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Abstract

Different DNA extraction protocols have been used in plant DNA extraction.
However, no comparative analysis has been done to determine their efficiency, cost
effectiveness and time requirement for the extraction. Three (3) established protocols
and the USM Biotech modified protocols were used in this study. It aimed to evaluate the
efficiency of the four DNA extraction protocols in terms of DNA yield, purity and processing
time; to determine and compare the cost of sample analysis per protocol and to assess
which protocol is universally applicable in extracting DNA of selected agricultural crops
(banana, cacao, durian, mango and rubber). The experiment was carried out in 4X5
factorial arranged in Complete Randomized Design (CRD), Factor A as protocols and
Factor B as crops used. Results of the study showed that among four (4) protocols,
the protocol developed by Ferdous et al. (2012) was the most cost effective. It was the
least expensive and fastest method of extracting DNA resulting to high genomic DNA
yield. Likewise, University of Southern Mindanao (USM) Biotech modified protocol was
found to be another efficient, economical and effective method of extracting DNA with
sufficient amount of DNA yields. The protocol developed by Ray et al. (2016) produced
the highest DNA yield; however, it was the most time-consuming method among the four
(4) protocols. The Diversity Array Technology (DArT) protocol on the other hand, was
the most expensive method among the four protocols because it required the use of
expensive reagents and liquid nitrogen.

Keywords - agricultural crops, cost-effectiveness, DNA extraction protocols, DNA purity,

DNA yield

Introduction

Extraction of DNA has been the foundation
of many important molecular studies, such as:
marker-assisted selection, diversity assessment,
germplasm identification, quantitative trait loci
analysis and transformants screening (Post et al.,
2003). Due to the importance of DNA extraction,
numerous DNA extraction protocols have been
developed by several authors (Dellaporta et
al., 1983; Doyle & Doyle 1990; Sharma et al.,
2002; Haque et al., 2004 & Kumari et al., 2012).
Along with this many DNA extraction kits such
as DNeasy, Plant Mini kits and others are also
available. However, the problem with these
commercially available kits is their exorbitant
cost (Ahmed et al., 2009). In addition, some kits
are found to be not cost-effective (Varma et al.,
2007) and are not readily available or accessible
(Bashalkhanov & Rajora, 2008; Nui et al., 2008).

Generally, although numerous DNA
extraction protocols are available they are rarely
compared comprehensively (Zimmermann et al.,
1998). There is a need to compare the protocols
in order to determine the cost effectiveness,
simplicity and reliability of the different methods.
Aside from lack of comparative studies on the
different DNA extraction protocols, a universal
DNA extraction protocol needs to be established
to develop the most efficient method and highly
applicable protocol in a wide range of specimens.

In order to address the aforementioned
concerns, this study was conducted to evaluate
the efficiency of four (4) protocols developed by
Ray et al. (2016), Ferdous et al. (2012), Diversity
Array Technology (DArT) 2001 and University
of Southern Mindanao (USM) Biotech modified
protocol in terms of their nucleic acid yield, purity
and processing time. It also aimed to determine
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and compare the cost of sample analysis per
protocol and assess which extraction protocol
could be universally applied in various plant
species such as: banana, cacao, durian, mango
and rubber.

The study used these four protocols
because they had been successfully applied in
extracting DNA of different agricultural crops.
The protocol developed by Ray et al. (2016) was
applied in extracting DNA of cold tolerant rice;
protocol developed by Ferdous et al. (2012) was
successfully applied in rice, banana and oil palm
while the protocol developed by DArT (2001) was
used in extracting DNAof sugarcane and routinely
used by the laboratory. They are known for high
DNA yield and found to be effective. However,
they all require the use of liquid nitrogen which
is not readily available in some laboratories. In
addition to the three protocols, the USM Biotech
modified protocol which was routinely used in
the USM Biotech laboratory was also evaluated
in comparison to the three mentioned protocols.
This study was conducted to evaluate the
efficiency of four (4) protocols developed by Ray
et al. (2016), Ferdous et al. (2012), DArT (2001)
and USM Biotech modified protocol in terms of
their nucleic acid yield, purity and processing
time; to determine and compare the cost of
sample analysis per protocol and to determine
which extraction protocol could be universally
applied in various plant species such as Musa
sp. (banana), Theobroma cacao (cacao), Durio
zibethenos (durian), Hevea brasilensis (rubber)
and Mangifera indica (mango).

Methodology

PLANT MATERIALS

Young leaves of banana, cacao, durian,
mango and rubber were used in the study. The
collected leaves were put on ice.

EXPERIMENTAL DESIGN AND TREATMENTS

The experiment was carried out using the
4x5 factorial laid out in Complete Randomized
Design with DNA extraction method as Factor A
while crop species as the Factor B. All extraction
protocols were replicated three times (3x).

EVALUATION OF THE FOUR DNA EXTRACTION
PrRoTOCOLS

Thefourprotocolswereevaluatedinfive crops
species. In each protocol 50 mg of leaf samples
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were ground with mortar and pestle with addition
of extraction buffer or liquid nitrogen. Samples
were placed in labeled tubes. The samples were
then incubated in a water bath before the ratio
of 24:1 chloroform-isoamyl alcohol was added.
The tubes were centrifuged and the supernatant
or aqueous phase was transferred in new tubes.
The DNA was precipitated with an ethanol or
an Isopropanol, and the pellet was washed with
an alcohol or ethanol then air-dried. Tris Edta
(TE) buffer was used for the re-suspension of
DNAs. Meanwhile, RNAase was added to the
tubes to purify the DNAs. The tubes were then
stored in -20°C. On the other hand, some of the
protocols required additional steps, such as: re-
precipitation of DNAs with the use of sodium
acetate, centrifugation of the tubes, followed by
air drying of pellets and re-suspension of DNAs.

The different reagents and chemicals used
in every protocol are presented in Table 1. On
the other hand, the differences among the steps
involved in each protocol are shown in Table 2.

DNA YELD AND PURITY MEASUREMENT

The yield and quality of extracted DNA was
measured with the use of spectrophotometer.
The purity of DNAs was assessed based on the
A260/280 nm absorbance ratio.

STATISTICAL DATA ANALYSIS

The data gathered were analyzed using
ANOVA. The treatment means were separated
using Tukey’s HSD Test.

CosT ANALYSIS

The cost of analysis per sample was based
on the cost of the reagents and solutions used in
each protocol as well as the man days dedicated
to the analysis.

Results and Discussion

COMPARATIVE EVALUATION OF THE GENOMIC
DNA YIELDS oF FIVE (5) TEsT CROPS FROM
THE FOUR (4) PROTOCOLS TESTED

Figure 1 showed the interaction effect of
protocols on test crops. Results revealed that
the protocol developed by Ray et al. (2016)
gave the highest (1,815.45 ng/pL) genomic
DNA yield in banana. In contrast, the protocol
developed by Ferdous et al. (2012) generated
the lowest (45.53 ng/uL) genomic DNA yield in
banana. Moreover, the three remaining protocols
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generated low DNA yields that were comparable
to one another.

For cacao, results showed that the four
protocols did not give significant difference
among the genomic DNA yields. This implied
that any of the four protocols can be alternatively
used in extracting DNA of cacao.

In the case of durian, the protocol developed
by Ray et al. (2016) generated the highest
genomic DNA yield with an average of 358.19

ng/uL. Statistical analysis revealed no significant
difference in the DNA yield generated from
the protocols developed by Ray et al. (2016),
Ferdous et al. (2012) and USM Biotech modified
protocol. The DNA vyield generated from the
protocol developed by DArT (2001) was the
lowest and was significantly different from
the other three protocols. This proved that the
protocol developed by DArT (2001) was not
efficient for durian.

Table 1. Different reagents and chemicals used per protocol evaluated.

Chemicals and Ray et al. DArT Extraction Ferdous et al. USM Biotech
Reagents (2016) Protocol (2001) (2012) Modified Protocol
1.Chloroform: Isoamyl 900uL 1000pL 400pL (5% 800uL
alcohol (24:1) phenol)
2. CTAB 10%X CTAB 2% (Extraction 2X CTAB 2% (Extraction
solution buffer) solution buffer)
3. EDTA 0.5M 5mM 0.5M 5mM
4. Liquid Nitrogen N/A No exact amount N/A N/A
5. PVP N/A 2% 1% 2%
6. Sodium Chloride 5M 2M 3.5M 2M
7. Sodium N/A 0.5% N/A 0.5%
metabisufite
8. Sorbitol N/A 0.35M N/A 0.35M
9. Tris HCI ™ 0.2M 1™ 0.2M
10. Sodium dodecyl 20% N/A 0.2% N/A
sulfate
Table 2. Different steps involved in the four protocols evaluated.
DNA Extraction Ray et al. (2016) DArT Extraction Ferdous et al. USM Biotech
Protocol Protocol (2001) (2012) Modified
(Steps) Protocol
Water Bath Duration 1510 min at 65°C  1-1.5 hours at 65°C N/A 1-2 hrs at 65°C
and Temperature 2"~ 10 min at 65°C -invert every 20 min -invert every 10
(after addition of min
CTAB)
Chloroform:lsoamyl 900puL 1,000uL 400puL 800uL
Application
Centrifuge Duration 5 spin (35.40min)at  1°-20 mins X 3,000 1 10 mins X 1°- 8 mins X
maximum capacity rpm 8,4000 rpm 13,000 rpm
(1'and 2™ spin) 2" 30mins X 2" 5 mins X 2"-5mins X
, 12, 000 rpm 10,000 rpm 8,4000 rpm 13,000 rpm
(3", 4™ and 5™ spin)
Drying Duration 12 hrs N/A N/A 1-2 hrs

Grinding Method

Mortar and pestle

Mortar and pestle

Mortar and pestle

Mortar and pestle

with 670pL of under liquid with 600pL of without exact
extraction buffer nitrogen to fine extraction buffer amount of
powder extraction buffer
TE Buffer Re- 30uL 200-250uL 50uL 200uL
suspension
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Figure 1. Comparison of the DNA yield generated from the five crops tested using the four pro-
tocols. Within a crop, means with common letter are not significantly different from each other

(Tukey’s HSD test).

For mango and rubber, the protocol
developed by Ferdous et al. (2012) generated
the highest genomic DNA vyield with an average
of 1,267.09 ng/uL, while the protocol developed
by Ray et al. (2016) produced 2,709.53 ng/uL.
Comparatively, the results were not significantly
different from each other. However, results
obtained from the DArT and USM Biotech
modified protocol showed significant difference
from that of the protocol developed by Ferdous
et al. (2012) and Ray et al. (2016). This therefore
implies that if given the choice, the protocol
developed by Ferdous et al. (2012) and Ray et al.
(2016) can be recommended as DNA extraction
protocols for mango and rubber.

Overall results showed that the protocols
developed by Ray et al. (2016) and Ferdous
et al. (2012) were more efficient in generating
genomic DNA across all crops tested than that
of the protocol developed by DArT (2001) and
USM Biotech modified protocol. This might be
due to the use of higher concentration of sodium
chloride for the said protocols. It should be
noted that the protocols developed by Ray et al.
(2016) and Ferdous et al. (2012) required higher
concentration of NaCl than that of the protocols
developed by DArT (2001) and USM Biotech
modified protocol. For Ray et al. (2016) 5M NacCl
(2012) was used, while for Ferdous et al. (2012)
3.5M NaCl was added to the buffer. On the other
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hand, for the protocol developed by DArT (2001)
and the USM Biotech modified protocol, a lower
concentration of NaCl (2M) was required.

This result supported the findings of
Paterson et al. (1993) where they reported that
the addition of more than 0.5M NaCl with CTAB
could easily remove high polysaccharides.
Furthermore, higher genomic DNA from the two
protocols could also be attributed to the use of
higher concentration of Tris HCL and EDTA. A
1M concentration of Tris HCl was used in the
protocols developed by Ferdous et al. (2012)
and Ray et al. (2016), while 0.2M Tris HCI was
used in both DArT (2001) and USM Biotech
modified protocols. Another reason might be
due to the addition of 10X CTAB (Ray et al.,
2016) and 2X CTAB (Ferdous et al., 2012) in the
whole extraction process could have improved
the efficiency of the two protocols. This result
appeared to be congruent with the findings of
several authors (Murray and Thompson 1980;
Paterson et al., 1993; Suman et al., 1999), where
they observed that higher concentration of CTAB
could increase genomic DNA vyield. This could
be further attributed to the successful removal of
most polysaccharides.

Another unique feature of the two protocols
is the use of sodium dodecyl sulfate (SDS)
solution. Phenol:chloroform:isoamyl was also
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used in the protocol developed by Ferdous et al.
(2012), which supported the findings of Dipankar
et al. (2006) in chickpea (Cicer arietinum L.).
They observed that the use of phenol removed
CTAB polysaccharides complex formed earlier in
the reaction.

With the foregoing results, it was further
observed that the efficiency of the protocols was
dependent on the plant species used. This result
was congruent with the findings of Weishing et
al. (1995) which revealed that the DNA quantity
and quality often varied among representatives
of different genera, and sometimes even among
different species of a genus or among different
plant tissues that were closely related plants
might require different DNA isolation protocols.

Although there were differences among the
generated genomic DNA of the four (4) protocols
used, it could be pointed that any of the four
(4) protocols can be alternately used in any
genotyping studies since genomic DNA vyields of
the four (4) protocols were all higher than 50ng/
pL, the minimum amount required in performing
complex genotyping studies (http://genepoolbio.
ed.ac.uk/illumina/samples.html). Moreover,
previous studies obtained good amplification
product below 50ng/puL (Dacumos et al., 2011;
Sales et al., 2011 & Sales et al., 2017). Hence,
all of these protocols tested can be used and
could give an acceptable DNA yield for banana,

cacao, durian, mango, and rubber.

COMPARATIVE EVALUATION OF THE DNA
PurITY OF FIVE (5) CROPS FROM THE FOUR
(4) PROTOCOLS EVALUATED

Figure 2 presents the comparative
evaluation of the purity index of genomic DNA
generated from the five (5) crops using the four
(4) protocols tested. In terms of the purity of
DNA obtained from banana using the different
protocols, data showed that the protocol
developed by Ray et al. (2016) gave a purer
DNA with a purity index of 2.01 than the protocol
developed by DArT (2001), showing a purity
index of 1.94. Although the purity index of banana
using DArT (2001) protocol was numerically
lower than that of the protocol developed by
Ray et al. (2016), statistical analysis showed
no significant difference between the two.
Moreover, the protocol developed by Ferdous et
al. (2012) generated the lowest purity index of
1.78. However, this was not significantly different
from that of the modified protocol developed by
USM Biotech. This finding further showed that
the protocol developed by Ray et al. (2016) and
DArT (2001) could produce purer DNA than
that of the protocol developed by Ferdous et al.
(2012) and USM Biotech modified protocol.

For cacao, the protocol developed by DArT
(2001) generated the highest purity index of
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Figure 2. Comparison of the DNA yield generated from the five crops tested using the four proto-
cols. Within a crop, means having a common letter are not significantly different from each other

(Tukey’s HSD test).
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1.69, followed by the protocol of Ray et al. 2016
(1.65) and USM Biotech modified protocol (1.63).
Notably, however statistical analysis showed
no significant differences among the three.
On the other hand, these three protocols were
significantly different from that of the protocol
developed by Ferdous et al. (2012), which
produced DNA with the lowest purity index of
1.45. This indicated that the protocols developed
by DArT (2001), Ray et al. 2016 and USM
Biotech could produce purer DNA of cacao than
the protocol developed by Ferdous et al. (2012).

On the other hand, for the DNA obtained
from durian and mango, data revealed that the
protocol developed by DArT (2001) generated
DNA with higher purity index than the other three
protocols. Statistical analysis showed significant
difference between the protocol developed
by DArT (2001) and the three protocols used.
However, among the three protocols used, data
showed no significant difference. This suggests
that for durian and mango, the protocol developed
by DArT (2001) could generate purer or cleaner
DNA than that of the protocols developed by
Ferdous et al. (2012), Ray et al. (2016) and USM
Biotech.

For rubber, DArT protocol yielded DNA with
the highest purity index of 1.93. Data indicated
a significant difference between DArT (2001)
protocol and the other three protocols. Data
further showed that there was no significant
difference among the protocols developed by
Ferdous et al. (2012), Ray et al. (2016) and the
USM Biotech modified protocol. This suggested
that the protocol developed by DArT (2001)
could produce cleaner DNA than that of the
protocols developed by Ferdous et al. (2012),
Ray et al. (2016) and the USM Biotech for rubber

Evaluation of USM Biotech DNA extraction method
as indicated by the purity index obtained.

Moreover, it was observed that among the
crop species used DNA extracted from cacao
were always less pure than that of the other
four crop species used in whatever extraction
protocol applied. This might be attributed to the
higher phenolic compounds present in cacao.
Dai & Mumper (2010) reported that phenolics
are present in plant foods (chocolate) and
beverages (tea and coffee). Furthermore, Briz
(2015) reported that phenols, such as flavonoids,
epicatechin quercetin and catechin are presentin
cacao. These compounds might have hindered
the production of good quality DNA from cacao. It
should be noted that the DNA extraction in cacao
was more difficult because pellets produced from
cacao were highly viscous, sticky and difficult to
handle. Aside from this, browning of the pellets
from cacao was also observed. Loodhi et al.
(1994) reported that browning of the pellets
indicated the presence of secondary metabolites
and polysaccharides.

EVALUATION OF COST AND TIME EFFICIENCY
OF THE FourR (4) DNA EXTRACTION
PrRoTOCOLS EVALUATED

To further evaluate the efficiency and utility of
the four protocols, time and cost spent were taken
into consideration (Table 3). The time and cost
associated with DNA extraction and purification
methods are factors that can greatly influence
molecular diversity analysis, fingerprinting and
genome mapping (Weishing et al.,1995).

Furthermore, yield and purity of genomic
DNA play a vital role in the analysis of molecular
diversity and optimization of different parameters
for PCR. Data in Table 3 show the cost incurred

Table 3. Comparative data showing the cost and time required among the four (4) different
DNA extraction methods with genomic DNA yield and purity of their product.

Protocols Yield Purity Cost Time
(ng/uL) (A260/A280) (Pnhilippines us (hrs)
Peso) Dollar*
USM Biotech 318.92 1.72 351.8 6.76 8.16
Modified Protocol
DArT Protocol 240.97 1.87 1541.25 29.6 7.15
(2001)
Ferdous et al. 858.14 1.69 174 3.34 6.10
(2012)
Ray et al. (2016) 1134.80 1.77 174.54 3.34 19.11
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and time dedicated to every extraction protocol
in the terms of genomic DNA yield and purity.
The results obtained show that USM Biotech
modified protocol produced 318.92 ng/uL DNA
yield with a purity index of 1.72 at a cost of Php
351.80 (US$6.77) and 8.16 hours time spent.
The DArT protocol (2001) produced lesser DNA
yield 240.97 ng/puL compared to USM Biotech
modified method but has higher purity index
(1.87) with 7.15 required hours and incurred
the highest cost of Php 1,541.25 (US$29.64).
Ferdous et al. (2012) produced higher DNA
yield (858.14 ng/uL) with 1.69 purity index with
a lowest cost of Php 174.00 (US$3.36) in 6.10
hours. Ray et al. (2016) protocol has the highest
DNA yield (1,134.80 ng/uL) with 1.77 purity at a
cost of Php174.54 (US$3.36) in 19.11 hours.
Comparing the four (4) protocols evaluated,
the protocol developed by Ray et al. (2016) was
more labor intensive as it requires 19.11 hours
to complete the extraction process. The protocol
developed by Ferdous et al. (2012) although
considered the “fastest” but it is the least
efficient in cleaning the DNA among the three
(3) protocols. It requires the least time generated
but have the lowest purity index. The protocol of
Ferdous et al. (2012) shows to be the most cost
effective among the four protocols. In contrast,
the protocol developed by DArT (2001) was
the most expensive among the four protocols,
which could be probably because, it requires
more expensive chemicals and reagents, like,
liquid nitrogen. On the other hand, the modified
protocol developed by USM Biotech could be
used across all crops although it ranked third in
terms of cost, purity, yield and time efficiency.

Conclusion

The protocols developed by Ray et al. (2016)
and Ferdous et al. (2012) could produce higher
genomic DNA yield than the DArT (2001) and
USM Biotech modified protocol. Although the
protocols developed by DArT (2001) and USM
Biotech produced lower DNA yield compared to
the two protocols, their DNAyields, however, were
still sufficient to carry out further genomic studies,
since genomic DNA obtained was more than the
minimum DNA required in performing complex
genotyping studies. This implies that the four
protocols are all efficient in generating sufficient
genomic DNA yield to carry out further analysis.
It showed that all protocols applied produced
good DNA quality. More so, among the four (4)
protocols Ferdous et al. (2012) showed to be the
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most cost effective. In addition, it was the fastest
method for extracting DNA with high genomic
DNA vyield. USM Biotech modified protocol, on
the other hand, could be recommended as an
alternate method as it ranked third in terms of
cost and yield.Based on the results and findings
of the study, a follow up study on the efficiency of
each protocol in the genetic analysis using some
molecular markers be carried out to confirm their
efficiency in generating excellent molecular data.

Acknowledgement

The authors would like to thank the DA-
Biotechnology for the funding support and the
staff of USM Biotechnology for the laboratory
assistance.

References

Ahmed, I., Islam, M., Arshad, W., Mannan, W.,
Ahmad, W. & Mirza, B. (2009). High quality
plant DNA extraction for PCR: an easy-
approach. Journal of Applied Genetics, 50,
105-107.

Bashalkhanov, S. & Rajora, O.P. (2008). Protocol:
A high-throughput DNA extraction system
suitable for conifers. Plant Methods, 4, 1-6.

Briz, M\W. (2015). Cacao Theobroma cacao
Linnaeus. Research Information Series on
Ecosystem, 27, 1-13.

Dai, J. & Mumper, J. (2010). Plant phenolics:
extraction, analysis and their antioxidant
and anticancer properties. Molecules, 15,
7313-7352.

Dacumos, C.N., Lalusin, A.G., Namuco, L.O.,
Patena, L.F. & Barba, R.C. (2011). Diversity
analysis of Philippine bananas using simple
sequence repeats marker. The Philippine
Journal of Crop Science, 36(1), 1-10.

Diversity Array Technology (DArT) (2001). http://
www.diversityarrays.com/sites/default/
files/resources/DArT_DNA isolation.pdf

Dellaporta, S., Wood, J. & Hicks, J. (1983). A
plant DNA mini-preparation: version I,
Plant Molecular Biology Reporter, 1, 19—
21.

Dipankar C., Anindya, S. & Sampa, D. (2006).
Small and large scale genomic DNA
isolation protocol for chickpea (Cicer
arietinum) suitable for molecular marker
and transgenic analysis. African Journal
Biotechnology, 5, 585-589.

Doyle, J.J. & Doyle, J.L. (1990). Isolation of plant
DNA from fresh tissue. Focus, 12, 13—-15.

Ferdous, J., Hanafi, M., Rafii, M. & Kharidah,

M. (2012). A quick DNA extraction
protocol: without liquid nitrogen in
ambient temperature. African Journal

37



Biotechnology, 11, 6956—6964.

Haque, S., Ashraf, N., Awal, A., Sarker, R.H.,
Begum, S. & Khan, H. (2004). Method for
quality DNA isolation from different parts of
jute plant: Corchorus capsularis L. and C.
olitorius L. Plant Tissue Culture, 14, 143—
148.

Kumari, V., Bansal, A., Aminedi, R., Taneja, D.
& Das, N. (2012). Simplified extraction of
good quality genomic DNA from a variety
of plant materials. African Journal of
Biotechnology, 11, 6427.

Loodhi, M.A., Ye, G.N., Weeden, N.F. & Reisch,
B.l. (1994). A simple and efficient method
for DNA isolation from grapevine cultivars,
vitis species and Antelopis. Plant Molecular
Biology Reports, 12, 6—-13.

Murray, M.G. & Thompson, W.F. (1980). Rapid
isolation of high molecular weight DNA.
Nucleic Acids Research, 8, 4321-4325.

Nui, C., Kebede, H., Auld, D.L., Woodward,
J.E., Burow, G. & Wright, R.J. (2008). A
safe inexpensive method to isolate high
quality plant and fungal DNA in an open
laboratory environment. African Journal of
Biotechnology, 7, 2818-2822.

Paterson, A.H., Brubaker, C.L. & Wende, J.F.
(1993). A rapid method for extraction of
Cotton (Gossypium spp) genomic DNA
suitable for RFLP or PCR analysis.
Plant Molecular Biology Reporter, 11, 1227.

Post, R.V., Post, L.V., Dateg, C., Nilsson, M.,
Froster, B.P. & Tuvesson, S. (2003). A high
throughput DNA extraction method for
barley seed. Euphytica, 130, 255-260.

Ray B.P., Mahbur Rahman, K.M., Hossain, M.E.
& Sarker, P.C. (2016). DNA extraction
protocol without liquid nitrogen of cold
tolerant rice. World Journal of Biology and
Medical Sciences, 3, 59-67.

Sales, E.K. & Butardo, N.G. (2017). SSR markers
for mango (Manifera indica L.) cultivar
identification and genetic characterization.
The Philippine Journal of Crop Science,
42(3), 30-38.

Sales, E.K., Butardo, N.G., Paniagua, H.G.,
Jansen, H. &Dolezel, J. (2011). Assessment
of ploidy and genome constitution of some
Musa balbisiana cultivars using DArT
markers. The Philippine Journal of Crop
Science, 36(1), 11-18.

Sharma, A.D., Gill, P.K. & Singh, P. (2002). DNA
isolation from dry and fresh samples of
polysaccharide-rich plants. Plant Molecular
Biotechnology Reports, 20, 415a—415f.

Suman, P.S., Khanuja, A., Shasany, AK.,
Darokar, M.P. & Kumar, S. (1999). Rapid
isolation of DNA from dry and fresh
samples of plant producing large amounts

38

Evaluation of USM Biotech DNA extraction method

of secondary metabolites and essential
oils. Plant Molecular Biology Reporter, 11,
1-7.

Varma, A., Padh, H. & Shrivastava, N. (2007).
Plant genomic DNA isolation: an art or a
science. Biotechnology Journal, 2, 386—
392.

Weishing, K., Nybom, H., Wolff, K. & Meyer, W.
(1995). DNA isolation and purification, in
DNA fingerprinting in plants and fungi. CRC
Press, Boca Raton, Florida, 44-59.

Zimmermann, A., Luthy, J. & Pauli, U. (1998).
Quantitative and qualitative evaluation of
nine different extraction methods for nucleic
acids on soya bean food samples. Zeitschrift
ftir Lebensmitteluntersuchungund-
Forschung, A207, 81-90.

Journal of Agricultural Research, Development, Extension and Technology



