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• Before Charles Darwin, 'biology' was a mixture 
of description and philosophy

• Many antecedents: Linnaeus; Lamarck; his 
grandfather Erasmus Darwin – and from 
ancient civilization: You eat something that 
looks similar to something you know; you treat 
your disease with something similar! 

• Contemporaries: Wallace, Hooker(s), Galton 
...

• Charles Darwin was the first to 
develop testable hypotheses and 
was the first experimental biologist





Darwin in the 21st Century

Domestication, Diversity and Darwin: 
what we now know about chromosomes

Darwin knew all the consequences
and wrote about them without knowing 

the mechanisms 





Carl Linnaeus 1707-1778
• Species Plantarum 1753
• Father of modern taxonomy 
• And what became ecology





Some ... believe that species undergo 
modification, and that the existing forms of life 
have descended by true generation from pre-
existing forms. Passing over authors from the 
classical period to that of Buffon ... Lamarck was 
the first man whose conclusions on this subject 
excited much attention. This justly-celebrated 
naturalist first published his views in 1801 ...

Darwin, 1861. Origin 3rd Edition (4th Edition more on Buffon).



Jean-Baptiste Lamarck (1744-1829)

Early proponent of 'evolution' in accordance 
with natural laws

Flora française; Chair of Botany in 1788
Système des animaux sans vertèbres;    

Professor of Zoology 1801 

Inheritance of acquired characters
Change through use or disuse
Increasing complexity



Le pouvoir de la vie – the ability/power of life 
to change – from simple to complex forms 

L'influence des circonstances - use and 
disuse of characters led organisms to 
become more adapted to their 
environment



Lamarck ... upholds the doctrine that all species, 
including man, are descended from other species. 
He first did the eminent service of arousing attention 
to the probability of all change in the organic as well 
as in the inorganic world being the result of law, and 
not of miraculous interposition. Lamarck seems to 
have been chiefly led to his conclusion on the 
gradual change of species, by the difficulty of 
distinguishing species and varieties, by the almost 
perfect gradation of forms in certain organic groups, 
and by the analogy of domestic productions.



Anhalt, Barth, HH et al. Segregation 
distortion in Lolium: evidence for 
genetic effects. Theoretcial & Applied 
Genetics 2008



Common Ancestral Species
2n=2x=14

Aegilops ventricosa
2n=4x=28

DDNN

Triticum tauschii
2n=2x=14

DD

Aegilops uniaristata
2n=2x=14

NN



With respect to the means of modification, he 
attributed something to the direct action of the 
physical conditions of life, something to the 
crossing of already existing forms, and much to 
use and disuse, that is, to the effects of habit. ... 
he likewise believed in a law of progressive 
development; and as all the forms of life thus 
tended to progress, in order to account for the 
existence at the present day of very simple 
productions, he maintained that such forms 
were now spontaneously generated.



Alfred Russell Wallace 1823-1913 

Independent theory of evolution by natural 
selection;

Widely considered to cause Charles Darwin to 
publish 'Origin'



Two phases of research, as defined by Francis 
Darwin 1899. The botanical work of Darwin. Annals 
of Botany os-13: x-xix.

FIRST Phase of Research
Based on observation, compilation and deduction, 

leading to evolutionary conclusions
Published as "On the origin of species by Natural 

Selection" (1859)



Charles Darwin

Second Phase of Research
'Experimental' period
Work on cross- and self-fertilization, and 

climbing, insectivorous and domesticated 
plants, where he could test the conclusions 
of his evolutionary work and investigate 
causes and consequences of speciation and 
extinction -

Darwin (writing to Asa Gray in 1857) "nature 
does not lie".





To any one who has attentively read my 'Origin of 
Species' this Introduction will be superfluous. As 
I stated in that work that I should soon publish 
the facts on which the conclusions given in it 
were founded, I here beg permission to remark 
that the great delay in publishing this first work 
has been caused by continued ill-health.



From a remote period, in all parts of the world, 
man has subjected many animals and plants to 
domestication or culture. Man has no power of 
altering the absolute conditions of life; he cannot 
change the climate of any country; he adds no 
new element to the soil; but he can remove an 
animal or plant from one climate or soil to 
another, and give it food on which it did not 
subsist in its natural state. It is an error to speak 
of man "tampering with nature" and causing 
variability. If organic beings had not possessed 
an inherent tendency to vary, man could have 
done nothing.



… I have called Natural Selection; and Mr. Herbert 
Spencer has well expressed the same idea by 
the Survival of the Fittest. … The term is so far a 
good one as it brings into connection the 
production of domestic races by man's power of 
selection, and the natural preservation of 
varieties and species in a state of nature.  



For brevity sake I sometimes speak of natural 
selection as an intelligent power;—in the same 
way as … agriculturists speak of man making 
domestic races by his power of selection. In the 
one case, as in the other, selection does nothing 
without variability, and this depends in some 
manner on the action of the surrounding 
circumstances on the organism. I have, also, often 
personified the word Nature; for I have found it 
difficult to avoid this ambiguity; but I mean by 
nature only the aggregate action and product of 
laws of nature.



the whole subject of variation under 
domestication. We may thus hope to obtain 
some light, little though it be, on the causes of 
variability,—on the laws which govern it, such as 
the direct action of climate and food, the effects 
of use and disuse, and of correlation of 
growth,—and on the amount of change to which 
domesticated organisms are liable. We shall 
learn something on the laws of inheritance, on 
the effects of crossing different breeds ...  
During this investigation we shall see that the 
principle of Selection is all important. Although 
man does not cause variability and cannot even 
prevent it, he can select, preserve, and 
accumulate the variations given to him by the 
hand of nature



This problem of the conversion of 
varieties into species,—that is, 
the augmentation of the slight 
differences characteristic of 
varieties into the greater 
differences characteristic of 
species and genera, including 
the admirable adaptations of 
each being to its complex 
organic and inorganic conditions 
of life,—will form the main 
subject of my second work. 



Anhalt, Barth, HH in press 2009



Data: Anhalt, HH, Barth. 2009 Submitted 
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Wheat evolution and hybrids
Triticum urartu

2n=2x=14
AA

Einkorn
Triticum 

monococcum
2n=2x=14

AA

Bread wheat
Triticum aestivum

2n=6x=42
AABBDD

Durum/Spaghetti
Triticum turgidum 

ssp.durum
2n=4x=28

AABB

Triticum dicoccoides
2n=4x=28

AABB

Aegilops speltoides
relative

2n=2x=14
BB

Triticum tauschii 
2n=2x=14

DD

Triticale
xTriticosecale
2n=6x=42
AABBRR

Rye
Secale cereale

2n=2x=14
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




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rRNA gene expression in Triticale

Four expression sites     Six major gene sites



PAG 2009, Plant 
Cytogenetics 
Workshop

Rye genome (RR)

In situ hybridization with 120-bp 
repeat

DAPI
Anti-methylcytosine antibody

• uniform signal
• large sub-telomeric 
blocks only low 
methylation
• intercalary and small 
telomeric bands made of 
120-bp repeat unit 
family are fully 
methylated
• NOR region is not 
methylated

A. Contento and Schwarzacher

NOR

1R

1R
2R

3R

2R

3R

4R

4R

5R

5R

6R

6R7R

7R

NOR



Rye genome (RR) heavily methylated

2000

1000

500

200

• CpG sites methylated 
•CpNpG sites less 
methylation
• Low-smeared signal 
with McrBC particular 
in the 120-bp repeat 
unit family

Probe: 
Svav25/208-182

M H B S Mc  M H 
B S Mc

M H B S Mc  M H 
B S Mc










uncut DNA
M: MspI
H: HpaII
B: BstNI
S: ScrFI
Mc McrBC                              
any mC cut A. Contento and Schwarzacher

Genome                                       120bp repeat

M:  MspI
H: HpaII 

B: BstN1
S : ScrF1 

CCGG

CCNGGG

symmetrical



PAG 2009, Plant 
Cytogenetics 
Workshop

Triticale ‘Fidelio’ (AABBRR genome)

1R

1R

In situ hybridization with 120-bp repeat
DAPI

Anti-methylcytosine antibody

• Uneven 
distributed 
signal in all 
genomes

• Change of 
pattern in 
specific 
chromosomes 
and 
chromosomal 
regions

• NOR of  1R is 
now methylated

A. Contento and Schwarzacher



DAPI

Tandem satellite repeat probe 
FITC/Alexa 488

(GACA) microsatellite probe 
Cy3/Alexa 594

Rye
Secale cereale
2n=14



Wheat ‘Chinese Spring’

Cuadrado and Schwarzacher





An evolutionary model 
supported by molecular 
analyses

susp. 
strangulata

var. tauschii

var. anathera

var. meyeri
RFLP

IRAP
SSR

Cross-pollinating

ancestor 

Self-pollinating 
ancestor

(Aegilops tauschii)

subsp. 
tauschii

FISH

Saeidi, HH et al. 2010
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The Drosophila buzzatii cluster
Guto Kuhn
 well-defined South-American monophyletic group;



High copy number 
alpha/beta repeats

Total = 79 
repeats

NJ tree
Kuhn, HH et al. 2010



ancestral

A B C D

High-copy number High-copy number High-copy number High-copy number

E F

Hign or Low-copy number Low-copy number

New species-
specific variants

Kuhn, Schwarzacher & HH



Lodging in cereals
UK July 2007





Wsm-1: only highly effective source of resistance to WSMV
Robert Graybosch, USDA



Mace wheat
Graybosch et al. 2009
In situ: Niaz Ali & Schwarzacher





Threats to sustainability:
no different for 10,000 years

Habitat destruction
Climate change (abiotic stresses)
Diseases (biotic stresses)
Changes in what people want
Blindness to what is happening
Unwillingness to change



Cereal Production 1961-2007



United Nations 
Millennium Development Goals

• Goal 1 – Eradicate extreme 
poverty and hunger

• Goal 2 – Achieve universal primary education
• Goal 3 – Promote gender equity and empower 

women
• Goal 4 – Reduce child mortality
• Goal 5 – Improve maternal 

health 
• Goal 6- Combat HIV/AIDS, 

malaria and other diseases
• Goal 7 - Ensure environmental 

sustainability
• Goal 8 - Develop a  global 

partnership for development



United Nations 
Millennium Development Goals 

Goal 1 – Eradicate extreme poverty and hunger 
Goal 2 – Achieve universal primary education

Goal 3 – Promote gender equity and empower women
Goal 4 – Reduce child mortality
Goal 5 – Improve maternal health
Goal 6- Combat HIV/AIDS, malaria and other diseases

Goal 7 - Ensure environmental sustainability
Goal 8 - Develop a  global partnership for 
development

10.2 Conclusion - MDGs



Triticeae Cytogenomics

Diversity in the Triticeae
Cytogenetics and genomics
Wide hybrids and  recombination
Epigenetics and genome interactions
Cereal breeding achievements 
The genepool to address challenges

Superdomestication

DARWIN









-



Darwin in the 21st Century

Domestication, Diversity and Darwin: 
what we now know about chromosomes

Pat Heslop-Harrison
www.molecularcytogenetics.com

www.molcyt.com user/pw 'visitor'
phh4@le.ac.uk

http://www.molecularcytogenetics.com/�
http://www.molcyt.com/�
http://www.le.ac.uk/�
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