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Analysis of DNA Methylation Characteristics under Cold Stress
at Rice Seedling Stage

GUO Hui, LI Shu-xing, GAN Yu,ZHANG Hong-wei,HAO Liu-gen, YANG Zhan-lie, XIANG Guan-lun
(Rice Research Institute, Guizhou Academy of Agricultural Sciences, Guiyang 550006)

Abstract: In order to explore the regulation mechanism of genome-wide DNA methylation at rice seedlings
upon low temperature stress treatment, three rice genotypes showing levels of cold tolerance were treated at 3-4 C.,
followed by determination of the genome-wide DNA methylation using whole genome bisulfite sequencing (WGBS ).
By analyzing the distribution of methylation-related genes in the promoter and genic body region of the three samples,
it was found that the related genes were mainly distributed in the promoter region. The genotype P427 was found
anchoring the highest number of genes, including 9223 genes in the promoter region, and 2906 genes in the body
region. The genotype 9311 was found anchoring the fewest genes. GO and KEGG enrichment analysis revealed that
the differentially methylated genes were mainly involved in metabolic pathways such as those of diterpene
biosynthesis, starch and sucrose metabolism, P-alanine metabolism, and phenylpropane biosynthesis. These results
indicated that the methylation in the promoters was important in the regulation of low temperature stress-responsive
genes, and the transcriptional regulation was associated with the degree of methylation and the methylation types. The
genotype P427 may affect the cold tolerance of rice through modulating the genes in metabolic pathways such as
diterpene biosynthesis, starch and sucrose metabolism, and hormone signal transduction pathways. Collectively,
these results provided better understanding of the methylation-based response mechanism of cold tolerance in rice
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Tablel C-site methylation type statistics table

FEAS C covg C CG CHG CHH Mean C  Mean CG  Mean CHG Mean CHH
Sample mean (Mb) (Mb) (Mb) (Mb) (%) (%) (%) (%)
JGBLIEN) P427(MCP) 8.00 1303.9 250.8 202.4 850.7 25.69 76.15 39.57 7.50
BT Nip(MCR) 11.30 1845.0 322.0 287.1 1235.9 21.83 70.23 3491 6.17
9311(MCJ) 7.40 1213.9 219.7 189.9 804.4 23.22 72.17 36.69 6.67
I P427(MTEP) 10.70 1752.3 332.8 275.1 1144.3 24.08 73.75 36.84 6.56
AT Nip(MTER) 10.70 1747.7 332.6 272.3 1142.7 25.33 75.76 40.13 7.12
9311(MTEJ) 7.90 1284.6 222.0 200.4 862.2 21.19 69.80 34.74 5.51

MCP \MCR HIMCJ 3 5|37~ Al A BRAT 9 P427 , HASHEH1 9311 (i) ; MTEP \MTER Hl MTEJ 73 3|3/~ AR I AR PR B9 P427 . HASHEHI 9311,
Tl C_covg mean: BEFIZHITA C AL 1 P-4 8 55 R ; C: HUXS B R H C AL E MBS CG: X B LRI CG LA MM IE | 5L
K0, CHG : HEXTBI B N 20 CHG o7 s MU IE 1 9 B0 CHH : FexS S IR 20 CHH (75 M IE T 19883140 Mean C: B4 ITA C 7S 19-F-
ALK s Mean CG : CG i -5 364K KT s Mean CHG : CHG 37 5 19124 FH 64K K- s Mean CHH : CHH 7 85 1197 24 F B4k K7

MCP, MCR and MCJ represent P427, Nipponbare and 9311 (control) before low temperature treatment; MTEP, MTER and MTEJ represent
P427, Nipponbare and 9311 after low temperature treatment, the same as below. C_covg mean: The average coverage depth of all C sites in the
genome; C: The number of bases aligned to the genome C position; CG: The number of bases aligned to the cytosine in the CG region of the
genome; CHG: The number of bases aligned to the cytosine in the CHG region of the genome; CHH: The number of bases aligned to the cytosine
in the CHH region of the genome; Mean C: The average methylation level of all C sites in the genome; Mean CG: The average methylation level
of the CG region; Mean CHG: The average methylation level of the CHG region; Mean CHH: Mean methylation level in the CHH region.BT:

Before treament; AT : After treament

R2 CRREARFIERSITR

Table 2 Statistical table of types of cytosine methylation (%)
Al FEA mC Hf1] mCG H.f1 mCHG Lt mCHH L)
Variety Sample Ratio of mC Ratio of mCG Ratio of mCHG Ratio of mCHH
P427 MCP 15.57 33.29 24.34 8.03

MTEP 17.06 37.67 27.43 8.24
Nip MCR 19.30 41.70 30.82 9.66
MTER 17.66 38.45 28.71 8.62
9311 MCJ 11.48 24.74 18.06 5.83
MTEJ 11.31 25.02 18.27 5.44

mC o] - 4R A BEAY C 37 0 b 40 C AL U T 43 s mCG U] - CG AV X FH Ak C 487 650 o 12 X3 C o7 i S 807 43 1L s mCHG [
il : CHG o7 DX B Ak C 7 45 (712 DX C 3 A S B0 43 B s mCHH F A7) : CHH S A5 B3 B 364k C a5, (512 X8, C B0 4t

Ratio of mC: The percentage of methylated C sites in the whole genome to the total number of C sites; Ratio of mCG: The percentage of methylated C
sites in the CG background region to the total number of C sites in the region; Ratio of mCHG: The percentage of methylated C sites in the CHG
background region to the total number of C sites in this region; Ratio of mCHH: The percentage of methylated C sites in the CHH background

region to the total number of C sites in the region
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A, B: The methylation level of P427 on chromosomes before and after low temperature treatment; C, D: The methylation levels of
Nipponbare on chromosomes before and after low temperature treatment; E, F: The methylation levels of 9311 on chromosomes

before and after low temperature treatment
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Fig.1 Circos diagram of chromosome methylation level
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A-C: Schematic diagrams of methylation levels of different gene elements before and after low temperature treatment of P427, Nipponbare,
and 9311, respectively. MCP-vs-MTEP, MCR-vs-MTER and MCJ-vs-MTEJ represent the comparison of test materials P427, Nipponseol and 9311
before and after low temperature treatment, respectively. The methylation level of mCG/CG, mCHG/CHG and mCHH/CHH represent
the proportion of CG, CHG and CHH methylated in different gene functional regions
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Fig.2 Methylation levels of different genomic elements before and after low temperature treatment
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A:P427  HREAI O3 1 IR AL PERT R mCG/CG 2RI SLAL S A7 1] s B: PA27 | A A1 93 11 AIiELAL FIRTJR mCHG/CHG 28284 FF BEAL 7345 18] 5
C:P427  HANE A1 9311 {RIRAL BERT /S mCHH/CHH 2R R FH AR J3Aii 1515 D - P427 | HACHE 19311 IRIRAL BHHT IS 2T CG ¥ 911 2R R IA] 5
E:P427  HAHKGAN 9311 fiifil 2 BRI 5 2T CHG 81| 2 BRI F - 427 | H ARG 9311 LA BRI /5 2T CHH Y 811 26 23R 2 A
A': The methylation distribution of mCG/CG types before and after low temperature treatment of P427, Nipponbare and 9311 ; B: Methylation
distribution of mMCHG/CHG types before and after low temperature treatment of P427, Nipponbare and 9311;C: P427, Nipponbare and 9311 before
and after low temperature treatment of mCHH/CHH type methylation distribution map; D : Cluster map of CG sequence type before and after low
temperature treatment of P427, Nipponbare and 9311 ; E: Cluster map of CHG sequence type before and after low temperature treatment of P427,
Nipponbare and 9311 ; F : Cluster map of CHH sequence type before and after low temperature treatment of P427, Nipponbare and 9311
B3 KXEERFRSEEXERELKFN6 N FEmEIRE

Fig.3 Levels of methylation in different structural regions of the gene and clustering of 6 samples
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A-C : The distribution of differentially methylated genes in the promoter and transcription regions of P427, Nipponbare and 9311.

The figure shows the number of promoter region and transcription region CG_DMR gene, CHG_DMR gene and CHH_DMR gene
ES5 BREAKFEEUERSS
Fig.S Methylation-related genes distribution

x3 HEUKFZLERSH
Table 3 Methylation-related genes distribution

CG DMR CHG DMR CHH_DMR
(RN HIERE  CG_DMRZEEN SRR I %) CHG DMRIEH K HHI(%) CHH_DMRIER  FER ELHI(%)
Sample Anchorarea  CG_DMRgene . CHG DMRgene CHG DMRgene CHH DMRgene CHH DMRgene
CG_DMRgene ratio . .
ratio ratio
P427 JH T 4080 4424 2540 27.54 3545 38.44
HIX 992 34.14 909 31.28 1257 43.26
Nip JAEhT 2921 38.08 2793 36.42 2473 32.24
HtIX 660 28.40 936 40.28 900 38.73
9311 fashT 1706 32.17 1096 20.67 2750 51.86
B IX 429 24.54 451 25.80 964 55.15

CG_DMR &[5 .CHG_DMR JE[H 1 CHH_DMR JEPH LA, 4351k Ji ) FFilfe 5 (X CG_DMR 2 .CHG_DMR BE K FI CHH_DMR SR H |, i
SV EE R BCH (A 4 b o FR T 40 5 P ) B A M Rt 3 R 17 B AR AR, T LA CG .CHG \CHH 3 R 78 AR I 5 R B RIR T S B

SRR RE R

CG _DMR gene, CHG DMR gene and CHH DMR gene ratio were determined by the number of CG DMR gene, CHG DMR gene and

CHH_DMR gene in promoter and transcription region, respectively, as percentage of the number of total methylated genes. Since some genes have

two or three types of methylation patterns at the same time, the sum of the three types of methylated genes of CG, CHG and CHH is greater than the

actual total number of methylated genes
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Fig.6 Venn diagram of enrichment pathway for differentially methylated genes
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