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Abstract: The technique of chromosome microdissection and microcloning has been developed for more than 20 years. 

As a bridge between cytogenetics and molecular genetics, it leads to a number of applications: chromosome painting 

probe isolation, genetic linkage map and physical map construction, and expressed sequence tags generation. During those 

20 years, this technique has not only been benefited from other technological advances but also cross-fertilized with other 

techniques. Today, it becomes a practicality with extensive uses. The purpose of this article is to review the development 

of this technique and its application in the field of genomic research. Moreover, a new method of generating ESTs of spe-

cific chromosomes developed by our lab is introduced. By using this method, the technique of chromosome microdissec-

tion and microcloning would be more valuable in the advancement of genomic research. 
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1. THE BRIEF HISTORY OF CHROMOSOME MI-

CRODISSECTION AND MICROCLONING 

1.1. Chromosome Recognition-- the Prerequisite of this 
Technique 

 Scalenghe et al. (1981) were the first to develop the 
chromosome microdissection and microcloning technique. 
They used this technique to generate DNA from individual 
bands of Drosophila melanogaster polytene chromosomes 
and obtained 80 clones [61]. This technique was then applied 
to mouse to obtain 212 microclones from the proximal half 
of chromosome 17 containing the t-complex [56]. Then, it 
was extended to human chromosomes [3]. However, at that 
time, studies were mainly focusing on some chromosomes 
that are easily identifiable by their configuration, such as the 
X chromosome of mouse [5] and chromosome 2 of human 
[3]. After the advent of G-banding technique, which makes 
the identification of human and animal chromosomes easier, 
and PCR technique, the chromosome microdissection and 
microcloning technique was extensively used in human and 
animal genomics research [38, 46, 47, 49, 74, 75]. 

 To microdissect chromosomes in plant is more difficult 
than in human, because chromosome preparation is more 
difficult in plant. The chromosome microdissection and mi-
crocloning technique was applied to isolate B-chromosome 
DNA from rye in 1991 [58]. It was the first case that this 
method was used on plant chromosomes. However, work has 
been limited to chromosomes that are easy to identify, such 
as the satellite chromosomes [11, 33, 80-82], the largest or 
the smallest chromosome, and B chromosome [27]. Chromo-
somes in cytogenetic stocks that can be easily distinguished  
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were used for chromosome microdissection, such as telo-
chromosomes [43, 44], addition lines [37, 65, 22, 34, 35], 
and reconstructed translocation chromosomes. 

1.2. Benefited from other Techniques 

 Chromosome microdissection and microcloning has been 
benefited from technological advances and coupling with 
other techniques, which further improved its application. 

 In the microdissection and microcloning technique, the 
chromosome was initially dissected with glass microneedles 
under an inverted microscopy [61]. Even for an expert, it is 
difficult to dissect and collect a large numbers of chromo-
some fragments from the same region. Monajembashi et al. 
(1986) developed a method to dissect target chromosomes by 
using laser microbeam [51]. The equipment they used is 
mainly composed of argon-ion laser power supply, micro-
computer and an invert microscope. Even though the inten-
sity and the position of the laser beam were controlled by a 
microcomputer, the collection of the target region is still a 
difficult step for the operators. In our lab, these two methods 
were combined together. Firstly, we use the laser beam to 
dissect the targeted region of chromosomes, and then, the 
glass microneedle was used to collect the targeted regions 
[72]. Flow cytometry (FCM) has been applied to the vast 
field of cytogenetics research through adaptation to the ob-
servation of isolated chromosomes since 1975 [50]. Flow 
cytometry, while successful in isolating some of the larger 
chromosomes was clearly limited in its sensitivity for isolat-
ing the smaller ones. In order to isolate one special chromo-
some, Griffin et al. (1999) combined the two approaches 
(flow cytometry and microdissection) and successfully col-
lected the targeted chromosome of chicken [20]. 

 From glass microneedle to laser microbeam, and then 
flow cytometric technology, chromosome microdissection 
method had undergone changes from manual operation to 
computer driven manipulation. As a result, both the rate and 
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precision of chromosome isolation are improved. Moreover, 
these dissection techniques have complementary advantages. 

 The earliest chromosome microcloning [61] was a kind 
of direct cloning of the dissected chromosomal material in a 
nanoliter microdrop contained in an oil chamber. A very 
large number of dissected chromosome fragments had to be 
used and a relatively low cloning efficiency was attained. 
However, the introduction of PCR technology to the micro-
cloning protocols has brought a substantial improvement in 
cloning efficiency [46]. From that on, the number of dis-
sected chromosome fragments needed was significantly re-
duced, and two new microcloning methods were developed 
based on PCR technology: (1) Adaptor mediated PCR (LA-
PCR) [59, 60]; (2) Degenerated oligonuleotide-primed-PCR 
(DOP-PCR) [67]. 

 With the LA-PCR method, all the enzymatic manipula-
tions of the dissected chromosomes, including PCR, can be 
easily performed in a single 0.5 ml tube by simply adding the 
appropriate components for each subsequent step. It avoids 
the complex micromanipulation in a microchamber and can 
generate much larger fragments—the average length is about 
300-2,000 bps [28, 80]. Using this method, Chen and Arm-
strong (1995) constructed a single chromosome (less than 
0.4 pg) library, potentially comprising of 500,000 recombi-
nant clones [8]. 

 The DOP-PCR technique, which is rapid, efficient, and 
species-independent, is designed to amplify target DNAs at 
frequently occurring priming sites using the primer of par-
tially degenerate sequence, without restrictions imposed by 
the complexity or the origin of DNA. As an important 
method of microcloning, DOP-PCR overcomes the problems 
of regional bias and species dependence seen within LA-
PCR. It is a simple PCR technique involving multiple loci 
priming, which allows a more general amplification than 
LA-PCR. 

 The combination of improved micromanipulation meth-
ods and PCR technology has enabled scientists to dissect 
specific chromosomes or chromosomal regions both accu-
rately and frequently, thus, improving the efficiency of this 
technique. 

2. THE APPLICATIONS OF CHROMOSOME MI-
CRODISSECTION AND MICROCLONING IN GE-

NOMIC RESEARCH 

 Chromosomal microdissection and microcloning pro-
vides a direct approach for isolating DNA from any cytoge-
netically recognizable region of a chromosome. The isolated 
DNA can be used for genomic research including (1) genetic 
linkage map and physical map construction, (2) generation 
of probes for chromosome painting, and (3) generation of 
chromosome specific expressed sequence tags libraries. 

2.1. Providing Probes for Genetic Linkage Map and 
Physical Map Construction 

 Despite the rapid progress in gene mapping in recent 
years, there are still large areas of the genome for which 
markers are sparse or which are completely unmapped. Di-
rect chromosomal microdissection and microcloning is a 
rapid technique for providing probes for such areas. The 

clones of specific chromosomes libraries can be used in con-
junction with existing markers to construct a fine genetic 
linkage map and physical map, providing a gateway for un-
derstanding of chromosome structure and organization of a 
specific region of the genome. 

 Combined with chromosome walking, chromosome re-
gion-specific physical map can be constructed by using 
chromosomes or chromosome fragments library to select 
cosmid library yeast artificial chromosome (YAC) and bac-
terial artificial chromosome (BAC). Moreover, microdissect 
DNA clones can be transformed to sequence tagging sites 
(STS), then the STSs are used to select cosmid library, YAC 
or BAC for eventually drawing a physical map [33]. 

2.2. Generation of Chromosome Painting Probes 

 Fluorescence in situ hybridization (FISH) plays an essen-
tial role in research and clinical diagnostics. The versatility 
and resolution of FISH depends critically on the probe set 
used [68]. The probes usually generate from the clones of 
cosmid library, yeast artificial chromosome (YAC) and bac-
terial artificial chromosome (BAC). Microdissect DNA 
clones are also the source of chromosome painting probes, 
particularly in the research of human genome. The technique 
that combines chromosome microdissection and chromo-
some painting is named micro-FISH [12, 49, 21]. As one of 
the important applications of chromosome microdissection, 
micro-FISH can be used to identify the reliability of the ori-
gin of microdissect DNA [65, 70, 80]. On the other hand, 
micro-FISH is an important tool for other research, such as 
chromosome construction aberration, chromosome origin 
identification and comparative analysis of genomes [18]. 
More and more chromosomal sites in the human genome 
have been identified as primary lesions in specific genetic 
diseases or cancers, such as the 4p16.1 for Huntington’s dis-
ease, 22q11 for cat eye syndrome, 3p14-p23 in small-cell 
lung cancer and so on. Isolating the sequences from human 
chromosomal regions associated with specific genetic dis-
eases or cancers to understand disease related genes is the 
prevalent approach in latest clinical research. Arens et al. 
(2004) microdissected the GTG band of the aberrant chro-
mosome as the chromosome painting probes that identified 
the inter-translocation and the breakpoint of the chromosome 
of a large family with an unbalanced insertion translocation 
(3; 5)(q25.3; q22.1q31.3) [2]. Vermeesch et al. (2005) 
showed the feasibility of using microdissected chromosomes 
or chromosomal fragments to molecularly map the chromo-
somal breakpoints on array Comparative Genomic Hybridi-
zation (CGH) [71]. To study the behavior of genes confer-
ring drug resistance of cancer lines, Mahjoubi et al. (2006) 
isolated the genes residing in a homogeneously staining re-
gion (HSR) in drug-resistant cell sublines. The isolated se-
quence provided a resource for future investigations in 
searching for novel genes contributing to drug resistance 
[48]. 

 For comparative genome analysis, Rubes et al. (2005) 
microdissected the target chromosome segments from human 
X chromosome to be used as the painting probes and then in 
situ hybridized to the bovine X chromosome to assess evolu-
tionary conservation between the human and bovine X 
chromosomes [57]. 
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 ‘Chromosome painting’ in plants is relatively underde-
veloped, because of the large genomes and large quantity of 
homologous sequences shared among chromosomes. Using 
microdissected plant chromosome DNA, there are many ad-
vantages to paint chromosomes from various plant species 
with large genomes, such as barley [17, 62], wheat [70], Vi-
cia faba [76], and Secale cereale [80]. However, no specific 
paintings of chromosomes were observed. The painting 
probes were obtained only from B chromosomes [25, 26] 
and Y chromosome [64], because of the abundance of chro-
mosome specific repetitive sequences. 

2.3. Generating Ests of Specific Chromosomes 

 Expressed sequence tags (ESTs) are short (200-500) base 
pair “single pass” sequencing reads derived from both 3’ and 
5’ end of cDNA clones selected at random. The ESTs give 
important information about its coding content and expres-
sion patterns in different tissues and organs of organisms at 
different developmental stages and environments. That is 
why partial cDNA sequencing to generate ESTs is being 
used at present for the fast and efficient profiling of gene 
expression in various tissues, cell types, or developmental 
stages. If the ESTs could be isolated from those specific 
chromosomes and specific chromosome regions directly, it 
would be easier to study and isolate those genes. Analysis of 
ESTs constitutes a useful approach for gene identification 
and gaining ESTs from cDNA libraries is the normal 
method. However, the dataset is huge and highly redundant, 
and it is difficult to identify the chromosome specific ESTs 
from cDNA libraries. Several methods to isolate chromo-
some specific and chromosome region specific expressed 
sequences had been developed, mainly including (1) restric-
tion enzyme mapping of CpG islands [4]; (2) exon trapping 
[6, 13, 41]; (3) direct selection; (4) Hybrid selection and (5) 
Microdissection-mediated cDNA capture. First two of them, 
however, are labor-intensive and technically complex. Here 
we will discuss only the last three methods that are being 
used frequently in recent years. 

Direct Selection 

 The generation of a regionally specific genomic library is 
one approach to obtain regionally defined expressed se-
quences. Such libraries may be constructed by microdissec-
tion of small chromosome fragments [46 47 74]. cDNA 
clones derived from the target region can be obtained by 
screening cDNA libraries using pools of region-specific ge-
nomic clones as probes. Yokoi et al. (1994) used this method 
to obtain the expressed sequences from the terminal portion 
of human Xq chromosome [73]. 

Hybrid Selection 

 Su et al. (1994) developed a technique that could rapidly 
generate chromosome-region-specific cDNA. Chromosome 
microdissection and hybrid selection was combined together 
in this technique to generate the chromosome-region-specific 
cDNAs. Firstly, DOP-PCR was used to amplify microdissec-
tion chromosome fragments. And then, the denatured ampli-
fied DNA was immobilized on a nylon membrane. The 
membrane was used to capture cDNAs by either DNA-
cDNA hybridization or DNA-RNA-cDNA hybridization. At 
last, the captured cDNA was amplified by PCR after a strin-

gent washing. Using this method, Su et al. (1994) success-
fully isolated cDNAs transcribed from a 12qHSR of human 
chromosome that did not require the genomic cloning and 
characterization of an amplicon [66]. 

Microdissection-Mediated CDNA Capture 

 This is a good method for the enrichment of ESTs of the 
specific chromosomes or chromosome fragments [19, 39]. 
cDNA is ligated with adaptors and then hybridized with 
chromosome spreads on coverslips. After washing off the 
unhybridized cDNA, the targeted chromosomes or chromo-
some fragments are dissected by micromanipulation. Then, 
the microdissect DNA is amplified using the adaptor prim-
ers. 

A New Method of Ests Selection may be more Efficient -- 
Hybrid Suppressive Amplification Selection 

 It is a new potential approach developed by our lab to 
rapidly generate ESTs from a specific chromosome or even a 
chromosome-specific-region (paper in preparation). We 
combine chromosome microdissection method and hybrid 
suppressive amplification (HSA) technique [42], to yield the 
homologous sequences between microdissected DNA and 
cDNA. After degenerated oligonuleotide primed PCR (DOP-
PCR) or linker adaptor PCR (LA-PCR) of microdissected 
single chromosome, amplified microdissect DNA and cDNA 
are digested and linked with two kinds of adaptors, respec-
tively. The two samples were mixed and annealed together 
for hours. Finally, a two-step PCR amplification is per-
formed to select the hybridized fraction of the samples: Only 
the hybridized double strand sequences, which came from 
different samples with different adaptors, could be exponen-
tially amplified. Using this method, we got rye chromosome 
1R, wheat chromosome 7AL, 7BL and 7DL ESTs libraries 
(papers in preparation). 

3. THE INTRACTABLE PROBLEMS OF CHROMO-

SOME MICRODISSECTION AND MICROCLONING 

 Every technology has its own problems and limitations. 
Chromosome microdissection and microcloning cannot be an 
exception. 

3.1. Acid Treatment Leads to Depurination 

 One of the major concerns for the successful application 
of chromosome microdissection and microcloning technique 
was the extensive depurination of the chromosomal DNA 
caused by acid treatment during the sample fixation in chro-
mosome preparation [14]. At present, depurination had been 
reduced or avoided by improving the chromosome prepara-
tion procedure [27, 28]. 

3.2. Contamination 

 PCR-mediated cloning of microdissected chromosome 
DNA made chromosome microdissection and microcloning 
more practicable. However, it is difficult to completely avoid 
the DNA contamination from cytoplasm and foreign species 
[29]. The amplification of non-target DNA will greatly affect 
the quality of chromosome-specific DNA libraries. Tradi-
tionally, the microdissection and microcloning steps should 
be carried out under the sterile condition as far as possible in 
order to effectively avoid the contamination from extraneous 
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source DNA. The microdissection tools, the sterile water, 
enzyme mixture, the adaptor and the staining fluid should be 
filtered or treated under the ultraviolet light more than 
30min. Furthermore, the serious negative control (without 
chromosome DNA) is needed during the PCR procedures in 
order to monitor the potential problem of DNA contamina-
tion. The more chromosomes are microdissected, the more 
chance of contamination will be. Although flow cytometry 
can isolate more target chromosomes at one time, it may 
result in contamination from non-target chromosomes be-
cause of its sensitivity limitation. Contamination could be 
reduced if only one microdissected chromosome or chromo-
some fragment is used to obtain microdissected chromosome 
DNA due to shortened manipulation time. For avoiding the 
contamination, Hu et al. (2003) described a procedure to 
microdissect the target chromosome in a drop of 50% etha-
nol. Because the surface tension of 50% ethanol is weaker 
than that of water, the microdissected chromosome can be 
adhered to the tip of the glass needle without any cytoplasm, 
and it will not fall into the drop when the tip of glass needle 
is removed from the drop surface [29]. 

4. CHROMOSOME MICRODISSECTION AND MI-
CROCLONING THECHNIQUE: THE FUTURE 

 As described above, chromosome microdissection and 
microcloning technique has been widely used in genomics 
research. However, it still needs to be improved for wider 
use in genomic research, especially for important allopoly-
ploid crops such as wheat (6X=42, AABBDD). Due to inter-
ference of sequences on homoeologous chromosomes in 
complicated allopolyploid genome, at present there is no 
way to sequence the allopolyploid genome, even one chro-
mosome of the genome. A direct approach to resolving this 
problem is to establish chromosome-specific DNA libraries 
using chromosome microdissection and microcloning. How-
ever, the present state of microdissection and microcloning 
technique cannot meet the needs for sequencing the complete 
specific chromosome DNA due to low coverage and small 
size of inserted DNA fragments. But the combination of mi-
crodissection and microcloning with a recently developed 
technique, pclone, could be a potential way to solve the 
above-mentioned problems. Zhang et al. (2006) reported a 
polymerase clone (pclone) method, which is a sequencing 
strategy that eliminates culturing of microorganisms by us-
ing real-time isothermal amplification to form pclones from 
the DNA of single cell. They reported that the single cell E. 
coli library had 96.2% coverage of the genome. By using 
phi29 polymerase and the N6 primer, the pclones lead to less 
amplification bias and larger insert fragment size [77]. This 
method could be used in conjunction with chromosome mi-
crocloning technique. To construct a high specificity, high 
coverage and low bias library with larger insert fragments, 
we only need single chromosome DNA. The coupling of 
chromosome microdissection and microcloning techniques 
with the pclone method could be an efficient strategy for 
sequencing a specific chromosome in plants and animals 
with complex genomics. 
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