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Protein (biochemical) markers

Protein markers are usually named ‘biochemical markers’ but, more and more, they are
mistakenly considered as a common class under the so-called ‘molecular markers’.

- Based on the migrational properties of proteins, which allow separation by
electrophoresis

- Detected by specific histochemical assays

-Advantages:

*Require relatively simple equipment

*A robust complement to the morphological assessment of variation
- Disadvantages:

*Subject to environmental influences

» Limited in number

Protein markers (seed storage proteins and isozymes) are generated through electrophoresis.

Protein markers are also limited by being influenced by the environment and changes in
different developmental stages.

Plant genetic diversity can be measured through genetic markers—morphological,
biochemical and molecular.

Proteins have many different functions, both structural and functional.

Amino acids are bi-functional organic compounds that contain a basic amino group -)NH2)
and an acidic carboxyl group (-COOH).



In proteins, 20 different amino acids are commonly found, varying in function and property
according to the nature of the R-group. For instance, in alanine, the R-group is (-CH3),
whereas, in cysteine, it is (-CH2-SH).

Protein structures: primary
The primary structure of a protein is the order of amino acids on the polypeptide chain.
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Protein structures: secondary

The secondary structure is the result of local hydrogen bonds being created along the
polypeptide backbone. This gives the protein strength and flexibility.

Protein structures: tertiary

The tertiary structure results from interactions between the R-groups in a polypeptide: the
non-covalent and covalent bonds (hydrogen bonds, ionic bonds, hydrophobic interactions
(and weak, covalent bonds (disulphide bonds between cysteine residues).



Protein structures: quaternary

The quaternary structure results from interactions between two or more polypeptide chains to
form dimers, trimers, tetramers, etc. They are held together by hydrogen bonds, ionic bonds
and, less commonly, hydrophobic interfaces and inter-chain disulphide bonds.

Proteins functions

» The three-dimensional structure of proteins is a direct result of interactions with their
internal environment

» Diversity of protein function is a result of the complexity of protein structure

The diversity of protein function, as facilitated by the complexities of protein structure,
include (with examples):

* Structural (collagen, muscle fibres)
* Storage (wheat gliadins, barley hordeins)
* Enzymes (hydrolases, transferases, isomerases, polymerases, ligases)

* Transport (oxygen transfer with haemoglobin)



* Messengers (insulin and certain other hormones)
* Antibodies (proteins that bind to specific foreign particles)

* Regulation (proteins involved in regulating DNA synthes)

Why seed storage proteins?
» Seeds are a rich source of stable and abundant proteins
» Seeds represent a well-defined developmental stage
» Seeds are easily stored and transported
>

Each protein band in an electrophoretic profile usually represents a direct gene
product

Enzymes:
Enzymes are a particular type of protein that act as catalysts.
Enzymes: allozymes and isozymes

The multiple forms that enzymes take fall into two main classes according to how they are
coded:

* Allozymes—enzymes coded by different alleles at one gene locus
* [sozymes—enzymes coded by alleles at more than one gene locus

Usually, the term ‘isozymes’ refers to both classes

Polymorphisms are generated by changes in the amino acids that may result in changes in the
primary structure of the enzyme.

Detecting isozymes: methodology
» Pre-treating plant material
» Starch or acrylamide gel electrophoresis
» Histochemical staining

» Analysing banding patterns



Variation in banding patterns between individuals can be interpreted genetically, as would be
done with any other phenotypic marker.

Gel electrophoresis

Electrophoresis is a chromatographic technique for separating mixtures of ionic compounds.
It has been adapted as a common tool for biochemical analysis.

This process combines the separation of molecules by charge with that by size by applying an
electric current.

The current makes the molecules move through pores in a layer of gel.

The substance that makes up the gel is selected so its pores are of the right size to separate a
specific range of molecule sizes and shapes.

Enzyme electrophoresis can directly reveal genetic polymorphism through demonstrating the
multiple forms of a specific enzyme.

Loading samples
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Interpreting banding patterns

» Whether the plant is homozygous orheterozygous at each gene locus
» The number of gene loci (isozymes)
» The number of alleles per locus

» How the genes are inherited



Allozymes are controlled by codominant alleles, which means that homozygotes (all alleles at
a locus are similar) can be distinguished from heterozygotes (parents of the individual have
contributed different alleles to that locus)

For monomeric enzymes (i.e. consisting of a single polypeptide), plants that are homozygous
or a given locus will produce one band, whereas heterozygous individuals will produce two.

Forming homomers

P Monomeric allozyme:
Homozygote F
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This example shows the behavior of monomeric enzymes in crosses.

Parents are homozygous for the same allele at the same locus or heterozygotes.

In the first case, all F1 progeny will be homozygous and, as a consequence, a single band will
result. If parents are heterozygous, three possible F1 phenotypes will result.



Forming heteromers

Dimeric allozyme: one gene with iwo alleles

Monomers Dimerlc actlve enzyme
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In crosses, dimeric enzymes may behave in three possible ways.

If both parents are homozygous for different alleles at the same locus, all progeny are
heterozygous, but because of random association of the polypeptides, three combinations are
possible and therefore three bands will be resolved on gel electrophoresis and staining.

Advantages and disadvantages

Advantages

» Robust and highly reproducible
» Codominant, i.e. suitable for estimating a wide range of population genetics
parameters and for genetic mapping

Disadvantages

» Relatively few biochemical assays available to detect enzymes
» Phenotype-based analysis

Applications
» Gene flow and/or introgression
» Genetics of populations

» Strategies for ex situ conservation



» Crop evolution
» Germplasm evaluation and characterization
» Genetic erosion

» Genetic stability of conserved material
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Mass spectrometry
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