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Step-by-step protocol for ff-GISH
Chromosome preparations
1. Actively growing root meristems of all plants were harvested and pretreated with either colchicine (Prospero; 0.05% aqueous solution of colchicine for 4.5 hr at room temperature [Jang et al., 2013] or 8-hydroxyquinoline (Melampodium; 0.002M 8-hydroxyquinoline for 2.5 hr at room temperature and 2.5 hr at 4°C [Weiss-Schneeweiss et al., 2009]), fixed in 3 : 1 ethanol : acetic acid mixture, and stored at –20°C until use.
2. Chromosomal spreads for GISH were prepared by enzymatic digestion and squashing. Briefly, meristems were digested with cocktail of 1% cellulase Onozuka (Serva, Heidelberg, Germany), 1% cytohelicase (Sigma-Aldrich, Vienna, Austria), and 1% pectolyase (Sigma-Aldrich, Vienna, Austria) in citrate buffer (pH 4.8) at 37°C for 18 min for Prospero [Jang et al., 2013] or for 30 min for Melampodium [Weiss-Schneeweiss et al., 2012]. Quality of preparation was checked in phase contrast, cover slips were removed at −80°C and preparations were air-dried. 
DNA labeling
1. DNAs of putative parental genomes were used as probes (fig. 1). Total genomic DNAs from Prospero autumnale diploid cytotypes AA, B6B6, and B7B7 as well as Melampodium linearilobum (2x) and M. longipes (2x) were isolated using CTAB method [Doyle and Doyle, 1987] and sheared at 98°C for 5 min. 
2. Approximately 1 μg of genomic DNA of each cytotype was labeled with either digoxigenin or biotin using a nick translation kits (Roche, Vienna, Austria). The fragment length of the resulting probes was checked on the gel and was in average about 100 bp. 
3. Probes were purified via ethanol precipitation. Briefly, 3M sodium acetate (1/10 of the volume of the labelling reaction mix) and 96% ethanol (2.5 of volume of the labelling reaction mix) were added to the labelling reaction and left to precipitate at –20C overnight. DNA pellet was recovered by spinning down for 30 minutes at 14000 rpm at 4C, and subsequently washed in 100 l of 70% ethanol and in 100 µl of 96% ethanol, each step followed by spinning down for 30 minutes (14000 rpm) at room temperature. Pellet was dried for 1 hour at 37C and resuspended in 20 µl of sterile distilled water at room temperature for 2-3 hr. DNA probe concentration was adjusted with water to 50ng/l if necessary. Probes were stored at –20C.  

Genomic in situ hybridization (GISH)
1. Chromosome spreads were refixed in 3 : 1 ethanol : acetic acid mixture for 30 min, dehydrated in 96% ethanol for 30 min and air dried at room temperature for 1 hr.
2. Chromosome spreads were pretreated with RNAseA (100g/ml in 2xSSC) for 1 hr at 37°C and washed three times 5 min each in 2×SSC at room temperature. 
3. Wet slides were pretreated with pepsin solution (10g/ml in 0.01N HCl, pH 2.0) for 20 min at 37°C to remove cytoplasm and washed three times 5 min each in 2×SSC at room temperature. 
4. Preparation were refixed in 4% paraformaldehyde solution at room temperature for 5 min and washed in three changes of 2×SSC, 5 min each, at room temperature.
5. Preparations were dehydrated in ethanol series on ice (cold 70°C ethanol and cold 96% ethanol, each for 3 min) and air dried for 30-60 min.
6. The ff-GISH-hybridization mix was prepared and contained dextran sulfate (final concentration 10%; Sigma-Aldrich, Vienna, Austria), SSC buffer (final concentration 0.02×SSC), salmon sperm DNA (final concentration 1%; Sigma-Aldrich, Vienna, Austria), and 3–4 ng/µl of each of two labelled genomic DNA probes. 
7. ff-GISH-hybridization mix was denatured at 98°C for 5 minutes and stored for a few minutes on ice. 10 μl of hybridization mix (containing 30–40 ng of each of the labelled genomic probes) was applied to each slide and sealed under a coverslip. 
8. Combined denaturation of the chromosomes on the slide and hybridization mix was performed at 72°C for 4 minutes, and allowed gradually to cool down to 37°C (1 min at 65°C, 1 min at 55°C and 1 min at 45°C) on a PCR-in situ block (peqlab, Vienna, Austria). Hybridization was conducted for 10–24 hours (on average) at 37°C. 
9. Coverslips were removed in 2×SSC at room temperature. Stringent washes were performed three times in 2×SSC at 42°C (water bath), 3 min each. 
10. 50µl of blocking solution containing 5% bovine serum albumin (BSA; Sigma Aldrich, Vienna, Austria) and Tween20 in 2×SSC buffer was applied to each slide (slides are not allowed to dry) and incubated for 20 min at 37°C in wet chamber.
11. Subsequently, without any washing step, 50 µl of detection solution has been added to each slide and incubated for 1 hr at 37°C in wet chamber. Detection solution contained 1ng/µl FITC-conjugated antidigoxigenin (Roche, Vienna, Austria) for detecting digoxygenin and 3ng/µl Cy3-conjugated ExtraAvidin (Sigma-Aldrich, Vienna, Austria) for biotin detection in blocking solution. 
12. After detection, preparations were washed twice in 2×SSC and once in 2×SSC-0.5% Tween20 at 42°C, 3 min each. 
13. DNA was counterstained with 2 ng/µl DAPI (4’,6-diamidino-2-2phenylindole) included in Vectashield antifade medium (Vector Laboratories, Burlingame, CA, USA). Preparations were sealed under the coverslips and fluorescence was allowed to stabilize overnight at 4°C before examination. 
14. Preparations were analyzed with an AxioImager M2 epifluorescent microscope (Carl Zeiss, Vienna, Austra), images captured with a CCD camera and processed using AxioVision ver. 4.8 (Carl Zeiss, Vienna, Austria) using only those functions that apply equally to the entire of the image.
In order to reduce the effects of the strong hybridization of known satellite DNA repeats, which can negatively affect image acquisition (signal-to-noise ratio), unlabeled monomers of satellite DNA (in our case PaB6 in Prospero [Emadzade et al., 2014]) were added to the hybridization mix as blocking DNA in concentration 20× higher than that of the labeled probes (c. 600–800 ng per slide). 
