
Quantitative genetics course



Where are we and where are we want to go?

• Conventional breeding

• Marker Assisted Selection

• Genomic Selection

Mascher et al 2019 



Conventional Plant Breeding                               Marker Assisted Selection 

Lema 2018



What happens in quantitative traits?

http://www.cubocube.com

Chen et al 2017



Genomic Selection
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Xu et al 2020 



The molecular basis of genetics:

• Genome 
• Chromosomes
• Genes (alternative splicing)
• Mitosis and meiosis
• Crossing over
• DNA sequencing
• Genotyping by sequencing (GBS)

greenhousegrower.com



The molecular basis of genetics:

• Genome 
• Chromosomes
• Genes (alternative splicing)
• Mitosis and meiosis
• Crossing over
• DNA sequencing
• Genotyping by sequencing (GBS)

greenhousegrower.com



Genome

A genome is all genetic material of an
organism. It consists of DNA.

Deoxyribonucleic acid (DNA) is a
molecule that contains the
genetic instructions for the development,
functioning, growth and reproduction of
nearly all living organisms.

DNA is made of four chemical units, called 
nucleotide bases (adenine (A), thymine (T), 
guanine (G), and cytosine (C)). 

A - T 
C - G



Phaseolus vulgaris genome

~540 Millions bases! 

Genome



Phaseolus vulgaris genome

~540 Millions bases! 

Ali et al 2014

Genome



Chromosomes

Chromosomes contained part of the 
genetic material (DNA).

Chromosomes keeps DNA wrapped 
around proteins called histones
which bind to and condense the DNA 
molecule to maintain its integrity.



Chromosomes

(a) Gray lines connect duplicated genes.
(b) Centromeric and pericentromeric regions in black and gray.
(c) Gene density in sliding windows of 1 Mb.
(d) Repeat density in sliding windows of 1 Mb (e) Recombination rate

Schmutz et al 2014



Genes

The gene is the basic physical 
unit of inheritance and 
contain the information 
needed to specify traits.



Genes

Promoter: sequence of DNA needed to turn a 
gene on or off. 

Exons: parts of the gene sequence that are 
expressed in the protein.

Introns: parts of the gene sequence that are not 
expressed in the protein.



Sen 2018

Genes



Genes

Schmutz et al 2014

Phaseolus vulgaris

Loci
27,433 total loci containing 36,995 protein-coding transcripts

Alternative Transcripts
36,995 – 27,433 = 9,562 total alternatively spliced transcripts

wikipedia.org



Alleles

• An allele is one of two or more versions
of a gene.

• If the two alleles are the same, the
individual is homozygous for that gene.

• If the alleles are different, the individual
is heterozygous.

• The use of the allele also refers to
variation among non-coding DNA
sequences.

https://www.khanacademy.org/
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Mitosis

The mitosis occurs in the somatic cells, 
and it is meant for the multiplication of 
cells.

• Development and growth
• Cell replacement
• Regeneration
• Asexual reproduction



Meiosis

During meiosis, diploid cells undergo DNA
replication, followed by two rounds of cell
division in germ cells, producing four haploid
sex cells.

Meiosis maintains genetic continuity from 
generation to generation and gives rise to genetic 
variation in gametes through:

• Crossing over of homologous chromosomes.
• Unique combinations of maternal/paternal 

chromosomes.



Crossing Over 

https://quizlet.com/



Crossing Over 

Mauricio 2001
https://quizlet.com/
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http://www.fao.org



https://en.wikipedia.org/



DNA Sequencing



DNA Sequencing



DNA Sequencing

flxlexblog.wordpress.com



Genotyping-by-Sequencing (GBS)

Elshire et al. 2011

This approach is simple, 
quick, specific, highly 

reproducible, and may 
reach important regions 

of the genome

Miles 2013



Review Genome
~537.2 Mb 

Loci
27,433 total loci containing 

36,995 protein-coding 
transcripts

Alternative Transcripts
9,562 total alternatively 

spliced transcripts

• Big picture of GS
• Genome 
• Meiosis
• DNA sequencing
• GBS



https://phytozome-next.jgi.doe.gov/

As of release v13, Phytozome hosts 224 assembled and annotated genomes!

https://phytozome-next.jgi.doe.gov/

