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Objective: To develop a method for human genomic DNA extraction from bone using gelatin-coated magnetic particles.
Material and Method: Thirty human metacarpal with the bone age ranging from 36 to 93 years were included in the present 
study. Genomic DNA was extracted from bones using gelatin-coated magnetic particles. The concentration and purity of 
DNA were analyzed in comparison with a reference method. In addition, the quality of extracted DNA was examined for 
sex determination by conventional polymerase chain reaction (PCR).
Results: The average DNA concentration using gelatin coated magnetic particles exhibited approximately 15 times higher 
than a reference method with an insignificantly difference of the DNA purity in both methods. Twelve (40%) and fifteen 
(50%) samples out of thirty DNA isolated using established and reference method, respectively, could be amplified and sex 
correctly determined by PCR.
Conclusion: Gelatin coated magnetic particle is rapid, simple, and well-suited for isolation of DNA from bones.
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 The identification of victims is necessary 
whether it is from disasters, traffic accidents, or crimes. 
In these events, sometimes bones are the only 
remaining source of DNA. During this decade, a 
number of sex determination assays using DNA 
analysis have been demonstrated. The most common 
gene for sex typing is amelogenin and it can be 
performed in conjunction with short tandem repeat 
(STR) analysis(1). Several methods have been 
developed for isolation of genomic DNA from bones 
such as traditional phenol-chloroform extraction, 
combination of cetyltrimethylammonium bromide 
(CTAB) and isoamyl alcohol-chloroform extraction(2), 
and silica-based membrane purification(3). Magnetic 
particles have been synthesized for isolation and 
purification of several biomolecules including        
DNA(4). In addition, polymer-coated surface of 
magnetic particles such as silica(5), aminosilane(6), and 

poly-ethylenimine(7) enable improving the separation 
ability and recovery yield of DNA. Recently, gelatin-
coated magnetic particles were formulated for     
isolation of DNA from bacterial cells(8) and human 
dried blood(9).
 In the present study, gelatin-coated magnetic 
particles were developed for isolation of human 
genomic DNA from bones. Human metacarpal bones 
were utilized as a model for DNA isolation. The DNA 
quantity and purity were measured in comparison               
to a reference silica membrane purification kit.                 
In addition, sex determination detected by the 
conventional polymerase chain reaction (PCR) 
targeting to amelogenin gene was conducted for DNA 
quality determination from both methods. Finally, the 
overall extraction time and cost effectiveness between 
the validated method and the commercial kit was 
compared.

Material and Method
Bone samples
 Thirty left metacarpal bones of Thai       
cadavers consisting of 15 male and 15 female were 
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collected from the Cadaveric and Surgical Training 
Center, Department of Anatomy, Faculty of Medicine, 
Chiang Mai University, Thailand. After dissection, the 
bone surface was removed, cleaned with 6% sodium 
hypochlorite, 70% alcohol, and exposed to UV light 
for 24 hours(10). The treated bone was milled using 
pulverizer (Spex Certiprep 6750 Freezer/Mill 
Cryogenic Grinder, USA) and stored at -20°C until 
DNA extraction.

Preparation of gelatin-coated magnetic particles
 Artificial gelatin-coated magnetic particles 
were prepared according to the procedure described 
elsewhere(8,9). Briefly, microwave-melting gelatin 
(15%, w/v) was mixed with divalent and trivalent iron 
ions and coprecipitated in alkaline solution. The coated 
magnetite suspension was washed repeatedly with 
nitrogen-flushed deionized water and lyophilized for 
overnight. Dried magnetic particles were stable at       
4°C for at least one year. The mean particle size was 
analyzed by a particle size analyzer (ZetasizerNano 
ZS, Malvern Instruments) and was revealed to be        
600 nm.

DNA extraction using gelatin-coated magnetic particles
 Gelatin-coated magnetic particles were 
applied for genomic DNA extraction in the present 
study. One hundred milligram of powdered bone was 
added with 600 μl alkaline lysis solution (0.2M NaOH 
and 1% [w/v] sodium dodecyl sulfate), vortexed 
vigorously and allowed to stand at room temperature 
for five minutes. The mixture was added with 50 μl 
proteinase K (10 mg/ml) and further incubated at 56°C 
for overnight. After centrifuged at 12,000 rpm for five 
minutes, the supernatant was carefully transferred to 
a new microcentrifuge tube. Fifty microliter of gelatin-
coated magnetic particles (10 mg/ml) in binding       
buffer (4M NaI and 20% (w/v) polyethylene glycol) 
was added, followed by the addition of 400 μl binding 
buffer, gently inversed, and incubated at room 
temperature for five minutes. The magnetic particles 
were immobilized by the external magnet, and the 
supernatant was completely removed. The magnetic 
pellet was washed twice with cold 70% ethanol and 
dried at room temperature for 10 minutes. Finally,         
the magnetic particles were suspended in 30 μl of TE 
buffer (50 mM Tris-HCl and 1 mM EDTA, pH 8.0), 
and the bound DNA was eluted by incubation at 65°C 
for five minutes with gentle agitation. The unbound 
DNA solution was transferred to a new microcentrifuge 
tube and stored at -20°C until determination.

DNA extraction using the commercial kit
 In the present study, silica based membrane 
purification kit (QIAamp DNA Micro Kit, Germany) 
was utilized as a reference method for genomic DNA 
extraction from bones. The procedure was performed 
according to the manufacturer’s instruction. Briefly, 
100 mg of fine powdered bones was added with 360 μl 
of ATL buffer, 20 μl proteinase K and 1 μl carrier         
RNA (1 μg/μl) and incubated at 56°C for overnight. 
Three hundred microliters of AL buffer were added 
and incubated at 70°C with shaking for 10 minutes. 
After centrifugation, the supernatant was carefully 
transferred to the column. Column was washed twice 
with AW buffer and DNA was eluted with 30 μl AE 
buffer in a clean microcentrifuge tube and kept at  
-20°C until determination. All buffers used herein       
were supplied from the kit.

Determination of quantity and purity of DNA
 DNA quantity of the validated method              
was analyzed in comparison to a silica based  
membrane technology by UV spectrophotometer 
(BioTek Instruments, Inc., USA). In addition, an 
average OD260/OD280 ratio was measured for       
DNA purity analysis.

PCR reaction
 Conventional PCR was performed for DNA 
quality determination through amelogenin gene 
amplification. PCR reaction in 25-μl containing         
12.5 μl of 2x pre-mixed reaction, 10 pmol of X- and 
Y-specific primers (Table 1), and approximately 5 μl 
of DNA template. The PCR profiles were as followed: 
pre-denatured at 94°C for two minutes, followed by                
40 cycles of denaturation at 94°C for 30 seconds, 
annealing at 55°C for 30 seconds, and extension              
at 68°C for 30 seconds, with a final extension at         
68°C for five minutes. After amplification, the 
amplified products of X (108 bp) and Y (203 bp)         
was electrophoresed through a 3% agarose gel,          
stained with ethidium bromide and visualized by           

Table 1. The nucleotide sequence of primers used in the 
present study

Primer The nucleotide sequences (5’-3’)

X-specific forward TCTGACCAGCTTGGTTCTA

X-specific reverse AGTGTGACTATCTTAGAATCAGGAG

Y-specific forward* GGTCCCAATTTTACAGTTCC

Y-specific reverse* CTGGTCAGTCAGAGTTGAC

* Followed by Nogami et al.(16)
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UV transilluminator (G:BOXChemi XRQ gel doc 
system, UK).

Result and Discussion
 Gelatin coated magnetic particles were 
established for genomic DNA extraction from bone in 
the present study. The absorbance at 260 nm and the 
OD ratio of 260/280 nm were measured for DNA 
quantity and purity determination, and compared to 
the commercially available DNA extraction kit. The 
result indicated that genomic DNA recovered by the 
developed method was approximately 15 times higher 
than the kit with an average DNA of 152.3 μg/ml  
(11.7-791.1 μg/ml) and 10.6 μg/ml (0.0-101.5 μg/ml), 
respectively. The OD ratio of each bone sample 
extracted by in-house method and kit was compared 
and they seemed to be insignificantly different ranging 
from 1.48 to >2.00 and 1.49 to 2.01, respectively  
(Table 2). Generally, the OD ratio of approximately 
1.8 of extracted DNA was suitable for further analysis 
with negligible protein contamination(11). However,       
the low and high OD ratio observed after extraction in 
some of these samples (19 samples for the validated 
method and 21 for the kit) would be involved with         
the contamination of biomolecules such as proteins, 
nucleotides, RNA, and single-strand DNA(11). 
Moreover, the acidity change in the samples would be 
the cause of the variation of OD ratio in which acidic 
and basic solution could under and over-represent       
OD ratio by 0.2 to 0.3, respectively(12). Due to the lack 
of decontamination step, increasing absorbance to       
260 nm may come from nucleotides, RNA, and single 
stranded DNA, which could be absorbed. Therefore, 
magnetic particles have an advantage in the greater 
ability to adsorb DNA than proteins and single-strand 
RNA in the presence of high salt concentration(5,13).
 Sex determination using amelogenin gene 
amplification by PCR was subsequently performed       
for quality determination of extracted DNA. Initially, 
the previously reported single pair of primers specific 
for the first intron of amelogenin was investigated.            
A quantity of 106-bp and 112-bp PCR product was 
generated from the X and Y homologues(14). The 3.5% 
agarose gel electrophoresis was performed and the 
result gave a good outcome whereas an ambiguous 

result in some samples were observed with the presence 
of a thick band of 106-bp, which was indiscriminated 
from the two bands of 106-bp and 112-bp and lead to 
a misidentification of sex (data not shown). Although 
the PCR reaction with primer specific for X and Y 
chromosome utilized in the present study was 
optimized for multiplexing, some of non-specific 
amplification was observed (data not shown). Thirty 
bone samples in which DNA were individually 
extracted from both methods were examined of which 
only 12 (40%) and 15 samples (50%) using established 
and reference method, respectively, could be amplified. 
The positive and negative amplification by PCR of 
some samples extracted from both methods were 
shown in Fig. 1. Several factors could affect the ability 
of gene amplification including the bone age and PCR 
inhibitors in individual samples(15). In addition, the 
average time for the whole extraction process were 
compared and found insignificantly different between 
the two methods. The cost per test of the validated 
method was approximately 24 times cheaper than the 
commercial DNA extraction kit (Table 2).

Table 2. The summary of recovery yield, purity and cost per test of gelatin coated magnetic particles and commercial kit

Method Average recovery yield (ng/ml) Purity (OD ratio 260/280) Cost per test (Baht)
QIAamp DNA micro kit 10.6 (0.0-101.5)           1.49 to 2.01 240
Gelatin coated magnetic particles 152.3 (11.7-791.1)           1.48 to >2.00   10

Fig. 1 The 3% agarose gel electrophoresis of approximately 
108 and 203 bp amplified products specific for 
human amelogenin gene on X- and Y-chromosomes, 
respectively. DNA was extracted from metacarpal 
bones using a reference silica based membrane 
purification kit and the validated gelatin-coated 
magnetic particles. Lane 1, standard DNA marker; 
lane 2, negative amplification control (distilled 
water); lanes 3-4, positive amplification control of 
X and Y chromosome, respectively; lane 5-6 and 
9-10, amplified product of female (M5) and male 
(M28) sample extracted by using the kit; lane 7-8 
and 11-12, amplified product of female (M5) and 
male (M28) sample extracted by using magnetic 
particles.
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Conclusion
 In conclusion, gelatin-coated magnetic 
particles are implemented in the present study for 
human genomic DNA isolation from metacarpal bone. 
This technique is rapid, simple, and cost-effective. 
More studies with larger number of bone samples 
should be performed to ensure possible application in 
forensic medicine.

What is already known on this topic?
 The identification of individuals is necessary 
and bones are sometime the only remaining source of 
DNA. The most common gene for sex typing is 
amelogenin. This can be analyzed in conjunction with 
STR analysis. Several methods have been developed 
for isolation of genomic DNA from bones. Magnetic 
particles have been synthesized for isolation and 
purification of several biomolecules including DNA. 
In addition, polymer-coated surface of magnetic 
particles enable improving the separation ability and 
recovery yield of DNA. Gelatin-coated magnetic 
particles were formulated for isolation of DNA from 
bacterial cells and human dried blood.

What this study adds?
 Gelatin-coated magnetic particles are 
implemented for human genomic DNA isolation from 
metacarpal bone. This technique is rapid, simple, and 
cost-effective.

Acknowledgements
 This research was supported by a grant from 
the Faculty of Medicine, Chiang Mai University, 
Thailand. The authors are very grateful to Assoc.           
Prof. Karnda Mekjaidee M.D. for providing facility       
at Department of Forensic Medicine, Faculty of 
Medicine, Chiang Mai University.

Potential conflicts of interest
 None.

References
1. Eng B, Ainsworth P, Waye JS. Anomalous 

migration of PCR products using nondenaturing 
polyacrylamide gel electrophoresis: the 
amelogenin sex-typing system. J Forensic Sci 
1994; 39: 1356-9.

2. Ye J, Ji A, Parra EJ, Zheng X, Jiang C, Zhao X,  
et al. A simple and efficient method for extracting 
DNA from old and burned bone. J Forensic Sci 
2004; 49: 754-9.

3. Höss M, Pääbo S. DNA extraction from Pleistocene 
bones by a silica-based purification method. 
Nucleic Acids Res 1993; 21: 3913-4.

4. Berensmeier S. Magnetic particles for the 
separation and purification of nucleic acids.      
Appl Microbiol Biotechnol 2006; 73: 495-504.

5. Taylor JI, Hurst CD, Davies MJ, Sachsinger N, 
Bruce IJ. Application of magnetite and silica-
magnetite composites to the isolation of genomic 
DNA. J Chromatogr A 2000; 890: 159-66.

6. Yoza B, Matsumoto M, Matsunaga T. DNA 
extraction using modified bacterial magnetic 
particles in the presence of amino silane       
compound. J Biotechnol 2002; 94: 217-24.

7. Chiang CL, Sung CS, Wu TF, Chen CY, Hsu CY. 
Application of superparamagnetic nanoparticles 
in purification of plasmid DNA from bacterial 
cells. J Chromatogr B Analyt Technol Biomed  
Life Sci 2005; 822: 54-60.

8. Intorasoot  S,  Srirung R,  Intorasoot  A, 
Ngamratanapaiboon S. Application of gelatin-
coated magnetic particles for isolation of genomic 
DNA from bacterial cells. Anal Biochem 2009; 
386: 291-2.

9. Intorasoot S, Techateerawat J, Intorasoot A. 
Genomic DNA isolation from dried blood using 
gelatin-coated magnetic particles. Curr Sci 2013; 
105: 81-4.

10. Tiesler V, Matheson C. Kinship relation between 
the elite of Calakmul, Mexico. Mexico: FAMSI; 
2009.

11. Sambrook J, Russell D. Molecular cloning: a 
laboratory manual. 3rd ed. New York: Cold Spring 
Harbor Laboratory Press; 2001.

12. Wilfinger WW, Mackey K, Chomczynski P.       
Effect of pH and ionic strength on the spectro-
photometric assessment of nucleic acid purity. 
Biotechniques 1997; 22: 474-81.

13. Davies MJ, Taylor JI, Sachsinger N, Bruce IJ. 
Isolation of plasmid DNA using magnetite as a 
solid-phase adsorbent. Anal Biochem 1998; 262: 
92-4.

14. Sullivan KM, Mannucci A, Kimpton CP, Gill P.  
A rapid and quantitative DNA sex test: fluorescence-
based PCR analysis of X-Y homologous gene 
amelogenin. Biotechniques 1993; 15: 636-1.

15. Yang DY, Dudar JC, Saunders SR, Waye JS. 
Removal of PCR inhibitors using silica-based     
spin columns: application to ancient bones. Can 
Soc Forensic Sci J 1997; 30: 1-5.

16. Nogami H, Tsutsumi H, Komuro T, Mukoyama 



702 J Med Assoc Thai  Vol. 98  No. 7  2015

การประยุกตใชอนุภาคแมเหล็กเคลือบดวยเจลาตินเพ่ือการแยกจีโนมิกสดีเอ็นเอจากกระดูก

พงษศักดิ์ ขันธเพ็ชร, สรศักด์ิ อินทรสูต, สุคนธ ประสิทธิ์วัฒนเสรี, กานดา เมฆใจดี, ผาสุก มหรรฆานุเคราะห

วัตถุประสงค: เพื่อพัฒนาวิธีการแยกจีโนมิกสดีเอ็นเอมนุษยจากกระดูกโดยใชอนุภาคแมเหล็กเคลือบดวยเจลาติน
วสัดแุละวธิกีาร: การศกึษาในครัง้นี้ไดเกบ็รวบรวมกระดูกฝามอืของผูอทุศิรางกายจํานวน 30 ช้ิน ทีม่อีายุอยูระหวาง 36 ถงึ 93 ป 
ทําการสกัดจีโนมิกสดีเอ็นเอจากกระดูกโดยใชอนุภาคแมเหล็กเคลือบดวยเจลาติน เปรียบเทียบความเขมขนและความบริสุทธ์ิของ 
ดีเอ็นเอท่ีไดกับชุดสกัดสําเร็จรูปแบบการทําใหบริสุทธิ์ดวยเย่ือวุนสารประกอบซิลิกา ตรวจสอบคุณภาพดีเอ็นเอท่ีสกัดไดเพ่ือใชใน
การตัดสินเพศโดยเทคนิคพีซีอารแบบดั้งเดิม
ผลการศึกษา: คาความเขมขนเฉลี่ยของดีเอ็นเอที่แยกโดยใชอนุภาคแมเหล็กเคลือบดวยเจลาตินมีความเขมขนสูงกวาวิธีการสกัด
ที่ใชอางองิโดยประมาณ 15 เทา โดยความบริสทุธิข์องดเีอ็นเอที่ไดไมมคีวามแตกตางกนัในทัง้สองวิธ ีจากจาํนวนตวัอยาง 30 ตวัอยาง 
สามารถเพิม่ปรมิาณดีเอน็เอและตดัสนิเพศจากกระดกูดวยเทคนคิพซีอีารไดอยางถกูตองโดยใชอนุภาคแมเหลก็เคลอืบดวยเจลาตนิ 
12 ตัวอยาง (40%) และจากวิธีการสกัดที่ใชอางอิง 15 ตัวอยาง (50%)
สรุป: เทคโนโลยีอนุภาคแมเหล็กเคลือบดวยเจลาตินเปนวิธีที่รวดเร็ว งาย และเหมาะสมในการตรวจพิสูจนเพศจากกระดูกฝามือ
มนุษย

R. Rapid and simple sex determination method 
from dental pulp by loop-mediated isothermal 

amplification. Forensic Sci Int Genet 2008; 2: 
349-53.


