UNIVERSITEIT
GENT FACULTY OF BIOSCIENCE ENGINEERING
Plant Breeding

Prof. Dr. ir. Dirk Reheul
August 2012



Who am | ?

30 years active in breeding and breeding research

Set-up of a faba bean breeding programme at UGent (1982)
Civil servant variety testing and plant breeders’ right (1984-1985)

1985-1996: active in a breeding company: breeding grasses (forage
and amenity grasses), leguminous crops (white clover, faba
bean),....... maize

40 varieties listed and commercialized in several European
countries and CN

Teaching Plant Breeding at UGent since 1996, breeding of tall
fescue

Member of CPVO Board of Appeal
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What is plant breeding ?

e Several definitions
 Vavilov: “Evolution at the will of man”

« Changing the phenotype of plants to fulfill needs of
mankind (or parts of mankind ?)

Since the needs are changing, phenotypes change
accordingly: yield, quality, shelf life, storage life, .......

A never ending activity
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Who Is active in plant breeding ?

a) Universities - Research institutes

b) Breeding companies

c) Research institutes associated with breeding companies
d) Participatory breeding

e) ‘Hobby’ breeders

Different goals:
Improve the world or earning money or both ?

Goal determlnes the breedlng strategy !
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How do plant breeders work ?

1) Selecting the right phenotype , meanwhile changing the
genotype
How ? Using genetic resources and combination
breeding and (molecular) marker assisted selection

2) Selecting the right genotype , meanwhile changing the
phenotype
How ? Changing DNA or its expression : directed
mutations, recombinant DNA techniques, .....

3) A combination of 1) and 2)
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How do plant breeders work ?

Prof Coors (Univ of Wisconsin, Dept Agronomy) 2006

1. Form follows function : by selecting phenotypes, genotypes change

accordingly
Darwinian view

Forward selection

2. Function follows form : selecting genotypes will produce the targeted

phenotypes
Complete change of view

Backward selection
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Trends in plant breeding ?

1. A) Concentration ! B) Time is money !

Loss of genetic diversity and loss of (genetic) diversity in
breeders...loss of attentiveness (see what happened in
the past), desk breeders...

2. Stronger protection of new varieties
Plant breeders’ rights and DUS system and further on ?
Plant patents

3. Reaction from organic agriculture: conservation
varieties, no protection (patent = legal infertility)

)
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What kind of varieties ?

1) Widely adapted ?

Wanted by big companies: matter of costs

2) Regionally or locally adapted ?
Copes better with G*E interaction;
Popular in organic agriculture
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Structure of the varieties
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What if the variety is finished ?

Variety testing

Seed production
Marketing
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Will plant breeders save the world ?

Approx 50% of progress in yield in the western world is
owing to plant breeding; 50% to good agricultural practices.
Recently the relative proportion of plant breeding is going

up (rate of progress in agricultural practices is going down)

There Is no such thing as classical breeding and
modern breeding ! There is only “plant breeding”

)
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Skills of plant breeders

Attitude to work hard (....profile): listen well and don’t talk (to much)

Think and study long before you start: know your crop, define the
goal, design a strategy

Work in the environment where the crop will grow (is not the lab !)
Install good seed storage facilities
Have attentiveness, select sharp if necessary

Develop planning and efficiency skills, beware of the quality of all
work

Be aware of the constraints: money, labour, people
Have an open mind but don’t change a programme quickly

Look for “disasters”. have always all your material In as many
environments as possible

Do not give up (quickly)

)
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Self-pollinating crops

Cross between 2 homozygous individuals:

From F1 on, heterozygosity diminishes with 50% per
generation.

How long does it take to have a complete
homozygous line ?

Proportion (p) of completely homozygous lines in
segregating generations (g) issued from a cross
between 2 homozygous individuals differing in n loci

)
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Proportion (p) of completely homozygous lines in
segregating generations (g) issued from a cross
between 2 homozygous individuals differing in n loc i

F- g "
generation
21 42 84
> 3 0,06 0,004
F5 4 026  [007  |0,004
= 5 051 |026  |0,07
7 6 072 [052 027
F8 /
F9 8
F10 9 0,96 0,92 0,85
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Proportion (p) completely homozygous lines in segregating g enerations (Q)
iIssued from a cross between 2 homozygous parents differing in n loci.
Allard, 1999, p 178.

GENERATIONS (g = 0 IN F; AND g= 13 IN F4)
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Pedigree method
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'WINTER WHEAT SELECTION AND MULTIPLICATION SYSTEM
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Single seed descent
method
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Parent 1 X Parent 2
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Figure 11.1 Schematic presentation of the single-seed-descent method initially presented by Goulden
(1939) and reintroduced by Brim (1966) as a modified pedigree system. During the F; to Fy or Fs
generations, one seed from every plant is used to plant the next generation. When the desired level of
inbreeding is attained, each plantis used toestablish a family toaid in selection and to produce sufficient
seed for subsequent generation yield trials.

Like any plant breeding system, the classical single-seed-descent method can be modified to suit
specific crops, circumstances, or objectives. The single-seed-descentmethod has been used extensively
with soybeans and cereals and is starting to be used in tomato, lettuce, and safflower breeding programs.
An attractive feature of the single-seed-descent method is the time and space saved in reaching
homozygosity.
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Bulk method
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Space plant F, to maximize seed increase

and opportunity for recombination Simmonds and Smartt, 1999

Y

Grow 5,000 to 8,000 plants in bulk
F, at commercial seeding rate

5,000 to 8,000 plants in bulk obtained
Fy by sampling F, plot at random

Bulk plot with 5,000 to 8,000 plants obtained

Fs by sampling F, plot at random
!
el SRR Space plant 5,000 to 8,000 plants obtained
Et cseel o by sampling F, plot at random, and select about
. :F . ;\ 200 to 300 individual plants
N. L .\
|ﬁ| ’L |m l?’” Observe families and select
Fs XHH f [H 20 to 30 plants

Preliminary yield test. Individuals
F; advanced on performance. Advance
5 to 8 selections

Fs - F;» Cooperative tests at several locations, eliminate all but one or
two enfries, licensing, seed increase, cultivar release

Figure 9.1 The bulk method of plant breeding outlined in this diagram has been adapted to handle
extremely large volumes of breeding materials in an inexpensive way and to take advantage of natural
selection. Pedigree selection can be practiced among homozygous plants in the population to produce
acultivar. The Swedish plant breeder Nilsson-Ehle used the bulk system in 1908 to screen winter wheat
progeny for high yield and winter hardiness (Newman, 1912).
Homozygous lines can be produced with minimum effort and expense, but caution must be
exercised to sample adequately each generation to ensure that genetic variability isnotreduced. Natural Prof Reheul — Plant Breedi ng
selection operating in the population may modify gene frequency in an undesirable direction.
The bulk system may be used to screen segregating progeny for winter hardiness following a spring SP 10
x winter hybridization program, for general or horizontal disease resistance, and for grain yield.
The bulk method is not practical for developing high-yielding dwarf genotypes in crops in which EACULTY OF BIOSCIENCE ENGINEERING
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heteraoseneana for nlant heiocht  The hnlk evetem micht he neafnl far errerenine Awarf nlante in 2
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Modified pedigree-bulk selection as
applied in bread wheat breeding
programmes at CIMMY'T, anno 2003.
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F, : Pair crosses, if necessary additional backcrosses

F, : 2000 plants per F,, planted as spaced plants. Positive visual selection;
seed harvest per selected plant.

F,: Ear to row. 3 rows with a length of 2 m per ear (looks as a mini-plot); seed density:
100 kg/ha, which comes close to what farmers apply in their fields. Having 3 densely
planted rows simulates a interplant competition effect. 10-15 plants are selected within
the central row: 1 ear per plant is harvested and all seed is bulked.

The seed is calibrated and the biggest seeds are prepared for F,.

F, and F; : ldem as F..

Fs : Analogously as F5; 5-10 plants are selected (1 ear/plant): seed is harvested
per plant.

F- : Establishment of small plots, the best plots are harvested and seed is bulked.

These seeds are sent to the mega-environments all over the world.

)
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CIMMYT applies the modified
pedigree-bulk selection
method to breed for arid
enviroments: shuttle
breeding .
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F,: Spaced plants inan optimal environment (irrigation,
fertilizers,...); artificial inoculation with rust spores

(in a genetically broad sprectrum);

selection of elite plants (representing the yield potential).

F,: As F; here above; but without irrigation

F,: Idem as F; but again in optimal conditions
F.-F¢ : As F5: without irrigation

F.-Fg : Yield trials simultaneously both in optimal

and arid conditions: only selections that perform well in both
environments are selected for further work
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Doubled haploids — DH’s for
quick fixation

1. Androgenesis (anther culture,
microspore culture): ollseed rape, barley,
(wheat)

2. Gynogenesis

)
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‘Composite cross’ populations

A composite cross population is a population
composed with the crossing products of many
(well planned) pair crosses.
F,-seeds are bulked and segregation is allowed to
take place in different environments,
resulting in very different populations, well
adapted to the environments in which they were
developed

)
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Comparing (1) pure line varieties, (2)
evolving mixtures and (3) composite

Cross populations
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Experiment in USA with barley

Mechanical mixtures, initially composed of varietie

s bred by PS lose their
genetic diversity with progressing generations owing to the increasing dominance of

a few or even 1 particular variety, showing the highest competitive advantage.

In generation 45 , the CCV (composite cross variety) still was genetically diverse,
l..e no dominance of a few or a single genotype. At that moment the following
experiment was conducted with 4 different entries (1) a number of commercial elite
varieties were tested as pure varieties and (2) in a mechanical mixture and
compared to (3) 8 lines taken from the CCV, tested as pure lines and (4) tested as

a mechanical mixture.

Two out of the 8 CCV lines were performing as well as the best commercial
varieties, 3 of the CCV lines performed less (but not significantly different from the
top). The mixture of the commercial varieties did not outperform significantly the
mean of its components, but the mixture of CCV lines definitely outperformed the

mean of its components.
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The scientists explain the superiortiy of the surviving genotypes in

a composite cross as the results of a superior ‘ecological combining ability’
allowing them to perform well under competitive circumstances,

because they have been created under such circumstances.

This (and other similar) experiments prove :
(1) The existence of natural selection
for an ‘ecological combining ability’ in populations

(consisting of different genotypes)

AND

(2) that the surviving genotypes also perform outstandingly as pure lines.

)
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What if crops are both cross- and
self-fertilizers ?
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Theoretically one can develop (inbred) lines or synthetics.
Lines can be grown as pure lines or mechanically mixed.

Synthetics can take advantage of some heterosis which makes
them theoretically better than lines.

Ghaouti (2009) studied the performance of lines, mixtures of lines
and synthetics in Vicia faba in organic farming in Germany.

If G*L(ocation) interaction is greater than the oth  er
components of the G*E interaction,
topsynthetics offer better opportunities than top | Ines.

)
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Planche 5-92 - LA SELECTION CONSERVATRICE DES CEREALES AUTOGAMES

(Dlaprés "Sélection végétale”, par Yves Herué, Techniques Agricoles N° 2342 - 1991)

On choisit dans la pépi-
nigre de la variété a multiplier
quelques centaines d'épis.

On contrdle les caractgres
variétaux de ces LIGNEES
DE DEPART GO...

...d'abord au laboratoire...

f ~&——Pépinidre de la variété & multiplier

I
Tl de départ GO (Quelques grains

1995

par épi)

...puis en culture de lignées

Dans des sachets (1) on
récalte les épis destinés aux
NOUVELLES LIGNEES DE
DEPART GO

Le reste (2) est récolté en

mélange et sfitue la SE-
MENCE DE PRE-BASE G1

de pré-base G1

. -§— Escourgeon
4 <

1996

Lignées de départ (= culture de GO) isolées par une culture
\}/ — d'espéce différente (par ex. Escourgeon dans le cas du Blé)

Cette semence G1 est
multipliée dans la parcelle
entourant les nouvelles li-
anées GO.

On récolte alors la SE-
MENCE DE PRE-BASE G2.

Fe——— Culture de G1 —Semence de pré-base G2
(Quelques kg de semence)

1997

Tout en assurant chaque
Al ) |

les lignées de départ GO et
de nouvelles semences de
pré-base G1et G2, onseme
la semence G2.

On récolte alors la SE-
MENCE DE PRE-BASE G3...

1998

—g&——— Culture de G2—~Semence de pré-base G3
(Quelques dizaines de kg
4 quelques quintaux
de semence)

...et l'année suivante la SE-
MENCE DE BASE G4.

1999

—&——— Culture de G3
Semence de base G4

(Quelques tonnes

de semence)

Clest cette semence de 2000
base G4 qui est distribué Culture de G4
aux rs- lica-
teurs quirécoltent, aprés con- Semence certifiée G
tréle, la SEMENCE CERTI-

FIEE GS5. (Queiques
centaines de

tonnes de

semence)

Et c'est cette SEMENCE 200
CERTIFIEE G5 qui, récoltée
sous contrles, sera vendue
aux producteurs de céréa- Culture de G5
les, et dont sortira la RE-

COLTE DE CONSOMMA-
TION. Récolte
commerciale

...et ainsi de suite.
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