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Physiological Response and Transcriptome Analysis of
Exogenous Abscisic Acid to Cadmium Stress in Brassica napus
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Abstract: Abscisic acid (ABA) plays a crucial role in plant response to abiotic stress. However, the
molecular mechanism by which ABA inhibits the absorption of cadmium (Cd) in Brassica napus seedlings
remains to be elucidated. In this study, ‘Youfei 1’ of Brassica napus L. was used as experimental material, and
application of 10 pmol/L Cd in Hoagland solution was conducted to simulate cadmium stress. The effects of
adding 5 pmol/L ABA under cadmium stress condition, on photosynthetic rate, chlorophyll, carotenoid contents
in leaves, cadmium content in above/below ground parts of seedlings and gene expression were analyzed. The
results showed that the photosynthetic rate, transpiration rate and stomatal conductance of the leaves were
significantly increased, while the contents of chlorophyll and carotenoid were decreased. The contents of
cadmium in aboveground and underground tissues were significantly increased under Cd stress condition if

compared with that of the control group. The application of ABA could effectively reduce the leaf transpiration
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rate and stomatal conductance, as well as the contents of cadmium in aboveground and underground parts, and
significantly increase the contents of chlorophyll a and carotenoid. Through transcriptome sequencing to identify
differentially expressed genes (DEGs) , 514 upregulated and 431 downregulated genes were found. Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis indicated that DEGs were heavily
enriched in pathways such as sucrose and starch metabolism, secondary metabolite biosynthesis, metabolic
pathways, and the MAPK signaling pathway, etc. Gene Ontology (GO) functional enrichment revealed that
DEGs were enriched in categories such as hemicellulose metabolism, oxidoreductase activity, phenolic
compound metabolism, cell wall macromolecule metabolism, and system acquired resistance. The
transcriptional trend of selected genes revealed by qRT-PCR is consistent with the transcriptome sequencing
results. Further analysis of the differential expression of lignin-related and hemicellulose-related genes (XTH,
BXL, PAL, C4H, etc.) in rapeseed leaves under Cd stress revealed that most of these genes were downregulated

after abscisic acid treatment. These findings provide a reference for understanding the physiological mechanisms

of ABA regulation under Cd stress and contribute to molecular breeding efforts for rapeseed.
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Table 1 Primers used for qRT-PCR in this study
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Primer name Forward primer sequence (5'-3') Reverse primer sequence(5'-3')
C4H CAAGGGACAGGACATGGTG TGGTCGCAGAGTCTGGATT
LHY GCGGAAACAGATGCCTTAG CTGAAACGCTTTACGACCC
DMR6 ACCTGCTCATACCGACCCA AGGATTAACGGCGAACCA
SKIP31 AGATAGAAACGGTGCAAAGA CATAAGGATTCATCAGAGGC
PGRS5 TTCTGCGAGTCAAGGTTTACTAGGA GGCTGTACTCTGATGGGTTT
BRHI CACATCTAACCCGACCCG TGCAGTTTCTCAGCCACC
P-actin TCCATCCATCGTCCACAG GCATCATCACAAGCATCCTT
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ABA is a separate ABA treatment group; The lowercase letters above the bar chart indicate significant differences between different treatment

groups; The same as below
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Fig.1 The effect of external application of abscisic acid on the photosynthesis of rapeseed
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Fig.2 Pigment content in rapeseed treated with external abscisic acid for 3 and 7 days
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Fig.3 Cadmium content in the underground and aboveground parts of rapeseed treated with

external Abscisic acid for 3 (A) and 7 (B) days

Table 2 Clean data output statistics

N, ) 5 R RNAZE(%)
Sample name Hhreads JH (Mb) SMIDRE (Gb) Q20 (%) Q30 (%) rRNA ratio
Clean reads number Clean reads base

CK-1 55.82 8.37 98.60 95.46 0.41
CK-2 54.29 8.14 98.58 95.45 0.38
CK-3 55.89 8.38 98.64 95.56 0.34
Cd-1 60.97 9.15 98.38 94.85 0.34
Cd-2 56.05 8.41 98.61 95.48 0.33
Cd-3 56.12 8.42 98.58 95.42 0.34
Cd+ABA-1 46.41 6.96 98.58 95.44 0.36
Cd+ABA-2 54.05 8.11 98.65 95.60 0.45
Cd+ABA-3 45.93 6.89 98.60 95.49 0.41
ABA-1 52.14 7.82 98.21 94.52 0.36
ABA-2 51.61 7.74 98.20 94.50 0.45
ABA-3 42.85 6.43 98.23 94.55 0.54

-1.-2.-3 4 3UCR I YA s R I

-1,-2 and -3 represent three duplicates; The same as below
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Fig.4 Pearson correlation analysis between transcriptomes of different treatment groups
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Table 3 Reference genome comparison results statistics

ABA-2

ABA-3

K Sampl U S H ME— LX) ) reads £ H FeX 3 Z2 40 11 reads B H AHEHEXT ) reads 5 H
ample
P Total reads Unig-Mapped Multi-Mapped Un-Mapped
CK-1 55828660 50112201(89.76% ) 3166235(5.67%) 2550224
CK-2 54291864 48639262(89.59% ) 3054580(5.63%) 2598022
CK-3 55891894 50089151(89.62%) 3257347(5.83%) 2545396
Cd-1 60976546 54505566(89.39%) 3504854(5.75%) 2966126
Cd-2 56054376 50248428(89.64%) 3251709(5.80%) 2554239
Cd-3 56129798 50350620(89.70%) 3178170(5.66% ) 2601008
Cd+ABA-1 46410854 41597603(89.63%) 2733831(5.89%) 2079420
Cd+ABA-2 54052248 48466302(89.67%) 3164481(5.85%) 2421465
Cd+ABA-3 45930080 41126906(89.54%) 2581581(5.62%) 2221593
ABA-1 52142598 46421591(89.03%) 2913981(5.59%) 2807026
ABA-2 51607110 45906900(88.95%) 2955779(5.73%) 2744431
ABA-3 42846640 38174963(89.10%) 2453589(5.73%) 2218088

55 N BB R e o S B ECH A 4 b

The data in parentheses represents the percentage of comparison quantity to the total number

242 BREBRXMBIFEMETERREEEMRE  FHE; CdrABA AN T Cd 4 (Cd+ABA vs Cd 4 )
RAREEXDH  BIIEIRAIE3 d, ABAZAIN T HLEEM s PR RN, 514 D EFRKRE
CKZH(ABA vs CKZ1) L% i 1028 P22 S 3Rib e SR B, 431 4> 28 S Rk B H 22 S R GR BE R
(DEGs, differentially expressed genes) (¥ 5A .B), i . CA+ABA vs Cd 41 1 22 5 3% 35 HE X AT RE 7
Hor 649 122 5 RIRFER FIH, 3791 2 F B KRRl S 4 v Rk a L AR .
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A VRS T BB TR RE ; C: AT LR A 22 R R L N R 5 ABA vs CK &R VA TR A FRLATAH S X6 BR 4L
Cd vs CK 7755 Cd il AR T BEL ; Cd+ABA vs CK 3755 Cd it J5 I T4 R b BEAR 5 -5 A4
CA+ABA vs CdF7n Cd ke e M BR AL BRARAE T Cd ka4l ; T I

A': Venn diagram of up-regulated genes; B: Venn diagram of down-regulated genes;C: Cluster diagram of differentially expressed genes shared by

upregulated and downregulated genes; ABA vs CK represents the abscisic acid treatment group compared to the control group;

Cd vs CK represents the Cd stress group compared to the control group; Cd+ABA vs CK indicates that after Cd stress, abscisic acid treatment was

added compared to the control group; Cd+ABA vs Cd indicates that after Cd stress, abscisic acid treatment was added compared to the Cd stress

group; The same as below
5 BERRPAIEMXCAMENESRZERFREREFESRAERRER

Fig. 5 Venn diagram of differentially expressed genes alleviated by external application of ABA under cadmium stress and

cluster diagram of shared differentially expressed genes
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The parentheses represents the percentage of differentially expressed genes annotated to this pathway compared to the background genes annotated to

this pathway
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Fig.6 Bar chart of KEGG classification of differentially expressed genes
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Fig.7 Differentially expressed gene GO classification
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Fig. 8 Expression levels of genes related to hemicellulose metabolism and lignin synthesis in cell walls
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Fig.9 RNA-seq and qRT-PCR validation results of differentially expressed genes
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