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Darvwn The final péragiaqah

of “The Onigifh” ; * !
It IS Interesting to contemplate ... many

plants of many kinds ... and to reflect that
these elaborately constructed forms, so
different from each other ... have all been
produced by laws acting around us ... from
so simple a beginning endless forms most
beautiful and most wonderful have been,

~and are bein evolved.




Nothing in Biology
Makes Sense
Except In the
Light of Evolution

Theodosius Dobzhansky (1900-1975)

The American Biology Teacher, March 1973
(35:125-129).



Molecular Cytogenetics

Lecture
10.05-11.00
11.10-12.00

Microscopy (Adrian 264 near computer room)
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Explain major structures and features of the DNA In
plant genomes

Understand the structure of chromosomes and
genomes

Explain the nature and origin of molecular markers

Understand key events in evolution and generation of
diversity
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Understand how genomes and diversity can be
manipulated and exploited

Relate genome information and models to the
applications in the genome of particular species

Decide which molecular markers are appropriate for
various applications

Introduce the concept of superdomestication into
breeding programmes and consider solutions to major
problems facing breeders and farmers

Use the literature relating to genomics, genetics and

Elant breeding and communicate It In writing
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Chromosome

Basic 'unit' of DNA in a cell

Basic unit of heredity — Thomas Hunt Morgan
1911

Macromolecule of DNA

very long, continuous
Contains genes, regulatory elements, other sequences

Structural components

A broader definition of "chromosome*
Includes the DNA-bound proteins which serve to
package and manage the DNA.
The word chromosome comes from the Greek
xpwua (chroma, colour) and owwa (soma, body)
due to its capacity to be stained very strongly

 — SRS T SRR -






Replicate

Divide

Condense

EXpress genes

Regulate above functions
Recombine

Mutate
Evolve

Package DNA
o il



Contains the genes

Partitions the genes among chromosomes

Provides a stable structure for genes,
controlling sequences and other DNA






They carry the genetic information

Their behaviour determines the mechanism of
Inheritance

neir morphology relates to function
neir changes relate to evolution
neir changes relate to disease




Views of the Chromosome

ne small

ne chemical

ne physical/mathematical
ne evolutionary

ne big
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HIV type 1 Virus
Bacteria (E. col)
Yeast (Saccharomyces)

Genlisea aurea
Arabidopsis
Aesculus (norse chestnut)
Rice

Banana

Human

Barley

Wheat

Pinus elflioti

£

9 750 bp

4 600 000 bp (4.6 Mbp)

12 Mbp
65 Mbp

150 M
200 M
389 M
550 M
3200 M
5 500 M
17 000 M
24 000 M

D
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D
D
D
D
0P
0P

2n=c.34
2N=c.52

2n=10
2n=20
2n=24
2n=22 - 33
2Nn=46
2n=14
2n=42
2n=24
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Genome sizes: reading them out
base-by-base
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HIV type 1 Virus 2hr 40 min
Bacteria (E. col)) 53 days
Yeast 138 days
Arabidopsis 5 years
Man 100 years
Wheat 5 centuries

Fritillaria lily 4 millennia







Arabidopsis 150 Mbp
Aesculus (horse chestnut) 200 Mbp

Wheat 17 000 Mbp
Pinus elliotii 24 000 Mbp









How many genes?

Arabidopsis
Rice
Human



How many genes?

Arabidopsis 26,500
Rice 41,000
Human 23,299

Caenorhabiditis 20,000




How many genes?

In a typical eukaryote:

35,000 genes
300 amino acids

1500 bases Inc. introns/part promoter
55,000,000 base pairs or 55 Mbp




Banana Streak Virus 7 389 base pairs

HIV type 1 9 750 base pairs
Escherichia coli 4.6 Mbp
Saccharomyces 12.1 Mbp
Arabidopsis 140 Mbp
Oryza 400 Mbp
Homo 3 200 Mbp
Hordeum 5 500 Mbp
Triticum aestivum 17 000 Mbp
Fritillaria 130 000 Mbp

e e e
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Species Repetitive DNA Genome size
Arabidopsis thaliana >25% 145 Mbp
Sugar beet Beta vulgaris 63% 758 Mbp
Broad bean vicia faba 85% 12000 Mbp
Rye secale cereale 92% 8800 Mbp
Onion Allium cepa 95% 15100 Mbp

These species are all diploid — 2x

Human Homo sapiens 35% 3200 I\/Ibp

e e e



The DNA iIs organized in chromosomes

Bacteria have one circular chromosome with the
whole genome

Eukaryotes have multiple chromosomes

Each Is a single, linear DNA molecule

The DNA is packaged around proteins (histones)
The chromosome has special sequences at its ends






A - Detector

eye/camera/PMT
Emission
+ (barrier)
Condenser filter
lens

Dichroic beam
splitter

\ Ex_citation
lHlumination - filter

laser/bulb <l Objective lens

Fluorescent
specimen A




Fluorescence microscope filter properties
100

Qo
-

Emission
filter

Transmission (%)

-

300 400 500 600
Wavelength (nm)

B = W]

violet blue cyan green yellow red




Spectrum

400
Wavelength (nm)

Multi-colour FISH:
e Hybridizing two or more DNA pobes simultaneous

» Multibandpass filters




Fluorescent banding

DAPI: AT-rich
ChromomycinA3: GC-rich




Triticale:

wheat X rye
hybrid




In situ and array hybridization technology

. -

Hybridize
Probes /

Detection of
Hybridization sites

Chromosome
preparation



Aegilops umbellulata

DAPI
185-25S rDNA
5S rDNA

Xana Castilho & Pat Heslop-Harrison
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NOR: rDNA loci vary in number,
position and size

[ 185 H58S 1+ 26S

Chromosomal
Satellite

rDMNA repeats
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IGS ITS1 ITS2

Coding regions (nS) highly conserved, e.g. 18S gene of soybean
shares 75% nucleotide homology with yeast.

Thus can compare over a long evolutionary distance

Can be used as anchors for PCR amplification

Spacer regions highly variable

: |IGS...Intergenic spacer or
Species or below

non-transcribed spacer
Genus ITS...Internal transcribed spacer
Populations (sometimes)

 — SRS T SRR -
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= Met phase Chromosomes: structu?l components and ter-mlnologg
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short arm long arm

NOR (ribosomal Genes)
(secondary constriction)

Chromatid
Telomere || I
~ .
Chromatid
Centromere
(primary constriction)
Chromosome regqions: pericentric intercalar subtelomeric

(pericentromeric) (interstitial) (terminal)

euchromatin, many genes

. NOR: nucleolus organising regions
heterochromatin, view genes




Chromosome Number
1 2 3 4 %,




rDNA sites in Triticeae Genomes

Adpeg [W—<T

oAy <

areyy  EE—<

ey g

vVieeypn @ o>

oonjfaqun 'y  EIE><T_
_ )

J fopeg [B<

mm

a EwLB o<

dieoyy MDD

vieayy  BEO<

pipjnjaquin '3y @<

@ 455 rDNA

® 55 DNA Group 1




Genome

Genes and regulatory sequences make up a
small proportion of the genome

The majority of DNA sequences in all higher
eukaryotic genomes are repetitive sequences
(50-90%)

JUNK?



What Is the rest of the genome?

Repetitive DNA

Repeated genes
« IDNA (45S and 5S)

Tandemly repeated, non-coding DNA



motifs of 2-1000s of bp, repeated 10-10 000x

Tandem repeats
genes: rDNA, histones
long tandem repeats or satellite sequences

simple sequence repeats
« Microsatellites
« Minisatellites

Satellite: shoulder on CsCl gradient graphs



Where each arrow Is a single unit of a repeat —
- often a multiple of 180 bp but up to 10kb long

Head-to-tail organization
GCGCTAG GCGCTAG GCGCTAG GCGCTAG GCGCTAG GCGCTAG




Tandemly arranged DNA monomers
Repeat monomer: CCTAGCGTAACGGTACGGCTAGC

v

-

Tandem Repeats
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Tandem Repeats
=Pl  =Ppepempenpan)

Where each arrow Is a single unit of a repeat —
often a multiple of 180 bp but up to 10kb long

GAGGCGTC GAGGCG]

GAGGCGTG GAGGCG
GAGGCGTC GAGGCG]

'C GAGGCG?
'C GAGGCGT

'C GAGGCGT

'C GAGGCG?

C GAGGCG]]
C GAGGCG]

C
C
C




720 -

GBI -

480 -

360 -

>40 Tandemly arranged DNA monomers
Repeat monomer: CCTAGCGTAACGGTACGGCTAGC

120

Haelll Taq! ; ’

T}:mderrg_Rep'eats

pSc119.2 =—p. = P =P —>




<« 21,22 kb

<— 5,14kb

<1584 bp

- «— 587bp
T -

|

<« 267 bp

-
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1=Mspl ™CCGG
2=Hpall "™C"CGG
3=Pstfi ™CTGCAG
4=BamHl GGAT™CC
5=Sacl GAG™CTC
6=Hinadlll AAG™CTT
7=Pvull CAG™CTG
8=AltA AG™CT
9=7agl TCGA
10=Haelll GG™CC
11=Msel TTAA
12=7sp5091 AATT
13=Apol PUuAATTPy
14=Sau3Al GAT™C
15=Dral TTTAAA
16=EcoRV GATATC

PATR140 consensus GATCTCGCCG ACAGCTGC GGGGTTATGC

7sp509/

TTTCGT-CTG AAGAATGCTG CAGTGC- TG AAATCCCCCA AATTCTGAAC CAGAGAGTAT

Msel
TTACTTAGCA A-CCCGAATA CAGATGCGGG TTAATA

Morgante, Jurman, Hl




aShnmnshnnly

DNA packs around nucleosomes

__h§$one octamer
« Emmm DNA double'hslix

Linker
(varigble bpl_

Two full turns (170 bp)



Nucleosomes

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

Vershinin &

Heslop-Harrison
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Isolation of satellite-DNA by restriction enzyme
analysis (Restriction satellites)

Example: Beta vulgaris, sugar beet
1. Isolation. of genomic DNA (Species A)

4. Selection of plasmid clones by
Dotblot-Hybridisation

2. Restriction enzyme digest and gel 2 EIut|_on e -
: cloning of the
electrophoresis : :
repeats in plasmids

®
(L RN
® L . ®
} Species A Species B
Probe: genomic DNA
Restricted
genomic DNA
Conserved 5. Molecular analysis

Restriction fragment Sequencing

T — S T TIOT BT OIS S T 2= T T T eSOy



Molecular Analysis of satellite-DNA

Sequencing: Vqriability |

« Monomers (basic repeat unit) (Divergence of the satellite-DNA)
GGATCCGTCGT G..--. GATCCGTCG%
GGATTCGTCGA G...-. GATTCGTCGA
GATTTC-TCGA T..... CATTGGTCAG

Genome organisation:
eSouthern hybridisation

Physical localisation

Release of centromeric
satellite repeats

1 23 45 6 7

Trimer —— m—— w—

. #
Dimer

':'.2:'h|_'|

Monomer (327bp) - 1 Smas”Schmidt, Technical University, Dres

e — partial BamHI digestions
= e i T e TTT 32 &

L [T



ot !
¥ @ Re # :?hviqqeni ang ev?utlg: . A
. v & Southerng@alysis offreldted species
‘l . ~ E 3 y
" ———
T

Analysis of repeated DNA sequences
on many different levels

Beta vulgaris BamHI satellite (pBV1; 327bp)
(DAPI) (Digoxigenin-antidigoxigenin-FITC)
Ac Seciion 8ara B: Secton Corofinge
i Spctiaon AManaes D: Section Procurmberntes

Er Spimdcoa alfvacea F: Chenonadium b-hennicus




Aegilops
ventricosa
45S rDNA
dpTal
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«  Differéntces! betw&en

Major differences N the nature and
amount of repetitive DNA
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Arabidopsis thaliana

In situ hybridization with AtCen
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—Primer =site I-—= EBox A ——— Primer =zite II ———=
1 z 3 4 L ) i =

1234868789012 34 5878001234 578901234 567 29012234 88729012234 586729012234 8672901 234 56789 01224568729
ACHPEZZ0/SZ 1 AT TCTTCTT G TTC T AL GO TTTGA TG TT TAG O R T A TATCAGTCTTT e CTTT T TCTTCTAAC AAC—CARACH CTAC
179 G . .. . . e e e ae...BTAT. _T_..._. Y . T O . - _..T._C..
2L G . e .—... . G...__T_..._. Y | T . S = cocoooooo
ACHPEZZ0/,3 1: R - o P . e .t T R . S T. — e e o -
l1E9: .G ... . _.T.. . . e e .. G ____T_..._. 7S 0| DU S - .. A _A_ .
B | 7S - U | i Ol SN 1| SO | B = cocoocooo
LEE- G . ... A . ... ...G..___T_...._. Y | T . = cocoooooo

B9 G . . ...
ATAP1] L 1 I N =T | R I | . - R
1: G . e e e e B .. _T_.._. I | T R . S - R
ATAP1Z I - A GT....T..... Y | T . = cocoooooo
ATAR]ZS R & S Y U (U Bl ) - S O | | |- = cocoocooao
ATAR]14 l:- _.C..._. .. _..GT.._...._—..._.....B...T.&z_..._. - R |- I S - _.T_ .. __._.
ATtME I T DN PR - SO A ... .. o - - | - _..T.__._.
ATREAT, 14 o 5 | OV - S O | | |- = cocoocooao
ATEELLI1E Z.T.CG. .. .. .. . ... GO, ... C__R . e e =h coo o TTa.
ATREAS] oG ... ..., T...C. ... G._._.__T_..._. - R T R - J = cocoooooo
ATDELS F o | O-J - S o e e T..... ee..-T. .. A __—-_TT...&A.T.
AESATDHMAZ 1: 1:_ ... _.C. ... G.__._ G&_ _ __ ... .. Bl B = coooooa .
AtSATDMAL 26l: d00: B L .o = cocoooooo

AEHRSZ0/S2 1 AT TeTTCT TG TTC T ARAGE TTT GATGGTT TAG O AT A TA TGA T CT TTGTC TTTGTATC TT CTAAC AAG—CARACA CTAC
bhal? LI A o TT. .. .GTG. . .G oL — oo T. CGGET. .. _GAG. __ ___. LAC A T, ...
L R=Vara =1 I e e - P o R T. CGGT. .. GAG. .. ... e S
harl4 go:-T. ——————_ __C.______ .. ...-TG.TCCCT. __C_____. — oo T. CGGT. .. _GAG. . _—__ _&ACG. A ___ ____._.
habll go:-T. ——————_ ... _.T. . C.-TG._ BA-G.__—-____._. — oo T. CGGET. .. _GAG. __ ___. LCG AA ... =
babrd e0: .G . ... A _ . . -————-——-T. CRACG. . _ —--0G.__—-__..._. e aa - T. CGGT. .. GAG. .. ... I P C.

—— Primer site IIT ——= Eox B

1 1 1 1 1 1 1 1

=) ] 1 = b < 5 5 7
0123456789012 34 5678901234 56728930 12345672301 2345672 901234567 3901234 5673901 23456789 0123455
ACtHPZZ0/Z TTAGGC TT CTAGGAGALCAT TEC GG TTTAAS TTC TTATACTC AL TCA T —CACA TEACA TA AL TCATATTCG—AC TCC AR A—-ACa CTC A
________ B T I I 7 [ I
_____ T .. T. G, _TAL B . o o . e e e e e e mm e e m e e B L T e e T e oL T
ACHP=Z0,/32 S T. B TR . . .. .. i i i i e e e - oo oo o T.C. .C..._ .. ....... oo ooooo o b ocooooo o
________ B T I I O [ I

________ T. .G, _Tan G . __ __ _____.._. ... ..T - .BC.C . LT ioTo
-~ TIa 2 — - - — — -~
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2003

Haelll digests; Probe origin _
A. pumila al

A. griffithiana
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a0 &0 20 100 110 150 1c0 17a 1s0 130

AAEAA-TCC-TAGAA---CETT T CTT FAACE T CEAT AT CACC CACACCACTTT ACCTET CGEA- AACCE- T TCAT GCCAACTTCTT AT ACTT AACCTTAT ACT AT GAT CAACT CACATTT - FACCCCAAAT GCTCT AACT AATTETTTLAAT =2
AaEAN-FCC-TARAA——-CEFTTET C AGEAL-TTCTAT ACTCACCCACACCACTTT ACCTET CEEA— AACCE-FETTCATCCC AACTTCTT AT ACTT AACCTTAT ACT AT AT FAAGT CACATTT - FACCACAAAT GCTCT AACT AAGTETITTTAAT E4
——--AC-TCC-TAT 2A---CETTTET C AGEAACTT CTAT AT CACC CACACCACTTT ACCT CT CGEA- AACCE- I T T CAT CCC AACTTCTT AT ACTT AACCTEAT ACT AT GEAT CAACT CACATTT - FACTCCAAAT GCTCT AACT AACTETTTLAAT &2
AbEAA-TCC-TAEAA—--CEETTET I T GEAL-TT CTAT CCTCACCC ACACCACTTT ACCTTT CFEA— AACC A FETTC AT CCC ALGTTCTT AT ACT C AACCTTAT ACT AT G-AT GCAGT CACACTT - FACTCC AAAT GCTCT AACT AACTETTT D AA AR
TAEAACTCC-TAGAA---CLAT AT T T T GEAAET T C T AT CCTCACCCACACCACTTT ACCTET CGEA- AACCE- I T T AAT CCCAAGTTCTT AT ACTT AACCTTAT ACT AT AAT CAACT CAC ATTT - FACACC AAAT GCTCTT ACT AAGCETTTLAAT 52
AhEAA-TCC-TAGAA---CCETTET————-———-—-— CrACACTCACCT ACACCAC ATT ACCTTIT CEEA-CACCE-FTTTCATCCT AAGTTCTIT AT ACTT AACCTTAT ACT AT EAAT FAAGTICACATTT - AACTCCARAT GCTCT AACT AACTETITTEAAT CA
AAEAACTCC-TAT AAG--CE-EFEITTT G- GO C T ACACT CACCT AAC CAAC AT T ACCT T AL GEA- AT CC G- T T C AT CCC A AT TCC T AT ACCACACCTTAT AC AAT GEAT CAACT CACATTT - FACTCC A2 AGCTCT AACT AACTETTT CATT =4
AnEAAFTCC-TARAAE- - CRAFEN AT T FEALCET CTCC AT CACCC AT AC AAC ATT ACCTT AC AFA- AT CC G- FITT AT CCC AAGTTCCT AT AC - ACACCTEAT ACAAT AT CAATTCACATTT - FACTCC AAAT GCTCT AACT AAGTETTT DAAT E4
AAEAACT CC AT AGAAC - -G GEET T -G T I T T TAC AL AC A AC ACCCCACGTT ACGTT 2 266 A- AT CC G- I T T AT TCCC AGATTTC T AT AAC ACACCT AAT ACT AT GAT CAACT CAC ATTT - FACTCC A2 AT GCT C AALCE — - - ——- - - - - - ————
AAEAAFTCC-TAGEAAC - - ERTTTIC ARG - AT T CTAT ACTCACCCACACCACTTT ACCTTT CEEA— AACCE- FETTCATCCCAACTTCTT AT ACTT AACCTTAT ACT AT AT FAAGT CACATTT - FACCAC AAAT GCT CAAACE —— - ———————————
CCE2ACTACGT AT GAGT CTECEECTTT CT ATTET CT AL - CAAGEAAACACT ACTTT ACAT TTE G- AAC CE- T T T AGT T CT AT T CTT AT ACT CAATC AT ACAC AT GACAT CT AGT C AT ATTT - FACTCC 2245 - CACT AACCAAGTECTTAT T ZC
CCEAAFTCC AT AT AT CTETET COTT ETAT CET CT AL - CAAGFAAACACT ACTT AFCCTT G ARG - AR ARG - AT T ECEETTT AAGTTCTIT AT ACT CAATC AT ACAC AT EACAT ARaET CAT ATT C - FACTCC AR - CACT CACC ARG TECTECTT 0
CCE2ACTCCGT AT GAGT CTETFECTTT A2AT CET CT AL - CAAGEFAAACATT ACTTT ACCTIT C G- AAC G- I TGCEET T CT AT T CTT AT ACTT AATC AT CCAC AT GACAT CT AGT C AT ATTT - FACTCC 2255 - 20T AACAAAGTECTTAT T ZC
CCEAAFTCC-TAT FAGTTTE CEEIT I T CFAGCIT CT AL AL GEAALAAACACT CCTTT ACCTITE G- AT CCE - FIT FC AGTT CT AGTTCTIT AT ACCC AATC ATT AAC ACEAGAT CT AGT CAT ATTT - FATTCC AL AC ACT AACCAAGCTECT AT T ZC
2 AT CC-TAT GAGTTTE CEEIT T T CEAGCTT CT A LA GEAALAACACT CCTTT ACCTITT G- AT CC G- I T GC T T CT AT T CTT AT ACCT AATC AT A2 AC ACC AGAT CT AGT C AT ATTT - FATTCCA2A 280 ACT AACCAAG TP CTTAT T ZC
CCEAAFTCC-TAT FARTTTE CEEIT T T GRAGCIT CT AL AL GEAAAAACACT ACTTT CECTTTE GG AT CCE - FIT LT T CT AGTTCTTACACCC AATC AT AAAC ACEAZAT CT AGT C AT ATTT - FACTCC AL A0 ACT AACC AAGCTECTTAT T ZC
2 AT CC-TAT GAGTTTE CEEIT T T CEAGCTT CTALAC GEAAAAAT ACT ACTTT ACC AT T G- AT CC G- I T GC T T CT AT T CTT AT AC CCAACC AT A2 AC ACCAGAT CT AGTC AT ATTT - FACTCC 2242 80 A AL AAC CAAGTECTDATTZC
L CAAFTCC-TAT FAGTTTE CEEIT T T CEAGCIT -TALAAC GEAFAAACACT ACTTT A-— - CTH ARG - AT CCC - FIT L EETT CT AT CTT AT ACCC AATC AR ACACACET AT CT AGC CET ATTT - FACTCC AAR s ———————— ALAGCECTCTAT - I=C
TEAFAAGCAAT ALLAGG-CPTEETT AGT T - TIT CEAGT C A2 AT AT FACT AGAT GT C AT GT G A-TEATT GT - L AT AACAACT A A ACT L A AC CEETTC CCFAAAGCT ALAGGEAGT ATET CCET - CIT AFAAGAT AC AALCCCARAGACTC ATAC A2
TEAFAGFEAAT ALALAAAG - CPT FETT AGT T - TIT FFAGT C ARAT AT FACT AFAT GTC AT GT GR A-TEATT G2 - FT AT AAGAACT A AATCEC AACCEETTCT CALALARCT ALAGEAGT GTIT CTTT — FAT AFAAFAT AT AAAGCCARAGACTC ATAT FA
TEAFAAGC AAFAAGALG-CPTEETT AGT T - TEITGT AGT C A2 AT AT FACTT GATTTIT AT CT T A-TEAT T G A - L AT AACAAC AT AAACC G AAC CEEATCTT A2 AACCCT AACT AGTETET CCTT - CTC AAT AFAT AC AALCAC AAC G ACIGC AT ACT 2
TERAFALFC AAFAAFARG - CPT FETIT AGT GT - TET CFAGT C AT AT AT FACT AFAT GTCACGT GR A-TEAGT A - FT AT AAC AACT A AACC G AACCEEATTTT AAARAECCT AAGT ATRT ET AT CCIT - FIT AFAAGFAT AT AAAGAC ARG ACTC AT AC FAA
TEAAAAGCAAT AL ALAG-CPTECTT AGT G -TITAGCGT 252AT AT AACT AT AT GTC AAGT T A-T AATT G- FT AT AACAACT A A AT CTAACTT GEATCTT GAAAGCTT AACT 22T CTET CCPT - CTT AFAAGAT AC AAAGCCAAAG ACPCETAC FEA

TEATFATCATTAARACA-—TT AGTIT AFAGCATIT FFAGT CAAAT GT FACTT CATTC AT ANT AT A- AFETT A2 - FT AT AAGAA-TT LT CARACCEETT - CRGAARAGCT ALAGT GET ET FEET A - FT T AN AL — - ———————— AACGETTC-TA-FFA
AFATGATCATTAALACA-CPT AGTT AFAGCATIT CEAGT C A2 AT CT FACTTCAT CCAT CGT AT AFAAGTT 22 - FT AT AACAACTT GECAT CALAC CEETT - CEGAAAGCT ALAGT GETET FEET A - CT AT AFAAGT T CC ALAALALAC GETTC -TA-TEA
EATTAATCATT AALACA--FTAGTT AGAGCATIT CFAGT C A2AT CTFACTTCATTC AT AGT AT A- AT T AG-CITT AACAACT T G-EAT CA A AC CEET T CC AR AT AL AT GETET GEET A - T GT AR AL — - — - - - - ——— ABACACTTC-TA-GEA
FAGTGATC-TTALALACA-CET AGTT AFAGCATIT CEAGT C A8 AT GCTFAC AT CAT CCAT AGT CH A- AFATT 22— T AT AAGAACTT CECAT CA LA C T T CC A s aEC T ALACT GETCTEEET G- T T AR L — - ——————— BACGETTC-T - =4

——-—EECRGATCAT FAA-AATT ATT AGFAGC AT - FFRAGTC ARAT GT FACTTCAT CCATRGT AT A- ARET GTT - FTCTAFGAACTT FEFAT CAAACCEEATT CCET AAC T AAT GTT T ET FEET G2 - FT EFAFAAGT TCC AAT A- CCCECTRC -T A - FA
CITEACTCAAT EALAACA-CPT AGTT AFAGC AT ACCFAGT C A2 AT CT FACTT CAT CCATCGT AT A- AGGT GT G- T AT ACEAACTT G-CAT CA A AC CEEATT CTCT AACCT AAT CTT GTET CEET G2 - FT ARAFAAGT TCCACT A-CCCECTEC -HA-TEA
EICREATCAAT CAAACA-CTT ACTT AGAGCATE - FFAGTC AA-TET FACT ACAT CCATTGT AT A- ARECTEG - FL AT AAT AACTT GEFAT CALAACCCEATT CEGT AAFCT ALAGT AR AT FEET 2 - FTFFAFAAGTTCC AAALE - CCCECTEC -TA - Fi i
AAECAATTTTET G- ————— TTEEITT 2ACCT ATTIT A2 28828 ACGET AT AL CT PG O AAAC ACTCAT AA CCAT CTGT A AC T AT AGAAT T AGTC A2AT AC ATT G AT C G AT ACATTTT FACCAT AGALACACT AACAT AT &————————
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———————————————————————————— & BERAA---C
—————————————————————————————————————————— AT 2---1
———————————————————————————— TCTARGTEasEaAGAs- BEAA---C
———————————————————————————— TTT AE5ET & 25T AFAd B AR —— 00 AT AT
————————————————————————————— AT ATET Faasnabas- B A8~~~ CCETTEE-———---—-

CEAT ACTCACCC ACACCACTTT ﬁEGG&.—&&EEG—

AT ACTCACCCACACCAC _. _:_ CEEA-AACCE-
AT ACTCACCCACACCACTTTAGCTCT CGEA- AACC G-
ATCCTCACCCACACCAC CEEA-AACC A
ATCCTCACCCACACCACTTT CEEA-AACCE-
ACACTCACET ACACCALD AT CEEA-CACCE-

c
C
c
C

L]

————————————————————————— TAT AEET FAAFAAGAL AT AAE--Cz—- T TCTACACTCACCT 2ACC AACATT ACEGA-ATCCE-
———————————————————————————— TAT AGET FAAFRAGAA ARLAE--CEAR LC CCACTE&EEEP.IAC&&E T ACAGA-ATCCE-
AAET GTTTTATTEA-TCAT - CARAGCTTT AT ATET FAAGAACAL AFLAC--GCGE [ / ACACACACACACCCCACETT AAEGA-ATCCE-

AAETETTTT AATEACT CATT CAAARCTTT A-ATET FAAGAAGAA AT ACTCACCCACACCAC _. ; CEEA-AACCE-

e el S R R A D EETET ABCEEAR AA-CAAGEAALACACT ACTTT EEE-ALCCE-
____________________________ THEATFETTT &G C0EAS AA-CAAGFFAAACACT ACT Bl — Al Afle - B
_____________________________ GATGET BT AGCCEAL AA-CAAGEAAACATT ACTTT CEEE-ALCCE-

—————————————————————————————— CEEET T FECE FaAA
————————————————————————————— CEEGT T FECEFAA
———————————————————— CTTTET GEET BT FECE Fas
————————————————————————— CTTTET GEET FTERCEEAS

AAACGEAARLACACT CCTT: FEE-ATCCE-
AAACGGAARALDACT CCTTT FGG-ATCOE-
AAACGEAARAADACT BCT FREEATCOE-
AAACGEALAAATACT ACTTT FGG-ATCOE-
AAACGEAGAAACACT ACTTY ARE-ATCOC-
——————————————————————————————— T GFTT 'T -FAGT £ ARAT AT FACT AGAT 2-Thk GT—
r T Fir AT £ ARAT AT FACT AF AT GT a-Tk
——————————————————————————————— ~CTTGGTT T CT AGT O &8AT AT GACTT FATTTT &-Ti=
———————————————————————————————— AAARATTT FAFAMED &AREAFARE-CT [ GEAGT CATAT AT CACT AGAT a—TGAGTGA—

c
C
c
TC
C
c
C

—————————————————————————— caaAGcTTTsaaaAGca 2222206 CTTECTT [T 260 6T A 4&AT AT AACT AT AT A-TAATTGA-

- - CATTAaARC A T 7 07T £ ABAT BT FACTT AT a-AEETT Aa-
——————————————————————————————————————— caT 22280 A- CTT AGTT 'T -7 AT ARAT FT FACTTC 2 ARAAGTT Az
—————————————————————————————————————— AATCATTARLACA-— T G5 AT O ARAT BT FACTT £ AT 2-ABGTT AR
-------------------------------------- Ba2ACA-CETAGTT TTGGART CAART BT GAC AT AT 2-AGATT AR
——————————————————————————————————————————— GE G AT Gaa- AaTT 2 - GEAGT AT FT FACTTE & a- A G
————————————————————————————————————— CA2TE2AAC A CFT AGTT [ o FFAGT CAAAT T FACTT C AT EREY = -
—————————————————————————————————————— Ca T - FEAGT 0 AA-T FT FACT AL & &= ARECTIE-

BAACACTCAT A2

______________________________________ Taagca - -ERGCT: 3 GAAARSAAAGGET AT AR
[ S -5 o= o, B e AT FETC AR - ATEOETTACA ATTTHACE 22T




average distance using PID

ABOGZO09Z21011-1220%
ABOBZ092. 83661+100%-288
AFT4T261 12461%12430%
AFZO96B31-62012%-62190%
AFZO96331-35731%-3260017%
embl_AGR22 aj228344
emhbl_AGR22 aj228346
embl_APLIZ22 A1228343
emhbl_AGR22 aj228345
embl_AGR22 aj2283452
embl_APLIZ22 A12283349
embl_AGRZIZ aj228351
emhbl_ARPLIZ22 aj228334
embl_APLIZ22 aj2283345
embl_AFRPLIZ22 A1228340
embl_APLI22 aj228336
emhbl_APLIZ22 aj228338
embl_AGR22.3j228341
embl_AGR22 aj228342
embl_APLI22 aj228337
AF14T261. 75231 7+100*-755
AF14T261 9364323%-9323815%
AtHRZ220
embl_AAFPAAST9swapend
embl_AsFPAALEdswapend
embl_AARPAAZTT swapend
embl_AAPALZ T swapend
embl_AAFPAAZT dswapend
pAgkB3

papkB2

emhbl_ATH22 AJ2283449
embl_ATH22 AJ228340

m
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Plastid and Mitochondrial
Sequences move to nucleus

Nuclear
Genome

Virus sequences move ‘|'

Transgene sequences

Genes and single copy
regulatorv sequences

Repetitive DNA

Unclassified sequences

\

Tandem repeats

Dispersed repeats

—

N\

Centromeres.

Transposable
elements — DNA
elements and
retrotransposons

Simple sequence
repeats
microsatellites

telomeres and
other blocks

tDNA
45S tRNA and
5S tRNA genes

Heslop-Harrison & Schmidt 2007. Encyclopaedia.




Simple sequence repeats

GGCTACGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA
GAGAGATGGTCGTAATG



Simple sequence repeats
GGCTACGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA
GAGAGATGGTCGTAATG

Flanked by unique sequences (SSR/microsatellite
markers) or

Part of other repetitive elements

Dispersed OR clustered in genome
SSR markers are dispersed!

 — SRS T SRR -



Sugar beet:
Characteristic
organization of
each motif

Schmidt, HH et ¢




(GA)7

- flanking AGAGAGAGAGAGA flanking -

pri. flanking AGAGAGAGA flanking pri.

(GA)5

Short (1-6bp), tandem repeats (10-50 copies)
Mono- to tetra-nucleotides, e.g. (AT)n
Random distribution assumed

Primers designed for conserved flanking regions
Variation in repeat number & polymorphism

e e e



Cy3/Alexa 594




(GACA) SSR

resembles
N-banding

Cuadrado and Schwarzacher 1998
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; % § : TERBYAY a
Clusters of Simple Sequence Repeats
in rye and wheat

In related chromosome position irrespective of

motif used
Wheat: resembles heterochromatic banding

Rye: resembles wheat banding pattern, but not
IN major subtelomeric heterochromatic bands

Ancient components of the Triticeae genome
Heterochromatin in wheat and rye not the same

e e e



Telomeres

pSc250

45s rDNA
SSRs




45S rDNA
pSc200
pScl119.2
AAC

AAC pSc119.2
pSc200 pTa71

Forsstrom and Schwarzacher 2000
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¢ Universal in eukaryotes with only a few exceptions

¢ Dynamic

¢ Number of repeats varies: tissue, age and chromosome
¢ Added by telomerase
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The Linear Chromosome

& —_—

| IIIIII\ (TN
1 ' . ' 'Tandem repeats '

-"Termin& repeats lGenes
y - ' 4 "'.. -

‘. ; .'_';.

Retroelements

Simple sequence repeats

"

Schmidt & Heslop-Harrison 1998 %,




Sequences

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

Tandem Repeats

Simple Sequence Repeats
Dispersed Repeats
~unctional Repeats
Retroelements

e e e




Long terminal repeat
copla
aypsy

LINES
SINEs

Retroviral

Plant

25-50%
5-25%
10%

<0.1%

Mammal
0%
0%
30%

8.3%



Amplify via RNA intermediate

Full sequences and seguence remnants
Wide genome dispersal
Rapid evolution

Activated under stress conditions




Retrotransposons (=): The transposition cycle

Nucleus with DNA (=)

mRNA used for translation to enzymesi™

including integrase
and reverse transcriptase

RNA
transcription

RNA used as template for
reverse transcription

DNA copy
DNA transposons
Class Il transposable elements
Cut-and-paste

Retrotransposons R e e
Class | transposable elements L . .
RNA intermediate AT e ey J—— = [ Q 13‘5’ 2
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HvGyp1 HvGyp3 HvGyp5 HvGyp13

Gypsy elements are present in 25% of all BAC clones

o AL DT

Barley gypsy: Vershinin, Druka, Kleinhofs, HH: PMB 2002; cf Brassica Alix & HH PMB 2005
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LTR LTR
-l Common structure of Retroelements

LTR || gag | LTR

gag - core particle compon
en - endonuclease

rt - reverse transcriptase
LTR - long terminal repeat
env - envelope glycoproteil




Telomerase

LINE

Copia

Gypsy

Pararetroviuses
+

PRV-L

Retroviruses

N
Fig. 3.

Eapi123

BLIN

Ty1

Copia

BARE-1

Gypsy

BAGY-1

Cyclops-2

Calypsoi-1

Athila 4-1

Calyv

tprv

BSV

HBV

HERV-K10(+)

SFV3
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Class Fefroeliementonsica
Retroelements

e

order Fetrovirales Fetraies (non-viral)
includes DN A & BRMA reverse transcrbing windses

RNA \DNA\

suborder Cvthoretfrioviinese Fararetrovirinese Retrofransposineas Retroposinese (LINE , SINE) Refronineae
Retroviruses Pararetroviruses LTR-Fetrotransposons Mon-LTR retrotransposons .9, Group
Muclear integration Mo integrase function mitochondrial
part of replication introns
CyCle /
I
Farmily Retroviridae Hepadhnavliridae  Calliimovirdas FPseudovincze Metaviricas
Infect animals Infect plants
—xamples HeRW, SFw-1 HE" Ty1, conla Tyd, Qyiosy
SEnera Gaufimovirus, Badnavirus, Pefuvirus, Soymovirus, Cavemovirus, Tungrovirus
Example Species Cahty, BSY, PVCY, SbCMY, CsVMY, RTBY

After Celia Hansen and T 5. Heslop-Harnison. 2004 wwwr moloyt com After. Adwances ih Botanical Eesearch
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(a) Copia

Family: Pseudoviridae
(LTR-Retrotransposons)

(b) Gypsy
Family : Metaviridae
(LTR-Retrotransposons)

(c) LINE
(Non-LTR retrotransposons)

PCR products of (a) Copia primers (b) Gypsy primers (c) LINE primers obtained
from 10 BAC samples of banana
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(a) Pisang Obino I'Ewai (b) Pisang Mas (c) Pisang Giant Cavendish (d) Pisang Butuhan

Distribution of BAC2A3 and 5s rDNA on mitotic metaphase chromosome of Musa after FISH
with labelled probes. BAC2A3 was labelled with biotin and pta794 was labelled with DIG.



Plant gypsy

0.1

pPaline1 LINEs

LHDEL-Lilium pPalines5
pPsli4

SC- TY
3
Banana-ag 002234

Secale.sCU83032

. _PCCOPIAB
Pinus-P pp'\cty‘

(o)
N
S
I
N
o
o
<
N
S
<C

Alix & HH 2005; Friesen & HH 2003
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B. napu!(AACC hsax= =38) - hybrldlzetfwuh C- g.omlCAc;l'A"&l'erient red a
B. oleracea (CC, 2n=2x=18) Alix & HH 2008




B. napus AJ 245479
— qﬁu 1000 1800 2000 2500 3000 3500 4000 /45'00 5000 5500 BOD0 G400 FOOO 7500
|| ‘ ]
AC 189496
5100 1000 1800 2000 2500 3000 3500 4000 | 4500 5000 5500 6000 G800 FOO0  7a00
II ‘ ]
AC 189446
B. rapa - qﬁu 1000 1800 2000 2500 3000 3500 yjnn 4500 5000 5800 OO0 G500
|I ‘ |
AC 189655 \
qtm 1000 1800 2000 2500 3000 3500 4000 4500 \w@u 5500 OO0 6400 7000 7500 000 8500 4000
II } ]
_AC189480
| $00 1000 1500 2000 2500 3000 3500 4000 4500 50 6000 8500 7000 7500 BODO 8sDO  @obo
|I |
D ——
K large insertion
Botl-1 specific of Bot1-1
sOo% 1000 1500 2000 2500 3000 3500 oo 55‘00\5\0'00 G500 OO0 7500 8000 @500 @000 9500 10000 1o5oo
I | ]
B. oleracea — ¥ large insertion in common between
Botl-2 Bot1-2 and Bot1-3
sdo 1000 1500 2000 2500 3000 3500 4 oo 5500 an'dp §500 r0DO0 7500 8000 8A00 Eoo 11000 11500
| I I |
| [T |
Bo6L1-15 Rearrangement
—Botl-S 1010bp specific of BminSe————————



Bot1 has encountered several rounds of amplification in the C (5.

oleracea) genome
only, playing a major role in the recent 5. rapa

and B. oleracea genome divergence

Botl1 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

 — SRS T SRR -



Tandem epasts with known function

Telbmaric
e Ceanfromerc I 200 nm
B DA

B B Intercalary twndem repeat amillies
W Dispersad mpeats including
retroglemeants and S5H=

[ Genes and regulatory sequences

Schmidt & HH Trends Plant Sci




Crocus species and hybrids

Y |
03
llll'. Y N

ﬁ.&;hﬁ

“ C. 'Golden
| Yellow'
Zn=3x=14

C. 'Stellaris'

2n=2x=10

' C. flavus C. angustifolius
n=8 =172

B.7.9%



"'he parents look similar, sharing many genes

Total genomic DNA as a probe labels the parental
genomes differentially




The parents look similar, sharing many genes

Total genomic DNA as a probe labels the parental
genomes differentially




Orgaard, Jacobsen & HH







* Polyploids have three or more complete sets
of chromosomes

sllhal 9re triploid 2n=3x hexaploid 2n=6x
diploid 2n=2x _ -
’ tetraploid 2n=4x octoploid 2n=8x

* Two types of polyploidy
Autopolyploidy Allopolyploidy

AXA AXxB
| I
AA AB
| I

AAAA AABB




Wheat evolution and hybrids

Triticum uratu Aegilops speltoides
2n=2x=14 relative
AA 2n:§>é:14

Triticum dicoccoides

2N=4x=28
AABB
Triticum monococcum
2N=2x=14
JAVA

Triticum turgidum ssp durum
2N=4x=28
AABB



Wheat evolution and hybrids

Triticum uratu Aegilops speltoides
2'N=2x=14 relative
AA 2n=2x=14 _ N
BB Tritcum tauschii
(Aegilops squarrosa)
A _ _ 2N=2x=14
Triticum dicoccoides DD
2N=4x=28
AABB
Triticum monococcum b :
2n=2x=14 Rye Triticum aestivum
AA Secale cereale 2n=6x=42
2Nn=2x=14 AABBDD
RR
Triticum turgidum ssp durum xTriticosecale
2N=4x=28 2N=6x=42

AABB AABBRR



Additions
Monosomic addition (not stable)
« Plant: 2n = 42+1
« Gametes: n = 21 or 21+1
« Zygote: 2n = 42, 42+1, 42+2
Disomic addition (more stable)
« Plant: 2n = 42+2
« Gametes: n = 21+1

Substitutions (exchange of chromosomes)
Deletions (chromosome is missing - nullisomic)

Additions (extra chromosome — trisomic, tetrasomic)
Nulli/Tetra lines

e e e
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Chromosome painting probes
are labelled in Boolean
combinations, thus, three
fluorochromes would display
seven different colours (blue,
green, red, for the paints
labelled with one fluorochrome
and yellow, pink and turquoise
for the paints labelled with two
fluorochromes. The seventh
combination using all three
fluorochromes would result in a

|
© Chrombios

white colour (not used in this
experiment, see insert). The

color 1 | palntS are hybrldlzed to
chromosomes from a chronic

myeloic leukemia (CML) cell line
showing various chromosome
rearrangements




* Genomes in i
. riticum aestivum
sexual hybrids 2n=42+2

1B/1R translocation
T. bessarabicum

e Alien addition
chromosome
introgression




AABBDD x RR
ABDR

Double chromosomes
AABBDDRR

Backcross to wheat
Looses the R chromosomes eventually
AABBDD+1R

Induce recombination
AABBDD including 1BL/1RS

e e e



rDNA sites in Triticeae Genomes
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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 methods page



http://www.methods.molcyt.com/�







DNA analysis by restriction enzymes

Apal — Dral double digest reveals extra site
only In treatments expressing 6 loci

At least one restriction site Is altered
Correlates exactly with sequence analysis



 IDNA methylation
Probe

wheat rDNA rye rDNA spacer
Treatment
water AZC water AZC
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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




r'DNA 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 rDINA and control loci
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Barbela - a wheat landrace o

with rye characters
Barbela wheat

collections oo
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Total genomic rye DNA shows rye-origin chromosomes
dpTal tandem repeat allows chromosome identification
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Dendrogram distinguishing all f
= —— ‘Barbela’ wheat lines

— | No clustering
ﬂ All genotypes are present
. 1 In all populations

- - - - - = - - - : : - - . = = — - - = -
k13 L3 112 161 210
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Aegilops tauschii (D genome donor) in Iran

[f.v ,rr,ej/

i :ek’i, ’////f/;/}; ;
57 accessions i gzp;ran Turkmenistan
collected ey / 1/// //

Ssp. tauschii .

« var. meyeri (18) _N/.,_“.__ =
« var. tauschii (22) |__ o . =
« var. anathera (4) [raq \
« var. meyeri (12) g iF&h

_/ / /N

Hojjatollah Saeidi, Mohammad Reza Rahiminejad, Sadeq Vallian, HH
rCes rop oluTl



Aegilops tauschii in lran

-

9 SSR MArkersS ww e o 4 8

66 alleles —

——

— - fesae — ’

no markers were cha ract rlstlc ¢ for taxa oﬁggra'hl‘&él orgin_

high gene flow between the subspemes and varieties

-

Hojjatollah Saeidi, Mohammad Reza Rahiminé&jad, Sadeq Vallian and
Pat Heslop-Harrison
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genome
Microsatellite markers

57 accessions of wild
Aegilops tauschii (2n = 2X
= 14; D genome)

No SSR markers were
characteristic for taxa or
geographical origin

High diversity present

Saeidi, HH et al. Genet Resources & Crop
Evolution 2005
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|var. anather&ubsp.
tauschii

Cross-pollinating

ancestor

2

Self-pollinating N
ancestor ‘var. tauschii

(Aegilops tauschii)
An evolutionary mode/
supported by molecular
analyses Saeidi, HH et al. 2010



Different DNA sequences evolve
more-or-less independently

There 1s no ‘molecular clock’ for
many seguence types

Multiple sequence types should be
used to gain a full understanding of
genome evolution
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Wheat - Aegilops umbellulata
substitution line A94

3
2n=6x=42 l .,

Genomic DNA from J

Ae. umbellulata

pScll9.2 repeat ‘

,ﬂ

Xana Castilho
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A10 A30, A37, A47 A64 A34 A56, A58, A62 A65 A94

(a) Genetical map of the RFLP probes used. Genetical distances are approximate and based on Gale
et al., 1995 for the wheat 1B chromosome.

The order of the 55 rRNA and Nor-1 markers is reversed on wheat chromosome 1A .

(b) Physical maps of the wheat-Ae. umbellulata lines assigning the RFLP probes on the recombinant
chromosome and on the background wheat

group 1 chromosomes. all lines carry a pair of 1D chromosome.
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Physical map vs
Genetic map

Genes are often clustered
Genes (and recombinatiol
are often distal



Thinopyron
bessarabicum

disomic addition ‘

to wheat (2n=6x+2=44
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dpTal digoxigenin






Located on a small insert of
chromatin from Agropyron
/ntermedium (Horst.) Beauv.

(= Thinopyrum intermedium) on
wheat chromosome 4A or 4D.

Goals at Lelcester

What chromosome arm iIs present
In our advanced breeding lines.

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

Probes
IWG genomic DNA — biotin
apTA1 (D-genome specific)
digoxigenin

Bob Graybosch, USDA




CULIIVAK

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
Mebraska Agricultural Experiment Station and released in December 2007. Mace was selected from the cross Yuma//FI
372129/3/COB50034/4/4*Yuma/5/(KSP?TH184/Arlin S/KSPTHW29/3/NEBF524). 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.) Beauwv ]
present as a 4DL.4AgS chromosomal translocation. Mace was tested under the experimental designation NO2Y511/.

Abbreviations: NRFPN, Northern Regional Performance Mursery; PCR,

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

Published in the Journal of Plant Registrations 3:51-54 (2009).
doi: 10.3198/jpr2008.06.0345crc

© Crop Science Society of America
&77 5. Segoe Rd., Madison, WI 53711 USA

All rights reserved. No part of this 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 WSMYV 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

51






Bos taurus taurus vs Bos taurus indicus:
2Nn=60, XY
But: B. taurus submetacentric Y

B. Indicus acrocentric Y




Bovidae

L r Il-i" -'ah...:"f'.'.

:ﬂ-ﬁ*{l}: -up:. i-.t.‘ﬂl"::.- -

Bovipnaa (o r, cattle, bullales, aland, kudu, arnd relative
Alcalaphinas (hartebessts, wildebeosts, and sassabios)
Hlppﬁtmqlnaﬁ fodclax, maain ol lops: Aable anbelopss, ory K

Caprinas (sheep, goats, muskex, chamols, and relatives)
Pantholops hodgsond  (chiru)

Aepycarcs melampus  (impala)

Cephalophinas (cuiksi

Reduncinae (reedbucks, walarbuck, kob, puku, and lechwes)
Pelea capreolus  (common rhebock)

Antilopinaa (gazelles, dik-diks, steenbaks, and thair relatives)
C NMeotragus  (chwarl antelopes)

— B i bl http://tolweb.org/Bovidae/50 878y

Misce llaneous fossi| bovids 4



Bovidae — Family

Mammals
Order Artiodactyla (=Even-toed ungulates)
3 groups: the Suiformes (pigs, peccaries,
hippopotamuses), Tylopoda (camels, llamas) and

Ruminantia (cattle, goats, sheep, deer,
antelopes, giraffes)

9 families (13 tribes) including Bovidinae
« Family Bovidae
« C. 137 species
+ Last species (new genus) discovered in 1992

e e e



Bovidae family

2n ranges from 30 to 60 In different species

(Galagher & Womak 1992)




iIncluding 4

bi-armed
chromosomes = 58
autosomal
chromosome arms
+X,Y

Syncerus caffer (African Buffalo or Cape Buffalo), a
bovid from the family of the Bovineae




Male Syncerus

caffer QFH band
karyotype (left 2
chrs) with cattle

chrs to right

Gallagher &
Womak 1992




2n=31, X1 X2'Y
26 biarmed
chromosomes, three
acrocentric
chromosomes (inc.
X1), acrocentric X

and a biarmed Y
e e e

Tragelaphus strepsiceros or greater kudu



Figure 4. A male Trogelophus sirepsiceres ( greater kudu) QFH-band karyotype (2 = 31 ) consisting of 26 Blarmed autoaomes, three acrorentric auloaomes {one 1-:.:-1:1_1]
as X2}, an acrocentric X1_and a biarmed Y {the ancestral ¥ is fused 1o cattie equivalent autosome 13). The autosomal pairs are arranged and numbered {large numbers/
according to relative size. The domestic cow equivalent chromosomes are arranged o the right of the greater kudu autosomes and are numbered {small 'lum'ﬂl:-'-rl;;’lt
placed toward the telomeric ends of the domestic cow acrocentric auboscmes ) according to the Reading Conlerence {1980 standard, The banding pattern 0 _'li' p
chromosome 25 does not precisely mateh the region of kudu chromosome | 1o which we believe it is homologous, bul this placement is the only way we lound to ac '-“‘-"a
for cattbe 25 within the kudu karyotype. The greater kudu sexn chromosomes and equivalent cattle chromosomes are arranged fram left to right as X1 (greater kudu ancestr
37, catile X, greater Kudu ¥, greater kudu X2, and cattle autosome 13 White lines are positioned at the centromere of some chromosomes,
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2n=54, XY
three pairs
biarmed
~ Sheep Ovis aries chromosomes
60 autosomal
arms
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Bovidae Karyotype Evolution

2n ranges from 30 to 60 In different species
BUT:

Almost all have 58 autosomal chromosome
arms and two sex chromosomes

(Galagher & Womak 1992)




Almost all have 58 autosomal chromosome arms
and two sex chromosomes but 2n from 30 to 60

Chromosome arm homologies extensive BUT
nomologous biarmed chromosomes are rare

Reproductive isolation (and speciation) may
nave followed centric fusion

(Galagher & Womak 1992)
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Molecul) O WE SE
cytogenetic
analysis and
centromeric
satellite
organization of a
novel 8;11
translocation In
sheep: a possible
Intermediate in
biarmed
chromosome
evolution. 2003.
Chaves, Adega,
Wienberg, Guedes-
Pinto, Heslop-
Harrison







8;11

SATI| &

SAT II| *

SAT |
.

SAT I

chromosomes of
the sheep with
2n = 53, XY.

Chr (8;11), 2, 3,
1 are ordered
from the most
recent to the
postulated
evolutionarily
oldest
chromosome




showed the opposite configuration, not obviously
derived by a simple fusion. Chr 1 has lost the satellite |
hybridization patterns. The novel t(8;11) provides
strong evidence for an intermediate step Iin evolution
of the biarmed chromosomes Iin sheep.

SAT |
SAT I

- \/ \! \/
A A /) /\
[\ 8:11 2.3 1




S the number constant In a speC|eS.

Cattle 2n=60

but some Individuals have 2n=58
or 2n=59 because two
chromosomes fuse

Chromosomal evolution Is happening now
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The 1:29 fusion In cattle

Found in multiple breeds

Sometimes a founder effect (imported in one
bull — e.g. Brahman to Africa)

But present even in major breeds
Limited effect on fertility

Probably positively selected for a difficult-to-
score trait






Robertsonian Fusion
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2N an seatata?d. TN an sate t
Goat Metaphase

.\.:)

Probed with
Sheep Alpha

Satellite ~ gl g

Raquel Chaves
& HH 1998
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Complex satellite DNA reshuffing in the polymorphic t(1;29) Robertsonian translocation and evolutionarily
derivedchromosomes in cattle R. Chavesl, F. Adegal, J. S. Heslop-Harrison2,et al. 2003
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subfamily subfamily subfamily 1-714-satellite family | —Jm—+ subfamily

Caprinae Alcelaphinae Hippotraginae + Bovinae
. - tribe : . " : . " tribe tribe . .
tribe Caprini Aepycerotini tribe Alcelaphini tribe Hippotragini Reduncini | Tragelaphini tribe Bovini
p
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Hybridization of sheep (clone pOaKB9) and cattle (pBtKB5) DNA satellite |
probes to the X chromosome of most representative species listen in table
1. Bovinae subfamily shows only hybridization with the cattle satellite |
and only in the X chromosome’s centromeric regions of the tribe
Tragelaphini was there signal from the cattle satellite 1. Metaphases of

subfamilies Hippotraginae, Alcelaphinae and Caprinae show positive in situ
hybridization signals with both sheep and cattle satellite | probes.
However, only the X chromosome centromeric regions of the Tribes
Reduncml Hippotragini and Aepycerotini show positive in situ
hybrldlzatlon signals with both satellite probes
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Hippotraginae
Alcelaphinae Tragelaphus Wt \
Bovinae Caprinae strepsiceros
.. radiation of ..I

v the modern

' Bovidae tribes ' origin of 1.714 nasomaculatus

radiation of the modern origin of 1.714

15 mya Bovidae tribes

origin of 1.715

origin of 1.715
40-20 mya

o,

RN

!

Phylogenetic relationships and the primitive X chromosome inferred from chromosomal

— 40

and satellite DNA analysis in Bovidae Raquel Chavesl,*, Henrigue Guedes-Pintol and John S.




Bovidae — Family

Mammals
Order Artiodactyla (=Even-toed ungulates)
3 groups: the Suiformes (pigs, peccaries,
hippopotamuses), Tylopoda (camels, llamas) and

Ruminantia (cattle, goats, sheep, deer,
antelopes, giraffes)

9 families (13 tribes) including Bovidinae
« Family Bovidae
« C. 137 species
+ Last species (new genus) discovered in 1992

e e e



High-resolution comparative chromosome painting in the Arizona collared

peccary (Pecari tajacu, Tayassuidae): a comparison with the karyotype

of pig and sheep Filomena Adega, Raquel Chaves, Andrea Kofler, Paul R. Krausman, Julio
Masabanda, Johannes Wienberg & Henrigue Guedes-Pinto. Chromosome Research 2006
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hybrids involving various diploids
The A genome from Musa acuminata
The B genome from Musa balbisiana










dessert banana cultivar
2N=3x=33; AAA genomes
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Sequences which amplify through an RNA intermediate

309% to 50% of all the DNA!

BAC
MAd-—S6603

Mu=za acuminata clone MRd-S56E03

Gene Husa

MuS&BO3_01 FMUBEBO3_05 FMUS&BO3_09 FMuS&BO3_14 Mu3sBO3_19
o+ ] [ F O 1
unknown protein putative poluprotein putative centrozomin B putative crystallin, gamma B hypothetical protein
MuS&BO3_02 MusaBO3_11 Mu3&BO3_15
+— Oo— +—
putative OMA binding 7 transcription factor hupothetical protein putative OMA binding / transcription factor
MuS&BO3_03 FUSEBO3_07 MuSEaBO3_12
H - —H—4——0
unknown protein unknown protein putative 265 protease regulatory zubunit 4 homolog CTAT-hinding protein homol
FUSEBO3_0d FUSEBO3_13 FMuS&BO3_17
HH-I— | M
putative protein dimerization huypothetical protein putative 265 proteasze regulatory subuni

MuBEBOSE_05

+H——4 01

putative pol poluyprotein
FUSEBO3_08
+0

putative retrotranzposon dell-d6

MuSEB03_16
-

putative 265 protease regulatory zubunit 4 homolog
FuSEBO3_18

u_}

putative SETOEl-aszzociated protei
FUSEBOS_20
HI—

putative gag-pol po
MuSEED3_21
oL
putative copia ¢



homologous BACs (MBP_81C12 and MA4 82111)

MBP_81 ATAATTTTTTGACCTTCAACGAACACAAAGTCAACTTTATATTTGAAACGAAATGATCTTCCTTTCTAAAGGAAGAAGGCACCAAAAGCCAACACTTTGA

MA4_82 ATAATTTTTTGACGTTCAACGAACACAAAGTCAACTTTATATTTGAAACGAAATGATCTTCCTCTCTAAAGGAAGAAGGCACCAAAAGCCAACACTTTGA

MBP_81 CTAATAATAACAATAAAAAGGTTGTCTTTACGCTAAAATATTAAGTGAATCAAAGCTTCTTTTATAAGTTG —————————————— CAATGAAGACTTTAT

MA4_82 CTAATAATAACAATAAAAAGGTTGTCTTTACGCTAAAATATTAAGTGAATCAAAGTGCCATTAAACAATAGAGCTAACCACTGACCATTGATTTCTTAAA
MBP_81 GGCCATTA--AACAATA-CAGC-TAACCAC-~TGACCAT--~TGATTGCC-TAAAGTGCAATGGCATCATCATCATCATCATCATCGTGTTAACGAAGATG
MA4 82 C
MBP_81 T
MA4 82 T
MBP_81

MA4_82




Musa ornata
G H

(BB)

isiana
F G H

Musa balb

w
(m]
Q
(11]
g

e 3 & a3 8 ¢ o

1

Musa acuminata (AA)
2 3 4 5 6 7

8



o

I\/Iajor Repetitive
Seqguences

~ Tandem Repeats

~ Simple Segquence
Repeats

" Dispersed Repeats
"~ Functional Repeats

- Retroelements
Ssee Hansen & HH 2004



Double stranded DNA Is infective
Insect vector

Unexpected epidemiology
Appearance after cold or tissue culture

Glyn Harper & Roger Hull



Double-stranded DNA
ParaRetrovirus (Badnavirus)

CIMY0)



Mr 1 2 3 4 5 6 7

Mr
PCR (kb)
amplification
of BSV O =
from R
genomic  3°()-
DNA of
2.0-
Musa 16-
Primez:s:_..; — e e e e e
R e
,. Musa 0 1 2 3 4 5 6 7
Horieon & Hul 1990 primer BSV Sequence (kb)
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Sequences which amplify through an RNA intermediate

309% to 50% of all the DNA!

BAC
MAd-—S6603

Mu=za acuminata clone MRd-S56E03

Gene Husa

MuS&BO3_01 FMUBEBO3_05 FMUS&BO3_09 FMuS&BO3_14 Mu3sBO3_19
o+ ] [ F O 1
unknown protein putative poluprotein putative centrozomin B putative crystallin, gamma B hypothetical protein
MuS&BO3_02 MusaBO3_11 Mu3&BO3_15
+— Oo— +—
putative OMA binding 7 transcription factor hupothetical protein putative OMA binding / transcription factor
MuS&BO3_03 FUSEBO3_07 MuSEaBO3_12
H - —H—4——0
unknown protein unknown protein putative 265 protease regulatory zubunit 4 homolog CTAT-hinding protein homol
FUSEBO3_0d FUSEBO3_13 FMuS&BO3_17
HH-I— | M
putative protein dimerization huypothetical protein putative 265 proteasze regulatory subuni

MuBEBOSE_05

+H——4 01

putative pol poluyprotein
FUSEBO3_08
+0

putative retrotranzposon dell-d6

MuSEB03_16
-

putative 265 protease regulatory zubunit 4 homolog
FuSEBO3_18

u_}

putative SETOEl-aszzociated protei
FUSEBOS_20
HI—

putative gag-pol po
MuSEED3_21
oL
putative copia ¢



simple sequence repeats

h
SSR
e.g. GAGAGAGAGAGAGAGA
I RAPS Change number of repeats spontaneously
h
LTR Retrotransposon  LTR ¥17 uosodsuellonay

Inter-Retroef@mMent AmpHifiedirmgyin Tﬁﬁ@ms
DNA nsert all over the genome
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Ak
AATE
AAGE
ARG
AN
AZ30
AR
ARG
ANT
BE40
EB39
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EE4
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Malaysian Palm Oil Board
Alex Vershinin, Sybille Kubis,
Maria Madon, Xana Castilho,
Trude Schwarzacher
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McrBC

unusual restriction enzyme cutting between
methylated cytosine (MC) sites



Met
McrBC - shows substantial

reduction in methylation In
tissue culture lines

Cuts methylated DNA

Kubis, Castilho, Vershinin, HH 2003

Callus

LIS N

| Trees |n



Callus | Trees |n

McrBC digests probed with
gypsy clones

presentonlyin Nand T
lines

Similar with copia probe 1.6

1



Copia mMRNA is present
tissue culture

Analysis by RT-PCR

260bp product In
some lines

Rl e
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Phenotype Cause
Multiple abnormalities Chromosomal loss, deletion or
translocation

Gene mutation / base pair
changes

Telomere shortening
Retro)transposon insertion
Retrotransposon activation

SSR expansion
Methylation
(Male/Female) Heterochromatinization
Chromatin remodelling
Histone modification

Genetic changes
non-reverting

Changes seen, some reverting

Normal Differentiation

 — SRS T SRR -



Aegilops
ventricosa
45S rDNA
dpTal



(TTTAGGG)Nn ... N x 106s . y (TTTAGGG)N

/

__x ENSEI IR
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ranscription
and replication
factories
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A i "'_ L9
Millennium Development Goals
Goal 1 — Eradicate extreme poverty and hunger

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

Convention on Biodiversity (“Rio Convention”):

iInventory the worlds diversity

... heeds for agriculture: not the only reasons for genomics
Moral imperative 0 oy that ave in the world



Conventional Breeding

Cross the best with the best and hope for
something better

Superdomestication

Decide what i1s wanted and then plan how to get it
- variety crosses
- mutations

o e T e —



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.

(JULLLVELSILY, INUUEL laulcals
Pat Heslop-Harrison, University of

— > Leicester
s Ddmeres IXmvserrddla TTeszsroarcityr nfF






Threats to sustainability:

¢ Habitat destruction == =

¢ Climate change (abic')tic stresses)
¢ Diseasés (biotic-stresses)

¢ Changes in what people want

¢ Blindness 10 What IS happening
¢« Unwillingness to change



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

 — SRS T SRR -
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3.5

2.5

15

0.5

1961

1970

1980

1990

2000

2007

Maize

Human

Rice

Area

Wheat



year {millions)
2007

6,602
=1
6L2

Wheat a0y

Potatoes 322

Sugar beet 248 .

Cassava o All plant crops with >30M tons
Soybeans 216 -

0il palm fruit 192 annual production

Barley 1=26

Sweet potatoes 126

Tomatoes 126 . ‘
watermelans 53 excluding sugar cane and ‘other
Bananas 21 y

Seed cotton 73 Vegetables

Cabbages and other br: ag=]

Grapes G5

Sorghum a5

Onions, dry &<t People: WHO

Apples &

Oranges (m

Coconuts 5L

Yams Lz

Rapeseed 49 . .

Cucumbers and gherkin 45 Calorles are pretty Important -
Groundnuts, with shell a5 ( - c y -
Plantains 24 let them eat micronutrients’ Is
Mangoes, mangosteens a3

Eggplants {aubergines) 32 nOt the message

_Hi"Et 32“



year (millions)
1961
2,090

205
216

2007
&,60Z2

G52

Potatoes

Sugar beet

Cassava

Soybeans

0il palm fruit

Barley

Sweet potatoes
Tomatoes
Watermelons

Bananas

Seed cotton

Cabbages and other br:
Grapes

Sorghum

Onions, dry

Apples

Oranges

Coconuts

Yams

Rapeseed

Cucumbers and gherkin
Groundnuts, with shell
Plantains

Mangoes, mangosteens
Eggplants (aubergines)

—
HMillet

222
271
161
71l
27
14
=
93
258
15
21
27
23
43
41
14
17
16
24
=i

4
10
14
13
11
-
26

Go7
322
245
228
216
192
1=6
126
126
9=
g1
Va3
(=R
G5
65
=5
=5
=5
5L
52
49
45
35
34
33

a3z
32“



year (millions)

1961 2007 20071961

2,090 B,602 2.1

205 785 3.8

216 (=P 2.0

Wheat 222 a0v 2.7
Potatoes 271 322 1.2
Sugar beet 161 248 1.5
Cassava Fl 228 3.2
Soybeans =27 216 2.0
0Oil palm fruit 14 122 13,7
Barley e 126 1.9
Sweet potatoes Qg 126 1.2
Tomatoes 28 126 4.5
Watermelons 1= o3 5.2
Bananas 21 a1 3.9
Seed cotton 27 73 2.7
Cabbages and other br: 23 59 4.0
Grapes 43 (a]s] 1.5
Sorghum 41 65 1.6
Onions, dry 14 (Sl 4.6
Apples 17 (Sl 3.8
Oranges 16 (Sl 4.0
Coconuts 24 L= 2.3
Yams 2 L 6.5
Rapeseed 4 49 12.3
Cucumbers and gherkin 10 45 4.5
Groundnuts, with shell 14 a5 2.5
Plantains 1= 34 2.6
Mangoes, mangosteens 11 a3 3.0
Eggplants (aubergines) I az 4.6

-Hillet o5 a5 1.2 R —



year (millions)

item 1961 2007 20071961
0il palm fruit 14 192 12.7
Rapeseed < 40 12.3
Soybeans 27 216 2.0
Yams a2 L2 6.5
Watermelons 12 a3 5.2
Onions, dry 14 e 4.6
Eggplants {(aubergines) T 3z 4.6
Tomatoes 28 126 4.5
Cucumbers and gherkin 10 45 4.5
Oranges 15 S 4.0
Bananas 21 a1 3.9
Maize 205 7ak 3.8
Apples 17 (s 4.8
Cassava Tl 228 3.2
Rice, paddy 216 652 2.0
Cabbages and other br: 23 aa 3.0
Mangoes, mangosteens 11 a3 3.0
Wheat 222 aov 2.7
Seed cotton 27 73 2.7
Plantains 12 34 2.6
Groundnuts, with shell 14 25 2.5
Coconuts 24 L= 2.3
People 3,090 6,602 2.1
Barley e 126 1.9
Sorghum 41 G5 1.6
Sugar beet 1561 245 1.5
Grapes 43 GG 1.5
Sweet potatoes o5 126 1.3
Millet 26 3z 1.2
-]Putatues 271 322 1, | ————
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Chromosome Analysis and

% \ |%r Eytogenetics

at Heslop Harrison
phh4d@le.ac.uk

*‘, v WwWWw.molcyt.com
www.molecularcytogenetics.com
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