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Evolution.of Wheats - Polyploidy
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Tandem Repeats

Where each arrow == s a

single repeat unit

g - often a multiple of 180 bp but up to 10kb long

Head-to-tail organization

= CGACTAGT CGACTAGT
CGACTAGT GGACTAGT
CGACTAGT CGACTAGT
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Arabidopsis species — species specific 178bp tandem repeat motif

average distance using PID ABOGBZ20921011-1220*
“_‘ ABORZ092 B36E1+100*-238
AFTAT2E1 12461%12430%
AF296831-62012%62190%
= AF296831-35731%36001*

Aol d

emhbl_APLIZZ aj228334
{ emhbl_APLIZZ aj228335
embl_APUZ2 AJ228340
ambl_A4PLI22 2j225336
embl_APLIZZ 2j228338
emhbl_AGR2Z aj228341
emhbl_AGRZ2.aj228342
| emhl_APUZ2.aj228337
AF147261.76317+100%755
———{ AF147261.93643%-33815
AtHRZ220
embl_AAPAAST Yswapend

——{ embl_A%PAASZ4swapend

embl_AAPAAZT1 swapend
{ embl_ASPAAZTY swapend
embl_AAPAAZT1 4swapend
pAgkB3
| pApkB2
emhbl_ATHZ2 AJ228349

—

HH et al. Chromosome Research 2003




Arabidopis suecica 2n = 26

10 from A. thaliana 2n=2x=10

Hybrid of A. arenosa (pAa214 green) 16 from A. arenosa 2n=2x=16
and A. thaliana (18obp red) Kamm, HH et al.
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Driig repeats:
showing
homogenization and
amplification of
satellite tandem
repeats

Drosophila spp: Kuhn, HH et al.
Mol Biol Evol 2011

Mol Gen Genet 2010

Chr Res 2008

Medicago: watch this space: Mondin et al.

D. seriema



Triticum aestivum  2n=6x=42
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DAPI . pSel19.2 dpTal

High copy number — low diversity in‘éach of 3 genomes



Inheritance of Chromosome 5D

Aegilops ventricosa x Triticum persicum Ac.1510
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Proportion of chromosome arms with

identical /n situ signal

Correlation between genetic
relationships and similarity of dpTal
hybridization
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= Eyespot (fungus
Pseudocercosporella)
resistance from Aegilops
ventricosa introduced to
wheat by chromosome
engineering

= Many diseases where all
wheat varieties are
highly susceptible







120bp repeat unit
family

In Triticum,
Aegilops and
Secale species

5

S.vav1471259ptl
Pet w 25/2081088

Pet w 25/208!077
S.vava/izag

S vav106/208!215ptl
\_'l S.vav106/208!204nt2

—— S .vav106/208!215pt2
— (ST
S.mon42!136
Pet 22594 25/4213324
Pet 22594 25/4213425

Pet 22594251315

S.vav25/2081193
T.tau25/147125240t2

Pet w25/14713231
Ae imh?25/1471124
Ae.umh25/208!168

T iy
119Repeatl

S.vava?217237nt1
S.vav42!1237nt2

T.tau25/14712625

Pet 22594 25/20812325
Pet 22594 25/14711918

Ae.umh25/1471135
e.umb25/147!146
Ae.umb25/208!179

T.tauschii (D genome)



ancestral
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Low-copy number  High-copy number Low-copy number High-copy number
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Low-copy number High-copy number

) e)E)mm)  EEER )

High copy spp: homogenized, amplification from a limited number of master copies

Low copy spp: much variation



Levels | |
= Sequences o i |
= Génes [ motifs TEL LTk :
= Repetitive DNA
= Chromosomes
= Chromosome sets

... Involving
= Mutation
= Rearrangement

(‘Genomes’) B Duplication
= _Genotypes/CVs = Deletion
" Species = Homogenization

s Genera and above

... consequences for
= Crops / wild species
= Selection
= Speciation




Chromosome
and genome
engineering

Cell fusion
hybrid of two
4x tetraploid
tobacco
species

Patel, Badakshi, HH,
Davey et al 2011
Annals of Botany




Nicotiana
hybrid

LX + 4X
cell fusions

Each @‘!
chromosome

SIS E
distinctive
repetitive
DNA when
probed with
genomic DNA

Patel et al
Ann Bot 2011




- Genome evolution

.-

Arachis hypogaea — 2n=4X=40 . | |
In situ hybridization of two BACs including repeats
Contrasting distribution of their major repeat families

: ! g d J Arachis in sifu 6 Shide 2 Meta 7
udia Guerra Araujo et al in prep 2011, EMBRAPA, Brazil ADH167F07 red ADH129F24 green



Retrotransposons (=): The transposition cycle
Nucleus with DNA (=)

mRNA used for translation to enzymes
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and reverse transcriptase
RNA P

transcription

RNA used as template for
reverse transcription




Retroelement abundance and
diversity in barley
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Barley gypsy: Vershinin, Druka, Kleinhofs, HH: Planf Mol Biol 2002;
cf Brassica Alix & HH Plant Mol Biol 2005
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Dotplot comparisons at scale of 10,000s bp

Two Musa chromosomes are >95% homologous with gaps

Faisal Nouroz 2011




rassica nigra (B&
»  2n=16

Brassica

Brassica juncea (AABB)

carinata (BBCC)
2n=34

=
L

Brassica oleracea (CC)
2n=18

‘a='

Brassica napus (AACC)  Brassica rapa (AA)
2n=38

2n=20

The Brassica genus is monophyletic, from single common ancestor.
What has changed in the DNA sequences?



Genome Specificity of a CACTA Transposon

B. napus (AACC, 2n=4x=38) — hybridized with C-genome CACTA element red
B. rapa (AA, 2n=2x=20)

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



Genome Specificity of a CACTA (En/Spm) Transposon
Carries a S locus-associated SLL3 gene —involved in gene proliferation?
Transposons drive genome and gene evolution

5500 6000 @500 7000 7500 8000
5800 G000 B300 7000 7400

5500 BOOD @A00 7000 7500

large insertion
specific of Botl-1

Bo6L1-15
1010bp specific of B
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AAGTGAATGGATGCTCGCATTAGTTACTATGAGCCGATTCTCGCTCTTGCGAAAGCTAAAGAGGAAAAGGCCTTCGCATTGCAGAAG

AGCTGGCTGCCAGCGAGCAAGAGGTTTTCAATATTGGCTTGTGGAAAATTTGTTGCCACTTTTGCTTTACTAAGGAATGAAATAATAC
TTGTTTTTTTTTTTCATGGTTAATATTAGAAGATATAATTTCCTTTGAAGTTAGATTACGTTTCTTTAT
TCTTGTTTAT TTTTTTCAAGAAGGTACAGTACGTGTCAGGATTTATATGGATATACACA

TATCCTATTGCGCAATTGTCAATAATAGCACTTTTTGAAGTTTATGTICTCAAAATAGCACTAGAAGGAGAAAGTCACAAAAATGATATT

CATTAAAGGGTAAAATATCTCTTATATCCTTGGTTTAAAATTAAATAAACAAACAAAAATAAATAAAAATAAATAAAAAAAATGAAAAAA
AAGAAATTTTTTTTATAGTTTCAGATTATATGTTTTCAGATTCGATTTTTTTTTTATTTTTTTATTTTTTTCGAAATTTTTTTTTTATTTTTTTTCA
AATTTTCTTTTTATAATTTAAAAATACTTTTTGAAACTGTTTTTTTAATTTTTATTTTTTATTTTAGTATTTATTTTTTATAAAATTTTAAACCCT
AATTCCTAAACCCCCACCCCTTAACTCTAAACCCTAAGGTTTGGATTAATTAACCCAATGGATATAAGTGTATATTTACCTCTTTAATGA
AACCTATTTTTGTGACTTTGAATCTTGAGTGCTACTTTGGGAACAAAAACTTGGTTTGGTGCTATCCTAGTCTTTTTCTCTATCCTATT

TACCACCCTTCTTTGTTCAATACTTTTTACAGTTTTTGGAAAGGACATGTTTCTTCTATCATCACTTAATGGTTATATATGTATGAGAAG
TTTGAAAGAGATTACACTGTTTTGGAATATTAAAAAAAAAAGATATTACAAGATCTGATTTTGTTTGTATTTTAAAATTCTACCAAATC
TCTCCTCAAAATCTTGGTCAAAGTCCAAAAATCCAAATATCTCAGTTAAATTCCACCAAATATGAAATCCTAAAACTTTTCCAAAATA
GTTCAATAAGCCCTTAGTGTTTGGTG

TSt st

i g e |
\ ‘ 55'1"-'bp BARﬁTE E
I o-bp TSD (TATCCTATT) T
o B \ \'\G-bp TIR and 66-bp impérfect sub-TIR - \
& TSD TIR - [B[x] TIRTSD HEE

B 66543
Boleracea:  GTCOCAMCCTTTTTTCAAGAAGGTACAGTGTCAGGATTTATATGGATATACACATATCCTIITTACCACPE TTCTTIGTICAATACTTTTTACAATGTTTTGGAAAGGACATGTTTCTTCTATCR GTCCCAACCTTTTTTCAAGALGGTACAGTGTCAGGATTTATATCO T ATACACATATCOPATTTACCACCCTTCTITGTTCAATACTTTITACAATGTTTTGGALAGGACATGTTTCTTCTATCA
rapa:

CAACCTTTTTTCAAGAAGGTAC AGTACGTCTCAGGATTTATATGGATATAC ACATATCCTATTGCGC AATTGTC AATAATAGC ACTTTTTGALGTTTATGTCTCAAAATAGC ACTAGAAGGAGAL GAGTGCTACTTTGGGAACAAAAACTTGGTTTGGTGCTATCCTAGTCTTTTTCTCTATCCTATTTACCACCCTTCTTIGTTCAATACTTTTTACAGTTTTTGGARAGGACATGTTTCTTCTATCAT

47465 48007

66545 66543
RevComp: TGATAGAAGAAACATGTCCTTTCCARMACAT TGTARAAAGTATTGAACARAGAAGGGTGGTARATAGGATATGTGTATATCCATATAMATCCTGACACTGTACCTTC TTGALLAARGGTTGGGAC TGATAGAAGAALCATGTCCTTTCCARAACATTGTALAAAGTATTGAAC AAAGAAGGGTGGTALATAGGATATGTGTATATCCATATAAATCCTGACACTGTACCTTCTTGALLAAAGGTTGGGAC
rapa: CAACCTTTTTTCAAGAAGGTACAGTACGTGTCAGGATTTATATGGATATACACATATCCTATTGCGCAATTGTC AATAATAGCACTTTTTGAAGTTTATGTCTCALAATAGCACTAGAAGGAGAL GAGTGCTACTTTGGGAACAAAAACTTGGTTTGGTGCTATCCTAGTCTTTTTC TCTATCC TATTTACCACCCTTCTTTGTTCAATACTTTTTACAGTTTTTGGAAAGGACATGTTTCTTCTATCAT

47465

[ I |

48007

=

Brassica rapa with inserted 542bp sequence not present in B. oleracea. 9bp TSD (red letters and arr
and TIR (blue). Flanking primers used in PCR (next slide) as blue arrows on sequence

Faisal Nouroz 2011




Drasaos a
g Brossica rapa Frassicamigra  JHneed Bﬂlﬁ!ﬂﬂh Eracea

-

Brossicajuncea Broassica napus !um'ca carinagla

A — — —— _— e L re—

— — 1

— :‘ —

- I —— - . . e L =
p———— - - .- AN e - e e ' =
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- : . - N
Brassica oleracea (CC) Brassica napus (AACC)



1 246 TSD TIR

B. rapa (47186-
48200)

B. oleracea
(66,350-66750)
B. rapa
(AA)
B. juncea
gA\AB B)
. hapus
(AACC)

Hexaploid Brassica
(carinata x rapa)

B. nigra (BB)
B. oleracea (CC)

B. carinata
(BBCC)

Mobile element insertion in Brassica

542-bp TE

TIR TSD 790

Rapa8002

Rapal77R

1000
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Repetitive DNA
rapid evolution in copy number, location and
seguence, with diverse turnover mechanisms

often marks the major differences between
closely related species

It Is hard to analyse by next generation or whole-genome
sequencing methods

Many of the repetitive sequences are
retrotransposons and DNA transposons

Some are microsatellite motifs

Some are satellites — including the most rapidly
evolving sequences
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Mace wheat
Graybosch et al. 2009
In situ: Niaz Ali & Schwarzacher
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Circadian Clock regulation

Ne'tWO rk red UCtion after Leloup & Goldbeter

cf Andrew Millar
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Oscillations: noise and stability

A D discoideum cAMP network B Iniemal cAMP oseillations
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Stochastic fluctuations
preserve stable oscillations

ensure robustness of the oscillations to cell-to-cell variations
Robustness analysis requires stochastic simulation



Oscillator 1 ——

_Regulator 4




Stronger

Coupling

Live version: YouTube — pathhl channel phaseportrait.avi




A design principle of synchronized oscillations 541
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Function and multifunction

= How many genes are there?

= 1990s: perhaps 100,000

" 2000: 25,000

= How does this give the range of functions and
control?
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Formidable

J'Temp(-j'rature and rainfill in 20(16 genetIC and
160 20 .
_ sl environmental
= 2 mterac:tlons
.E qg)_ e =

Temperature and rainfall in 2007

! !

temperature (°C)




Nothing special about crop genomes?

Rice
Wheat

Maize

Potato
Sugar beet
Cassava
Soybean
Oil palm

Banana

400 Mb
17,000 Mbp
950 Mbp

900 Mbp
758 Mbp
770 Mbp
1,100 Mbp
3,400 Mbp
500 Mbp

24
42
10

48
18
36
40
32
33

2
6
4 (palaeo-tetraploid)

W N B N DN D

3x endosperm
3x endosperm

3x endosperm

Modifed leaf
Modified root
Tuber

Seed cotyledon
Fruit mesocarp

Fruit mesocarp



5o years of plant breeding progress

—Maize
) / Rice
_— Wheat
s Human

/ —Area

1961 1970 1980 1990 2000 2007



United Nations

Millennium Development Goals- MDGS

s Goal 1 - Eradicate extreme ? |
w poverty and hunger 7 W

Goal 2 - Achieve universal primary educafion

equity and empower women

Goal 4 - Reduce child
mortality

Goal 5 - Improve maternal

aa

Q Goal 3 - Promote gender
¥

- health

sus‘rain&bili’ry
’*% Goal 8 - Develop a global
partnership for development
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= Chromosomes
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... Involving
= Mutation
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" Species = Homogenization

s Genera and above

... consequences for
= Crops / wild species
= Selection
= Speciation
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