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ABSTRACT

An easy, rapid and sensitive visible range microplate assay is designed to determine changes in DNA and
RNA level with endoreduplication in root tips of Allium cepa using a-naphthyl red dye. This process is
equally accurate as compared to other intricate methods (morphological differences, stomatal count,
chromosomal count in cells, flow cytometry analysis and genetic analysis) used for determination of
endoreduplication. It can be used as an alternative for determination of endoreduplication in laboratories
not having sophisticated instruments (flow cytometer or advanced microscope). Root tips of Allium cepa
were treated with colchicine solution to induce endoreduplication in root tip cells. DNA and RNA was
isolated and estimated from normal and endoreduplicated root tips using UV absorbance and visible range
microplate assay. DNA and RNA concentration obtained from visible range microplate assay was
compared with the UV absorbance method in order to prove accuracy and effectiveness of method. Dose
dependent increase in the concentration of DNA and RNA was observed in the endoreduplicated root tips
than that of normal root tips. Both UV range and visible range microplate methods showed the similar
results with same accuracy and sensitivity.
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INTRODUCTION

Endoreduplication is a frequent phenomenon in plant organ development. Differentiation of cell for a
specialized function in plant tissue is associated with an increase in the DNA content of the cells over the
diploid state (Luz et al., 2000). This temporary recurrent duplication of the DNA without mitosis helps in
faster growth and development of plant. The organ-specific but reproducible ploidy pattern in plants
suggests that endoreduplication cycles are critical for differentiation programs (Grafi 1998). The
mechanisms that regulate the switch between cell proliferation and endoreduplication are central to
determining cell numbers and cell sizes which finally determine size of organs and plants (Magyar et al.,
2005). Sorger et al., (1997) showed that the mitotic spindle checkpoint monitors spindle microtubule
structure, chromosome alignment on the spindle, and chromosome attachment to kinetochores during
mitosis. The spindle checkpoint delays the onset of chromosome segregation during anaphase until any
defects in the mitotic spindle are corrected (Gorbsky 1997). Cells which have a defective spindle
checkpoint can aberrantly exit from mitosis with a 4N DNA content (Hoyt et al., 1991). These cells may
inappropriately continue to the next cell cycle division and enter S phase with 4N DNA content

(Stewart et al., 1999). They undergo one or more extra rounds of chromatid duplication, with a parallel
inhibition of mitosis (Segui-Simarro and Nuez 2008).

For more than 70 years, plant biologists have used colchicine to induce endoreduplication (Lee et al.,
2009). It is an alkaloid, originally extracted from plants of the genus Colchicum. It disrupts the process of
mitosis by halting the process at metaphase (Katzung 1995). It binds with the tubulin dimmers which is
responsible for formation of microtubules and inhibits spindle fibers formation (Ramsey and Schemske
1998). Its action is exerted by binding to tubulin dimers, which hampers de novo polymerization of
microtubules (MT) and promotes depolymerization of the existing ones, since the tubulin turnover at the
(-) end is not compensated at the (+) end of the MT. Therefore, formation and persistence of the mitotic
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spindle, phragmoplast or any other MT-based cytoskeletal structure is compromised. This is reflected in
most cases in a blockage of mitosis during the assembly of the anaphase spindle (Segui-Simarro and Nuez
2008). Rizzoni and Palitti (1973) showed that colchicines induce artificial endoreduplication in Chinese
hamster cells cultivated in vitro. Recently, it has been shown that there are three main types of agent that
induce endoreduplication. The first type includes agents that interfere with cytoskeleton assembly (i.e.
microtubule inhibitors), e.g., colchicines and colcemid (Cortes et al., 2004). The second type consists of
topoisomerase Il inhibitors, which includes both enzyme poisons (i.e., etoposide, amsacrine, and
adriamycin) and catalytic inhibitors (i.e., merbarone, aclarubicin, and ICRF- 193) (Joubes and Chevalier
2000; Inze and De Veylder 2006). The third type comprises physical and chemical agents that damage
DNA, such as X-rays. Some of these microtubule-interfering agents, such as nocodazole and paclitaxel,
induce significant endoreduplication because sister chromatid segregation is interrupted (Andreassen et
al., 1996; Jordan et al., 2003). It has been shown that the level of cyclin B-like proteins increases in
colchicine-arrested metaphase cells (Chaudhuri and Ghosh 1997). On the other hand, endoreduplication
and polyploidy occur in cells expressing undegradable cyclin B (Weingartner et al., 2004). Sadhan et al
(1997) also showed that the level of cyclin B proteins remained high in colchicine arrested metaphase
cells of Allium cepa. Hence, in the present studies roots of Allium cepa were exogenously treated with
colchicine to induce endoreduplication in root tip cells. Endoreduplication increases the number of
chromatids of a chromosome without a change in the number of chromosomes. If more than one
duplication round takes place, polytene chromosomes are formed. Diplochromosomes or polytenic
chromosomes are generally originated without the usual rounds of chromatin condensation and
decondensation (Sugimoto-Shirasu and Roberts 2003), which makes it very difficult to gain insights
about their structure. Although, it is determined by several laboratory techniques such as morphological
differences, stomatal count, chromosomal count in cells, flow cytometry analysis, and genetic analysis
(Cramer 1999; Besnard et al., 2007; Bourdon et al., 2011). But all this techniques are very lengthy and
require sophisticated instruments. Thus, an attempt has been made to develop an easy and rapid method
for determination of endoreduplication in root tip cells of Allium cepa using simple visible range
microplate reader.

MATERIALS AND METHODS

Induction of Endoreduplication

Onion bulbs of uniform size were selected; dry leaves were removed and washed thoroughly with water.
Bulbs were then kept in a tray filled with distilled water for 3 days at 25 oC temperature for development
of young roots. They were then placed in coupling jars filled with colchicine solution of different
concentrations viz, 0.01%, 0.03%, 0.05% and 0.1%. Roots were incubated up to 120h in colchicine
solution to develop endoreplication at utmost level. Roots grown in distilled water were considered as
control.

Cytological Analysis

The cells undergoing mitosis and endoreduplication were stained with fuschin stain and observed under
Carl Zeiss light microscope. The size of cells and nucleus was measured by using imaging power of
Axiovision 4 software.

Molecular Analysis

Tips of endoreduplicated and control roots were cut. DNA was isolated from them, following the Alkali
lysis method suggested by Remi et al., in 2000. Root tips (1 gm) were taken and crushed in chilled
condition by adding 7 ml of extraction buffer (200mM Tris-Hcl, 50mM EDTA, 1% SDS, pH- 8.0).
Crushed material was incubated at 37 °C for 30 minutes. The tubes were kept in horizontal manner and
shaked vigorously at an interval of 5 minutes. Shaking reduces aggregation of material and enhances
DNA release. After incubation crushed tips were centrifuged at 5000 g for 15 minutes at 4 °C. Pellet
containing cellular debris and high molecular weight polysaccharides was separated. Supernatant was
collected and RNase (25 pl) was added and incubated for 30 minutes at 37 °C. This step allows RNA
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degradation. Afterwards sample was transferred on ice and incubated for 30 minutes with occasional
shaking by gently inverting the tubes 3 times. This incubation enhances the precipitation of large amount
of polysaccharides and proteins as salt complexes. Precipitated contaminants were removed by
centrifugation at 5000 g for 15 min at 4 °C. Further purification of samples was achieved by mixing
Phenol: Chloroform: Isoamyl Alcohol (24: 25: 1) with equal volume of samples. Repetition of this step

3 times enhances the DNA purity by removal of contaminants through phase separation. Chloroform
causes surface denaturation of proteins but it has no effect on solubility of DNA. Whereas isoamyl
alcohol reduces foaming, aids separation and maintains the stability of two separated layers. Subsequent
centrifugations at 5000 g for 15minutes at 4 °C helped to remove the denatured proteins from soluble
DNA. Chilled isopropyl alcohol (-20 °C) was mixed with sample solution (1:1) to achieve DNA
precipitation. This was again centrifuged under same conditions to pellet the DNA. Supernatant was
discarded and DNA pellet was washed thrice with 1 ml of -20 °C cold 70 % ethanol with repeated
centrifugation after each wash. Ethanol lowers the effective water concentration, causing large
biomolecules to interpenetrate and aggregate. Pellets were then allowed to air dry in order to evaporate
the ethanol. They were resuspended in 300 pl of TE buffer for prolong storage and subsequent
experiments. Purity of DNA was determined by measuring its optical density in spectrophotometer at
A260 nm/ A280 nm ratio and concentration of DNA samples were determined by measuring its optical
density at A260 nm. Quality of DNA samples was checked by loading them on 1% agarose gel and
observing it on UV illuminator.

Isolation of RNA from Root Tips of Allium Cepa

RNA was isolated from normal and endoreduplicated root tips of Allium cepa. 1 gm root tips were
homogenized in Tri-reagent (0.5ml) using mortar and pestle. Homogenized samples were allowed to
stand for 20 min. at room temperature to ensure complete dissociation of nucleoprotein complexes.
Chloroform (0.2 ml) was added per ml of Tri-reagent used to all samples and shaked vigorously for 15
seconds. They were allowed to stand for 15 minutes at room temperature. Centrifugation of the resulting
mixture was done at 12,000 Xg for 15 minutes at 2-8 °C. Centrifugation separated the mixture into 3
phases: a red organic phase (containing protein), an interphase (containing DNA), and a colorless upper
aqueous phase (containing RNA). The aqueous phase was transferred to a fresh tube and isopropanol (0.5
ml) was added it. Mixture was allowed to stand for 10 minutes at room temperature. The precipitated
RNA was pelleted by centrifugation at 12,000 Xg for 10 minutes at 2-8 °C. RNA pellet was washed by
adding 100% ethanol, vortexing the sample and centrifuging it at 7,500 Xg for 5 minutes at 2-8 °C.
Further, RNA pellet was air dried for 5-10 minutes. Appropriate volume of TE buffer was added to the
RNA pellet to facilitate dissolution and mixed properly by repeated pipetting with a micropipette at 55-60
°C for 10-15 minutes to facilitate dissolution. Purity and concentration of

RNA was determined by measuring optical density at 260 nm and 280 nm. RNA concentration
wasdetermined using following formulae: Concentration of RNA in normal root tip sample = 40ug X
A260 x dilution factor

Denaturing Agarose Gel Electrophoresis for RNA

Quality of total RNA was determined by running it on 3% denaturing agarose gel. 0.3 gm of agarose was
dissolved in 10ml of 1X TAE buffer with the help of water bath. 3ul of ethidium bromine (10 mg/ml) was
added to it and mixed properly. Gel was poured in gel caster and was allowed to solidify. Solidified gel
was transferred in electrophoresis unit filled with running buffer. RNA samples were mixed with gel
loading buffer (0.25% Bromophenol Blue, 40% sucrose, 2% glycerol, 20% urea). Mixture was loaded
carefully into the wells placed on cathode by using micropipette. Gel tank was covered with lid and then
electrophoresis run was carried out at constant 50v DC electric pressure. After completion of run, gel was
examined on UV transilluminator and photographed for documentation. Figure 2 shows the bands of
RNA samples on 3% agarose gel.

Spectra Analysis to Differentiate DNA and RNA Samples in Visible Range Wavelength:
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DNA and RNA samples isolated from normal root tips of Allium cepa were stained with naphthyl red dye
at pH-5 and pH-7. Spectral analyses of both samples were taken at UV-visible range wavelength (360-
700nm). Graph of Optical density vs wavelength was plotted and absorbance maximum of RNA and
DNA samples were determined.

Colorimetric Microplate Assay:

DNA samples (100 ul) were stained to magenta color by adding 5 ul of 1mg/ml a-naphthyl red dye.
Optical density of the samples was measured at A545 nm at pH-7 using the pQuant microplate reader.
Concentration of DNA from normal and endoreduplicated root tips was determined by preparing
calibration curve using calf thymus DNA (range 20-100 pg/ml) as a standard (Figure 1).

Morphological and cytological changes in root tips after colchicine treatment
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Figure: 2 Call and miclaus size of normal and andoraduplicated oot tip czlls of Alliwn cepa

Statistical Analysis

Data was further statistically evaluated by Analysis of Variance (Single factor ANOVA) and

Correlation between cytological assay, molecular assay and Colorimetric microplate assay. Analysis was
carried out in Microsoft Excel 2003.

RESULTS

Morphology and Cytology of Endoreduplicated Roots

Exogenous colchicine treatment inhibited growth of roots and resulted in formation of C-tumor at the tip
of Allium cepa root. C-tumor formation was observed at the tip of root after 24 h of colchicines treatment.
Figure 1 shows c-tumor formation in root tips of Allium cepa after treatment with different concentrations
of colchicine. Dose dependent response of colchicine in induction of endoreplication in root tip cells was
observed. There was gradual increase in thickness of c-tumor with increase in concentration of colchicine
from 0.01% to 0.1%. Colchicine influenced the cell division status in root tip cells by promoting DNA
replication and inhibiting cytokinesis. There was remarkable increase in cell and nucleus size of root tip
cells after colchicine treatment as compared to normal root tip cells. Figure 2 shows increase in cell and
nucleus size of root tip cells after colchicine treatment.

Estimation of DNA and RNA Level Using UV Asorbance Method

DNA and RNA were isolated from the normal and endoreduplicated root tips of Allium cepa.
Concentration of DNA and RNA was determined by measuring optical density at 260 nm. Optical density
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at 260 nm is a common wavelength for measurement of nucleic acids (DNA and RNA). There was a clear
increase in DNA and RNA concentration with increase in colchicine concentration. In normal root tip
cells, DNA level was 27.22 pg/ml and RNA level was 8.40 pg/ml, whereas in endoreduplicated root tip
cells it showed dose dependent response. In lower colchicine concentration (0.01%) treated root tips DNA
level remained 67.36 pg/ml and RNA level remained 25.06 pg/ml which increased in a parallel manner to
105.91ug/ml of DNA and 78.5 pg/ml of RNA with increase in colchicine concentration (0.1%).

Since, Agarose gel electrophoresis separates the DNA bands on the basis of the molecular weight. Normal
and endoreduplicated DNA and RNA samples were loaded on 1% and 3% agarose gel respectively. There
was remarkable increase in intensity of DNA and RNA bands in colchicine treated samples than that of
untreated normal root samples (Figure 6 and 7).

Agarose gel electrophoresis of DNA and RN A samples

Figure: 6 Polyploid and nommal DNA samples loaded Figure: 7 Polyploid and Normal RNA samples loaded
on 1% agarose Gel on 3% agarose Gel
Lans1.2&3 DNA band from nomnal root tips Lens M i‘ M2 | RiboRuler - - — -
Taneds. 6 &7 DNA bard &om colchicin trastad root fips Lan= 1& Total RNA isolated ?om colchicine trzated root tips
Lans 2 &3 Total RNA isolatad from nommal root tips

Estimation of DNA Level Using Visible Range Microplate Reader

Concentration of DNA isolated from normal and endoreduplicated root tips was also determined by using
visible range microplate reader. Microplate assay showed significant variation in the DNA level of
endoreduplicated and normal root tip cells. Endoreduplicated roots showed double amount of DNA and
RNA level than that of normal roots. DNA and RNA level in normal root tips was 27.94 pg/ml and 8.55
po/ml respectively, which increased in endoreduplicated root tips to 104.88 pg/ml and 78.25 pg/ml.
Spectral Analysis of DNA and RNA Samples Isolated from Normal Root Tips of Allium Cepa

DNA and RNA samples stained with naphthyl red dye at pH-5 showed remarkable change in chromatism.
RNA sample had pink color and DNA sample had magenta color (Figure 3).

Samples of DNA and RNA stained with ¢-naphthyl red dye

Figure: 3 Chan= in color of DNA and RNA samplas
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Spectra of DNA samples at pH-5 showed absorbance maximum of 490 nm whereas, spectra of RNA
samples at pH-5 showed absorbance maximum of 530nm (Figure 4). When pH of this samples were

changed to 7 then, absorbance maximum of DNA sample shifted to 550 nm and for RNA sample it
shifted to 460 nm (Figure 5).

Spectral analysis of DNA and RNA samples
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DISCUSSION

DNA and RNA was isolated from normal and endoreduplicated root tips of Allium cepa to determine the
change in DNA and RNA level due to endoreduplication process induced within root tip cells. Here, two
methods were employed to estimate DNA and RNA level from normal and endoreduplicated root tips.
First, UV absorbance method was used to measure DNA and RNA level as it is the universal method used
to measure nucleic acids. Second, microplate visible range assay was used to determine DNA level from
normal and endoreduplicated root tips. Naphthyl red dye was used to stain DNA, as its dye conjugated to
DNA, shows distinct chromism by hybridization with its complementary DNA. The change in chromism
of naphthyl red dye depends on the pH of the sample solution. Naphthyl red dye changes its color from
orange to magenta by the protonation of the azo group at low pH (Buvari and Barcza 1989). Deprotonated
naphthyl red in the single-strand and duplex gave A max at 460 and 510 nm, respectively. At around pH 7,
an increase in the pKa of naphthyl Red by hybridization enhanced chromism. Naphthyl red is partially
protonated in the duplex and is deprotonated in the single strand. Asanuma et al., in 2003 showed that the
negatively charged environment provided by the deprotonated phosphodiester linkages in the duplex
caused this large bathochromic shift and the change of pKa by hybridization. These anions on
phosphodiesters would decrease the electron density on the dimethylamino group and raise the density on
the azo group, which contributed to both the large bathochromic shift and the increase in pKa (Letsinger
and Schott 1981; Asanuma et al., 2001). Double stranded DNA involving the naphthyl red dye exhibits
magenta color and has A max at 545 nm at pH 7.0. When this double stranded DNA are denatured to
single-stranded DNA by heating at 95 °C its absorption maximum shifts towards 466 nm at pH 7.0 and
the naphthyl red dye exhibits an orange color. Hence, the color of the solution changes from magenta to
orange accordingly (Asanuma et al., 2003). DNA samples were stained with naphthyl red dye because it
has capacity to form complex with DNA. It intercalates between the base-pairs of DNA (Fujii et al.,
2007). As, naphtyl red dye binds to the oligonucleotides and gives sharp single peak at absorbance
maxima 545 nm at pH 7.0, its optical density is directly proportional to the concentration of DNA present
in the sample (Asanuma et al., 2003). The absorbance maxima 545 nm at pH 7.0 was used to determine
DNA level in normal and endoreduplicated roots. Hence, DNA samples of normal roots and
endoreduplicated roots when stained with a-naphthyl red dye showed magenta color as they were double
stranded and its optical density was measured at 545 nm at pH 7.0.
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However, there arises one question that whether RNA contamination interferes during measurement of
DNA level by colorimetric microplate assays and gives false analysis. Since, the chemical structure of
RNA is very similar to that of DNA, with two differences: (a) RNA contains the sugar ribose, while DNA
contains the slightly different sugar deoxyribose (a type of ribose that lacks one oxygen atom), and (b)
RNA has the nucleobase uracil while DNA contains thymine. Uracil and thymine have similar base-
pairing properties. To solve this problem, DNA and RNA samples were stained with naphthyl red dye at
pH 5.0 and pH 7.0. UV-Visible spectra of stained DNA and RNA samples were taken. When UV-Visible
spectra of stained DNA and RNA samples were measured at pH 5.0, its absorbance maximum was 490
nm and 530 nm respectively. This absorbance maximum shifted to 550 nmat pH 7.0 in DNA samples and
460nm at pH 7.0 in RNA samples. Unlike DNA, most RNA molecules are singlestranded. Single-
stranded RNA molecules adopt very complex three-dimensional structures, since they are not restricted to
the repetitive double-helical form of double-stranded DNA. Deoxyribose sugar in DNA is less reactive
because of C-H bonds on the second carbon (C2). Hence, DNA is stable in alkaline conditions. On the
other hand, RNA, ribose sugar is more reactive because of the presence of hydroxyl group on C2. RNA is
not stable in alkaline conditions because bases can easily protonate the hydrogen from the -OH on C2.
After protonation, the negatively charged oxygen may attack the Phosphate at the PO4, kicking off the
Oxygen connected to the 5'C of next nucleotide over, resulting in hydrogenation (Lesnik et al., 1995). It is
also assumed that the change in chromitism of naphthyl red dye was also due to shift in pKa value of
RNA samples at pH-5 and pH-7. Raising the pKa of adenine and cytosine above eight, while at a
physiological pH of 7, would make them positively charged and carrying an additional proton. Lowering
the pKa of guanine or uracil below six, again at physiological pH of 7, would leave them deprotonated
and negatively charged (Saenger 1984; Moody et al 2005).
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