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ABSTRACT

Essential genes are usually less likely to be lost during evolution, whereas dispensable genes are lost more
frequently. Integrating sacred lotus and other plant microRNA (miRNA) data, we found different ancient
miRNA families that arose before eudicot radiation exhibit different evolutionary trajectories. Those
ancient miRNA families with higher copy and target numbers, and older age are more likely to be retained
in plant descendants and more conserved in (hairpin-structured) miRNA gene sequences. Interestingly, a
large portion of the well conserved miRNA families in plant lineages can target transcription factors (TFs).
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Also, we found miRNA families that target TFs are preferentially retained after sacred lotus genome
duplication. In this article, we provide some points to discuss why miRNA families that regulate TFs are

more likely to be preserved in plants.

Transcription factors (TFs) are among the largest gene fami-
lies in plants.' A great number of molecular genetic and
omic studies identified diverse microRNAs (miRNAs) that
can regulate TFs through translational repression or cleavage
of mRNAs.”> However, other large gene families such as
receptor-like kinases (RLKs) or ubiquitins are with few miR-
NAs being reported to regulate them.’ In the lotus genome,
1,476/26,685 (5.5%) protein-coding genes encode TFs, while
83/249 (33.3%) miRNAs with target gene(s) are able to target
TFs. More intriguingly, 17/34 (50.0%) ancient miRNA fami-
lies, arose before eudicot radiation, with target(s) in lotus
can regulate TFs (Fig. 1A,B). These suggest that TF-related
miRNAs were biasedly preserved during the plant evolution.*
But why such bias in TF-related miRNAs? First, this group
of target genes of miRNAs, TFs, are at the hubs of gene regu-
latory networks; second, TFs are dosage-sensitive; third, loss-
of-function mutations of TFs usually produce severe pheno-
types of plants.”” For example, miR396, which appeared in
the MRCA (most recent common ancestor) of vascular
plants, has important function in regulation of leaf growth
via targeting the TF family GRFs.** Moreover, studies found
that different TFs and miRNAs are often interlaced in the
transcriptional networks (Fig. 1C,D). For example, upon
phosphorus deficiency in Arabidopsis, expression of the TF,
PHRI, can induce transcription of miR399, which can subse-
quently target PHO2, to regulate phosphorous homeostasis.’
Intriguingly, transcription of some MIRNAs (miRNA genes)
requires specific TFs to bind MIRNA promoters to activate
pri-miRNA transcription, and these TFs also happen to be
their targets, and therefore they form a negative feedback

loop (Fig. 1C). For example, in Arabidopsis, miR160/miR167
and ARFs form this feedback loop to regulate different devel-
opmental processes including adventitious root formation.”
Similarly, miR156-SPLs, miR172-AP2 also form as 2 negative
feedback loops in regulation of developmental timing in Ara-
bidopsis.'"” Moreover, the miRNA-regulated TFs usually have
multiple duplicates in the plant genome and preserve the
same miRNA-binding sites. Therefore a single miRNAs usu-
ally regulate multiple closely related TFs, making it at the
hub of miRNA-TF-genes networks (Fig. 1C,D). All these
examples indicate that mutually regulatory relation between
TFs and miRNAs potentially enhance the functional essenti-
ality of TF-related miRNAs.

In molecular function, both miRNAs and TFs function as
trans-acting factors to regulate target gene at mRNA level.
Thus, miRNAs may assist TFs to improve the efficiency
and accuracy of gene regulation at RNA level. Other large
gene families, for instance, RLKs or ubiquitins, mainly
regulate cell response or growth via signaling transduction
at protein modification level, which proceed much faster
than regulation by transcription and translation.''’"’
Assuming that, during the brassinosteroid signaling, a
miRNA was evolved to regulate the mRNA of a RLK (such
as BRII) and the RLK can regulate miRNA level through
signaling transduction via downstream TFs (for example
BESI), this assumed regulatory loop would be less efficient
than a peptide or protein to directly modify the signaling of
the RLK or a miRNA to regulate the mRNA level of the
downstream TF.'*'> Taken together, these points might be
the reasons why we observed more TF-associated miRNAs
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Figure 1. Pre-eudicot miRNA families that regulate transcription factors (TFs) are well-conserved in plants. (A) Distribution of pre-eudicot miRNA families that target
different targets. (B) Pre-eudicot miRNA families that regulate TFs are less likely to be lost in plant. (C,D) Two models of miRNA-TF regulatory relationships.

than other functional miRNAs being conserved in the plant
genomes.
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