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Abstract  

Genomic instability resulting in multiple molecular events believed to be a driving 

force in the carcinogenic process. In this study, the random amplified polymorphic 

DNA (RAPD) technique, a simple polymerase chain reaction (PCR) based DNA 

polymorphism assay system was used for analyzes genomic instability in blood and 

tissues obtained from five breast cancer patients. DNAs from breast cancer tissues 

and corresponding DNAs from blood samples were amplified by RAPD with five 

different 10-bases arbitrary primers. The ability to detect genomic instability in five 

cancer tissues by each single primer ranged from 60 to 100 percent. Samples 3, and 

4 represented the highest genomic instability since it detected by all primers used. 

Changes in the genome that were revealed by RAPD included deletion or insertion, 

and allelic losses or gains. The most important finding that emerged from the RAPD 

analysis, is that deletion was also observed in blood DNAs which revealed by the 

absence of amplified DNA fragments from blood DNAs, while the corresponding 

fragments were present in the tumor DNA. Our results display that an insertion of a 

468bp amplified fragment was observed in 3 of 5 tumor samples (two fragments 

using primer OPA-03 and the third fragment  using primer OPA-10) whereas, the 

same 468bp amplified fragment was deleted  in 2 of 5 blood samples one using the 

primer OPA-03 and the second fragment using primer OPA-13. Genomic instability 

analyzed by RAPD is important to understand the molecular events in breast 

cancer.   

 انًسزخهص

عًهٛخ انزسشطٍ . فٙ ْزِ  حذاس خضٚئٛخ يزعذدح ٚعزقذ أَٓب انقٕح انًحشكخ فٙآدُٛٙ إنٗ ًٚؤد٘ عذو انثجبد ان

خشٖ انزحش٘ عٍ عذو انثجبد انًدُٛٙ فٙ دَب خًس عُٛبد يأخٕرح يٍ َسٛح انٕسو نًشٚضبد سشطبٌ  انذساسخ

رقُٛخ انزضبعف انعشٕائٙ انًزعذد الأشكبل  انثذ٘ ٔخًس عُٛبد دو أخُزد يٍ انًشٚضبد أَفسٍٓ ، ٔاسزعًهذ

لاَدبص انزحش٘ عٍ عذو انثجبد  (PCR)انًعزًذح عهٗ انزفبعم انزضبعفٙ نسهسهخ انذَب  (RAPD)نسهسهخ انذَب 

انًدُٛٙ ثبسزعًبل خًس ثبدئبد عششٚخ انقٕاعذ اعزجبطٛخ انزعبقت . رشأحذ قذسح كم ثبدئ عهٗ انزحش٘ عٍ عذو 

أعهٗ عذو ثجبد  4ٔ  3% . أظٓشد انعُٛبد )066إنٗ  06) ُبد َسٛح انٕسو انخًس يب ثٍٛٛانثجبد انًدُٛٙ فٙ ع

يدُٛٙ نكَٕٓب أعطذ عذو ثجبد يدُٛٙ يع كم ثبدئ يٍ انجبدئبد انزٙ اسزعًهذ فٙ ْزِ انذساسخ . رضًُذ انزغٛشاد 
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ٔرضًُذ ْزِ انزغٛشاد  فٙ انًدٍٛ ٔانزٙ أظٓشرٓب َٕارح انزضبعف انعشٕائٙ انًزعذد الأشكبل حزف أٔ إضبفخ ،

. نٕحع انحزف أٚضب فٙ ثعض عُٛبد انذَب انًأخٕر يٍ انذو ، فٙ حٍٛ كبَذ  أٚضب انفقذاٌ أٔ الاكزسبة الانٛهٙ

َظٛشارٓب يٕخٕدح فٙ دَب انٕسو انًأخٕر يٍ انًشٚض َفسّ . أظٓشد َٕارح رحهٛم انزضبعف انعشٕائٙ انًزعذد 

فٙ ثلاس عُٛبد َسٛح يٍ أصم خًس  (bp)صٔج قبعذح  404ٌ خضٚئٙ الأشكبل إضبفخ نقطعخ دَب يزضبعفخ راد ٔص

، فٙ حٍٛ  OPA-10ٔانحضيخ انثبنثخ ثبسزعًبل انجبدئ  OPA-03عُٛبد ،  حضيزٍٛ نٕحظذ ثبسزعًبل انجبدئ 

صٔج قبعذح  فٙ عُٛزٙ دو يٍ أصم خًس عُٛبد يشح  404نٕحع فقذاٌ انقطعخ انًزضبعفخ َفسٓب ثبنٕصٌ اندضٚئٙ 

. ٚعذ رحهٛم عذو انثجبد انًدُٛٙ ثبسزعًبل رقُٛخ  OPA-13ٔأخشٖ ثبسزعًبل انجبدئ  OPA-03انجبدئ ثبسزعًبل 

 يٓى فٙ فٓى الأحذاس اندضٚئٛخ فٙ سشطبٌ انثذ٘ .   RAPD ال

Introduction 

Progress in molecular cancer genetic has facilitated the detection of genomic alteration in 

cancer [1]. Gene discovery has been greatly facilitated by molecular cytogenetic 

technologies identifying chromosomal regions associated with various stages and 

outcomes. Furthermore, high throughput, genome-wide approaches and the complete 

sequencing of the human genome have accelerated the large-scale discovery of cancer-

related genes and pathways [2]. 

RAPD is a PCR-based DNA fingerprinting technique that uses an arbitrary chosen 

oligonucleotide primer for the amplification of genomic or cDNA fragments [3,4]. 

RAPDs produce DNA profiles of varying complexity, depending on primer and template 

used. Each amplification product is expected to result from the existence of two 

annealing sites in inverted orientations, 3
´
 ends facing other within amplifiable distance 

[3]. In this study RAPD analysis was used to analyze genomic instability in patients with 

breast cancer.  

Materials and Methods 

DNA Samples 

Breast cancer tissues and corresponding acid citrate dextrose (ACD) peripheral blood 

were obtained from five breast cancer patients who underwent surgery at Baghdad 

Teaching Hospital. DNAs were extracted from cancer tissues and corresponding blood 

samples using the standard phenol / chloroform extraction and ethanol precipitation 

method [5]. The samples were incubated with extraction buffer (1 ml Tris. Cl pH 8.0), 20 

ml EDTA (pH 8.0), with 0.5 g of sodium dodecyl sulfate) at 37 Cº for 10 min. proteinase 

k was added in a final concentration of 100 μg/ ml. the suspension of lysed cells was 

incubated in a water bath at 50 Cº for 3 hour. The digested lysate was subjected to two 

further extractions with an equal volume of phenol / chloroform. After centrifugation, 

DNA was precipitated from the aqueous phase by two volumes of cold absoluted ethanol. 

RAPD Analysis  

Five arbitrary primers (Operon technologies) were used for RAPD analysis. The numbers 

and sequences of theses primers were; (i) OPA-0.: 5' AGT CAG CCAG; (ii) OPA-10: 5' 

GTG ATC GCAG; (iii) OPA-13: 5' CAG CAC CCAC; (iv) OPD-20: 5' ACC CGG 

TCAC; (v) OPE-07: 5' AGA TGC TGCC. Amplification reactions were performed in 

volumes of 25 μl containing 10 mM Tris. Cl pH (8.3); 50 mM KCl, 15 mM MgCl2, and 

0.001 % gelatin (Roche. Mol. Biochem), 200 mM dNTPs (Boehriger Mannheim), 10 
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pmol primer, 25 ng of genomic DNA, and 1.5 U of Taq DNA polymerase (Roche. Mol. 

Biochem). 

 The reaction program included one cycle at 94 Cº for 2 min. for initial denaturation of 

template DNA. Then, 40 cycles of amplification were done; each cycle included 1 min at 

94 Cº for template denaturation, 1 min at 36Cº for annealing of primers, and 2 min at 72 

Cº for final extension. Amplification products were analyzed by electrophoresis in 1.2% 

agarose gel and detected by staining with ethidium bromide. 

Results 

Thirty four DNA fragments were amplified in the patients samples. While most of the 

fragments were common to both blood and tumor samples of a patient, 13 fragments were 

amplified in one patients’ sample but not the other, and/or exhibited reduction or 

enhancements in the intensity which indicate genomic instability. 

Samples 3 and 4 of the breast cancer tissues showed the highest genomic instability, 

because they were detected by all primers used in RAPD reaction. Other samples also 

displayed high genomic instability; since they were detected by three primers used Table 

(1). The detectibility of genomic instability by each primer was different: the highest 

belonging to primers OPA-10 and OPA-13 (100%), and primer OPE-07 being the lowest 

60%, and the average detectibility of these primers was 85 percent Table (1). Primer 

OPD-20 failed to reveal the polymorphism, for this reason it is excluded from RAPD 

analysis. 
 

Table (1): Genetic instability in breast cancer tissues detected by RAPD  analysis 

Breast cancer tissues 

Primer number      1         2         3         4         5     primer detectibility(%) 

        OPA-03          –         +         +         +         +                    80 

       OPA-10           +         +         +         +         +                   100 

       OPA-13           +         +         +         +         +                   100 

       OPE-07           +         –         +         +         –                    60 

                  +, Genetic instability detected; –, no genetic instability detected 

 

Based on separation of amplified products on the agarose gel, we demonstrate the 

analysis of RAPD for each sample. Regarding sample (1), primer OPA-10 revealed single 

amplified DNA fragment in blood DNA sample, the corresponding amplified DNA 

fragment in tumor DNA sample was absent Figure (2). Primer OPA-13 led to three 

amplified DNA fragments, there was a missing amplified DNA fragment with a 

molecular weight 468 bp in tumor DNA sample compared to blood DNA sample Fig.(3). 

Single amplified DNA fragment was observed in DNAs of blood and tumor samples with 

primer OPA-07. Summary of presence (+), and absence (–), of amplified DNA fragments 

in tumor DNA sample compared to blood DNA sample of sample 1 is presented in Table 

(2) reductions and enhancements in the intensity of some of the amplified fragments were 

observed in blood and tissue samples Figure (2) A 13. On the other hand, primer OPA-03 

revealed smear for blood sample with no band in tumor sample Figure (1). 
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Table (2): Number of bands detected by RAPD with primers OPA-10, OPA-13 and OPE-07  in  the     

blood  and  tumor DNAs for sample 1 

Primer number OPA-10 OPA-13 OPE-07 

Band number B T B T B T 

1 + – + + + + 

2   + +   

3   + –   

                 B, Blood;  T, Tumor;  +, band present;  –, band absent 

 

Sample (2), primer OPA-03 displayed 5 amplified DNA fragments, one DNA fragment 

with a molecular weight 468 bp was missing in the blood DNA in comparison with tissue 

DNA. Only single amplified DNA fragment was observed with primers OPA-10 and 

OPA-13 in both blood and tumor DNA samples Table (3). There were differences in the 

intensity of these bands Figures (1, 2, 3). Primer OPE-07 failed to reveal reliable DNA 

amplified products Figure (4). 
 

Table (3): Number of bands detected by RAPD with primers OPA-03,OPA-10 and OPA-13  in  the   

               blood  and  tumor DNAs for sample 2 

Primer number OPA-03 OPA-10 OPA-13 

Band number B T B T B T 

1 + + + + + + 

2 + +     

3 + +     

4 + +     

5 – +     

        B, Blood;  T, Tumor;  +, band present;  –, band absent 

 

Sample ( 3), with primer OPA-03, there were 5 amplified DNA fragments with a 468 bp 

missing band in blood DNA sample in comparison with  tumor DNA sample. Only one 

amplified DNA fragments was observed with primers OPA-10 and OPE -07 Table (4). 

The heightened intensity of the amplified DNA fragments were found in tumor sample 

Figure (1,2). Primer OPA-13 revealed three amplified DNA fragments in blood DNA 

corresponding to smear in the tumor DNA Figure (3). 
 

Table (4): Number of bands detected by RAPD with primers OPA-03, OPA-10 and OPE-07  in  the   

               blood  and  tumor DNAs for sample 3 

Primer number OPA-03 OPA-10 OPE-07 

Band number B T B T B T 

1 + + + + + + 

2 + +     

3 + +     

4 + +     

5 – +     

         B, Blood;  T, Tumor;  +, band present;  –, band absent 

 

Sample (4), three amplified DNA fragments were obtained with primer OPA-03 with no 

band missing or reductions or enhancements in the intensity of these bands. One 
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amplified DNA fragment with 468 pb was absent in blood DNA sample among two 

amplified fragment were noted with primer OPA-10 with enhancement in the intensity of 

the amplified fragments that belonging to the tumor DNA. Primer OPE-07 led to single 

amplified DNA fragment without change in the intensity of the amplified fragments in 

blood or tissue DNAs. Table (5) Figure (1,2,4) A smear was observed with primer OPA-

13 in tumor DNA corresponded to only one amplified DNA fragment in blood DNA 

Figure (3). 

 

Table( 5): Number of bands detected by RAPD with primers OPA-03, OPA-10 , and OPE-07  in  the   

              blood  and  tumor DNAs for sample (4) 

Primer number OPA-03 OPA-10 OPE-07 

Band number B T B T B T 

1 + + + + + + 

2 + + – +   

3 + +     

       B, Blood;  T, Tumor;  +, band present;  –, band absent 

 

Sample (5), with primer OPA-03 in  comparison with  blood four amplified DNA 

fragment with molecular weighs 1225, 1027, 805, 468 bp were absent in tumor DNA 

sample. Whereas one amplified DNA fragment with a molecular weight 560 pb was 

absent in blood DNA sample in comparison  with tumor DNA sample Table( 6) Fig. (1). 

Primer OPA-13 resulted in four amplified DNA fragments. Three with molecular weights 

(1766, 1700, 1159) bp were missing in tumor DNA sample compared to blood DNA 

sample. There were also changes in the band intensity in the blood DNA Figure (3). 

There was only single amplified DNA fragment in blood DNA sample with a smear in 

tumor DNA sample with primer OPA-10 Figure (2). Primer OPE-07 failed to display 

reliable RAPD products Figure (4). 
 

Table(6): Number of bands detected by RAPD with primers OPA-03 and OPA-13 in the blood and  

              tumor DNAs for sample (5) 

Primer number OPA-03 OPA-13 

Band number B T B T 

1 + – + – 

2 + – + – 

3 + – + – 

4 – + + + 

5 + –   

               B, Blood; T, Tumor; +, band present; –, band absent 
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with primer OPA-03 
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Discussion  

The emergent focus in our research was used random amplified polymorphic DNA 

(RAPD) to generate fingerprinting that detect genomic alterations in human breast 

cancer. RAPD priming approach provides several advantages; it is the only method that 

permits the cloning, in a single step, of DNA sequences that have undergone the two most 

common alterations in the cancer cell genome: loss of heterozygosity and gain of extra 

gene sequence [6]. The difference in RAPD fingerprints arise from nucleotide 

substitutions that create or abolish primer sites and from deletion, insertion or inversion 

of priming sites or of a fragment between sites [7]. 

In our experiments – due to exclude OPD–20 – (80%) of all primers used revealed 

genetic alterations which indicate genomic instability. The ability to detect genetic 

instability by each primer was different, the highest belonging to primers OPA–10 and 

OPA–13 (100%). This indicates that some loci in the DNA or chromosome underwent 

changes of nucleotide sequences like the sequences in primers OPA–10 and OPA–13. On 

the other hand, samples (3, 4) represent the highest genomic instability since it is detected 

by all the used primers this reveals that a lot of DNA damages or changes had happened 

during the evolution of cancer [8]. 

Changes in the genome that were observed in this study included deletions or insertions, 

indicated by the absence or presence of amplified DNA fragments, and allelic losses or 

gain indicated by difference in the intensity of amplified DNA fragments in tumor and 

blood samples. The disappearance (deletion) or appearance (insertion) of an amplified 

DNA fragment might be associated with genetic rearrangements, or unequal mitotic 

recombination [9]. The ability of random priming to detect moderate gains of 

chromosomal fragments, which cannot be identified by restriction fragment length 

polymorphism (RLFR) and microsatellite allelotyping, underlines the potential of the 

method in tumor studies [10]. 

The most important finding that emerged from the present study is that an insertion of a 

468bp amplified fragment was observed in 3 of 5 tumor samples two fragments using 

primer OPA – 03 and the third using primer OPA – 10, whereas, the same 468bp 

amplified fragment was deleted in 2 of 5 blood samples one fragment using the primer 

OPA – 03 and the second fragment using primer OPA – 13. This shows that there are 

different genomic alterations and mutations that participate in the cancer development 

[11]. Based on the RAPD analysis, it seems likely that the appearance / or disappearance 

of the 468bp amplified fragment in the genome of breast tumors is most likely the result 

of mutation or a genetic alteration commonly associated with breast tumors and , 

presumably, is specific for the breast tumors occurring at the OPA–03, OPA-10, and 

OPA–13 primers binding sites. In addition, the insertion of more than one amplified DNA 

fragment in the genome of sample (5) refers to that there are accumulated genetic 

alterations may lead to breast cancer. 

An enhancement of the single intensity of an amplified DNA fragment may be related to 

localized overamplification of that gene locus in the genome, or could result from 
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changes at the chromosome level, such as trisomy or tetrasomy. Similarly, a reduction in 

intensity could be a result of aneuploidy. Any of these events could play an important 

role in the development of breast cancer or they could occur during the clonal expansion 

of the genetically unstable tumor cells [9]. Moreover, data suggest that the molecular 

nature of the flanking region of the target site determines the relative intensity of the 

RAPD bands [12]. Primers OPA–03, OPA–10, OPA–13 led to smears or no band arrays 

with three tumor DNA samples whereas, only one DNA blood sample revealed smear 

using the OPA–03 primer. This can only be explained on the basis of mismatch between 

the primer and the DNA template [3]. 

The high genomic instability detected in breast cancer by our RAPD analysis is in line 

with results of [1] who suggest that the genomic damage in breast cancer is significantly 

higher than in Uveal melanoma, also our results agree with previous studied published by 

[9]. 

Finally, this study has revealed that RAPD – PCR fingerprinting is extremely useful for 

assessing genomic damage in breast cancer.  
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