, ef al. Phenolic and volatile composition and antioxidant properties of the leaf extract of
Brassica fruticulosa subsp. fiuticulosa (Brassicaceae) growing wild in Sicily (Italy)[J]. Molecules, 2022, 27(9): 2768. DOI:
10.3390/molecules27092768.

[5] WANG Jinglei, QIU Yang, WANG Xiaowu, et al. Insights into the species-specific metabolic engineering of glucosinolates
in radish (Raphanus sativus L. ) based on comparative genomic analysis[J]. Scientific Reports, 2017, 7: 16040. DOI: 10.
1038/s41598-017-16306-4.

[6] ASSEFA A D,KIM S H, KO H C, et al. Leaf mustard (Brassica juncea) germplasm resources showed diverse characteristics
in agro-morphological traits and glucosinolate levels [J]. Foods, 2023, 12(23): 4374. DOI: 10.3390/foods12234374.

[7] MALHOTRA B, KUMAR P, BISHT N C. Defense versus growth trade-offs: insights from glucosinolates and their
catabolites[J]. Plant, Cell & Environment, 2023, 46(10): 2964-2984. DOI: 10.1111/pce.14462.

[8] AGERBIRK N, OLSEN C E. Glucosinolate structures in evolution[J]. Phytochemistry, 2012, 77: 16—45. DOIL: 10.1016/j.
phytochem.2012.02.005.

(9] BRAEE, P, FENG Jie, 4. MY IS0 R0 9 BRAZ I 98 2E 88 (D). B/ W2 3i 412, 2018, 45(12): 2762-2768. CHEN
Caixia, WANG Zehao, FENG Jie, et al. Sclerotia of plant pathogenic fungilJ]. Microbiology China, 2018, 45(12):
2762-2768. DOI:10.13344/j.microbiol.china.180117.

[10] PIAHER, HEF2 L, SR, 45, R IFSRE R HUIE S T e (], VAU RAMBHE 244 (A 8RR, 2019, 47(12):
123—-129. SUN Yeshuo, HAO Lingyu, ZHANG lie, et al. Identification method of resistance to Sclerotinia in Chinese
cabbage[J]. Journal of Northwest A&F University (Natural Science Edition), 2019, 47(12): 123—129. DOI: 10.13207/j.cnki.
jnwafu.2019.12.015.

[11] CHEN Rongshi, WANG Jiyi, SARWAR R, et al. Genetic breakthroughs in the Brassica napus-Sclerotinia sclerotiorum
interactions [J]. Frontiers in Plant Science, 2023, 14: 1276055. DOI: 10.3389/fpls.2023.1276055.

[12] ZHU Biao, LIANG Zhile, ZANG Yunxiang, et al. Diversity of glucosinolates among common Brassicaceae vegetables in
ChinalJ]. Horticultural Plant Journal, 2023, 9(3): 365-380. DOI: 10.1016/j.hpj.2022.08.006.

[13] CHHAJED S, MOSTAFA 1, HE Yan, et al. Glucosinolate biosynthesis and the glucosinolate-myrosinase system in plant
defense[J]. Agronomy, 2020, 10(11): 1786. DOI: 10.3390/agronomy10111786.

[14] STOTZ H U, SAWADA Y, SHIMADA Y, et al. Role of camalexin, indole glucosinolates, and side chain modification of
glucosinolate-derived isothiocyanates in defense of Arabidopsis against Sclerotinia sclerotiorum[J]. The Plant Journal,
2011, 67(1): 81-93. DOI: 10.1111/j.1365-313X.2011.04578 x.


https://doi.org/10.1016/S0031-9422(01)00151-0
https://doi.org/10.1016/S0031-9422(01)00151-0
https://doi.org/10.1016/S0031-9422(01)00151-0
https://doi.org/10.1016/S0031-9422(01)00151-0
https://doi.org/10.1016/S0031-9422(01)00151-0
https://doi.org/10.1016/S0031-9422(01)00151-0
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1038/s41586-023-05969-x
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.1007/s13197-018-3153-7
https://doi.org/10.3390/molecules27092768
https://doi.org/10.3390/molecules27092768
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.1038/s41598-017-16306-4
https://doi.org/10.3390/foods12234374
https://doi.org/10.3390/foods12234374
https://doi.org/10.1111/pce.14462
https://doi.org/10.1016/j.phytochem.2012.02.005
https://doi.org/10.1016/j.phytochem.2012.02.005
https://doi.org/10.1016/j.phytochem.2012.02.005
https://doi.org/10.13344/j.microbiol.china.180117
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.13207/j.cnki.jnwafu.2019.12.015
https://doi.org/10.3389/fpls.2023.1276055
https://doi.org/10.3389/fpls.2023.1276055
https://doi.org/10.1016/j.hpj.2022.08.006
https://doi.org/10.1016/j.hpj.2022.08.006
https://doi.org/10.3390/agronomy10111786
https://doi.org/10.3390/agronomy10111786
https://doi.org/10.1111/j.1365-313X.2011.04578.x
https://doi.org/10.1111/j.1365-313X.2011.04578.x
https://doi.org/10.1111/j.1365-313X.2011.04578.x
https://doi.org/10.1111/j.1365-313X.2011.04578.x

8 RN/ NI NI e 14 20254 X A 20 H

[15] MADLOO P, LEMA M, FRANCISCO M, et al. Role of major glucosinolates in the defense of kale against Sclerotinia
sclerotiorum and Xanthomonas campestris pv. campestris[J]. Phytopathology, 2019, 109(7): 1246—1256. DOIL: 10.1094/
PHYTO-09-18-0340-R.

[16] MANN A, KUMARI J, KUMAR R, et al. Targeted editing of multiple homologues of GTRI and GTR2 genes provides the
ideal low-seed, high-leaf glucosinolate oilseed mustard with uncompromised defence and yield[J]. Plant Biotechnology
Journal, 2023, 21(11): 2182-2195. DOI: 10.1111/pbi.14121.

[17] PARITOSH K, YADAVA S K, SINGH P, et al. A chromosome-scale assembly of allotetraploid Brassica juncea (AABB)
elucidates comparative architecture of the A and B genomes[J]. Plant Biotechnology Journal, 2021, 19(3): 602—-614. DOL:
10.1111/pbi.13492.

[18] KANG Lei, QIAN Lunwen, ZHENG Ming, et al. Genomic insights into the origin, domestication and diversification of
Brassica juncealJ]. Nature Genetics, 2021, 53(9): 1392—1402. DOI: 10.1038/s41588-021-00922-y.

[19] SINGH K P, KUMARI P, RAI P K. Current status of the disease-resistant gene(s)/QTLs, and strategies for improvement in
Brassica juncealJ]. Frontiers in Plant Science, 2021, 12: 617405. DOI: 10.3389/fpls.2021.617405.

(20] XSk, =33, T3¢, 5. I3 B BAL A > S AR W M SE i [0). AET5 Pl 22, 2018(15): 180-185. LIU Lin, LI
Shanshan, YUAN Renwen, ef al. A review of main chemical composition and biological activities of Brassica juncea (L. )
Czern et Coss[J]. Northern Horticulture, 2018(15): 180—185. DOI: 10.11937/bfyy.20174453.

[21] SUN Bo, LIU Na, ZHAO Yanting, et al. Variation of glucosinolates in three edible parts of Chinese kale (Brassica
alboglabra Bailey) varieties[J]. Food Chemistry, 2011, 124(3): 941-947. DOL: 10.1016/j.foodchem.2010.07.031.

[22] CAI Congxi, YUAN Wenxin, MIAO Huiying, et al. Functional characterization of BoaMYB51s as central regulators of
indole glucosinolate biosynthesis in Brassica oleracea var. alboglabra Bailey[J]. Frontiers in Plant Science, 2018, 9: 1599.
DOI: 10.3389/fpls.2018.01599.

[23] GUO Rongfang, SHEN Wangshu, QIAN Hongmei, et al. Jasmonic acid and glucose synergistically modulate the
accumulation of glucosinolates in Arabidopsis thaliana[J]. Journal of Experimental Botany, 2013, 64(18): 5707-5719. DOLI:
10.1093/jxb/ert348.

[24] HARUN S, ABDULLAH-ZAWAWI M R, GOH H H, et al. A comprehensive gene inventory for glucosinolate biosynthetic
pathway in Arabidopsis thalianalJ]. Journal of Agricultural and Food Chemistry, 2020, 68(28): 7281-7297. DOI: 10.1021/
acs.jafc.0c01916.

[25] HRWRIE, Dok e, B, 45, i H A0 09 FSR AR S a0 ik 2l H R Baa 69 23T BILR (0], VAR50, 2023,
40(1): 81-88. HAO Jiaojiao, MA Yonghua, LU Yanchi, et al. Molecular mechanism of glucosinolate-mediated Brassica
campestris ssp. chinensis against feeding stress of Spodoptera exigua larvae[J]. Journal of Zhejiang A&F University, 2023,
40(1): 81-88. DOI: 10.11833/j.issn.2095-0756.20220172.

[26] XA, MU, XEERF, 45 G KA Y0t -+ P AERHER S KU IRV FHBIF S R J (], £ RR7, 2024, 45(23):
349-357. LIU Mengting, MEI Yuan, LIU Jiaqi, e al. Research progress on the role of glucosinolates and their metabolites
for the flavor formation in cruciferous vegetables[J]. Food Science, 2024, 45(23): 349-357. DOI: 10.7506/spkx1002-6630-
20240412-108.

[27] XIA Rui, XU Liai, HAO Jiaojiao, et al. Transcriptome dynamics of Brassica juncea leaves in response to omnivorous beet
armyworm (Spodoptera exigua, Hiibner)[J]. International Journal of Molecular Sciences, 2023, 24(23): 16690. DOTI: 10.
3390/ijms242316690.

(28] T =ik, It E, SREEME, &8, AN PE 2228 SR rPBR AR 40 4 o0 5 & oA [0 VTR, 2015(20): 70-73, 74.
DING Yunhua, HE Hongju, SONG Shuhui, ef al. Glucosinolate component and content analysis of different broccoli
varieties [J]. Journal of Changjiang Vegetables, 2015(20): 70—73, 74. DOI: 10.3865/j.issn.1001-3547.2015.20.027.

[29] ZHANG Yuanyuan, YANG Zhiquan, HE Yizhou, et al. Structural variation reshapes population gene expression and trait
variation in 2, 105 Brassica napus accessions[J]. Nature Genetics, 2024, 56(11): 2538—2550. DOI: 10.1038/541588-024-
01957-7.


https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1094/PHYTO-09-18-0340-R
https://doi.org/10.1111/pbi.14121
https://doi.org/10.1111/pbi.14121
https://doi.org/10.1111/pbi.14121
https://doi.org/10.1111/pbi.13492
https://doi.org/10.1111/pbi.13492
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.1038/s41588-021-00922-y
https://doi.org/10.3389/fpls.2021.617405
https://doi.org/10.3389/fpls.2021.617405
https://doi.org/10.11937/bfyy.20174453
https://doi.org/10.11937/bfyy.20174453
https://doi.org/10.11937/bfyy.20174453
https://doi.org/10.1016/j.foodchem.2010.07.031
https://doi.org/10.1016/j.foodchem.2010.07.031
https://doi.org/10.3389/fpls.2018.01599
https://doi.org/10.3389/fpls.2018.01599
https://doi.org/10.1093/jxb/ert348
https://doi.org/10.1093/jxb/ert348
https://doi.org/10.1021/acs.jafc.0c01916
https://doi.org/10.1021/acs.jafc.0c01916
https://doi.org/10.1021/acs.jafc.0c01916
https://doi.org/10.11833/j.issn.2095-0756.20220172
https://doi.org/10.11833/j.issn.2095-0756.20220172
https://doi.org/10.11833/j.issn.2095-0756.20220172
https://doi.org/10.11833/j.issn.2095-0756.20220172
https://doi.org/10.11833/j.issn.2095-0756.20220172
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.7506/spkx1002-6630-20240412-108
https://doi.org/10.3390/ijms242316690
https://doi.org/10.3390/ijms242316690
https://doi.org/10.3390/ijms242316690
https://doi.org/10.3865/j.issn.1001-3547.2015.20.027
https://doi.org/10.3865/j.issn.1001-3547.2015.20.027
https://doi.org/10.3865/j.issn.1001-3547.2015.20.027
https://doi.org/10.3865/j.issn.1001-3547.2015.20.027
https://doi.org/10.3865/j.issn.1001-3547.2015.20.027
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7
https://doi.org/10.1038/s41588-024-01957-7

	1 材料与方法
	1.1 植物材料与培养条件
	1.2 试验菌株与培养条件
	1.3 硫苷的提取及鉴定
	1.4 活体接种核盘菌
	1.5 菌斑面积的计算
	1.6 统计分析

	2 结果与分析
	2.1 不同品种芥菜“四叶一心”时期形态特征分析
	2.2 不同品种芥菜“四叶一心”时期硫苷质量摩尔浓度分析
	2.3 不同品种芥菜“四叶一心”时期的核盘菌抗性分析
	2.4 不同品种芥菜硫苷组分质量摩尔浓度及菌核病抗性的影响

	3 讨论
	3.1 不同品种芥菜中差异硫苷质量摩尔浓度的影响因素分析
	3.2 芥菜对病原菌的抗性与硫苷质量摩尔浓度的相关性分析

	4 结论
	参考文献

