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THE ORIGIN OF SPECIES
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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
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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 ...

DarW|n, 1861 Or|g|n Brd EdItIOﬂ (4™ Edition more on Buffon).



Jean-Baptiste Lamarck (1744-1829)
Early proponent of ‘evolution' in accordance
with natural laws

Flora francaise 1788; Systeme des animaux sans vertebres 1801

Inheritance of acquired characters
Change through use or disuse
Increasing complexity

Darwin: “Lamarck ... upholds the doctrine
that all species, including man, are
descended from other species.”



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.



Two phases of research, as defined by Francis

Darwin 1899. The botanical work of Darwin. Annals
of Botany 0s-13: X-XIX.

FIRST Phase of Research

Based on observation, compilation and deduction,
leading to evolutionary conclusions

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

Published as "On the Origin of Species by Natural
Selection" (1859)
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The final paragraph of the Origin 1/3

ItIS Interesting to contemplate a tangled bank,
clothed with many plants of many kinds, with
pirds singing on the bushes, with various insects
flitting about, and with worms crawling through
the damp earth, and to reflect that these
elaborately constructed forms, so different from
each other, and dependent upon each other In
so complex a manner, have all been produced
by laws acting around us.



The final paragraph of the Origin 2/3

These laws, taken In the largest sense, being
Growth with reproduction; Inheritance which is
almost implied by reproduction; Variability from
the Indirect and direct action of the conditions of
life, and from use and disuse; a Ratio of
Increase so high as to lead to a Struggle for
Life, and as a consequence to Natural
Selection, entailing Divergence of Character and
the Extinction of less improved forms. Thus,
from the war of nature, from famine and death,
the most exalted object which we are capable of
conceliving, namely, the production of the higher
animals, directly follows.



The final paragraph of the Origin 3/3

There Is grandeur in this view of life, with its
several powers, having been originally breathed
by the Creator into a few forms or into one; and
that, whilst this planet has gone circling on
according to the fixed law of gravity, from so
simple a beginning endless forms most beautiful
and most wonderful have been, and are being
evolved.



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 -



THE VARIATION

ANIMALS AND PLANTS

UNDER DOMESTICATION.
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Arabldopsis Pine \
The Cell Theory — All living things.are made of cells;
.. Cells are the basic units of life; Cells originate from
.other cells - 1838 Schleiden and Sc'hwann
0

Species have similar attributes at the cellular level,
H Umaﬁbading to growth and metabadlism:

a \aré e\sesgntially shared (seemingly*a surprise to some
A,peors) B
any " 3\ »
j \ B\liJT‘sm:h undamental properties of the genomes
;‘\“ suchras jts size (number of bases of DNA), number of
_&ﬁ?ompsqmes, whether it IS duplicated or not, seem
to vary without obvious rules — but understanding the
conseguences of these features is crueial

Comparative genomics shows most gene sequences



vin Year: Evolution and Cytogenetics

)N Genetics and Breeding Topics

DMOSOMeES say

Feople
Sugar Cane
Maize
Wheat
Rice, Paddy
Potatoes
Suqgar Beets
Soybeans
Cassava
Qi Palm Fruit
EBarley
Sweet Potatoes
Tomatoes
Bananas+plantains
Crtrus Frut, Total

~loiay

10x (4-12x)
4x (palaeo)
6X

2X

4X

2X

4X

2X

2X

2X

6X

2X

3X

Var.

20035

b 457 155,740
| 253 220 050

bH2 034 104
h.lb dbb 505
b14 BS54 Y5

321,974,152

241 985 317
2059 531 553
203 563 208
173,261,195
138 267 192
129 888 527
124 748 292

105 431 954

105,672 453

Genome
size/Mbp
3300
3000 (10x)
2700
17000
440

850

760

1100
770
1700
5500

510]0
550



lon and Cytogenetics

Breeding Topics

/5% of food (calorie) consumption
Feople
Stem
Maize
Wheat Seed endosperm
Rice, Paddy
Potatoes Tuber (modified leaf)
Sugar Beets Root
Soybeans Cotyledons
Cassava Root
Oif Palm Fruit Mesocarp around seed
Barley Seed endosperm
Sweet Potatoes Tuber
Tomatoes Fruit
Bananas+plantains | Parthenocarpic fruit
Citrus Frut, Total | Fruit
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Evolution of Wheats - Polyploidy,

“iCommon Ancestral

Species
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Genes are only a small part of the DNA

The rest of the genome is made up of
repeated DNA motifs from 2 to several
thousand base pairs long

The Repetitive DNA iIs often rapidly evolving

It includes repeated genes (rDNA)
Tandemly repeated, non-coding DNA



Tandemly arranged DNA monomers
Repeat monomer: CCTAGCGTAACGGTACGGCTAGC
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Aegilops
Ventricosa
45S rDNA

dpTal
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Differences between genomes
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DNA packs around nucleosomes
' Plgs't'one octamer
.14; s DNA douhle'hglix

Linker
(varigble bp)

Two full turns (170 bp)



Digest intact chromatin (DNA + histone) wi
micrococcal nuclease for a few seconds,
cutting between the nucleosomes. Then tre
with protease and run on agarose gel.

Vershinin &

Heslop-Harrison












Eyespot (fungus
Pseudocercosporella)
resistance from Aegilops
ventricosa introduced to
wheat by chromosome

engineering

Many diseases where all
wheat varieties are highly
susceptible




Triticum uratu Aegilops speltoides

=X = relative
N 2n=2x=14 |
BB
/ Aegilops tauschi
Triticum dicoccoides ; egﬁﬁp_s S;?uarmsa)
2N=4x=28

DD
AABB -~\---~Ll
Einkorn

Triticum monococcum Bread wheat

2n=2x=14 Triticum aestivum:
AA Rye 2N=6X=42
Secale cereale AABBDD
2Nn=2x=14
T \
~Durum/Spaghetti Triticale
Triticum turgidum ssp durum xTriticosecale
2Nn=4x=28 2N=6x=42
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Multiple repeat (dpTal) variants
of each chromosome

e.g. 5DL

e N\ /\ I/\/\
— P —

Bardsley, Schwarzacher & HH



Inheritance of Chromosome 5D

Aegilops ventricosa x Triticum persicum Ac.1510
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Correlation between genetic relationships
and similarity of dpTal hybridization

Proportion of chromosome arms

with identical in situ signal

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Coefficient of parentage

;




No correlation between genetic relationships
and similarity of pSc119.2 hybridization

Proportion of chromosome arms

with identical in situ signal

[N

0.8

0.6

0.4

0.2

(@)

(@)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Coefficient of parentage




Different classes of sequence behave
differently

Evolve at different rates
Have different selective pressures
Vary In mechanism of evolution

Seqguences are used as markers
Linked to selectable genes






Total genomic DNA can be used as a probe to distinguish

Triticum aestivum .,
2n=42+2 l. "‘ %
1BMR translocation S % 4 '
¥
T. bessarabicum B W % o
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Mace wheat
Graybosch et al. 2009
In situ: Niaz Ali & Schwarzacher



Wheat Streak Mosaic Virus in North America
Bob Graybosch, USDA
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cated on a small insert of chromatin
m Agropyron intermedium (Horst.)
auv. (=Thinopyrum intermedium) on
eat chromosome 4A or 4D.

What chromosome arm is present in
our advanced breeding lines.

Can we develop procedures to rapidly
screen & characterize hundreds of
germplasm lines?

bes
IWG genomic DNA — biotin

dpTA1 (D-genome specific)
digoxigenin

aybosch et al. 2009. Reqistration

Mace hard red winter wheat.
urnal of Plant Registrations



http://www.le.ac.uk/biology/phh4/HHPubs/mace.pdf�
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CULIIVAR

Registration of ‘Mace’ Hard Red Winter Wheat

R. A. Graybosch,* C. J. Peterson, P. S. Baenziger, D. D. Baltensperger, L. A. Nelson,
Y. Jin, J. Kolmer, B. Seabourn, R. French, G. Hein, T. J. Martin, B. Beecher,

T. Schwarzacher, and P. Heslop-Harrison

ABSTRACT
‘Mace’ (Reg. No. CV-1027, Pl 651043) hard red winter wheat (Triticum aestivum L.) was developed by the USDA-ARS and the
Nebraska Agricultural Experiment Station and released in December 200/. Mace was selected from the cross Yuma//Pl
372129/3/C0O850034/4/4*Yuma/5/KSFTH184/Arlin S/KSPTHWZ29/3/NEBI526). Mace primarily was released for its resistance
to Wheat streak mosaic virus (WSMV) and adaptation to rainfed and irrigated wheat production systems in Nebraska and
adjacent areas in the northern Great Plains. Mace was derived from a head selection made from a heterogeneous, in terms
of field resistance to WSMV, F, line. Resistance to WSMV is conditioned by the Wsm-1 gene, located on an introgressed
chromosome arm from Thinopyrum intermedium (Host) Barkworth & D.R. Dewey [Agropyron intermedium (Horst.) Beauv.]
present as a 4DL.4AgS chromosomal translocation. Mace was tested under the experimental designation NO2Y5117.

Abbreviations: NRPN, Northern Regional Performance Nursery; PCR,

polymerase chain reaction; WSBMV, Wheat soilborne mosaic virus;
WSMV, Wheat streak mosaic virus.

Published in the Journal of Plant Registrations 3:51-564 (2009).
doi: 10.3198/jpr2008.06.0345crc

© Crop Science Society of America

677 5. Segoe Rd., Madison, WI 53711 USA

All rights reserved. Mo part of thiz periodical may be reproduced or transmitted
in any form or by any means, electronic or mechanical, including photocopying,
recording, or any information storage and retrieval system, without permission in
writing from the publisher. Permission for printing and for reprinting the material
contained herein has been obtained by the publisher.

such line, subsequently named ‘Mace’ (Reg. No. CV-1027, PI
651043), was deemed suitable for cultivar release. Mace is a
hard red winter wheat cultivar developed cooperatively by
the USDA-ARS and the Nebraska Agricultural Experiment
Station and released in 2007 by the developing institu-
tions. Mace was released primarily for its field resistance to
Wheat streak mosaic virus (WSMV) and adaptation to rain-
fed and irrigated wheat production systems in Nebraska
and adjacent areas in the northern Great Plains. Resistance
to WSMV is conditioned by the Wsm-1 gene (Seifers et al.,
1995), situated on an introgressed chromosome arm from

Journal of Plant Reaqistrations, Vol. 3. No. 1. January 2009
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Cereal Production 1961-2007

1961 1965 1970 1972 1980 1985 1940 1940 2000 2005 2007

=laize
==Hice
Wheat
== Hurman
m=tirea



Genes are only a small part of the DNA

The rest of the genome is made up of
repeated DNA motifs from 2 to several
thousand base pairs long

The Repetitive DNA iIs often rapidly evolving

It includes repeated genes (rDNA)
Tandemly repeated, non-coding DNA



Simple Sequence Repeats

. ‘h M ﬁ
>SGAT
G Sugar beet:
Characteristic
. organization of
" each motif
™
-~
Schmidt, HH et «
f 'ak_f






Wheat ‘Chinese Spring’

resembles
N-banding

Cuadrado and Schwarzacher 1998



45S rDNA
pSc200
pScl19.2
AAC

pScl19.2
pTa71

Forsstrom and Schwarzacher 2000







HOW MUCH 3
THERE?

y/ accessions

collected

ssp. tauschii
var. meyeri (19)
var. tauschii (22)
var. anathera (4)

var. strangulata (12) Hojjatollah Saeidi, Mohammad Reza Rahiminejad, Sadec
Hexaploid wheat Vallian, HH

Genetic Resources & Crop Plant Evolution 2006




'SSRs’ they all cried ...
(microsatellites; PCR)
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'SSRs’ they all cried ...

A few pairs of
collections were rather
similar

Everything else was
different
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Chromosomes and Diversity
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dpTal-Repetitive
banding pattern does
correlate with
taxonomic grouping
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At544-t5-ne
At535-st-n

In situ repetitive DNA A4tz
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a The Linear Chromosome
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& Simple sequence repeats
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1l Palm

32 chromosomes DAPI;
TTTAGGG telomere;
45S rDNA (@ major pair + minor)
5S rDNA (1 major + minor)

1U/13/200U9
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Retrotransposons (=): The transposition cycle

Nucleus with DNA (=)

MRNA used for translation to enzymes
including inteqrase
and reverse transcriptase

RNA
transcription

RNA used as template for
reverse transcription

DNA copy
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Retroelements in Brassica




Retroelements In barley
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Brassica retrotransposons

1088 BACs on the same high-density filter
copia RT probe (@s) gypsy RT probe (25)

Minimal clustering within BACs, different retroelements have contrasting genomic
distributions. Very few LINE elements; Total retroelements c. 15% of genome but

diverse families of copia and gypsy each <1%.
Analysis by BAC sequences, Genomic Survey Sequence (GSS), Southern and

BAC filter hybridization, in situ hybridization

Alix et al. The genomic organization of
retrotransposons in Brassica oleracea. Plant

Molecular Biology 59: 839



Retrotransposons (=): The transposition cycle

Nucleus with DNA (=)

mRNA used for translation to enzymes
including integrase
and reverse transcriptase

RNA
transcription

RNA used as template for
reverse transcription

DNA transposons
Class Il transposable elements
Cut-and-paste

(A) Cut & Paste

Retrotransposons
Class | transposable elements
RNA intermediate

NN

domain ~ FENS

uuuuuuu

f \1 T4 & (B) Copy & Paste
Integraticn ;
N Exision loa

LI DNA



Genome Specificity of a CACTA
(En/Spm) Transposon

B. napus (AACC, 2n=4x=38) B. rapa (AA, 2n=2x=20)

M M

'

e A B AC AB BC
!14 § 12 13 14 21 23 25




Genome Specificity of a CACTA
(En/Spm) Transposon

B. napus (AACC, 2n=4x=38) — hybridized with C-genome CACTA element red
B. rapa (AA, 2n=2x=20)
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Genome Specificity of a CACTA
(En/Spm) Transposon

Botl has encountered several rounds of amplification In
the C (B. oleracea) genome

only, playing a major role in the recent B. rapa

and B. oleracea genome divergence

Botl carries a host S-locus associated SLL3 gene copy, IS
the transposon associated with SLL3 proliferation?

a Transposons are a driver of genome and
genome evolution

Alix et al. The CACTA transposon Botl played a major role in Brassica genome divergence and
gene proliferation. Plant Journal December 2008



Markers for studying
diversity and relationships

Microsatellites or
simple sequence repeats

(SSRs)

SSR

e.g. GAGAGAGAGAGAGAGA
Change number of repeats spontaneously

IRAPS

— TR —Retrotransposen— TR  ————|IGlj—tosedsuenonex—IgiHi=

Amplify via RNA intermediate &
er the genome

—erRetroelement Amplifisd BoyMorpHiems
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Ae. tauschii subsp. tauschii var. meyeri Ae. tauschii subsp. Tauschii var. tauschii

Retroelement insertional polymorphisms, diversity and phylogeography within diploid, d-genome
Aegilops tauschii (Triticeae, Poaceae) sub-taxa in Iran. Saeidi, 2008. Annals of Botany
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Ae. tauschii subsp. tauschii var. meyeri Ae. tauschii subsp. tauschii var. tauschii
superimposed on their geographic origins

Saeidi et al. 2008. Annals of Botany



Demonstration of the
direction of distribution
(phylogeography) even over
short geographic distances
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Phylogeography of Ae. tauschii
Species originated from North of
Iran and distributed in two

directions.

tauschii genotype passes from
middle parts of Alborz Mountains
and the distributed eastward and
westward (direction 1)

strangulata genotype are distributed
along the Caspian Sea shore
(direction 2)

Persian Gulf ‘



Repetitive
Sequences

The majority of the genomic DNA In most
species (95% sometimes)

Tandem Repeats

Simple Sequence Repeats

Dispersed Repeats

Functional Repeats

Retroelements




susp.
strangulata

Cross-pollinating

FISH
oEl P\ var. meye'}

ancestor

var. anatherasubsp.
tauschii

Self-pollinating

ancestor var. tauschii

(Aegilops tauschii)

An evolutionary model
supported by molecular

analyses Saeidi, HH et al. 2010



a The Linear Chromosome
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L Simple sequence repeats
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rRNA gene expression In Triticale
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Four expression sites SiX gene sites



Modification of DNA Methylation

Methylation widely implicated in gene expression
control

Treat with 5-azacytidine
N at carbon-5 position not C so -CHs cannot be added

Effect of treatment on Triticale

Ag-NOR method
see www.methods.molcyt.com methods page



http://www.methods.molcyt.com/�







rDNA methylation
Probe
wheat rDNA rye rDNA spacer
Treatment
water AZC water AZC




Modification of rDNA Methylation

Stability of methylation
Seedling treatment - all 6 active for life
Embryo treatment:

First 7 days - only wheat-origin active
After 7 days - rye and wheat-origin active



rDNA expression In Triticale

Observation:
Ag-staining showed 6 NORs sometimes

These were In triticale with 12 rye
chromosomes: 2D-2R substitution

Found rather frequently so breeders must
select it



Interactions between rDNA and gontrol loci
- | _
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Epigenetics
Phenotype appears 5 years after tissue culture




Modulation of Methylation

\Y,[of g=10

unusual restriction enzyme cutting between
methylated cytosine (MC) sites

Cuts MC NNNNNNNNNNN mC
Leaves C NNNNNNNNNNN C

N typically 20 to 40 bases

10/13/2009



Modul
Metl

McrBC - shows substantial
reduction in methylation in
tissue culture lines

Cuts methylated DNA

Kubis, Castilho, Vershinin, HH 2003
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10/13/2009
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Modul Callus | Trees |
Metl |

McrBC digests probed with
gypsy clones

presentonly in Nand T
lines

Similar with copia probe

10/13/2009



Transcriptional Activity

DNA (D29)

Coplia mRNA is present
tissue culture

Analysis by RT-PCR
260Dbp product in

some lines

@ 1004p

Y

R R 111 e

10/13/2009



Modulation of Methylation
Anti-methylcytosine antibody

10/13/2009



Evolution&aEpigeneticsaDevelopment

Phenotype Cause

Multiple abnormalities Chromosomal loss, deletion or
translocation
Gene mutation / base pair

Genetic changes changes
non-reverting Telomere shortening
Retro)transposon insertion
Changes seen, some reverting Retrotransposon activation
SSR expansion
Methylation
(Male/Female) Heterochromatinization
Normal Differentiation Chromatin remodelling

Histone modification
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Rye genome (RR) heavily methylated

CpG
®fe]\\[e]€

McrBC

symmetrical

CCGG
M: Mspl

CCNGGG

uncut DNAZSMN?
M: Mspl
H: Hpall
B: BstNI
S: ScrFl

Mc McrBC
any mC cut




Triticale 'Fidelio' (AABBRR genome)

Uneven
distributed
signal in all
genomes

Change of
pattern in
specific
chromosomes
and
chromosomal
regions

NOR of 1R is
now methylated

DAPI
Anti-methylcytosine antibody /77 s/t hybridization with 120-bp repeat

A. Contento and Schwarzacher







Cavendish : the most common
dessert banana cultivar
2n=3x=33; AAA genomes
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Cultivars are parthenocarpic,
sterile triploids, 2n=3x=33
AAB and ABB plantains, cooking



Unexpected epidemiology
NoO vector seen
After cold nights
After tissue culture

PCRs were often
positive even in
uninfected material

Double-stranded DNA
ParaRetrovirus (Badnavirus)

v






e TOSS th!: best with the begt X‘*

“ Select something better m'lifleld trials -
.~ Haslargely passed banana by

We negd “Novel apprqaches to under;taﬂd ng,

conserving.and usmg banana geneﬂc div rS|ty
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Threats to sustainability'

~Habitat destructlon
Overexploitation™ . -

Climate change (abiotic stresses)
Diseases(biotic stresses)
Changes in-what people want

Unwillinghess 1o change



SuperDomestication

Setting the targets

Finding the answers (genes) to
meet the targets

Applying the appropriate
technologies to use the genes

Crossing strategies or transfer
Marker assisted selection



HH in press 2009

Anhalt, Barth
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ranscription
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of the conversion of
to species,—that Is,
ntation 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.




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



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 7 - Ensure environmental
sustainability

Goal 8 - Develop a global
partnership for development
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Genomics ...

The genepool has the diversity to
address these challenges ...

New methods to exploit and
characterize germplasm let use make
better and sustainable use of the
genepool



FINANCIAL TIMES

From Prof Donald Braben and others.
Sir, We the undersigned scientists
write to draw attention to a neglected
aspect of the current economic crisis.
Robert Solow won the Nobel Prize in

economics in 1987 for his 1950s
discovery that technical change was
the biggest source of growth, a
discovery that seems to have been
forgotten.

Scientific advances are not
predictable.

(JUILLVELSILY, IYUDEL laultalc
Pat Heslop-Harrison, University of
2Leicester

s Cdbmers daserdla TImtyrarciter nf




Economic growth stems from "technical
change" rather than the trinity of capital,
resources and labour

The reliable route to technical change is
science
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Soybeans
Tomatoes

Citrus Frigt, Total

Maize

Bananas+plantains
Sugar Cane
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