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A first step towards in vitro cultured cereals 

Odd-Arne Olsen 
Department of Plant Sciences, Faculty of Biosciences, Norwegian University of Life Sciences, Ås, 1430, Norway   

Cellular agriculture is emerging as a branch of biotechnology 
addressing issues of environmental impact and expanding the variety of 
food sources in order to create novel foods. 

Animal meat is cultured in vitro using appropriate cell lines and cell 
culture practices. Although much development work is needed before 
cultured meat can provide significant contributions to the food supply 
chain, promising progress is under way (for a recent review, see Post 
et al., 2020). 

The purpose of this text is to raise discussion on whether similar in 
vitro culture of cereal endosperm is technically achievable, and if so, for 
what end use. Already, small scale maize endosperm organ cultures are 
available for basic science studies and plant breeding research. 

Worldwide harvest of cereal grains from maize, wheat, rice, sor
ghum, barley and oats amounts to 2.8 million metric tons, providing 
substantial input of food and calories for humans as well as raw material 
for food industries. Annual improvement of yield and quality of cereals 
is delivered by traditional breeding as well as transgenic approaches. 
Still, yield improvement is struggling to keep pace with the demand 
from a growing world population. In addition, the use of cereal grains as 
food raw material is limited by their protein composition, which is 
difficult to alter without reducing grain yield. A well-known example of 
this challenge is the failed plant breeding effort to enhance grain content 
of the essential amino acid lysine for enhancing the diet of monogastric 
animals, including humans (Fereirra et al., 2005). Transgenic ap
proaches to alter other grain nutrient properties, on the other hand, have 
been more successful, including the development of golden rice with 
enhanced content of Vitamin A to fight blindness in children (Beyer 
et al., 2002). 

1. Structure of cereal endosperm 

Cereal grains consist of four tissues; starchy endosperm forming the 
central body of the grain, an aleurone layer surrounding the starchy 
endosperm, the basal transfer cell layer and the embryo surrounding cell 
layer (Fig. 1A). For a recent review see (Olsen, 2020). The latter two cell 
types contribute little to no nutritional value to cereal grains. 

The starchy endosperm accounts for approximately 80% of the grain 

dry weight and consists mainly of starch granules and storage proteins, 
including gluten, a main determinant of baking quality in wheat. Other 
components, such as lipids and dietary fibers, affect health and food- 
processing characteristics and are present in smaller amounts (Tosi 
et al., 2018). The starchy endosperm has a high capacity for protein 
synthesis, expressing a limited number of genes in high copy numbers 
(Pfeifer et al., 2014). 

Aleurone cells have thick cell walls that, similar to those of the 
starchy endosperm, contain mostly beta glucans and arabinoxylan (see 
for example (Brouns et al., 2012) and references therein); sugars 
represent approximately 40% of the aleurone dry weight. In wheat, the 
aleurone layer contains 15% of the total grain proteins and as much as 
30% of total grain lysine. Aleurone cells are also a rich source of nu
trients, such as minerals, phytates, vitamins B including niacin, folate 
and plant sterols. For example, 80% of total wheat grain niacin is in 
aleurone cells, together with considerable amount of other vitamins B 
and approximately 50% of the total wheat grain mineral content. Milling 
and dry-fractionation techniques have allowed for full-scale separation 
of aleurone cells from the wheat bran, yielding a concentrate rich in 
bioactive compounds (Brouns et al., 2012) as well as the elaboration of a 
novel flour that has a high contents of bioavailable folate (Fenech et al., 
1999). 

1.1. In vitro culture of endosperm 

The first successful protocol for organ culture of young dissected 
maize kernels was developed in 2006 based on a medium containing 
high (15%) sucrose (Gruis et al., 2006), cells differentiating into aleu
rone and starchy endosperm cells. This was an important achievement 
since earlier attempts to culture maize endosperm in vitro had resulted in 
undifferentiated cells (Shannon and Battey, 1973). Interestingly, when 
cultured on high concentration of sucrose, developing endosperms form 
cell-congregates with multiple spherical bodies or “mini-endosperms”, 
consisting of a core of starchy endosperm cells surrounded by a single 
layer of aleurone cells (Fig. 1 B, C). The maize endosperm, and likely all 
cereals, is programmed to differentiate aleurone cells in the outermost 
cell layer, irrespective of the shape or size of the body. Gene expression 
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as revealed by transcript profiling in cultured endosperms follows 
closely that of in planta-grown endosperms, demonstrating that cultured 
endosperm development is regulated in space and time similarly to plant 
grown-endosperms, even in the absence of signal inputs from the mother 
plant. In fact, developmental endosperm defects seen in some mutants 
can be recapitulated in in vitro cultured endosperms. For example, mu
tations in the Dek1 gene, which is necessary for aleurone cell fate 
specification, eliminate aleurone cells from cultured endosperm as well, 
resulting in cultures with only starchy endosperm cells (Gruis et al., 
2006). In addition, it is also possible to genetically transform in vitro 
cultured endosperm either by biolistic bombardment or 
Agrobacterium-mediated transformation, offering the possibility to 
tailor the composition of cultured endosperm to novel uses (Reyes et al., 
2010; Dinga et al, 2021).Transfer cells, and most likely embryo sur
rounding cells, are absent from cultured endosperm (Olsen, 2020). 

1.2. Candidate gene assays using endosperm organ cultures 

The unique property of endosperm organ in vitro cultures is their 
ability to maintain the organ-level differentiation, and hence tran
scriptome profile of in planta endosperm. As such, the system offers a 
fast track to study expression of genes of interest in maize endosperm 
that would otherwise have to be studied in transgenic plants. Although 
maize transformation is feasible at high frequencies in specialized labs, 
the process may take up to a year. The immediate utility is therefore to 
enable plant breeders and plant biologists to determine the effect of 
candidate genes in endosperms without the need to create transgenic 
plants (Reyes et al., 2010). An additional benefit is that gene charac
terization can be carried out under contained conditions without release 
of transgenic plants to the environment. The opportunity to express 
transgenes in differentiated endosperm cells in vitro also offers a unique 
ability to study mechanisms of endosperm cell fate specification and 
differentiation without intact plants. 

Developing similar endosperm organ cultures for the other cereals 
would offer similar advantages. For example, wheat endosperm cultures 
could facilitate initial testing of the effect on baking quality of gluten 
proteins, bypassing the need for transgenic plants. As such, the system 
would enable high throughput testing of the large number of gluten 
proteins known to carry epitopes provoking coeliac response in sus
ceptible patients (Juhàsz et al., 2018). To this author’s knowledge, no 
systematic effort has been reported to establish endosperm organ cul
tures for other cereal species than maize. 

1.3. Large scale endosperm in vitro organ cultures? 

Large scale cultures of endosperm has the potential to facilitate 

production of specialized cereal products normally produced in fields, 
for example gluten proteins without coeliac-inducing epitopes as 
mentioned above. Whether or not this is feasible in the foreseeable 
future is unknow. Efforts to grow maize endosperm organ cultures had 
lasted for almost fifty years when the discovery was made that high 
sucrose induce endosperm differentiation in vitro (Gruis et al., 2006). A 
systematic approach to large scale cultures could follow two approaches, 
first, as is already under way, by elucidating the complete develop
mental program of endosperm (Pfeifer et al., 2014, Olsen, 20120), 
potentially identifying ways to lock development into a state with high 
mitotic activity and optimal expression of targeted products. Alterna
tively, a “blind“ approach could expose the current maize cultures to 
various treatments hoping to trigger such cultures. 

2. Conclusion 

In this author’s opinion, in vitro organ endosperm cultures do not 
have the potential to replace field grown cereals. In its current form, 
high throughput testing of maize candidate genes for endosperm engi
neering can be carried out without release of transgenes to the envi
ronment. Expansion to other cereals would permit similar assays for e.g. 
wheat, barley and rice. Future development of high volume endosperm 
organ cultures could produce existing and novel cereal endosperm 
products. Whether or not such cultures could be more productive than 
bacterial, yeast or algal culture systems remains to be seen. 
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