
Kao’s 8P (Protoplast Culture)

Kao’s  8P  (Protoplast  Culture)  in
Plant  Tissue  Culture:  Origins,
Uses, and Formulation

Kao’s 8P medium, a specialized plant tissue culture medium,
holds  a  significant  place  in  the  history  of  plant
biotechnology,  particularly  in  protoplast  culture  and
regeneration.  Understanding  its  origins,  applications,  and
formulation provides valuable insight into the evolution of
plant tissue culture techniques.

Origin:

While a definitive "Kao’s 8P" isn’t universally referenced in
standard plant tissue culture literature as a single, formally
published  medium  with  a  specific  formulation,  the  name
frequently refers to a modified medium based on the work of
Dr.  Kenneth  Kao  and  his  colleagues  in  the  1970s.  Their
research focused on developing media specifically optimized
for the culture and regeneration of plant protoplasts – plant
cells  devoid  of  their  cell  walls.  This  was  a  significant
challenge, as protoplasts are highly susceptible to osmotic
stress and require a carefully balanced nutrient environment
for survival and regeneration. Kao’s contributions (along with
other researchers working concurrently on similar problems)
involved  refining  existing  media  formulations  to  achieve
better protoplast viability and regeneration rates. The “8P”
likely refers to an early iteration of an optimized medium or
a  specific  modification  involving  eight  key  components
critical for protoplast survival. The exact historical details
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associated definitively with a "Kao’s 8P" published formula
are difficult to find in standard literature reviews, however
the  underlying  principles  of  their  work  heavily  influence
modern protoplast culture techniques.

Applications:

Kao’s 8P-based formulations (and those inspired by it) are
primarily used for:

Protoplast culture: Maintaining protoplast viability and
promoting cell division.

Protoplast fusion: Creating hybrid plants through the
fusion of protoplasts from different species.

Callus induction: Generating a mass of undifferentiated
cells from protoplasts.

Plant  regeneration:  Regenerating  whole  plants  from
callus derived protoplasts. This includes organogenesis
(formation of shoots and roots from callus) and somatic
embryogenesis (formation of embryos from somatic cells).

The medium is particularly useful for plant species that are
recalcitrant to traditional tissue culture methods, meaning
those that are difficult to regenerate from cuttings or other
explants.  While  no  single  species  has  been  definitively
determined as the "best" fit, the principles that led to the
development  of  such  media  have  allowed  for  advances  in
protoplast culture of woody plants, orchids, and other species
challenging to culture using standard media. Success stories
are generally found within case studies, as the application is
highly  plant  specific  and  the  "8P"  is  not  strictly
standardized.



Formulation:

Because  "Kao’s  8P"  lacks  a  single,  universally  accepted
formulation, we show a generalized formulation based on common
principles employed for protoplast culture, frequently drawing
inspiration from Kao’s work and other advancements since:

Component
Concentration

(mg/L)
Role

Macronutrients

NH₄NO₃ 1650 – 2000 Nitrogen source

KNO₃ 1900 – 2500
Nitrogen and potassium

source

CaCl₂·2H₂O 440 – 500 Calcium source

MgSO₄·7H₂O 370 – 400
Magnesium and sulfur

source

KH₂PO₄ 170 – 250 Phosphorus source

Micronutrients

FeSO₄·7H₂O 27.8 Iron source

MnSO₄·4H₂O 22.3 Manganese source

ZnSO₄·7H₂O 8.6 Zinc source

CuSO₄·5H₂O 0.25 Copper source

KI 0.83 Iodine source

Na₂MoO₄·2H₂O 0.25 Molybdenum source

Vitamins

Nicotinic acid 0.5 – 1.0 Growth factor

Pyridoxine HCl 0.5 – 1.0 Growth factor

Thiamine HCl 0.1 – 0.5 Growth factor

Growth Regulators

2,4-D (or NAA) 0.1 – 5.0
Auxin (rooting, callus

induction)



Component
Concentration

(mg/L)
Role

Kinetin (or BAP) 0.1 – 5.0
Cytokinin (shoot

formation)

Sucrose 30000 Carbon source

Agar 6000 – 8000
Solidifying agent (if

used)

Note:  Concentrations  often  vary  depending  on  the  specific
plant species and objective. Growth regulators (auxins and
cytokinins)  are  particularly  subject  to  adjustment.  The
osmotic potential of the medium is critical and often requires
careful  adjustment  through  the  addition  of  mannitol  or
sorbitol.

Conclusion:

While  lacking  a  formally  defined  "8P"  formula,  the  work
leading to media optimized for protoplast culture, drawing
upon principles from Kao and other pioneers, remains highly
relevant.  Its  strengths  lie  in  its  effectiveness  for
recalcitrant  species  and  for  protoplast-based  applications
like  fusion.  Limitations  include  potential  instability  of
certain components and the need for significant optimization
depending  on  the  target  plant.  Compared  to  media  like
Murashige and Skoog (MS) or Gamborg’s B5, Kao’s 8P-inspired
formulations  are  more  specialized,  lacking  the  broad
applicability of MS and B5, which are designed for a wider
range of plant tissues and species. However, for specific
applications involving protoplasts, Kao’s work, and the media
developed on these principles, continue to contribute to our
capabilities in plant biotechnology, particularly for genetic
transformation  via  protoplast  fusion  and  regeneration
techniques.


