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ABSTRACT

The cetyltrimethylammonium bromide (CTAB) method has been the workhorse of plant
DNA extraction for more than three decades, yet it is notorious for failing on tissues loaded
with polysaccharides and polyphenols. Mucilage, gums, pectins and storage carbohydrates
co-precipitate with nucleic acids, turn pellets into glassy gels, inhibit polymerases and
restriction enzymes, and distort absorbance readings. This narrative review asks what the
published literature says about making a CTAB protocol both rapid and reliable for such
tissues. It draws on the original CTAB papers, on the many modifications proposed for
difficult species, and on work about PCR inhibition and the assessment of DNA quality, and it
reports no new laboratory data. Optimisation emerges as a matter of balance rather than of
any single magic additive: salt concentration, polyvinylpyrrolidone, reducing agents,
chloroform steps and precipitation conditions each solve one problem while risking another,
and speed gained by shortening a step is often lost again in repeated extractions. Quality
checks based on absorbance ratios are useful but easily misread, and amplification of the
intended target remains the decisive test. The review closes with a short list of what a
convincing optimisation report should contain.
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1. Introduction

Almost every plant molecular study begins
with the same task: getting DNA out of a
leaf. For many species it is easy; for those
that store carbohydrate, secrete mucilage
or accumulate phenolics, it is the step on

which the project stalls. The method most
often reached for in these cases is
extraction in cetyltrimethylammonium
bromide, or CTAB, a detergent introduced
for plant work in the early 1980s (1) and
adapted for tiny samples soon afterwards
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(2).

The appeal of CTAB is practical. It needs
no specialised equipment, scales from a
leaf disc to a large preparation, and under
high-salt conditions it holds most
polysaccharides in solution while nucleic
acids are separated from them (1). Its
reputation is nonetheless uneven: protocols
that work for one crop give brown, viscous
or unamplifiable DNA from another, and a
large literature of modifications has grown
up around the problem (3).

This article reviews what that literature
says about making a CTAB protocol both
rapid and dependable for
polysaccharide-rich tissues. It is a narrative
review and reports no laboratory data;
although its title speaks of optimising a
protocol, it describes no particular
experiment, laboratory or species. The aim
is a fair account of what is established and
what is merely repeated from one protocol
paper to the next.

2. Literature Review

2.1 Origins of the CTAB Method

Before CTAB, plant DNA was commonly
prepared by adapting procedures
developed for microorganisms, which
relied on detergent lysis, deproteinisation
with chloroform and alcohol precipitation
(4). Plant tissue was a poorer fit, because
walls resisted lysis and vacuolar contents
attacked the DNA once released. The
CTAB procedure used a cationic detergent
that lyses membranes and complexes with
nucleic acids, with a salt concentration
chosen so that the complex stays soluble
while most polysaccharides do not
co-precipitate (1).

A scaled-down version handled milligram
amounts of fresh tissue and even
herbarium material (2). A parallel line of
work used sodium dodecyl sulfate with
potassium acetate (5), and rapid versions
dispensed with phenol and chloroform

altogether (6). Those methods are fast, yet
they tend to carry more carbohydrate and
pigment into the final solution, which is
exactly what difficult tissues punish.

2.2 What Makes Some Tissues Difficult

Three groups of compounds account for
most of the trouble. Polysaccharides, such
as pectins, gums, mucilage and storage
carbohydrates, are structurally similar
enough to nucleic acids to follow them
through alcohol precipitation, where they
give a glassy pellet that is hard to dissolve
(7). Polyphenols oxidise when cells are
broken, and the resulting quinones bind
covalently to DNA, giving brown
preparations that resist enzymes (8). Latex
and resins complicate some families (9).
Table 1 summarises the main
contaminants, their effects and the usual
countermeasures.

Table 1. Contaminants typical of
polysaccharide-rich tissue and what they do to an

extract.

Contami

nant

Typical

source
Effect

Usual counte

r-measure

Polysacch
arides

Mucilage,
pectin,
starch

Viscous,
glassy
pellet;
enzyme
inhibition
(10, 11)

High salt;
extra
chloroform
steps (7)

Polyphen
ols

Tannins,
oxidised
phenolics

Brown,
cross-linked
DNA (8)

PVP,
reducing
agent (12, 13)

Latex and
resins

Laticifers,
resin ducts

Gummy
lysate (9)

Washed
tissue, extra
extraction

Proteins
and RNA

Cell lysate
Inflated
A260
reading (14)

Chloroform;
RNase
treatment

Residual
CTAB or
salt

Carry-over
from wash

Polymerase
inhibition
(15)

Ethanol wash,
full drying

Note: Qualitative summary of effects described in the

cited literature; severity varies by species and tissue.

Carbohydrate contamination is insidious: a
heavily contaminated extract can read as
acceptable at 260 nm, since
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polysaccharides absorb little, while still
inhibiting the enzymes that follow (10).
Plant polysaccharides and polyphenols are
common causes of failed reactions, and
polymerases differ in how well they
tolerate them (11, 15). Such differences
look small at the bench, but they decide
whether a downstream reaction runs at all.

2.3 Modifications for
Polysaccharide-Rich Species

The best-known modifications shift the
chemistry in one direction. Raising the salt
concentration keeps more polysaccharide
soluble and was a central element of
protocols designed for cotton and
grapevine, two crops that combine
mucilage with phenolics (16, 17). Adding
polyvinylpyrrolidone, usually with a
reducing agent, binds phenolics before
they oxidise (12, 13). One modification for
plants rich in both polysaccharides and
polyphenols combined several of these
changes with extra extraction and washing
(7). Work on latex-bearing species added
extra extraction rounds (9), and a cotton
protocol began by isolating nuclei (18).

Simplified versions have also appeared. A
microprep for tomato and other herbaceous
plants trades yield for speed (19), protocols
exist that dispense with liquid nitrogen and
phenol (20, 21), and a detailed protocol
article describes rapid CTAB isolation
from small tissue samples (22). Others go
further, sending a crude lysate straight to
amplification (23) or replacing manual
handling with high-throughput formats
(24). These work well on easy tissues and,
as a rule, poorly on mucilaginous ones.
This is why the same species can yield
cleanly in one laboratory and badly in
another.

2.4 Sample Handling Before Extraction

Much of what decides success happens
before the buffer is added. Field tissue can
be dried over silica gel (25) or kept in

saturated salt and CTAB solution (26).
Herbarium specimens are harder, because
storage fragments DNA, and protocols for
them have been compared in some detail
(27, 28).

3. Materials and Methods

3.1 Scope

The question is deliberately narrow: what
does the published literature say about
optimising a rapid CTAB protocol for
polysaccharide-rich plant tissues? No
particular species is assumed, and no data
from any institution, laboratory or field site
are reported; the title should not be read as
describing an experiment by the authors.

3.2 Literature Assembly

This is a narrative synthesis. No formal
systematic search or screening procedure
was used. Sources were assembled from
the authors� reading of foundational and
methodological papers on plant DNA
extraction, PCR inhibition and DNA
quality published up to the end of 2012,
plus reference chasing. Selection is
therefore subject to the usual biases of a
narrative review.

3.3 Appraisal Framework

Each source was read for what was
changed, what was measured to show
improvement and how far the result might
transfer. Reports were treated as stronger
when they tested more than one species,
used a standard comparator and measured
amplification or digestion as well as
absorbance. Table 2 and Table 3 collect
the buffer components and quality checks
that recurred.

4. Results

4.1 The Typical Rapid CTAB Workflow

Across the sources, a rapid CTAB protocol
follows a recognisable sequence, shown in
Figure 1: grinding in warm buffer, a short
incubation, extraction with chloroform and
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isoamyl alcohol, alcohol precipitation,
washing and dissolving. Each stage has a
characteristic way of going wrong:
phenolics oxidise at the start, mucilage
emulsifies at the interface, the pellet turns
gelatinous at precipitation, and an
over-dried pellet resists dissolving. None
of these steps is difficult, but each is easy
to skip when the bench is busy.

Table 2. Components of a CTAB extraction
buffer and the reason each is there.

Component Role Caution

CTAB

Detergent;
lyses
membranes,
binds nucleic
acids (1)

Precipitates
at low salt

Sodium chloride
Keeps
polysaccharides
soluble (1, 7)

Too little
leaves
carbohydrate
behind

Tris and EDTA
Buffer; chelates
metals that help
nucleases (2)

Weak
buffering
fails on
acidic tissue

PVP
Binds
polyphenols
(12, 17)

Can carry
over into the
pellet

Reducing agent

Limits
oxidation of
phenolics (8,
13)

Odour;
volatile;
safety
handling

Chloroform-isoamyl
alcohol

Removes
proteins and
pigments (4)

Emulsions
with
mucilage

Note: Roles are those described in the cited protocols;

amounts are deliberately omitted because they are

tuned to the tissue.

What distinguishes a rapid protocol from a
slow one is rarely the chemistry; it is how
often each step is repeated and how long
each incubation lasts. No general rule says
how far these can be shortened before
yield or purity suffers, and authors of rapid
protocols seldom report failures, so the
record probably favours successes. The
point is not that a published protocol is
poor, only that its success travels less far
than its title suggests.

Figure 1. Flow of a CTAB extraction with the
points at which polysaccharide trouble usually

appears (schematic, not data).

4.2 Which Step Addresses Which
Problem

The reported modifications can be
arranged by the problem they address, and
Figure 2 does this qualitatively. Salt
concentration is the principal lever against
polysaccharide; PVP and a reducing agent
address polyphenol; chloroform extraction
removes protein and pigment and also
helps with some carbohydrate; and a
careful wash is what removes carry-over of
salt and detergent. The matrix summarises
the authors� reading, not a measured result.
A pellet that has been given time to
dissolve behaves differently from one that
has been rushed.

Figure 2. Qualitative matrix of contaminant
problems and the steps that address them

(schematic, not data).

No single component carries the weight. A
protocol that raises salt but omits a
reducing agent may handle mucilage and
still give brown DNA from a phenolic
tissue, and one that adds PVP but is
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washed carelessly may inhibit the
polymerase through residue (15, 29).

4.3 Assessing the Extract

Authors judge extracts by several means,
listed in Table 3. Absorbance ratios are the
commonest. A ratio of absorbance at 260
and 280 nm near 1.8 is conventionally
taken as acceptable for DNA, and a ratio at
260 and 230 nm above about 2.0 as
indicating freedom from salt and organic
contaminants, but both depend on pH,
ionic strength and the blank used (14, 30).
Gel electrophoresis shows size and
integrity and reveals RNA (31). The
decisive tests are functional: a restriction
digest, or amplification of the intended
locus (32).

Table 3. Common quality checks for an extract
and what each can and cannot tell.

Check What it shows Limitation

A260/A280

Protein or
phenol
carry-over (14,
30)

Insensitive to
polysaccharide

A260/A230

Salt,
carbohydrate,
organic solvent
(30)

Varies with
buffer and blank

Gel
electrophoresis

Size and
integrity; RNA
smear (31)

Not quantitative
for purity

Restriction
digest

Whether
enzymes can cut
(10)

Needs enzyme
and substrate

Target PCR
Whether the
intended locus
amplifies (32)

Primer-specific;
spike controls
help

Note: Interpretation follows the cited methodological

papers; no thresholds are proposed beyond the usual

rules of thumb.

A recurring weakness is that reports of
improved protocols rest mainly on
absorbance and a gel, without
amplification of more than one target and
without a spike-in control that would
separate inhibition from an absent
template. Where such controls were used,
an extract that looked pure by ratio could

still inhibit. Read this way, a failed
amplification is a clue about the extract,
not proof that the template is absent.

4.4 Downstream Demands

What counts as good enough depends on
use. PCR (33, 34) tolerates some impurity
and degradation, especially for short
targets. Fingerprinting with arbitrary
primers (35) or selective amplification (36)
is more demanding, since a trace of
inhibitor can change band patterns.
Barcoding with plastid markers (37, 38,
39) and large-scale genotyping (40, 41) ask
for DNA of consistent quality across many
samples, a demand that sequencing
platforms have sharpened (42).

5. Discussion

5.1 Interpretation

Read across these reports, optimisation of
a rapid CTAB protocol is a matter of
balance. Every remedy has a cost: more
salt dissolves more carbohydrate but can
leave salt behind, extra chloroform steps
lower contamination but lose DNA at each
interface, and PVP removes phenolics but
can itself carry over. The protocols that
work best on difficult tissue are rarely the
shortest, and any that claim to be both fast
and universal deserve scepticism.

A protocol developed on one species is, in
effect, a hypothesis about another, since
carbohydrate and phenolic profiles change
with season, age and growing conditions.
Figure 3 sketches how a poor extract might
be read. A reader choosing a protocol
needs the answer to a simple question: will
this work on my tissue?

5.2 Limitations

This review has the limitations of its
design. It is a narrative synthesis without a
systematic search, so relevant reports may
have been missed. Most of the protocol
papers it draws on are short methods notes
that rarely include negative results or
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replicate comparisons, and comparisons
across laboratories are confounded by
differences in tissue, equipment and
analyst skill. Reviews of this kind are more
useful when they say where the evidence
stops than when they smooth it over.

Figure 3. Decision tree for reading a poor extract
(schematic, not data).

5.3 Future Work

A convincing optimisation report would
state the tissue and its age, describe every
step precisely enough to repeat, include a
standard comparator, and report more than
absorbance: at minimum a gel, a digest or
target amplification with a spike-in
control. It would give time, cost and failure
rate, not only the best result. It is a habit
worth keeping even when the extract looks
fine.

6. Conclusion

CTAB remains a sound basis for extracting
DNA from polysaccharide-rich plant
tissue, but the literature shows that its
success depends on matching the
chemistry to the tissue rather than on any
single additive. Salt, PVP, reducing agents,
chloroform steps and washing each address
a specific problem, and shortening the
protocol must not remove the step that
addresses the problem the tissue actually
has. Quality should be judged by function,
and a report of improvement should show
amplification, not only absorbance ratios.
That is a modest claim, and it is the one the
literature will bear.

For the practitioner, the message is to treat
a published protocol as a starting point, test
it on the tissue in hand and record what is
changed. For the researcher, the
opportunity is a set of side-by-side
comparisons that would turn anecdote into
guidance. These points apply with equal
force to any extraction chemistry, not only
to CTAB.

7. Acknowledgements

The authors thank colleagues who
commented on earlier drafts of this review.

8. Funding

This work received no specific grant from
any funding agency in the public,
commercial or not-for-profit sectors.

9. Conflict of Interest

The authors declare no conflict of interest.

10. Author Contributions

F.B. conceived the review and wrote the
sections on the CTAB method and its
modifications. G.W. wrote the sections on
contaminants and quality assessment. E.R.
wrote the sections on sample handling and
downstream use. All authors revised the
manuscript and approved the final version.

11. Ethics Statement

This is a review of published literature. No
human or animal subjects were involved
and no ethical approval was required.

12. Data Availability

No new data were generated. All sources
are cited in the reference list.

13. References

1. Murray, M. G., & Thompson, W. F. (1980). Rapid
isolation of high molecular weight plant DNA.
Nucleic Acids Research, 8(19), 4321�4326. DOI:
10.1093/nar/8.19.4321

2. Rogers, S. O., & Bendich, A. J. (1985). Extraction
of DNA from milligram amounts of fresh,
herbarium and mummified plant tissues. Plant
Molecular Biology, 5(2), 69�76. DOI:

DOI: https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 2, 2013  |  pp 11-18

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/8.19.4321
https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18


Indo-Am. J. of Life Sc & Bt. 2013 ISSN 2347-2243  iajlb.org

Vol.10, Issue 2, 2013

17Bellandi, Whitfield and Rowntree, 2013 | 10.62644/iajlb.2013.v10.i2.pp11-18

10.1007/BF00020088

3. Varma, A., Padh, H., & Shrivastava, N. (2007).
Plant genomic DNA isolation: An art or a science.
Biotechnology Journal, 2(3), 386�392. DOI:
10.1002/biot.200600195

4. Marmur, J. (1961). A procedure for the isolation of
deoxyribonucleic acid from micro-organisms.
Journal of Molecular Biology, 3(2), 208�218.
DOI: 10.1016/S0022-2836(61)80047-8

5. Dellaporta, S. L., Wood, J., & Hicks, J. B. (1983).
A plant DNA minipreparation: Version II. Plant
Molecular Biology Reporter, 1(4), 19�21. DOI:
10.1007/BF02712670

6. Edwards, K., Johnstone, C., & Thompson, C.
(1991). A simple and rapid method for the
preparation of plant genomic DNA for PCR
analysis. Nucleic Acids Research, 19(6), 1349.
DOI: 10.1093/nar/19.6.1349

7. Porebski, S., Bailey, L. G., & Baum, B. R. (1997).
Modification of a CTAB DNA extraction
protocol for plants containing high
polysaccharide and polyphenol components.
Plant Molecular Biology Reporter, 15(1), 8�15.
DOI: 10.1007/BF02772108

8. Loomis, W. D. (1974). Overcoming problems of
phenolics and quinones in the isolation of plant
enzymes and organelles. Methods in Enzymology,
31, 528�544. DOI:
10.1016/S0076-6879(74)31057-9

9. Michiels, A., Van den Ende, W., Tucker, M., Van
Riet, L., & Van Laere, A. (2003). Extraction of
high-quality genomic DNA from latex-containing
plants. Analytical Biochemistry, 315(1), 85�89.
DOI: 10.1016/S0003-2697(02)00665-6

10. Wilson, I. G. (1997). Inhibition and facilitation of
nucleic acid amplification. Applied and
Environmental Microbiology, 63(10), 3741�3751.
DOI: 10.1128/aem.63.10.3741-3751.1997

11. Schrader, C., Schielke, A., Ellerbroek, L., &
Johne, R. (2012). PCR inhibitors: Occurrence,
properties and removal. Journal of Applied
Microbiology, 113(5), 1014�1026. DOI:
10.1111/j.1365-2672.2012.05384.x

12. Kim, C. S., Lee, C. H., Shin, J. S., Chung, Y. S., &
Hyung, N. I. (1997). A simple and rapid method
for isolation of high quality genomic DNA from
fruit trees and conifers using PVP. Nucleic Acids
Research, 25(5), 1085�1086. DOI:
10.1093/nar/25.5.1085

13. John, M. E. (1992). An efficient method for
isolation of RNA and DNA from plants
containing polyphenolics. Nucleic Acids
Research, 20(9), 2381. DOI:
10.1093/nar/20.9.2381

14. Wilfinger, W. W., Mackey, K., & Chomczynski,
P. (1997). Effect of pH and ionic strength on the
spectrophotometric assessment of nucleic acid

purity. BioTechniques, 22(3), 474�481. DOI:
10.2144/97223st01

15. Al-Soud, W. A., & R�dstr�m, P. (1998). Capacity
of nine thermostable DNA polymerases to
mediate DNA amplification in the presence of
PCR-inhibiting samples. Applied and
Environmental Microbiology, 64(10), 3748�3753.
DOI: 10.1128/AEM.64.10.3748-3753.1998

16. Paterson, A. H., Brubaker, C. L., & Wendel, J. F.
(1993). A rapid method for extraction of cotton
(Gossypium) genomic DNA suitable for RFLP or
PCR analysis. Plant Molecular Biology Reporter,
11(2), 122�127. DOI: 10.1007/BF02670470

17. Lodhi, M. A., Ye, G.-N., Weeden, N. F., &
Reisch, B. I. (1994). A simple and efficient
method for DNA extraction from grapevine
cultivars and Vitis species. Plant Molecular
Biology Reporter, 12(1), 6�13. DOI:
10.1007/BF02668658

18. Dabo, S. M., Mitchell, E. D., & Melcher, U.
(1993). A method for the isolation of nuclear
DNA from cotton (Gossypium) leaves. Analytical
Biochemistry, 210(1), 34�38. DOI:
10.1006/abio.1993.1146

19. Fulton, T. M., Chunwongse, J., & Tanksley, S. D.
(1995). Microprep protocol for extraction of DNA
from tomato and other herbaceous plants. Plant
Molecular Biology Reporter, 13(3), 207�209.
DOI: 10.1007/BF02670897

20. Sahu, S. K., Thangaraj, M., & Kathiresan, K.
(2012). DNA extraction protocol for plants with
high levels of secondary metabolites and
polysaccharides without using liquid nitrogen and
phenol. ISRN Molecular Biology, 2012, 205049.
DOI: 10.5402/2012/205049

21. Ahmed, I., Islam, M., Arshad, W., Mannan, A.,
Ahmad, W., & Mirza, B. (2009). High-quality
plant DNA extraction for PCR: An easy
approach. Journal of Applied Genetics, 50(2),
105�107. DOI: 10.1007/BF03195661

22. Allen, G. C., Flores-Vergara, M. A., Krasynanski,
S., Kumar, S., & Thompson, W. F. (2006). A
modified protocol for rapid DNA isolation from
plant tissues using cetyltrimethylammonium
bromide. Nature Protocols, 1(5), 2320�2325.
DOI: 10.1038/nprot.2006.384

23. Wang, H., Qi, M., & Cutler, A. J. (1993). A simple
method of preparing plant samples for PCR.
Nucleic Acids Research, 21(17), 4153�4154.
DOI: 10.1093/nar/21.17.4153

24. Xin, Z., & Chen, J. (2012). A high throughput
DNA extraction method with high yield and
quality. Plant Methods, 8, 26. DOI:
10.1186/1746-4811-8-26

25. Chase, M. W., & Hills, H. H. (1991). Silica gel:
An ideal material for field preservation of leaf
samples for DNA studies. Taxon, 40(2), 215�220.
DOI: 10.2307/1222975

DOI: https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 2, 2013  |  pp 11-18

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18
https://link.springer.com/article/10.1007/BF00020088
https://onlinelibrary.wiley.com/doi/10.1002/biot.200600195
https://doi.org/10.1016/S0022-2836(61)80047-8
https://link.springer.com/article/10.1007/BF02712670
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/19.6.1349
https://link.springer.com/article/10.1007/BF02772108
https://doi.org/10.1016/S0076-6879(74)31057-9
https://doi.org/10.1016/S0003-2697(02)00665-6
https://doi.org/10.1128/aem.63.10.3741-3751.1997
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.2012.05384.x
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/25.5.1085
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/20.9.2381
https://doi.org/10.2144/97223st01
https://doi.org/10.1128/AEM.64.10.3748-3753.1998
https://link.springer.com/article/10.1007/BF02670470
https://link.springer.com/article/10.1007/BF02668658
https://doi.org/10.1006/abio.1993.1146
https://link.springer.com/article/10.1007/BF02670897
https://doi.org/10.5402/2012/205049
https://link.springer.com/article/10.1007/BF03195661
https://www.nature.com/articles/nprot.2006.384
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/21.17.4153
https://plantmethods.biomedcentral.com/articles/10.1186/1746-4811-8-26
https://doi.org/10.2307/1222975
https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18


Indo-Am. J. of Life Sc & Bt. 2013 ISSN 2347-2243  iajlb.org

Vol.10, Issue 2, 2013

18Bellandi, Whitfield and Rowntree, 2013 | 10.62644/iajlb.2013.v10.i2.pp11-18

26. Rogstad, S. H. (1992). Saturated NaCl-CTAB
solution as a means of field preservation of leaves
for DNA analyses. Taxon, 41(4), 701�708. DOI:
10.2307/1222395

27. Staats, M., Cuenca, A., Richardson, J. E.,
Vrielink-van Ginkel, R., Petersen, G., Seberg, O.,
& Bakker, F. T. (2011). DNA damage in plant
herbarium tissue. PLoS ONE, 6(12), e28448.
DOI: 10.1371/journal.pone.0028448

28. S�rkinen, T., Staats, M., Richardson, J. E., Cowan,
R. S., & Bakker, F. T. (2012). How to open the
treasure chest? Optimising DNA extraction from
herbarium specimens. PLoS ONE, 7(8), e43808.
DOI: 10.1371/journal.pone.0043808

29. Koonjul, P. K., Brandt, W. F., Farrant, J. M., &
Lindsey, G. G. (1999). Inclusion of
polyvinylpyrrolidone in the polymerase chain
reaction reverses the inhibitory effects of
polyphenolic contamination of RNA. Nucleic
Acids Research, 27(3), 915�916. DOI:
10.1093/nar/27.3.915

30. Desjardins, P., & Conklin, D. (2010). NanoDrop
microvolume quantitation of nucleic acids.
Journal of Visualized Experiments, 45, e2565.
DOI: 10.3791/2565

31. Lee, P. Y., Costumbrado, J., Hsu, C.-Y., & Kim,
Y. H. (2012). Agarose gel electrophoresis for the
separation of DNA fragments. Journal of
Visualized Experiments, 62, e3923. DOI:
10.3791/3923

32. Bustin, S. A., Benes, V., Garson, J. A., Hellemans,
J., Huggett, J., Kubista, M., � Wittwer, C. T.
(2009). The MIQE guidelines: Minimum
information for publication of quantitative
real-time PCR experiments. Clinical Chemistry,
55(4), 611�622. DOI:
10.1373/clinchem.2008.112797

33. Mullis, K. B., & Faloona, F. A. (1987). Specific
synthesis of DNA in vitro via a
polymerase-catalyzed chain reaction. Methods in
Enzymology, 155, 335�350. DOI:
10.1016/0076-6879(87)55023-6

34. Saiki, R. K., Gelfand, D. H., Stoffel, S., Scharf, S.
J., Higuchi, R., Horn, G. T., � Erlich, H. A.
(1988). Primer-directed enzymatic amplification
of DNA with a thermostable DNA polymerase.
Science, 239(4839), 487�491. DOI:
10.1126/science.2448875

35. Williams, J. G. K., Kubelik, A. R., Livak, K. J.,
Rafalski, J. A., & Tingey, S. V. (1990). DNA
polymorphisms amplified by arbitrary primers are
useful as genetic markers. Nucleic Acids
Research, 18(22), 6531�6535. DOI:
10.1093/nar/18.22.6531

36. Vos, P., Hogers, R., Bleeker, M., Reijans, M., van
de Lee, T., Hornes, M., � Zabeau, M. (1995).
AFLP: A new technique for DNA fingerprinting.
Nucleic Acids Research, 23(21), 4407�4414.

DOI: 10.1093/nar/23.21.4407

37. CBOL Plant Working Group. (2009). A DNA
barcode for land plants. Proceedings of the
National Academy of Sciences, 106(31),
12794�12797. DOI: 10.1073/pnas.0905845106

38. Kress, W. J., Wurdack, K. J., Zimmer, E. A.,
Weigt, L. A., & Janzen, D. H. (2005). Use of
DNA barcodes to identify flowering plants.
Proceedings of the National Academy of Sciences,
102(23), 8369�8374. DOI:
10.1073/pnas.0503123102

39. Taberlet, P., Gielly, L., Pautou, G., & Bouvet, J.
(1991). Universal primers for amplification of
three non-coding regions of chloroplast DNA.
Plant Molecular Biology, 17(5), 1105�1109.
DOI: 10.1007/BF00037152

40. Rafalski, A. (2002). Applications of single
nucleotide polymorphisms in crop genetics.
Current Opinion in Plant Biology, 5(2), 94�100.
DOI: 10.1016/S1369-5266(02)00240-6

41. Elshire, R. J., Glaubitz, J. C., Sun, Q., Poland, J.
A., Kawamoto, K., Buckler, E. S., & Mitchell, S.
E. (2011). A robust, simple
genotyping-by-sequencing (GBS) approach for
high diversity species. PLoS ONE, 6(5), e19379.
DOI: 10.1371/journal.pone.0019379

42. Metzker, M. L. (2010). Sequencing technologies:
The next generation. Nature Reviews Genetics,
11(1), 31�46. DOI: 10.1038/nrg2626

DOI: https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18 Indo-Am. J. of Life Sc & Bt  |  Vol. 10, Issue 2, 2013  |  pp 11-18

https://iajlb.org
https://iajlb.org
https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18
https://doi.org/10.2307/1222395
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0028448
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0043808
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/27.3.915
https://doi.org/10.3791/2565
https://doi.org/10.3791/3923
https://academic.oup.com/clinchem/article-lookup/doi/10.1373/clinchem.2008.112797
https://doi.org/10.1016/0076-6879(87)55023-6
https://www.science.org/doi/10.1126/science.2448875
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/18.22.6531
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/23.21.4407
https://www.pnas.org/doi/10.1073/pnas.0905845106
https://www.pnas.org/doi/10.1073/pnas.0503123102
https://link.springer.com/article/10.1007/BF00037152
https://doi.org/10.1016/S1369-5266(02)00240-6
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0019379
https://www.nature.com/articles/nrg2626
https://doi.org/10.62644/iajlb.2013.v10.i2.pp11-18

