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1  | INTRODUC TION

For population genetics, the experimental design for plant tissue 
sampling can be affected mainly by individuals' density, the proximity 
between individuals, the topography, and the access to the tissue to 
be sampled. Tissues with high cell division rates are the best option in 
order to get a DNA sample of good concentration and quality, mainly 
due to the high amount of cells and high replication activity (Lucas 

et al., 2019; Tapia- Tussell et al., 2005). Conventionally in plants, tissue 
samples with high concentrations of nucleic acids are obtained from 
meristematic tissue of new shoots or leaves (Edwards et al., 1991; Tai 
& Tanksley, 1990; Tapia- Tussell et al., 2005). In palm- trees, meriste-
matic tissues, in general, are only found in the crown and roots (Arif 
et al., 2010; Broschat & Donselman, 1990). Traditionally, tissue sam-
pling for DNA extraction is obtained from young leaves (found only in 
the crown). However, for most species, access to this tissue requires 
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Abstract
1. The young leaves are the main source of nucleic acids for population genetic stud-

ies in palm- trees; however, the access to this tissue may be limited by specific fea-
tures of each species. Using root tissues as an alternative source of nucleic acids 
could facilitate the sampling in large populations.

2. This study tests root tissue viability as an alternative nucleic acid source (root 
versus. leaf) and explores different protocols (tissue storage and DNA extraction 
methods) to obtain high- quality DNA samples.

3. The results showed no significant differences in DNA concentration (603.7 vs. 
599.1 ng/μl) and quality ratios (A260/280:2.1 vs. 1.9, and A260/230:2.1 vs. 2.0) for 
the comparisons of tissue source (leaf vs. root) and DNA extraction method (man-
ual vs. kit). For tissue storage method, DNA concentration was significantly higher 
for root tissues stored in 70% and 90% alcohol solutions (692.8 and 822.6 ng/μl, 
respectively) versus those obtained from leaf tissue (603.7 ng/μl); however, for 
the quality parameters, no differences were found.

4. Results showed the effective potential of using root tissue as an alternative source 
for nucleic acids, which could facilitate population sampling of palm- tree species 
for future studies, and this methodological alternative could be applied to other 
plant systems with similar sampling challenges.
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an extraordinary sampling effort due mainly to stem height, stem 
modifications (spines or prominent scars of old leaves), and/or even 
to high degrees of epiphytism in addition to habitat factors which also 
can further increase sampling efforts. Such increases in sampling ef-
fort often lead to modifications in the experimental design in terms of 
the number of individuals sampled or the time designated for it (Ihase 
et al., 2016; Lowman et al., 1993). Moreover, easier access to a meri-
stematic tissue for sampling palm- trees would be found in their roots, 
where it is expected to get similar DNA concentration and quality 
as is obtained from leaves (Broschat & Donselman, 1984; Jouannic 
et al., 2011). However, the tissue and cell organization between leaf 
and root are very different, and therefore, the treatments for obtain-
ing optimal DNA for molecular analysis may differ. The tissue in the 
leaves is arranged in parallel cell layers forming a horizontal struc-
ture, which would allow rapid drying of the tissue and the preser-
vation of all cellular structures using Silica Gel (method mostly used 
for the collection of tissue from leaves for molecular analysis; Arif 
et al., 2010; Tai & Tanksley, 1990; Tapia- Tussell et al., 2005). While the 
root is made up of cell layers that form a succulent cylindrical struc-
ture, which under the same treatment used in leaves, the desiccation 
would be slower allowing the degradation of the tissue and would 
lead to a low yield in obtaining DNA (Bressan et al., 2014; Jouannic 
et al., 2011; Tapia- Tussell et al., 2005).

Taking into account the problems that arise for several palm- tree 
species, regarding the access to young leaves (or meristematic tissue 
associated with the crown) and their possible negative implications 
on the sampling effort for population genetics studies, it is thus nec-
essary to explore alternatives that reduce this effort. For instance, in 
palm-trees, root tissue would be theoretically an ideal candidate to 
obtain high concentrations of nucleic acids. However, previous trials 
have had not obtained satisfactory results using roots as source of 
DNA (Lucas et al., 2019). This may have been due to different treat-
ments in sample collection, storage, and processing were not tested. 
The root apex is mainly formed by meristematic tissue that is in con-
stant formation and replacement (Broschat & Donselman, 1990). 
Therefore, it would be expected the terminal region of the root con-
tains high concentrations of nucleic acids mainly from nonspecialized 
cells (Broschat & Donselman, 1984, 1990; Jouannic et al., 2011). This 
study aims to test the use of root tissues as an alternative source of 
nucleic acids. It thus also seeks to establish the best tissue storage 
and DNA extraction methodologies.

2  | MATERIAL S AND METHODS

Due to the fact that the present study will have applications in future 
studies of several Andean palm- tree species (Arecaceae), four dif-
ferent species of easy access were selected in the surroundings of 
Quito city (Ecuador) in order to obtain a proxy of possible variations 
between species. The species were as follows: (a) Phoenix dactylifera, 
(b) Ceroxylon echinulatum, (c) Ceroxylon ventricosum, and (d) Prestoea 
acuminata. These species are easily found in the Ecuadorian Andean 
urban and rural landscapes (between 1,800 and 2,500 m.a.s.l.). All 

these species are conspicuous stem palm- trees that commonly ex-
ceed 10 m in height, and their roots are placed underground.

For sampling, two individuals were selected per species. The tis-
sue collection for each individual was carried out (a) climbing along 
the stem to obtain young leaf tissue and (b) using a shovel to dig 
about 30 cm in the stem base to obtain root tissue (Figure S1). Leaf 
tissue was stored directly in a single bag with Silica Gel, following 
the most commonly used protocol for leaf tissue sampling (control 
sample). For root tissue sampling, eight roots per individual were 
pruned at 5 cm from the tip (Figure 1), and two pruned roots were 
placed into each tissue storage treatment. Four storage treatments 
for root tissues (T1 to T4) were used as follows: (T1) Silica Gel dehy-
dration (rationale: standardized method for plant tissue sampling), 
(T2) distilled water (rationale: maintain hydrated and alive the tis-
sue as is possible), (T3) 70% ethanol solution (EtOH 70%; rationale: 
dehydration by alcohol in a liquid solution), and (T4) 90% ethanol 
solution (EtOH 90%; rationale: stronger dehydration by alcohol in a 
liquid solution). All samples were processed after 2 weeks of storage.

Each stored tissue underwent two DNA extraction methods: (a) 
DNA extraction manual method for plant tissues based on Doyle 
and Doyle (1987, with modifications) and (b) commercial method 
using PureLink® Plant Total DNA Purification Kit (Invitrogen™). 
Each extraction started with 100 mg of macerated tissue. The final 
DNA extraction solutions were evaluated using NanoDrop™ 1000 
Spectrophotometer (Thermo Fisher Scientific). Three readings for 
each processed sample were taken.

DNA concentration and quality were compared between tissue 
sources, storage treatments, and DNA extraction methods. The con-
centration was measured as DNA nanograms contained in one micro-
liter. The quality parameters are based on the A260/A280 and A260/
A230 ratios, where A260 is the absorbance at 260 nm that would 
be marking the presence of aromatic bases (nucleotides/DNA/RNA), 
A280 is the absorbance at 280 nm that would recognize contaminants 
such as proteins and phenolic compounds, and A230 would identify 
residual contaminants of many organic compounds such as phenol, 
TRIzol, salts, among others. In this way, the A260/A280 ratio would 
be linked to factors related to the nature and processing of the tis-
sue, while the A260/A230 ratio would be linked to the reagents and 
residues produced by the extraction protocol used (Matlock, 2015).

Finally, using all DNA extractions obtained, a positive– negative 
PCR test was performed. The PCR test was performed with two mi-
crosatellite loci developed for Oenocarpus bataua (Ob01 and OB11; 
Montufar et al., 2007) that had previously been tested and had posi-
tive results for all species used in this study. The amplification param-
eters for the used loci were the same described in their source paper.

For the statistical analyses, a multifactor ANOVA (general linear 
model) was performed to observe the statistical differences between 
the analyzed factors. The factors analyzed were as follows: (a) spe-
cies, (b) source (leaf vs. root), (c) storage treatment, and (d) extraction 
method. Additionally, a Tukey post hoc test was performed to com-
pare the results obtained by each storage treatment versus the results 
obtained for the leaf, in order to determine the best storage treatment 
and how much it differs from the result of a standard protocol.
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3  | RESULTS

For all the samples used, positive results were obtained for DNA 
extraction. The results for the concentration showed relatively 
high values for all samples, with more than 95% of the samples 

above 100 ng/µl. The leaf tissue mean DNA concentration was 
603.71 ng/µl, while for root tissue was 599.12 ng/µl. For quality, 
the average for leaf was 2.06 for A260/280 ratio and 2.08 for 
A260/230 ratio, while for root was 1.91 and 2.03, respectively 
(Table 1).

F I G U R E  1   (a) DNA concentration (ng/
μl) means and 95% confidence intervals 
for each tissue treatment. (b) Quality 
ratios, A260/280 (squares) and A260/230 
(circles), for each tissue treatment. Tissue 
treatments are set as follows: (1) leaf– 
Silica Gel (n = 48), (2) root– Silica Gel 
(n = 48), (3) root– distillated water (n = 48), 
(4) root– EtOH 70% (n = 48), and (5) root– 
EtOH 90% (n = 48)
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TA B L E  1   Descriptive statistics for concentration and quality of DNA obtained

Source Treatment n

Concentration (ng/μl) Ratio A260/A280 Ratio A260/A230

Mean Std. dev. Mean Std. dev. Mean Std. dev.

Leaf Silica gel 48 603.714 164.46808 2.0556 0.43211 2.0698 0.34951

Root EtOH 70% 48 692.8408 188.07232 1.9502 0.40718 2.0631 0.35794

EtOH 90% 48 822.571 298.89048 1.9373 0.35867 2.0685 0.25334

Silica gel 48 249.7406 165.67411 1.7781 0.64947 1.8894 0.56363

Distillated water 48 631.3379 355.81995 1.9696 0.42652 2.0869 0.3602

Root overall 192 599.1226 338.0658 1.9088 0.47631 2.027 0.40478
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Regarding the storage treatments, the leaf DNA concentration 
(603.71 ng/µl) was lower than all liquid storage treatments for roots: 
EtOH 90% (822.57 ng/µl), EtOH 70% (692.84 ng/µl), and distilled 
water (631.34 ng/µl; Table 1; Figure S2). On the other hand, for qual-
ity, the highest values were for distilled water storage treatment 
with the root, where the A260/280 ratio was 1.97 and the A260/230 
ratio was 2.09, while in leaf they were 2.06 and 2.07, respectively 
(Table 1; Figure 1).

The statistical comparison by ANOVA found no significant dif-
ferences for DNA concentration between leaf and root tissues 
(Table 2). However, the analysis showed significant differences for 
DNA concentration between species and storage treatments, also 
the comparison between extraction methods was close to signifi-
cance limit (p = .050; Table 2). Regarding the A260/280 ratio, there 
was a significant difference between species, while for tissues the 
probability was near to the significance limit (p = .053). Finally, for 
the A260/230 ratio, no significant differences were found for all 
comparisons carried out (Table 2).

As a final result, although no statistical tests were performed, 
the PCR test for all samples obtained was positive, showing a unique 
expected amplicon in the agarose gel (2%) for each DNA extraction 
and for each locus (e.g., Figure S2). Which could prove the DNA solu-
tions obtained did not contain important reaction inhibitors.

4  | DISCUSSION

This study has shown obtaining DNA from root tissue is possible and 
it could be a plausible alternative to the leaf tissue to reduce sam-
pling efforts. Regarding the source tissue, no differences for DNA 
concentrations were found between the overall root results with leaf 
tissue results. However, for quality, the A260/280 ratio is close to 
the limit of significance (p = .053). This almost significant difference 
may be explained by the higher amount of contaminants (mainly pro-
teins) linked to the root tissue. In most monocotyledons, the roots are 

constantly growing, and to maintain their structure underground, the 
tissues need to be constituted by higher concentrations of lignin (and 
other related proteins) compared with the leaves (Abiven et al., 2011; 
Hans- Walter & Piechulla, 2011; Merewitz et al., 2011). For this rea-
son, it would be expected that the DNA extraction quality from the 
root is somewhat lower than that was obtained from the leaf tissue. 
However, the quality could be improved with standardized storage 
condition and adjusting the extraction protocol.

Regarding the root storage treatments, the general comparison 
showed significant differences for DNA concentration, while for 
both quality ratios, there were no differences. This would be ex-
plained by the degree of stabilization and fixation of nucleic acids 
that would result from the different treatments used. Within treat-
ments, the most satisfactory outcomes for DNA concentration 
were yielded by both ethanol solutions (70% and 90%). However, 
a specific comparison between leaf tissue and root tissue stored in 
ethanol 90% showed a significant higher DNA concentration recov-
ered from the root. Ethanol is a tissue fixative, since it dehydrates 
the tissue violently (exchanging the water from the sample) main-
taining the cellular structure and precipitating the nucleic acids; in 
consequence, higher concentration of ethanol allows to recover 
more DNA (Bressan et al., 2014). On the other hand, the least ef-
fective result was that obtained with Silica Gel. Silica Gel salt works 
by dehydrating the tissue to fix the cells and all their components, 
and it has been a great tool for the fixation of leaf tissues in plants. 
However, its low effectiveness in root DNA extraction could be ex-
plained by the speed of tissue dehydration. Leaf tissue is arranged in 
layers forming a single almost regular structure, while the root tissue 
sample is an irregular and cylindrical structure. Therefore, the root 
sample will take more time for dehydration, which would allow the 
breakdown of nucleic acids (Arif et al., 2010; Bressan et al., 2014; 
Jouannic et al., 2011; Tai & Tanksley, 1990).

Finally, the comparison between species demonstrated signifi-
cant differences for concentration, as well as for quality (A260/280), 
which would be explained by the intrinsic characteristics of each spe-
cies. Tissues of each species will differ in their shape, composition, 
and cellular structure; therefore, it is understandable that a specific 
quantity and quality of DNA are recovered from each species ac-
cording to the specific nature of their tissues (Abiven et al., 2011; 
Tapia- Tussell et al., 2005).

This short experiment proved that it is possible to obtain a 
“good” DNA sample from palm- tree root tissue, which was addi-
tionally supported by the PCR tests performed. Positive PCR tests 
showed that the resulting DNA extractions are free of contaminants 
or reaction inhibitors and suggest that the constitution of the ge-
netic material was not significantly degraded (Edwards et al., 1991; 
Lucas et al., 2019). In conclusion, the DNA extraction from root tis-
sue in palm- trees is strongly feasible and this fact could facilitate 
palm- tree population sampling for large- scale studies by reducing 
the sampling efforts. Additionally, the storage treatment experi-
ments provide a basis for development of an effective, standardized 
protocol to obtain best DNA possible for further processing (even 
for genomic analyses) despite species or DNA extraction method.

TA B L E  2   ANOVA p- values summary for each comparison

Comparison
Concentration 
(ng/μl)

Ratio A260/
A280

Ratio 
A260/A230

Palm species 0.000** 0.010* 0.297

Source (leaf 
versus root)

0.927 0.053 0.502

Storage 
treatments

0.000** 0.065 0.078

Extraction 
method

0.050 0.468 0.132

Leaf versus root 
(EtOH70)a 

0.396 0.802 1

Leaf versus root 
(EtOH90)a 

0.000** 0.725 1

aObtained from Tukey post hoc test.
*Values are significant at p < .05; **Values are significant at p < .01.
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