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Expression of BjuBMYB28-2 in mustard (Brassica juncea) and
its functional analysis in pest and disease resistance

WANG Shanyi, WANG Jingjing, ZHANG Lili, YU Youjian, ZHU Zhujun, XU Liai’

(College of Horticulture, Zhejiang A & F University, Hangzhou 311300, China)
Abstract: To investigate the functional roles of the MYB28 family members in biotic stress defense
in mustard (Brassica juncea), this study utilized six BjuMYB28s homologous genes cloned from leaf
mustard. Their subcellular localization and transcriptional activation activities were systematically
characterized, with particular emphasis on the expression patterns of BjuBMYB28-2 and its
responsiveness to Spodoptera exigua (beet armyworm) herbivory and Sclerotinia sclerotiorum
infection. Our experimental results revealed several key findings. (1) Regarding subcellular

distribution, BjuAMYB28-1, BjuBMYB28-1, and BjuBMYB28-3 were localized in both the nucleus
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and the cytoplasm, consistent with previously reported patterns for BjuAMYB28-2 and
BjuAMYB28-3. In contrast, BjuBMYB28-2 exhibited an exclusive nuclear localization, suggesting
potential functional specialization among these homologs. Notably, all six BjuMYB28 proteins
demonstrated transcriptional activation activity in yeast assays, indicating their capacity to function
as transcriptional regulators. (2) Tissue-specific expression analysis showed that BjuBMYB28-2 was
predominantly expressed in vascular tissues. Interestingly, GUS staining intensity in leaf veins
markedly decreased at 12-24 h post-treatment with either insect feeding or fungal inoculation,
implying a rapid down-regulation of promoter activity under stress conditions. This observation was
further corroborated by RT-qPCR analysis, which confirmed a significant reduction in overall
transcript abundance of BjuBMYB28-2 following S. sclerotiorum infection. (3) Heterologous
overexpression of BjuBMYB28-2 in Arabidopsis thaliana conferred significantly enhanced resistance
to both insect pests and fungal pathogens. Transgenic lines exhibited reduced larval body weights of
S. exigua fed on overexpression plants, alongside diminished lesion areas resulting from S.
sclerotiorum 1inoculation, compared to wild-type controls. (4) Transcriptomic profiling of
overexpression lines revealed coordinated up-regulation of multiple key genes involved in all three
stages of glucosinolate biosynthesis, including core structural and regulatory genes. Collectively,
these findings strongly suggest that BjuBMYB28-2 reinforces plant defense by synergistically
up-regulating the glucosinolate biosynthetic pathway, leading to increased glucosinolate
accumulation, which in turn contributes to enhanced resistance against both chewing insects and
necrotrophic fungi. This comprehensive investigation not only provides mechanistic insights into
how BjuBMYB28-2 modulates biotic stress tolerance but also establishes a theoretical foundation for
understanding the functional divergence among MYB28 family members in B. juncea, with potential
implications for breeding programs aimed at improving pest and disease resistance in Brassica

Crops.
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RT-qPCR il R 7K
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PEEE S a Tt . ZEAE R 2R R RO SR o 3 A I T 40 S AT SRk 4 g ORI
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FEGL At o F+ 3B RS T DU — ORI AZ A 1, [ BN 8] AU 4 RNA, OG5 EA Actin
W ST RT-qPCR 00T, KA 2 A0COit AN RIA &, #3 WA ER.
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LA AE TR L S U 22 Y AR e P g . 10 B Jia ik B A K — B0 BjuBMYB28-2 i 3RiAFk
R G KIAERE 6 bk, TESHMRE 3 ~5 Frg et h jult B i e b, Wamslr, R
JGF 22°C. 16 h J¢lE/8 h HBREHEF: . #:Fh 24 h J5 I, H Image J BAHIE BN (mm?),
PGP ZE
1.9 FHFANF

T JE MR AL BjuBMYB28-2 i FRIEAU TG I S B AR S e, RO R 4 R AE AR
HARA T (MetWare Biotechnology Co., Ltd.) #AT Tllumina #3417, LIHLE I+ 5% 2K
H (TAIR10) NS, ZFRIEIEFMTFERE NlogFC|>1 H P<0.05,

1.10 ¥4 747

{8 Fl GraphPad Prism 8.0.2 3 fFHEAT Gi it 204 . AHIRIELECR F SRR R 5 %2 7047 (one-way
ANOVA) , 5 Bk 645 0K 12 25 W)k — P R Fl fe /N V% 5+ (least significant difference,
LSD) L THEZ HILK, L P<0.05 AERASFE L.
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eGFP-BjuBMYB28-2 [ Ak H A R w & HE, RPHAEN T4 R 1M
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AT 5 A7 200 A% 0 400 5
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A. CDS J¥%1 PCR #3847 4); B. WAHHLE ML RIEF A FACANT B B PCR Kk C. MEZRIRE A RIA B A
KB 1. 2. 9. BjuBMYB28-3; 3. 4. 10. BjuAMYB28-1; 5. 6+ 11. BjuBMYB28-1; 7. 8. 12. BjuBMYB28-2;
M. DL2000 DNA Marker o

A. PCR amplification products of CDS sequences; B. Validation of Agrobacterium-mediated transformation of
subcellular localization expression vectors by colony PCR; C. Schematic diagram of the subcellular localization
expression vector; 1, 2, 9. BjuBMYB28-3; 3, 4, 10. BjuAMYB28-1; 5, 6, 11. BjuBMYB28-1; 7, 8, 12. BjuBMYB28-2,
M. DL2000 DNA Marker.
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Fig. 1 Amplification of the CDS sequences of BjuMYB28s and construction of subcellular

localization expression vectors
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Fig. 2 Subcellular localization of BjuMYB28s fusion proteins



2.2 BjuMYB28s [¥)%% B35 75 4

¥4 6 > BjuMYB28s [ CDS J¥ 41, % pGBKT7 ik, £ PCR HHlF 4L, K1
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AH109 28}, G55 BoR, B AL 778 SD/-Trp ¥ 553 EIYREE K 1F SD/-Trp-His-Ade #4535
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A FEFEERIBFH A AE (GAL4 DNA-BD. GAL4 DNA 45545 #18:  GAL4-AD. GAL4 [ 5% s 45 1
1; BjuMYB28s. HRNIERH K CDS 54D ; B. LEALNIEESER A A R ik 753 E A KRS .

A. Schematic diagram of the transcriptional activation expression vector (GAL4 DNA-BD. GAL4 DNA-binding
domain; GAL4-AD. Transcriptional activation domain of GAL4; BjuMYB28s. The CDS sequences of the

corresponding genes); B. Growth status of transformed yeast strains on different selective media.
B 3 BjuMYB28s 5 s A
Fig. 3 Transcriptional activation activity assay of BjuMYB28s
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7 B399 2 500 bp (B3I T2 %55, #EETHRERESIY, @il PCR 8 50 535K 15 K
FE4 1852 bp MIEBIT 74 (B 4: A o FIH FRE AR %8 307 B g e pBLI21 #ifk
(1) CaMV35S J38)¥, 4 PCR KINFIIE, Ittt BjuBMYB28-2 J35) 1 UK GUS i &
(R ) #7534 pBI1121-ProBjuBMYB28-2::GUS » #iZ 2 Al it A& 4T 1 /1 5 IR A6 1255 AL By AR 7Y
T, S RIBHERIUILEM PCR %58, mZKM 6 MAMREIEEKR (K 4: B) .
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750 bp
—2 kb




A. BjuBMYB28-2 Ja s F 75 ¥ 1; B. BFERMEIF T AR PCR 31F; M. DL2000 DNA Marker; 1.
BjuBMYB28-2 JA#)¥ PCR F2¥; 2. ddH.0; 3. BFAERIEETF; 4-9. FEIEHEBLEIF PCR P24,

A. Amplification of the BjuBMYB28-2 promoter sequence; B. PCR validation of individual T generation transgenic
Arabidopsis thaliana plants; M. DL2000 DNA Marker; 1. PCR products of the BjuBMYB28§-2 promoter; 2. ddH>O; 3.
Wild-type Arabidopsis thaliana; 4-9. PCR products of transgenic Arabidopsis thaliana.

& 4 BjuBMYB28-2 |3 8) o M LRI BEIT LS
Fig. 4 Amplification of the BjuBMYB28-2 promoter and identification of transgenic Arabidopsis

thaliana plants

2.4 BjuBMYB28-2 [If 25 Rk Hr

TEIE AR KA 5 R IRBH VR LR AR E AT GUS LHZUL A Qe a0 M, S5 ER, T
W&, GUS FE5 %A T kA iR B, RESLRE (BS5: A o« PR+,
R IR 25 I (1 32 ik e vk % k) LB B GUS €3k (I 5: B, ©) , ZEEEES (K 5.
D) ; B GUS VR, T TAEFM. 16N, B2 MEMk (8 5: E) . MR
IERENE (B S5 F) o LLEGERRY, BjuBMYB28-2 Ja 5+ ] Ukah GUS JEIKITE4E 5 1 b
SHLATRRERIE, BTk, MK, TR TR, dEs . TRk LR S R A
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A-F. BjuBMYB28-2 JA &) T W5 GUS FiEMAERFMETT: G-L. BRI AL G. 4hiE: B, H.
C. L Z24m; D. J. 2%; E. K. f#£/7; F. L. i, f/R =400 um.
A-F. Transgenic Arabidopsis thaliana expressing GUS driven by the BjuBMYB28-2 promoter; G-L. Wild-type

Arabidopsis thaliana; A, G. Seedlings; B. H. Rosette leaves; C, I. Cauline leaves; D, J. Stems; E, K. Inflorescences;
F, L. Siliques. Bars =400 pm.

& 5 BjuBMYB28-2 Wit 2= ik R 547
Fig. 5 Analysis of the spatiotemporal expression pattern of BjuBMYB28-2
2.5 AYiE LTS BjuBMYB28-2 RiE KR
NIRFE BjuBMYB28-2 & {5 Wil LA aE., 0] 5 Jos i IO 1 5 - v 70 ) 14T i S ik 4y
LB R AR . GUS Yot oR, $E AT BiuBMYB28-2 FERIE T ifik. #5412 h #
24 h ItF, Mkt GUS (55 BB IR59: & 36 h i), (55 EyRECRoAm THRAHH (K6 A,



F W SE RO P e M kR, TR S AN WA R RIE . R 2
KEaH: BEw 120 M 24 h i, Mk GUS /55055, MR HIIRESE S BE 36 h i,
M R Z G kbl s R A (B 6: B) , URIARZ AL 1612 Yo [RIFE I BjuBMYB28-2 1E0
fkrh ik T B HAE M R PRI

5 B8 AIE A A T 1 TR AL FE X BjuBMYB28-2 FEiR WIS, TETFSEM P B 45 12 h.
24 h Fll 36 h i #E47 RT-qPCR 70#1. 4558 (K 7) BoR, BEH G BAREACE R TR .
W 12 h I RIEEMA T, (HARXFIRZACT: 24 h I RIE L ZR T XA, 36 h i B4
Frial i, ETMER T8 X — DI 7R R AL BN BjuBMYB28-2 ik M HIE H .

A Oh 12h 24h 36h B Oh 12h 24h 36h
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=
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A. ProBjuBMYB28-2::GUS Wi N i SR A k4 REX B 5 1t GUS 4u s B, AR JE M GUS $eta. R =1
mmo.

A. GUS staining of ProBjuBMYB28-2::GUS after feeding by beet armyworm larvae; B. GUS staining after infection

by Sclerotinia sclerotiorum. Bars = 1 mm.
& 6 BjuBMYB28-2 Wi . B BRI B R iR EHEN
Fig. 6 Expression patterns of BjuBMYB28-2 in response to insect herbivory and Sclerotinia

sclerotiorum infection
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B 7 F7 3 F BM A 5 N FIR RS BjuBMYB28-2 HIAERXTRIAE
Fig. 7 Relative expression levels of BjuBMYB2§8-2 in mustard leaves at different time points after

inoculation with Sclerotinia sclerotiorum



2.6 BjuBMYB28-2 R EH#EFNERMHRE S L2

I CaMV35S JA 5 T UREN BjuBMYB28-2 it ik 44k, #4bm I J5 3K45 5 ¥R EH
PEfEMR (8 8: A) . RT-qPCR & R BIx, Kbk MYB28 (NUE AtMYB28 5 53
BjuBMYB28-2 i MDD IA 3 2% & T B A AL, Horbik & BjuBMYB28-29E-1 F1 BjuBMYB28-29E-3
Fikmik AR 10 5L, BjuBMYB28-20E-5 Bk 2175 % (K 8: B) , RHEKIhHE
BjuBMYB28-2 i FRIL R R 77 -

2.7 iEHRIE BjuBMYB28-2 Y458 T H\ G TFX B SERRIN & A% B R Je i Ptk
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Fig. 8 Identification and expression level analysis of T generation Arabidopsis thaliana positive

seedlings overexpressing BjuBMYB28§-2
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A. Growth status of beet armyworm larvae after feeding on wild-type and BjuBMYB28-2°F plants for 7 days, bars = 5
mm; B. Statistical analysis of larval weights; C. Lesion phenotypes of wild-type and BjuBMYB28-2°F plant leaves at

24 h post-inoculation with Sclerotinia sclerotiorum, bars = 1 cm; D. Statistical analysis of lesion areas.
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Fig. 9 Overexpression of BjuBMYB28-2 enhances resistance of Arabidopsis thaliana to beet

armyworm larvae feeding and Sclerotinia sclerotiorum infection
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A. Volcano plot of differentially expressed genes; B. GO enrichment circle plot of differentially expressed genes.
From outer to inner circles: GO terms; the number of genes in each category in the background genome and FDR
values (longer bars indicate more genes, redder colors indicate more significant enrichment); the proportion of
up-regulated and down-regulated genes (light red for up-regulated proportion, light blue for down-regulated

proportion, with specific values displayed below).
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Fig. 10 Transcriptome differential expression analysis of BjuBMYB28-2 overexpression Arabidopsis

thaliana leaves
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Fig. 11 Expression analysis of glucosinolate biosynthesis-related genes in leaves of Arabidopsis

thaliana heterologously expressing BjuBMYB28-2
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