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Does Arabidopsis thaliana DREAM of cell
cycle control?
Martin Fischer1,2 & James A DeCaprio1,2

Strict temporal control of cell cycle gene
expression is essential for all eukaryotes
including animals and plants. DREAM
complexes have been identified in worm,
fly, and mammals, linking several distinct
transcription factors to coordinate gene
expression throughout the cell cycle. In
this issue of The EMBO Journal, Kobayashi
et al (2015) identify distinct activator and
repressor complexes for genes expressed
during the G2 and M phases in Arabidopsis
that can be temporarily separated during
proliferating and post-mitotic stages of
development. The complexes incorporate
specific activator and repressor MYB and
E2F transcription factors and indicate the
possibility of the existence of multiple
DREAM complexes in plants.

See also: K Kobayashi et al (August 2015)

D uring the past decade, an evolution-

arily conserved multi-subunit protein

complex comprised of several

distinct transcription factors that serves as a

master coordinator of cell cycle gene expres-

sion has been identified in a variety of

animals. The ortholog complexes containing

the retinoblastoma protein (RB), E2F and its

dimerization partner DP, and MYB homo-

logs were named dREAM (Drosophila RBF,

E2F2, and MIP) or MMB (MYB–MuvB) in

fly, DRM (DP, RB, and MuvB) in C. elegans,

and DREAM or LINC (DP, RB-like, E2F, and

MuvB) in mammals (Sadasivam & DeCaprio,

2013). The core complex of MIP (MYB-

interacting proteins) or MuvB (multivulva

class B proteins) contains LIN9, LIN37, LIN52,

LIN53 (RBBP4), and LIN54. The E2F, MYB,

and the Tesmin–CXC domain-containing

LIN54 are each specific DNA-binding

components of the DREAM complex. The

animal DREAM complex represses most cell

cycle-regulated genes during G0 when cells

exit the cell cycle and enter quiescence.

When cells reenter the cell cycle, activating

E2Fs transactivate expression of genes

required for DNA synthesis during the G1/S

transition. As cells progress through S phase

and enter G2, MYB bound to the MuvB

complex contributes to transactivation of

genes required for mitosis. While the

DREAM complex contains at a minimum the

MuvB complex and RB/E2F homologs,

differences in the composition were found

with the MYB component. In fly dREAM/

MMB complex, MYB is present together in

the same complex with RBF and the repres-

sor E2F2. However, no MYB ortholog has

been identified in worm. In contrast, the

human B-MYB (MYBL2) is found exclusively

in the MMB complex during S and G2

phases and is not present in the RB-related

p107/p130- and E2F4/DP1-containing

DREAM complex during quiescence. Conver-

sely, p107, p130, and E2F4 are not compo-

nents of the human MYB–MuvB (MMB)

complex during S and G2 phases. MYB and

MuvB serve important roles in the activation

of late cell cycle genes during G2/M but not

early cell cycle genes during G1/S. B-MYB

may also have transcriptional repression

functions in mammals (Sadasivam et al,

2012) and fly (Lewis et al, 2012).

Similar to other eukaryotes, plants share

many conserved elements that control the

cell cycle. The conserved entities in Arabi-

dopsis thaliana include RBR1, an RB ortholog,

three E2F transcription factors E2FA, E2FB,

and E2FC, and two DP orthologs DPA and

DPB. Previously, Magyar et al (2012) found

that RBR1 and E2FA form a stable complex

that contributes to proliferation and the

post-mitotic endocycle. In Arabidopsis, three

orthologs of LIN9 (ALY1, ALY2, and ALY3)

and a family of Tesmin–CXC domain-

containing proteins similar to LIN54 have

been identified. Orthologs of the animal

DREAM components LIN37 and LIN52 have

not yet been identified in Arabidopsis. Inter-

estingly, Arabidopsis has more than a

hundred MYB proteins, with five members

of the MYB3R (R1R2R3-MYB) family having

cell cycle phenotypes. The Ito group previ-

ously reported that MYB3R1 and MYB3R4

were required for activation of late (G2/M)

cell cycle genes that contain the MSA (mito-

sis-specific activator) element in their

promoters (Haga et al, 2011).

In this issue of The EMBO Journal, the Ito

group teamed up with Magyar and collea-

gues to focus on MYB3R3 and MYB3R5,

a second subgroup of the MYB3R family

(Kobayashi et al, 2015). The authors found

that inactivating mutations of myb3r3/

myb3r5 leads to increased levels of many

G2/M genes suggesting that MYB3R3 and

MYB3R5 act as transcriptional repressors.

Unexpectedly, this effect of MYB3R3/

MYB3R5 loss was enhanced by additional

mutation of MYB3R1 but not MYB3R4. This

led the authors to suggest a dual role for

MYB3R1 in transcriptional activation and

repression of the late cell cycle genes. By

comparing leaves at different stages of

development, the authors observed that loss

of MYB3R1/MYB3R3/MYB3R5 resulted in

several fold higher activation of G2/M genes

in post-mitotic leaves at 9–15 days after

germination (DAG) compared to proliferat-

ing leaves (five DAG). The authors

confirmed this observation by employing

G2/M promoter–reporter plasmids express-

ing YFP and found that myb3r1/3/5 mutant

but not wild-type plants express YFP in

differentiated cells.
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The authors performed ChIP-seq of GFP-

tagged MYB3R3 and identified 398 genes

significantly enriched for MYB3R3 binding.

Motif enrichment analysis identified E2F

and MSA elements within the MYB3R3 ChIP

peaks. However, only the MSA genes with

G2/M dependency were derepressed by

myb3r1/3/5 mutation in the microarray

expression profiling. The unexpected discov-

ery of E2F motif enrichment in the MYB3R3

ChIP-seq experiment led Kobayashi and

colleagues to search for a DREAM-like

complex in Arabidopsis. Mass spectrometry

analysis (LC-MS/MS) of immunoprecipitated

GFP-tagged MYB3R3, RBR1, and E2FB from

seven DAG seedlings revealed an associa-

tion of repressor MYB3R3 with the LIN9

orthologs ALY2 and ALY3 and the LIN54

ortholog TCX5. The activator E2FB was

found to associate with ALY3 and TCX5 in

addition to RBR1, DPA, and DPB. The

authors validated the mass spectrometry

findings using immunoprecipitation–immu-

noblot assays in early (eight DAG) and late

(14–15 DAG) stages of leaf development.

The analyses confirmed that the repressor

MYB3R3 did not bind to the activator E2FB

but instead binds to RBR1 and the repressor

E2FC at later stages of leaf development

when cell proliferation rate is reduced. In

contrast, the experiments showed that

activator MYB3R4 binds to activator E2FB

and RBR1 but not to repressor E2FC in

early proliferating stages of leaf devel-

opment. Thus, Arabidopsis appears to

employ two distinct complexes for transcrip-

tional regulation of G2/M genes that are

temporarily separated during development

(Fig 1).

Together, Kobayashi et al (2015) identi-

fied distinct roles for the MYB3R family

members during the cell cycle of Arabidopsis

and suggest the existence of at least two

different DREAM-like complexes during

proliferating and post-mitotic stages of organ

development. The Arabidopsis complexes

appear to incorporate several attributes from

fly and mammalian DREAM including the

co-occurrence of MYB and RB/E2F in one

complex as seen in fly and the use of distinct

temporarily separated repressor and activa-

tor complexes as in mammals. The Arabi-

dopsis complexes include DREAM components

such as RBR1, E2FB/C, DPA/B, ALY2/3,

TCX5, and MYB3R3/4. Intriguingly, the

authors found that the activator RBR1/

E2FB/MYB3R4 complex and the repressor

RBR1/E2FC/MYB3R3 complex regulate

G2/M target genes via the MSA element. In

contrast, the animal DREAM and MMB

complexes were shown to regulate G2/M

genes through CHR (cell cycle genes homol-

ogy region) elements in mammals (Müller

et al, 2014), worm (Tabuchi et al, 2011),

and fly (Korenjak et al, 2012) with LIN54

likely providing direct DNA-binding specific-

ity. Moreover, since LIN52 was shown to be

crucial for the switch between repressor and

activator DREAM and MMB complexes in

human (Litovchick et al, 2011) and fly

(Lewis et al, 2012), it will be interesting to

identify the mechanism underlying the

switch between the complexes reported here

in Arabidopsis for which no LIN52 ortholog

has been identified. It remains open for

future investigations whether the complexes

identified by Kobayashi and colleagues

resemble plant versions of the animal

DREAM and MMB complexes and whether

the plethora of MYB homologs in plants can

help to distinguish the repressor and activa-

tor roles of the DREAM complex.
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Figure 1. Distinct MYB activator and repressor complexes in Arabidopsis thaliana.
Model based on data by Kobayashi et al (2015). Distinct MYB activator and repressor complexes regulate G2/M gene expression in Arabidopsis proliferating and
post-mitotic endocycling cells. MYB3R3/4 may bind directly to MSA elements and E2FB/C to E2F elements. It is not known whether TCX5, the Arabidopsis ortholog of LIN54,
binds directly to DNA.
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