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Abstract
We used onion EST clones to develop DNA probes for in
situ hybridization. We produced DNA probes that carried out introns
to reduce background fluorescence. Tyramide-FISH technique was
used to increase the detection sensitivity of the small target DNA
sequences. Tyramide-FISH mapping of ESTs revealed hybridization
signals on onion chromosomes.
Through the integration of genetic and chromosomal maps
we were able to analyze the distribution of recombination events
along onion chromosomes. The highest recombination frequency
was found in the interstitial region. The recombination frequency
between the markers located in the proximal region was over 20
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times less than between markers located in the interstitial region.
Uneven distribution of recombination frequencies along the
chromosome has been reported by a large number of studies, such as
in wheat, barley, maize, and the Alliums.
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Introduction
Integrated genetic maps use data from classical and
molecular genetics and genomics. Integrated recombination and
physical maps have been created for several important crops. The
most direct way to integrate genetic and physical maps is to use
FISH to localize genetically mapped markers onto chromosomes.
Expressed sequence tags (ESTs) are attractive candidates for
chromosomal gene mapping because they possesses protein-coding
sequences and often do not contain dispersed repetitive DNA
sequences that may complicate FISH signals. Numerous approaches
have been tried to reliably detect shorter single-copy DNA sequences
on plant chromosomes [1]. One of these approaches is based on
peroxidase-mediated deposition of fluorochrome-labeled tyramides
onto plant chromosomes [2]. The Tyramide-FISH technique
combines the advantage of an enzymatic procedure that provides
signal amplification due to the deposition of many substrate
molecules, with that of fluorescence-based detection which has
higher absorbency than that used in enzymatic detection [3; 4].
Tyramide-FISH method has been applied to plant cytogenetics and
revealed the positions of T-DNA inserts as small as 710 bp on
condensed metaphase chromosomes of transgenic shallots [2].
!
Materials and Methods
Plant material and chromosome preparation
Seeds of onion variety ‘Khalcedon’ were germinated on
moist filter paper for 72 hours at 25° C. For cell cycle
synchronization, the seedlings were incubated in 0.75 mM
hydroxyurea for 24 hours at 25 ° C and then transferred to water for
4 hours at 25 ° C. For metaphase arresting, the seedlings were treated
in a chamber with nitrous oxide for 2 hours. The seedlings were
fixed in ethanol : acetic acid (3:1) at room temperature for 30
minutes and stored overnight at - 20 ° C. Preparation of
chromosomes slides were performed as described by Kirov et al. [5].
DNA probes and labeling.
Synthesis and cloning of onion cDNAs and genetic mapping
as RFLPs have been described by King et al. [6]. Plasmid DNA
isolation was performed by GeneJET Plasmid Miniprep Kit
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(Fermentas, USA). DNA labeling was performed by nick translation
with plasmid DNA using DIG-Nick Translation Mix (Roche,
Germany).
Fluorescence in situ hybridization (Tyramide-FISH).
Pre-hybridization treatment and hybridizations were
performed as described by Kuipers et al. [7]. Tyramide-detection
was performed as described by Khrustaleva and Kik [2] modified by
the use of 0.01% HCl for 8 minutes to inactivate endogenous
peroxidase.
Microscopy and image analysis.
Chromosome preparations were viewed by a Zeiss
AxioImager M1 microscope with filters to detect DAPI and FITC,
ultraviolet lamp HBO 100 W, and digital camera AxioCam.
Multichannel fluorescence recording, images processing for
brightness/contrast and color settings were performed by the
program AxioVision v.4.6. The chromosome morphometric analysis
was performed by the program MicroMeasure version 3.2.
Results
EST-clone mapping
The insert size of EST-clones was from 750 bp to 3000 bp.
Tyramide-FISH of the EST clones revealed hybridization signals on
different onion chromosomes.
Relationship between genetic and physical distances on
onion chromosome 5
Through the integration of physical positions of genetic
markers we were able to estimate the relationship between genetic
and physical distances along onion chromosomes. The average
degree of compaction of an onion chromosome has been estimated at
approximately 250 Mb/µm [2]. Different regions corresponds from
high to low frequency of recombination.
Discussion
We demonstrated the efficacy of chromosomal in situ
mapping of ESTs for the extremely large genome of onion. We were
able to visualize relatively small target DNA sequences on
compacted onion metaphase chromosomes. Unlike genetic mapping,
chromosomal mapping reveals the physical location of markers on
chromosomes. However with chromosomal mapping it is not
possible to distinguish between two sequences that have more than
80% homology; while genetic markers like SNPs may differ for only
one nucleotide and can be genetically mapped.
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The relationship between genetic and physical distance for
the entire onion genome, based on a genome size of 16,415 Mb and a
genetic map of 1,907 cM [8], is about 8.6 Mb/cM. This is a large
average physical distance per centimorgan as compared to other
species such as wheat (5.5 Mb/cM) [9], rice (244 kb/cM) [10], or
tomato (750 kb/cM) [11].
Combination of bioinformatics resources and TyramideFISH mapping, integration of the physical and genetic maps will aid
in the map-based cloning of genes conditioning important traits. Also
the results of this work may assist in future sequencing of the onion
genome.
Acknowledgements
The reported study was supported partly by RFBR (research
project № 16-04-01747 A), and partly by the Grants Council (under
RF President) for State Aid of Young Scientists (research project №
МК-6066.2016.11)
References:
[1] Figueroa, D.M., and Bass, H.W. 2010. A Historical and
Modern Perspective on Plant Cytogenetics. Briefings Funct.
Genomics
Proteomics.
9(2):95–102.
doi:10.1093/bfgp/elp058.
[2] Khrustaleva, L.I., and Kik, C. 2001. Localization of singlecopy T-DNA insertion in transgenic shallots (Allium cepa)
by using ultra-sensitive FISH with tyramide signal
amplification. Plant J. 25(6):699–707. doi:10.1046/j.1365313x.2001.00995.x.
[3] Bobrow, M.N., Harris, T.D., Shaughnessy, K.J., and Litt,
G.J. 1989. Catalyzed reporter deposition, a novel method of
signal amplification. Application to immunoassays. J.
Immunol. Methods. 125(1–2): 279–285. doi:10.1016/00221759(89)90104-X.
[4] Raap, A., Van De Corput, M., Vervenne, R., Van Gijlswijk,
R., Tanke, H., and Wiegant, J. 1995. Ultra-sensitive FISH
using peroxidase-mediated deposition of biotin- or
fluorochrome-tyramides. Hum. Mol. Genet. 4(4):529–534.
doi:10.1093/hmg/4.4.529.
[5] Kirov, I., Divashuk, M., Van Laere, K., Soloviev, A.,
Khrustaleva, L. 2014. An easy ‘‘SteamDrop’’ method for
high quality plant chromosome preparation. Molecular
Cytogenetics. 7(1):21. doi:10.1186/1755-8166-7-21.

78

Recent trend in Science and Technology management #2 2016

[6] King, J.J., Bradeen, J.M., Bark, O., McCallum, J.A., and
Havey, M.J. 1998. A low-density genetic map of onion
reveals a role for tandem duplication in the evolution of an
extremely large diploid genome. Theor. Appl. Genet.
96(1):52–62. doi:10.1007/s001220050708.
[7] Kuipers, G.J., Van Os, D.P.M., De Jong, J.H., and
Ramanna, M.S. 1997. Molecular cytogenetics of
Alstroemeria: identification of parental genomes in
interspecific hybrids and characterization of repetitive DNA
families in constitutive heterochromatin. Chromosome Res.
5(1):31–39. PMID:9088641.
[8] Martin, W.J., McCallum, J., Shigyo, M., Jakse, J., Kuhl, J.
C., Yamane, N., et al. 2005. Genetic mapping of expressed
sequences in onion and in silico comparisons show scant
colinearity with rice. Mol. Genet. Genomics. 274(3):197–
204. doi:10.1007/s00438-005-0007-6.
[9] Stein, N., Feuillet, C., Wicker, T., Schlagenhauf, E., and
Keller, B. 2000. Subgenome chromosome walking in
wheat: A 450-kb physical contig in Triticum monococcum
L. spans the Lr10 resistance locus in hexaploid wheat
(Triticum aestivum L.). Proc. Natl. Acad. Sci. U. S. A.
97(24):13436–13441. doi:10.1073/pnas.230361597.
[10] Chen, M., Presting, G., Barbazuk, W.B., Goicoecheaa, J.L.,
Blackmona, B., Fanga, G., et al. 2002. An integrated
physical and genetic map of the rice genome. The Plant
Cell. 14(3):537–545. doi:10.1105/tpc.010485.
[11] Tanksley, S.D., Ganal, M.W., Prince, J.P., de Vicente,
M.C., Bonierbale, M.W., Broun, P., et al. 1992. High
density molecular linkage maps of the tomato and potato
genomes. Genetics. 132(4):1141–1160. PMID:1360934.

79

