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Physiological Response and Transcriptome Analysis of Exogenous

Abscisic Acid to Cadmium Stress in Brassica napus
CHEN Jing, ZHAO Yuquan, HUANG Xijin, HE Chunjun, ZHANG Dawei, XIAO Lu, LIU Lili

(School of Life and Health Sciences, Hunan University of Science and Technology/ Hunan Key Laboratory of Economic Crops Genetic Improvement and

Integrated Utilization, Xiangtan 411201

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 10 umol/L Cd** was added to Hoagland solution to simulate cadmium stress.
The effects of 5 umol/L ABA on photosynthetic rate, chlorophyll, carotenoid contents in leaves, cadmium content in above/below
ground parts of seedlings and differential expression genes of rapeseed under cadmium stress were analyzed. The results showed that
the photosynthetic rate,transpiration rate and stomatal conductance of rapeseed leaves were significantly increased, the contents of

chlorophyll and carotenoid were decreased, and the contents of cadmium in aboveground and underground parts were significantly
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increased under Cd stress compared with the control group. The application of ABA could effectively reduce the leaf transpiration 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 screen differentially expressed genes, 514 genes were
identified as upregulated and 431 genes as downregulated by ABA in response to Cd stress in Youfei 1. Analysis of the enriched
pathways related to it , Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis indicated that
differentially expressed genes 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
differentially expressed genes were enriched in categories such as hemicellulose metabolism, oxidoreductase activity, phenolic
compound metabolism, cell wall macromolecule metabolism, and system acquired resistance. The qRT PCR validation is consistent
with the transcriptome sequencing results. Further analysis of the differential expression of genes related to lignin and hemicellulose
metabolism in rapeseed leaves under cadmium stress induced by exogenous abscisic acid, including XTH, BXL, PAL, C4H, etc.The
results provided a reference for the regulation of physiological mechanism and molecular breeding in rapeseed under cadmium stress
by exogenous ABA.
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Hi(Cd, cadmium)/@ i AL L E SRS 2 —0, MU SECAED W=D, Wi H S EMY
R, @ aYeE B faH AR R, RIE a5 R mIL 16.1%, o Cd 5 RiinZ mns 7%
FEEIEY) . B 2. AR, AESEAE 0.02 mg/L Cd Hria 14 d Jim e Fr 40 i o o ISR
SEI0) CA ORI, 5] IS i R A0 R e 3, P S TOL ARG, B (Nicotiana tabacum. L cv.
NC89) £ 0.5 mmol/L Cd il 1 il J5 HAE KR B A W2 BH, AR SN Hon 4038 & B W PR, v s ik
FEEERG IO, JSRZEM 1 5 4E 5 mg/L Cd i 16 d J5, &gy b A R 088 & &2 34 m 1 33.12 #5A0
284.81 15517, MR ARFBEAERN) CA R R ). HIEAHE 814 54 10 pmol/L Cd 4b¥E 4 d 5, KILH B
SRR EIR, ot WA M ER S & LT T 29.0%, N RS R, MERIE RS R
Pt Jog 5 S v 1 35 Y 5 HG 81,

Ji 7R (ABA,, abscisic acid)/& — P YA . FhFARIRAN M F 3232 45k 2 E IR, 1B 6
FE S FhARA A AR R B, ABA ] GBI i3S FLI & R AR AR G R, AR 1 28 1 18 % S5 R
Xt 5 4 B S DA D00, B SR, M S pmol/L AhE ABA W S BRAR TSI 25 R AR o
CA> [ AL, 1M 80 umol/L AMJE ABA & Bl 1) S6UNE Ml ] 384 Jin Al 25 A % CA2 iy e g 7y, A K
Cd> Histh T & BB AR 2, N INAR R SE -0, 20585 4E 50, 100 pmol/L Cd i 2% 1
N, L AR P P B HoOr & R R E N WA B S R M4 5 pmol/L AMJE ABA R
SR A E A S R WneTAEE R a S R (LU R A R G ek R A 02, B R
B 77 it 1 0.5 pmol/L 45 ABA AE 31 10 umol/L Cd Wil '~ HE # k 1 5 #% 32 & 1 (IRT, iron-regulated
transporter ). £E-EkHIEE [ (ZIP1, transporter-like protein) FIZRIE, MM ek 20 45 70 4 47 A Py F2 2R 1031,
4k, AN 0.5 umol/L #MJE ABA RI AT Cd Bl MR IF AUZEKRDL,  ABRARAR B 2T i & |, Iz Cd>*
TEAR 4 M BE P B2, B35 B A DUR A M TR AR A HE I 2 ThBE 2 i K % (PDR,  pleiotropic drug



resistance ) LA K fi iE 401 i o X4 1S VR IR A B 41 2% (PDF, plant defensin ) 14, 5K KN 25USIH 30
mg/kg Cd AbFEH WEAMSE, RIS 5 gn o B 7 A IR 3 2058 R R ok 52 i X SR i 32 1% . Feng 5%
DOLEFLHT 10 mmol/L Cd ALFRFH F 45, 215 2 A e R 5 2368 I AR 5 J6 FR] DA B 4 e K 2 AR UL Rk %
# - HERIE .

SR EIRMEY), ARG, TR ST RE RO, S Bl H s RS, R,
TSR AE AR TS L 3 B 22 A 2E 7 A il M ORI S AR A . AT IRT SR 5 pmol/L #MJE ABA ] B3
Cd e st H iSRG E I B E1E A, ARUR MR AR . B H R A AR A B s, T
W RRENT AR PR AR TS G 3 B A R AR A2 E R0 T 0k )RR, B ABA 2 H AR
PAEYARB AR EAR 7 Rz — 081, SRR AR ABA Y% it S5 0 i) SR R 17 A= 242 i 17 A0 437 BL 47
AR . AT i AN ABA X Cd il R H S ALy A R . AR AR M R AR,
Ho B/ R S R R ARAA SR R, LR MR ABA R H BE R SR Cd ad i Az BN 23 5L
i, il SeAE RS G b RV E YRR T SR A A R Y BRI AR

1 MR 55%

L1 R S 4038
AL — 5 H R SRR FW R B TR T B IR(ABA), 2H5% =98%, T TN s R

FRAF]; CdCL-2.5H0 N4rHral (4 =95%).

PREAF R IR T, F 95%M RS T 8 15 min, ARJ5 FHRESHKIREE S K. 7E K7 A LLWUZ
PRAAR IR, BB FR LA 580N 30 KLy 385 (Ml =e 1, B THERBRM GREE 23+1°C, AR
FE70%), 14 hJGHE/10 h BETEHE OBRRERE 60%) THiFR 5d, fAMRK S 3~5 cm, MZH 2~3 em i, ¥
H R 4 oA 22 /K35 B WA NN Hoagland W7 IBRE FRAT h 4R 21597, B 3 d I — B IR, L%
IR 17d, FRghd = IUHIFE KA (28 cmx20 cmx9 cm), 43K 4 41, RIIN Cd AR CHFIEZD I
H T Hoagland J%3%57%, Cd it 26 P 207E Hoagland ¥ 8 10 pmol/L Cd 4b¥E 1 . 1 A5, 43 7I4E
KA Cd A Cd pria 40 &% — 1R 0 5 pmol/L ABA T & 35, BARS SN A: REL4A (CK). 10
pumol/L Cd (Cd), 10 pmol/L Cd+5 pmol/L ABA (Cd+ABA), 5 umol/L ABA (ABA), HHK 3N EE,
HEM O, BHKIANER. ABA KIS 3d. 7d AT FEUEE 3~4 A TRFEANT . b1k
HZHo &, Mgz M E MRS ERR, FARREEES & T-80°CUKAR1E .

1.2 AR E
7E ABA #BE5 3 d A1 7d (B4R 9:00-11:000 FIADGE M EAL (LI-6400XT, Li-COR Inc, USA) il 72 i

KA TAE L5 3~4 AN KDL A S8, BRFEWECEE SR HIEE CO M. <AL T M



M, HEAEMNE 3K, AROES N 1000 umol/(m2.s). I % o S AR B 450 pmol/mol , iR N
500 pumol/s, &N 25°C.
13HERIENE

R Wu 2BV 7p00 00 %, H UVT752N 70606 EETHE 665, 649 Al 470 nm K AL 73 771 Wl 5E 413K a.
MR b MEHDT PEMERE. BAETEARXN: MR E a(mg/L)=13.95%A665-6.88xA649, I % FH
b(mg/L)=24.96xA649-7.32xA665, K% hE (mg/L) = (1000xA470-2.05xCa-114.8xCb) /245,
14 R EMNE

TR IR EY 9 BRI AT, FEEAUKMYE T8, A 0.02 mol/L EDTA ARk 3 3 H 1% 412 15 min,
Wt b FR AT M S 23 AE 105°C R 30 el SRJEAE 70°C FHETEIEE . H IPC-MS (X Series 11,
Thermo Science, USA) M 5 H W 4yl =2 b _ 58RI R 3 H Cd & &,
1.5 ¥ RENFF 4

i RNA $2HURF & (RAR DP452, dbi0) M 12 ANHEEnt 2 HUE RNA (1, H/ES UL, %
B3 AEYH¥EE . B NanoPhotometer 70 Y 6% i+ (Thermo Fisher Scientific, 3E[E) Wl &FE A RNA 46
FE o fi R ORI E (RAR KR116, dbET) 3579 cDNA, cDNA SCJ%E A4 # A1 Fe B UG 5 R AR+
K AE R A A #AT, KW F 3K S M RNA-Seq % # tb xb 2 w32 3 P o4l | OE

(http://cbi.hzau.edu.cn/cgibin/rape/down-load_ext) [ZHHEK4H . {8 H DESeq2 HEATFE & 0] 22 7 Rk 41

M, ZFREF R IE A N logoFold Change|=1, #HiRAKILE (FDR, false discovery rate ) <0.05(20-211; Jf:
FI H BLAST # 1+ Chttps://yanglab.hzau.edu.cn/) Fl KOBAS 2.0 # %} KEGG M #3417 5 #1. GO (Gene
Ontology) &3 [K Thfig [H brbriE /02K 222, DL FDR<00.05 1E N 23 & 4 GO term 34T F—5 40 #7.
1.6 qRT-PCR I&iF

IEHL 6 NN1E RNA-Seq 3236 h 2 7 . B RIEMIEN (C4H. LHY. DMR6. SKIP31. BRHI. PGR5).
PAB-Actin 9N Z #EAT qRT-PCR 3 UE#EAT SEI 52 0 € B PCR S246, DLIRIER, sk A 45 KA &4tk . i
Primer 5.0 34 ¥ it ZE R AR 4514 (3R 1). PCR X M AX %% A Bio-Rad™ CFX96 Real-Time Detection
System (EE), FASMAKRN 20 uL, 7 10 uL SYBR green Master Mix (£, ¥ ). 0.4 uL 1E[A)
A 519, 1 pL cDNA. 8.2 uL ddH,0 « PCR RFFEFZHKEH: 95°CTHALYE 5 min; 95°CHE 1 15s,
58°CiB /K 20s, 50 MEH; HMAIMLILE R E N: 60°C~95°C, Hp-actin AN S IR, FIF 2-04CtjL23]

T EREAMAR Rk, 3 IRAEMEEE, KR SIE 1.
&1 ZERAEEE PCR 5455
Table 1. Primers used for qRT-PCR in this study
Elk/ES A5 5-3") BG4 5-3")
C4H CAAGGGACAGGACATGGTG TGGTCGCAGAGTCTGGATT



https://yanglab.hzau.edu.cn/

LHY GCGGAAACAGATGCCTTAG CTGAAACGCTTTACGACCC

DMR6 ACCTGCTCATACCGACCCA AGGATTAACGGCGAACCA
SKIP31 AGATAGAAACGGTGCAAAGA CATAAGGATTCATCAGAGGC
PGRS5 TTCTGCGAGTCAAGGTTTACTAGGA GGCTGTACTCTGATGGGTTT
BRHI CACATCTAACCCGACCCG TGCAGTTTCTCAGCCACC
P-actin TCCATCCATCGTCCACAG GCATCATCACAAGCATCCTT

L7 Gt 594

Gi it o0 W 45 R R N T M ARRAE 2, JFAE Excel 2010 HHE4T it 5. ] # K3 ANOVA 1 Duncan's
test FH| SPSS Statistics 26, £ P=0.05 It}, A fe N & 2 A ik S 4ME, JF H 24 P<0.05 I, AT
ZREE . Ak, (EH Origin 2021 # ik 2H| B FoR .

2 5R
2.1 ABA XL S 1E R ARG

Kl 1R, ABAKLEE3d, 5 CKAMALL, CdAMEOGEEER . Z8 M0 MM <L 3 2 i I 65%.
104%71 155%, ABA 416 A3 22 B A PRIA] CO2 ¥ B 73 AN 158% A1 26.8%, AL 5 & FH 2% it 1 3 [
&, K 211%M1 77.2%; 5 Cd 4UAHEL, CA+ABA 4L ZMEE R RS FL S5 N 4 74.4%F1 88.3%.
ABA Ab¥E 7d, CdAHMECEEE . BIBEE T T 36.4%. 18.5% (, ABA ARSI A
CO & 5 R ZE S S 2R U 23 T B 0 47% - 4.1%F01 31.6% (P<0.05; 5 Cd ZUAHEL, Cd+ABA 4L 4t &rid
o, RIS B 37.4%. 0.9%F1 20.2%. £¢ AT HIFE 3d, Cd 410 LASS N 7% s i R A< AL
FIE, M ABA X H R ZG); AT 7d, XFEBNIEFAH R, Cd 24115 & R M2 i 1l A A R 2
FERFAR, ABA ZH A AN [FIFE BESE
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Treatments

A: WOREHERB: SALFIEC: MM COIREE;, D: ZMHz: CK WM Cd WEAFIL: Cd+ABA N Cd A 5 pmol/L ABA Ab¥I41: ABA
NEM ABA KB, MR EIT NG FREOR AR A 2 M ER B E; T
A: Photosynthetic rate; B: Conductance to H>O; C: Intercellular CO; concentration;D: Transpiration rate; CK is the control group; Cd is a separate cadmium
treatment group; Cd+ABA is the addition of 5 to Cd pmol/L ABA treatment group; ABA is a separate ABA treatment group, the lowercase letters above the bar
chart indicate significant differences between different treatment groups;

the same applies below

El 1 ABA &IExt M3 SRR
Fig.1 The effect of external application of ABA on the photosynthesis of rapeseed

2.2 ABA XHEM- R RMKNAE P REBKPH
ABA WbFEf¥ 3d, 5 CKAAMLEL, CAHMMEEE a. HHEEE b MKEHY MRS EWHA RERK, 25

TFE 30.6%- 52.5%F129.5%; 5 Cd4iMHLL, Cd+ABA A+ R4 b REHIN 15.6%. ABA AFLf 7
d, 5 CKAIMLL, CAUlm4EE av M4 b AR MRS BME BEERIE, 50 T 49.6%.
45.1%F1 72.1%; 5 Cd 1AL, CA+ABA M43 av MHERE b FIKEAE RSB EZEWIN, 7
M 35.9%. 41%M1 52.5% (& 2). R ABA ALBEW] REAE —EFEME L G2# 1 Cd B id SRR T 485K a.
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2 ABAALIEEY 3 d 0 7 dSRMHRRMAERE NENSE
Fig.2 Pigment content in rapeseed treated with external ABA for 3 and 7 days

2.3 ABA 3t Cd B8l Tt T ik E 3RS EASM

ME 3K, 48 Cd FEE LM T, H ABA K HE ARG 535 BRAR ISR b3 At R 358 (M 4m &
H. fEABAKLIE3d, 5 CdAHMLEL, CA+ABA Al EAAIM T A Cd &8, 72 nlFEK 1 89.5%A
80.5%. fE ABA 4bF 7d, 5 Cd4iMHLL, Cd+ABA ZHHh F3fifidh R Cd & &, 75 FEAK 28%F1 47.8%.

[FIRT, ABA ANEE 3 d fyh e B AN R 5 Cd LR &3/ T 7 d.
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A: ABA AbEE 3dSEEREE; B: ABAKCEL 7AW EE. PSR BTG E, TRMORRBE S
A:External application of ABA treatment for cadmium content in 3 d; B:Cadmium content in external ABA treatment for 7 days. The upper half axis represents

the cadmium content in the aboveground parts, and the lower half axis represents the cadmium content in the roots

3 ABA Q38 3 d F1 7 d BHRSEH B A TR S E

Fig.3 Cadmium content in the underground and aboveground parts of rapeseed treated with external ABA for 3 and 7 days

2.4 ERENH

2.4.1 MEFEHHET LR 2%, X lllumina NovaSeq 6000 T4 _F3R13 MGG BE #-47 ik, SR E Xt it vk e
fR 5L reads B H AL BRIE R H BEAT 2041 . S BUEINAE 5 rRNA & 80 PP B0 2 R AERI B 24805, AT
FEP S FEA B EAE KT 30 AUBEE (Q30) fEJFUd EHE i) T LR T 94%,  H rRNA HJLLE /N T 10%
(£ 2), YA VSIS LI 7 B 1o o B v

*® 2 IERBIES T

Table 2 Clean data output statistics

B R uR/EEEEI PSS AR B SRS B rRNA & &5
Sample name reads % H (Mb) (Gb) >Q20 (%) >Q30 (%) (%)

P Clean reads number Clean reads base rRNA ratio
CK-1 55.82 8.37 98.6 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 95.6 0.45%
Cd+ABA-3 45.93 6.89 98.6 95.49 0.41%
ABA-1 52.14 7.82 98.21 94.52 0.36%
ABA-2 51.61 7.74 98.2 94.5 0.45%
ABA-3 42.85 6.43 98.23 94.55 0.54%
-1v 20 3A3XARMES; A

"1-1, —2 and -3 represent three duplicates; The same as below

ML RNA-seq if 5 ABA 22 fiff il S50 W 38 A WA B, 58 BN 12 N FEAS (B s 70 M, L 3R45 94.82 Gb
Clean Data, %4> Clean Data #4Ji5 % 6 Gb. T &4 7% 7 Rk B R M Thae B s 82047, FIFH Pearson AH
RAEPPAEFEA IS I, AH R B (¥ T Pearson AHC RECGYHIT 0.95 (B 4). 5SFEFALLE, X
4 CK-1. CK-2. CK-3 i€ J5 ) Reads, XS 32 2% 3 K 4 1 &5 805> 7)) 9 55828660 . 54291864 Al

55891894, ME— LT A Reads HIELBIE KT 89%, HAMALFEA =T 88% (3£ 3).
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Fig.4 Pearson correlation analysis between transcriptomes of different treatment groups on the third day of external ABA

application
* 3 SZERBEX LSRG
Table 3 Reference genome comparison results statistics
Be Sample R/ E/ IS g =] N — LE X ) reads 4 H b X B2 A 1) reads 30 H e LEXT ) reads 1 H
p Total reads Uniq-Mapped Multi-Mapped UnMapped
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

5 A B RO 9 HOG o S S H T B

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

2.4.2 ABA XHFRINE TERRIEER FERIERIEIRN ST ABA 4P 3d, CK vs ABA ZILEE ]
1028 N FRIEFEF(E 5A, B), i 649 N%&FKEFK (DEGs, differentially expressed genes), i
379> DEGs; Cdvs Cd+ABA 3L gt 945 D2 7Rk F K, B 514 4> DEGs, Fif 4314 DEGs. Cd
vs Cd+ABA %1 DEGs M BE7ESST ABA W% IS4 i iR hie R 35 EEEA

%F Cd vs Cd+ABA i) 514 4~ DEGs 5 F i1 431 4> DEGs #7345 2 7 RIL LR R K00, @
&AL FPKM Rik{l, 5327 RIEFEEELE (B 5C). HoRKEMHE 2 KERH, ALER
Cd+ABA XS T Cd H FFRE, Hr=Paqe A0, R RAEYa . B IS, - FUA
AR TR AU AU B 3 B W R0 1%26 . B 2BIEIN CA+ABA ALK T Cd 41 ERRIE, JLep BERE AT A)
R AR A B, ABC #i8 & A A AUHE R 12 25 R AR %K

(A) Cd+ABA vs CK  Cdvs CK ©) 4
ABAvs CK Cd+ABA vs Cd

2 451 Group
AZEGroup A
. BZ:Group B
-0

-1

2

ABAvs CK (tde,\ vs Cd

A: FWEFEFEREE; B: FTRHERFEE: C: RIFRTFHERLS 27 REHEFELE . ABA vs CK KR ABA FRAAHE T X HRA; Cdvs CK &
7~ Cd i E ARE T X AL Cd+ABA vs CK £k Cd [l J5 i ABA AREAIE: T35 IR41; Cd+ABA vs Cd £k Cd il J5 il ABA AL EEAIE: T Cd e 4
NG



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

Cd stress, ABA treatment was added compared to the Cd stress group ;he same as below

& 5 ABA B#ZH3E Cd BN ERREERFEERLFEFRIEEERE
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

243 ERREAEENESIRMELE ST KEGG Pathway ThAE />3 M B E NI RN, 2 RRIEEN
FEE RN R S B AR NLR S . 1E ABA 403 3 d ) Cd vs CA+ABA il F] 635
A2 RIS FL R B2 106 A48, Horb RS AE K 1R (ko00500: Starch and sucrose metabolism ). K4
U A 14 Bi(ko01110:Biosynthesis of secondary metabolites). fR#£4% (ko01100:Metabolic pathways).

=5 % 5 (ko04075: Plant hormone signal transduction). MAPK 15 5 i #(ko04016:MAPK signaling pathway—
plant) 15 4. YIS 55 FE IR (ko04075) T 5 £ 22 BRI K ILAE 36 4, Hrp
BnaC08G0407500ZS(AR-F18). BnaA05G0391500ZS(4HP4). BnaA03G0345700ZS(AHP4)-
BnaA08GO0185200ZS(ARR18)% 17 ML FiERE, Hor 3 Mhd IAA14 [ BnaA08G0089200ZS .
BnaC08G0127100ZS+ BnaC02G0529200ZS, 2 M4mf IAA19 ff13E K BnaC03G0412800ZS .
BnaC03G0412800Z %5 19 NEHN T (K 6). KEGG 4 B /REREMIE RS 5 S . MAPK 15 5l
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Fig.7 Differentially expressed gene GO classification bar graph
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Fig. 8 Expression levels of genes related to hemicellulose metabolism and lignin synthesis in cell walls
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