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Brassica rapa is a diploid (AA genome) thought to be one of the ancestral species of both B. juncea
(AABB genome) and B. napus (AACC) through genome merging (allotetrapolyploidization).
Complex genome restructuring and epigenetic alterations are thought to be involved in these
allotetrapolyploi&ization events. Chinese cabbage (B. rapa var. pekinensis) is an economically
important leafy vegetable. Heterosis is the superiority of the F; hybrid compared with its parental
lines, which is important for crop breeding. The molecular mechanism of heterosis might regulate by
the modifications of chromatin marks. At first, two active histone marks (H3K4me3 and
H3K36me3) were characterized in the parental lines (female parent; RJKB-T24, and male parent;
RJKB-T23) and were reported the distribution in 14-day leaves in two lines of Brassica rapa L. by
chromatin immunoprecipitation sequencing (ChiP-seq). Both lines were enriched with H3K4me3
and H3K36me3 marks at the transcription start site, and the transcription level of a gene was
associated with the Jevel of H3K4me3 and H3K36me3. H3K4me3- and H3K36me3-marked genes
showed low tissue-specific gene expression, and genes with both H3K4me3 and H3K36me3 had a
high level of expression and were constitutively expressed. Bivalent active and repressive histone
modifications such as H3K4me3 and H3K27me3 marks or antagonistic coexistence of H3K36me3
and H3K27me3 marks were observed in some genes. Expression may be susceptible to changes by
abiotic (Fusarium oxysporum f. sp. conglutinans, Foc) and biotic (vernalization) stresses in genes
having both H3K4me3 and H3K27me3 marks. We showed that the presence of H3K36me3 marks
was associated with different gene expression levels or tissue specificity between paralogous phired
genes, suggesting that H3K36me3 might be involved in subfunctionalization of the subgenomes.
These results suggested that covalent modifications of histone proteins act as epigenetic regulators of
gene expression. The Fjhybrid showed heterosis compared to its parental lines in different
phenotypes at early and final yield stages of Chinese cabbage, suggesting the fitness of the current
genetic materials for heterosis étudy. H3K4me3-, H3K9me2-, H3K27me3- and H3K36me3-marks
through the genome of Fy hybrid and its parental lines were then examined by ChIP-seq.
Differentially modified histone marked genes (DMGs) were identified for all four histone marks, and
parental lines had a difference in genes having DMGs. A small number of genes showed Fi
hybrid-specific histone modification. For all four histone marks, most DMGs of between F; hybrid
and each of parental line showed high-parent specific pattern while a small subset of DMGs showed
intermediate or low parent pattern, suggesting that high parent-specific inheritance of histone marks
might be associated with the heterotic growth in Chinese cabbage F1 hybrid.
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Long noncoding RNAs (IncRNAs) are RNA fragments that generally do not code for a protein but
are involved in epigenetic gene regulation. LncRNAs of B. rapa were classified into long intergenic
noncoding RNAs (lincRNAs), natural antisense RNAs (NATs), and intronic noncoding RNAs
(incRNAs) and their expression analyzed in relation to H3K27me3 marks. LncRNA did not overlap
greatly with H3K27me3 marks, but the expression level of intronic noncoding RNAs that did
coincide with H3K27me3 marks was higher than without H3K27me3 marks. Both H3K4me3 and
H3K36me3 marks were enriched in chromatin regions encoding IncRNAs, especially around the
transcription start site. The transcription level of lincRNAs was positively associated with the level
of H3K4me3 and H3K36me3, while this association was not observed in NATs and incRNAs. Using
_ previous datasets of Foc inoculation and paired genes overlapping IncRNAs, 12 mRNA and NAT
pairs in 14-day leaves in RJKB-T24 were identified and examined the H3K4me3, H3K36me3, and
H3K27me3 marks. Three pairs did not have any histone modifications, one pair had only H3K4me3
or H3K27me3 and four pairs had H3K4me3 and H3K36me3. Two pairs (Bra016382/MSTRG.19710
and Bra033549/MSTRG.1355) had bivalent active and repressive histone modifications H3K4me3
and H3K27me3. This result suggests that the bivalent modification might have some role in the
transcriptional regulation in biotic stress. The outcomes of my dissertation provide significant

insights into the epigenetic mechanisms of heterosis in B. rapa.
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