Life Science Journal

Websites:
http://www.lifesciencesite.com

MARSLAND PRESS @v/\

editor@sciencepub.net Multidisciplinary Academic Journal Publisher
sciencepub@gmail.com

Application of Maturase K Primer to Determining Nomenclatural identities of Four Morphological Similar
Mimosoid Clade Members.

Ebigwai JK,' Ubi GM?, Akesa TM'
""Department of Plant and Ecological studies, University of Calabar, Calabar, Nigeria

* Department of Genetics and Biotechnology, University of Calabar, Calabar, Nigeria
Corresponding author: ebijoe4@gmail.com

Abstract: The use of DNA barcode offers a better and more reliable alternative to morphology in plant species
identification process. In this study, the chloroplast DNA region (matk) of the four morphologically similar
Mimosoid species was studied. The objective was to evaluate its applicability in discriminating among these
morphologically similar species. DNA samples obtained from their leafed specimens were studied in terms of DNA
purity, PCR amplification, amplicons nucleotide, protein sequences, sequence authentication and phylogeny
following standard methods of Extraction, Quantification, Amplification and Sequencing. The results showed
similarities among the four species with respect to DNA purity, PCR amplification but revealed obvious differences
between their amplicons in terms of nucleotide base pairs and amino acid residue. The nucleotide sequence of
samples A, B, C and D had 755, 755, 724 and 779 bp respectively, with the corresponding 251, 251, 241 and 259
amino acid residues respectively. A total of 388 SNP was observed between samples A and B, 386 between B and
C, and 386 between samples B and D. Others were 15, 14 and 9 bps between samples C and D, samples A and D,
and samples A and C respectively. All the sequences were unambiguously identified; specimens A, C and D were
identified as Parkia biglobosa, Leucaena leucocephala and Prosopis africana respectively; with 100 % identities
while specimen B was identified as Pentaclethra macrophylla with 99.7% homology. A minimum inter-taxa
barcode gap of 2 % was recorded between the study samples showing that P. biglobosa, L. leucocephala, P.
macrophylla and P. africana are separate taxa. However, an 80 - 81 % barcode gaps were observed between P.
macrophylla and other species, suggesting that P. macrophylla is distantly related to other species studied. The
phylogenetic tree also suggested that P. macrophylla might represent a separate clade from P. biglobosa, L.
leucocephala, P. macrophylla and P. africana based on their matK gene. This finding would serve the bedrock for a
detailed phytochemical and morphological study to be conducted on each of the taxon to enhance rapid and cheap
on field authentication process.
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1. Introduction integrated taxonomic system, where bioinformatics
The emergence of DNA barcoding has had a plays a key role (El-Atroushet al., 2015).

positive impact on scientific enterprise and These barcodes are used for phylogenetic
specifically nomenclatural practice (Gregory, 2005). analysis, genetic diversity and species discrimination.
DNA barcoding is a technique for characterizing These systems not only help to classify the organisms
species of organisms using a short DNA sequence but also reveal genetic information to infer
from a standard and agreed- upon position in the evolutionary history and speciation (Son et al, 2003;
genome (Hebert ef al., 2003). DNA barcoding relies Hebert et al., 2004). In plants, finding effective and
on finding different conserved regions in divergent robust conserved regions are more challenging
species to produce a large-scale reference genome because of high genome diversity (Kelchner, 2000).

library (Watto etal.,2016). DNA barcoding is a recent Seven chloroplast genomic regions where
and widely used molecular-based identification system evaluated by consortium for the barcode of life plant
that aims to identify biological specimens, and to working group and finally, a combination of matK and
assign them to a given species. However, DNA rbcl was adopted as universal barcode for
barcoding is even more than this, and besides many identification and authentication of flowering plant
practical uses, it can be considered the core of an (Jumbo, 2011). Maturase k (known for short as matK)
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has a high evolutionary rate, suitable length and
obvious interspecific divergence as well as a low
transition rate (Min and Hickey, 2007; Selvaraj et al.,
2008).

One of the challenges for plants barcoding is the
ability to resolve sister species within a large
geographical range. It is expected that system based on
anyone, or small member of chloroplast gene will fail
in certain taxonomic groups with extremely low
amount of plastid variation while performing well in
groups (Newmaster et al., 2008).

Mimosoid form one of the major groups of
legumes and have been circumscribed as a clade in
Caesalpinoideae within the family Fabaceae (LPWG,
2017). The clade comprised of about 80 genera,
mostly tropical to subtropical in distribution, and
major components of arid and semiarid regions
throughout the world, where they are an important
source of forage and fuel (Lucknow et al., 2003).

The  morphological and  nomenclatural
ambiguities exhibited by diverse members of

Mimosoidare clearly evident in the multiple of
revisions so far conducted. Regrettably, most of the
revisions aimed at proffering solutions were conducted
either with non-DNA or single evidential tool.

Though several researchers have attempted the
use of DNA barcoding in resolving taxonomic
intricacies among plant taxa across the globe, there is
still gross paucity of DNA barcode of plants in tropical
and developing African nations. Also, chloroplast
matK gene which has a better nomenclatural resolution
power acrossseveral plant groups has not received the
due attention in resolving taxonomic challenges
among member of Mimosoid.

It is based on these drawbacks, that the study is
aimed at employing DNA barcoding to resolving the
morphological ambiguities among members of
Mimosoid.

Methodology
Collection and authentication of specimens

Table 1. Location of Sample collection

Sample ID Latitude (N) Longitude (E) Altitude (m) Community
A 4.94992 8.35312 22 Unical
B 4.94584 8.35406 9 Unical
C 4.94518 8.35265 10 Unical
D 6.67419 8.79223 44 Ogoja

Sample D

Sample C

Platel. Voucher specimens used for research
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Fresh leaves specimens were obtained from four
morphologically similar plant species growing
naturally in Cross River State. The specimens A, B
and C were obtained around University of Calabar,
Calabar campus while specimen D (not found around
Calabar) was obtained from Ogoja, Cross River State.
The samples were confirmed to be members of
Mimosoideae subfamily with the aid of taxonomic
keys for Nigerian trees by Keay et al. (2011) and
expert recognition by Dr. J. K. Ebigwai of the
Department of Plant and Ecological Studies,
University of Calabar. The specimens and their
geographical information were presented in Table 3.1
and the voucher specimens shown in Plate 3.1.

DNA Extraction

Extraction was done using a Zymo plant/seed
DNA mini prep extraction kit. One hundred and fifty
milligrams (150 mg) of the plant leaves were
transferred into ZR Bashing Bead Lysis tubes, 750
microliters of lysis solution were added to the tube.
The tubes were secured in a bead beater fitted with a 2
ml tube holder assembly and processed at maximum
speed for 5 minutes. The ZR bashing bead lysis tube
was centrifuged at 10,000xg for 1 minute.

Four hundred microliters (400 pl) of supernatant
was transferred to a Zymo-Spin IV spin Filter (orange
top) in a collection tube and centrifuged at 7000 xg for
1 minute. One thousand two hundred microliters (1200
ul) of fungal/bacterial DNA binding buffer was added
to the filtrate in the collection tubes bringing the final
volume to 1600 pl, 800 pl was then transferred to a
Zymo-Spin IIC column in a collection tube and
centrifuged at 10,000xg for 1 minute, the flow through
was discarded from the collection tube.

The remaining volume was transferred to the
same Zymo-spin and spun. Two hundred (200) pl of
the DNA Pre-Was buffer was added to the Zymo-spin
IIC in a new collection tube and spun at 10,000xg for
1 minute followed by the addition of 500 ul of
fungal/bacterial DNA wash buffer and centrifuged at
10,000xg for 1 minute. The Zymo-spin IIC column
was transferred to a clean 1.5 pl centrifuge tube, 100
ul of DNA elution buffer was added to the column
matrix and centrifuged at 10,000xg for 30 seconds to
elute the DNA. The eluted DNA was transferred into
Zymo-spin IV-HRC column into a 1.5ml tube and
spun at 10,000 xg for 1minute. The product was then
stored at -20°C for PCR.

DNA quantification

The extracted genomic DNA was quantified
using the Nano drop 1000 spectrophotometer. The
software of the equipment was lunched by double
clicking on the Nano drop icon. The equipment was
initialized with 2 ul of sterile distilled water and
blanked using normal saline. Two microliters of the
extracted DNA were loaded onto the lower pedestal,
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the upper pedestal was brought down to contact the
extracted DNA on the lower pedestal. The DNA
concentration was measured by clicking on the
“measure” button.

DNA Amplification

For amplification and sequencing of matK gene,
primer pair: MatK-1RKIM-f and MatK-3FKIM-r were
used following the method of Kuzmina et al. (2012).
The DNA was amplified on an ABI 9700 Applied Bio
systems thermal cycler at a final volume of 30 ul for
35 cycles. The PCR mix included: the X2 Dream Taq
Master Mix supplied by Ingaba, South Africa (Taq
polymerase, DNTPs, MgCl), and the primers at a
concentration of 0.5 uM and 25ng of the extracted
DNA as template.

The PCR conditions were as follows: Initial
denaturation, 95°C for 5 minutes; denaturation, 95°C
for 30 seconds; annealing, 55°C for 40 seconds;
extension, 72°C for 50 seconds for 35 cycles and final
extension, 72°C for 5 minutes. The product was
resolved on a 1% agarose gel at 130V for 25 minutes
and visualized on a blue light Tran’s illuminator for a
base pair product size. Each PCR reaction was
repeated three (3) times on each sample and examined
by electrophoresis on 1 % agarose gel, using DNA
marker 1 kb ladder.

Amplicons sequencing and sequence analysis

The Amplicons were sequenced using the
BigDye Terminator kit on a 3510 ABI sequencer by
Ingaba Biotechnological, Pretoria South Africa. The
sequencing was done at a final volume of 10 ul, the
components included 0.25 ul BigDye® terminator
v1.1/v3.1, 2.25ul of 5 x BigDye sequencing buffer,
10uM Primer PCR primer, and 2-10ng PCR template
per 100 bp.

The sequencing conditions were as follows 32
cycles of 96°C for 10s, 55°C for 5s and 60°C for 4
min. The obtained sequences were edited using the
bioinformatics algorithm Trace edit. The nucleotide
sequences were aligned using Clustal W in MEGA7
(Kumar et al., 2016), to identify any parsimonial
informative sites: Single nucleotides polymorphism
(SNP).

Sequence identification

Sequence homology of the two samples was
detected using Basic Local Alignment Tool (BLAST)
for highly similar sequences from the National Center
for Biotechnology Information (NCBI) non-redundant
nucleotide (nr/nt) database. The query sequence was
identified based on the percentage identity or
similarity with a known sequence (Zheng et al., 2000).

The sample was said to be correctly identified
when the highest BLAST % identity of the query
sequence was from the expected species or the species
belonging to the expected subfamily; ambiguous
identification means that the highest BLAST %
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identity for a query sequence was found to match
several species of the study subfamily; incorrect
identification means that the highest BLAST %
identity of the query sequence was not from the
expected subfamily (Shinwari et al., 2014).
Phylogenetic tree method was used to resolve
any ambiguous identification by BLAST. The matK
sequences of other members of same genus were
mined from NCBI in addition to those generated in
this study. The genetic distances for the sequenced
samples were equally evaluated. The inter specific and

intra specific distances were computed using the
Maximum Composite Likelihood model in MEGA7
(Kumar et al., 2016). The pairwise alignment of
nucleotide sequence was done using Clustal W to
identify any barcode gap.

Results

Results are presented for DNA quality, DNA
Quantification, DNA Amplification, DNA sequencing
and Phylogenetic analyses.

Table 2. Result on DNA quality

Sample 1D A260 (nm) Azgo (nm) A260/280
A 0.45 0.43 1.05
B 0.53 0.31 1.71
C 0.54 0.32 1.69
D 0.63 0.71 0.89

A260 nm is the absorbance wavelength for DNA
A280 nm is the absorbance wavelength for protein
Ajonso 1s the purity index DNA

1000 bp

200 bp

500 bp

Fig. 1. Agarose gel electrophoresis showing the
amplified mat-K gene of the respective plants, lane A-
D showing the mat-K gene bands at 750-800bp while
lane L represents the 100 bp molecular ladder.

Amplicons sequencing and barcode analysis

Result of the edited sequences of samples A, B,
C and D was shown in Table 4.2. The pairwise
sequence alignment result revealed the presence of
301 conserved codons and 25 residues in the
nucleotide and amino acid sequence respectively,
across the samples. Plate 4.1 and 4.2 show the
pairwise alignment of nucleotide and amino acid
sequences of the study samples respectively.

Result of the SNP between sample A, B, C and D
was shown in Table 4.3. The Table revealed the
highest SNP of 388 bp between samples A and C
followed by the 386 bp between samples B and C, and
386 bp between samples B and D. Others were 15, 14
and 9 bps between samples C and D, samples A and
D, and samples A and C respectively.

Table 3. MatK gene sequence of sample A, B, C and D

Sample ID Nucleotide sequence Amino acid
Sample A 755 251
Sample B 755 251
Sample C 724 241
Sample D 779 259
Table 4. Single Nucleotide Polymorphisms (SNPs) between samples A, B, C and D
A MatK-F B MarK-F C MatK-F D MatK-F
A MatK-F
B MarK-F 388
C_MatK-F 9 386
D MatK-F 14 385 15
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Plate 3. Aligned protein sequence of samples A, B, C and D

* represent the conserved regions

- represent deletion while mismatch represent amino acids substitution
? Represent non-transcribed segment

Sequence identification exhibits maximum homology (100 %) with sequence

The matK sequence of samples A, B, C and D of Parkia biglobosa, Leucaena leucocephala and
was independently queried for highly similar sequence Prosopis africana respectively, while sample B
in the NCBI data base using BLASTn and the result is exhibited 99.7 % with Pentaclethra macrophylla in
shown in Table 5. From the result; sample A, C and D the NCBI data base.
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The genetic distances between samples B and D sequences obtained from NCBI databank. It was
in relation to NCBI sequences of the same taxon observed that samples A, B, C and D nested with
where evaluated. As shown in Table 5, sample B Parkia  biglobosa,  Pentaclethra  macrophylla,
(Pentaclethra macrophylla) was significantly different Leucaena leucocephala and Prosopis africana
from other three species studied with a genetic respectively with maximum bootstrap values of 100 %
distance of 80 — 81 %. The distance between sample A at each intraspecific node and 60 % inter generic node.
(Parkia  biglobosa),  sample C  (Leucaena It equally showed that Parkia biglobosa, Leucaena
leucocephala) and sample D (Prosopis africana) were leucocephala and Prosopis africana nested on a
within 2 %. Similar results were obtained between any common branch or clade while Pentaclethra
pair of their sequences obtained from NCBS databank. macrophylla rather nested as an out group.

Fig 4.2 showed the Neighbor joining of the
samples A, B, C and D in relation to their identical

Table 5. MatK gene sequence of sample A, B, C and D

Sample ID Identical sequence from NCBI % homology
Sample A Parkia biglobosa 100
Sample B Pentaclethra macrophylla 99.7
Sample C Leucaena leucocephala 100
Sample D Prosopis Africana 100

Table 6. Analysis of barcode gaps in the matK gene sequence of Parkia biglobosa, Leucaena leucocephala and
Prosopis africana

1 2 3 4 5 6 7 8
1
2 0.81
3 0.02 0.80
4 0.02 0.81 0.02
5 0.00 0.81 0.02 0.02
6 0.02 0.81 0.02 0.00 0.02
7 0.81 0.00 0.80 0.81 0.81 0.81
8 0.02 0.80 0.00 0.02 0.02 0.02 0.80
Note: 1 = A _MatK-F, 2 = B MatK-F, 3 = C_MatK-F, 4 = D MatK-F, 5 = KX119401.1 Parkia biglobosa, 6 =
KX119405.1 Prosopis Africana, 7 = KX302343.1_Pentaclethra_macrophylla and 8 =

MH767953.1 Leucaena_leucocephala

C_MatK-F
100

MH767953.1 Leucaena leucocephala
60

A_MatK-F

100

KX119401.1 Parkia biglobosa

D_MatK-F

100
KX119405.1 Prosopis africana

B_MatK-F

100
KX302343.1 Pentaclethra macrophylla

Fig. 2. Evolutionary relationships of Parkia biglobosa, Pentaclethra macrophylla, Leucaena leucocephala and
Prosopis africana

The evolutionary history was inferred using the distances were computed using the number of
Neighbour-Joining method. The percentage of differences method and are in the units of the number
replicate trees in which the associated taxa clustered of base differences per sequence. The analysis
together in the bootstrap test (500 replicates) are involved eight (8) nucleotide sequences. Codon
shown next to the branches. The evolutionary positions included were 1st+2nd+3rd+Noncoding. All
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positions containing gaps and missing data were
eliminated. There was a total of 640 positions in the
final dataset. Evolutionary analyses were conducted in
MEGA7.

Discussion

Specimen identification to specific level is key to
all biological or ecological research. The inherent
uniqueness of each taxon DNA barcode has been
exploited as a standard and rapid method for species
identification (Ebigwai et al., 2020, Tkram ef al., 2015;
Khan et al., 2015). The premium step in barcode-
based species identification process is centred on
isolation of pure DNA (Watto et al., 2016). DNA
purity often measured as a ratio of a unit Ultra Violet
(UV) absorbance power at 260nm and that of eight (8)
parts of protein at 280nm; indicates the quality of
DNA in the solution (Watto et al., 2016). Put
succinctly, an Apygpnso ratio of 1.8 is indicative of a
pure DNA solution. However, in practice, a range of
1.7 — 1.9 obtained in any extract is considered pure
and hence devoid of significant concentrations of
contaminations (Abdel-Latif and Osman, 2017).

In the present study, the DNA quality of samples
A, B, C and D were 1.05, 1.71, 1.69, and 0.89
respectively. This implies that the DNA of all but B
samples was below the purity limits, indicating
contamination.  Presence  of  polysaccharides,
glycoproteins and phenolic members were identified
by Watto et al. (2016) as significant sources of
impurities during DNA extraction process. The degree
of impurities in samples A, C and D as exemplified by
the Ajgons0 ratios is highly suggestive of samples with
high concentrations of the aforementioned secondary
metabolites when compared to that of sample B.
Rvathi (2018), Abioye et al. (2013) and Badamasi et
al. (2011) reports supported this assertion. Also,
several sample matrixes such as degradation at primer
binding sites (Newmaster et al., 2013) and DNA
deterioration by the extraction chemicals (Schori et al.,
2013) have been shown as other causal factors for low
Ajonso values. However, the purity level of any DNA
extract does not impede PCR success (Abouseadaa et
al., 2015) as contaminated samples have been reported
to have been successfully amplified and sequenced
(Ebigwai et al., 2020).

In DNA-based species identification, PCR
amplification of the target genome plays an important
role in generating the barcode. PCR amplification of
the four morphological ambiguous specimens
(samples A — D) was 100 % successful. The PCR
bands were clear and visible within 700 — 800 bp
compared to the 1 kb molecular larder. Similar results
with the amplification of matK gene in Fabaceae
family has been reported by Ebigwai et al. (2020 in
press) and Gao et al (2011), suggesting the
universality of the matK as a barcode region in
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Fabaceae family. The result however, contrasted
previous report by Kuzmina et al. (2012) who
recorded as low as 35% amplification in herbarium
specimen and 45% of fresh specimen from 900
vascular plant specimen representing 312 species, 147
genera and 51 families and Sass er al. (2007) who
recorded 24 % amplification success in Cycas using
with the same marker, indicating that matK has low
amplification rate.

Sequence recoverability is another criterion often
considered in selecting genome region for barcoding
(Hollingsworth, 2008). In the present study, all the
samples were successfully sequenced, indicating 100
% sequence retrieval for matK gene in the studied
taxa. The recovered sequences adequately satisfied the
criterion of an appropriately short sequence length
(300-800 bp) to be used as barcode (Kress et al.,
2005). The present finding mirrored previous studies
with matK (Tan et al., 2018; Nithaniyal et al., 2014;
Hollingsworth et al., 2009; Chase et al., 2007; Kress
and Erickson, 2007). Similarly, the result is in support
of Shinwari ef al. (2014) and Gao et al. (2011) who
recommended matK as a universal barcode region for
Fabaceae family.

The pair wise alignment of the recovered
sequences revealed the presence of 301 conserved
codons and 25 residues in the nucleotide and amino
acid sequence respectively, across the samples. These
correspond to 38.6 and 9.7 % reservation in their
nucleotide and Amino acid sequences respectively.
This indicates distant relationship among the studied
sequences (Udensi et al., 2017). According to
Wojciechowski et al. (2004), proteins in the same
plant family shares at least 30 % similarities in their
amino acid sequence. This implies that the studied
taxa are related above family level.

All the studied specimens were unambiguously
identified using BLASTn (Shinwari et al., 2014).
Specimens A, B, C and D were identified as Parkia
biglobosa, Pentaclethra macrophylla, Leucaena
leucocephala and Prosopis africana respectively. This
was similar to Gao ef al. (2011) who conducted DNA
barcoding of some members of Fabaceae family using
the same marker gene. This confirmed that the plastid
matK gene is an idle barcode for species
discrimination in Fabaceae. Similar species recoveries
with the marker gene have been reported across
angiosperms notably by Kang et al. (2017), Mishra et
al. (2017), Kim et al., (2016), Nithaniyal et al. (2014)
and Kress et al. (2009). The present result however
contradicted Tallei e al. (2016) who reported the
paucity of barcode gaps in the matK gene of Syzygium
spp.

Distance tree, based on the Neighbor-Joining
method was used to evaluate the proportion of
relatedness among the identified species, and the result
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showed that Parkia biglobosa, Leucaena leucocephala
and Prosopis africana are nested on a common branch
while Pentaclethra macrophylla nested as an out-
group. This implies that Pentaclethra macrophylla is
genetically distant from the other species, and could
account for the low conservation in the nucleotide and
amino acid sequences of the studied specimens
(Nithaniyal et al., 2014). The use of matK gene
sequence for phylogenetic tree construction has been
illustrated by de Melo Moura et al. (2019) and Kim et
al. (2016). However, Phylogenetic tree-based methods
are not appropriate for building phylogenetic
relationships at lower levels of sequence variation
(Saarela et al., 2013).

The barcode gap between each pair of the studied
sequence conformed to those between NCBI
sequences of Parkia biglobosa, Pentaclethra
macrophylla, Leucaena leucocephala and Prosopis
africana. The interspecific barcode gaps in Parkia
biglobosa, Leucaena leucocephala and Prosopis
africana conformed to previous recommendation for
species recognition while the intra specific distances
equally satisfied the requirement for species retention
according to Tallei and Kolondam (2015), Nithaniyal
et al. (2014) and Purushothaman er al. (2014).
However, the barcode gaps (80 - 81 %) between
Pentaclethra macrophylla and other species studied
were above the intra-familial threshold (Udensi et al.,
2017; Wojciechowski et al., 2004; Kajita ef al., 2001).
In addition, the present result mirrored the 0.44 - 0.76
% inter species barcode recorded for Agalii (Pettengill
and Neel, 2010), and the 0.38 - 1.55 % barcode gap for
timber trees within the tropical dry evergreen forest of
India (Nithaniyal et al., 2014). Generally, the
performance of matK in the present study is in
agreement with Gao et al (2011) findings for the
Fabaceae family.

Conclusion

The amplification and sequencing of conserved
genome regions identified a novel sequence of matK
in Parkia biglobosa, Pentaclethra macrophylla,
Leucaena leucocephala and Prosopis africana. The
findings resolved the nomenclatural identities of these
four morphologically similar species.

Recommendation

This finding would serve the bedrock for a
detailed phytochemical and morphological study to be
conducted on each of the taxon to enhance rapid and
cheap on field authentication process.

Corresponding author:
Dr Joseph Ebigwai
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