Genomic divergence outside genes

Genome sequencing (and common sense!) shows the gene
sequences are similar (from bacteria to animals to plants)

In eukaryotes, genome organization is conserved: discrete
chromosomes, centromeres/telomeres, genes exons/introns,

transposable elements, rDNA repeats, satellite DNA
(but there are some exceptions — this is not the only organization possible)

Plant and Animal Genome 2011

Chromosome number (plants: 2n=4 to 1440) and genome size
(plants: 2,350 range from 1C=63 Mb to 150,000 Mb) are far
from conserved
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How do the genomes of
related species differ?

-Chromosome number

-Ploidy

-Transposable elements

-Microsatellites

- Satellite DNA sequences

-Gene sequences

/

I/ C. angustifolius
C. flavus 2n=12

-Chromosome rearrangements

2n=8

Orgaard, HH et al.
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Peanut, Arachis hypogaea, 2n=4x=40
AABB genome constitution

Ana Claudia G. Araujo, EMBRAPA, Brazil
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Many of the repetitive sequences are retrotransposons and DNA transposons
Some are microsatellite motifs
Some are satellites — including the most rapidly evolving sequences

Arachis in situ 6 Slide 2 Meta 7

ADHI16TF07 red ADH129F24 green

167F07 on both genomes;

129F24 on all A genome chrs excluding centromeres







Genome Specificity of a CACTA
(En/Spm) Transposon

B. napus (AACC, 2n=4x=38) — hybridized with C-genome CACTA element red
B. oleracea (CC, 2n=2x=18)

Alix et al. The CACTA transposon Bot1 played a major role in Brassica genome divergence
and gene proliferation. Plant Journal
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Genome Specificity of a CACTA (En/Spm) Transposon
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Sequence level at scale of 100s to 10000s

of bp — analysis by dotplot
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Sequence level at scale of 100s to 1000s
of bp — analysis by dotplot
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Sequence level at scale of 100s to 1000s
of bp — analysis by dotplot
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blots of genomic sequence from homologous pairs of BACs

Region of high homology between A and C sequence
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Brassica oleracea (C genome) sequence
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Transposed (moved) sequence
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AAGTGAATGGATGCTCGCATTAGTTACTATGAGCCGATTCTCGCTCTTGCGAAAGCTAAAGAGGAAAAGGCCTTCGCATTGCAGAAG

AGCTGGCTGCCAGCGAGCAAGAGGTTTTCAATATTGGCTTGTGGAAAATTTGTTGCCACTTTTGCTTTACTAAGGAATGAAATAATAC
TTGTTTTTTTTTTTCATGGTTAATATTAGAAGATATAATTTCCTTTGAAGTTAGATTACGTTTCTTTATGTCGCGACCGAAGTCGAAGAAATATT
GTCTTGTTTAT TTTTTTCAAGAAGGTACAGTACGTGTCAGGATTTATATGGATATACACA

TATCCTATTGCGCAATTGTCAATAATAGCACTTTTTGAAGITTATGTICTCAAAATAGCACTAGAAGGAGAAAGTCACAAAAATGATATT
CATTAAAGGGTAAAATATCTCTTATATCCTTGGTTTAAAATTAAATAAACAAACAAAAATAAATAAAAATAAATAAAAAAAATGAAAAAA
AAGAAATTTTTTTTATAGTTTCAGATTATATGTTTTCAGATTCGATTTTTTTTTTATTTTTTTATTTTTTTCGAAATTTTTTTTTTATTTTTTTTCA
AATTTTCTTTTTATAATTTAAAAATACTTTTTGAAACTGTTTTTTTAATTTTTATTTTTTATTTTAGTATTTATTTTTTATAAAATTTTAAACCCT
AATTCCTAAACCCCCACCCCTTAACTCTAAACCCTAAGGTTTGGATTAATTAACCCAATGGATATAAGTGTATATTTACCTCTTTAATGA
AACCTATTTTTGTGACTTTGAATCTTGAGTGCTACTTTGGGAACAAAAACTTGGTTTGGTGCTATCCTAGTCTTTTTCTCTATCCTATT

TACCACCCTTCTTTGTTCAATACTTTTTACAGTTTTTGGAAAGGACATGTTTCTTCTATCATCACTTAATGGTTATATATGTATGAGAAG
TTTGAAAGAGATTACACTGTTTTGGAATATTAAAAAAAAAAGATATTACAAGATCTGATTTTGTTTGTATTTTAAAATTCTACCAAATC
TCTCCTCAAAATCTTGGTCAAAGTCCAAAAATCCAAATATCTCAGTTAAATTCCACCAAATATGAAATCCTAAAACTTTTCCAAAATA
GTTCAATAAGCCCTTAGTGTTTGGTG
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Insertion polymorphism in Brassica genomes
shown by PCR with flanking primers
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Amplification with two primer sets (top and bottom).
include the longer fragment with insertion. B and C genomes have only the shorter, lower,

fragment without insertion.
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Schematic representation of insertion in Brassica rapa and other Brassica genomes. Green, red, blue and

black boxes showing DNA motifs.




GACACTCTTCCCAATCGTTCATTCCTGACGTCATTAGGCAACCACCTCTGTTTTTCCCCACCACAAACAGTGAATACATCTCTCCTATCTCTC j
TCAGAATCGTCAGTGTTTGCTCTCCGTTGCTTACTCGCTTCTCTATGAATCCAACTTGCCCCGTCGTTACAAATCTGCCAAAAATAAACCAAA
ACCAGTCCGGTCAATGAAAAAAATGCCAATGTTTCAGGTCTAGAAATTATCCACAACCCTAGTACTAAGATCTGAAATTTATGAGGGAGATAA
ACATTTTTAGGTTAATTGTAAGAAAAAATATTTATAATTTTTGGGCCATGCAGCAAATACATAATATTTCCTTAAAATTTGGATTGTAAGAC

TAATAGTGTTTGAGTATTTGATATTTGATATCTTTTAAAAAAGGAAACAAAATTGAATTTCTAAATAAGATTATATTTTTAAAATAAAACAAT
AAAAATACATAAAAATAGTTACAAAAAAAAATATATATATTGTTAAACCGTTAGCAAATTAAATACTAAATCCTATACCCTAAATCCTAAACT
CCAAACCCTAAATGATAAACCTTAAATCTTGGATAAACCGTAAACCATTGGAAAATTTTAAAACCTAATCATACATTAAAAACTAAAATTTAA
TAACACTAAACCCTAAACCCTAATCACTAAACCCTAAACCCTTAGATAAATCATGAACCCTTGGATAAATCATAAACTCTAAATCAAAAATAT

TTAAAATTAAACCCTAAAATATATAATTTATCCAAGGGCTCAGAGTTTACCCAAGGGTTTAGGGTTTAGTGATTAGGATTTAGGGTTTAGTGT
TATTAAAATTTAGTTTTTAATGTATGATCTAAGGTTTAAGAGTTTCCAATGGTTTAGAGTTTATCCAAAGTTTAAGGTTTAACGTTTAGGGTT
TAGGATTTAGGATTTAAGGTATAGGGTTTAGTATTTTGCTGAAGATTTAACAATATTAATTAATTTATTTTTTGTAACTATTTTTATATATTT
TTATTATTTTATTTTTAAAATATAATATAATTTGGATATTCAATTTTATTTTCTTTTTTAAAAAATATCAAATATCAAATACTCAAACACTAT

GGTTGGTGAACTTCTAGGTGTGAACCCAAGAATTACTCTTAATGTTTCATCCGATTGTGCTCAAAACCTTTCATGAACTGGCTAAAGCTGGAA
ACATAGGATTAGTAAGAAGTAGAATCTTGTAAAGTACCTGTTATAGTATTCCTCTAAGAAAGTTCGATCAGTTTCGTCGTTTGTCTGATCGTT
ACCAACAATCTCCATCAAAACATCGTTGTTTTCTTTGGTCACCGCGTCTCCGACAAGATTCTCTGTCTCCGAGCCATAAGCGACAAACTGTAT
GATAGTGAGGTGAATCTGAGAGTTATTGATAAGCCACTGGCACAAGGACAGAGCCTCTCGATCATCAGGACCACCAAAGAACAATGCAGCGAC
GTGTTGTACCGACTCAAACCCGTGAAGCTGGTGGAACCCGGTTATGTTTCTATCCACATAGATACCGATCG
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: AT TTTTTGGGCCATEC A A AT AC A TAATATTTCCTTAAATTTGGATTGTARGATTAATGTTTCATCCGATTGTGCTCARLACCTTTCATGAACTG| | | rapa: ATLATTTTTGGGCCATGCALCRALTACATAATATTTCCTTALARTTTGGATTGTAAGATTAATGTTTCATCCGATTGTGCTCALLACCTTTCATGAACTGGC TALAGCTGGRALTATAGGATTAG
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RevComp: ATTTAGAAATTCAATTTTGTTTCCTTTTI TARAAGATATCARATATCARATACTCARACACTATTAGTCTTACRATCCARATTTTAAGGARATATTATGT| | | RevComp: CTALTCCTATGTTTCCAGCTTTAGCC AGTTCATGARAGE TTTTGAGCAC AATCOGATCAALCATTAAGAGTAATTCTTGGGTTCAC ACCTAGLAGTTCACCAACCAATAGTGTTTCAGTATTTCA
rapa: ATAATTTTTGGGCCATCCAACAATACATALTATTTCCTTALLATTTGGATTCTAAGATTAATGTTTCATCCGATTGTGCTCALLACCTTTCATGAACTG | | rana: ATARTTTTTGGGCCATGCALCARATACATAATATTTCCTTALALTTTGGATTGTAAGATTARTGTTTCATCCGATTGTGCTCAALACCTTTCATGAAC TGGCTALAGCTGGAAATATAGGATTAG

29031 20031

Insertion sequence present in B. oleracea, missing from B. rapa. TSD (red); green and blue DOXES SNOWS remarkab'IE
internal structure with 370-bp inverted repeat near-filling the insert.
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Genomic divergence outside genes

How do the genomes of related species differ?
-Chromosome number

-Ploidy

-Transposable elements

-Microsatellites

-Satellite DNA sequences

-Gene sequences

-Chromosome rearrangements

Plant and Animal Genome 2011

-Mechanisms

-TSD target site duplications various lengths

-Sometimes TIR terminal inverted repeats

-Very variable and many uncharacterized ‘families’/mechanisms

Evolution of Genome Size Workshop

-Why? and consequences

Pat Heslop-Harrison, Faisal Nouroz, Trude Schwarzacher

and Farah Badakshi, Ana Claudia Guerra, Guto Kuhn, John Bailey
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ancestral

High-copy number High-copy numbe High-copy number High-copy number
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Low-copy number Low-copy number
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High copy spp: homogenized, amplification from a limited number of master copies
Low copy spp: much variation



Genome Specificity of a CACTA
(En/Spm) Transposon

B. napus (AACC, 2n=4x=38) B. oleracea (CC, 2n=2x=18) B. rapa (AA, 2n=2x=20)

A B AC AB BC

A B AC AB BC
6 8 9 261112132714 18 2021232425
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Genome Specificity of a CACTA
(En/Spm) Transposon

*Bot1 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

*Bot1 carries a host S-locus associated SLL3 gene copy; is the
transposon associated with SLL3 proliferation?

— 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
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