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Effects of Drought Stress and Rewatering Treatments on Physiological
Indicators and DNA Methylation Levels in B.rapa
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Abstract: To analyze the effects of drought treatments on physiological indexes and DNA methylation levels
of Brassica Rapa, this study subjected oilseed rape Longyou 7 to three treatments, namely, normal water
supply, drought stress, and rehydration after drought, followed by analyzing the physiological indexes and DNA
methylation after treatments. In comparison to those under normal water supply treatment, the oilseed rape under

drought stress exhibited 167.27%, 254.85%, 103.24%, and 164.64% of increase on malondialdehyde content,
SOD, POD and CAT activities, respectively. Osmoregulatory substances Pro and SP were elevated up to 3.21 pg/g
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and 0.048 pg/mg, respectively; the relative water content of leaves decreased significantly by 53.64%. The
physiological indexes decreased partially after rewatering. Compared with normal water supply treatment, the
methylation level showed an increasing trend after drought, while the methylation rate after rewatering was even
higher than that of drought and control, with the methylation rate reaching 20.56%. Through GO enrichment
analysis, differentially methylated genes (DMGs) were enriched in biological processes, nucleus, and molecular
functions. KEGG functional enrichment analysis showed that DMGs were mainly involved in the ubiquitin
mediated protein hydrolysis, cytotoxicity, ABC transporter proteins, carbon fixation in photosynthetic organisms,
and other metabolism-related pathways. A correlation between methylation rate and physiological indicators was
observed, and through integration of both GO and KEGG enrichment results, seven DMGs were revealed

encoding peroxidases. The results of this study will provide a basis for unrevealing the regulatory mechanism to

drought stress in rapeseed and breeding for drought tolerant new varieties.

Key words: Brassica rapa;drought stress ; rewatering ; DNA methylation; WGBS
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Fig. 1 Effects of drought stress and rewatering treatments

on leaf relative water content

P KA PRSI TCk 58 AR A

212 FEBMEREKITHE MDA &EHEMN
WS A TE T S aA B 7 d)5, SXF A,
MDA & & B Z (& 2) Bk 167.27%, 1
TR (SRR i St S AR B R, o5 B 52
R A R A A % . 45K)E , MDA
SEAHEINIREE 2 TRk AT Rk A HE B 2 R,
T REIRIE M 88.66% , {HAT) i 2 = X HAZ

r a
6,
B
] 5 b
T
i § 4
£z,
[ c
1=
=)
1 .
0
BRISR 1 CK BRISR I D  BRISR I R
2 TEBEREKMHAEA _EBSE/RHN

Fig.2 Effects of drought stress and rewatering treatments
on leaf MDA content
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Fig3 Effects of drought stress and rewatering treatments on leaf osmoregulation substances content
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Table 1 Reads quality of all samples

i J5ihn % W Ak (Gb) LB AR SR L% (%)
F AYGEAET AR Bl Q20(%) Q30(%) GC(%) TER *‘31 (%
Sample Raw reads Clean reads Base BS conversion rate
BRI18R _1_CKl 112946807 98317642 12.46 94.20 84.98 24.19 99.768
BRISR 1 CK2 106744736 98896062 12.64 93.94 84.77 24.03 99.776
BRI8R_1_CK3 108980006 100239398 12.88 94.31 85.44 24.52 99.778
BRI8R_1_DI1 123214322 98765230 12.62 94.26 85.25 25.32 99.784
BRI8R_1_D2 113411472 103874514 13.29 94.49 85.64 24.54 99.786
BR18R_1_D3 118638258 101388646 12.94 94.14 84.93 24.67 99.790
BRI8R_ 1 _RI1 150234644 99135772 12.72 94.32 85.36 24.19 99.794
BRI18R_1_R2 134982930 102820838 13.11 94.24 84.92 23.79 99.797
BRI8R_1_R3 128260594 99142552 12.72 94.17 84.99 24.25 99.801

1,2, 35 5K 3 EY = E A T IR
1, 2, and 3 respectively represent three biological replicates ; The same as below
2 Clean reads [t X B S EEFHLE RS IT
Table 2  Statistics result of clean data map to reference genome results
ME—{37
. " o ELLE CHEFM  >5xCHEHR  >10xC 215xC

. BITEE MO B : T B . . s e

AT _ HEXT (%) FEE(%) (%) B (%) EHEFE(%)

Total read Unique ) (%)
Sample . Unique reads L Mean of C =5xC =10xC =15xC
pairs mapped . Duplication rate
mapping rate coverage coverage coverage coverage
reads

BRI8R 1 CKI 98317642 36395012 37.02 7.14 22.89 6.96 2.55 1.37
BRI18R_1_CK2 98896062 36738918 37.15 27.16 22.98 7.12 2.65 1.44
BRI8R_1_CK3 100239398 36979881 36.89 7.17 23.14 7.24 2.71 1.48
BRI8R_1_DI1 98765230 35059528 35.50 6.02 2491 8.47 2.65 1.32
BRI8R_1_D2 103874514 37812209 36.40 6.28 25.32 9.2 2.95 1.47
BR18R_1_D3 101388646 36460258 35.96 6.11 25.10 8.82 2.80 1.39
BRI8R_1_RI1 99135772 35977022 36.29 5.53 24.94 8.71 2.92 1.55
BRI8R_1_R2 102820838 37546167 36.52 5.72 25.07 9.01 3.06 1.62
BRI8R_1_R3 99142552 36019234 36.33 5.51 2491 8.69 2.93 1.55

X QANFEA ] ) kA A T T B IR AR DG A
AT, 9 AR R OC R Y3581 0.99 DU, Ui EHAL Y
EE MR, SR 5E(ES),

2.3 /B CG.CHGH CHH £ REM K ELiT

5& 4012 CHEH CG.CHG.CHH 4 7R

R 4 5 DAL 2 LU B 8 2R, o0 e TR BE =5 ¢ 11
P E (CO A 8L B4 T B B AR 2B, 43l e i T
F 31k %) CG .CHG 1 CHH 7E4% Y (a4 F i BLAY TR
B Gt kB OAFEGR A 1431766857 4l Wk e
A7 DNA AR (£ 3) . XTHR4 TR0 84 T+
T 2K MR RE (CO RS- H AL % (mC% )
S 17.18% . 18.47% .20.56% , T 5 11rif & B FeAk
IR X 2L, 527K B g (C) o7 a5 FF kK
FE TR BRI RIS B . 3R PR CG

F AL IR S T 55.71% , CHG 34 H Ak 5k 3] 1
23.44% , CHH V-3 H Ak 28 f AR H W A TR i
B 4149.75%(F3) .

AT 3 AL AL FAS [R] P 51 i) R AR e ], 25 2R
7, mCG 76 Y& (4 (& b B 5 A 22 (2 (8 35 3
42.94% ) , Hyk iy mCHH (B{E K F] 39.01%) , f /b1
S mCHG (¥J{E 53] 18.04%) . Hovb, % B Ay CG 2
AL S 5 ol 44.34%, & T T R H 4
(42.97%) A+ 55 K4 (41.50%) . BRI UL, 5
XTHRALAH EL, TR K A5 R 0 CG A &R
HLAb K 2 F R, TREE R4 T 24
PR 5%} R 419 CHG o7 o5 H Ak K- 2 30 1 THE
o, TR T 55 2K A 56 B2 CHH v/
S AL A S B BT (1 6) .
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Fig. 5 Pearson correlation between samples
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Table 3 The amount and proportion of methylated C in the three sequence types

Eiﬁ;ﬁi level BRISR 1 CK BRISR 1 D BRISR 1 R
J.C Total C 2555799507 2715414441 2739005230
C AL B4 Total mC number 409453608 477622134 544691115
CG 1 #:4E%0 mCG number 181665285 194902729 210096513
CHG H#:4k% mCHG number 73681289 81409784 92151519
CHH 1 #:/k%0 mCHH number 154357034 177211621 204063083
CG H Z:AE# (%) mCG rate 56.26 54.11 56.76
CHG H Bk 2 (%) mCHG rate 22.96 22.48 24.89
CHH H 2:fb 2 (%) mCHH rate 9.14 9.53 10.58
CHIILA (%) mC rate 17.18 18.47 20.56

« mCHG =«mCHH «mGG

18.20
40.30

BRISR 1 R
4150

BRISR 1 D

BRISR 1 CK

0 1.0 2l0 3|0 4}) 50
et (% ) Ratio
Eo6 AREAEFARREZEE mCoHwLLHE
Fig.6 Distribution ratio of different types of mC in
different treatments
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B R SN 22 5 AR DX 300 A i A T VR R, 45

W4 PN, Ho 3 F 5L ] ) 22 55 A0 IX g4
T R K, 2R 78%, ik e B AR 43 1) 22 57 Y 3
R FESLE X, S X LA e, TR PR &
Az v H Ak 2 57 FE AR IX 5 318207 4, IR Jk Ak 2=
5B I X, 2254924, SXFHRAMEL, TRER
IR A e P b 22 5 R K X3 3779304, (IR
Hefp 2 F R X 2138574, 5T RIFE KA
FHE, TR A B2l & A o B S Ah 22 53 H 3k X 3k
329276 />, ik H JE Ak 22 5 HH 4B X Jak 178786 4
L AT & T 52 5 B K 4 e B 3k 22 3 P Ak IX
W%, T 540 AL AR A 34k 22 5 B 6 Ak X 4%
b 3X R B s 22 S5 LA X R A B AR R AR TR
M sh 5784k, T 540 B S 30 H S0 7KK B AR
(FR4). 3B 53 KM 543699 1~ .591787
1508602 4~ 22 57 H AL IX 35, i 2k 22 5+ H 3 4b
X3 X SIS S 2 3L R A, R B3 34T 19003 4
19150 1~F1 16259 2= 55 AL JE A9 A o
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Table 4 Distribution analysis of DMR (differentially methylated regions)

F=a R =1 : =1

X E_gﬂmﬁﬁ_x 265 H AR IX 3K Ao (%) ::Eﬁgi;& ﬁgiﬁ“ﬁi;ﬂ;
Comparison group Genomic functlonal Number of DMRs Percent Number of hyper- Number of hypo-

fegton methylated DMRs methylated DMRs
BRISR 1 DVSBRISR 1 CK fashT 42852 2,61 23516 19336

Hh ¥ 20162 1.23 10299 9863

W& ¥ 11316 0.69 5735 5581

HE[A ] 469369 28.56 278657 190712
BRI8R 1 RVSBRISR 1 CK JAshT 45708 2.78 27613 18095

ST 21548 131 12064 9484

W& F 12233 0.74 6774 5459

HE[H [1] 512298 31.17 331479 180819
BRISR 1 RVSBRISR 1 D Jas¥ 118374 7.20 74960 43414

INTAE 57325 3.49 34430 22895

W& T 36403 221 21486 14917

FE[A ] 295960 18.01 198400 97560

FEXF AR i & ARG )5 &

The comparison group is the former relative to the latter

242 =RPAENEFENGOEENN GOHE
R (E7) B, 3H A 22 7 W AL BL I 2
HE NG OA AR, W R A R AN
S FIIRE3 R, YR REA 254 H L H
TE 4 W) 24 1 F2 (Biologicat_process ) & 2 1) 3 [K £
%, HR 43 90 Ry % 53 FI DNA #2482 (Regulation
of transcription, DNA-templated) . %8 ft it Jit o) 72
(Oxidation-reduction process ) . 2 [ Wiz fk (Protein
phosphorylation) . A 141534 1544 H , b &
FEIEIN e 22 ) 2 4% (Nucleus ) , FER 4351 Sk Joi B i)
20 1% 1% 43 (Integral component of membrane ) | 4ff fifd
J5t (Cytoplasm ) , 284714 ( Mitochondrion ) £l Jifd 5 fi5¢
(Plasma membrane ) . 4+ FIHEA 1025 H , H
BRI de 22 19 52 43 5 P E (Molecular function)
HK 435 ATP 454 (ATP binding) 57 & 745 &
(Zinc ion binding) . T RAL PR A+ 5 5 2 K
57 B AH Heoxt v & B, 2B F T 2 W 82 16 (Protein
dephosphorylation) it % & 4 , TR E /KA 5T+ 5
AbFRZH HeX A B L1k (Methylation ) 8 35 & 45 . W
FEAE AR, DA 28 1% B A Tl = i by 1 5 A
A K A o G E T .

243 EZERFEUEEMNKEGCEREERE S
T F A FZH 55T BE A e X R R 2 S B AR S TR B
FEEIE RO, TR MZE R A=)
4 i (Stilbenoid, diarylheptanoid and gingerol
biosynthesis) . H 7l # i X 5} (Glycerophospholipid
metabolism) . iZ % 4 {9 &8 11 )i % f# (Ubiquitin
mediated proteolysis) i #¥1EH (Endocytosis) 55 4 4~
i, KB 1445 DI (E18A)

T 55 K 5 X R4 e B0 22 55 W 4k
SE TR W 25 B AR 2 0 A A IR B X3 (Amino
sugar and nucleotide sugar metabolism) . ¥ I {4
(Phagosome) . EL 4% A Wy v 9 A% M I A= ) & A
(Ribosome biogenesis in eukaryotes) . Y& AE ¥ Y
fitk [%1 %2 (Carbon fixation in photosynthetic organisms)
SE A LU K% 3] 1068 5L (118B)

TR KA S T AL FRLH X & B0 2% 5 3
AEIEIR 2 AR AT Il T AR5 B (Glucosinolate
biosynthesis) . ABC ¥4 iz # 1 (ABC transporters) , —.
il 2 4 ¥4 A (Diterpenoid biosynthesis) AP
M ik %€ (Carbon fixation in photosynthetic
organisms)3F 41k, U K E 461K (E18C).
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Fig. 11 Differentially methylated gene expression heat map
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