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cell-cycle progression during male gametogenesis. BRP4 is 
predominantly expressed in male gametophytes at anther 
development stages 6–8, when microspores are forming and 
then being released. Transgenic plants harbouring a native 
promoter-driven BRP4 RNAi construct displayed a pollen 
developmental defect. Moreover, our investigations suggested 
that this pollen defect resulted primarily from the impaired 
cell-cycle progression before and after PMI, which led to 
the production of underdeveloped pollen that subsequently 

aborted. Therefore, our findings show that BRP4 plays an 
important role in the mitotic cell-cycle progression during 
male gametogenesis.

BRP4 may function distinctly from other TFIIB-related 
members

In Arabidopsis, the TFIIB subfamily has eight members: 
TFIIB1, TFIIB2, and six BRP proteins (Knutson, 2013). 

Fig. 5.  ORC6 acts downstream of BRP4 during male gametogenesis. (A) qRT-PCR analysis of cell division-related genes in WT and transgenic 
proBRP4:BRP4 RNAi inflorescences. The data are from three biological replicates and are presented as means±SD (Student’s t-test, **P<0.01). Note 
the decreased expression of ORC6 in the L3 and L7 plants. (B) Alexander staining of mature pollen (MP) from WT and transgenic proBRP4:ORC6 RNAi 
plants. Bars, 20 �m. (C) DAPI staining of pollen at the bicellular and tricellular stages from transgenic proBRP4:ORC6 RNAi anthers. The red arrow shows 
abnormal uninucleate pollen, the green arrow shows bicellular-like pollen, and the yellow arrow shows shrunken pollen with no DAPI staining. Bars, 
20 �m. (D) Percentage of abnormal pollen in transgenic proBRP4:ORC6 RNAi L4 and L5 anthers. BP, bicellular pollen; TP, tricellular pollen. At the BP 
stage, about 1500 pollen grains were examined, and approximately 2500 pollen grains were examined at the TP stage. (E) DNA content analysis of WT 
generative-cell nuclei at prophase (n=42) and undivided generative-like cell nuclei at anthesis in proBRP4:ORC6 RNAi L4 (n=57) and L5 (n=53).
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However, BRP4 appears to be unique member among the 
TFIIB subfamily proteins of Arabidopsis. BRP4 has a long 
B-finger and B-linker domain at its N terminus, which may 
be important for the selection of transcription start sites and 
promoter opening (Kostrewa et al., 2009). Our observation 
that only transgenic plants overexpressing BRP4 exhibited 
the small aerial organ phenotype also supports the notion 
that BRP4 may mediate a biological process distinct from the 
other TFIIB subfamily proteins of Arabidopsis. Moreover, 
unlike the expression of the other TFIIB genes, which are 
ubiquitous or restricted to the reproductive organs and seeds, 
BRP4 is expressed predominately in developing male game-
tophytes and in the tapetum from anther development stages 
6–8 and in mature pollen. The abundant BRP4 expression in 
developing pollen was reported previously in an expression 
profile analysis (Honys and Twell, 2004). Our observations 
strongly suggest that BRP4 plays important roles in male 
mitotic cell-cycle progression. Additionally, previous tran-
scriptome analysis of anther development stages 4–7 showed 
that both BRP4 and TFIIB1 are expressed at these stages, but 
only BRP4 was obviously downregulated in the sporocyte-
less (spl) and excess male sporocytes1 (ems1) mutants. BRP4 
was designated previously as a reproductive preferential 
gene, implying that BRP4 may be involved in EMS-mediated 
anther development (Ma et al., 2012).

BRP4 affects male gametogenesis, possibly by 
influencing the cell-cycle progression

In Arabidopsis, most of  the identified factors involved in 
male gametogenesis affect the cell division progression of 
either microspore or generative cells. Our work demon-
strated that BRP4 participates in the regulation of  cell-
cycle progression in both microspores and generative cells. 
Surprisingly, the expression levels of  genes known to be 
involved in the mitotic cell-cycle progression of  male game-
tophytes were comparable in the inflorescences of  WT and 
proBRP4:BRP4 RNAi plants, suggesting that the role of 
BRP4 in regulation of  mitotic cell-cycle progression is not 
dependent on the expression of  these genes. Consistent with 
this, our further analysis indicated that ORC6 might be 
downstream of  BRP4, and that the knockdown of  ORC6 
expression in Arabidopsis phenocopied the mitotic defects 
observed in BRP4 RNAi male gametophytes. This implied 
that ORC6 acts downstream of  BRP4, and, at least in part, 
participates in BRP4-mediated male gametophyte develop-
ment. ORC6 encodes a subunit of  the ORC, which is required 
for the initiation of  eukaryotic DNA replication, altera-
tions to chromatin structure, and transcriptional silencing 
(Bell, 2002; Collinge et al., 2004). ORC6 expression peaks 
at the G1/S phase (Diaz-Trivino et al., 2005). Consistently, 
our DNA content analyses of  generative-like cells in both 
proBRP4:BRP4 RNAi and proBRP4:ORC6 RNAi plants 
support the notion that DNA synthesis is impaired in these 
cells. Therefore, it is likely that BRP4 participates in the 
regulation of  mitotic cell-cycle progression of  male game-
tophytes, at least in part, through the ORC6-mediated cell-
cycle regulatory machinery.
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