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ABSTRACT

Ribonucleic acid (RNA) integrity, quality and quantity are critical in most plant molecular studies.
Extracting high quality RNA from cassava leaves and other recalcitrant plant tissues are difficult
due to the presence of polysaccharides, polyphenols and other secondary metabolites that often
co-precipitate with the final RNA extract. This is an optimised a CTAB-based method that suitably
extracts RNA from the polysaccharide-rich cassava leaves. The modifications were introduced into
a version of the CTAB protocol as described by Gasic and colleagues [1]. The changes included an
increased rate or use of Extraction Buffer (EB) for every gram ground leaf tissue (20 ml EB per 1
gram tissue), incubation of the Tissue-EB and Chloroform: Isoamyl alcohol (24:1) mixture at a lower
water-bath temperature of 50°C and all centrifugation steps carried out at 4°C. In addition, the EB
contained a higher concentration of soluble polyvinylpyrrolidone (PVP-K-30). The pH of sodium
acetate was lowered to 5.2 and a final two-step high molarity (10M) Lithium Chloride (LiCl)
precipitation was applied. Ethyl alcohol concentration was raised to 100%. The modified CTAB
method produced RNA of high concentration (>1.0 pg), high A260:A280 and A260:A230 ratios
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similar tissues.

(> 2.0) and high integrity (distinct and visible 28S rRNA and 18S rRNA bands) from young and old
cassava leaves, compared to RNA (from the same leaf tissues) generated by several other
published methods or commercial kits. The protocol is efficient, simple, and reproducible and is
therefore recommended for RNA extraction from metabolite-rich cassava leaves or plants with

Keywords: CTAB; polysaccharides; polyphenols; RNA extraction protocol; cassava.

1. INTRODUCTION

Purification of Ribonucleic acid (RNA) of high
quality and quantity is a pre-requisite and an
essential step for many molecular techniques
[1,2,3,4]. However, isolating suitable RNA
remains problematic especially from recalcitrant
plant species or tissues with high levels of
phenolic compounds and/or polysaccharides [5].
The extracted RNA from these plant species are
often of poor quality and too low for further
downstream application [5,6]. Cellular
components that inhibit high quality and quantity
RNA isolation include endogenous RNases,
polysaccharides, polyphenols, proteins, lipids
and other secondary metabolites [7,6,4].
Phenolic compounds readily oxidise to form
covalently linked quinones and easily bind
proteins and nucleic acids resulting in high
molecular weight complexes [7,8].
Polysaccharides tend to co-purify and co-
precipitate with the RNA in the presence of
alcohols or low ionic strength buffers [2,5,9].
Polysaccharide  contamination  hinders re-
suspension of the precipitated RNA, interferes
with absorbance-based RNA quantification, and
may inhibit enzymatic manipulations, poly (A) * -
RNA isolation as well as electrophoretic
migration [10]. Endogenous ribonucleases
reduce the integrity of the RNA, particularly when
the amount increases, such as during
senescence, wounding, or pathogen attack
[11,12,13]. Homogenisation triggers inevitably
the mixture of RNA and endogenous RNases
[10].

The above-mentioned contaminants can occur at
various concentrations depending on the plant
species and organs that are considered for
nucleic acid extraction. A number of CTAB-based
methods have been developed for RNA
extraction from tissues containing high levels of
polysaccharides and phenols [14,15,16]. The
successes of yielding suitable RNA from cassava
leaves using these methods have proved
unreliable or have not been reported. The readily
available commercial kits such as RNeasy plant
kit (Qiagen), TRIzol Reagent (Sigma) and

Concert Plant RNA Reagent (Invitrogen) have
been successfully applied to extract RNA from
cassava, but can be a costly option especially
when a large number of RNA extractions are
needed. The difficulty of obtaining RNA of high
quality and quantity from cassava can be
attributed to the high concentration of
polysaccharides, phenolic compounds, proteins,
and other secondary metabolites in the leaves.
This paper describes an optimised protocol that
provides the high quantity and quality RNA from
cassava leaves. This procedure is modified from
a version of the CTAB-based method as
described by Gasic and colleagues [1].

2. MATERIALS AND METHODS
2.1 Cassava Leaves

Leaves of the cassava model genotype TMS
60444 were used in the extraction of RNA using
a modified CTAB protocol as well as four other
methods, obtained from literature (Table 1) for
comparison purposes. Genotype TMS 60444
was first established and grown under
greenhouse conditions located in Lindau-
Eschikon, Zirich, Switzerland (47°26'N, 8°40'E,
540m asl) [17]. The plants were grown for four
months before utilisation of its leaves for RNA
extraction. Young leaf tissues constituted the
three top most fully expanded leaves, while three
leaves at the mid-stem were considered old leaf
tissues.

2.2 Extraction Buffer (EB)

The EB was modified to include CTAB (2%),
PVP K-30 (2%), Tris-HCI (100 mM; pH 8.0),
EDTA (25 mM), NaCl (2 M), Spermidine (0.5g/l;
free acid-HRS), 2% B-mercaptoethanol (added
just before use), and Sterile RNase-free H,O.
Other reagents included Chloroform: Isoamyl-
alcohol (24:1), Lithium Chloride (LiCl; 10 M),
Sodium acetate (3 M; pH 5.2), and Ethyl alcohol
(100%). The modified EB was then used to
isolate RNA which was then contrasted with RNA
extracted using protocols or commercial kits
sourced from literature (Table 1).
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Table 1. Main component of extraction buffers of the other four protocols (from literature
review) that were also used to extract RNA and their final RNA extract compared with those of
obtained from the modified CTAB-based method

Protocol / Kit

RNeasy Plant Minikit Method

Total Nucleic Acid + DNase Treatment
TRIzol Reagent Method

Reilly method [18]

Main component of extraction buffer
Guanidine Isothiocyanate

Proteinase-K & RNase-free DNase 1 (Promega)
Phenol and Guanidine isothiocyanate

Sodium Lauryl-sarcosine

AODN - H

2.3 RNA Isolation Procedure

(1) Cassava leaves were homogenised in
liquid nitrogen with a pestle and mortar to a
fine powder. Liquid N, was constantly
added to the tissue during grinding to
prevent thawing.

(2) The frozen powdered tissues were then
quickly transferred to a pre-chilled 50 ml
falcon tube containing EB at a rate of 20 ml
of the extraction solution per 1 g tissue.

(3) The mixture was vortexed briefly and
incubated on ice for 5 minutes. An equal
volume of Chloroform: Isoamyl alcohol
(24:1) was added.

(4) The sample was then heated in a water
bath at 50°C for 15 minutes and then
centrifuged at 5000 rpm, RT, for 10
minutes.

(5) The resulting supernatant was transferred
to fresh a 50 ml falcon tube, where an
equal volume of Chloroform: Isoamyl
alcohol (24:1) was again added, mixed,
vortexed and centrifuged as described
above.

(6) The resultant supernatant was transferred
to a fresh 50 ml tube, 0.25 volumes LiCl
(10 M) were added and the mixture was
incubated overnight at 4°C.

(7) The sample was then centrifuged at 5000
rom, RT, for 20 minutes the resultant
supernatant decanted and the precipitated
pellet was dried by inverting the tubes for
10 minutes on a kimwipe.

(8) The pellet was then re-suspended in 250 pl
sterile RNase-free H,O and transferred into
a 2 ml micro-centrifuge tube where 250 pl
LiCl (10 M) was added.

(9) The mixture was flicked to mix and the
RNA precipitated by incubating on ice for 2
Y2 hours. The sample was then centrifuged
at 13 000 rpm, 4°C, for 10 minutes.

(10)The resultant supernatant was decanted;
the RNA pellet re-suspended in 250 ul
sterile RNase-free H,O and 25 pl sodium
acetate (3 M; pH 5.2) and 1 ml 100% ethyl
alcohol were added.

(11)The mixture was then incubated at -20°C
for 60 minutes and then centrifuged as
described above.

(12)The resultant supernatant was decanted
and the RNA pellet vacuum dried in a
SpeedVac for 3 minutes. The dried RNA
pellet was then re-suspended in 100 pl
sterile RNase-free H,0.

Note: The extraction of RNA using the modified
CTAB method (as described in the procedure
above) and the other four protocols was
replicated five times i.e. on the three young and
three old leaves of individual plants of cassava
genotype TMS 60444.

2.4 Analysis of RNA

The total quantity and purity of the final RNA
extract was determined using a
spectrophotometer (NanoDrop®ND-1000,
Technologies Inc.). Analysis of Variance
(ANOVA) was carried out on the concentration
(ng/ul) and the spectrophotometric absorbance
ratio (Azeo:Azgo and A260:A230) values and the
means compared or separated using the Fisher’s
protected Least significant differences (Lsd) test
at 5% probability level. The PROC ANOVA
procedure of Genstat Discovery Edition 3 was
(Lawes Agricultural Trust Rothamsted
Experimental station, UK) was followed.

The spectrophotometric ratios Aogp:Azgp and
Aso:Azz0 are used to indicate protein and
polysaccharide (+ polyphenols) contaminations
respectively [19]. The integrity of the total
RNA was verified by separating the fragments
on 2% non-denaturing Agarose gels using
electrophoresis [20].

3. RESULTS

Variation in specific leaf tissue Aggy:Azg and
Ageo:Azzp ratios were observed. For instance, the
modified CTAB protocol had consistently more
than 2.0 of the A260:A280 and A250:A230 ratios in



both young and old leaves compared to other
methods whose ratios were less than 2.0 and
inconsistent between the leaves (Table 2).
Specifically, methods that had less than 1.8 of
the Aogo:Asgo and Aogo:Assg ratios in both leaves
included TRI®;o, Reagent, Reilly method [18]
and RNeasy Kit (Table 2). Although the Asgo:Azgo
ratio of total Nucleic Acid + DNase method was
194 and 1.83 in young and old leaves
respectively (all above recommended 1.8), the
same method exhibited 1.38 and 1.26 of
Aze0:Az30 ratio in young and old leaves (Table 2).

RNA concentration in ng/ul from the five tested
protocols varied significantly between and within
leaf tissues (Table 2). For example, the more
than 1000 ng/ul synthesised from young and old
leaves via modified CTAB method was
significantly higher (P<0.05) than amounts of
RNA from the other four protocols. In young
leaves, RNeasy kit produced mean of 161 ng/ul
of RNA, while the remaining three methods
(TRI®ZOL Reagent, Total Nucleic Acid + DNase
and Reilly method) yielded more than 250 ng/ul
(Table 2). Variation in RNA concentration from
old leaves was also computed. These included
66, 100, 212 and 248 ng/ul of RNA respectively
extracted from RNeasy Kit, Reilly method [18],
Total Nucleic Acid + DNase and TRI®ZO._ Reagent
kit (Table 2). Generally, RNeasy Kit produced the
least amount of total RNA and modified CTAB
method had the highest RNA concentration from
both leaves (Table 2).

RNA integrity was determined through 2%
Agarose gel electrophoresis (Fig. 1). Bands
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corresponding to 28S rRNA and 18S rRNA were
more distinctly visible in RNA isolated using the
modified CTAB method compared to the
remaining four protocols (TRI®ZOL Reagent,
RNeasy Kit, Total Nucleic Acid + DNase & Reilly
method) that exhibited none of these bands

(Fig. 1).
4. DISCUSSION

The effectiveness of the modified CTAB-based
method and four other protocols (from literature)
in purifying RNA of high quality, quantity and
integrity from polysaccharide rich cassava leaves
was tested. The success of an RNA isolation
procedure is judged by the quantity, quality and
integrity of the isolated RNA [21]. In this
experiment, all the tested protocols permitted the
extraction of RNA from both young and old leaf
tissues. The RNA quality was measured by
means of spectrophotometric ratios that relate
differences in absorption spectra maxima of pure
RNA, Anax = 260 nm, proteins, Anax = 280 nm,
and polysaccharides, Anax = 230 nm [19]. Pure
RNA should have an Aygy:Asgg ratio between 1.9—
2.1 and an Aygo:Az3g ratio of 1.8—-2.3. These ratios
varied in the five protocols that were tested
therefore indicating differences in RNA purity
levels from both young and old cassava leaves.

The above results indicated that, with the
exception of the modified CTAB method, RNA
samples from the other four protocols were
significantly contaminated with polysaccharides,
phenolic compounds and proteins as shown by
their low Aggg:Azgg and Ango:Assg ratios i.e. all less

Modified CTAB
Method

TRIzol Reagent RNeasy Kit
Method Method

Total Nucleic
Acid + Dnase 1

Reilly et al
(2001) Method

Fig. 1. Agarose gel electrophoresis (2%) showing integrity of RNA extracts red using five
protocols. Band (a) = 28S rRNA; Band (b) = 18S rRNA; Young leaves = samples 2, 4, 6, 8 & 10;
Old leaves = samples 1, 3,5,7 &9
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Table 2. Purity and concentration of total RNA extracted from young and old cassava leaf
tissues using different protocols and kits

Leaf tissue Protocols Azeo:Azso  Aseo:Azz0 concentration (ng/ul)
TRI®,0, Reagent 1.52° 1.23" 420°

Young leaves Total Nucleic Acid + DNase 1.94 1.38 617°
Reilly method [18] 1.18' 0.68™ 284°%
RNeasy Kit 1.56° 0.93' 161%
Modified CTAB 2.19¢ 2.21' 17937
TRI®;0. Reagent 1.42" 1.24° 248°

Old leaves Total Nucleic Acid + DNase 1.83" 1.26° 2129
Reilly method [18] 1.18" 0.40° 100"
RNeasy Kit 1.41" 0.44° 66"
Modified CTAB 2.16" 2.20" 1078
Lsd at P<0.05 for leaf tissues 0.11 0.14 160.2

Means followed by the same letter in the A260:A280; A260:A230 and yield columns are not significantly varied
(P>0.05). For each tissue, five samples were extracted and measured during three independent experiments

than 1.8. The Axgo:Azgy and Ango:Assg ratios from
modified CTAB method were more than 2.0.
Although RNA produced by the Total nucleic acid
+ DNase method from young leaf tissues was
protein-free (Aze0:A2g0> 1.8), the sample was still
significantly = contaminated  with phenolic
compounds (Age:Azzo < 1.8). Additionally, the
modified CTAB method produced RNA of high
concentration from both young and old cassava
leaf tissues compared to the other four protocols
that generated RNA of low concentration. These
results showed that the RNA from the modified
CTAB method was not only sufficient in
concentration, but was also free from
contamination by polysaccharides, phenolic
compounds or proteins. Using a closely
related (but not a replica) CTAB based
method, Gasic et al. [1] obtained similarly high
quantity and quality RNA from various apple
tissues rich in polyphenols and polysaccharides.
The successful extraction of RNA from
cassava leaves using the modified CTAB-
based method <can be attributed to
modifications  introduced on the original
procedure.

The changes included using 20 ml EB (instead of
10 ml) for every 1 gram ground tissue. This not
only improved the ‘capture’ of the RNA from the
starting material, but also the efficiency of
separating organic and aqueous phase after
centrifugation process. The tissue-EB and
chlorophyll:  Isoamyl alcohol mixture was
incubated in a water-bath pre-warmed at 50°C
instead of 60°C. The lowered incubation
temperature reduced the chances of RNA
degradation, as shown by the distinctly visible
28S rRNA and 18S rRNA bands (Fig. 1). Similar
findings have been reported by Alemzadeh et al.

[6] who observed that a lower temperature during
RNA extraction was effective in isolating high-
quality non-degraded RNA from phenolic-rich
tissues of eelgrass.

Finally, a two-step (overnight and 2'/, hrs)
precipitation (instead of single) with LiCl (2.5 M)
was introduced into the protocol. This further
eliminated polysaccharides and thus improved
and increased the purity and yield of final RNA
[2,19]. In addition, the reagents used to
constitute the EB of the modified CTAB method
also contributed to the extraction of a high
quantity and quality of RNA from both cassava
leaf tissues. Landolino et al. [19] also reported
that an improved EB, precipitation procedure and
a final clean-up step differentially remove
contaminating metabolites.

CTAB is a detergent that preserves the integrity
of nuclear and organelle membranes yielding
total RNA with lower concentrations of un-spliced
heteronuclear transcripts, as well as an
increased RNA-to-DNA ratio [22,23]. The (PVP)
K-30 (soluble) in the EB improved sequestration
and elimination of phenolic compounds [4,24]
and inclusion of low spermidine concentration
deterred co-isolation of the RNA with
polysaccharides and phenolics [14]. The high
molarity of NaCl (5 M) and the strong reductant
B-ME in the EB increased the solubility of
polysaccharides, reducing their co-precipitation
with RNA in later steps of the protocol and
denatured ribonucleases and other
contaminating proteins that are released during
tissue disruption and homogenisation [19,25,26].
The high molarity LiCl not only differentially
precipitated RNA from admixture with DNA, but it
also increased RNA yield and favored



precipitation of larger transcripts over smaller
ones [2].

The centrifugation steps were carried out at 4°C
because the low temperature reduced RNA
degradation and decreased the rate of chemical
reactions between nucleic acid and phenolic
compounds hence improving elimination of
phenolic compounds [4]. RNA purification
protocols with CTAB in the EB have been
adapted to extract RNA from other
polysaccharides and polyphenol-rich  plant
tissues such as Arabidopsis siliques, sweet
potatoes, grape berries and other woody plants
[4,2,15]. In two studies, isolation and
characterisation of cassava catalase expressed
during post-harvest physiological deterioration
and towards identifying the full set of genes
expressed during cassava post-harvest
physiological deterioration [27,28], sodium lauryl-
sarcosine in the EB was used to extract total
RNA from storage roots of cassava cultivar
CM2177-2 or leaves for northern hybridisations.
However, when the EB containing Lauryl-
sarcosine was tested and used to extract RNA
from young and old leaf tissues of cassava
genotype TMS 60444, the final RNA extract was
of low quantity and purity.

5. CONCLUSION

The success of most molecular techniques
depends on RNA of high quality, quantity, and
Integrlty RNA of hlgh AgeoiAggo and Ageo;Aggo
ratios (more than 1.8), high concentration (more
than 1.0 pyg) and integrity (distinct and visible
28S and 18S rRNA bands) are preferred. Based
on these requirements, we recommend the
adoption and employment of the optimised
CTAB-based method to extract RNA of sufficient
quantity and quality from metabolite-rich cassava
leaves. The protocol is efficient, simple, and
reproducible. The protocol is efficient, simple,
and reproducible and can be used to extract
RNA from other plants with similar metabolite-
rich tissues.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Gasic K, Hernandez A, Korban SS. RNA
extraction from different apple tissues rich

10.

11.

Orek; JABB, 19(4): 1-7, 2018; Article no.JABB.45370

in polyphenols and polysaccharides for
cDNA library construction. Plant Molecular
Biology, Reporter. 2004;22:437a—437g.
Carra A, Gambino G, Schubert A.
Acetyltrimethylammonium bromide-based
method to extract low-molecular-weight
RNA from polysaccharide-rich  plant
tissues. Analytical Biochemistry. 2007;360:
318-320.

Louime C, Vasanthaiah H, Jittayasothorn
Y, Lu J, Basha S, Thipyapong P, et al. A
simple and efficient protocol for high
quality RNA extraction and cloning of
chalcone synthase partial cds from
Muscadine grape cultivars (Vitis
rotundifolia Michx.). European Journal of
Scientific Research. 2008;22(2):232-240.
Gambino G, Irene P, Ivana G. A rapid and
effective method for RNA extraction from
different tissues of grapevine and other
woody plants. Phytochemical Analysis.
2008;1-6.

DOI: 10.1002.pca

Gehrig H, Winter K, Cushman J, Borland
A, Taybi T. An improved RNA isolation
method for succulent plant species rich in
polyphenols and polysaccharides. Plant
Molecular Biology Reporter. 2000;18:369-
376.

Alemzadeh A, Fujie M, Usami S, Yamada
T. Isolation of high-quality RNA from high-
phenolic tissues of eelgrass (Zostera
marina L.) by keeping temperature low.
Plant Mol. Biol. Rep. 2005;23:421a-421h.
Azevedo H, Lino-Neto T, Tavares RM. An
improved method for high-quality RNA
isolation from needles of adult maritime
pine trees. Plant Mol. Biol. Rep. 2003;21:
333-338.

Loomis WD. Overcoming problems of
phenolics and quinines in the isolation of
plant enzymes and organelles. Methods in
Enzymology. 1974;31:528-545.

Malnoy M, Reynoird JP, Mourgues F,
Chevreau E, Simoneau P. A method for
isolating total RNA from pear leaves. Plant
Molecular Biology Reporter. 2001;19(1):
69a-69f.

Wilkins TA, Smart LW. Isolation of RNA
from plant tissue. In: Krieg PA (Ed), A
Laboratory Guide to RNA, Isolation,
Analysis and Synthesis. 1996;21-42.
Logemann J, Schell J, Willmitzer L.
Improved method for the isolation of RNA
from plant tissues. Annals Biochemistry.
1987;163:16-20.



12.

13.

14.

15.

16.

17.

18.

19.

20.

Lopez-Gomes R, Gomes-Lim MA. A
method for extraction of intact RNA from
fruits rich in polysaccharides using ripe
mango mesocarp. Horticultural Science.
1992;27:440-442.

Green PJ. The ribonucleases of higher
plants. Annual Review of Plant Physiology.
1994;45:421-445.

Chang S, Puryear J, Cairney J. A simple
and efficient method for isolating RNA from
pine trees. Plant Molecular Biology
Reporter. 1993;11:113-116.

Jaakola L, Pirttla AM, Halonnen M,
Hohtola A. Isolation of high quality RNA
from Bilberry (Vaccinum myrtillus L.) fruit.
Molecular Biotechnology. 2001;19:201-
203.

Hu CG, Honda C, Kita M, Zhang Z, Sudan
T, Moriguchi T. A simple protocol for RNA
isolation from fruit trees containing high
levels of polysaccharides and polyphenol
compounds. Plant Molecular Biology
Reporter. 2002;20:69a-69g.

Schneider DN, Freitag NM, Liedgens M,
Feil B, Stamp P. Early growth of field-
grown Swiss flint maize landraces.
Maydica. 2011;56:1-9.

Reilly K, Han Y, Tohme J, Beeching JR.
Isolation and characterization of a cassava
catalase expressed during post-harvest
physiological deterioration. Biochemica et
Biophysica Acta. 2001;1518:317-323.
Landolino AB, Goes da-Silva F, Lim H,
Choi H, Williams LE, Cook DR. High-
quality RNA, cDNA, and derived EST
libraries from grapevine (Vitis vinifera L.).
Plant Molecular Biology Reporter. 2004;22:
269-278.

Sambrook J, Fritsch EF, Maniatis TT.
Molecular cloning: A laboratory manual, 2
ed. Cold Spring Harbor Press, Cold Spring
Harbor, New York; 2000.

21.

22.

23.

24.

25.

26.

27.

28.

Orek; JABB, 19(4): 1-7, 2018; Article no.JABB.45370

Suzuki Y, Hibino T, Kawazu T. Extraction
of total RNA from leaves of eucalyptus and
other woody and herbaceous plants using
sodium  iso-ascorbate.  Biotechniques.
2003;34(5):992-993,988-990.

Mejjad M, Vedel F, Ducreux G.
Improvement of DNA preparation and of
PCR cycling in RAPD analysis of marine
microalgae. Plant Molecular Biology
Reporter. 1994;12:6-13.

Dellaporta SL, Wood J, Hicks JB. A plant
DNA mini preparation: Version Il. Plant
Molecular Biology Reporter. 1983;1:19-
21.

Salzman RA, Fujita T, Salzman Z,
Hasegawa PM, Bressan RA. An improved
RNA isolation method for plant tissues
containing high levels of phenolic
compounds or carbohydrates. Plant
Molecular Biology Reporter. 1999;17(1):
11-17.

Fang G, Hammar S, Grumet R. A quick
and inexpensive method for removing
polysaccharides from plant genomic DNA.
Biotechniques. 1992;13:52-56.

Lodhi MA, Ye GN, Weeden NF, Reisch BI.
A simple and efficient method for DNA
extraction from grapevine -cultivars and
Vitis species. Plant Molecular Biology
Reporter. 1994;12:6-13.

Reilly K, Bernal D, Cortés, DF, Gomez-
Vasquez R, Tohme J, Beeching JR.
Towards identifying the full set of genes
expressed during cassava post-harvest
physiological deterioration. Plant Mol. Biol.
2007;64(1-2):187-203.

Mackenzie DJ, Mclean MA, Mukerji S,
Grenn M. Improved RNA extraction from
woody plants for the detection of viral
pathogens by reverse transcription-
polymerase chain reaction. Plant Dis.
1997,81:222-226.

© 2018 Orek; This is an Open Access article distributed under the terms of the Creative Commons Afttribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/27703




