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In situ hybridization involves hybridization of DNA or RNA probes to the cytological preparations. The
technique originally used auto-radiographic labeling to map both repetitive and low copy DNA
sequences. The problem associated with this technique was its short half life, lack of safety and long
exposure time which hindered its widespread use in DNA hybridization. To overcome these problems,
non isotopic in situ hybridization was developed for use in animal and plant species. In the last decade,
the development of haptens and fluorochromes enabled simultaneous multicolored detection of
differentially labeled probes. Characterization of parental genomes in interspecific hybrids, restructured
chromosomes, gene mapping, detecting nature of chromosome pairing, establishing phylogenetic
relationship among the species and localizing introgressed segment have been successfully achieved

by fluorescence in situ hybridization.
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INTRODUCTION

In situ hybridization technique was developed by Gall and
Pardue (1969) and John et al. (1969). The technique
originally used auto-radiographic labeling to map both
repetitive and low copy DNA sequences. Although, it was
very sensitive but problems associated with this techni-
que include short half life, safety problem and long
exposure time which hindered its widespread use in DNA
hybridization. To overcome these problems, non isotopic
in situ hybridization was developed but its use was limited
to animal system. The non isotopic in situ hybridization
using biotin labeled DNA probes was first introduced in
plant species by Rayburn and Gill (1985). Biotin labeled
repetitive DNA sequences (120bp) of rye were used as
probe to mitotic chromosomes of Triticum aestivum and
double ditelosomic lines of B and D genome chromo-
somes and 4A of Chinese spring. The hybridization sites
occurred as brown bands on blue chromosomes. Based
on this color difference, the hybridization sites were
discriminated from the non-hybridization and Giemsa
staining bands. The hybridization pattern revealed that
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Chinese spring has 7B genome chromosomes and chro-
mosomes 4A, 2D and 5D are from the ditelosomic lines.
The technique was modified by using genomic in situ
hybridization (Durnam et al., 1985). Further progress in
this field, lead to the development of fluorescence in situ
hybridization (FISH).

In the last decade, FISH techniques have been refined,
especially with the development of haptens and
fluorochromes that enabled simultaneous multicolored
detection of differentially labeled probes. Many probes
labeling in fluorescent reagent had been developed and
are available for simultaneously detecting multiple target
sequences in different colors. Both total genomic DNA
and repetitive DNA sequences are being used as probes
in FISH. The repetitive DNA sequences had been used
as markers for the chromosomes and had been used for
the analysis of parental genomes, alien addition lines and
translocations. This method was mainly developed for the
area of human molecular cytogenetics in 1990.

The first application of FISH to plant cytogenetics was
the work of Leitch et al. (1991) on the simultaneous
detection and localization of repetitive DNA sequences in
rye chromosome. The two color FISH technique had been
applied to map repetitive DNA sequences on the



chromosomes of wheat (Leitch et al., 1991), tobacco
(Kenton et al., (1993), barley (Leitch and Harrison, 1993),
sugar beet (Schmidt et al., 1994), triticale (Cuadrado and
Jouve, 1994) and aegilops (Yamamoto and Mukai, 1995).

DETECTION OF HOMOEOLOGOUS PAIRING

Introduction of alien gene requires hybridization followed
by meiotic pairing and recombination between the chro-
mosomes of cultivated and wild species. Successful gene
transfer could be greatly facilitated, firstly by knowledge
of occurrence and frequency of chromosome pairing
(Miller et al., 1995), and secondly, through the identifi-
cation of the presence of alien chromatin in the recipient
progenies. The conventional technique for pairing analysis
may underestimate or overestimate the homologous
pairing. It is difficult to distinguish intergenomic and intra-
genomic chromosomes pairing by conventional meiotic
analysis (Begona et al., 1995). In situ hybridization using
genomic probe has been demonstrated to be an effective
technique for the detection of meiotic pairing. Le and
Armstrong (1991) showed that labeled chromosomes of
rye and unlabeled chromosomes of wheat can be observed
throughout all meiotic stages in the triticale. They used
1:1 ratio of biotin-labeled rye to unlabeled wheat DNA as
a blocking in the probe mixture. Begona et al. (1995)
analyzed triticale x tetraploid rye hybrid by genomic in
situ hybridization (GISH) and C banding. Total genomic
DNA of rye was used as labeled probe and DNA from
wheat was used as blocking DNA. The results obtained
revealed considerable difference between these techniques
with regard to their efficiency in detecting chromosome
pairing. The percentage of pollen mother cell containing
wheat/rye homologous association determined by C
banding and GISH was 2.5 and 9.2, respectively. This
indicated that a certain proportion of wheat/rye asso-
ciation was not identified by C banding. By contrast, three
types had been determined precisely by GISH. Abbasi et
al. (2009) reported for the first time the detection of
nature of chromosome pairing in Oryza by GISH.

IDENTIFICATION OF PARENTAL GENOMES IN WIDE-
CROSS DERIVATIVES

Characterization of parental genomes in interspecific
hybrids and restructured chromosomes is important for
precise transfer of alien chromatin to cultivated species.
In the analysis of parental genomes and to establish
relationship between species, both genomic DNA as a
probe or cloned repetitive DNA sequences were used.
Schwarzacher et al. (1989) was the first to demonstrate
the applicability of GISH in the identification of parental
genomes in an interspecific hybrid between Hordeum
chilense and Secale affricanum. Since then, this technique
has been used extensively for the characterization of
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parental chromosomes in interspecific hybrids. It is being
used for the elucidation of the ancestry of the hybrid and
the polyploidy. The technique involved the label genomic
DNA from the suggested ancestor as probe to the
cytological preparations from the species under investi-
gation. Based on the positive or negative hybridization
and hybridization strength, relationship was established.
GISH has been used for discriminating autopolyploid from
allopolyploid species (Bennett et al., 1992), discriminating
closely related genomes (Ananthawatt-Jonsson et al.,
1990), establishing the parental genomes of natural
amphiploids (Parokonny et al., 1992) and studying the
genomic organization and evolution of polyploidy species
(Chen and Armstrong, 1994; Orgaard and Heslop-
Harrison, 1994).

Mukai and Gill (1991) reported the detection of barley
chromatin added to wheat using 1:2 ratio of biotin labeled
genomic DNA of barley to block (unlabeled sheared)
DNA of wheat. The barley chromatin was shown as brow-
nish domain against bluish background in metaphase,
prophase and interphase. Three genomes had been
successfully identified in hexaploid wheat (Mukai et al.,
1993). The DNA from the progenitor of the A genome
(Triticul urartu) was labeled with biotin; while digoxigenin
labeled total genomic DNA of the diploid D genome
progenitor (Aegilops squarrosa) was used as probe. Non
labeled total genomic DNA of B genome progenitor (A.
speltoides) was used as blocking DNA in in situ hybridi-
zation to metaphase chromosome spread of T. aestivum;
Fluorescein and rhodamin were used for detection. Three
genomes A, B and D were simultaneously detected by
their yellow, brown and orange fluorescence, respec-
tively. It was also indicated that 32% of distilled part of
chromosome 4A was derived from B genome chromo-
some. Similarly, Thinopyrum bessarabicum chromosome
was identified in the hybrid T. aestivum x T. basserbicum
(Rayburn et al., 1993). Mujeeb et al. (1995) reported the
identification of alien chromosomes in several hybrids
and backcross derivatives such as Thinopyrum scirpeum
chromosomes in the T. scirpeumn x Secale cereale (F1)
and their BC1. Similarly, using total genomic DNA as a
probe in in situ hybridization, parental chromosomes
have been identified in several hybrids. Some examples
include identification of T. bessarabicum chromosomes in
T. aestivum x T. bessarabicum (F1) and in T. aestivum x
T. bessarabicum x S. cereale; Variabilis chromosomes in
T. aestivum x Anabaena variabilis (F1) and in T. aestivum
x A. varibilis x T. aestivum (BC1); Curvifolium chromo-
some in T. aestivum x Thinopyrum curvifolium x T.
aestivum (BC1); and Thinopyrum elongatum chromo-
somes in T. elongatum x T. aestivum (F1).

GISH has been used to identify the parental chromo-
somes in rice. The D genome chromosomes were
discriminated from C genome in Oryza latifolia. Similarly,
the C genome chromosomes were discriminated from B
genomes in Oryza minuta (Fukui et al. 1997). GISH is a
powerful | method for identifying alien addition and
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substitution lines. Restriction fragment length polymor-
phism (RFLP) analysis can identify the presence of
particular individual chromosome but whether they are
present as a pair or as a single chromosome cannot be
determined. Such a situation was confirmed by Jacobson
et al. (1995). Parental genomes were successfully dis-
criminated in F1 hybrid of Lolium multiflorum and Festuca
arundina using total genomic DNA as probe (Mizukami et
al., 1998).

DETERMINING SPECIES RELATIONSHIP

In situ hybridization using genomic DNA as probe to
related species gives information about the similarities of
the DNA of two different species. Such hybridization also
provides information about the physical distribution of
sequences that are common or different between the two
species. An integrated account of such data can be used
to support and develop theories about phylogenies,
hybridization and diversification of plant species. The
closer the two species, the greater would be the cross
hybridization. Genomic affinity was assessed between
Oryza sativa and Oryza brachyantha by using three
strategies: GISH, chromosome pairing and pollen/spikelet
sterility (Abbasi et al., 2010). No cross hybridization was
examined between these two genomes leading to the
conclusion that O. brachyantha and O. sativa are far
related. GISH was used to assess the genomic relation-
ship between O. sativa and Oryza australiensis (Abbasi
et al.,, 2010). No cross hybridization was examined
between the labeled genomic DNA of O. australiensis
and the chromosomes of O. sativa. Genomic divergence
has been investigated in Gibasis using GISH (Parakonny
et al., 1992). Despite the similarity of karyotype and close
taxanomic affinity of Gibasis karwinksyana and Gibasis
consobrina, probing with genomic DNA distinguished the
chromosomes and only the region proximal to each
nucleolus organizer was strongly conserved between the
chromosome sets. Similarly, the studies performed on
Avena (Katsiotis et al., 1997) revealed that there was no
apparent difference in the A and B genomes of this
species as thought earlier and suggested for their
clubbing together as A and A’. The difference between
genomes could be due to the difference in repetitive DNA
sequences. Almost half of the DNA in a genome may be
repetitive. The repetitive sequences may be dinucleotides,
tri, tetra, hexa or as many as 180 to 10,000 base pairs
(bp) or more like 18s and 5.8s rBRNA gene families
(Lavania, 1998). The distribution of these sequences may
be chromosome or species specific and these repetitive
sequences show variation between species. The repeti-
tive DNA sequences may be tandem repeats, that serve
as blocker and many copies could be dispersed through-
out the genome.

These repetitive DNA sequences have been used as
probe in situ hybridization to understand plant genome

organization, chromosome structure (Moor et al., 1993),
physical position of genes (Mukai et al., 1991) and
relative order of DNA sequences along the chromosome
arm (Leitch et al., 1991). The physical distribution of
highly conserved 5S, 5.85 and 25S rRNA gene loci on
the chromosomes are useful markers to examine
genome evolution and have been examined in several
species. Using rBRNA sequences as a probe in situ
hybridization on the Thinopyrum distichum chromo-
somes, the Distichum chromosomes were identified in 7
whole chromosome addition lines and on telosomic
addition lines (Fominaya et al., 1997). Using these
repeats as probe, it was suggested that Saccharum
officinarum and Saccharum robustum have one locus
and 10 chromosomes, while Saccharum spontaneum has
8 chromosomes (D’ hont et al., 1998).

There are many tandemly repetitive sequences that
may be genus specific or even unique to a particular
species. The physical distribution of such families, their
location, and copy number may help in differentiation of
various linkage groups of the chromosomes complement.
The tandemly repetitive sequences PSC119.2 (Mclntyre
et al., 1990) isolated from rye produces specific and dis-
trict banding pattern thus facilitating identification of all
the seven chromosome pairs.

The centromere plays an important role in the proper
segregation of chromosome during mitosis and meiosis
for equal distribution of genetic material to the next
generation. Many plants have cluster of highly repetitive
sequences at or near their centromere. Two different
repetitive sequences approximately the length of one
nucleosome have been characterized in the tetraploid
species Brassica napus and its diploid ancestral species
Brassica compestris and Brassica oleracea (Herrison and
Heslop-Harrison, 1995). A 745 bp repetitive DNA clone,
PSau3A9, has been isolated from sorghum (Sorghum
bicolor). This DNA element was located in the centro-
meric region of all the chromosomes and homologous to
this element which is present in other cereal including
rice, maize, wheat, barley, rye and oat as demonstrated
by FISH and the absence of such DNA sequences
homologous to PSau3A9 in dicot species suggested rapid
divergence of centromere related sequences when
compared with telomere related sequences in plant
(Jiang et al., 1996). Such sequences could be used as
important chromosome markers and also to understand
the pattern of changes during speciation.

The true telomere of angiosperm consists of a short
sequence TTTAGGG which was added to the ends of
chromosome by an enzyme telomerase. When this
sequence was used as probe in cereals, the probe hybri-
dized to the end of all the chromosomes (Schwarzacher
and Heslop-Harrison, 1991). Other repetitive DNA seg-
uences were located at sub-telomeric position and used
as markers for chromosomes. The FISH method was
applied to localize rice repeated sequences adjacent to
the telomeric region of chromosomes (Ohmido and Fukui,



1995).

Similarly, highly repetitive B chromosome specific seq-
uences had been isolated from carrier plant in certain
species such as Secale cereale and Brachycome
dichromosomatica (John et al., 1991; Leach et al., 1995)
and had been used in FISH based investigation to under-
stand the molecular organization of B chromosome and
their special arrangement during interphase.

LOCATION OF ALIEN INTROGRESSED SEGMENTS
ON CHROMOSOMES

Recent development in using FISH followed by signal
amplification have significantly enhanced the sensitivity of
the detection procedure allowing the detection of unique
DNA sequences in human and animal system. However,
these techniques have only been used to a limited extent
in genetic studies in plants and recent reports have either
used genomic DNA (Mukai et al., 1993) or repetitive DNA
sequences (Nkongolo et al., 1993). The ability to detect
smaller (around 2 kb) single or low copy number DNA
sequences is very important for physical mapping of plant
genomes. A great effort was made in several laboratories
to improve the sensitivity of the in situ hybridization tech-
niques for mapping low or single copy sequence such as
B. hordein locus to chromosome 5 of barley (Melody and
Karp, 1989) and chromosome 14 (Lehfer et al., 1993).
Alpha amylase 2 genes in barley were reported by Leitch
and Heslop-Harrison (1993). Location of 2.0 kb single low
copy DNA sequence have been reported by Haishui and
Quick (1995) on wheat and rye, and legumine gene in
pea (Simpson et al., 1988). The instability and non exp-
ression of the transgene is being studied by in situ
hybridization which identifies its physical location within
the genome. Such reports included localization of intro-
duced gene on the chromosomes of transgenic barley,
wheat and triticale (Pederson et al., 1997), tobacco
(Moscon et al., 1996) and rice (Abbasi et al., 2010).

CHARACTERIZATION OF TRANSLOCATION

Characterization of translocation includes the identifi-
cation of translocated chromosome, localization of break
point and estimation of the amount of the transferred
alien chromatin. Conventional techniques such as pairing
analysis may provide important information but are inade-
quate to characterize translocation. Banding techniques
are uninformative if alien chromosome segment lacks
diagnostic bands (Jiang et al., 1994). Lapitan et al. (1986)
were the first to successfully detect the break point of
wheat rye translocation by in situ hybridization using dis-
persed rye repetitive DNA sequences as probe. Wheat
alien translocation and their break points were clearly
identified by GISH (Le et al., 1989; Mukai and Gill, 1991).
Dispersed species specific repetitive DNA sequences
have been used to characterize wheat alien translocation
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(Rogosky et al., 1991). Heslop-Harrison et al. (1990)
characterized translocation in aneuploid wheat. When
labeled total genomic DNA as a probe was hybridized to
cytological preparation of wheat lines having translocated
segment, all the break points were found at or near the
centromere. The translocations were identified at all the
stages of the cell cycle.

Radiation induced wheat-rye chromosomes translocation
lines resistance to Hessian fly were analyzed by in situ
hybridization, using total genomic and highly repetitive
DNA probes. The bacterial artificial chromosomes (BAC)
with Sh2 gene from maize was used as probe in FISH
and localized the Sh2 gene on the chromosome 3 of
sorghum (Gomez et al., 1997). Similarly, Tang et al. (1997)
identified introgressed segment in tetrageneric hybrid
between Triticum, Avena, Thinopyrum and Secale which
conferred high resistance to leaf rust, stem rust, stripe
rust, powdery mildew and root rot of wheat. Genomic in
situ hybridization showed that introgressed segment has
originated from three wild related genera. The centro-
meric chromosomal segment have been identified in the
interphase nuclei of Arabidopsis by using different probe
combination including repeats of centromeric, telemetric,
YACs and Cosmid (Fransz et al., 1999). As reviewed
earlier, in situ hybridization can precisely establish rela-
tionship between species and identify introgressed
segment, and alien chromosomes in addition lines, detect
translocation and precisely locate break point under a
situation where RFLP cannot detect such chromosomal
aberration.
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