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MicroRNAs are a class of short non-coding RNAs (17-27 
nucleotides) found in animals and plants. MicroRNAs play important 
roles in post-transcriptional regulation of gene expression by 
complementing the target mRNAs and causing translational repression 
or target mRNA degradation [1]. Studies have shown that thousands of 
human protein-coding genes are regulated by microRNAs [2], impacting 
many important biological processes, from development to physiology 
to stress response. In plants, microRNAs have been implicated in 
multiple essential biological processes, such as leaf morphogenesis 
and polarity, flower development, hormone signaling and metabolism, 
and stress responses [3]. MicroRNA genes are transcribed by RNA 
polymerases II, generating precursors that undergo a series of cleavage 
events to form mature microRNA [4]. MicroRNA biogenesis and 
its expression regulation are highly complicated [5]. Although the 
biological importance of microRNAs is well demonstrated in a wide 
range of cellular processes, how microRNA expression and abundance 
are regulated is not fully understood.

The SET domain group 8 (SDG8) protein is the primary 
methyltransferase for global histone H3K36 trimethylation in 
Arabidopsis [15,16]. SDG8 is involved in a number of developmental 
processes such shoot branching, ovule and anther development, and 

flowering time [16-18]. To explore the potential role of histone H3K36 
trimethylation in the regulation of microRNA expression, we compared 
the miRNA expression profile of the knockout mutant of the SDG8 
methyltransferase (sdg8) with the wild-type (WT) using microRNA 
microarray technology. MicroRNA microarray analysis was carried out 

chips containing 154 microRNA probes to Arabidopsis microRNAs 
(Sanger miRBase Version 9.2). Of the 154 microRNAs examined, 23 
were differentially expressed in sdg8 knockout mutant. Twelve of 23 
were overexpressed [log2 (sdg8/WT) range: 0.22 to 3.09], whereas 11 
of 23 were underexpressed [log2 (sdg8/WT) range: -0.32 to -1.42]. All 
23 differentially expressed microRNAs had a q-value <0.01, indicating 
that the observed changes were significantly different. Differentially 
expressed microRNAs in sdg8 knockout mutant with log2 (sdg8/
WT)values greater than 1 are listed in Table 1. These results suggest 
that a small number of known microRNAs examined are regulated by 
the SDG8 methyltransferase.

Brassinosteroids are a class of plant hormones that regulate multiple 
aspects of physiological responses essential to growth and development 
[19]. MicroRNA expression profiling of sdg8 knockout mutant leaves 
revealed that 5 microRNAs were up-regulated more than 2-fold 
compared to wild type leaves (Table 1). Two of these, miR395a and 
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microRNA log2 (sdg8/WT) Fold change
ath-miR843 3.09 8.52
ath-miR395a 2.48 5.58
ath-miR395b 2.37 5.17
ath-miR854a 1.41 2.66
ath-miR156h 1.06 2.09
ath-miR824 -1.42 -2.68 
ath-miR822 -1.32 -2.50
ath-miR391 -1.01 -2.01

Table 1: Differentially expressed microRNAs in sdg8 mutant leaves identified by 
microarray analysis.

Positive values indicate increased microRNA expression in the sdg8-4 knockout 
mutant compared to wild type (WT), whereas negative values indicate decreased 
microRNA expression in the sdg8-4 mutant 

Histone modifications play critical roles in regulation of gene 
expression in eukaryotes [6]. Acetylation of histones H3 and H4 
is commonly associated with gene activation, whereas histone 
deacetylation generally leads to gene silencing. Trimethylation of 
histone H3 on lysine 4 (H3K4me3) is frequently associated with 
active transcription, while trimethylation of histone H3 on lysine 27 
(H3K27me3) is often associated with gene repression. Trimethylation 
of histone H3 on lysine 36 (H3K36me3) is usually enriched in coding 
regions of actively transcribed genes [6], but H3K36me3 also correlates 
with gene silencing in facultative and constitutive heterochromatin[7].
Recent studies in mammalian cells indicate that histone acetylation and 
methylation affect microRNA expression. Scott et al. [8] first showed that 
histone deacetylase inhibition results in alteration of microRNA levels 
in a breast cancer cell line. Following this study, several reports have 
shown that histone deacetylase inhibition alters microRNA expression 
in human carcinomas [9-11]. Overexpression of histone deacetylases 
in chronic lymphocytic leukemia results in silencing of miR-15a, miR-
16, and miR-29b, while histone deacetylase inhibition can partially 
restore the expression of miR-15a, miR-16, and miR-29b [12]. These 
results collectively show that histone acetylation and deacetylation 
play important roles in regulation of microRNA expression in human 
cells. Stable RNAi-mediated suppression of the H3K4me3 demethylase 
JARID1B in breast tumor cells caused increased expression of several 
members of the let-7 family of microRNAs, suggesting that H3K4me3 
is required for up-regulation of the expression of these microRNAs 
[13]. Parallel sequencing analyses show that H3K27me3 is associated 
with repressed microRNA genes in mouse lymphocytes [14]. Taken 
together, these studies indicate that histone methylation can modulate 
microRNA expression.
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miR156h, have been shown to be up-regulated by 24-epibrassinolide 
(a highly active brassinosteroid) [20]. Taken together, these results 
suggest that the SDG8 methyltransferase plays a role in modulation of 
brassinosteroid-regulated microRNA gene expression.

In conclusion, our microarray data indicate that the H3K36 
methyltransferase SDG8 can modulate the expression of certain 
microRNA genes in Arabidopsis. Data mining analysis suggest a link 
betweenthe SDG8 methyltransferase and brassinosteroid-regulated 
gene expression in Arabidopsis.

Acknowledgment

This work was supported in part by an NIH grant (1R15GM074704-01) to J.L. 
We thank LC Sciences (Houston, Texas, USA) for microRNA microarray analysis.

References

1. Bartel DP (2009) MicroRNAs: target recognition and regulatory functions. Cell
136: 215-233.

2. Friedman RC, Farh KK, Burge CB, Bartel DP (2009) Most mammalian mRNAs 
are conserved targets of microRNAs. Genome Res 19: 92-105.

3. Jones-Rhoades MW, Bartel DP, Bartel B (2006) MicroRNAS and their regulatory 
roles in plants. Annu Rev Plant Biol 57: 19-53.

4. Macfarlane LA, Murphy PR (2010) MicroRNA: Biogenesis, Function and Role
in Cancer. Curr Genomics 11: 537-561.

5. Rogers K, Chen X (2013) Biogenesis, turnover, and mode of action of plant
microRNAs. Plant Cell 25: 2383-2399.

6. Bannister AJ, Kouzarides T (2011) Regulation of chromatin by histone
modifications. Cell Res 21: 381-395.

7. Chantalat S, Depaux A, Hry P, Barral S, Thuret JY, et al. (2011) Histone 
H3 trimethylation at lysine 36 is associated with constitutive and facultative 
heterochromatin. Genome Res 21: 1426-1437.

8. Scott GK, Mattie MD, Berger CE, Benz SC, Benz CC (2006) Rapid alteration of 
microRNA levels by histone deacetylase inhibition. Cancer Res 66: 1277-1281.

9. Shin S, Lee EM, Cha HJ, Bae S, Jung JH, et al. (2009) MicroRNAs that respond 
to histone deacetylase inhibitor SAHA and p53 in HCT116 human colon 
carcinoma cells. Int J Oncol 35: 1343-1352.

10. Bandres E, Agirre X, Bitarte N, Ramirez N, Zarate R, et al. (2009) Epigenetic
regulation of microRNA expression in colorectal cancer. Int J Cancer 125: 
2737-2743.

11. Rhodes LV, Nitschke AM, Segar HC, Martin EC, Driver JL, et al. (2012) The 
histone deacetylase inhibitor trichostatin A alters microRNA expression profiles 
in apoptosis-resistant breast cancer cells. Oncol Rep 27: 10-16.

12. Sampath D, Liu C, Vasan K, Sulda M, Puduvalli VK, et al. (2012) Histone 
deacetylases mediate the silencing of miR-15a, miR-16, and miR-29b in
chronic lymphocytic leukemia. Blood 119: 1162-1172.

13. Mitra D, Das PM, Huynh FC, Jones FE (2011) Jumonji/ARID1 B (JARID1B) 
protein promotes breast tumor cell cycle progression through epigenetic
repression of microRNA let-7e. J Biol Chem 286: 40531-40535.

14. Kuchen S, Resch W, Yamane A, Kuo N, Li Z, et al. (2010) Regulation of 
microRNA expression and abundance during lymphopoiesis. Immunity 32: 
828-839.

15. Xu L, Zhao Z, Dong A, Soubigou-Taconnat L, Renou JP, et al. (2008) Di- and tri- 
but not monomethylation on histone H3 lysine 36 marks active transcription of 
genes involved in flowering time regulation and other processes in Arabidopsis 
thaliana. Mol Cell Biol 28: 1348-1360.

16. Dong G, Ma DP, Li J (2008) The histone methyltransferase SDG8 regulates
shoot branching in Arabidopsis. Biochem Biophys Res Commun 373: 659-664.

17. Zhao Z, Yu Y, Meyer D, Wu C, Shen WH (2005) Prevention of early flowering by 
expression of FLOWERING LOCUS C requires methylation of histone H3 K36. 
Nat Cell Biol 7: 1256-1260.

18. Grini PE, Thorstensen T, Alm V, Vizcay-Barrena G, Windju SS, et al. (2009) 
The ASH1 HOMOLOG 2 (ASHH2) histone H3 methyltransferase is required for 
ovule and anther development in Arabidopsis. PLoS One 4: e7817.

19. Clouse SD (2011) Brassinosteroid signal transduction: from receptor kinase 
activation to transcriptional networks regulating plant development. Plant Cell 
23: 1219-1230.

20. Lin LL, Wu CC, Huang HC, Chen HJ, Hsieh HL, et al. (2013) Identification of 
MicroRNA 395a in 24-Epibrassinolide-Regulated Root Growth of Arabidopsis 
thaliana Using MicroRNA Arrays. Int J Mol Sci 14: 14270-14286.

21. Dai X, Zhao PX (2011) psRNATarget: a plant small RNA target analysis server. 
Nucleic Acids Res 39: W155-159.

22. Winter D, Vinegar B, Nahal H, Ammar R, Wilson GV, et al. (2007) An “Electronic 
Fluorescent Pictograph” browser for exploring and analyzing large-scale 
biological data sets. PLoS One 2: e718.

23. Sui P, Jin J, Ye S, Mu C, Gao J, et al. (2012) H3K36 methylation is critical for 
brassinosteroid-regulated plant growth and development in rice. Plant J 70: 
340-347.

microRNA Target 
accession

Target description Target regulation 
by brassinosteroid

ath-miR156h AT3G57920 Squamosa promoter binding 
protein-like 15

up

ath-miR822 AT5G02330 Cysteine/Histidine-rich C1 
domain family protein

up

ath-miR824 AT3G12470 Polynucleotidyltransferase up
ath-miR843 At3g13840 GRAS family transcription 

factor
up

ath-miR854a AT5G05090 Homeodomain-like superfamily 
protein

up

ath-miR391 AT3G02380 CONSTANS-like 2 protein down

MicroRNA targets were predicted using psRNAtarget program (http://plantgrn.
noble.org/psRNATarget/) with default parameter settings
Brassinosteroid-responsive genes were determined by the AtGenExpress 
database (Arabidopsis eFP Browser, http://bbc.botany.utoronto.ca/efp/cgi-bin/
efpWeb.cgi?dataSource=Hormone) 
Table 2: Predicted microRNA targets that are brassinosteroid-responsive genes.

Next we searched for potential target genes of the differentially 
expressed microRNAs in sdg8 knockout mutant using the psRNATarget 
program [21]. Brassinosteroid-responsive genes were identified 
from the hormone response data using Arabidopsis eFP Browser 
[22]. The potential microRNA target genes being brassinosteroid-
responsive are listed in Table 2. The data mining analysis reported 
here implies that there is a link between the SDG8 methyltransferase 
and brassinosteroid-regulated gene expression in Arabidopsis, as the 
SDG8 homologue in rice, SDG725, has been shown to be critical in 
modulating brassinosteroid-related gene expression [23].
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