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Background and historyBackground and history
What is it?What is it?
What can it do?What can it do?

ApplicationsApplications
Examples from our labExamples from our lab

WheatWheat
BrassicaBrassica
Crocus Crocus 



Uses total genomic DNA as a probe Uses total genomic DNA as a probe 
for for in situ hybridization in situ hybridization toto
chromosomes and nucleichromosomes and nuclei
Identifies origin of chromatinIdentifies origin of chromatin

Parental origin of hybridsParental origin of hybrids
Auto or alloAuto or allo--polyploidypolyploidy

Alien chromatin in breeding linesAlien chromatin in breeding lines
Size and originSize and origin
Recipient chromosomeRecipient chromosome

Can be combined with other probes, Can be combined with other probes, 
most often repetitive DNA  probesmost often repetitive DNA  probes



Parental origin of hybrids
Auto or allo-poliploidy

Alien chromatin in breeding lines
Size and origin
Recipient chromosome

Meiosis and chromosome pairingMeiosis and chromosome pairing
Interphase cytogeneticsInterphase cytogenetics





Addition of unlabelled, 
cold  total genomic DNA 
to block common 
sequences between the 
parental genomes
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Triticae
Triticum, Aegilops, Hordeum, Haynaldia, Thinopyrum, 
Secale, Hystrix, Leymus, Agropyron, Elymus, Elytrigia 

Brachypodium

Oryza genomes

Zea mays

Pennesitum

Tripsacum

Saccharum 

Avena

Lolium and Festuca hybrids Festulpia

Eleusine

Alstroemeria 

Aloe

Lilium

Allium

Crocus

Tulipa

Musa genomes

Asteraceae
Dahlia

Chrysanthemum, Dendranthema and 
Argyranthemum 

Brassicaceae
Brassica species, alien and hybrids with 
Eruca, Orchyophragmus, Sinapis, Raphanus 
Brassica, Lesquerella fendleri, Arabidopsis 
species/hybrids 

Solanaceae
Solanum, potato, tomato

Fabaceae
Arachis

Medicago

Coffea arabica 

Gossypium 

Rubus 

Beta

Zingeria 

Setaria 

Phalaenopsis



Savidge (1960): alloallo--tetraploidtetraploid origin from C. stagnalis and  
C. cophocarpa (both 2n=10) 

Schotsman (1967): 
autoauto--tetraploidtetraploid from
C. cophocarpa

C. stagnalis 

Gornall, Johnson and Schwarzacher 2004

British Species







www.CrocusBank.orgwww.CrocusBank.org

http://www.crocusbank.org/


SaffronSaffron
Crocus sativa Crocus sativa 
2n=3x=242n=3x=24

CC.. cartwrightianus cartwrightianus greengreen

C. C. thomasii thomasii redred



Crocus sativus Crocus sativus PachytenePachytene

DAPI

Silver nitrate



Crocus sativus Crocus sativus PachytenePachytene

C. thomasii
C. hadriaticus

DAPI



Silver nitrate

pTa71 45S rDNA
C. cartwrightianus

Crocus sativus Crocus sativus PachytenePachytene



RapeseedRapeseed B. napusB. napus (AACC, 2n=4x=38) (AACC, 2n=4x=38) –– hybridized hybridized 
with Cwith C--genome CACTA element redgenome CACTA element red
B. oleracea B. oleracea (CC, 2n=2x=18)      (CC, 2n=2x=18)      B. rapa B. rapa (AA, 2n=2x=20)(AA, 2n=2x=20)

Genome Specificity of a CACTA (Genome Specificity of a CACTA (En/SpmEn/Spm) Transposon) Transposon

Pat Heslop-
Harrison
Karine Alix
Xianhong Ge



O. violaceus genomic DNA
DAPI

Xianghong Ge, Farah  Badakshi, Heslop‐Harrison and Schwarzacher 2010



DAPI, ASY‐1



DAPI, ASY‐1 O. violaceus genomic DNA
partly unpaired and partly paired with Brassica chromosomes



Alien gene transfer, alien 
recombinant chromosomes 

4



Total genomic DNA can be 
used as a probe to distinguish

Genomes in                     
sexual hybrids

Alien                       
chromosome             introgression

Additions 

Translocations

Used extensively in breeding 
programmes to introduce    desirable 
traits from wild species 



Rye DNA
pTa71-45S rDNA
4 major sites 1RS, 6BS
6 major sites 1RS, 1BS, 6BS

1BL.1RS

1DL.1RS



rye chromosome derivative 1R substitutes wheat chromosome 1D

DAPI Rye genomic DNA probe pTa71 (45s rDNA probe)

Forsström and Schwarzacher 2000



Derivative chromosome 1R of Lines 7Derivative chromosome 1R of Lines 7--102 and 7102 and 7--169169



Wheat 5AS.5RL at meiosis

Schwarzacher  1997



24  resistant  and  non‐resistant  sister  lines  from  six  different 
populations of wheat  lines  that potentially  include an alien 
chromosome  arm  from  Thinopyrum  intermedium  carrying 
WSMV resistance (Wsm‐1 gene)

Characterization of  new sources of  Characterization of  new sources of  
Wheat streak mosaic virus resistanceWheat streak mosaic virus resistance

WSMV resistant and susceptible lines in field trials

Bob Graybosch, USDA‐ARS, University of Nebraska, USA



WHEAT  WITH T4DL.4JSS 
TRANSLOCATION: 

Th. intermedium DNA-green
Afa Thin-red Niaz Ali



Niaz Ali, PhD thesis 2012



Niaz Ali

Thin DNA



Niaz Ali

The alien Thin fragment is not heavily methylated

5-Methyl CytosineThin DNA



Niaz Ali

The alien Thin fragment is not heavily methylated



DAPI, ASY‐1 
O. violaceus genomic DNA
Homozygous partly unpaired and partly 
paired with Brassica chromosomes

DAPI

pachytene

Ant 5MeCO. violaceus genomic DNA

Xianghong Ge, Farah  Badakshi, Heslop‐Harrison and Schwarzacher 2010

Increased DNA methylationIncreased DNA methylation



Parental origin of hybridsParental origin of hybrids
Auto or allo-poliploidy

Alien chromatin in breeding linesAlien chromatin in breeding lines
Size and origin
Recipient chromosome

Meiosis and chromosome pairingMeiosis and chromosome pairing
Interphase cytogeneticsInterphase cytogenetics

Understanding hybrid genomes
Chromosome behaviour 
Chromatin function



Collaborators and past 
members of the lab
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Thank you to members of the Thank you to members of the 
Molecular cytogenetics lab Molecular cytogenetics lab 
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