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Abstract 
Background: Tropical theileriosis is a haemoprotozoan disease causing huge economic losses in 

livestock sector. PCR is the most sensitive and specific for theileriosis. For PCR, DNA extraction is an 

important prerequisite step. A good DNA extraction method must be rapid, safe and yield good quality 

DNA. All of these criteria are met by DNA extraction method using Chelex-100. Chelex-100 is ionic 

resin that chelates ions like magnesium and other PCR inhibitors from sample yielding good quality and 

stable DNA that can be used for PCR.  

Method: In present study, a method using Chelex-100 was standardized for DNA extraction from blood. 

A novel PCR assay was standardized for Theileria annulata using primers designed for TAMS1 gene. 

For comparison, DNA was extracted from 20 blood samples from theileriosis affected cows using both 

the Chelex-100 method and commercial kit method. Each DNA sample was used for detection of tropical 

theileriosis using standardized PCR assay. 

Result: The average yield of DNA was 61.36 ng/µL and 99.7 ng/µL by Chelex-100 and commercial kit 

method, respectively. The amount of blood required for extraction was 25 µL and 200 µL in Chelex 

method and kit method, respectively. The DNA samples extracted by both method yielded positive 

results in PCR. 

 

Keywords: Chelex-100, tropical theileriosis, PCR, Theileria annulata, DNA extraction 

 

Introduction 

Haemoprotozoan diseases are the serious threat to the economy of livestock sector. 

Theileriosis is the most important among them which is prevalent in tropical and subtropical 

regions (Minjauw and McLeod, 2003) [12].  Clinical tropical theileriosis is characterized by 

anorexia, persistent fever, swollen lymph nodes, diarrhea and anemia (Radostits et al., 2010) 
[16]. Mortality, treatment cost and production loss are the major factor for economic loss in 

clinical disease. Exotic and crossbred cattle are more susceptible to clinical disease and have 

high mortality rates (Kundave et al., 2015) [9]. But in indigenous cattle being resistant show 

subclinical disease or remain carrier. Such animals remain source of infection to susceptible 

animals. Also, subclinical infection has been associated with poor body condition and 

production loses (Kolte et al., 2017) [8]. This subclinical disease often goes undiagnosed and 

poses major hindrance in disease control and profitability. PCR is the most reliable test for 

diagnosing subclinical carrier. It is the most sensitive and specific test in diagnosis of 

theileriosis as compared to microscopic examination and serological tests (Nourollahi-Fard et 

al., 2015; Ranjan et al., 2015) [14, 17]. 

For PCR, DNA isolation from blood is prerequisite. The good DNA extraction method should 

be efficient, easy, inexpensive, rapid and eco-friendly (Chen et al., 2010) [4]. Various methods 

of DNA isolation are available like phenol–chloroform-isoamyl alcohol-based extraction 

(PCI), commercial extraction kits based on silica membranes or magnetic separation and 

Chelex based method (IP et al., 2015; Mann et al., 2015) [7, 11]. Traditional PCI method 

involves use of hazardous chemicals and commercial DNA extraction kits are expensive. 

Chelex based extraction is rapid, inexpensive single tube method which is free from harmful 

chemicals and yield high quality DNA suited for molecular techniques like PCR. 

Chelex- 100 is an ion exchange resin which has a structure containing styrene-divinylbenzene 

skeleton having iminodiacetic acid as functional group which chelates polyvalent metal ions 

Mg+2 (Samczynski, 2006) [19]. Since magnesium serve as cofactor for deoxyribonucleases, 

unavailability of Mg+2 helps in preventing DNA degradation (Singh et al., 2018) [23]. Use of 

Chelex for DNA extraction was first reported in 1991 by (Walsh et al., 1991) [26]. The method 

is used widely in DNA extraction from plants (Hwang-Bo et al., 2010) [6], insects (Lienhard  
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and Schaffer, 2019) [10], blood (Hailemariam et al., 2017; 

Strom et al., 2014) [5], tissues (Al-Griwet al., 2017) and 

forensic materials (Becker et al., 2004; Walsh et al., 2013; 

Willard et al., 1998) [2, 27]. So, in present study we developed 

an easy, fast and safe method of DNA isolation from blood 

for diagnosis of tropical theileriosis by PCR. 

 

Materials and methods 

Sample collection 

Samples were collected from cattle presented at Medicine 

Section, Veterinary Clinical Complex (VCC), Lala Lajpat Rai 

University of Veterinary & Animal Sciences (LUVAS), 

Hisar.  Fresh blood samples from suspected clinical cases 

(having ticks or fever or enlarged lymph nodes or anaemia) 

were used for preparation of thin blood smear which is fixed 

by methanol and stained by Giemsa stain as standard 

procedure (Benjamin, 1978). Stained blood smears were 

examined under 100x magnification in microscope for the 

presence of different forms of Theileria annulata. For testing 

the efficacy of DNA extraction methods blood samples from 

20 clinically affected cattle which are positive for theileriosis 

by blood smear examination were collected in EDTA vials.  

 

Extraction of DNA by commercial kit 

DNA was extracted from blood by DNeasy blood and tissue 

kit (Qiagen, Germany) following the manufacturer’s protocol. 

Aliquots of extracted DNA were quantified using 

NanoDrop™ 2000 spectrophotometer and then stored at -20 

°C until further use. 

 

Eco friendly extraction method of DNA from blood 

(Figure 1) 

Chelex solution (10%) is prepared in 1x Tris EDTA buffer 

and autoclaved. 25 µL of blood is mixed with 100 µL of 10% 

Chelex and 1 µL of proteinase K. It is then mixed properly 

and incubated at 56 °C for 40 min. after incubation mixture is 

boiled at 100 °C for 8 min and vigorously vortexed for 10 

seconds and centrifuged at 10,000 rpm for 5 min. After 

centrifugation, beads and debris settles at bottom and 

supernatant contain DNA. Transfer the supernatant to fresh 

tube. The extracted DNA samples were quantified using 

NanoDrop™ 2000 spectrophotometer and then stored at –20 

°C until further use. 

 

Polymerase chain reaction 

The PCR assay for Theileria annulata was performed for all 

samples to confirm and evaluate the extracted DNA. PCR 

primers were designed from TAMS1 gene of T. annulata 

using Primer 3 plus software. The sequences of forward and 

reverse primers are 5’-

CTACTTCTATACCGGTGACTCAAGG-3’ and 5’-

CGAACATGGGTTTTAAAGGAAG-3’, respectively with 

product size of 229 bp. The specificity of primers was 

evaluated by using the BLASTN from the NCBI database. 

Each 12.5 µL reaction mix contains 6.25 µL of 2X Top Taq 

master mix (Qiagen), 0.4 µL of each forward and reverse 

primer and nuclease free water to make 12.5 µL. In case of 

DNA extracted from kit template volume is 1 µL but while 

using Chelex extracted DNA template volume is 3 µL. The 

PCR conditions includes initial denaturation at 95 °C for 5 

min; followed by 30 cycles of 94 °C for 30 s (denaturation), 

60 °C for 30 s (annealing), and 72 °C for 40 sec (extension); 

with a final extension step of 72 °C for 10 min. Amplified 

PCR products were examined by loading 3 µL of product in 

1.5% agarose gel along with 100 bp ladder (GeneDirex 100bp 

RTU).  

 

 
s 

Fig 1: Steps for Eco friendly extraction of DNA from blood 

 

Results and Discussion 

The average yield of DNA by Chelex-100 method was 61.36 

ng/µL (range 42.3-88.3 ng/µL) while with kit method it was 

99.7 ng/µL (range 48.3-145.5 ng/µL). The amount of blood 

required for extraction in Chelex was 25 µL while in kit 

method it was 200 µL. The final volume extracted was 

approximately 100 µL in both the methods. The average yield 

of DNA extraction in Chelex method was lower than that of 

extraction by commercial kit method. The reason for that use 

of lower blood sample volume i.e., 25µL but the final volume 

yield after extraction is 100 µL. But in commercial kit, initial 

sample volume used is 200 µL extracted in final volume of 

100 µL. Since in latter method requires very small volume (25 

μL), it can be used in conditions where very low sample 

volume is available. 

All the 20 samples positive in blood smear method showed 

the amplification of product of 229 bp in PCR while no 

amplification in negative control. DNA extracted from 

positive blood smear samples by both methods were showing 

amplification in PCR (Figure 2). Thus, both methods are 

effective in extracting DNA which is suitable for PCR. Since, 

all the blood smear positive samples were amplified, it 

indicates the PCR primer designed were specific for Theileria 

annulata. In present study we found that both methods are 

suitable for DNA extraction from blood for PCR. It has been 

reported earlier that DNA solution obtained after Chelex 
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extraction can be directly used for PCR (Strømet al., 2014; 

Zhang et al., 2010) [29]. The use of this extraction method has 

been reported for extracting genomic DNA from blood 

(Simon et al., 2020; Singh et al., 2018) [22, 23], identification of 

blood parasites like Plasmodium (Mann et al., 2015; Schwartz 

et al., 2015), Babesia gibsoni (Taniet al., 2008), Plasmodium 

gallinarum (Pattaradilokrat et al., 2015) and other 

haemoprotozoan (Hailemariam et al., 2017) [5, 11, 21, 15]. 

Other methods like DNA extraction kits or PCI method 

involve multiple steps, making these methods technically 

difficult. Multiple steps also involve opening of tubes several 

times resulting in increased chances of contamination. On 

other hand, Chelex based extraction having only three steps is 

easy to perform and have less chances of contamination 

(Nagdev et al., 2010; Sajib et al., 2017) [18]. Also, as it uses 

single tube, this method reduces plastic waste making it 

environment friendly method. Comparative cost of extraction 

by this method is very less as compared to commercially 

available kits (Lienhard and Schaffer, 2019) [10]. (Lienhard 

and Schaffer, 2019) [10]. Compared the cost of Chelex 

extraction method with commercially available kits and found 

Chelex costs 0.02€ commercial kit costs from 1.4 to 3.5€. 

Unlike conventional methods of extraction, it does not 

involve use of any hazardous chemicals (Nagdevet al., 2010).  

 

 
 

Fig 2: Agarose gel electrophoresis result of PCR assay for detection 

of Theileria annulata. Lane 1, 2, 3 showed PCR product DNA of 

sample a, b and c, respectively extracted by DNeasy blood and tissue 

kit. Lane 4, 5, 6 showed PCR product DNA of sample a, b and c, 

respectively extracted by Chelex extraction method. Lane 7 

represents 100 bp ladder 
 

Conclusion 

The resin Chelex-100 was found effective, economical and 

eco-friendly method for DNA extraction that can be used for 

molecular detection of theileriosis and other haemoprotozoan 

diseases. No hazardous chemicals such as phenol, chloroform 

and isoamyl alcohol were used for isolation of DNA. The 

method is quick with minimum chances of cross 

contamination in multiple sample handling due to single tube 

extraction protocol. 

 

Acknowledgement 

Authors highly acknowledge the Department of Animal 

Biotechnology LUVAS, Hisar for providing infrastructural 

facilities for the current research. 

 

References 

1. Al-Griw HH, Zraba ZA, Al-Muntaser SK, Draid MM, 

Zaidi AM, Tabagh RM, et al. Effects of storage 

temperature on the quantity and integrity of genomic 

DNA extracted from mice tissues: A comparison of 

recovery methods. Open Veterinary Journal. 

2017;7(3):239.  

2. Becker S, Franco JR, Simarro PP, Stich A, Abel PM, 

Steverding D. Real-time PCR for detection of 

Trypanosoma brucei in human blood samples. Diagnostic 

Microbiology and Infectious Disease. 2004;50(3):193-

199. 

3. Benjamin MM. Outline of veterinary clinical pathology. 

Iowa State University Press, 1978. 

4. Chen H, Rangasamy M, Tan SY, Wang H and Siegfried 

BD. Evaluation of Five Methods for Total DNA 

Extraction from Western Corn Rootworm Beetles. PLoS 

ONE. 2010;5(8):e11963. 

https://dx.plos.org/10.1371/journal.pone.0011963. 

5. Hailemariam Z, Ahmed JS, Clausen PH, Nijhof AM. A 

comparison of DNA extraction protocols from blood 

spotted on FTA cards for the detection of tick-borne 

pathogens by Reverse Line Blot hybridization. Ticks and 

Tick-borne Diseases. 2017;8(1):185-189. 

6. Hwang-Bo K, Son SH, Lee JS, Min SR, Ko SM, Liu JR, 

et al. Rapid and simple method for DNA extraction from 

plant and algal species suitable for PCR amplification 

using a chelating resin Chelex 100. Plant Biotechnology 

Reports. 2010;4(1):49-52. 

7. IP SCY, Lin SW, Lai KM. An evaluation of the 

performance of five extraction methods: Chelex® 100, 

QIAamp® DNA Blood Mini Kit, QIAamp® DNA 

Investigator Kit, QIAsymphony® DNA Investigator® 

Kit and DNA IQTM. Science and Justice. 

2015;55(3):200-208. 

8. Kolte SW, Larcombe SD, Jadhao SG, Magar SP, Warthi 

G, Kurkure NV, et al. PCR diagnosis of tick-borne 

pathogens in Maharashtra state, India indicates fitness 

cost associated with carrier infections is greater for 

crossbreed than native cattle breeds. PLoS ONE. 

2017;12(3):e0174595. 

http://dx.plos.org/10.1371/journal.pone.0174595. 

9. Kundave VR, Patel AK, Patel PV, Hasnani JJ, Joshi CG. 

Detection of theileriosis in cattle and buffaloes by 

polymerase chain reaction. Journal of parasitic diseases: 

official organ of the Indian Society for Parasitology. 

2015;39(3):508-13.  

10. Lienhard A, Schaffer S. Extracting the invisible: 

Obtaining high quality DNA is a challenging task in 

small arthropods. Peer J. 2019;7:e6753. 

11. Mann R, Sharma S, Mishra N, Valecha N, Anvikar AR. 

Comparative assessment of genomic DNA extraction 

processes for plasmodium: Identifying the appropriate 

method. Journal of Vector Borne Diseases. 

2015;52(4):273-280. 

12. Minjauw B, McLeod A. Tick-borne diseases and poverty: 

the impact of ticks and tick-borne diseases on the 

livelihoods of small-scale and marginal livestock owners 

in India and eastern and southern Africa. Edinburgh: 

DFID Animal Health Programme, Centre for Tropical 

Veterinary Medicine, 2003 

13. Nagdev KJ, Kashyap RS, Deshpande PS, Purohit HJ, 

Taori GM, Daginawala HF. Determination of polymerase 

chain reaction efficiency for diagnosis of tuberculous 

meningitis in Chelex-100 extracted DNA samples. The 

international journal of tuberculosis and lung disease. 

2010;14(8):1032-8.  

https://www.thepharmajournal.com/


 

~ 1412 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

14. Nourollahi-Fard SR, Khalili M and Ghalekhani N. 

Detection of Theileria annulata in blood samples of 

native cattle by PCR and smear method in Southeast of 

Iran. Journal of Parasitic Diseases. 2015;39(2):249-252. 

15. Pattaradilokrat S, Tiyamanee W, Simpalipan P, 

Kaewthamasorn M, Saiwichai T, Li J, et al. Molecular 

detection of the avian malaria parasite Plasmodium 

gallinaceum in Thailand. Veterinary Parasitology. 

2015;210(1-2):1-9. 

16. Radostits OM, Gay CC, Hinchcliff KW, Constable P. 

Veterinary Medicine E-Book: A textbook of the diseases 

of cattle, horses, sheep, pigs and goats. Ezlsevier Health 

Sciences, 2010, 1526-1531. 

17. Ranjan K, Prasad, M, Prasad G. Application of Molecular 

and Serological Diagnostics in Veterinary Parasitology. 

The Journal of Advances in Parasitology. 2015;2(4):80-

99. 

18. Sajib AA, Bhuiya MAI, Huque R. A Simple, Efficient 

and Rapid Method for Good Quality DNA Extraction 

from Rice Grains. Rice Science. 2017;24(2):119-122. 

19. Samczynski Z. Ion exchange behavior of selected 

elements on chelex 100 resin. Solvent Extraction and Ion 

Exchange. 2006;24(5):781-794. 

20. Saravanan BC, Bansal GC, Manigandan L, Sankar M, 

Ravindran R, Rao JR. Development of a non-radioactive 

probe generated by RAPD-PCR for the detection of 

Theileria annulata. Indian Journal of Animal Sciences. 

2011;81(11):1089-1092. 

21. Schwartz A, Baidjoe A, Rosenthal PJ, Dorsey G, 

Bousema T, Greenhouse B. The effect of storage and 

extraction methods on amplification of plasmodium 

falciparum DNA from dried blood spots. American 

Journal of Tropical Medicine and Hygiene. 

2015;92(5):922-925. 

22. Simon N, Shallat J, Williams WC, Harrington WE. 

Optimization of Chelex 100 resin-based extraction of 

genomic DNA from dried blood spots. Biology Methods 

and Protocols. 2020;5(1):bpaa009. 

23. Singh UA, Kumari M, Iyengar S. Method for improving 

the quality of genomic DNA obtained from minute 

quantities of tissue and blood samples using Chelex 100 

resin. Biological Procedures Online. 2018;20(1):1-9. 

24. Strom GEA, Tellevik MG, Hanevik K, Langeland N, 

Blomberg B. Comparison of four methods for extracting 

DNA from dried blood on filter paper for PCR targeting 

the mitochondrial Plasmodium genome. Transactions of 

the Royal Society of Tropical Medicine and Hygiene. 

2014;108(8):488-494.  

25. Tani H, Tada Y, Sasai K, Baba E. Improvement of DNA 

extraction method for dried blood spots and comparison 

of four PCR methods for detection of Babesia gibsoni 

(Asian genotype) infection in canine blood samples. 

Journal of Veterinary Medical Science. 2008;70(5):461-

467. 

26. Walsh PS, Metzger DA, Higuchi R. Chelex 100 as a 

medium for simple extraction of DNA for PCR-based 

typing from forensic material. Bio techniques. 

1991;10(4):506-513. 

27. Walsh PS, Metzger DA, Higushi R. Chelex 100 as a 

medium for simple extraction of DNA for PCR-based 

typing from forensic material. Bio techniques. 

2013;54(3):134-139. 

28. Willard JM, Lee DA, Holland MM. Recovery of DNA 

for PCR amplification from blood and forensic samples 

using a chelating resin. Methods in Molecular Biology. 

1998;98:9-18. 

29. Zhang J, Zhang L, Song M, Wang W. Detection of HBV-

DNA in Dried Bloodstains on Filter Paper by Nested 

Polymerase Chain Reaction. Laboratory Medicine. 

2010;41(9):535-539.  

https://www.thepharmajournal.com/

