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Basic (region) leucine zipper (bZIP) transcription factors
are involved in different metabolic pathways, develop-
mental cues and stress responses in eukaryotic organ-
isms. Using a targeted manipulation approach, Garg
et al. (2019) investigated the effect of the bZIP53 protein
in the regulation of dimerization and direct binding to the
DNA, thus affecting plant amino acid metabolism and de-
velopment in Arabidopsis plants.

The bZIP family of transcriptional regulators are character-
ized by the presence of a basic DNA-binding domain, also
responsible for nuclear localization, adjacent to a leucine
zipper domain involved in dimerization. In Arabidopsis, this
family includes 78 members divided into 13 groups (A to M)
(Jakoby et al., 2002; updated in Droge-Laser et al.,2018). bZIP
transcription factors are involved in different developmental
programmes in all phases of plant life, from seed maturation,
dormancy and germination, to photomorphogenesis and sen-
escence. Several key bZIP regulators are also involved in meta-
bolic reprogramming and biotic and abiotic stress responses.
However, their functional characterization is often impeded
by the high redundancy and overlapping roles among the dif-
ferent members. In their study, Garg ef al. (2019) reveal that
dominant-negative versions of different bZIPs from groups C
and S1 maintain their dimerization partners and nuclear lo-
calization, while disrupt DNA binding to their cis regulatory
elements.

Edgetic alleles enable bZIP
functional analysis

The involvement of bZIP transcription factors in a plethora
of different metabolic, developmental and stress-related pro-
cesses (1) makes it difficult to study each of their functions
without affecting others and (ii) reduces the possibilities of
their use as biotechnological tools. For the study of the physio-
logical relevance of bZIP protein-protein and bZIP-DNA

interactions, the use of null alleles or overexpression lines has
traditionally been used. If we represent bZIP signal trans-
duction pathways as transcriptional networks in which the
different elements involved make up nodes, we obtain some-
thing similar to what we can observe in Box 1. When a bzip
loss-of-function allele is used, we completely eliminate the
node and all of its interactions, which makes individual evalu-
ation of each interaction difficult (Box 1). For this reason,
the identification of edgetic alleles, versions of bZIPs that
have lost the ability to interact with one or more proteins
(or DNA) while maintaining their interaction with other
partners, is particularly useful (Box 1) (Dreze et al., 2009;
Sahni et al., 2013). With this strategy it is also possible to
evaluate the robustness of the network when its complexity
is reduced. In their current work, Garg et al. (2019) found
that phosphorylation-mimicking substitution of conserved
serines in the DNA-binding domain of bZIP53 monomeric
subunit suffices for the disruption of the interaction of both,
bZIP homo- and heterodimers, with cognate DNA.

Prototypic bZIPs with functional and
regulatory relevance

The past two decades have witnessed a growing body of evi-
dence confirming the bZIP interactome in plants, based on the
several posttranslational protein modifications they undergo
(Box 2).The bZIP family is able to homo and heterodimerize
with other partners that results in an enormous regulatory
flexibility regarding target-side selection or protein inter-
actions. Different posttranslational modifications that impact
on bZIP functionality include sumoylation, ubiquitination
and consequent proteasomal degradation, redox status (i.c.
S-glutathionylation and S-nitrosylation of specific Cys residues),
together with phosphorylation and dephosphorylation (revised
for ABI5 in Yu et al., 2015; Skubacz et al., 2016). Aditionally,
bZIP association with members of the Mediator (MED) ma-
chinery and AFP-related Topless (TPL) co-repressors alter
the transcriptional regulation of target genes. Quintessential
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Box 1. Representation of the advantages of using edgetic alleles in the study of the bZIP
signaling network.

In a schematic representation of the different bZIP genotype-phenotype associations, the possible
phenotypes resulting from network perturbations caused by knock-out (dotted circles) or different
targeted mutation types compared to bZIP wild type, are represented. The edgetic strategy applied to
a bZIP of interest (purple node) may affect its interactome or DNA binding itself. Red and green colors
represent specific edges and their perturbations, while purple and violet colors represent bZIP homo and

heterodimers, respectively.

Genotype bZIP Knock-out Targeted mutations
Gene
product . ‘ ‘ .
Interactome '
AR
AR 2 AR 2 AR 2 AR 2
Phenotype  Wild type Null Edgetic phenotypes

Loss of interactions No DNA binding

examples of different bZIP group members modified through
these posttranslational modifications are highlighted here.

The Arabidopsis bZIP members of the C- and S1-groups
have a proposed function in plant energy management during
development and stress trade-off (Droge-Laser et al., 2018).
This network is usually formed by heterodimers that syner-
gistically control metabolic reprogramming during stress re-
sponses through direct interaction with G-box or ACTCAT
cs-elements. Indeed, Garg et al. (2019) also attempted to under-
stand the role of bZIP heterodimerization, mainly between
bZIP53 from group S1 and bZIP10 from group C. Interestingly,
the bZIP63 group C member is phosphorylated by SnRK1,
both in vitro and in vivo, upon energy deprivation (Mair ef al.,
2015). This posttranslational modification causes significant
enhancement of bZIP63 heterodimerization with group S1
bZIP1 and bZIP11 leading to increased bZIP63-dependent
gene activation and the formation of a ternary C/S1/SnRK1
complex (Pedrotti et al., 2018).

Members of the group A of bZIP transcription factors are
involved in different developmental cues including embryo
development, seed maturation and germination, and stress
responses (Jakoby et al., 2002). Among them, ABI5 is a key
player in ABA-triggered processes (Finkelstein and Lynch,
2000; Lopez-Molina et al., 2001) able to bind the ABRE
(ACGTGG/TC) cis-element and regulated by phosphoryl-
ation and dephosphorylation events (Yu et al., 2015). ABI5 is
also sumoylated by the SUMO E3 ligase SIZ1 (Miura ef al.,
2009) and regulated through S-nitrosylation of Cys153 residue.
This latter modification targets ABI5 to the proteasome by
promoting the interaction with CULLIN4-based and KEEP
ON GOING E3 Ligases (Albertos et al.,2015).

TGA transcription factors form group D of the bZIPs, ac-
cording to their conserved TGACG DNA binding motif. In
the Arabidopsis genome ten members of the TGA family are
present (TGA1-TGA10), falling into five clades (Jakoby et al.
2002). The TGA family of bZIP transcription factors, which
bind specifically to SA response elements, interact with NPR 1
to modulate gene expression. TGA1 and TGA4 are regu-
lated through Cys residues sensitive to the cellular redox state
that form an intramolecular disulfide bond in the absence of
SA, preventing their interaction with NPR1 (Després et al.,
2003). The Cys residues 260 and 266 of TGA1 are regulated
by both S-nitrosylation and S-glutathionylation, affecting pro-
tein conformation and preventing formation of disulphide
bonds (Lindermayr et al., 2010). At the same time, NPR1
ameliorates not only the DNA binding activity of the reduced
TGA1 (Despres et al., 2003), but also the DNA binding ac-
tivity of TGA1-SNO. At the biochemical level, the ability of
PERIANTHIA (PAN)/TGAS to bind DNA (and, specifically,
AG-like elements) is altered according to cell redox conditions.
PAN contains an N-terminal end with five Cys residues able
to form intramolecular disulfide bridges, consistent with the
regulatory mechanism of other TGAs (Gutsche and Zachgo,
2016). In addition, a sixth Cys residue at the C-terminal end,
Cys340, is essential for PAN function because it undergoes
a specific S-glutathionylation (Li et al., 2009; Gutsche and
Zachgo, 2016). In this redox context, the ROXY1 CC-type
glutaredoxin negatively regulates PAN protein activity (Li
et al., 2009).

The most representative member of group H, HY5, is con-
trolled by posttranslational mechanisms in particular. Thus,
HYS5 interaction with COP1 results in its ubiquitination and
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Box 2. Postulated bZIP interactome based on the posttranslational protein modifications.

The ability of the bZIP family to homo and heterodimerize with other bZIPs expands their regulatory
network of targets and interactors (purple). Different posttranslational modifications may positively
(green) or negatively (red) affect bZIP protein stability. Among the positive effectors, sumoylation by
SUMO ES3 ligases has been reported, while ubiquitination by the corresponding E3 ubiquitin ligases
promotes bZIP destabilization. Similarly, alterations modulating the bZIP redox status (i.e. by redoxins)
include S-glutathionylation and S-nitrosylation of specific Cys residues. In addition, phosphorylation
and dephosphorylation of several bZIP members exerted by specific protein kinases and phosphatases
is a well-known mechanism impacting on bZIP functionality. Finally, members of the Mediator (MED)
machinery and AFP-related Topless (TPL) co-repressors (yellow) have the ability to physically associate
with bZIPs and alter the transcriptional regulation of target genes.
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degradation in darkness. Interestingly, HY5 protein is phos-
phorylated preventing COP1-dependent degradation, but
only the non-phosphorylated version is physiologically active
and binds DNA (Gangappa and Botto, 2016). The interactome
of HY'5 comprises PIF bHLH factors, MYBs and bZIP groups
G, C and S1.

Finally, other bZIPs studied in detail regarding their
posttranslational modifications, dimerization and DNA
binding properties include GBF1 (bZIP41) from group G,
VIP1 (bZIP51) from group I, bZIP34 and bZIP61 from group
E and bZIP60 from group K; as recently reviewed in Droge-
Laser ef al. (2018).

Stepping forward

Although the path has been paved by establishing the targeted
manipulation of bZIP transcription factors for their functional
analysis, many fundamental and applied questions remain to be
answered.

The bZIP family of transcriptional factors in Arabidopsis is
large and redundant, while Marchantia polymorpha has only one or
two members in most of the groups and no orthologs for groups
M and K (Table 1). Translational biology using low redundancy
species (i.e. Marchantia polymorpha) offers a powerful approach
for understanding fundamental processes in plant development.

As we move away from Arabidopsis to other model species and
crops, it is important to have a clear vision not only of bZIP

Table 1. bZIP transcription factors in the low redundancy species
Marchantia polymorpha. Classification of the plant bZIP family in
Marchantia polymorpha according to the updated database
(http://marchantia.info/) with high similarity to Arabidopsis thaliana

Gene symbol Mapoly ID Arabidopsis
Correspondence

MpBZIP1 Mapoly0001s0021.1 Group H
MpBZIP2 Mapoly0007s0056.1 Group |
MpBZIP3 Mapoly0012s0172.1 Group C
MpBZIP4 Mapoly0015s0005.1 Group G
MpBZIP5 Mapoly0016s0098.1 Group J
MpBZIP6 Mapoly0019s0040.1 Group E
MpBZIP7 Mapoly0022s0095.1 Group B
MpBZIP8 Mapoly0026s0039.1 Group D
MpBZIP9 Mapoly0034s0126.1 Group S
MpBZIP10 Mapoly0046s0102.1 Group |
MpBZIP11 Mapoly0069s0009.1 Group A
MpBZIP12 Mapoly0072s0050.1 Group A
MpBZIP13 Mapoly0122s0020.1 Group F
MpBZIP14 Mapoly0130s0030.1 Group B
MpBZIP15 Mapoly0737s0001.1 Group S
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http://marchantia.info/nomenclature/MpBZIP9/
http://marchantia.info/genes/Mapoly0034s0126.1/
http://marchantia.info/nomenclature/MpBZIP10/
http://marchantia.info/genes/Mapoly0046s0102.1/
http://marchantia.info/nomenclature/MpBZIP11/
http://marchantia.info/genes/Mapoly0069s0009.1/
http://marchantia.info/nomenclature/MpBZIP12/
http://marchantia.info/genes/Mapoly0072s0050.1/
http://marchantia.info/nomenclature/MpBZIP13/
http://marchantia.info/genes/Mapoly0122s0020.1/
http://marchantia.info/nomenclature/MpBZIP14/
http://marchantia.info/genes/Mapoly0130s0030.1/
http://marchantia.info/nomenclature/MpBZIP15/
http://marchantia.info/genes/Mapoly0737s0001.1/
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function and target specificity, but also of gene abundance and
the evolutionary signaling pathways for translational biology.

Future research should reveal if precise amino acid sub-
stitutions in bZIP targets will lead to the design of more
accurate molecular tools for stress tolerance, develop-
ment and metabolic improvement in crops. To this end, it
is also of utmost importance to use CRISPR-Cas tech-
nology to generate and introduce targeted mutations in
those key residues detrimental for bZIP protein function.
Understanding how bZIP interaction dynamics changes
under metabolic, developmental or stress conditions would
result in the identification of useful targets that could be
manipulated to increase plant biomass yields and resistance
to different stresses relevant to the agricultural field. There
is no doubt that this study is a stepping stone towards more
exciting research to come.
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