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Abstract

Background and Objective: Morphological mimicry resulting in nomenclatural ambiguities between and among plant taxa is fast
becoming a major concern in natural product applications. Frequent nomenclatural substitution between Tetraptera tetraptera and
Albizia adianthifolia caused by morphological similarities was resolved taxonomically using Maturase K gene as a DNA barcoding tool.
Materials and Methods: Grounded leaf samples of the specimens were subjected to standard DNA protocols of extraction, amplification,
sequencing and BLASTING (Basic Local Alignment Tool). Results: The results of differential nucleic acid purity levels, a sequence length
of 755 and 766 base pairs respectively, presence of 728 conserved codon, 38 single nucleotide polymorphisms (SNP) between both
samples and varied amino acid residues proved both specimens as distinct taxon. When the sequenced products were subjected to Basic
Local Alignment Tool, specimen A exhibited a 99.2% homology with T7etrapleura tetraptera while specimen B presented a 99.7%
homology with Albizia adianthifolia and Albizia petersiana indicating congruent identity and hence nomenclatural ambiguity.
The phylogenic tree constructed to resolving the congruency revealed specimen B as exhibiting closer taxonomic distance to
Albizia adianthifolia than Albizia petersiana. Conclusion: The study concludes by recommending DNA barcoding as a potent tool to
resolving nomenclatural conflicts among morphological similar taxa.
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INTRODUCTION

Accurate plant nomenclatural identity is relevant to
scientific!, agricultural?> and medical enterprise. It has
remained the underlying denominator for conservation,
pharmacological and bio stratigraphic practice. Utilization of
wood and wood products for various ecosystem services have
further added premium to the need for timely and accurate
taxa identification®. Environmental mimicry, mutation and
high rate of speciation had resulted in morphological
ambiguities even among members of supposedly distant
clades*. This had made traditional means of authentication
such as expert recognition and species matching with voucher
specimens almost unusable and untenable. The choice of any
novel systematic tool to be applied in resolving nomenclatural
opacities is centered on matching obtained information to its
closesthomologuein a data bank. This criterion often confines
application of anatomical, cytological, paleontological,
phytochemical and serological markers to restricted taxa>®.
The existence of gene banks in several regions of the world
has made choice of molecular barcoding enticing and readily
applicable.

Several DNA primers have been successfully employed in
resolving taxonomic conflicts across all nomenclatural
hierarchies. Ribulose bisphosphate carboxylase (Rbcl) has
been applied in several studies’®, were RubisCo was the
choice primer'® and Maturase K gene was successfully
used' '3, These primers are used primarily because of their
reduced intraspecific variations.

Tetrapluera tetraptera and Albizia adianthifolia are two
morphologically similar species whose nomenclatural
identities are often confused with each other. Since they are
reservoirs of varied chemical information, assigning inaccurate
name could elicit reactions that could imperil lives. The aim of
the research was to compare the sequenced Maturase k
regions of the two morphological similar specimens with
those in NCBI database in order to obtain their accurate
nomenclature.

MATERIALS AND METHODS

Studyarea: Samples were collected within Calabar Metropolis,
Nigeria in June, 2019. DNA extraction and quantification
was carried out in the Molecular Biology laboratory of the
Department of Genetics and Biotechnology, University of
Calabar while Polymerase Chain Reaction (PCR) and
Sequencing were done by Ingaba Biotech, Pretoria,
South Africa. The analyses spanned between June-July, 2019.
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Fig. 1(a-b): (a) Specimen A and (b) Specimen B

Plant material collection: Fresh plant leaves were collected
within University of Calabar, Calabar Cross River State. The
samples were adequately authenticated to subfamily level
using Kang et a/'* procedures. Field identification was based
on folia, pods and inflorescence characteristics. Their affinity
was further confirmed at the Herbarium unit of the
Department of Plant and Ecological Studies, University of
Calabar, Calabar, Nigeria (Fig. 1a, b).

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 pL of lysis solution were added to the
tube. The tubes were secured in a bead beater fitted with a
2mL tube holder assembly and processed at maximum speed
for 5 min. The ZR bashing bead lysis tube was centrifuged at
10,000 g for 1 min. 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 X g
for 1 min. One thousand two hundred microliters (1200 pL) of
fungal/bacterial DNA binding buffer was added to thefiltrate
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in the collection tubes bringing the final volume to
1600 pL, 800 pL was then transferred to a Zymo-Spin IIC
columnin a collection tube and centrifuged at 10,000 Xg
for 1 min, 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 10,000X g for 1 min
followed by the addition of 500 uL of fungal/bacterial
DNA wash buffer and centrifuged at 10,000X g for 1 min.
The Zymo-spin IIC column was transferred to a clean 1.5 pL
centrifuge tube, 100 pL of DNA elution buffer was added to
the column matrix and centrifuged at 10,000 X g for 30 sec
to elute the DNA. The eluted DNA was transferred into
Zymo-spin IV-HRC column into a 1.5 mL tube and spun at
10,000 X gfor 1 min.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 launched by double clicking
on the Nano drop icon. The equipment was initialized with
2 pL of sterile distilled water and blanked using normal saline.
Two microliters of the extracted DNA was loaded onto the
lower pedestal, 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: Foramplification and sequencing of Matk
gene, primer pair: MatK-1RKIM-f and MatA-3FKIM-r were used
following the method of Little and Stevenson''3. The DNA
was amplified on an ABI 9700 Applied Bio systems thermal
cycler at a final volume of 30 pL for 35 cycles. The PCR mix
included: the X2 Dream Taqg Master Mix supplied by Ingaba,
South Africa (Taq polymerase, DNTPs, MgCl) and the primers
at a concentration of 0.5 uM and 25 ng of the extracted DNA
as template.

The PCR conditions were as follows: Initial denaturation,
95°Cfor 5 min, denaturation, 95°Cfor 30 sec, annealing, 55°C
for 40 sec, extension, 72°C for 50 sec for 35 cycles and final
extension, 72°C for 5 min. The product was resolved on a 1%
agarose gel at 130 V for 25 min and visualized on a blue light
Tran’s illuminator for a base pair product size. Each PCR
reaction was repeated 3 times on each sample and examined
by electrophoresis on 1% agarose gel, using DNA marker 1 kb
ladder.
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Amplicons sequencing and sequence analysis: The
Amplicons were sequenced using the BigDye Terminator kit
ona 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, 2.25 yL of 5XBigDye sequencing buffer, 10 uM
Primer PCR primer and 2-10 ng PCR template per 100 bp. The
sequencing conditions were as follows 32 cycles of 96°C for
10 sec, 55°C for 5 sec and 60°C for 4 min. The obtained
sequences were edited using the bioinformatics algorithm
Trace edit. The nucleotide sequences were aligned using
ClustalWin MEGA7"8 to identify parsimony informative sites
(Single Nucleotides Polymorphism-SNP).

Sequence identification: Sequence homology of the
two specimens 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’. 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 (%) 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
fromthe expected subfamily'. 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 geneticdistances for the sequenced samples were equally
evaluated. The inter specific and intra specific distances were
computed using the Maximum Composite Likelihood model
in MEGA72°21 The pairwise alignment of nucleotide sequence
was done using ClustalW to identify any parsimony
informative sites.

Statistical analysis: Data generated from the study were
collated and subjected to statistical analysis using the analysis
of variance (ANOVA) procedures of GENSTAT vr 12 of 2016
(https://library2.lincoln.ac.nz/documents/Genstat%20ANOV
A%201%20workshop%20(16th%20ed).pdf) for morphological
data. Sequence amplicons were edited using the Chromas
software. The sequences were aligned and analyzed using the
molecular evolutionary genetic analysis (MEGA) 7.0 software,
Darwin 5.5 software and Bioedit software.
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RESULTS

DNA quality: Result showed that the A260/280 samples A and
B were 0.8 and 1.0, respectively (Table 1).

DNA amplification: Result showed that the two samples
were successfully amplified. The amplified products were
found within 700-800 bp. corresponding to the ladder
(Fig. 2).

Amplicons sequencing and sequence analysis: The Matk
gene amplicons of the two samples were successfully
sequenced. The result showed that samples A and B had
sequence length of 755 and 766 bp, respectively (Fig. 3).
Further, the result revealed the presence of 728 conserved
codons and 38 single nucleotide polymorphisms (SNP)
between sample A and sample B. The SNPs comprises of
20 point mutations, 11 to indels mutations and seven (7)
un-sequenced codons. Table 2 showed the SNP between
samples A and B.

Similarly, 251 and 255 amino acids residues were
obtained for samples A and B respectively. These include
233 conserved residues and 22 mutations. The mutations
comprises of seven (7) indels mutations, 13 point mutations
and 2 untranslated codons. Table 3 showed points of mutation
in the amino acids sequences of samples A and B.

Sequence identification: The BLAST results showed that the
MatK sequence of sample A exhibited the highest similarity
(99.2%) with 7. tetraptera while sample B exhibited the
highest similarity (99.71%) in congruence manner, with
sequences of A. adiantifolia and A. petersiana congruently
(Table 4).

From the phylogenetic tree, it was observed that
sample A nested with 7. tetraptera while sample B nested
closely with A. adiantifoliain the same branch that contains
A. petersiana (Fig. 4).

The genetic distance between sample A and
Tetraptera sp.in the phenogram was between 0.1-0.4 and
0.1-0.6% between sample B and Albizia adliantifolia. The
intraspecific distances were 0.1-0.3% for 7. tetraptera, 0.40%
for A. adianthifolia and 0.00% for A. petersiana. Table 5
shows the result.

The phylogenetic tree was constructed using Maximum
Likelihood method based on the Tamura-Nei mode. The
number above branches corresponds to bootstrap
support.
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Fig. 2: Agarose gel electrophoresis showing the amplified

MatK gene of samples A and B
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Fig.3: Characterization of nucleotide and protein sequence of
samples A and B

Table 1: DNA extraction and quantification results

Sample ID A260 (nm) A280 (nm) 260/280
A 0.872 1.020 0.85
B 0.425 0.372 1.14

A260: DNA absorbance at A260 nm wavelength, A280 (nm): Protein absorbance
at A280 nm wavelength, 260/280: Nucleic acid purity
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90 HQ427295.1:75-840 A. kalkora
{ EU812001.1:1217-1982 A. bermudiana
13 { KX458479.1:507-1272 A. viridis

86 KX302305.1:23-788 A. mahalao

KC689800.1:73-838 A. procera

JF270634.1:1-762 A. harveyi
T KX302303.1:507-1272 A. ferruginea

68— JX518194.1:1-762 A. versicolor

D-MatK-F

69 JF270630.1:1-762 A. adianthifolia
98 —|: KX302294.1:507-1272 A. adianthifolia
7 { JX517499.1:1-762 A. petersiana
JF270635.1:1-751 A, petersiana
64 KX302313.1:507-1272 A. zygia
{ KX302304.1:98-863 A. grandibracteata

Fig. 4: Phylogenetic tree for the identification of samples A and B

Table 2: Single nucleotide polymorphisms (SNP) in MatK gene of samples A

and B
MatK AX Matk AX

SN Loci MatK B SN Loci MatK B
1 1 ->T 20 495 T
2 2 ->G 21 520 A>G
3 3 ->C 22 600 T>C
4 10 T>V* 23 625 G>A
5 46 Y*>T 24 627 G>A
6 47 M*>A 25 672 G>C
7 141 G>A 26 700 C>G
8 192 G>R* 27 711 W*>A
9 220 G>A 28 712 K*>G
10 278 T>C 29 722 A>G
1 286 M*>C 30 727 T>C
12 340 A>C 31 759 ->A
13 348 T>C 32 760 ->G
14 364 T>C 33 761 ->A
15 370 G>T 34 762 ->G
16 413 T>C 35 763 >T
17 420 T 36 764 >T
18 441 G>A 37 765 ->T
19 476 >G 38 766 ->G

-:Indels (insertion/deletion), Mismatch: Point mutations, *: Un-sequenced coding
region, T: Thymine, G: Guanine, C: Cytosine, A: Adenine, M: Methionine,
Y: Tyrosine, V: Valine, R: Arginine, K: Lysine, W: Tryptophan

Table 3: Mutations in MatK gene amino acid sequence of samples A and B

MatKAX MatKAX
SN Loci MatkB SN Loci MatKkB
1 1 ->C 12 138 L>S
2 16 >* 13 159 L>?
3 47 M>I 14 174 S>G
4 64 T>7? 15 209 E>K
5 74 A>T 16 237 >A
6 93 F>S 17 238 »>D
7 96 >P 18 241 K>R
8 114 N>H 19 243 F>L
9 116 G>S 20 253 >K
10 122 F>L 21 254 ->E
1 124 D>Y 22 255 ->F

*, 7. Non-transcribed region, -: Indels (insertion/deletion), Mismatches: Point
mutations, T: Threonine, G: Glycine, C: Cysteine, A: Adenine, M: Methionine,
Y: Tyrosine, V: Valine, R: Arginine, K: Lysine, W: Tryptophan

DISCUSSION

This study assessed the applicability of DNA barcoding
(using MatK gene) for discrimination of two morphologically
similar Mimosoideae species. The result showed that the total
DNAs of sample A and B were below purity limit of 1.8,
suggesting the presence of protein contaminants in the DNA
isolate?2. The weak purity may be due to the presence of
aromatic rings in the purine and pyrimidine?. This observation
faulted the opinion of chemical defenses such as tannins and
phenols as the common contaminants of plant DNA+2>,

The amplicons of samples 7. tetraptera and
Albizia adianthifolia were found in the region of 750-800 base
pairs corresponding to the ladder (Fig. 2). This is similar to
Udensi et a/* who reported 750 and 607 bp, respectively
with the MatK region. Thisimplies that the MatK gene of the
studied samples were suitable for sequencing. Similar results
using MatK was also observed?*%,

The obtained sequence of Sample A and B had 755 and
766 bp, respectively and 251 and 255 amino acid residues
respectively. Moreover, sequence length that varied between
508 and 867 bp with an average of 803 bp and maintained
that 500 bp is acceptable for the submission to BOLD
database?. Also, according to Nithaniyal et a/?, sequence
length of 300 bp satisfied the criterion to facilitate
amplification. Therefore, the MatK gene of the samples
adequately satisfied the requirement to be used as barcode
region.

Results also revealed 11 bp for Sample Aand B (4 for
A. adianthifolia) residue differences in nucleotide and amino
acid sequences. Most genetic variation is considered neutral
but single base changes in and around a gene can affect its
expression or the function of its protein products. A single
base change in coding region of nucleotide can result in
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Table 4: BLAST authentication of samples A and B

Sample ID NCBI sequence Homology (%) Taxonomic rank of success
A Tetrapleura tetraptera 99.21 Specific epithet
B Albizia adiantifolia and Albizia petersiana 99.74 Generic epithet

Table 5: Evolutionary distance of samples A and B in relation to A/bizia species and Tetrapleura tetraptera based on MatK gene

Samples A B C D E F G H I J K L M N 0 P Q R S
A

B 0.003

C 0.001  0.004

D 0.026 0.023 0.028

E 0.026 0.023 0.028 0.010

F 0.026 0.023 0.028 0.010 0.000

G 0.028 0.025 0.029 0.001 0012 0.012

H 0.023 0.020 0.025 0.006 0.004 0.004 0.007

| 0.028 0.025 0.029 0.001 0012 0.012 0.003 0.007

J 0.028 0.025 0.029 0.001 0012 0.012 0.003 0.007 0.000

K 0.025 0.022 0.026 0.007 0006 0006 0.009 0001 0.009 0.009

L 0.028 0.025 0.029 0.010 0009 0.009 0.012 0004 0012 0.012 0.006

M 0.032 0.029 0.034 0006 0016 0016 0004 0012 0007 0007 0013 0016

N 0.026 0.023 0.028 0.009 0.007 0.007 0010 0003 0010 0010 0.001 0.007 0.015

0] 0.029 0.029 0.031 0006 0016 0.016 0007 0012 0004 0.004 0013 0016 0012 0015

P 0.028 0.025 0.029 0012 0.007 0007 0013 0006 0013 0013 0007 0010 0.017 0.009 0.017

Q 0.028 0.028 0.029 0.004 0015 0.015 0006 0010 0003 0003 0012 0015 0010 0.013 0004 0.016

R 0.001 0.001 0.003 0025 0025 0.025 0026 0022 0026 0026 0023 0026 0031 0.025 0028 0.026 0.026

S 0.026 0.023 0.028 0010 0006 0.006 0012 0004 0012 0012 0006 0.009 0016 0.007 0016 0.001 0015 0.025

A: AF521864.1: T. tetraptera, B: AF521865.1: 7. tetraptera, C: MatKk-F, D: Matk‘F, E: EU812001.1: A. bermudiana, F: HQ427295.1: A. kalkora, G: JF270630.1:
A. adianthifolia, H: JF270634.1: A. harveyi |: JF270635.1: A. petersiana, J: JX517499.1: A. petersiana, K:JX518194.1: A. versicolor, L: KC689800.1: A. procera,
M: KX302294.1: A. adianthifolia, N: KX302303.1: A. ferruginea, O: KX302304.1: A. grandibracteata, P: KX302305.1: A. mahalao, Q: KX302313.1: A. zygia,

R: KX302355.1: 7. tetraptera, S:KX458479.1: A. viridis

amino acid change in the corresponding protein, hence if a
point mutation alters protein function, the change can have
drastic phenotypic and evolutionary consequences and
beneficial mutations can sweep through the population and
become fixed, thus contributing to speciation?. Also equally
attributed variations in sequence lengths among taxa toindels
mutations have accumulated effect during evolution?.

The extent of Indel mutations recorded implied that both
samples evolved at different periods, while the 91.4% amino
acid sequence similarity is suggestive of common ancestry
(Table 4). It is plausible that both species though evolved at
different times are closely related. Thus, organisms with high
percentage sequence similarity in their genes have a similar
pattern of evolution™?”. Sequence similarity implies both
sequences shared common evolutionary ancestor. If two
sequences have sequence identity greater than 70%, the
implication is that they have about 90% probability or more to
share the same biological processes and functions?. It is
expected that the protein in both samples should have similar
functionality since they retain high percentage identity in their
nucleotide and amino acid sequence? %, It thus suggests that
MatK gene in both samples share very similar structural
features owing to the high percentage similarity in theiramino
acid sequences despite their generic differences.
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Samples A and B were identified to species and genus
level respectively during the BLAST. Similar rates of sequence
recoverage with MatKhave been reported by Udensi et a/?,
Cole et a/?® and Figueira et a/¥ that no single gene locus has
high levels of universality and resolvability, therefore, that
proposed the use of multiple loci to increase success.
Sample A was unambiguously identified as 7. tetraptera,
implying that the MatK adequately discriminated the
species from its homologues. Figueira et a/ attributed the
discriminating power of any barcode region to availability of
barcode gaps between the sequences. The existence of
barcoding gap provides assurance that the genetic distance
can be used to determine nomenclatural identity of an
unknown specimen. For example, by observing taxon closes
to the specimen in a phylogenetic tree?-?. Observations
recorded similar successes with Matk gene in Fabaceae
family. While different studies reported by Osman et a/%,
Kamal and Klein?', Tallei et a/??>, Udensi et a/** and
Thompson et a/*° the success among different angiosperm
clades.

On the other hand, MatK of sample B had congruent
identity with A. adiantifolia and A. petersiana. This indicates
identification ambiguity, which may be due to insufficient
barcode gaps. To resolve such ambiguity*°, phylogenetic tree
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could be applied. The phylogenetic tree constructed showed
that samples A (now identified as 7. tetraptera) and B nested
on separate branches of the tree indicating their different
taxonomic affinities. However, the tree revealed that sample
Bis more closely related to A. adiantifolia than A. petersiana.
The bootstrap values ranged between 44 and 100%, indicating
a strong evolutionary relationship among A/bizia and
Tetrapleura taxa and a reliable identification model®°.

Similarly, result showed that the genetic distance
between sample A and B was 2.3%. This percentage variation
is within the threshold for placement of taxa within generic
rank. However, the genetic distance shown in the NCBI
database between sample A and 7. tetraptera ranged
between 0.1-0.4% while that between sample B and
A. adiantifolia was 0.1-0.6%. These satisfied the requirement
to placing organisms in the same specific epithet®. On
the other hand, the intraspecific distances were 0.1-0.3% for
7. tetraptera, 0.40% for A. adianthifolia and 0.00% for
A. petersiana. This satisfied the minimum requirements for
species retention using a single DNA marker?®*°, These results
indicate highly reliable taxonomic identities for samples A
and B.

Furthermore, the inter-genera distance between
Tetraptera and Albizia ranged between 2.0 and 3.2% while
the inter-specific distance ranged between 0.00 and 1.70% for
Albizia genus. Plants adapt to harsh climatic conditions and
variety of anthropological activities that may affect their
survival by developing different survival characteristics and
molecular diversity®. These molecular diversities are exhibited
in the DNA barcodes as slight variations among individuals of
same species. For instance, that shown in the NCBI database
between two accessions (Table 5) of A. adianthifolia was
0.4% while that for 7. tetraptera was 0.3%. These slight
variations are products of specific environmental conditions
and hence are used in identifying origins of taxa. It must be
noted however that DNA barcoding operates on the
assumption that selected gene region possess reduced
variation within-taxon than between-taxa (www.barcodinglife.
org) and the technique is potent in resolving slightest
variations among taxa®'32,

The study further established the two specimens as
separate taxa while morphometric analysis could then be
applied to the specimens for rapid field authentication
process. The study also affirmed that taxa exhibiting less than
97% homology cannot be grouped as same species. It is
expected that other morphologically similar taxa be subjected
to DNA analyses for accurate authentication.
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CONCLUSION

From this study we conclude that two morphologically
similar samples were successfully identified as 7. tetraptera
and A. adianthifolia using sequence BLAST and phylogenetic
distance analyses respectively. Same markers recommended
for use in the identification of other morphologically similar
taxa.

SIGNIFICANCE STATEMENT

This study resolved the nomenclatural ambiguities
between Tetraptera Tetrapleura and Albizia adianthifolia
stemming from their morphological similarities. This study will
therefore aid applications of phytochemical protocols to
rapidly and cheaply but efficiently discriminate between the
two species during field exercises. This will help users and
researchers situate the accurate moieties contained in each
species to enhance pharmacological and industrial endeavors.
It will also jump start the phasing out process of expert
recognition method in voucher specimen practice with one
authenticated by DNA bar coding.
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