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ABSTRACT

Aims: To show that phylogenetic and bioinformatics study could be very crucial to the survival and
adaptation of elite plantain species that are threatened by rapid changes in environment,
urbanization, genetic erosion and climate in the rain forest ecology of Nigeria.

Study Design: The study is a survey of elite cultivars of plantain in the rain forest ecology of
Nigeria, involving laboratory work and use of genetic analysis software for evaluation.

Place and Duration of Study: The leaf samples were sourced and collected from the rain forest of
Nigeria in 2015 and outsourced to South Africa for laboratory DNA extraction and leaf tissue gene
sequencing.

Methodology: Apical leaf samples less that 2 day old were collected from each of the 14 elite
plantain cultivars, preserved in silica gel nylon and outsourced to South Africa for DNA extraction
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using the CTAB method and Leaf Tissue genes sequencing using the Sangers method. Sequenced
DNA nucleotides were aligned using the Molecular Evolution and Genetic Analysis (MEGA 6.0)
software for multiple alignment and ClustalW. Aligned sequenced were pasted in note pad, saved
and later pasted in a new window for phylogeny tree construction using the maximum livelihood
option. The GOR IV and PHYRE?2 softwares were used to determine the secondary and 3D tertiary
structure for each elite cultivar.

Results: Phylogenetic and bioinformatics study is very crucial to the survival of these elite plantain
cultivars in the study geographical locations, which are being threatened by the rapid changes in
environment, urbanization, climate change and emerging pests and disease conditions. The results
revealed that the elite plantain cultivars have a rooted phylogenetic tree indicating a common
ancestry for all. The phylogeny tree showed two internal ancestors and two descendant relatives for
the cultivars. The phylogeny tree showed four clusters with four branches and leaves. There was an
OUT group made up of cooking bananas with ABB genome which complemented the other cultivars
with AAB genome to give the tree a root. Cultivars in the first cluster showed 100G consensus,
those on the second cluster showed 69G consensus while those in the third cluster showed 53G
consensus. Results of bioinformatics study revealed that the C-G content of 46.04% was higher in
cooking bananas and least 35.26% in Ogoni Red cultivar. Number of amino acids was also higher
221 in cooking bananas and least in Ogoni red. However, number of nucleotide was higher in Enugu
plantain and least in cooking bananas. The secondary and 3D tertiary structures of all the elite
cultivars showed variations their fold structures as well as in their alpha and beta properties.
Conclusion: Bioinformatics study, alongside a complete knowledge on the phylogeny of the elite
plantain cultivars will scale up and promote conservation efforts for plantain germplasm which do not
possess seeds for short, medium and long term storage. The study will also provide baseline
information on the phylogeny and bio information that will help in the establishment of biodiversity
within the plantain germplasm for future research purpose, food security and income generation.

Keywords: Evolutionary changes; phylogenetic tree; operational taxonomic units; multiple sequence
alignment; 3D tertiary structures; C-G content; Musa paradisiacal.

1. INTRODUCTION

Phylogenetics as a branch of study emerged in
the early 20th century but didn’t begin in earnest
until the 1960s, with the advent of protein
sequencing, PCR, electrophoresis, and other
molecular biology techniques. As computers
have become more powerful and more generally
accessible, computer algorithms becoming more
sophisticated, researchers are now able to tackle
complicated problems that define evolution at the
molecular level more effectively [1].

Within past decade, the field of phylogenetics
has been further reenergized and redefined, as
whole genome sequencing for complex
organisms has become faster and less
expensive. As genomic data becomes publically
available, molecular phylogenetics continue to
grow and find new and wider applications [2].

The similarity of biological functions and
molecular mechanisms in living organisms
strongly suggests that species descended from a
common ancestor. Molecular phylogenetics uses
the structure and functions of molecules and how
they change over time to infer these evolutionary
relationships and to recover the order of

evolutionary events and represent them in
evolutionary trees that graphically depict
relationships among species or genes over time

[3].

Evolution is a process by which the traits of a
population change from one generation to
another. Evolution is shaped by homology, which
refers to any similarity due to common ancestry.
Phylogenetic data sets can consist of hundreds
of different species, each of which may have
varying mutation rates and patterns that
influence evolutionary changes. In On the Origin
of Species by Means of Natural Selection,
Darwin had proposed that, given overwhelming
evidence from his extensive comparative
analysis of living specimens and fossils, all living
organisms descended from a common ancestor

[4].

At a molecular level, evolution is driven by the
same types of mechanisms Darwin observed at
the species level [5]. One molecule undergoes
diversification into many variations. One or more
of those variants can be selected to be
reproduced or amplified throughout a population
over many generations. Such variations at the
molecular level can be caused by mutations,




such as deletions, insertions, inversions, or
substitutions at the nucleotide level, which in turn
affect protein structure and biological function [6].

According to modern evolutionary theory, all
organisms on earth have descended from a
common ancestor, which means that any set of
species, extant or extinct, is related. This
relationship is called a phylogeny, and is
represented by phylogenetic trees, which
graphically represent the evolutionary history
related to the species of interest [7].

Phylogenetics infers trees from observations
about existing organisms using morphological,
physiological and molecular characteristics. The
“tree of life” represents a phylogeny of all
organisms, living and extinct. Other, more
specialized species and molecular phylogenies
are used to support comparative studies and
have been widely adopted in the test of
biogeographic hypotheses, evaluate mode and
timing of speciation, infer amino acid sequence
of extinct proteins, track the evolution of
diseases and provide evidence in criminal cases

[8].

Trees can be made of a single gene from many
taxa (a species tree) or multi-gene families (gene
trees). A tree is considered to be “rooted” if there
is a particular node or out group (an external
point of reference) from which all OTUs in the
tree arises [9]. The root is the oldest point in the
tree and the common ancestor of all taxa in the
analysis. In the absence of a known out group,
the root can be placed in the middle of the tree or
a rootless tree may be generated [10].

Branches of a tree can be grouped together in
different ways. A monophyletic group consists of
an internal LCA node and all OTUs arising from
it. All members within the group are derived from
a common ancestor and have inherited a set of
unigue common traits. A paraphyletic group
excludes some of its descendants for example as
in mammals. A polyphyletic group can be a
collection of distantly related OTUs that are
associated by a similar characteristic or
phenotype, but are not directly descended from a
common ancestor [11].

Interestingly, evolutionary divergence of different
species may result in many variations of a
protein, all with similar structures and functions,
but with very different amino acid sequences.
Phylogenetic studies can trace the origin of such
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proteins to an ancestral protein family or gene
and hence have necessitated the need for this
studies of leaf tissue genes in plantains (Musa
paradisiaca).

Plantain (Musa paradisiaca L.) is a giant
perennial herb of the genus Musa. It is one of the
most versatile food crops in the tropics, where it
is seen as a very important component of food
security and provides a substantial amount of
income to local farming communities through
internal trade [12]. The crop is of extraordinary
significance with a bright economic horizon in
West and Central Africa and Latin America,
which are the predominant plantain growing
regions of the world. It is one of the few most
important suppliers of dietary energy in parts of
the humid forests and mid-altitude agro-
ecologies of tropical regions of the world, where
it is cultivated and utilized as a major starchy
staple and consumed by nearly half a billion
people in different parts of the world [13].

Plantain (Musa paradisiaca L.) is undoubtedly
one of the most important staple food crop and
perhaps, one of the oldest cultivated fruit crop in
the humid tropics of Africa, Central Asia, South
America and the West Indies [14].

Nigeria is one of the major plantain producing
countries (FAO, 2006); fuelled in part by the
tremendous rate of consumption in the country
as a result of the rapidly increasing urbanization
rate and the great demand for easy and
convenient foods by the non-farming urban
proletariat [15].

Nigeria is the largest producer of plantain in West
Africa with an estimated annual production rate
of about 12.4 million metric tons. Most part of the
country is characterized by a tropical rain forest,
even rainfall distribution and soil conditions that
favours the cultivation and production of the crop
[16].

The object of this study, was therefore design to
study the phylogenetic characteristics and
bioinformatics of 14 prominent elite plantain
cultivars in the study area which should serve as
a basis for molecular breeding, conservation
effort, marker assisted breeding and selection
and to ensure the sustenance of biodiversity of
these elite cultivars. The study will also provide a
platform for the development of gene bank for
plantain and improvement of available cultivars
of plantain for food security in Nigeria.



2. MATERIALS AND METHODS
2.1 Plant Materials Used for the Study

The procedure for the collection of plant samples
used for the study are as stated below.

2.2 Plant Materials

Fourteen Elite plantain cultivars comprising of 14
cultivars collected from diverse locations in
Nigeria was used for the study.

The plant materials were the apical leaf samples
of less than 2 day old, collected from all the 14
elite cultivars from the different areas dried with
silica gel using method for sampling as described
by Ubi et al., 2016. The leaf samples were
outsourced to South Africa for DNA extraction
and Sequencing as described below;

2.3 DNA Extraction

The Cetyl Trimethyl Ammonium Bromide (CTAB)
method was adopted for the extraction of sample
total genomic DNAs. Young and tender leaf
tissue (10g) was weighed and ground in liquid
Nitrogen using mortar and pestle along with 50 pl
of B — mercaptoethanol (BME) and a pinch of
polyvinylpyrrolidone (PVP). The sample was
further ground using excess of liquid Nitrogen
and 4 mL of extraction modified CTAB buffer
(2X) and the powder was transferred to a sterile
50-mL centrifuge tube containing 3 mL of pre-
warmed extraction buffer. The homogenate was
incubated for 30 minutes at 65T with
intermittent mixing or votexing.

Equal volumes of chlorofoam and isoamyl
alcohol at (24:1) was added and centrifuged at
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10,000 rpm for 15 min at 4T and the
supernatant collected. A 0.6 volume amount of
chilled isopropanol was added to enable for the
collection of the supernatant. This was followed
by incubation at — 20C for 30 min. The
precipitated DNA was pelleted by centrifugation
at 10,000 rpm for 10 min at 4<C.

The DNA pellet was harvested and washed with
5 mM ammonium acetate in 70% ethanol and
later with 100% ethanol. The DNA samples were
air dried for 30 min at room temperature and
dissolve in 100 pl of TE buffer. The DNA sample
was further treated with RNase-A at 37C for 1
hour to remove any RNA contamination. The
guantity and quality of genomic DNA were
estimated using a Nano Drop ND 1000
spectrophotometer  (NanoDrop  Technologies
Inc., USA) and the samples were diluted to a
concentration of 50ng/pl. Isolated DNA was
visualized for its quantity and quality by running
them in 1% agarose gel electrophoresis.

2.4 DNA Amplification

PCR reaction was carried out in an Ependorf
Master Thermocycler (Ependorf, USA). Each
reaction tube was made of 100 ng of template
DNAm 2.5 mM of MgCL2, 100 uM of dNTPs, 1X
Taq buffer, 20 pM of 10-mer Primer, and 1 unit of
Taq DNA polymerase made to a final volume of
20 pL.

DNA amplification was performed using the
following thermal profile or sequence: 94<C for 5
min (10 Cycle); 94 for 1 min 37 for 1 min, 72
€ for 2 min (10 cycles); final extension was
performed at 72 for 10 min (10 cycle) and
cooling of samples at 4.

Table 1. Latitudes, longitudes and altitudes of 14 elite plantain cultivars used for the study

S/IN Elite cultivars Latitude (N) Longitude (E) Altitude (m.a.s.l)
1 Enugu Black Plantain 06°02.835’ 008°41. 104’ 21 Om

2 Ebi Egome Plantain 05°56.540’ 008°50. 457 131. 98m
3 Ogoni Red Plantain 06°54.583’ 009°17. 799’ 178m

4 Kigwa Brown Plantain 06°48.617 009°15. 301 18 3m

5 Ejorgom Plantain 06°30.723’ 009°10. 687’ 119m

6 Bakpri Plantain 04°97.778’ 008°36. 013’ 54m

7 Owomoh Plantain 05°55.882’ 008°26. 391’ 175m

8 Kainjen Plantain 05°58.200’ 008°63. 520’ 181m

9 Ikpobata Plantain 06°28.427 009°08. 845’ 97m

10 Mgbeghe Plantain 05°38.710’ 008°46. 024’ 119m

11 Kenkwa Plantain 06°04.445’ 008°54. 776’ 129.6m
12 Uhom Plantain 05°42.188’ 008°03. 233 56m

13 Ekumkwam Plantain 06°33.462’ 008°52. 290’ 110m

14 Ingwam Plantain 06°39.995’ 008°51. 607’ 92m

m.a.s.| = meters above sea level.



Fig. A = Ogoni Red French
Plantain

Fig. D = Ebi Egome False
Horn Plantain

Fig. B = Kigwa Brown False
Horn Plantain

Fig. E = Owomoh True Horn
Plantain
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Fig. C = Enugu Black False
Horn Plantain

Fig. F = kenkwa False Horn
Plantain

Fig. G = Kainjen False Horn
Plantain

Fig. J = Ikpobata French
plantain

Fig. M = Bakpri French Plantain
2.5 Primers Design
A total of 30 arbitrary primers were designed for

the study using the primer 3 in
http//www.biotools.umassmed.edu/ procedures.

Fig. H=Uhom False Horn
Plantain

Fig. K = Mgbeghe False Horn
Plantain

Fig. | = Ekumkwam French
Plantain

Fig. L = Ingwam French
Plantain

Fig. N = Ejorgom True Horn Plantain

The designed primers were sourced from ‘wet
lad’ of Operon Technology and use for the study.
The sourced primers were screened for
polymorphism against plantain cultivars. Primers
that produced distinct bands and patterns with



good quality of amplification and reproducibility
were selected and used for evaluation study. The
designed primers were of 18-22 bps, melting
temperature of 54C, annealing temperature 55 —
65T and higher G-C content of 40 — 60%.

2.6 Method for
Sequencing

Leaf Tissue Genes

The Sanger's method was adopted for gene
sequencing in lieu of the post sangers or new
generation sequencing because of the cost
implication.

DNA sequencing is a method used for
determining the order of nucleotide bases (A-C-
G-T) in a molecule of DNA.

Automated DNA sequencing machines are now
available but the specimens have to be prepared
prior to loading them in the machines.

DNA was extracted from each elite plantain
cultivar leaves, purified and concentration
determined as earlier described above. 2 ul of
Big Dye terminator (v 3.1) cycle sequencer kit
was used. A 4 pul 5X sequencer buffer was
prepared using 1 pl 3’ primer (3.3 pmol) which
was about 4X lower than the concentration of the
normal PCR in 10 pl of distilled water and 3 pl of
purified DNA sample to give a total of 20 ul which
was vortex to mix properly. PCR program was
run for 30 cycles. The sequencer samples were
prepared by mixing -20ul of DNA sample
extracted, 50 pl of 100% ethanol, 2 pl of 3M
NaOAc, 2 pl of 125 mM EDTA and incubated at
room temperature for 15 min. The entire mixture
was centrifuged at 15 rpm for 20 min at 20C
before discarding the supernatant.

A 70 pl of 75% ethanol was added, vortex and
centrifuged for 5 min at 15000 rpm at 20T after
which the supernatant was discarded, dried in a
desiccator, re-suspended in a buffer for the
sequencer.

In the DNA sequencer, capillary electrophoresis
for size separation, detection and recording of
dye fluorescence with data output was carried
out as fluorescent peak trace chromatograms.

Protocol for sequencing of the GTP-binding
nuclear protein Ran 3A genes was achieved by
the following protocols,

a. The use of Single stranded DNA template,
a DNA primer, DNA polymerase,
radioactively labelled nucleotides and
ddNTPs (dideoxynucleotides).
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b. The Four separate reactions inside the
sequencer. Each reaction was furnished
with the polymerase enzyme, dNTPs,
(dATP, dGTP, dCTP, dTTP) and one of the
4 ddNTPs.

c. The newly synthesized DNA was heat
denatured, using Gel Electrophoresis to
separate the DNA fragments to a
resolution of just one nucleotide.

d. Each of the four reactions ran on separate
lane in the sequencer where each DNA
band was visualized by autoradiography,
UV light and the DNA nucleotide sequence
was read directly from the bottom of the
sequencer machine.

e. A dark band in each lane in the sequencer
indicated a DNA fragment that emanated

from the chain termination after
incorporation of a ddNTPs to each of the
reaction.

2.7 Phylogenetic Tree Construction for 14
Elite Cultivars

To build phylogenetic trees, statistical methods
are applied to determine the tree topology and
calculate the branch lengths that best describe
the phylogenetic relationships of the aligned
sequences among the dataset. Many different
methods for building trees exist and no single
method performs well for all types of trees and
datasets. The most common computational
methods applied include distance-matrix
methods, and discrete data methods, such as
maximum parsimony and maximum likelihood.
Reconstructed phylogenetic trees normally are
weighted trees.

The Molecular Evolution Genetic Analysis
(MEGA 6.0) software was used for aligning the
nucleotide sequence using multiple sequence
alignment (MSA) using the Clustalw option. The
aligned nucleotide sequence was pasted and
saved in word pad documents in the desktop
before inserting into a new window of the MEGA
software for phylogenetic tree construction. The
MEGA 6.0) software was used to develop the
phylogenetic tree for the 14 elite cultivars of
plantain in the study. The bootstrap method and
maximum livelihood method was adopted.

2.8 Bioinformatics Study of 14 Elite
Cultivar of Plantain
The GENSCAN software was used for

determining the number of nucleotides, number
of amino acids, the percent Cysteine to Guanine
(C-G %) for each elite cultivar of plantain.



The Phyre 2 software was used for the prediction
of 3D tertiary structure for the 14 elite plantain
cultivars. The extracted nucleotide sequence
was first transformed into amino acids sequence
using the GENSCAN software for each of the
cultivar before pasting the translated amino acids
sequence on FASTA format into the window of
the phyre2 and emailed to
http://www.sbg.bio.ic.ac.uk/phyre2/html/page.cqi
?id=index.

A protein data bank (PDB) file for each query
was sent to our email and using the Raswin, the
PDB file was saved. The ribbon structure in the
PDB file was fine-tuned to display the 3D
structure ribbon for each of the cultivars.

The GORIV software was used in determining
the secondary structure for each cultivar and
their attributes.

2.9 Data Scoring and Analysis

Each band in the RAPD banding pattern was
considered as a separate locus. Only distinct,
reproducible, well-resolved fragments were
selected and scored for presence (1) and
absence (0) of a band. The binary matrix of
RAPD phenotypes was then assembled for
analyses. A similarity matrix was constructed and
subjected to cluster analysis following the un-
weighted pair group method with arithmetical
averages (UPGMA) of the computer program
DARwin version 5.0. Measurement of genetic
distance for pair-wise accessions was based on
Nei's unbiased genetic distances (Nei 1978)
using DARwin 5.0 software. The results for the
RAPD analysis and other analysis so mentioned
here were not included in this manuscript as
there are kept as results for molecular
characteristics which is  currently under
processing for future publication.

3. RESULTS AND DISCUSSION
3.1 Plantain Phylogenetic Tree

The evolutionary history and the relationship
among the 14 elite plantain cultivars were
constructed using the UPGMA which builds the
maximum composite likelihood showing time of
divergence. The phylogenetic tree rooted from a
common ancestor having three major branches
(3 clusters) and an OUT group and the same
time of divergence of about 100 million years ago
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(MYA) as shown in Fig. 1. Each branch or cluster
has similar nucleotide sequence, the secondary
and tertiary protein sequence structure was
model for the representative(s) of each elite
cultivar as shown in each Figure below. The
cultivars in cluster (blue) one are 100G
consensus, cultivars in cluster (brown) two are
78G, 69G and 53G consensus while cultivars in
cluster (green) three are 98G, 53G and 62G
consensus. The OUT group is represented in
cluster (red) four.

3.2 Evolutionary Developmental
Relationship and Pathways for 14
Elite Cultivars of Plantain (Musa
paradisiaca L.)

3.2.1 The root

The phylogenetic tree for the 14 elite cultivars of
plantain is considered to be “rooted” because
there is an out group (Cooking bananas group
with ABB genome is an out group) linkage with
other groups from which all OTUs in the tree
arises.

The root is the oldest point in the tree and the
common ancestor of all 14 elite cultivars used for
the study. This shows that there is a common
ancestor of all the operational taxonomic units or
classes of cultivars characterized. It is
represented here in red and represents the
common ancestor linking the OUT group
(Cooking bananas ABB genome) with the other

operational taxonomic units with the AAB

genomes. [1,2,4 and 17].

3.2.2 The hypothetical taxonomic _units
(HTUs) or nodes

These represent the ancestors internal

nodes as shown in Fig. 1 and marked in purple
and green marks. They correspond and
represent the hypothetical ancestors showing
78G and 98G consensus in first ancestral
evolutionary pathway and 62G and 55G
consensus in second ancestral evolutionary
pathway. In phylogeny, they are referred
to as HTUs (hypothetical taxonomic units). The
HTUs evolutionary pathways was only traced
between and among the species in the second
and third cluster groups only and not in the first
and fourth clusters because slow genetic
divergence [1,6,12,18 and 19].
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; Ogoni red/Dominican Red French plantain

10 o -

o \ Oowomoh True horn plantain

55.
100 .. R
.— _— ¥ Kainjen False horn plantain

98

6 —@ Mgbeghe False horn plantain

e Ejorgom True horn plantain

—- Bakpri (dwarf mutant ) French plantain

% lkpobata (cooking banana ) French plantain

A { Enugu Black False horn plantain
78 ﬁ Kenkwa False horn plantain
GQE i
—9 : |
=& 2 Ebi Egome False horn plantain

05 Fig. 1. Phylogenetic tree showing root, branches, HTUs, OTUs and OUT groups.

The phylogenetic tree above represents the evolutionary tree and pathway followed by the elite cultivars of
plantain (Musa paradisiaca) in the study area. The phylogenetic tree composed of branches, also known as
edges that connect and terminate at nodes.

© The branches and nodes can be internal or external (terminal) as seen from the phylogenetic tree above. The
branches length varies and represents the evolutionary pathway and time of evolution. Longer branches
indicated longer period of evolutionary development and mutation while shorter branches indicated shorter period
of evolutionary development between and among the plantain species.

@ The terminal nodes at the tips of the tree represent the operational taxonomic units (OTUs). OTUs correspond
to the molecular sequences or taxa (species) from which the tree was inferred.

® The internal nodes represent the last common ancestor (LCA) to all nodes that arise from that point.

@ The tree root emanated from a single gene from many taxa (Musa spp.) and through the evolutionary
sequence and mutation changes developed into multi-gene families (gene trees).

== Edge lengths represent mutation events which are supposed to have occurred on the evolutionary path.
Differences in edge lengths in the above tree reflect the fact, that the rate at which mutations accumulate in the
sequences vary among the cultivars of the taxa.




Species evolve in time. In the simplified tree
model, we assume that a species evolves along
an edge. Internal nodes reflect ancestral
species and split into two new species. This is
reflected by bifurcations in the binary tree
[6,13,20].

3.2.3 The operational taxonomic units (OTUs)
and the branches

The species or cultivars used here represents
the leaves and are called taxa or OTUs
(operational taxonomic units). Phylogeny was
reconstructed for this set of taxa, using their
respective genes or proteins sequence. The
OTUs species in the first cluster have a 100G
consensus with only two relatives, the species in
the second cluster also have two relatives
extending to develop into branches and have a
69G consensus while the third cluster group
have three relatives extending to the
branches with 53G consensus. OTUs can be
used to build an un rooted phylogenetic tree that
clearly depicts a path of evolutionary change [21-
23].

3.2.4 The clades

These are a group of operational taxonomic units
that included several sequences and their
common ancestor nodes [24,25]. In the above
phylogeny tree, two clades are represented in
the tree comprising five cultivars of plantain as
seen in cluster 2 and six cultivars of plantain as
seen in cluster 3 above. In the first clade which
represented as cluster 2, there are two branches
(cultivars) with a first internal node or last
common ancestor and a second descendant of
its neighbouring close relative linked to the clade.
The second clade which is represented as
cluster 3, has three branches (cultivars) with first
internal node or last common ancestor and a
descendant of its neighbouring relatives linked to
the clade.

3.2.5 The OUT group

Sometimes it is possible to obtain external
information that a certain taxon is more distantly
related to the other taxa than the other ones
among themselves. Such a taxon is called an out
group [26,27]. Adding a root node to the edge to
the out group then allows interpreting
bifurcations with respect to time [19,28]. An OUT
group therefore in the study is for the purpose of
finding the root of the tree [1,5,29]. In the
phylogenetic tree above, the cooking bananas
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cultivar with ABB genome is distantly related the
all other cultivars in the study with AAB
genomes. This cultivar therefore was basically
used to obtain the common root or ancestry for
the 14 elite cultivars of plantain used for the
study.

A tree is considered to be “rooted” if there is a
particular node or out group (an external
point of reference) from which all OTUs in the
tree arises [14,30]. The root is the oldest point in
the tree and the common ancestor of all taxa in
the analysis. In the absence of a known out
group, the root can be placed in the middle of the
tree or a rootless tree may be generated
[24,28,31].

Almost all phylogenetic tree reconstruction
methods reconstruct an un - rooted binary tree
which cannot be interpreted with respect to a
time scale. In an un rooted tree, one does not
know whether an internal node is the ancestor or
the descendant of its neighbouring internal node.
[7,32].

The monophyletic groups consists of an internal
Last Common Ancestor (LCA) node and all
Operational Taxonomic units (OTUSs) arising from
it. All members within the elite plantain cultivar
groups here presented were derived from a
common ancestor and have inherited a set of
unigue common traits [17,33].

The polyphyletic groups are a collection of
distantly related OTUs that are associated by a
similar characteristic or phenotype, but are not
directly descended from a common ancestor.
This does not apply in our findings as all elite
cultivars have descended from a common
ancestor. Evolution is shaped by homology,
which refers to any similarity due to common
ancestry. Similarly, phylogenetic trees are
defined by homologous relationships. Paralogs
are homologous sequences separated by a gene
duplication event while  Orthologs are
homologous sequences separated by a
speciation event (when one species diverges into
two). Paralogs are created by gene duplication
events [1,33].

Molecular phylogenetic trees are drawn so that
branch length corresponds to amount of
evolution (the percent difference in molecular
sequences) between nodes. Once a gene has
been duplicated, all subsequent species in the
phylogeny will inherit both copies of the gene,
creating orthologs [23,33] as seen in cluster 1, 2



and 3 above from our tree

construction.

phylogeny

Interestingly, evolutionary divergence of different
species may result in many variations of a
protein, all with similar structures and
functions, but with very different amino acid
sequences.

Phylogenetic studies can trace the origin of such
proteins to an ancestral protein family or gene.
Molecular sequence might evolve over time as a
result of multiple mutations that results small, but
evolutionarily important changes in a nucleotide
sequence. At the protein level, these changes
may not initially affect protein structure or
function, but over time, they may eventually
shape a new purpose for a protein within
divergent species [8,13,33].

3.3 Results of Bioinformatics Study of 14
Elite Cultivars of Plantain

Results of bioinformatics study for the elite
cultivars as presented in Table 2 and chart 1
below shows that all except the OUT group
cultivar (cooking bananas) possess low C-G
percent content, which is low compared the
standard recommended rating of 40-60% G-C
percent content. This may be responsible for
their ease of mutation compared to the cooking
bananas which did not evolve from any ancestral
decent of node. The results further shows a high
number of amino acids of 221 was found to be
contained in cooking bananas (ABB genome)
compared to all other cultivars with AAB genome
with the least of 76 amino acids coming from four
of the cultivars. Number of nucleotide sequence
also varied greatly among the cultivars evaluated
with Enugu black cultivar having the highest
nucleotide sequence of 4145 and cooking
bananas showing the least of 1185.
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3.4 Results of Protein Sequence
Modeling of 3D Tertiary Structures of
Leaf Tissue Genes for 14 Elite
Plantain Cultivars

The evolutionary history and the relationship
among the 14 elite plantain cultivars were
constructed using the UPGMA which builds the
maximum composite likelihood showing time of
divergence. The phylogenetic tree rooted from a
common ancestor having three major branches
(3 clusters) and the same time of divergence of
about 100 million years ago (MYA) [2,26,34] as
shown in Fig. 1. Each branch or cluster has
similar nucleotide sequence, the secondary and
tertiary protein sequence structure was model for
the representative(s) of each elite cultivar as
shown in each figure below. The cultivars in
cluster (branch) one are 100G consensus,
cultivars in cluster two are 69G and 53G
consensus while cultivars in cluster three are
53G and 62G consensus. Secondary structures
of some of the leaf tissue genes for the cultivars
contained the alpha helix, beta sheet, extended
strand and random coiling. Tertiary structures of
protein for most of the cultivars showed gene
mutation or mutant type of the cultivars.

Elite

3.53D Tertiary Structures for

Cultivars of Plantain

The 3D tertiary structure of a protein (amino
acids) is a description of the complex and
irregular folding of the peptide chain in three
dimensions. It is essentially a picture of what the
shape of the entire protein actually looks like.
The 3D tertiary structure of a protein is a
description of the way the whole chain (including
the secondary structures) folds itself into its final
3-dimensional shape [28,34]. The results of 3D
tertiary structure for the 14 elite cultivars of
plantain studied are presented below

Ogoni Red/Dominican Red (AAB) French Plantain Cultivar 3D Structure
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Kenkwa (AAB) false horn plantain cultivar 3D structure
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Ejorgom (AAB) French plantain cultivar 3D structure
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12

13

14

Ekumkwam (AAB) False horn plantain cultivar 3D structure

Table 2. No. of Nucleotide sequence, Amino acid sequence and G-C content of leaf tissue
genes for 14 elite cultivars of plantain

S/N  Name of Elite No. of Nucleotide No. of Amino acid G-C content Genome
cultivar sequence sequence (%)
1 Enugu black plantain 4145 132 36.88 AAB
2 Uhom plantain 2832 76 35.39 AAB
3 Ebi Egome 6660 158 36.42 AAB
4 Ingwam 2869 76 35.26 AAB
5 Kenkwa 3862 105 37.00 AAB
6 Kainjen 3890 105 37.20 AAB
7 Mgbeghe 3864 105 37.27 AAB
8 Ogoni red 2802 76 35.63 AAB
9 Kigwa brown 2802 76 35.67 AAB
10 Owomoh 6617 158 36.69 ABB
11  Ejorgom 3478 83 37.25 AAB
12 Ekumkwam 3486 83 37.13 AAB
13  Bakpri (mutant dwarf) 1643 109 37.08 AAB
14  Ikpobata (cooking 1185 221 46.04 ABB
bananas)
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Chart 1. Showing no. of nucleotide sequence, No. of amino acids sequence and G-C contents
of 14 elite plantain cultivars

4. CONCLUSION evolutionary pathway which can help in the

recovery of lost desirable traits as well as

development of new cultivars with desirable

beneficial traits to man and his immediate

environment.

Phylogenetic characterization is very crucial to
the survival of these elite plantain cultivars in the
study geographical locations, which are being
threatened by the rapid changes in environment,
urbanization, climate change and emerging pests
and disease conditions. Bioinformatics study,
alongside a complete knowledge on the
phylogeny of the elite plantain cultivars will scale
up and promote conservation efforts for plantain
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