T e A% BE IR =
Journal of Plant Genetic Resources
ISSN 1672-1810,CN 11-4996/S

(HEPIBARRIRARD W E RIRIC

H Tl B K AR EE S (32 A i SR AR BEAR AR A DNA L ALK HI 2

= THANSS R « BBRE, D, K%, XIWE, MR, EREHE, iR, #1
o, HE, EE, REH

DOI: 10.13430/j.cnki.jpgr.20240112001

Mgk HiH:  2024-10-21

51 R PSR - BBEE, B, K%, XNE, BRI, EEEE, SRR, 7

B, TE, ulEE, WZEH. T 5 2K B 3 58 e A= FAE bR A
DNA HSEAL KSR [I/OL] . A it W I~ 4.
https://doi.org/10.13430/j.cnki.jpgr.20240112001

@NKit s

www.cnki.net

MEER: (EgEI TR, FrENFH B R ER TSR ER. Hoefa. B0 e S
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
AL BT R R AT A B S B L

HERBA: 400 T g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2024-10-21 15:38:39
https://link.cnki.net/urlid/11.4996.s.20241018.1207.001

TR IE AL TR 74l
Journal of Plant Genetic Resources DOI: 10.13430/j. cnki. jpgr. 20240112001

T B e K B KA B3R A BRI A DNA FEAL
KPR
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THE: ATRAT RS OERLbE L FIITA DNA PR K-FHh, 2L OERGERITEFEK FF
it FFEEKIANARE, S TRIRILE bEELIITA DNA FALK-FOTL, R AW, SEFHEKMEL, Sak
R ¥ 55 TR Waant, AmAE. BALYENEEER., FAhEEER, & RARBEENH I, e A
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Abstract: To analyze the effects of drought treatments on physiological indexes and DNA methylation levels of winter
Brassica Rapa, this study subjected cabbage-type oilseed rape to three treatments, namely, normal water supply, drought stress, and
rehydration after drought, and analyzed the changes in the physiological indexes of oilseed rape and the DNA methylation levels of
oilseed rape after the different treatments. The results showed that compared with normal water supply, when cabbage-type oilseed
rape was subjected to drought stress, malondialdehyde content , SOD activity,POD activity and CAT activity increased by 167.27%.
254.85%. 103.24%. 164.64%, respectively, and osmoregulatory substances Pro, SP increased by 3.21ug *g*FW, 0.048 p g *mgFW,
and the relative water content of leaves decreased significantly by 53.64%. The physiological indexes were partially recovered after
rewatering; compared with normal water supply, the methylation level of oilseed rape showed an increasing trend after drought, and
the methylation rate after rewatering was higher than that of drought and control, with the methylation rate reaching 20.56%.The GO
enrichment results showed that differentially methylated genes were enriched in biological processes, nucleus, and molecular functions.
KEGG functional enrichment analysis showed that the differentially methylated genes were mainly involved in the ubiquitin mediated
protein hydrolysis, cytotoxicity , ABC transporter proteins, carbon fixation in photosynthetic organisms, and other metabolism-related
pathways. There was a correlation between methylation rate and physiological indicators, and combined with the GO and KEGG
enrichment results, seven differentially methylated genes encoded peroxidases. The results of this study will provide a basis for the
research on regulating the drought tolerance mechanism of rapeseed and the breeding of drought tolerant new varieties.
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2.1 FEERE KX MSER A IRE (LIRS0
2.1.1 FEMBREKIHFEKEHFM

TRMa 7d J5, AR E K E Y 43.49%, (KT XMEAL, HIER| 7 BFHAKE (P<0.05) , FREMREEN
53.64%; HKALEE 4d JEMF EOKER T R e 7d MK EER S, RIH @M EERM, EIEEK
TRHEA (P<0.05) (B 1D o W] WS e S A K R S 7 K AL BE J5 75 Jo ik e ek .

RNENG F RN F B2 A REER (P<0.05) , TH
Different lowercase letters indicate that there are significant differences between different treatments (P<0.05) , the same below
1 FEEREKIHEXEKEMFN

Fig. 1 Effects of drought stress and rewatering treatments on leaf relative water content

2.1.2 FEMBREKIHHF MDA &2

WEEH T R AT 7d J5, SXHE4IMEL, MDA SREEZENIN (P<0.05) (K 2) , HniEEN
167.27%, U W54 B 10 s ity i 1 64 i ool e R P R, 3 e i it i R A M D i R 32 . 25
KJG, MDA & BRI IMELE 2N s, BB T, TR 88.66%, {HAIEE & T XA

(P<0.05)

2 FEBREKI A MDA & EHFIT

Fig. 2 Effect of drought stress and rewatering treatments on MDA content



2.1.3 FEPMBREKMNMHFEEETRE SR

TR e A T IR (Pro)  AIVEPEEE 1 (SPY & 2 ETHaH (- 3D, #nE 4% 3.21ug g'FW.
0.048ug mgtFW, xtR41 2 Rk B E /KT (P<0.05) » £ /K 4d 5, Pro f1SP S EEE N, B0
TR . PR KET BB, (RS A B AR KT IR e AR

B 3 FEHEREKMMH A EEFTHYIRESEHFN

Fig 3. Effect of drought stress and rewatering treatments on the content of osmoregulation substances

2.1. 4 FEPMEREKNIFIRENYEEEEFIT

BT RYpaRt, SOD iEMERIIN, SRR R 2 Rk R K (P<0.05) , SRy 254.85% ([
4A) .POD WHMEAE 7d T 1 1E] 50 RALAH B B 2538 - (P<0.05) (& 4B) , RIS S| T 103.24%.CAT
EPESE I () 4C) , H9MECA 164.64%, 3 T0IEZE (P<0.05) (&K 7d J5 SOD. POD. CAT i fEilis
TR, BT R AREE R BRIERE 518 102.71%. 41.73%. 60.77%, {E{5 52 & TXH R4 (P<0.05) . #iH] SOD.
POD. CAT =Fh i iG HEAE T 2 E K 5 T 1A A i B2 250K



e A EENEALEE (SOD) WETE B: 4R (POD) C: AR (CAT) W&
& 4 FEpBREKS SOD. POD. CAT 5EMAIENE
Fig. 4 Effects of drought stress and rewatering treatments on SOD. POD. CAT activities

2.2 £EFEBRENNFERIEDSHEREXEDH

NRFTF KGR DNA FEWEES, X 9 4R Rk, JL/35] 1097413769 4N 46
¥ (Raw reads) , 902580654 AN il FF##s (Clean reads) , “F-¥J°4 12.82G, Clean bases fE Raw reads
IR BRI T 70%, GC & EAE 23.79%~25.32% 2 [H], Q20 *F-33J°4 94.23%, Q30 *1-33J74 85.14%, AbHAH
X R ZH AR R S BR e AL % 15 >00%, WGBS Il 7 Bl A i T 4, WIHEAT IR 80T (R 1) o B 5
Holfa L B2 S % RN AL b, 5433 902580654 N RKE, Ll 125 5 AL — 7 B E L
HAE 35.50%~37.15%, C 7 7 T HIMEAE 22.89%~25.32% (£ 2) .

Xt 9 APEAA RIS AT T BRI SCE i, 9 AR MR RN IA 3 0.99 BL 1, UL &

RIS, SURAE (-5 .

xR L NFBIRRES T
Table 1 Reads quality of all samples

Ff b JE UK Q20 Q30 GC WAL A (%)
A 2 #dE Clean reads B (Gb) Base

Sample Raw reads (%) (%) (%) BS conversion rate
BR18R_1_CK1 112946807 98317642 12.46 94.20 84.98 24.19 99.768
BR18R_1_CK2 106744736 98896062 12.64 93.94 84.77 24.03 99.776
BR18R_1_CK3 108980006 100239398 12.88 94.31 85.44 24.52 99.778
BR18R_1_D1 123214322 98765230 12.62 94.26 85.25 25.32 99.784
BR18R_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
BR18R_1_R1 150234644 99135772 12.72 94.32 85.36 24.19 99.794
BR18R_1_R2 134982930 102820838 13.11 94.24 84.92 23.79 99.797
BR18R_1_R3 128260594 99142552 12.72 94.17 84.99 24.25 99.801

1,2, 3 PRREKIMNEYMFES

1, 2, and 3 respectively represent 3 biological replicates



#< 2 Clean reads bt X1 EI|&E B FBHLEE RSt
Table 2 Statistics result of clean data map to reference genome results

M B
) Lexs A B i DA ) BB ) =10XC % =15XC %
BB CE#HM P =5XCHEHE
FE & # & (%) Unique (%) EE (%) = EE (%)
Total read (% meanof  F (%) =5
Sample Unique reads mapping Duplication 10XC =15XC
pairs C coverage X C coverage
mapped rate rate coverage coverage
reads
BR18R_1_CK1 98317642 36395012 37.02 7.14 22.89 6.96 2.55 1.37
BR18R_1_CK2 98896062 36738918 37.15 27.16 22.98 7.12 2.65 1.44
BR18R_1_CK3 100239398 36979881 36.89 7.17 23.14 7.24 2.71 1.48
BR18R_1 D1 98765230 35059528 35.50 6.02 24.91 8.47 2.65 1.32
BR18R_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 2.8 1.39
BR18R_1_R1 99135772 35977022 36.29 5.53 24.94 8.71 2.92 1.55
BR18R_1_R2 102820838 37546167 36.52 5.72 25.07 9.01 3.06 1.62
BR18R_1_R3 99142552 36019234 36.33 5.51 2491 8.69 2.93 1.55

5 FESA(E)AY Pearson HEE 1

Fig. 5 Pearson correlation between samples

2.3 &k L CG, CHG # CHH iR EMKF 5t 5 &4 C @EF CG. CHG. CHH W4 1ER

FRPESE R AL LU XS A0 5 R, X PR B =5x B ks nE (C) AL S AT A K408, &t 7 3
L) CG. CHG il CHH 7E & YA b H BRI IR B Gt B 9 MEEM A 1431766857 AfumEng k4= 7 DNA
AL (R 3) o 3 NMCEEIRIMENE (C) L8 PR (mC%) 437N 17.18%, 18.47%, 20.56%,

2T R85 R EALKCOP T RIRAL, KR IERENE (C) ALl AL KT i T AT TR AL

3 ML B



CG [P AL R ILF] T 55.71%, CHG ZRMIAF| T 23.44%, CHH 584 [ H 340 /K P i Ak H B BAK T 51

PP, 215 9.75% (K 3) .
7 3 =R A AL C %R 2 g

Table 3 The amount and proportion of methylated C in the three sequence types

F AL KSF
BR18R-1-CK BR18R-1-D BR18R-1-R
Methylation level
4. C Total C 2555799507 2715414441 2739005230
C FHEAL S Total mC 409453608 477622134 544691115
CG HEM % mCG 181665285 194902729 210096513
CHG HZ:4L# mCHG 73681289 81409784 92151519
CHH FJE{L# mCHH 154357034 177211621 204063083
CG M (%) mCG 56.26% 54.11% 56.76%
CHG HI%{bR (%) mCHG 22.96% 22.48% 24.89%
CHH FZEfb3 (%) mCHH 9.14% 9.53% 10.58%
C L (%) mC 17.18% 18.47 % 20.56 %

3T A ERAS R F A I AL ), 5 EIR, mCG fE ek IR i 2 GOMEHIAE] 42.94%) ,
Hk A mCHH GA{EIAF] 39.01%) , /D HIh mCHG (BI{EIAH] 18.04%) . Frb, %R CG KA H 3k
PRGN 44.34%, T TR (42.97%) FIEIK (41.50%) , HUCATIL, SXHEBAAHEL, T RMEKEE
NI CG 7 KA AR KT B R B % . SR AR B4 T 5 A B 415 0 B4 CHG A7 1 (1 Y 354K 2
BT, TRAE KA BT A CHH A7 05 10 34K 28 EFHERA (KB 6) .

B 6 HARELIEFARELKE mC FHEEH)

Fig.6 Distribution ratio of different types of mC in different treatments

24 HREERBPESFPEUX ST

2.4.1 DNA REANERBEX XG5

FRA 22 3 S AL XS AE S R 2 B RO B, DL ik PRI 2 ARV R A JE 0 22 S PR A XIS AT HEAT VR, 45
RANK 4 Prow, A On 2D e 1 22 57 L X IECR B LU RoR, 2908 78%, IXRIIKER > 102 ¢ H 24k
FAEAESREAE] X o SXTRALALE, T AR A v WP AR 22 5 TR AL X3 318207 4>, Ik FHBEAL 72 5 T B Ak



Xk 225492 4. SXFIRAIAHLL, SAKACHRA K AR i R AL 22 5 R AEAR X3 377930 AN, Ik AR AL 22 5 R 2k
X3, 213857 A~ 5 EKACEIA, AHELT AR A AR i AL 22 S AL X5 329276 A, IR AEAL 2
S HHAL X3 178786 1~ [RIULFIE B /K AL R A st 5 maspeix s, 50 A0 B LG R A s op 22 i g I
i, XA e R F AL DR AL B A A AN RN T A AE B8 2 e, TR S B R EAL KRR (R ) .
ZANRCERLE LA A RSN H 543699 591787 Al 508602 A2 5 H AKX I, A i b 22 S A DX sk e ot

F)WMSESE IR A, KIS B4 19003, 19150 F1 16259 A2 T LAk FL bR 4 78 76 3 .

* 4 ERFRAXIRE S 0

Table 4 Distribution analysis of DMR (differentially methylated regions)

AR R KRR

Lbx 4 FERAhREX 75 5 PR X 3 B B TS % QGRS AN
T 43 Et Percent (%)
Comparison group Genomic functional region DMRs hyper-methylat ~ hypo-methylat
ed DMRs ed DMRs
BT 42852 2.61 23516 19336
SMET 20162 1.23 10299 9863
BR18R-1-D VS BR18R-1-CK
MNETF 11316 0.69 5735 5581
FE A ) 469369 28.56 278657 190712
BT 45708 2.78 27613 18095
HAET 21548 1.31 12064 9484
BR18R-1-R VS BR18R-1-CK
MNET 12233 0.74 6774 5459
FEEH ) 512298 31.17 331479 180819
BT 118374 7.20 74960 43414
HAET 57325 3.49 34430 22895
BR18R-1-R VS BR18R-1-D
MNET 36403 2.21 21486 14917
FEH ] 295960 18.01 198400 97560

Eesf4H R &N TRlE

The comparison group is the latter relative to the former

2.4.2 ERPENEEN GO BRI

GO B4R (W) /r, 3AE L 72 57 AV R B35 & SR AB A S A ], 35 S B0 72
MLy T IIREIX 3 RI. WA 25 M4 H, HAo e =it 2 (Biological process) ‘& 4 2 4]
%, Hy BN DNA Bt % (Regulation of transcription, DNA-templated) . %fLif 7S 2
(Oxidation-reduction process) . & F#§f&1k (Protein phosphorylation) . 44> # 15 M&H, Hrgds
FER B 2 2% (Nucleus) « H k43 5l 4 o B (1) 40 SRl 4 Cintegral component of membrane) . 4 it
(Cytoplasm) . Zk¥ifk (Mitochondrion) . ZHAEFEE (Plasma membrane) . 7> FIIEESRA 10 M H, H
2 5EEENRZ S TIEE (Molecular-function) , Hk 514 ATP 454 (ATP- binding) « 451

gh4 (Zinc ion binding) . ¥ F AR K AL S5 A LL xS OR B, B AR L BEER L (Protein



dephosphorylation) &3 &4, E/KAHS T AT AL (methylation) BEEH) . HARLERE
B, XSS TR 1) 3 B Yl SR T 8 S i R A K v R A SR BEAE F

7 EFPELEERN GO ThEe TR
Fig. 7 GO functional annotation of Differently methylated genes

2.4.3 ZRPEMAERER KEGG BBERIH

T-EAX I (BR18R-1-D VS BR18R-1-CK) LUX 22 5 FHBLAL B R 2 5 4R (P < 0.06) £ 2K 244K,

TSI RIS R R A AR A R (Stilbenoid, diarylheptanoid and gingerol biosynthesis) . H- i g ALt
(Glycerophospholipid metabolism) . 2 &/ S8 F 5 %% (Ubiquitin mediated proteolysis) . fif+1EH
(Endocytosis) % 4 /Mg, 3L K FIFER 1445 4~ (] 8A) .

HKFXFHE (BR18R-1-R VS BR18R-1-CK) FUXSH 2= AV FE R B 25 B 48 (P < 0.05) 1EZIENE AL H L b
R (Amino sugar and nucleotide sugar metabolism) . 7FWgfA& (Phagosome) . FEAZAWH HIAZEIAEY) R
4 (Ribosome biogenesis in eukaryotes) . Jt&AY)H HHR[E € (Carbon fixation in photosynthetic organisms)
S A ERE R, S KBRS 1068 > (14 8B)

HKHAMTF (BR18R-1-R VS BRI8R-1-D) HUNH 2 B L R 3 H 4 (P < 0.05) fEIT Tl H A&

(Glucosinolate biosynthesis) . ABC #%iz £ 4 (ABC transporters) . i 224414 i ( Diterpenoid biosynthesis) .
& A R E € (Carbon fixation in photosynthetic organisms) %5 4 NMBE R, 5 & BRI 461 4> (B

8C) .



8 =#AET KEGG E5E
Fig. 8 KEGG enrichment diagram under three treatments
#: A: BR18R-1-D VS BR18R-1-CK B: BR18R-1-R VS BR18R-1-CK C: BR18R-1-RVS BR18R-1-D

it KEGG & 515 2 Al mg S S B 22 e ARG R R (18 9) o 45 2REIR, 3 M3 N iyl g & 21
BUREEL, TE A HLAR £ 48 (Organismal systems) A #T (Metabolism) | 15 #%(5 5 4L 2 (Genetic information
processing) . FRIE{E EALFE (Environmental information processing) . ZHfiuid# (Cellular processes) Z5—
FulEg 1R, Hr, FEEBOVABNIERE, HUOVBEEE BN, ¥ 1k — Rk o 19 K il
#, A8 (Metabolism) 733N B R SRR &7 HUBOR, b A IR AR = B 2E )5 B (Biosynthesis of
other secondary metabolites) . #/K{b &40 (Carbohydrate metabolism) , & 15 N %E5F B EHE A,
FIEEFRICH (Amino acid metabolism) . Ag/F ST (Lipid metabolism) , #JE 14 ANEE, 6516 & YA
EEALEYIHAE (Metabolism of terpenoids and polyketides) A% B 7 fgid: K (148 (Metabolism of
cofactors and vitamins) , 737605 11 ANiEEE . DL I8 E AL SR W] RN I AH B PR e R S A



Bl # = R 7 R IR TR R B R
The numbers in the figure represent the number of differentially expressed genes
9 KEGG E&iligLgit
Fig. 9 Statistics of KEGG Enrichment Pathways

2.4.4 ZMETHREARSERIEREHEX S

/& 10 i & H, CAT. POD. SOD & & 5 B b R 82 B2 1EAE, M5 R 50 74 0.492. 0.624. 0.551;

10 ZFA B TR R B R 5 B E AR B AR X 1%

Fig.10 The correlation between methylation rate and physiological indexes under three treatments
MDA, Pro. SP & &5 H MR E MG, HARKXIEZEAKT; WRC 5HEMRZHMK, MR

4-0.111.

2.4.5 ERPENHERATFE



454 GO M KEGG )'w A1 BlastX LUt 145 SR ik 15 2 (1) 5 K BEAT D REVERE D M e 22 A5 21 14
MEMD T RE PO E B IR, Horh 7 2R PR N gt Sl (R 5) o TR A
HRLE T LI 2 6 AN 22 5 AR, FRIEP AR EE L h RB A — 5, 2 ANFEDR T AR 3R AH X T 06
MALFEIRIE T, HoR 4 DEFRBTEOIEIFA R . ZKAEBEAR IR AL EE L h ik 21 6 DEE, Horpf 2
ANFE PR K AR BE R AN IR AL BERGA N, HoR 5 MRERIERIAE B IR R . BRI BN R AL F L
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Fig. 11 Differentially methylated gene expression heat map
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