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Introduction  
 
Flowering plants (Angiosperms) are the most abundant plant group on earth. 
Their characteristic flowers arise from the shoot, where a limited number of 
totipotent stem cells reside in the apical meristem. Stem cells are needed for 
growth and differentiation. The mechanistic basis of stem cell homeostasis 
between the basal processes proliferation and differentiation in multicellular 
organisms such as plants and animals is still largely unknown and 
comparisons of the mechanisms might allow better understanding of the 
evolution of stem cell systems. 
 
Flowers are formed from the floral meristem with different floral organs and 
their number and their position differ in different species -a beauty to look at 
and attracting pollinators and of scientific interest especially for plant 
breeding. For keeping a sufficient number of totipotent stem cells, interactions 
of stem cell regulatory genes are needed, for example WUSCHEL and the 
CLAVATA genes. Some genes are known to specify the floral meristem and it 
is interesting how those components interact with each other to form flowers 
(Lohmann and Weigel 2002). 
 
In 2005 Sandra Stehling could show in her PhD thesis that in young flowers of 
the model plant Arabidopsis thaliana the transcription factor PERIANTHIA 
(PAN) was one candidate to activate the differentiation gene AGAMOUS (AG) 
(Stehling 2005). 
 
The gene PERIANTHIA encodes for a bZIP transcription factor (of the TGA 
subgroup). bZIP transcription factors are known to influence a multitude of 
cellular processes such as stress-, light- and signaling cascades, pathogen 
defense (Despres et al. 2003) and seed ripening as well as floral development 
(Jacoby et al. 2002). Plants mutant for PAN were described to have a 
pentamerous floral architecture in comparison to wild type plants having four 
petals (Running and Meyerowitz 1996, Chuang et al. 1999). Genetic and 
phenotypic interaction studies between important genes for flower formation 
and PAN were done before, however, the relation between PAN and floral 
(homeotic) genes such as AGAMOUS needed further study, to see if PAN 
was able to directly activate AG (e.g. Chuang et al. 1999, Chuang and 
Meyerowitz 2000, Fletcher 2001, Running et al. 1998, Roe et al. 1997, 
Sessions et al. 1997). Mechanistic regulations of TGA transcription factor 
family had been studied and interactions with e.g. NPR1-like genes and the 
redox regulation of TGAs were shown to be also relevant for modulating for 
PAN activity (Hepworth et al. 2005, Fan and Dong 2002, Rouhier et al. 2004, 
Xing et al. 2005, Li et al. 2011, Zander et al. 2012).  
 
The aim of this thesis was to analyze a) the role of PAN for activating 
AGAMOUS and b) the interactions between PAN and other known stem cell 
regulatory genes and thus to elucidate the function of PAN for tuning 
proliferation and differentiation processes in Arabidopsis thaliana.  
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In the published article page 14 in the text at the end of the page it should be: 
This phenotype is completely suppressed in the panclv3arr15 mutant (as in 
Fig. 8(I); panclv3arr7 is not depicted). 
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PERIANTHIA in the network of stem cell regulation  
of Arabidopsis thaliana 

 
A modulator is an important node in a network of regulatory processes that 
jointly allows a living system or organism to live and grow optimally. It starts, 
holds or stops certain functional (aspects of) processes. In this thesis the 
function and interaction of key regulatory genes ensuring cell fate decisions 
and plant growth under different growth conditions are presented and the 
bZIP transcription factor PERANTHIA (PAN) is positioned in this network as 
an important transcriptional switch or regulator. 
 
From a human point of view enhanced vegetal food production and biomass 
production under changing climate conditions is one of the worlds current and 
future challenges. In contrast to molecular biology experiments, which can be 
repeated several times, we only have one single trial to solve the issue of 
feeding the rising number of people on a declining amount and prosperity of 
developable landmass. Therefore, investment in resource-optimal plant 
breeding including better understanding of plant development under their 
natural conditions is essential.  
Plants build the basis for life on earth by production of oxygen, sugars and 
biomass and many plant parts and fruits are edible for animals and human 
beings and provide them with essential nutrients and secondary metabolites 
e.g. vitamin C or vitamin E. Secondary plant metabolites are produced for 
defence against pathogens and as antioxidants against free radicals that 
cause cellular stress and diseases in living systems. For human nutrition plant 
ingredients are essential and of special interest for e.g. pharmaceutical use 
(e.g. mustard oil) or enhanced food quality (natural conservation additives e.g. 
sorbic acid) as well as for energy production (e.g. rapeseed oil). In addition, 
plants serve important needs to protect the earth from erosion or drying out by 
giving shadow or protection from wind erosion by roots and expanded leaves. 
Plants as sessile organisms have evolved in diverse forms and with different 
strategies to cope with their ever changing surrounding. Land plants in 
different niches have adapted to changing factors such as soil, nutrient 
supply, light, temperature, water supply and protect themselves against 
adverse growth conditions such as predators or other biotic pathogenic 
stresses. In doing so plants have evolved different strategies to cope with 
their habitat or natural niche and thus some can e.g. grow higher, use 
lignification, some flower earlier than other plants, some make more attractive 
flowers, some attract different pollinators or use a wide variety to disperse 
their seeds and other strategies in the contest for energy and production of 
the next generation.  
The small model plant Arabidopsis thaliana, known as a weed on crop fields, 
has been used to study molecular genetics and environmental impacts on 
plant growth. It is fast growing and well studied and many molecular factors 
and processes have been characterized over the past decades.  
   The regulation of plant growth is complex and dependent on production 
of sufficient cells at the right time with the right developmental program to 
perform the functions needed such as flowering or seed production. In 
growing plants these continuously active stem cell systems are located in 
specialized tissues, called meristems, located e.g. at the shoot apex and then 
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called shoot apical meristem. In this stem cell niches, cells are proliferating, 
while around this zone cells are differentiating and developing into certain 
functional cell types, such as floral cells. Looking at known regulatory mutants 
for stem cell development in Arabidopsis thaliana it became evident that the 
number of stem cells, the size of the stem cell niche and the distance between 
new organ primordia differed depending on growth conditions and was 
dependent on the developmental stage in a plants lifecycle. This was studied 
by growing plants under different conditions and measuring the size of 
developmental domains or stem cells by RNA expression of genes like 
CLAVATA3 (CLV3) and WUSCHEL (WUS) followed by modelling the 
expression of these used key regulatory genes in silico (Geier et al. 2008b).  
   The bZIP transcription factor PAN had been first been found to regulate 
floral organ number and initiation patterning (Running and Meyerowitz, 1996). 
Here we show a broader view on PAN acting at certain boundaries regulating 
or optimizing developmental programs such as when to form buds, to produce 
flowers at the right time (of the year) and produce seeds at the optimal time. 
First of all we analysed the role of PERIANTHIA in floral development. In 
addition, I was able to show that PAN has important functions in other tissues 
and seems to serve as important modulator for stem cell activity. Our two 
main findings were that on the one hand that PAN acts under short day 
conditions activating the differentiation gene AGAMOUS (AG) in floral stem 
cells for functional, proper seed producing carpels (Maier et. al. 2009). This 
direct regulation of PAN by AG has been confirmed independently by the 
publication of Pradeep Das (Das et al. 2009). On the other hand PAN 
regulates under long day conditions the maintenance of the proliferation 
processes at the centre of a floral meristem but also at other meristems by 
interaction with different key players e.g. CLV3 and WUS (Maier et. al. 2011).  
 Furthermore we showed that PAN function depends on and interacts 
with a substantial number of pathways that sense environmental influences, 
such as light, which also differs in the naturally occurring accessions of 
Arabidopsis. While a pan mutation in the ecotype Wasilewskia showed a more 
severe AG-loss of function phenotype under continuous light, in the natural 
variants Landsberg Erecta and Columbia this ag-like phenotype occurred 
rather under short day conditions. In an attempt to understand the genetic 
effects underlying the process we used microarray studies to find out about 
target genes of the transcription factor PAN and showed by using double 
mutants that PAN interacts with light regulatory pathway genes such as 
GIGANTEA (GI). A microarray dissection and a following GO analysis of the 
transcriptome of wild type Columbia and Columbia pan mutant plants grown 
under long day conditions, showed several pathways to be affected. By single 
gene expression analysis and mutant crosses we showed that PAN interacts 
with hormonal pathways (e.g. cytokinin, affecting ARR7 and ARR15 
expression) and others had shown that PAN reacts itself to hormonal cues 
(e.g. cytokinin, Che et al. 2002). Interestingly, the three dimensional pattern or 
localization of PAN RNA expression at important developmental boundaries, 
where new primordial arise, seemed to play a major role in setting or 
regulating developmental effects in the wild type plants compared to pan 
mutants, indicating that this transcription factor might act as a modulator for 
stem cell fates.  
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Taken together, the bZIP transcription factor PAN seems to be 
modulating and regulating certain cells either towards proliferation or 
differentiation processes. This “acting inside-out“ depends for a single cell in 
certain developmental tissues on both inside and outside conditions and cues 
of a growing plant. PAN seems to be acting in concert with many other 
factors, aiding to reach the best possible plant development at the given time, 
point or localization within the plant. With these new findings on the influence 
of outside conditions onto plant stem cells and plant developmental aspects 
such as flowering time, seed production under short days and effects on leaf 
number or biomass production, we were able to give a broader view on the 
position of PAN in the network of plant stem cell regulators as depicted below.  

PAN is present in the genome of other important crop plant species 
(e.g. potato, soya bean; http://chibba.agtec.uga.edu/duplication/). Therefore, it 
will be interesting to further study in more detail the molecular function of PAN 
as transcription factor acting on different genes and molecular pathways for 
the benefit of a broader understanding of basic scientific concepts of plant 
stem cells with the aim to foster these concepts for plant breeding. Towards 
this end approaches like identifications of interacting proteins via e.g. Yeast 
Two Hybrid Screens or direct interaction tests as well as screens for genetic 
modifiers of PAN and PAN target gene analysis have been started and future 
results might highlight the modulator position of PAN for plant development in 
the future. 
 

 
Figure 1: PAN in the network of stem cell regulation. 
As a rough summary genes and pathways were interactions with PAN have 
been noted (published and unpublished). Arrows could indicate direct or 
indirect interactions on gene or protein or pathway level partially.  
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